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40 It is noted that loads, stores, and other instruction operations may be referred to herein as being older or
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35 execution, the first store memory operation interfered with the first load memory operation. The execution

pipeline is configured to inhibit execution of the first load memory operation prior to the first store memory
operation responsive to the dependency. The execution pipeline is configured to detect a lack of the dependency
during execution of the first load memory operation. The execution pipeline is configured to generate an untrain

signal responsive to the lack of dependency. Coupled to receive the untrain signal, the STLF predictor is
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as defined byid ba .apRpenshesh b fMBodirdent of a dependency unit shown in Fig. 3.

30 Fig. 9 is a block diagram of one embodiment of a computer system including the processor shown in Fig.

Fig. 10 is a block diagram of a second embodiment of a computer system including the processor shown

in Fig. 1.
While the invention is susceptible to various modifications and alternative forms, specific embodiments
35 thereof are shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and

alternatives falling within the spirit and scope of the present invention as defined by the appended claims.



WD 01/ 50252 PCT/ USOQ 21752 MODE(S) FOR CARRYI NG OUT THE | NVENTI ON
Processor Overview Turning now to Fig. 1, a block diagram of one enbodi nent
of a prowmea@snso2id is shown. Other enbodi nents are possi brPeT/asa/21752
contenpl ated. In the enbodinent of Flg 1, processor 10 includes a line
predictor 5 12, an in 3 n alignnent unit 16, a
branch predicti on/fet C " al ity of decode units
24A- 24D, Precepordlete®r m SS decode uni t 26 a i crocode unit 28, a map unit
30, aretire u r tRGLLr re fi 20,
a schedul er 3%‘%%6?‘1‘”‘:)%’%‘%:& r%ebq(lms(t e%ltatﬁ ég {Btj ?lp I:{;')gfmo{ﬂc%lf) g{ leo grél gﬂgr
file 38B@mbaﬁmrmaeﬁg@wb@@eémnte@nla%ﬂe ﬂ&@mbodanem <l§£tgr hgroeeﬁcmlo agladep ¢ ligsrpredisioe

40B, 2 | pagh §iQtkn Hz{&hé (14 fé?ehe&m AalighnAGRR 16, rAGhS)didibn/feRR pe@e&m,l unit 18, a
interface unit 48. Lj ne predlctor 12 is_cou

46, P
pr edi ct oturalyy ?ﬁd§°§ded‘é‘ctb%f‘é e ¢ pr?‘é“‘”ﬂ’i”?a?r?&‘i‘?d?)‘t‘“é‘&fs’catrf“ﬁrﬁfqd&t“&hzgpﬁng‘e‘f‘i‘éﬁgftal e
uni t 18, quBle 33, ah @rckicturalnehagksd @mm Afutwidfilt 2d, @ schbduke36, pif AAEE ke@isted e BIY a @bBiog be
coupledto he .14 i ouypled to ali e nt 4Nt an
branch. TRl SR el Rl el Dok MR P e R B T et O BBy ¢
PC si | o 48 .cach¢ (Cgrarehit4, uthemilentpr@Cff wpittthand a Rouilp H&damecprmcem i1 Zts opupleil wwrede@ode
uni t 1026 rﬁllg'sddegtﬁg %?2(}" Bf‘aﬁél %i%ﬁ&ﬂfgch F@g&g&ndd%ft §8 %&113415) A4 %hgnh'l@&t Qﬁl'f 1@01‘:'194 ed

to map unit 30, and decode unit 24D i's coupled to m crocode unit
unit 30 Aradictas |y alse be spypled todwirde 3% Isechinit efrfoméedcw&swnt bm*a}%mdttéeflur al

renanes ;frédkceorafé&h P& WtndfaBonf unkt€ 8 20hichSic AREe Biipled o PARTL BC AlidnehetBinit 16 is further
Archi tectur

I d. t fil I
15 Coupl Gl PEGRE RS crepficiot JgatsBRAPi 191 24bh DBie b B AR FEAT T B
ot her and map &30 dny decadeaniti 24IDi8 copleé® mGdvodOBit 2EXHaptnitGn icones! tdBhe4@d8e 3 e
further GRUPLEMD o LORMSHIL G 367 BR%SANIEL 362 B! Al 40
I's coupled to

is further cou cache store Gnit _
schedul ernages ﬁl{ﬁ"clacqqelewm futerp §le@Qt Sehedatler $ans enupledie raghtier flaB38A3SBaweh aggfuthgr

coupl ed &@1da89¢a81 @tﬁer fudl resﬁeca& exgcQtuEa)%I%{ falaob nkerc&tf%ﬁ Borbtoh-488 ade Fur®@UBLRM 1J O
an external interface to ache 14, enents referred to herein by

a refer e‘ﬂ%’@toﬁ’d%f‘%‘fndf“c?]e‘?“&ﬁ\éﬁ Ed‘)?cuﬁ‘“] Cé‘fet“g‘? ‘W’Fﬁer 1ourleddp Pesathe & {rafgerarpiett it o

by the rcﬁﬁ]ﬂd’d&dﬂ BeddldiE, Blcadhb @4)@nd dx@inal ietsddep gy, 460 @cace 4nd dosplamtAre%Aia ik 38 be
S?LLZZ)gtS :)]%’/?T%l &tgrff %g Llin?tqlg tls\?cg.f;lj})l a bezgloedt%?}d urterfsacefi% an(l to ]- ceicge letlmllj? rer&t% {e{’errgc{ to Ec{rgn by’
conput i rpgref(e@h@@)lmcrﬁistbliqmd boa lettert WIar’oc Iq«pltegmtlm rr@erreﬂ:m bmﬂaamﬁflr@ce pngobsesr FoO
may  enmpl Q¥ dd)8ecX B Qnils 384 LS 1 iR céﬁ&welgﬁfe@r@&@ L REJabLAs eRl SO referred to as
| A-32). Ot her enbodi ments nmay enpl oy other instruction set architectures
i ncl udi ng fi Xadhe atvgdiment R§ FreubtiresessE P caplons 1 svible &xic dnathy el dpstruction set

instr UCtdoﬁi&ﬁﬁQtCIS‘@rm&ﬁdtl&gse( RLSHturk. ns&reumpneoam&%r 1%@%&@@%&3 insfe@Fibraden

f eat ur es in such architectures.

Bgarc e LR TR R LA LT G IR e LR e
addr ess ifdheling fixdddgngthGnskraction eein exchlidgturksi ané regucedlingtuction k& ,coamaind@IKI) liigtret8on set
Branch RLERofilkel WU il P OPRHAT b3 bedflidea dluBenlfallide a sul table 30

branch prediction nechani smused to al he generation of fetch
addr esses. | rBringkpredigien/fegsh PRegerfegatierhunitd 8 iseconfisuted treprpyidehi fetelorddes (fsich Wiied-

al i gnmengchk 1, QhdPRddicRR 12: Ql{drfe;ssms)msﬂ [ B?gmﬁ SedtiB/RIcRPE bdhe@fioniul® | HELhRAS 2 buable
al i %romnt uni't 16, an rovide a next fetch address for fetchin

i nst uct‘%‘%‘ﬂbpf%"tfﬂg‘e’ai?éﬁlfsn’t‘tﬁedt tﬂ aidjin, e generatiog 9 fefch addrses- oy THHOrhHiE thepthH\/?
i Nst r uctlin®prediidrap pdvilQALignIRR iff@¥btioh @rezkpoadlitl €5 Slutakry oﬁﬁstqﬁftmlld tol 1ebninent hmraurac h

predicti ch"/ f eérg\gdeacnex =L Elga €s OE)r %Iet hm%g'ngtru%{}%ne 3 Pt q!ﬁ&g 0 tl?e 1ns cthons O]\él gﬁ% l{y t&es

| -cache ¥2™ red. nc I on enerati on
may r ecaraveled instrgfionaid thrresgign. f er)qvnnF%C fg¢h| @ldt@ rpayf beeprp‘rl@p tp Praghelt elcﬂle@)l/fe@hd’q he

trap ad%mom 18 glrngylb%%lréch§ protu@édctpl E gleg@ Izl@strﬁfj é?%clpfaéﬂgtgn/fetch PC generation
predi ction/fetch PC generation unit ’hervvl se, the fetch PC may be

gene¥at et 1§ @pirgeeivaa T addiet fismdisi dp r‘% Hf 3 ‘i‘FPdSr JrigetpD AnhAR TP O PSEIRY ERTPFiseIPA
l'ine praettiCi@genctaed vpdR@Mrddittion fetIEPQeaethtioh Qfiit 182 Otlﬁ:fnﬂé’eeﬁie fetth ©C AL bOgknerated

di ¢ t t ' | ul at f et
o T o B st e loRRal B PR R e S o RIS, g BBy

| ocat i ngtoees gll[f(mqatlcmfcooesgorﬂmg o istrichiets rpeestonstyn speculatively fetched by processor 10. In one

embodiment, line predictor 12 includes 2K entries, each entry locating a group of one or more instructions

4



4 WD 01/50252 PCT/USOQ 21752 referred to herein as a "line" of
instructions. The line of instructions may be concurrently processed by the
i nstruct ivomopssessi ng pi pel i ne of processor 10 through bechgs@liAaced i nto

schedul er 36. I|-cache 14 is a high speed cache nennry for storing
I nstr UCtréfOrQedqy L aAGGQr 'den gstruc%ox?s el"he qlir)le o% ngu o.ns may ge concurre r{Pyy rocesngar Stgé
for exanple 498 Kby P‘ four RS BTy 8 organi zati 3 yl ng

64 byte inseradtien pr&eismlawelmbloﬁmespor l‘aﬁlsoughl@aghleceétllmﬁe}!ealrle 3my be SUI tabl e

( i ncluding d'ﬂc?c% nggﬁgspgédrc‘al&g HlElﬁé’)r for %ﬁ&mﬁloﬁw& A&or‘&ﬁﬁ%‘o‘ﬂ@&nﬁohﬁxentl
instruction alignment rnformation fromline predictor 12 and instruction
byt es cdrshepBrdPmerise.dorermpieet 2R Khviel fus waseigpotiatys paaizatipn emplpyjpefidivyte Pt 16
Sﬁl egts m%z;sgw@vhi leaych@ﬁm&ﬁ}ta &am@mtaat (mmﬁ]@dfsecumgpsd saéeé\n&ﬂD accor di ng to

the provided jnstruction alignnment informati

bredhctor - 1 ASEauhE e HRTRRHoi BETHe bR G PLk T A it L nstye
uni t 24 Ay@ddorrespénding Rethe fetch dddiass fiomi{cache O Aliggahesita selents tnstoctidndptesintd laach of he
fetched tru f d t
2an 2tk U i 2B b Bk U pEIRARUPERAR IPGPLEERRONAOR SREQUE, WL
t han on@redetg’ou?earwﬂeﬁ a@wqmmpomt%@wmnw ty each ﬁ60941=em\é%‘13’o%ﬁ13rréfﬁf ingfeiieR Poigter | ne

of @St niGtd ANSuhdiMitinNGe RERA ifGstridtionLisy tdT B chi¥eatkd €0 4P c&@spﬂnddg%@oﬁ@ﬁﬁt' 2@.515
al though other enbodi nents may include nmore or fewer decode units 24 t

provi de #Br IpsPre cxa?odlnfeg\,\é?ﬁa]nrfgﬁtrpﬁleﬁ BHsPWLHYH & PoRdhan pBe %B‘Zfd‘é“tu%ﬁf?él)
24A- 24D stesaiy, til el dﬁﬁ)bdm:léﬁt isipg, Pliny bftiedrttoey £6m linapddieaci? dacndedewp o 4
24A- 24D enera t|on dentlf ing o [e.d Bt ust

oper at 1 GNP 1Epeh b RS R bR SR ar T Gl 7 W Sl hmore e
each dedowemmpmongwﬁﬂ@enay generate up to two |nstruct| on operations per

i nst 15 uction. ﬁéode Lh%ﬁstD\eﬁlﬁﬂ @eco&nthé %Hc%glp%1dgpﬁ{eﬁ¥o| Q4 ée@ﬁ da%)t) ux!ut'S 2@0[124D
oper at| on which an execution unit within execution cores 40A-40

conf i gureerrates informetion ideniying AP pGNGC BHIUFtioh oPegitings| (@ RAPS PERERIEAG ﬁlwnstrucnons

COTr I €S PAfsheleRbdlintdnt) 8dcB ddcB&tubhii C4A-DID 112a9 g@i@ﬁfe&b ko inddliclidh opREtRnGRIMPINRAMIon. As
instructions nmay correspond. tgo %é&} iple inst rﬁchtei on oger attl ons Oet{talr of
the nor&id6HBI m?“?‘l%t’toPGEetrit‘fiﬁ ) A" PREFIHEREL FPERT AP B ST APES 28
as mcr otomdeB l‘s@blrtﬂgﬁlled; to(eﬁceche hedsifgleomitg.  SimpidasomdtignsmBiyoryesionéd rogi sgigiimtrggoode
uni t2024Dopéra ehllQ e co E%?tﬂfeﬁ%%@ I‘n;y coﬁ?! thhet’é Iit{'?)le 195&1@&1'6{1 G&H?Sids rr%@xtta?n of HHY
enpl oy a ng’l e rnstruction operation Or "each Instructilon

instr uctmqafncoalnldx inpiictiane mpyoie lmzieneateii withinyjerdsede ugiy pasyritsersdd rqutigerfpiched from a
embodi MRl n%ﬁxogqmaséulx Gia 48 o0&l Bt 25D th@e hielehendddmEDS FARRLhAS lotdCntdfiments

i nformation ?’or each instruction fetch, and is res(glga?@l ble for redirecti ng

i nst r uctMaYAMPIAY & HPHG ST QRTHIBT fop FAST PSTHERPIALS: TR BRTEYOR SRETYIOR S

the i nsydokghduOn s&ﬁtemacrdﬁifants)ect ure errpl oyed by processor 10, branch

m spredictio n r aar chi urarl Ly defined ;e N S 48
may T°ncl ude g%c?ﬂac‘%l sacl)’res eetcgl a(f‘)jgrfsss oring fel fn}lqn q&arf(és% han%%?%lostfu%ctélnggs

i nf or matréspensible dfor edipoiidi mgruptwn nfetkiiigp iren | qutspn@f(supln 3¢ ingevchemgappsieried rpaiythhe
out st anqj g i EJ? 'a{zm&wﬁ%%edlé} pré)easssreﬁ)pgmcﬁ thiSpr65R 1 Anaedaﬁnhcga‘arcﬁuekmﬂa@y of

i nstructions, my di'scard th corresp ondi ng entry. In response
to an e)@e@}ﬁﬁ ftr@:ﬁ) P(pelosé‘8| r@ay48cluﬁl§9 cbcrub(/‘pla"@r for f’tPfé}t; fatgd?dégeés angd) uﬁlpgﬂ(&)nlnformatlon
pr edi ct i ghdshAatiah toprﬁllﬂﬁdqﬁfeﬁbﬂ idfrudtiohst whidh. mzﬁ% loﬁtﬁﬁiﬁlﬁﬁg vﬁtﬂiﬂ pr(ﬁ&s@tﬁ pDI Qiresponse to

i nformation rovi ded

assigns r%f‘r?é"aif%ﬁ?‘% (f%llﬂi'ﬁ’ﬁ&?ns P@"’) %ipmaé’a Sﬁarﬁi %% £ Om?,pto r% ¢ 13' n‘%on?e J° ?nheQCCBUO&IEr

of 1 nst rRdctilo G Smayuiretidend irapgaddietshio rbrapc}oprechsm/feﬂ@ﬁ PCSgshedioh ellmt 186 Rmymcremm n
RiS 10 R Bl Qnedithalidh Ala%nyowed HSEHEL BN RS AbIRR, SEP Gl ANELATa sequence
exceptions or retirin truction operatl ons. Upon detectin mss in
| i ne pr edinber B 102eacla1mtrgﬁwewdthﬁnthereier Hunrseectipiuisarding SPBIHAraseysar hgt?@ﬂ‘éjﬁ‘lebn
byt es f3r69r{ﬂ/ lenzRRAG, B sitcushg ﬁgltlgftlﬁ)sﬁrudﬁb§ &eﬁﬁ&ﬁqﬁpe%blhg &Beptibils BFHe G linsHhchin
decode unit 26 decodes the instruction, enforcing any l[imts on a |ine of
i nstPuctPBHE™as processor 10 is desi gned for (e.g. maxi mum nunber of

i nStructi on Upon detecting a miss in line predictor 12, alignment unit 16 routes the corresponding instruction bytes

from I-cache 14 to predictor miss decode unit 26. Predictor miss decode unit 26 decodes the instruction,
enforcing any limits on a line of instructions as processor 10 is designed for (e.g. maximum number of instruction

operations, maximum number of instructions, terminate on branch instructions, etc.).” Upon terminating a line,

5



oper ations, maxi mum nunber of instructions, term nate on branch
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decode ( 5@8Ca wikke Emmu ef LSRGE a redd sche BD(SW dtagB ! AG@ster BileWkakd {1€F RD

schegul er%g?\%Rﬁ aE::t a al rgg%si)chgﬁul erS g I%l[i)ﬁg ) g{?at = aﬁrtegl st e:( fi I)e

read (RPREEDM %"te%i’&e(EXb ag&(aereg}ftg flyate SRERWR) stageranip L5k (RET) Hagfy POBE PHECIR)

st age, amdzec'mu[t@telcroec c(yBEs'IIh ths bxa@le stahO IFor dxﬂﬁ;ﬂd’ meﬂhor@ Aeratiiisi ﬂldaﬂ@ patnt dpepticas, @hdck
cycles i.n the execute st ! eratl Q K¢ D& 0| nt
oper at i Olrht%ger }11181))&}’ o?_f:{a Jons are ﬁvsttrate({ in € 6}([)‘6%3 (lia I OI’]S 5]‘ F Per{z%r‘cif 1{1&%_1]91%%}1 CFQ
form i n denegptio2(AGUR ntweya mapelutevtx |(HrB3 stlagnrcd dnthecadin 1@@@1‘)6“33’«, rgletribrdaedl@h (Il(ﬂwge

st ag®, %fhﬁaﬂ?%{o%'g QBindq ]‘Blﬁ@aoré L@Q&a upfo %1; RoaBRACH Nt 1xdcCIPEXG IFRYS) st:B300arR il
cache st age. Simlarly,” floating point operations i nclude up to
four fl datltirhe “f?b‘fimp teoetdMEINPERESFEX4) stages, and integer nultiplies

i ncl ude up tq)&laguhe (:Amahd\mmrsta@esme PXMididrg2 bma}@é\h@fadmohdmvbmsmw@smnw ne

redictor 12 s the fetc ess provid b
Br edi ct |p6‘147°f“5’?ff:tﬁp]%£2ge§7§ﬁ}é’f’ 4t % o H’ﬁl ?‘ﬁeﬁ?s mfsl‘fg’ < gghcf r%ns s‘%{’sa%oo?a"f’ el 3adies
t her ei n. traﬁnlwhdtﬂomrva\hﬂnw, adtihs (t.gtaclincaddiras & thex86tarchirestual ©ck fhyde aldwssrdurrg| the
addr %SS EI‘VI(gand %Phl %%I‘ L&RS 0! m‘nﬁ% %?«ﬁlrﬂé’ %bl\l@[@ taxlIH @AME Qtaggs HQX&J: %l‘ldlngm

address ur|n and t ages. response to détecting a
during tlse m@ﬂmoaﬁdea@m t@tla’gegdwtt)wfwﬁr h‘?p’tﬂq’di"h@agel Afre Licathe L hinftiaiena fead
read fromidhe Iy RRS) Qb ddUlde RetakBestdgh NEhdfeRidadpRles Birg Ghe NS &ion backache
14 initiates a read (using the physical address) during the line predictor
stage. TH& read conpletes during the instruction cache stage. It is noted
that, while tihe n&bcpm&u wigle itel pxtﬁhﬂcaﬂtedatddnn Fige erﬁal@ﬂpﬂ/d)ty@:ktcy@es@d ekt achyjitcih dise t O
CeireT;[)g L nganet 5c or {' for a In F h ac%roessp eq:ergl c(): f Orrfl}g‘oy a sm%{% Sct%glgcey%%%ndgtgé}f{o rperforxig| .this
oper ati mperaerbr efbrpever in me@nvéommwnmmwtorlll? m@vmsmeettfe?h idzlrepfrfelvlr%@s 14 alvﬁe%(t
fetch ag—fé{t%ﬁﬁl i Afe }lrecﬁ:c@oqhg o4 hﬁnaqd therefdf}the €ANI6 ¥ndl AN Bf‘gepﬁlﬁme(\shﬁ;edl& ks @
hit, t herefore t he CAMO CAML stages may be skipped for fetches
resul ti rigultipgFama peas b ling Rfedilcﬁ’fll? ne predictor 12. Instruction bytes
provi ded by |Ins‘ﬁﬁ&1t31@b)]té’s ;ﬂ&vﬂie@-'by OBREk t@ardﬂfgﬁ&ﬁ&o uwoﬂéu%éﬂg@ by a@hmgm nENL6
unit_16 25 durin nrren staelnreig nse t ot e orr %un?%

e

li ne®i nfBrwts Ptc)sﬁgel‘f‘ﬁe Bicdaihe Fo5F PInsne Bas Ui o8 lmﬁﬂ,& de?:°8
pr ovi ded4irngb ﬂmdenmmqwdedmmuptioys iigntRORR @ coresppoindi tmgxe mtntctms psrvetl puepeianh s

as vel | ﬁ%%rcﬁn%ﬁh EJCQ([e %I de aﬁjbﬁxtl %ggeﬁeba‘?es ﬁ(%%?ﬂgm%ea}%&ldCMO%%oﬁl dglq)ng the

gener at es Informati o urin sta and
per f or memapk gfegst @ ppréqmmealgtel( apreenei (Argating tffpre fife 302 Qelyng tlmmﬁn%gstagﬁ dherRgiPs and

stage, t Q&gnﬁm re@%ﬁ& BR&g. (Eu@lﬁa}»@'eﬁurﬁér@lo& Qﬁ?&{(ﬁ@ dpdnwhic@lehch RO iR At are
Furt hernore, the upon whi ch is endené‘ a]?e 30
eéf&?fﬁoé’ﬁ ot

et :
Eac rﬁORoﬂeﬁﬁlyneBeE%&PE fay bedé%j%‘?’id‘éﬁ’fde’&fﬁ?ﬁ’i‘ eef&taﬁﬁ&gedaﬁgﬁw &
future fdxhibit ot PpeBYdepentdncies B dapehdemléaen a piyyies s@fahzdgpnenmbaac ees (e.g.

dependenci es ’]?1” enerp L& Kbp U d\%ﬁ? I anéol %fl Blger 3Q%¥rﬁl elwcr)f?e’ scﬁedﬁl g‘p %Igl%gﬁtgﬁgt%%

ROPs are wit 0 Sche wite scC er ‘sta
until t hthesRGs agaed bytalwem@@f)i;nd o @éqreethO\a thpcaglt the pipdine dsianpmit. oHover¢robraqueEs it

f1ow t hraugl.d ke s&kmk b @heaSord nH?hl;w inTDVRVAL thrigh H MhGHingtsBoes DR aivferedctigis
into scheduler 36, the ROPs nmay flow i ndependent|y thr%@h t he remai ni_ng

st ag¥s, Geperglyf ﬂéfﬂéﬁfr RQOParaeiny Bt thig plage yptl yelectsd fon preputipn by schediper 38 (58 Aler BF RPRY s
stage unipbd wis@l teGheuid ROPEXRE:MInOKvELeSBRAEI LBk ecdfion( & .descritfl bike)! AecoRDES,

a particular ROP may experience one or more clock cycles of delay between the write scheduler write stage and
the read scheduler stage. During the read scheduler stage, the particular ROP participates in the selection logic

within scheduler 36, is selected for execution, and is read from scheduler 36. The particular ROP then proceeds
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upon which the particular ROP is dependent have been sel ected for
execution, as described above). Accordingly, a particular ROP may

experi enmeoon®262 nore clock cycles of del ay between the meTwsOMRdUl er
wite stage and the read scheduler stage. During the read schedul er stage,

t he partlcular ROP participates in the _selection |lo Wi t hin ul

36, |5 SBIFEFEHT Gl OB P oneagidese Eaagﬁ-ﬁg@rﬁgpéﬂ@%w@? t@éypeﬁﬁg‘% i
parti culregﬁsthGlBretahaﬁgeproceeds 8 WD 01/50252 PCT/ USOQ 21752 to read register
file operati -om a 1 vidieli S u ype
of ROP) in tﬁ@l p?r{ec |ms er ° eéanr Se%%lgg %dé tﬁﬁﬁﬁs&ﬁgﬁ Qgﬁggﬂg@%&]@()gh %&gﬂﬁé ds
are pr ovipstedion epetah@ 1€mrfiogyg ontip nlqrae%ebmgl teppxecotian sRGA Asrmen@ed A %Olﬂi’é ROPs

i nst rSUCtHaMe@Q@ﬁlgéhhé)&gEsa)f %EJugﬁ Nl eﬂfﬁpf@ hﬁ-m@.@e}ﬁsmgn (q;elramg (etghfaacﬁmpswréspﬂe
st age. As nentioned ab ove, SO ave several e | ne st ages Of

execut i dgrecutedfhrodghangadess pupraap Sta%rs(fwb%h. ﬂeﬁ?ata ﬁ%dfféi ?fdl?fgne(@rygloca AL

st ores) raernar)axmuxbesbetahdmu gdneranﬂd)paehma&lsn g@a eﬁ @hﬂclome siktad) datf hdﬂreWhir(ﬁ/hled IS}ethcd ata
addr ess

n_acces S ructlon
oper at 1 S SeREr At SEe D AnET Sl i iy 06 LR M AR oy
addr ess pomoapextals inyy dnipy upddrcbsiscyglend eetution asd intgeer ingltiplicamay m@dy eramy ua tpai r
of dgta £ache Rl AYEIulp Which D-cache 44 is accessed. Floating point
operations nmay enploy up to 4 clock cycles of execution, and integer
mul tiplies meYpos Famiplcang o exaqytiensiagn orsiseesite perticplg ROPpEdtss dts episred @il EgisteUpon
conpl et i fignd thiere8*R GildtwirRIbtaBd. FGRR fihe PhAGRS ROP R@etiRAattdr Cath BfevibiROPRGRERS(in the
asmgned&ysmal regi ster urlngthe regﬁpster_fil ite sta e. Fknally
the par t'PEUPEE) Re§In L OB FPE S5 PR PRLERSHIPEY PBIY "‘R@e F’%tw?eétt e 1 Wi
retire staggel. théAgaierstagd NBurthermdB! & potiatk ROY Ghag e vaillededt aps etagdeatue 3o pipdling eall ar

ROP hetween. the register. file wite stage and the retire stage.
Furtlherm)re a particu ar may be stalled at any stage due to pipeline
stall 15 condltlons as is well known in the art. Store to Load Forwardi ng
Tur ni ng gg(gy\{otLgadl-]dogvardg, a bl ock diagramillustrating one enbodi ment of map
uni t 30,7 schedufer address generation unit/translation | ookasi de

buf fer (AGU TLUBISAGKAS Figi @ Plggifiaras ugimime operphdigin of Bpp it 3; pehqdgler pan

s hovvn Quines g@ensiuA®RinSlatdh ®oRRRS blb'feB(A&}l]ﬂTI(H) Rb A RhEbaxktord lﬁlltt4bﬁl g@ﬂbﬂdﬂtmt
duI er 36, AGU T I storeg uni t

coI Izlgct |S§% ) Bg' ef? 8%”“?‘35 RS pé“)?‘lef’gu HisR cﬁﬂtempla I (I’)llg '{762 lmem P F‘%o Slehr?‘(.i: I d8s a

store t MGWEEB ForAvand log&Tdré-pnip# 2 ke @olbctlvaﬁ refaredemeﬁndequogn mmhtle 62, Mamdnia®) R#

assi gn ypi .6 tchfa 164 o é'(gﬂ%) ﬁﬁgwtt,pad Qaép@ﬁa@ﬁcy Qlt ePSh AL lemllgn gutla{ 36

i ncl udes a sc hysical address

Load/ st @fsigngRtstto wﬂrqctirf@loaﬁé@n% Seheduler HuisgledesBschaduley h&ﬁrrt66393 ? ghyeeﬁhpﬂd@éf Py
recei ve vufi§t7 UCdal/Qbre Qﬂﬁlzaﬁdhﬁé‘s% s%‘é RBR 68.0MELSRAN ﬁlc&glea &&géea«mlﬁﬁumn%eranons
addresses (PCs) from decode u %’é aretire s%gna arp schergi\{ll er 36d
and 2a tAPATTPRRRGE PR R R & efﬁe% PR Feé{fer?‘g(‘ fEpychetufR A9 8¢ o

| oad PC a(tﬂaB(ﬁ)ltrﬁfhdte@cS(n&hﬂmg damtitfaingT/USlidoyls, fa laadPC G)P@():utdlaamrepdqﬁéﬂielr (88D)Adm I\/Bp
unit 30 is cou 0 IOV i.nst t PCs,
dependenceycunoin fpeﬁlne ’{zl olﬁ tltl)mtg%h%g qpleeg %éér. v %Q m?&%{& &Lﬂ% ?nff %Tir@n%?eélgﬁn% or
60 i s coupimatbnt o scheddérvis. t Meorej presicnlardst iSGhF PUéletPIaﬁ(i' aneouplRCeo reie the dsiREon

assi gn L&Bér&tloﬁsllPCsaﬂ#i ﬁtofnﬁ#'lés% Rlﬁl@(lﬂnadd %%tﬁﬁl@nt@ﬂg«e dn@ toFb'}(Q/We %orfnﬂfog 'Ee@ﬁ@hh Iaad
regarding | oad 30 dependencies on stores to dependency unit

al so0coufpreadneies op éteréﬁ tg depeency Hait $2utdithghelsetrld i%rﬁ@lvaﬂla %ﬂowaﬁtiorﬂ&@né%ﬁ gn
uni t 64.froepenaanay 64) rmetpexﬁé’ncy smmup&oe;ded t0 pfoliad/ihél @eptddency @p@mateA €/scheduler 36.
i nf or mat sched

S 3 rovi de | oad
stores t§8h E’tlﬁ/ Mik:) C%’@%ﬁ% ﬁrlo"lde loadcs (%t8rre T té’s‘g%l]r@%l% 33‘2% n%?(’nélw1 i SFEPRIRE Son o
AGU/ TLB idfoatidins AGQUIPLBRd0AD iy @@ﬂﬁd/e E@IVE @gpepvdding ofepedsalingts rezisontie SgA 9@@ fo

file 38A.a0d, L@m@a&a}é&sflﬁd ah&) b&sﬁmqatmaﬁoqn@&&e %@@L &tﬁb%g whR &Qlasé a;*fa %lavsto&

to store queue , In the case o tore, store

Addi3fi orfar 9ddlmyMﬁ§UﬂgM0M lwaﬁqdéel pltowdqoﬁhmhyaéal edfeespng spris] m%zaenﬂ@s@ Fand
contr ol phuidrab MAlidhQNcduPled D scheduler buffer 66. Store queue 68 is coupled to receive a retire signal from

scheduler 36 and to provide a store to commit and store forward data to D-cache 44. In one embodiment,
AGU/TLB 40AA is part of integer execution core 40A.

Generally, instruction operations are received by map unit 30 from decode units 24. For each load
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buffer 70, which is coupled to scheduler buffer 66. Store queue 68 is
coupled to receive a retire signal from scheduler 36 and to provide a
store towommi2sand store forward data to D-cache 44. |n parpusoimadi2nent ,
AGJ TLB 40AA is part of integer execution core 40A. Generally, instruction

e T T e e

det er mi neEscufign, § ttorhasmqm9perah¢rontm§qrqddnth|th¢d¢aé a@mmg opelrpdipn. Iﬂwtprngleraorp prevationudd
execut | Oibterfée, Srof %reﬁi@tgpg(y pBQQJS%hlma{l&t &rtﬂa‘? l%lq xM\én;oRl S&ﬁtl&p@%e%%&y unit 62,
operati on. If a store nenpbry operation did interfere, SILF predictor 60
provi desPERIFTARRLYZ idicatss 2 f“ﬁ’é‘id"%“f/ St dherlpAduRapOBIABFTAoN 9 thebStere FERERX FRS/AtEh (1
62.  sDepagidensyany Atdenddrcids 1T6H faakR Sopérards Ran)deacus fR lohd Reth @A WpdiRIGD @Yes not get

operation hat st ore nmenor era in5 dition to any_d ndenci es
Por adar Sl PLidle el B dpsfRe, A PRub dugre bR Siseitind P FEERSTRES
get scheduatiaadthp rStoaermDrbt brgragivro may mnmexyempén altel @ier hAelc dfr b infpknyationdl uppardige t he
current f re ion
may not T fn € el e BRIl HecoQRPRP R el B U8 LRI PR
interf er@ﬂe@nfS%ﬁpadlst?wpéowmdgﬁatspé?pa@qew tq dgpandaney wiet @2 bhe BRtifulas poadipersasy 60

for @ pajpbhtodlRy reb PR U RN for QR AglsRioperanids butR61@6Hac Mre ﬁgn&if@p%raa&&
i ndi cate a de endzlim& to de%é)ndenc unit. 62. The articular |oad nmenmory 10

operation nma  FEEN Wc?pé%ay‘?‘o}meéf‘ffﬁsr Qi 7 Lot ey FpRHaRLEe Bt m‘ﬂ‘?ﬁry f or

any st orc@eramn:ngses)@leﬂnatal dbck. cydlss taSte chddedree ithe, exécuidnOdf @hd TBED ym@ P @paitiol N The
"interfene ryaoperagion if the store memor erat

causes iR e SR BRI pORERRL bitad dutd Pitn o8 e PR GeXon RREF g

menory opREoat welﬁtlonTHée rm@ﬂm%ﬂm digslogurk widhfodue on nraymltpémuddedvhlch atstpee thamony of

Pi peisi Nepsrhith liferRfes WRYa RE AGERHopekaBod €6 %Mﬂe%rrv%;,er&daﬁ is o@c@fithammwmemory

operation. The remainder of this disclosure wl ocus on an enbodi nent

whi ch a SEE8 ekt Hemsy epserion tapa dersrdsncy op d stgreAemeny epstione A e 'ﬁﬁ’e‘iﬂ%ﬂ%n

i f the sdpertitedn e nEHeiuldp fidat iR8tuted pabrdRr tht Ndk: tdaﬂor!y OspEratiBRO Oyher @RABSdA O Nare t e

| oad neno tion dependenc or.e menor eratio and
eI oadSHEIRS PasSras By e BER Bt e i P AR STEH BB et mEedpDr o
menory qpier @atte @ddresadneutloe rhodertrmaney apegation; duttvénirp Inay elschéddoled gma mpthestora data
e”b%l rr%ﬂlg bx%wﬁéanth? M?ﬂ Qlte%g)o&l&exyt\hh Jaoré ng}ﬂm JI?&/Xh 8P E)Ec?‘l:f Itlgﬂt exp.ig&c and the
schedul ed rior to dress generation o store rrermry peration, but
whi ch et tassdﬁ@dﬂla@ﬂwb@rnlﬂt‘}rloati@eﬁl% oRYHPRERcd 20 being provided. In such

an enbodi nentMaptia® 3($§a@§e€thgﬁlym1'ctmn%bérﬂfoﬁs Y‘C§ Ehdtdb}%néegﬁg tb fcnddORF 8, bvﬁlclawntes the
dependency and the store data is noé avai | abl e when the | oad

oper at i dFFTESHALRERRECnS Wﬁ’ﬁdﬁﬂ‘il? buffyr % sYhduleutten 06 inelydss myHiply SRt ?abthg‘“y F”@%ble and

dependent steringtitforsativadetading 3fk, insctdh opedtibre SAH drxempur;a Fieinbt§ Top@:filoﬁ) peiy ad ﬂuﬁmsed nt o
SC h%ql“” in scE l“cl1]:1lfereb ]ffe6r%6 &Qu%%%lé{lvel{d bti-)tlilifci eé‘m f6elcf ( tllfI ing the enln}(| !aspsto%n egl ;[ng:xlnoe g era,

entry capabl € tori ng regar di mg cone ThstTuct; on rﬁepalon
An exe mh@wvcmmf penpe qutlgtnls etnrted,;mthes 10|ad ¢ru19tev alEOe tha@ Berngry sesineions] the PGHefftheer

66, | nCll&&q 'n{}gm@ o}f&iﬂoﬁl (L@CS 1s§f89:daAth19(§1alf 1hf3}ngnérf xgﬁ/rgelsioye'd QQwI’:lh@ RNk 'Eryml STLF
storing a nenory operation and which type of nmenory operation is stored,

ei ther  IPG48°HF0 é*?tbrl%fymtrﬁarfeaa@g& %rétﬁ‘erlvn@ﬁe?paﬁaiu&nvxhww HErfpe yith thedoad| reraery
Nenory opeitahi Obr dxbdis, als&)rdsnnﬁ@d(mmﬁw beOiR@lded Bf TR n@iGatidR YT Be sﬁiec;ﬁmryas
vveII to a'raththc %angn@ S(;I'LFth f drctor 60 with information re ar di gr
store meRBHY" SPLP AR BIFTAT SR tg? BFRLY RPYHOT R 08Y PR R 1B h SPAE

For exarnpglicetiondRsindiragng Batfthecbad reBioR) opamtioniies beag ketridd ddut 0o Bt drteefe@mce ibp ahe(sa;td on
of the $1QLE o P@ﬂ}aﬁ%nﬁﬁusqpﬁﬁﬁegc%uia@ boe L eta@cﬁtg; nk%&%&%e éfr)hs NS t?% nSIREOT Y

operation dar resent executi on,
i ndi cat ith#gthe lead W%S h‘eteqteéald’ S?éﬁmegﬂcterp@roatdiswht?é@e b’e‘bﬁ S?‘@ﬂvflﬁf 86} ag H‘H@ dependdnion

interfengREer Mte.t MEoRt HbBdimENR MR mpmrceﬁdncm)y baradbnt RMiSatihS rdn WHen HRENEAY] ed
tion. Atralnlndlcat i.on | so stored to indicate that

for re

t he % oad AL &@tﬂé&l@&aﬂ%wsﬁtblbP&l&%tle% B ﬂ%‘f()deBet’id“tS‘Fys‘ﬁaétdEtﬁ“ﬁfmFﬁ | Badrrogte

schedul e¢nsé3Bay bassethahdighed epedinhe fiay Brusedata otek@tboditentse Still furthéd ad@ﬁ&iﬁldhfﬂiaﬁﬁqn t he

retry i nq&, Cbgtstorgg' asrr&\élrela?e g sgle tinf gﬁo%a;[)plerggd isl?#;s,r é{c.), al%notﬁerr1 ?yptcjsI (Ef elm%essgj[g.' integer,
floating point, etc.) may have different formats. Scheduler 36 schedules the memory operation for execution

subsequent to each of its recorded dependencies being satisfied (including any dependencies identified by STLF
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35 Simlarly, the train indication may be a bit indicating that the
dependency was detected when set. The opposite sense may be used, and

ot her ensadbngesnay be used, in other enbodinments. Still POTAUKREr21752
additional information nmay be stored as desired (e.g. size information,
oper and t | ( t I

poi nt, edtD c)§(yr o g%d)COn\%gsdt]}l ?an?cg{tﬁrg %‘?ﬁﬁ?g‘e %%Ht]lgrgﬁdeor%eg nh&h'g‘g%?ael%n lIohjlg‘%rrem)r y
operatl dRApor executl on subsequent to each of its recorded dependencies
bei ng sati sf 'ﬁ@&rﬂ&iaﬂ@'sﬂ& iMu1steB eRd ecduRS: thedRRL dpbrh@sl f&%x&ﬂt&:l ondeQadif its
01/ 50252 PCT/ USQQ 21752 redi ctor. 60), and conveys the | oad/stqre nature
of the df)Cé’Fdﬁ? ABrrdansls ye FPé‘Fﬁeéd’ﬁ‘(“}gB‘l logdy, iy 'PFai“]i‘eﬂ‘He‘WS‘%@\ﬂ}d?Ué’re%ﬁmF A¥Asiicter 60

partiscul ded I)bt mﬁiczﬂﬁe déia@th@ﬂb”oﬁfhe J6ung@Yoad Oh @dwider @orfre Map YiniOpEmayt deddat dac source
execution . i cr o er ngé encI nc bsut mEeC dedab(iiee edgtgc QCIIFéﬁ{f enﬁeant iesanI eear oqun
| oads maygi) gan TG " Br i'or*Y 6™ of &8> st ores t 1 P (30 oes
not i ndidepdndengy fapenddenapreas batsetd@nybunrge)ry dddragiesaffedtdddy diedeqd asct mre resmpvelyni t
30 may deiegdy fﬁ;ﬁﬁsbur%ﬁér%ﬁis b Bidha Q0L 4R RSN IERCHad DY EtoﬂgaliTL@%edQ%r 60
capabl e of detecting all | oad dependencies on earlier stores. The
dependerflipetyfceripin dependenqicn o 13t Of $tofra a5 IETTIbEh EerRiBlmBEY OHEH e s b&de‘é‘"é‘tded
by the Imstd@glsd pRdcBEAR 10 ERSIPRPA BUBkY70 as JOBRIAbAS fof RRLISRI4S GOwibEr RoskSr dre t he
| oad and stqre duri n% execution of the |oad and store. STLF predictor 60

det ects ‘EP@ o RrioHR PLAYEHYT BEersPIT SR Y% O SSf%r es (as descri bed herein), but

ot hers nmay noAGWELR el Cleathes hOmépag pokratgl ynd oprradeEad frorih@egewpﬁleySA RAecdporfsé er

70 d dul ed
as desehkM; g. Dehaw 3%) IA%/’FL% 40RASATs thél%p}él\z”;ld? P) ﬁod&%ﬂfﬁfal a}%ﬁsﬂf Be C%g\ymg

prIOI’ to ano er sto dependent on er store
recei ves/intuikadieprote Iélpjeqaheddw wind toplationdgched dalie TEBmMAGYTSE d9A4 iprosidgghe | n

I €SPRNS §hydidl JARER afd D G HeldrBEtion R)storeYirbdle Bb. Bsﬂ%ﬁa RdESprbN&dOPBE s 8ontiOa

produce a virtual address, and translates the virtual address to a

physi cal*"&ddrB¥% Hsony! foppmatonprqyified fy AR LB f‘ﬁema?’ L5, thenledsy g ST tRase of the
provi desoptrienl FhedhysdaCaillireadl @ candl itfbidtiondoilior @dvided b AGHITLBAOAN tED-0dcke
gueue 68 S& 05,8 dﬁlt% is also provided, if the operation is a store. Anong
t he controf1 ornati on provi ded by AGU/ TLB 40AA may be the | oad or store
nature of thePA yffer74ts veed.in fpresoitymbaiahenttd detewtgorandich intrefere cthloadst PA buffer 70

i nf Glo matlhémeg t%ul%lé Ontis O%'e Qﬁ@ Qy ed%‘ﬁ;t%ty—lﬁ ség%rtbgffé?' 66 aCEQ@h en 1@&galﬁeoofp s‘%nng

buffer 70. PA buffer 70 i's used In the present enbodi ment detect stores

whi ch i mbesiekaddresgjitformptipgd ¥herpmnlopd jis preputedpthe plysipal addirsrarsovidse 9 %ﬂ Bfgh{G 5 gered gne
entry fafto Qﬁ’-@rhryek&trd'sb’onhlﬂg wahedrdiaer hautfeaty &ing EﬁQ(IShde@antbé (jtﬁi:r ﬁa’hﬂa&k&leﬁ aQfore is

storing ica ss.informatjo a | oa

hys! caie T Ay A g R BUb Bt s e Braa P fYET h T ound
cor r espaindl thagorkaspohdiag Botetiuloparation isfaclpadewitichyis gduager rfhgn thia etoteoae.h th@h)ad! heetaddher
han S : > RPYSI.§ .
physical Qe Bl deaf by b ROURLE R 0 AHIERS 8 WRTRALAR, 1 LG
cor r espondimyeiessdrsiatet | Refiviap e aneimory dpsrakpn] splsenuaiily dtrdi & Doomger optigiin dpias
store, rmdmgﬁnhg@gcﬂ@ retri ed 25 CGenerally, a nenory operation is
referred to herein as "retried" if the qperation' smn%ate Wi t hin s edL}tl

36 is reset Xforewy ﬂ‘aﬂtwésééietﬁ%“’é‘dn E% BytEer 7G8€ FSY AYICRoR BRSPS PEYLE AT
subsequeniry ¥ sét eAdlftichaly} thestdi‘EIIDllisyd threﬂlﬂtob@ t6l glentife e brexd iH setkdaim the scheduler

r eex3%CUt ug"er en S%IIS ?elé Yn %rlletelf%l nger}lt It € sp tae ¥1e storAPQ qunfar?orther en’lboEilment tﬁ dioke

i ndiCat i on i n the correspon sché I er bui

Addi t i oriRInhay be thh B# gff thyy stord @ﬂmgé@rew bgFEdE tyerRehif the epre @@1 ttlfoR# qfélmlvaﬂythq ¢elta B¥)or e
i's stor %Hoﬁ‘m@rnse uﬁr%hgaglp ké6te IDSQe QIUJCBI%G iff thlorrey dSaiShdidw. 1 %l)lgequlerﬂlypalﬁeneﬂﬂp@(gh nent,

the store ID may be the store PC. In another enbodi nent, thée store |ID may
be the Reschsiuledrad seysredpthe fofy “tﬂ‘lcf‘f"é PEREE! BRERREHIHRIPREC Brto {rpiB telesd éndathfd

the R# Qf)rrésblﬁidilng) ake (ﬂtch@l‘[ﬁ%kefdﬁto% using Eﬁbﬁﬁiﬁuﬁiﬁﬂi Stetifk (19 (1ROGBseGilet Rechfidnatmey
descy.i bed i ad is he u ed

e e osieit el ey porndirinr B Roredioe e e ab R G B el RERTHS 55

t 0 tr ai rinttifige haad agergbdtanéthe load PC and the store ID from the corresponding scheduler entry are provided

to STLF predictor 60 as well. It is noted that the training may occur from any stage of the execution pipeline 72,
according to design choice.

By indicating a dependency of the load upon the store which interfered with the load during a previous
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correspondi ng store into STLF predictor 60 using the train/untrain
interface (so that subsequent executions may 35 avoid the retry of the |oad
by maki ngvo hesd2enad dependent on the store). More parti cul pBeTAyso1v52ai N
signal within the interface may be asserted, and the |oad PC and the store

ID fr Ome&%lﬁtlo(f‘l%rf Ehg%qﬁ) 3 amgiﬁ%&qﬁeqwd% %Qkﬂxlte%rugtllg&tg\ﬁlle ?)ge is Ec%edglui' Fln%lgg%h(}c;nh

60 as I'S note he tra ccur from an

execut i ke geppricnefl the load gperothelstag ey t&e@ie@}ﬁi éthlez e, ﬁrwxeicntmn@étﬂienlgadamemory
dependengyadh ahd§ork @ALmMEPR YorlkwBRedSih HsFondth &2 1baatne51%@roesiatmlt ths h%schéaaﬂlg%a ing
a previous 11 WO 01/50252 PCT/ USOQ 21752 execution of th h

schedul |rf‘Fée°B'F°“t ¥ e 18":90‘“% appidefly RETmPRee Tt P ingpasedrdug fraths {361? %f ‘F$§ deedet ed.

I n tBi s rkeashii@nf the tohe dependency of the | oad upon the store may be det ected
during the fits ecut. no rati.on and sto gl a may
be forwar ded (IS n&? %tisg%glﬁnsfl eﬁ‘{{h S 1PAE hrfabnﬁ‘g?db reillg%tpoé’r Ao Befs g o ?CEeUS{: e@%’u‘?”’h
and r eakamaniconutph, petiemimganayntgyoshdue i dhidled sPieddliog nfisthﬂ:leadrmwcotrengﬂm @teeasred
due to tptl-b%hrlea‘f:Z m&}f derte%§ ﬁx&%qm‘la'n&g a@r‘!‘gll aﬁd BQeﬁgce Qr'&ﬁ%%molilteltfgg t(l gﬁgm tg' lc;aﬁ'%nd

other hand, if th Is trained dependent on a store and there is

no act uafpmawélﬁ%?fe §r°m(§ﬁ¥lf Pty 6%xM€i§tPPr8?FlaﬂfzSef¥ rdvia préesduled gndis tpip dndicafipe it o

t he el ayrelisehedvs iskg, aszécuﬁdﬂqslplemdz dAGEREDF MY lo)d reBRREMIWaR1Ad dfHd R HBIE quede MBY

detect t esg situations as well use the train/untrain interface tlod

unt rai n helt P34 ANEE EHF &bénﬁ?‘?’? gt 81 8 YFOMSTRIF bt BHP YPBP S0 M58

part i culszrdrdingly, fexeautlon aigeling 7% medukted uanh sighal ahd gbvidel thedlbgiald ©/STLRA prkdictor 60.

schedul g : i L pel. determnes if the |oad

receives %‘pw&g{g{ég%&gﬁnﬁ Ehgﬁn%éﬁgtﬁécgﬁe&gm tgﬁlgllogd?no forwardi ng occurs, then

a dependency 4sris bsteigr @e ivary "ot refrzve stodngrinfperarienvhédt ideptifics Fe opymence of a store

Accoisdi Rghel , intE¥RE UbitnON 1004, NG 1§ 1&%dg${daﬁ§5ﬁfohna@i&l YLK @Hdreaég A0 akebA &7y de

the load PC to STLF redlctor 6 redi ctor 60 untrain the

i nf or matt ST ESFRERS rﬁ%ﬁ gt gugter herd%iam%Epme@a ith f @fsh it ftlﬂebetr@rﬁﬁlkemta|°f?“r

refers tagai§i Ahis)Gaihifg ma)rmtlu@rtreAlMgcamnbﬁigemdnfelamﬁ Hedweema lbd £HdCQE: @dre. A TR e

Ilﬁ d:M;;fgsl glflqlg{efers o eleﬁ%laforr?au?x}.lv%lch 15|e tlffga é)lg 8(%%8%6%?6:05 Eg?r?%%err] rn{grwlt%r FaEi 120 mg\)'t" ch

si tuat i owlidageagugawsakd crepeatbedkyn tlnerioatilaei thyastdre priot todelgting éhe mﬁqreation kely to

ocCUp  agai N s JRMShat b aalmhmd muﬁl@% SHg: pqu%@otr k,ma@ocaﬁ rfr&qggrplgeﬂﬁersagmaon

bet ween the | oad and the store. term "untrain™ refers to deleting

i nf or matPBHe RAY baperferard e ﬂé%reftﬁeged&ewﬁwwe Fer exgmpd, gy the prepens F’P‘Eﬁd}“ﬁgt mllm a

| oad, arkﬁbeff&)hed meslaaldeeo%e@piuiaga@nM@K&rlomuegié@%mand&mswwd betﬂagorln@@d agnd
nat | on t is noted that

t he stor e p el et

L ai i ng oI ¥R oPeRT P hrGrETGF PR Ry atete § oA R CHPDEI o
stage, daeklof storcefbrniardgng i@ yhe red, pat the mi decart later inlihé piptien(e. s SheadE stapain Fign2)r ai ni ng.
For 2 Xanpl e lie&]xa&r%qo Blr %%e% on %?ﬁgﬁl a.’thl;S l?lﬂ{alﬁlqu’luveiergt?r f O{ ﬁgrg sltor;'e %l%%ée%nse

to t eretryln at1on tesc us’ cou
per f or megregthe @wfpymation afgedféfov AFURS8 4§éhe @a the othercharfl, & tﬂt&gemplrx opgrgjion 3 a load, store

Unt r ai NigGle b8 cddPhbOhEBEH infdra8SP0 MR Entbithatidden tHe 3R ulidiefadsl oM BNEh L d3Re qle@CK
of store forwarding for the |load, and thus nmay occur later in the pi eI|ne
(e.qg. tﬁ’éryotée@te& 8 ¢ goFfesppging sipre gyeye datp firrerdiigd Pra“?%éo Bscata it & fspar

oper at i Gsisard Hdta i AR, marmry oper at| onis a st ore st ore queue 68 stores the
operati on sk SR os e dors s W valsh A SRR oo SRR B B e

i nf or mastewu¢ua 68 e the mre sqmae uenfémerrptesment 6f @e fof tnoxe ltoges. S Storeguepa éB @onveysttey | S

det ect edemeh @eregqlc srqép&m,g Rt Bkt ga{ﬁ Wep gﬁh@u %5@%@{1% rQJthY A8 §Rue 68
D-cache 44 for forwardi ng St ore orward data in Store queue

68 ret aPﬁé theyge cqmaiged top- C‘}CE%@I whighay b felayedsfrqmn tP“e‘Fi“F‘é‘H“ ofy C§E9F?éd ul er 36.

Schedul er 361tsd Igm i@t vasibud E&ntﬁlidﬁki;h@ofﬁﬁ}%l afid TR afe%ésib@ Fbrgﬂﬁx{plet 2 ohd v d@inént,

retléerreP dg% or nor e g&gres . ueue 6@ slthe retired

stor R BrHEP! 2 TR Y HRUS P FE 688 atoFe 4 c? Rled P 2 FipRot WeBies

may rengueae p§) asd the Badacliendyde coupled to a compare port on store queue 68. Other embodiments may
include any number of AGUs for loads, stores, or loads and stores, as desired.

It is noted that, while certain details of the various units shown in Fig. 3 are illustrated, other details and

features unrelated to the detection of loads hitting in the store queue may have been omitted for simplicity. For
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until they are commtted to D-cache 44, which may be del ayed fromthe
retirenent of the stores. It is noted that various conbinations of AGJs and
TLBs arewosssdabe. For exanple, in one enbodi nent, 35 a PoROGSKANENd a
separate store AGQU are conterrpl ated. The store AGU may be coupled to a
wite port on stor ue and the d to a conpare
port on s?népreem ‘gllﬁtgoggy g‘ﬁ’er?glséer odn i nstfgscnbé%cyivﬁgrhﬁé’eg(r?toup%gnber of AGUs
for | oads, stlopesmboliming&TEF mericte 60 p@stes étsmgiéns map2chtagd ¢f thesnmkuteekr,bwmhalflg 2uhi | e
certain datai InSicdhe téa&dyr@tet fwﬁ)aatrunteelmev@a Hhwkd sn?p ertcﬁcttrldolm 9&&% a9§ her
details and features unrelated to the detection of |loads hitting in

store quriRsnefige Bigtte ths scdastion il the bogd fopfxedfiphppoerflipg/to vimigps emppdipgytyy 1/ 50252

PCT/ YSOO 21758he 2833 MdcBptio AR b2t t.ratatgg Hﬁ)ﬁg ey lfe@d’edf{iltlﬁrﬁgii &t @dad! SRV Qulteradiive
one rrbo iment, STLF predictor

descri bed_ahove with respect to r
50 oper STLEVGRIR Y PEFE 9ok dilelne B ST SOHGRE HrBegerEms oy
of i ndi G&bomgtodeﬁlmmjmmumuaftm (elgodutisg ﬁtélcu&ta)rdfthe Btors iygh&@guich He ey 8 ldc;pe&wF
predictor 60 "HPXJCQE a%g %m&a gtorngn on@legtg(ldlit%%%év%%?&r)lpJ nt%gedtup th% E&ﬁ%ﬁ qu%;nlmgrhcp f

i on, us e e abov

the | oad for execu according to varl I ments.
descri ptung#inielowds brigestores inSTRF n'gdlererrﬁon Hovdver, it sagtetbationl a ppriehd tedhdnay Poved er

al t eernatlh Véme &%&H&M @anf&yan@ﬁﬁt;aglﬁx@lgah@anh rs@fep inrﬁi‘Lﬁtpreq{cfof 60. e e;{dnﬁyﬁsthe rer
exanpl e, an alternative enbodi ne may train in response to detectlng t he

retry sifayggisent ditsef e lpaddy %‘Qé@t& tcoﬁayO‘re rein P DRt SitiecH L rerdieBad i s

dependenfeycribelilbelo’Cs of | oads (and stores, in one embodinent) have been

di scussed in Ahe Ont Xt of t'rPe" 18 useg to r g{nﬁ'ﬂ{g:tpgo%%agl nxglter a(?dcrjess qu? 1ntst 2{1

STLF predi ct &t B8 "8 Weeaany i § "hot ed

a portron o
be used PCll@thﬁ aﬂds:sﬁnéthemtmdmmnmgndrsor Intothai Wnrqtsgthamils U ddadsnispdyto faschdis: larmbtlon

st or %S i rIx?Qﬁb%Ith'éntsﬁiQ th Qﬁmlﬁﬁ(@%@mntope?anm rﬁa?@&{esp%hcgfalaﬁ lngtﬂlgtttonbthéﬁj of
the PCan store may be used I n one enbodi irent of the

pr edi ct mf the (ustrygiandy 419@&1 PS@F el of e ipsERcoHPiatias elgloni@pdiigrainePTy OReSa“t’I’é)ed to
refer to the 1piagepdi @R uwAtElseHd d&eﬁemeéduaamsidsbsﬁwew ol ©hd bIIBE to iRéatifySnstrtiBon

address of the instruction the PCis the address
used t o PR t HEeRhe f“tylfétt"tbt?ﬁag 1Yy ‘ter‘tﬁ?ﬂ ﬁBﬁE‘?y&ntﬂDS é%&e PRERT SOl RO

mul ti pl epemhs, ued m@;mdapar at ieansinneheddortuéfepidnssigned anthé nstuctiet éportions.n@IRC of
the jonstryction i . rat . g.
| oa an (}Cl)lil_l%lts rrné 20% 1§}grec§6r§'egbtllfoﬁ S%S o?%?athgtf t r‘FttQ %éll %ﬁt‘lé Mﬁktgg#g : ag 0135S g%ﬂl m{o%
certain Pé*ﬁbb‘dssmmtos aSéié@é pti ae pping ypthepipglide ¢farassssar &0 préhs it <?rf°9m¢1¢?§‘t‘1'@c9n3?réﬂ?n of
oper ati fi$r pfRREr@l | Yy, any suitable tag may be used. The R# identifi es
relative pro ram order of instruction_  operations identify

entry in scheldnmgmope Figr4 gdloge dipgjaragf ¢ Brst gpdofimet Pﬁ%tlthPﬁed)t/ﬁP F%ﬁ%ﬁé’red’ﬁ"her
20 embodiosRdhswiTBYhee B odiyhefite Rt pRsiblbuidfcrteniph@a. B thedhibodiinkte bf mgg $T0 Fipetaiaboi f y
t he j.nst uct | ations 0 may, be.assi

any 26'0' néjtha inclu ?eﬁ aq(palg/gtorle dﬁpendeflcyg?bt(l)ecgdé 2 Stroref&/l@# t2bl¢ §2t, an(%rgfstgr&de%encclfncm table ﬁ%Dzﬂ:
oper at i gontof circHT: &4:a pT/eE ideremtend§ @ircuit 36, rei stogp tatdmomml Fiicgit 88 an @triging éftpeldlplazg rleenk Of
a first E(g&% g}ﬁ{l; mgfn lgk-gl' I(—'mLB(P @gl cﬂo?cﬁsto@(p df(p§l-ELIF cy Wb?cngclg Q{)uplcgqg‘)rec!:l% &Q@WE‘ l'(:)f

Q her e iments are’ possi bl'e and contenplated. In the enbodi ment of Fig.
4, STLF dspdhingtinsiructionppaations fiem drgeds uaits| 260 's eaypled Béﬁ@ﬁ d‘é’ﬁe‘f“f‘a‘lﬂ“eAé‘b“°n%”Y’

store PGéadtot-adepeddedey table h@ﬁ%@n@rte rRAERENBRNLY atBdidre PC LD Tekeda it giglineCiar fori t
84, a ST/LD de i

de c circ store t ab cont ci rcui 8, a
i nt r24l | ﬁ@malépk“?i’ ePETHSRS tg%lgp tftfi?”tp 88 P Ay Stﬁrehgftoluﬁﬁa (Slf’pef"{?ﬂ‘i?')&@gfmcmt 5
Load/ st anéstoke mem#emeytzzt ald| veliBidditasios oa fT/ed dbpt}ndee@ellr‘met §6hentkaGge dependency check
di t chi t
| spat chi ng 4y st e‘atu! g%w%’%g'bé} ef(aﬂga‘tﬁth)[?? iR g A8 rhahd 4 gepe’ﬁ%&% Af%he%?%tf Bl 80% 0

LSDT control c¢ircult dition ' tore ency tab
coupl ed neigrerdcedhviestrction apPraion &g dseade aniPCA fménlf expleditie orevige pesierds ®BTIR 30

trai ni NGpch@ad)/ LA HEPERABRCHtbAD X 8D diste FOUPLSEH 8D @ RiRVMIEIRHWePFEE t O
intraline dependency check circuit 90 and store PC/R# table 82, and valid

i ndiat i%ARCHNg insiycrioy qperpoRtRa d coTesRonding S 2ssiepd/uthy EMENA) SRTRINEY SRR

table 82 is coupled to provide store R#s to mux 92, and mux 92 is further coupled to receive the R#s assigned to
the dispatching instruction operations and to provide store R#s to dependency unit 62. Store PC/R# table 82 is
coupled to provide hit signals to store table control circuit 88 and is coupled to receive control information from

store table control circuit 88. ST/LD dependency circuit 86 is coupled to store table control circuit 88 and is
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circuit 90 is coupled to receive the PCs of dispatching instruction
operations and an indication of the load or store nature of each

i nstruct vomoopesati on from decode units 24, and i s coupl eBCT@S@ravizde hit
signals to ST/ LD dependency circuit 86 and a sel ection control to mux 92.
Store PC ei ve e PCs o 5. dj chin .
hot r uctPBIFREPaSs Sredaann P dsip SE SRR o Rortens Gt o d DB BT 08 54 i

i nstr uctcpmibdmpecreafbnawsntﬁmom@lsl?@hﬁ#ecun@bhpeln&m| s coupled to provide store
Ri#s to nux 9?Gen3£l?{ lg}éﬁ(sto?&zde deanr tglheeiEO 198&'&[&% tl&ad'i’%qgée}éa 0}1@& nﬁﬁxgle%ﬁtﬁésg H‘ﬁg to
t he di spat chi ng structlo operations and to provide store

dependerfely gimgsta vl m@%aé?f@nﬁvtﬂ# PE £B1Can Big- 4) of 2 goseiphigomaydaps iptgifede withttha jogthal s
t o stsor endidd Riof GRbLe. e sk He/BBaMNEcllds GRI4PIL e&lnésqvhice@efevtee KROPE 6f recently
informatjon from store table control circuit 88. ST/LD dependency circuit

86 i s cOUBYE ty°s pigPeVibf LrEwRTds Rcor B Forgglf s fiqsPC frgmNs 3y SRiesiss in
PCT/ USOGBaZ&tZﬁzepemu@It&d 80 @it{lh ervti HE/RA epEe Bol@riependeadyiofitha pad defxeside @ hdtedstoghal s
to depe n unit 6 DT _con i.rcuit 4|s I tore ei v
train/ ug?"‘rgaﬁ‘ﬁhlss‘f‘"‘“ﬁ%rr ¢ ‘f’*l‘ﬁs T ree"ﬁ‘étcdffr“umosﬁ PrEEAE Sf’é““&‘@ﬁ%‘?% §e P ?“"fd?nlgéf
dependen@ynttr&tﬂneer%bp yOIdnd@mwthwesamlmaldeC to select one of rrul tiple
entrjpes. The M&Qﬁa”rt%ul%ﬁ;pEs%str@ctl&%del‘lndn@% ﬁi@ﬁa&cﬁé& tﬂ@ﬁbs%f §1E %Etﬁxcﬁ’& o£)§Egn§ dle d5k-

4) of a store which have i1 nterfered th during a prior
execut i ¢ mdernetoé?aé/ﬁere epgeneyphledd nte d?j’é’éndFﬁﬂf tﬂrISp@eueﬁ% Iwelb&mw&lr? 188#se °f he
st ore PGTOf pfedeen$dayo dﬁea@ﬁt e @lreSlofdiRSto odé e@;gtcmmg hlsttdamc(@érampﬂﬂbdé HieriRge f Or

that store mthe ntr cte

ooendeeee  bipyddig Rt dars iR b e i B aibRn el 8t Simeting ag
on t he Sisgucdon apenatirine esbasivé fache ldput&\ﬂl loddfstdrdrdependmontable 80 duguts aadldlushcp)ttoa\am ed
fr o SCHEAYLI g ARk LIS, SHECH bP D ANG A SLANSISEOLE s AEERLY ABLYe pct Ne
interference may be avoi ded during resent execution

parti culs&ref Stca%PCF/R% table 8% i koncxapele, atorw#atplée 8 maypmbriela cqnfsat an@sss@k mpeery

| NSt r uct ). &t BE/RPRGIe 87 3&&&@&! sigha® 2@ entny ) in@icdR@ HheilePbrgoER ERASNEYL tﬁebl e
80. The renui nder of this discussion wll focus on the response of TLF

predi ct 8¥86a StoF ‘6bn°‘e°°f“ﬁ’ﬂ) EifcuibE® B PEEpYhE Ay 2dselerTdhdiowIsatt S APt UFS on
oper at i @O/R#Uablect2Svhih sttty Sie stoftCit(E OThe bR @itry dutputs 8 sti@ REdo inlva2, Shici-generally
predjctq Yk £SP9 parall to each PC of each di spatching

i ns??uct |lec?g(l)‘h"lt iy X{{;&m OQtplP{g() de%e Qn?/yemlftgﬁt he input PC, |oad/store dependency
tabl e 80 out pﬁdthgorallwatlorfedabilermmcs&tlrcm 8@ pignaly STH-DsdependenPCeifeniv B tvhlean mdieatien of
entry. TRensbPh& aft wad dbibiidtin Libke %tcﬁi#qad?e%ﬂ%r A h&ru8n oeeraﬂmﬁ s sﬁ/EﬂQ@%ﬁ&%’O

the store PCs stored in store PCR# table 82. For exanple, sto

t abl e 82UGHH PO BB acdsreadapnt2bidhtisnadtg ld@segdéﬁﬂyemﬁé%nw degendengy, vaks} vignal. pessreied,
tabl e S&detEsﬂth 8ep5&1d5nc§ ugalisto fedrd eae@éhdeny FoY the hﬁdjcﬁ@tobagmm/e@mhe&e QEntified byt hat
entr, i ore roj cirgc recel es the

It
o 2% e e Y e SNy IR sBEboeb ol PER kgt s iRy
t abl e 8Zepatniedy id tg bérietordyy by tepergitroy enifdZ, Mﬁbenaseﬁleb'tnedleembardyn@uSmDsiep;:mkthr e

R# 10 mt%cug%6 mwésgelpt e d%?&?eg%vallgggﬁle& L%{Jl%&lo§ B Fa% I% atlo(Qd cféttelgréx;edtfr%m

dependency unit e con circurt sighals
ST/ LD d&péiere rlf@}ﬁamn? o degde ite ﬁ4)ahl) |1fn%1¢ eﬁvuwawfn frqnhe@ islpxed entryoef lpadisiore was

det ect edepeitiesdy MbR sb(aaibtestvartal ﬁxd%g) if @€ stdrbBE frbi &le fidGled Qlry BRGH 8bik POR# BEIE &P

dependency circuit 86 prOV|des dependency valid signal to dependency
uni £962. The PHEPRRABATSFOVAI T8 di a&ﬁants toj *SP%{%I@?WI&WDWW& OBS{fHOES By alf’ck cycle.
dependemby, it pdssible thatshd yourlgest a6rel whiclthepeirdengye POprotilta fﬂoﬁSGaﬂ/HIGf(e |depandamgrtme| on
ggpte Eger%]é: ;S? Ii)sellralﬁl g)g&trrentfﬁ%lspa?céedg gtéltsﬂgeecortsrt 9 r Rﬁ)acp gccor?mgﬁ SXI' a ven mle'ﬂ.lcttlon 08erat10n
depende mgyling dependehry Ch@h ordie 80 boympekepibn dern @? OumttfrO@ZoadNbreeiemdemﬂctaﬁla8q tg then

one e”b@éé bl cog[r{-rl:rla{ Q%pﬁdﬂqgﬁgtbﬁcnoﬁlof)&woﬁ Wﬁl@h Wm?‘&a%ﬁg élvetnhﬁ‘strgﬁigr? @&?&'ﬂgxy in

vaI|d signal if tg} he instruction operation is d (determned from
t he 33 | oBBFRSHdE" iThiiF BUief ingfrrstion cptigRt R dmatehss the storg PC freinﬂ()adfﬁtpretd%ncvaqy. tgple 80

i ndi cat bmnhd prionhduhioh Bstexads LA ymma‘atea @atdé ﬁicﬂhfc@e indlepan 91%01@66 vy abJo8e Bfs 24),

i ndi cate vaI d; .and %5 i f the stor r.om ed entryhtsm

store P A%ﬁn%enéyz Chggb M R SEB gb "’ggatg RoWh ' %{J/EPQ °p %Tf’f SHptt 36 %5“ the

di spatc hormplotldu}xl leadi ng@ (i) worttiobmu:0§Pap atergla shepere KA moykded; Y ht@e PC/R# table 82 with the
R# of the instruction operation upon which the hit is detected. In this manner, the store R# output to dependency
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Thus, it is possible that the youngest store which matches the store PC
provi ded from | oad/store dependency table 80 is being concurrently
di spat chadowi/sd251 he correspondi ng | oad. Accordingly, for BCTUS@mR1752

i nstruction operatlon intraline dependency check circuit 90 conpares the
store P%n l6|£ th ?édv{'hsl tlxqsr c% ch(r:"r n%ln%% a?c%e& QIV\E 0d t‘bpddltngr%ll P%D e engenc
concur r ent S PatT o ch i Bgi ven

instr ucthrgnt %ﬁp@mamschthp Wemﬁdemyoghdwgw d@rthe fod tlfhe(l)pthp @rrstrmcnstt pmmtmron a load
oper at i QRSmintd 7%t G SRAULEE imdikeRos il QD bR, $4)0F ﬁle dﬁﬁ%ﬂc@@&yﬁomé 5804

and the prior instruction ogeratlon IS a store ;In icated by the | oad/store
i ndi cat i°8FsefedPEdereriincy ¢l §8 indispteseyalpda ynd (i) i the Ait pigpal @%é‘ﬁﬂ@ﬁé@e@ﬁ@é gheck
circuit cgal_ltWBYOrtl(ell()adlslaﬂd’teﬁate a hit to ST/LD dependency circuit 86 for the

correspondln | oad nd ( cont erride t
o ovi dod by e sPoc R SR G R TS i B et ey head B St on
upon whiigshudtibreorziation. sThel ddperitadd dignal, if asdaiteg], indirates itg depdndensit O1ited2 R¥frequid {rypéndenoies

depende i h
p o Qe huctlh B sk kbR Ehfpiea e B Sl e diochlh uf Mgt 6
d6pe nderi¢hendlep pigiefion H%hlmwala@éaé nelttryvs’rrepeelfe?ileﬁ%ﬁ@w sterk PEs o |st3wawhlﬂomtetfmwitlo ad

101 ) 1808 dis idadGibit APeRRRY Bble 8 sdiedts @n L&g% reipdlesta, a)ranitm&qn fids@IRidnhPeration and
I oad/store i ndi cati ons from decode unit ii) if the valid indication

from t hé"S FEEREHS BNt Pof 1°Td6é‘dlvét’t‘c(‘}rdéffea“é‘bg?faseﬁlfgf“‘f Ab et Fprytieng ey sPhPS a:
and (i i iijterfefed twie ehlntthoﬁgh;ﬂ’REF pfeﬂlﬁtﬂﬂ dom inﬂﬂiwsl’ieieﬁlaﬁq{bﬁdf}dﬁl’acsybrec tTe ®Gkiter Mandle Eu2hl bafsesQO
for the | oa sser odj, men d dency. ci I ui t

may fur tﬁﬁevrap%lsn éléa?ion mhfo ds Y Qeae arl’ S PERE %glma?' bt a%{ et %F ol ction er atr og?/
The depergutih |pipslingi3)a, bif if tha@s emoedlay bwdm@mels: \tabd dép@mdsnerwlqan ri¢peﬁmlgtlmon
recqosd QERANRAGHS! ©Sich &Qﬁe thd)§ id BSYalid'Gded, BR ARGEAbE R:Peafé@ly %Qﬁé]lra%& §Jc§u@9ﬂ1£‘gad
(di spatched and not retired) store. The depend a i's used

handl e & g ipsgriers with bydiffeent gorpsdurinecigrions exspttions. jAscorda athédqpyndtaﬂlaigﬁaéaﬂav\m h

store PGse@l ust(gr@@l Bih @B bit RERE fiseih BheWalidstald) ahdO@Slthe inDInRGéh épelaaunsz QldRd. One
depende t abl selects an entr response .t PC o n.jnstruction

oper at i Sﬁ‘g"dﬂﬁe’“ %H&Q’g KT G PEFRE IS esvtagq"g gids aE?éScfgscf‘B'id “%/\ﬂ?r&ﬁ FEi Y ent
stores i nt er flge ebopn hadldf:a‘celree e ugx SfCIILF (pnﬁxcmsayOastb iildicatl @ependatiogs ff(erlerds v stbreeven
Lho g h %I%:CE m%; ﬁa(u: ﬁltte%rhg Qﬁl ?%L %L Féor @Xeg\ﬁggs G%Y: ﬁ))n S@LPS gcflc%r m eot tt% ned

Ie su cases catton 1 n [ oad/store en enc e 80
may be &ithithe infarmation OnEh‘thadF |a??est9i?$ Stere JO/R%E table 42 glegs ty Stm@)?@é and Rffs Oélﬂpelllqsfne

72, a blrgcedup dlsheecnli ;toryseefth&r stBIBYabQ%orQJoﬁﬁl%ﬁlit wmsyhﬂo&ael anﬁlle%%ee I(@R;Qtabl@ @i tOr
clear endi hg upon 5 desi gn choic ach of the bits is . in

valid sts‘a eg Which @re é’ﬁ‘f‘% 9*5%96% e Belaf@mowsélf ﬁ%; repgives thedoadatorg jadications f?roeaﬂl is
bei ng i mfsﬁ[cflﬁf@draﬁmntffbrrh;éccﬂé fufie pemd aBdio@t‘é@&trdeol ek dysazruthmgao&x @GlhilioCddsl. entries
Accacdi ngl t.he sserted | in the
oit yecPariast i RERIE € el PRoh Sk, BFs o Rk Boteenh kTR A ahmid

| oad. Oasign erb@di rent en@ﬁdlmhé Sbrqtahbeemunl cigaid 8%)1Inachp¢rgte e $CIRA tableed2aah fidt-ioy
invalid fisst- Gt ?-‘IF@) lﬂﬁ’@r%‘f {hp ﬁlgst 'ré&enﬁ? Hl@pagﬁéd%{okes b%ugvgnce-ggfe W tgblpfl?%llgie\ﬁﬁlrskopegd

t he use of redi ct or to I ndicate dependencies f | oads on stores
20 whi cB ﬁeayenﬂwépaickﬁdéﬁ‘)feéé@ércwhf pldgstitorgs 34lE siors PsR7dtblecie c\aéltl@ﬁ%v it is possible
Addi ti omal h)étores;ﬂhf @i g {10 b AelblBY bR Ba/R: RBE 3k I‘kuﬁst@eﬂﬂ?fcﬂd’pﬁfﬁfeﬂ GldredN

t he

oa e tores the store PCs a R#s of
t e hoa oo e S S PR il S POrESe PRAL 3 SPOTe T e ST PP o
nmay allmtp@ncarrgkﬁi es in store PCR# table 82 to stores WhICh are being
di spat ched.  fof6,d %Bénﬁen% S régonrsee&,% m&c}% %@chggm Sexcpution

i ndi cat|.on_s or eac | ns ruction operation from ecode unl ts
al | ocat eselisp#i Maretpartigdaclly i61ihe pie sitriahig assertsd &y expprtiompipdinaiZe 8SRhtonirelscirpst &r e

updat ed cahds Iibamere %Eﬁéﬁ&m?@ab(er@(i@bé/ﬁﬁatac:J %&ﬁ&pgﬁehwmtpsova@ th@BE of 1€ load to be
correspondi ng ]gr e§e| vx@? assign. uni I n one enbodi nent,
stoPs t HBMY (CRn it bE Hiopt f°r§§’°ﬁ%g BPerardicl tna?*@rew%ﬁwt% % inpyt tgdoagstore
first-i Aependbncy sble @it Lc(aﬂ?ktﬁ@)lephidéxfcﬁfabl@ﬁo ﬁplaﬁesrtmhtry ﬁmmﬂyyhedd;aspatwth&ﬁ stele@CES .
Thus, ar

di spat oREG Dt el Gy A fie kg gen Rt Dt B8 e FURERHE R pieag,
Addi t i omay bg a bjttand @ep'elgt;itém ay bheet (@ clerpeed impafid sitei may ltpr,qle@r (of ethelnngpother
del et edefigQmMeRGs RciadlvbveOhe Vi@ indRRE BHEEld e WGP at GHEM RbQEES:, LSDT control
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30 Accordingly, store table control circuit 88 may receive the R#s of
retiring stores and may del ete entries having the correspondi ng R#.

Load/ st omeodepreaziency table 80 is trained in response to pOEUSEEIIMI2UNt I ai N
interface from execution pi pel ine 72. More particularly, if the train
signal i X trol circuit 84
causes I%%‘%?gg%#%%gg%gﬁvﬁﬁgl V% Orpnaﬁla&qh%gltm § hdcf%pe (%Ital on pi peline 72
provi des the @@tmallf,H@D[FGa@mt @rcme84315a>'twmlmelue@lx PCreppensetqythe 43perggnchf thyaintrain

cor r espapdiing &&9&&1 f&hmzc hAggam %&%@5 Wink B2 1§ kRl t@sloadnwt,f 100 10ad to be
| oad/ store depen enc¥8ta e ore de endency tabl e 80 updates the

entry i nagxwd bb‘f/thf pere PH &Y pee dimit ﬁarf Wéhes‘%?“én&j@se dread/staspererdricy Bble 89 indecy 84
pl aces tthenipindichtdd B ihe dad PO, ahd L ID Taromdl diduiSisah@es thdvaldiadiQRBOE kHaBiatxed tnh@ to

valid indicati.o nma e a bit the alds e ( ea
ond | iR e A e ClrainengfmselFy St SR S i G S i bd
descri bs@alatb@veet) tp hrehcvtalmvaildl ﬂdammbpmemplb»@lgahdamovemembe'd bitlvactgLcivleated bit
enbodi ngpt 5 t

col act gy PR EERPPRN pad ST g P Skl L i (r o KL o,
during ttheaialif stege: Hagrener mulialke pyirainesmp n@bﬁwtmllwwwﬂtof 8y otherpittinbreanningident ry
in responge to the assertion of the untrain signal by execution pipeline
72. Again, execution pﬁ)opel i pe 72 may provi de the | oad PC of the |oad to be
untrai ned, but® THRERET 3re PER FEPChER He dorthie Bay vy Reep ettt paimirTing loafstore
Load/ st Glb}enﬁﬁ@emiﬂbagnd beild @or&in ﬂdﬁdﬁ&éﬁep&dﬁﬂ’t@ ta®1Rt80 Vind dalé B@R@depbn}delﬁcb @ableciagd
Egt rsnsodﬁr§laler§q%da%nr§ mg il i eg Ivv:ft}hz\ilsnaloic S l‘rlés ({e §5[a epoxet a:dﬁedPedﬁgo cr.cpao;tlloxg Qseé t% Jdg)(eloaapsgo?g( ed
val i d bidepeadsney tablgl &O@av h@l@e@amp@rbythph@nﬂgr af enress etyeloyed wathin e ta(bbr F@@ta)mp!eom one

i ndi gat iR khflemehBtiANo QR Ue TR Ly QTR V) Be 1 REnAROME mHERSHid BEHe BE tnay be
vector, a selected bit my be placed in the invalid state. The entr%
%gn

still r&adiahan/ngex ge-g heglppst SEﬁ“tﬁc L Bit)- ke mumbper ofteisies 13y sengradlinge prlected ag

Vﬁ| i d ?]tc&iu& badel) Wepag] Qn aiauraalopdu@emtmeamb \@i«é&rthesacﬂ&y:y iR thBI@in |g§heﬁﬁﬂd§@e Rakkh of

t he ot I.ts. to

oot g ARE Ao R isth e e BE darogh BT Nork S O PHE ) e
depende W#@h@nwalam&? thayi difer §oro the durhiier bfddtelhsd artee idépend enmymay &b kadec8dasand
St Or2% PQ’C% Cg(g&%gsgg n&lyartt (ﬁltHleeareg %ecupl_%{'cpbryIﬂ%%le?@&?lh@&ﬁr&y%%e l[anth( é%rglr}blqged/ or

store only a portion of ortion used to I'ndex Fstore
dependen®@ys Batpdrdgeitagy b@nei é?r@%“}"ﬁ W@&nﬁ%’atphéh%hﬁb gignifippnt df thits efsthepiprt B ek

wi t hin tsheqt abl e. For exanple, in one 15 particular inplenentation

| oad/ store d%gendenc tab% g é be 1K entries and thus 10 bits of the PC
may be used HECERTS HESRTPE OGRS foEASY RS YR T MRakf 2 THehTf d§3‘gn PR Huriber

of ent r ibessd, @ yarg) ei & akeh y)cdnﬁlecsal @e tabld vasusdBSaceiiacy ©h he adlebia $etdral Fof tHedbdds inON
the ;area o abl e ver e accur.ac of the table in general
for 2?he r%%ggof%{wﬁg nyone at”‘%i “nlplter\r/\l%lﬁagm %’hgenﬁrﬁﬁg‘a¥be b| ts used for the store
PCs stored i ftibadel tb%to‘rlele dhepbord embyflineatyhay reQomdrtd exvh FCef cPTARMtBp Endehay

table 8 %pé;@i}ﬂn q{hfnf e%ocfuﬁé?l'f@ ntap Gmil Hlmﬂﬁﬁbepctf cpchI%enHﬁﬁlqctloH olgeth%ods rMj\%ﬁeh g"#ﬂﬁ pé&@tbln
may be selected as 20 design chaoice b on the area occupi ed by

t he t abl®®srespends g spof embrdimpnisle K a’edr%#s tmabtl t%éTIr rPr?jécf?é P My B mpred in eHYRE 1) n

t ar get etheSqfikto@iicatlons fsedepaie titi 4, arch thaﬂbh@m&ﬂtabﬂ 164ds art fMfut kolGilstofel dggthdehgant
spork Sk URPITHS 5P hEes St bR b0, BRE St bRt R SRS, "
part, omretibter misedcale @mpﬁ(euiamnmdae atlmb bieinsygeton spetrdtiensanceuthaloyd afl/ot fi@e tiatvlise i n

general L0kqthe loads in 25 targeted software. In one particular

i mpl enentation, 8-12 entries may be used. It is noted that, while the above
enbodi ment nﬁtys posed Sesh @S eroplteraetiye odhedhit vede isediferplet e ld ﬁ@cqnﬂrsmd@mdmnd all signal

oper at i @i harlikpEIbade WRIOK ARtk SredBith by diitdrent HGed VAN enOExc GBS WabtElry InNSddfsidfet | ON
oper, t| %ns fo Whl STLF redl ct 60a resp onds. In such enbodi nents, the

PCs and SRFReTN pite ey dﬁft&i? f?’bwulgﬁastwsy had fgespenfine yad hin skeck gore PC

from a selected entry may be compared to store PC/R# table 82 and a dependency may be recorded for the load
on each store which is a hit in store PC/R# table §2.
Tumning now to Fig. 5, a second embodiment of STLF predictor 60 (STLF predictor 60b) is shown.

Other embodiments are possible and contemplated. In the embodiment of Fig. 5, STLF predictor 60b includes a
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the | oad/store indications fromdecode units 24, such that only the PCs of
| oads are input to | oad/store dependency 30 table 80 and only the PCs of
stores ameobnpues2to store PC/ R# table 82 for storage. |n BOTAS@m1752

enbodi ment, predictor m ss decode unit 26 may termnate a |line of
IngtSteaufLl!g?ﬁtog%ggegﬁenw{}:nrleolg)t% ea\r/lteaE'(Er Jugﬂplognaqéa\%t((:)?egcflgpeﬁgeél%fm]@ble L§RQ c%f,f‘fo.tl] ﬁgmt l(}4 i's
i ndi cat iad/Idhd¢renieacyiaioeintf6 zind angiptgmallstorefvalidatiparsii¢uitr] §8. | lpadissoroisperidengy able 100 is

i nterfergehiond hﬂecave ﬁ&sf eralissaraéh ?tngﬁ'&ﬁoxpﬂ)eghéng SlofMtec X SR ONG is RARD cElpleliYo I N
| oad/ store 35 dependenc provi de storage for nultiple store

PCs and Te6'F 2438 R awbd%ff‘#drom ?‘%C““‘Eé’tpﬁlma’eﬂ&r dddiorlly maézstgréld%%%ymer Worny
be cenp&b@ﬂied&@mefo@ud?Eﬂca#mAabd necéﬁalecata @rodidél e RdRABYs 88Y/LD @eﬂeﬁiﬁﬂfydﬁdutfl@ﬂ’

the | oad h whi t R¢ table 8
oCE o g S0 308 Rolr St BN AR i B Sty T SefRe Rl e By "
shown. iStringipn emelaoehs firemtRY assign upio&s | Aslde canwd 10D tcenpietl &t @olidelstoretR¥e toehbnndhnme nt
of Fig. qn 6%1;5&: P Et@rg'v%ﬂé%ETnGQRbd nesl usdes és:couaigd W%Qé%@@éﬁ ngg#Jm%;h?%

| oad/ st ore dependenc an adder circult store
dependerﬂegﬂn@eam yait é%s%m veligption gircus 1 9%igi Fqupledig provige S‘I"lell’EildoF@ﬁﬁﬁtﬂéﬁ@P depangqnrxt

106, j0andir@ii 106 Wneh ﬁlm&tewo@pleaaé febbRle! |ldaﬁ}’st§rb hﬁidatknd&gesp&ﬁaglo&ﬁm@ataﬁ@%d@ﬂw
table 100 is coupled to receive t chi instruction o eratlons
from de®BHYOBTLdesofle iy d4s §T’FBP'EPI’3‘§‘F“°<¥6%‘F£2‘F 8°“p(288’é’ir%k CRRSlREY Petdgtegals
del t a Rind dpeadexerudli onie@h@edy e 67.2LSDA dintrél @iredit iy coubledith/ rede e @aitiepeindandy
tabl e 100 i S §uo%ougll ed,to LSDT control circuit 104 and is coupled to

provi de va Taindifcations to ST/LD dependency circuit 106 and delta R#s to
adder ci rcui tGea@dly, Fddenredistor 6Qhi mayresponddo § disnaisbing toadipsl feldbws o Thegloas Rieis Ried tof
the dis nﬁée;; mongawsio&sfeﬁeu&hmmme Rt dbP Qfecidz Q2 %‘@@&I eg@ley it seRhred é\qy Stbres a
circuit 102 is coupled provi de store R#s to depend encee/F unit and to

store vd’F“i‘dd‘aﬁlfaBPP mdrac%ﬁ‘tf Rﬁoéfhe vl eﬂwr@nef&m“eﬁheﬂtsr PTeROE P Brediitri 68b dpsgheen Ry
i ndi cat itafed witiA midﬂ‘@ﬁ&d@@iﬁjnguﬂdaﬂ hﬁ&g thBtidEenoviel, hridalius @Betkek 6:Gidi the dQBR# B valid.
coupl ed i.d ore |d 5| t T/ L nde o 106,
whi ch i sTthf u‘g?%ér’s ‘Eoﬁ F%’ﬁ# 8 L % éoﬁﬁs%ot{r’ee% Adi Tat i %Fclt)s/m%g?rr espot%‘]ed]ion(g to
t he di splatighiprgiokstautust Sore mmp@nmaiequn@s fypicatty demdengxrdnmsg eRefutiof Thd difference
dep%de%%e&uﬁw thhle% b ¢ egxyapdfﬁg shi? dQJu%\{ﬁedpt?esQﬁ %M@pgyy YitahiPoShORRL 5 th@nd

depend nals to e en uni t control circuit Is couple
to recei dbf@rep?eafﬂuﬁﬁgj the rlfa?Vh’“% F’g’ﬁé‘P’S Afldep gtk @ ilds i keI Bine R @sigaqdate tye

STLF pr eglp:adndk 1&@& gre@e)’atd' £5RORA which B prliaeRb GdpLitendy @ﬁdezaSDeﬁaahén@mﬁm 63 bﬁy thead
PCis used to i ndex i—ﬁ?n‘t tLoad/store deg(endg)n@% tableg 100, 5 f: %th

sel ect i ﬁ"gw‘(s‘r?é’eiff’f‘ e o7 B 926 P Bue Tpis mEpnEcthe PFayensst de R sthedulige, (and, thus

i ndi cat iegdtutibgrhhead deihé ﬂorR#Acca?dﬁglyaﬂeluderfeftdde(ha'& be)noidm:ﬂuamtesprmbﬂeamomr not
STLF, predl ct 60h been Lned Wit hiong qn i

vy the i Aot el ARt 8RR, i bl bR b LRRA ALl BRE
del t a R#o indextihfe 1Q§li/ﬁtf>re densedendydtblie®p.  ThrereiRgindsf off thie diseyssapnayill fackseconphie 1edfponge of or e

whi ch i rgrer LREEE: bl oﬁehﬁpdt @éqoneg;smlﬁggm%np Gi§RALAMS iSRRI dp&@nonsﬁrﬁla@seotherwme
instruction sequences 0] cal not ch ange dur kﬁg%executl on,

di f f er erfeed 2Bo%EEwWiE é“n“"feﬁ éhaR%T predigior PRy ROTdE PRzl fo faffePl f’fofra@ GTPFTFIH’@F t he
present i@xeebd ép@ﬂﬁtldﬁaloidxfs&k&c&bdnyen@&aﬁlé‘lﬂ)o SapRs Blth R;Eandd'hlfdflﬁ(ﬁ(ﬁﬁkﬁﬁrodimd gagctédwe
prev. ous exe ti de C 02 ad h ned
tot I s g Chl:ag éid CtIh d{ 1[t Oﬁ% té)lI:]HleerRa#g' ceorr%‘sp% (Hmlg l;to %&gs%\}] mstructlon o er a a{l !hg
depe nde rzengeraten p storg R# wDep erdeney tadipdndBy ymEp2.t Iy emoted éwemddtr alrcvde p@nubem@yldé or

the | andd%p fotr Q%h %ﬁsBJt&mghﬁLtr&Jﬁbr? oﬂgﬁg&e 'Eecentutfgeth'l: Qﬁgsﬂoﬁdu@’ &YE R& %gtpltt 'HRM lf)ahd/store

schedul i ng executing) ahead the store.” Accordi ngly,
i nt erf erdens nqmbleti@o anddhiedéassitn t?\@“@ﬁ@%@é%“‘é‘)@é@ﬂt"fl BYR# penH §4.

particul arly,sTAd dpsiibdg tirnd 1@@@5@&.& @19Sal@hﬁ&@h&{ﬁﬁfdé&/ﬂ&ﬂhcaﬁ&ﬂ?fR@&h@for h&tahebl
|nstruct|on erations are used _to index .into staore eegn tabl e
100. 5 ThansPfi FRIBETOP % REo"ch S0 58P ol T Lo 04 DhOPREFE SEBRIL BPYIsTLF
predi ct @Epeﬁ@bcytv@hd)ﬁ@al o plfiendarycamit 2 sk iorRY/LID depaeletty Sg#t drbiitriy abovet ISIAD on
operat | % enc}égcyec%%ulto fO%er{la\gfm aSsert the dependency valid signal if: (i) the instruction operation is a load (as
determined from the load/store indications provided by decode units 24); and (ii) the valid indication from the

indexed entry indicates valid.
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noted. However, it is noted that STLF predictor 60b may respond in parallel
to each PC of each dispatching instruction operation. Load/store
dependenwyobakize2 100 out puts a delta R# and valid indi cat Povuseomvizhe

sel ected 30 entry Adder 102 adds the delta R# to the R# corresponding to

t he di spat chi [ PN i ch
o conveyed taaeRRl el ARARELIPRANG ol Ry HRPLAL ERRTLRLE 1Y) SBLT

i ncl ude ‘ahdansavcrerent 0@ receives bn idicatien of il R¥sreatresprot foorytsgpdingestoras from densedendy ot t he
cor r es pofdipNghe Afibdadndi¥f 1 WldRbon InfaP B 4 QAL HATige ommeadeﬁ gmmtt@glveeﬂileps} RNde t he

R# assigned to that dispatching instruction operation 0¥ a55| n unit 64.
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alternative embodiments may have each bit in the bit vector in the valid state if clear and the invalid state if set.
Still other embodiments may encode valid states in the bits.

If an entry is being trained, control circuit 132 selects a bit in the bit vector to set responsive to the value
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conf i QuLAkdId8us {ngrf&@@ag@ssor 10. It is noted that L2 cache 228 may be

separate from processor integrated into a
P 35 Gr:g)hlcs controller 208 is prov1dg d to control the rendering of text and images on a display 226.

Graphics controller 208 may embody a typical graphics accelerator generally known in the art to render three-
dimensional data structures which can be effectively shifted into and from main memory 204. Graphics
controller 208 may therefore be a master of AGP bus 210 in that it can request and receive access to a target

interface within bus bridge 202 to thereby obtain access to main memory 204. A dedicated graphics bus
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25 cartridge (e.g. slot 1 or slot A) with processor 10, or even integrated
onto a sem conductor substrate with processor 10. Main nenory 204 is a
menory i w@hi/shsappl i cation progranms are stored and from mar/wRogeiezessor 10
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pr ocessindgatingdie 326, packatbangt dohvegledi NTter link osnyl bagupe;rathL&Ca 28hé osheremnfadiifoh (fat i ng
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devites 18560 FIOE- i hisgoud el paskst i kedrpinytrddiomoiy pippsgsing node to another may pass

through one or more intermediate nodes. For example, a packet transmitted by processing node 312A to

processing node 312D may pass through either processing node 312B or processing node 312C as shown in Fig.
10. Any suitable routing algorithm may be used. Other embodiments of computer system 300 may include more

or fewer processing nodes then the embodiment shown in Fig. 10.
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interface logic 318L. O her processing nodes may conmuni cate with other 1/0
devices in a simlar fashion. 25 Processing nodes 312A-312D i npl enent a
packet - bas@di/bi2sk for inter-processi ng node comuni cat i onPCT/UROA1@52pr esent
enbodi ment, the link is inplemented as sets of unidirecti onal lines (e.qg.
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busy. Frehars Syte SPA A o) By el o0 BBE AR iR ooy MOROR e rce g
a dai sy- 1@%1?\“@@@GPWQSBé%W@WCWBW“GWﬁ@eS as shown. It is noted that a
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coher enciechsaismmay by refiedieiracupapbessd FYYShput er system 300 is the menory

control | er Shﬁﬁde?:il;@sazewmmytua ah;hﬁutm yev&EQrHongxabnykem am&emoand«)mgxaﬁ o)
wor. ds,

" cpinsi BIE: PEPORIRPTITGCL RAES SRR HBALYS “DRcRgr Thpr A8 A Bkl cglers
menory SESAERBIL EOnmee Bysems ntafaghslagere @‘rdeclmhonyfcazgh imofems Moy ogrde @nd ¥ vkt 0§
316A-31 h i Yl sefinh Stk cards OF i Nterfacing to nmenories
314A—3146fi% %539{33% ygs%r}r)ermrl; controllers 316A 316D maé i ncl ude request
20 queues f orNujieous ygatisened yrodiseptiens tdll bepproappireny o fhase Billed g speree B18v318L
MY CONMMfistig&ireis \f@ry| Sbkcifddd. bidtif BleSdefl Mat 6 GBUWiHR LIRACKE & rpldiddN tehBracd diNiciand
for bufferlng packets to be transmtted upon the Iink. Conputer system 300
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INDUSTRIAL APPLICABILITY

This invention may be applicable to processors and computer systems.
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flow control nmechanismfor transmtting packets. For exanple, in one

enbodi nent, each interface logic 318 stores a count of the nunber of each
type of bwbbeEs0282 t hin the receiver at the other end of theCt/iusén/z1es2whi ch
that 25 int erface l ogic is connected. The interface |ogic does not transmt
a packe ceiving interface logic has a free buffer to store
t he pactkvgflJI EEBAJF\Z%%?% ng buffer is freed by routing a packet onward, the
recei vi ng |nterface logic transnmits a nessage to the sending interface

| ogic t e buffer has been freed. Such a nechanism may be
referre acgsfgl‘%a{?1 égogﬁ (r:)&n sased" system 1/0 devices 320A-320B nay be agc}/
suitabl e | / O achtors te &oad fopmrd @Iwreéwtow)d@mleéé%rewepp ndigion gy dispaeh qf Adrsle

netwark interface rﬁa@fo@soper){ﬁoqe\%eéﬁﬁﬁh gfﬁi &E(ﬁotor@dWlsQorﬁ” adirelSto iaRkEa BdpeddeRp BY
di sk drives or drive controllers, Smal | ‘H%or?ut er. steps Inferface)

adapters and tel egRiBi tat ’6%‘“”%68@%‘ {oker-ia FERHY TRPIRE P B a
acqui sition cards sw@hvidm stPSBLDpredidt@l(6h) mdscatingttier, fdadg acaevitis edsinien, Gaid first
variations and nodjfications w t th illed in the
art once the above%"“”olm <o ﬁr?neon|m§erfbreﬁrptﬁsa%qfsg%|§£ emcf%' per%()% %ﬁtended t hat
t he fol | owi ngnekeaitive pipeing (2 kbsopplet te spid %T@md&@e(ﬁé} wheseie Fflld %SCUVGTH%?M%@%) i\nd
modi fyi cations. | NRUFIRIA, AREHECARbY L)EF \éld Hr@tl 1§ad' Iﬁéﬁ%tb RidEYiob & SRPhirkCAR €
to processors and comnput er systens. 0252 PCT/ US00/ 21752 WHAT IS
CLAIMED IS: 1. A mea@efs%rﬁmclmyonemﬁ% f‘erﬁ’@ndew saP%?VBef‘E“bsaP"o%C“F‘B‘rR}%?P’&f (]8R
predictor (60) couphfdrel @ d6ed Jatk maidnﬂpeamlemhneg eﬁbt&@ﬁbﬁhld)ﬁrstalozfdl h&iory oad
5 nmenory operation, V\:heredn sai d STLF 9{ ( 03 IOC%QJral uregam ) o
i ndi cate a dependeR&giogsand Fhyrgn fafdreé‘?cuﬁlélé’éf’e Py SPEE on o P FEe or e
menory operation rrepponsiovad ack of middepaatianon  stored wit h| n said STLF
predisct or (8Q)l i 3 MRl (s0) Yot 6 LR A nRXELMHOD comRlfla {d fplle
stor@ menory operafllon i hter said first 1oad memor oper at 1 on;
and an exiéafuringion gpjedihpreia tO(IfPQI)ldl@@ulpﬁF@aiftfﬁ sl mymgy | oFerisior HicEeret WtGDi freat ei n
sai d exegdtohyQRertioR Qhrdnd aid prdhoub Seculibh. cOnfi gured to inhibit execution of said
first load nenory operation prior to said first store nenory operation
responsive to sai d dependency, and wherein said execution pipeline (72) is
conf i guredhé frodabes recled i @KmafwhsRindaidl Bpenden tyludks s valig irlicedn toraspoodingtaisad
first |laq rati.o and, wherein | S
conf%ogurfgﬁ lﬁme%r%o"e a%on AAUTErLiTRd 2 r}{’a‘fdmor gdsgltzs)?lgs(ﬂ& esdttgglé% %@L%@End g go)gél?
dependemwalmstamup@atnsaslanfdn@fﬁQF pred| ctor (60) is coupled to receive said
untrain signal and is configured to update said information stored therein
to not indicate that said first store nenory operatl on interfered with Eai d
first | Gadhe praseesesassisisddn Flom Iquieeingaid wfogmasio rigdes 2 3l ddicptisn coreespogdips to sal
pr SC €SS Giyst &sad hRFbily erhtidn, Cdna-lwlﬁham ‘&f’kﬁflﬁ? hdseatiod cbxﬂﬁrﬁésmﬁli @ftod, Acd withesn @idwalid d
i ndicati.on correspo 20 rst 0 0
wherS n ULt EEE SRBCER b EBby™ & b Myl B0 ¢5 Brnie SRESER et 60 i
i ndi cat iooiifiguRd togiacé malbntdf sgitl &it gectoointopddinealid atpte tof upflaty said trif@matiog.  The
processor as recited in claiml wherein said information includes a valid
i ndication corresponding to said first |oad nmenory operation, and wherein
sai d val4 dhe mukeser pomciied inlain & svhereipjsaid (RCAasy meraqTy ORGFEPTLINT e wjthyaid figpt logd

i ndi cat II%’IOB/S R iV ald f@stﬁéa@tn@mbxfy ogératioﬁ %Sst:he&ﬂ io£ tok&w&ﬂm@-sa‘ﬁﬁﬂhﬂ@toﬁ& @émry and
wher ei n sai TLF predictor (60) confi | ace a fl rst bit of

sai POi toreratiop gpd S?‘ﬁlf Bt o2 ’EF“PW\PQTIFWH éstd&fieédef‘tc? lﬁ‘B tétoéee{?e(‘]wfyn"lp Br1P8t i on.

5. The processor as recited in claim 1 wherein said execution pipeline (72) includes a store queue (68), and
wherein said execution pipeline (72) is configured to detect said lack of dependency if forwarding of data from
said store queue (68) for said first load memory operation does not occur.
35
6. A method comprising:
indicating a dependency of a first load memory operation on a first store memory operation responsive to
information indicating that, during a previous execution, said first store memory operation

interfered with said first load memory operation;
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4. The processor as recited in claim1l wherein said first store nenory
operation interferes with said first load nenory operation if said first

| oad memw@ oopesati on i s schedul ed prior to scheduling sapdrisewii7st ore
menory 30 operation and said first |oad nmenory operation is dependent on
\?\If].le?e:c Inl’ :;I Zt%ébeltc slclgﬁl}ﬁmgge%aa@dt fllrgmolaﬂ mem-(l)-he Q Iz’lt%?le%glﬁ t:% rsc edurhg CIsatlde %g)spore m(anory
wherein said executPFretwnpl peI i ne (72) |s confl gured to det ect said | ack of
dependency 'fde{egfn?@[agﬁ 8%iflepdatiRy élﬁlggaxe&asrphf%@fua 184 G0l BftlarbPbnaSal d Tirst
| oad nenory opera does not occur. . /A met hod conpri si ngt; i ndi cating
a dependency ltaﬁanag £3i¢ &formgfion ”i"Pé‘i’rH’rgy‘h‘ﬁfp@’r“&% iSgith PEsifiows T"ie‘fué‘?n Stity st sigrfomgmory
oper ation responsidperatiod interfekedr Witk shi@ Tirdt Néddl GibrioyJopkdadn, to B indiGhtethiRf @th)uﬁd

executi on, saldflrst st or rre eration_ interf

| oad nenory operation, " 24° r?g%ﬁ‘vb‘ Eﬁ?%ﬁﬁt’?i?‘ﬁ%egﬁ’ﬂ Bﬁ“{]f‘ﬁtall"% ‘H%E‘iﬁ’fl ng
of said first | oachperetmprespanpertataidaiateging.or to scheduling said first store
menory operation; detecting a lack of said dependency during execution of
said first |oad nenory operation; and updating said information indicating
that, durilgmshediassecaed ip glaimes wherain @id, infermationfingluges a5 yad edigssion eyyresp9ndinede a2id on
i nt erof erRi 100 fbincypbfdratibd, Sl WhraH sRIFRMg QRBEAL p1thelsAd Ml inddsHok Bilaf ik NAlsate.
during said previous execution, said %| rst store memory operation
interfered with said first |oad nmenory operation responsive to said

det ect i r8g.The methéias netthiod clais ¢ erdiredidi mfomiaﬁcinmuﬁld\enefaﬁh ﬂldﬁﬁibﬁi cdrﬂaipeﬁdmttb edid
1)22:’ g_??glrr]& lo\z{cii 1ae Ierpgragg Ln(a avhgr(e)lragﬁ?é \Qapcp 91«':11921%01; c(:)omég'sle%j a bi vectorsaa I herelrl saﬁggatl}{g

i ndi cat |lmrﬁmethﬁ af lepgtadhg 'dt 15 Eaaﬂ?et vect is er heahd@@th@dd ‘afsremeeld tpdtinigrorgpra¢sivel§ting a
whergi nfﬁ@bldoﬂsmdt@&fn@pm‘glsndﬂét@tlmllhdhmade cation corresponding to said
first |l oad nenory operation, wherein said valid indication conprises a
bit vector, and wherein sai d |nd| cating is performed if at |east one bit
in said 9bﬂ‘he MEEAAQS retifed intladn ¥ &hdrén Gidak@ctin@Ehpidte 8icihgSaicl otipBAlding Of E@I U Ses
selectlng id bit vector and placing said first bit in

an inval® |tdre§fleufe6f85 é’rsa“fﬁj‘mtnﬁ{‘ﬁ%’d’w?eﬁa@(ﬁll ted in claim6 wherein said

detecting conprises detecting a lack of forwarding of data from a store

queus (§§) A ggre oy Fdrbad ( éﬁgfglgﬁ&g%@%a & [ @ate Zg epJeQdeﬁeg osfta% 52 haagd,

forward I ctor con to1ndicate a a first
| oad ner?B?‘%ﬁlOn@p%fiféitsiot?nneﬁﬁfY&P@fr%tﬁoBt store nenory operation. 25
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