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PARTI TI ONI NG A RESOURCE BETWEEN MULTI PLE THREADS W THI N A MULTI - THRE=ARED 10k
PROCESSGR) #1/Bkf3 OF THE | NVENTI ON The present invention rlgé.ﬂpﬁﬁmqe.}:}eral ly to
the field of nmulti-threaded processors and, nore specificalTy, {0 a met hod
and apparatus for partitioning a processor resource within a

mul ti-threaded processor. BACKGROUND OF THE | NVENTI ON Mul ti -t hreaded
processor design has recently been considered as an increasingly
attractive option for increasing the perfornmance of processors.
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particul arly NMUUTIPEE ’EHRQEAIDBGNMHINMWMLMTHE&WPR@ECEQ%?{ Wi thin
a processor. Specifically, by feeding nmnultiple threads to the execution

| ogic of a processor, clock cycles that would otherw se have been idle due
to a stall or other delay in the processing of a particular thread nay be
utilized to service another thread. A stall in the processing of a

particul ar RePETHRPM @ number of  occurrences within a
processor FI&EIE éﬂ:fﬁ ] NO a cache mss or a branch m ssprediction
(i.e., a long-|ahepesseAPRIvAhtiBR)ref206 I ' ' dadeyaddin a
thread typically rgsulets I n the EraocS an%lEE)gdj%le@éggldef\?glrllfiﬁ ﬁ}qﬁér%éefad;

stal | i ng. pPiloeessegsbndemeié spdcifidallyp fga hﬁéth@ﬁﬁnd@p%&hﬁi&&o@?aﬁﬁﬁﬁﬁﬁ on

| ogic efficiencies is exacerbated by the recent increases in execution

| ogi ¢t hrdBEgSson 1eseuregwathintsmuliphreaddd processbn menory access and

retrieval rates. Milti-threaded conputer applications are al so beconi ng
increasingly common in view of the support provided to such nmulti-threaded

appl i cat i ogg CRYROURNIIOE BIE PRRAINGICRRer ati ng systens, such as the W ndows
NT(r) and T

Multi-threaded processor design has recently been considered as an
increasingly attractive option for increasing the performance of procéssors.
Multithreading within a processor, inter alia, provides the potential for more
effective utilization of various processor resources, and particularly for more
effective utilization of the execution logic within a processor. Spedfically, by
feeding multiple threads to the execution logic of a processor, clock cydles
that would otherwise have been idle due to a stall or other delay in the
processing of a particular thread may be utilized to service another thread. A
stall in the processing of a particular thread may result from a number of
occurrences within a processor pipeline. For example, a cache miss or a
branch missprediction (i.e., a long-latency operation) for an instruction
included within a thread typically results in the processing of the relevant
thread stalling. The negative effect of long-latency operations on execution
logic efficiencies is exacerbated by the recent increases in execution logic
throughput that have outstrip‘pecl advances in memory access and retrieval
rates.

Multi-threaded computer applications are also becoming increasingly
common in view of the support provided to such multi-threaded applications

by a number of popular operating systems, such as the Windows NT® and
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Mul ti-threaded conputer applications are particularly efficient inzﬁﬁwGZM4
mul ti- madoaiarsgma. Milti-threaded processors may broadlypbgasdopgshiied into
two categories (i.e., fine or coarse designs) according to the thread
Interleaving or swtching schene enployed within the rel evant processor.
Fine multi- threaded designs support nmultiple active threads within a
processor and typically interleave two different threads on a

cycl e-by-cycle basis. Coarse nulti-threaded designs typically interleave

t he i nstr udhbomseratingisistenent MultitRegsiedtoitifutes sppli€itivas ake SOME

| ong-1 atency event, such as a cache mss. A coarse multi-threaded design

i s di scusspatticulazhceificepdin tie mutiimedia arBna. et al ., "Eval uati on of
Mul tithreaded  pr.ocessors for Commerci al lication. Environnents", The
23rd Annual | nt ¥4 edPrASEEIOLHTRAY ‘E&ﬁﬁ@?g‘% daﬁlhﬁ‘#t‘r&i@ttmf’e, pp. 203-212,

May 1996. L StAncCtd {1 .coarse .,desjgns.are further

di scussed gﬁngg;%%&@%m%é%ﬁ{%g&yg&&lwgﬁ@@&% Arcang-e %ﬁ?%?f’é’_r‘l’?%ﬂon
Tradeof fs iwitktiaelRREGR o2 %ﬁaﬂv@itﬁ‘rt@i&tr@@\raﬁf ﬁﬁf‘c’é§§fr.s"1;ine%’t|ﬂ:§i'-t hr eaded
Conmput er ArchitecCtures: A%u ry of the State of the Art, edited by R A
| annuci et thabadecbdesighy s@pPortihuitiple Actde threadutitsh arpgocesblor aed | |,
Massachusetts, 1994. Laudon further proposes an interleaving schene that
combi nes t BPieallyl isderleakeciveo different tiyeads an picieledusrysle hasip Charsef ul |

pi peline interlocks of .a.coarse design,(or blocked sche To this end,
Laudon progggést eaqs_-gc Smsa{ﬁpﬁgaﬂﬁ’ul{'??%é?v ?1915&2'@‘@‘05‘5 T$5%8t t hread (or
context) URG¥ail BRIRe bR urRetiRESH don gk of f°

I nstruction may be i?ssueuﬁpon ts];?gﬁ%cc rg@%}éﬁ%?ga}é%rﬁﬁaﬁg events, such
as a cachecoarss multi-thiesdetbylesigaisidiscasseidds BiekdnmgydroRp fotiryom, R edCt ual
thread switch by sinply neking one of the threads unavailable. Were
resour ce shbr Evgluatigmef Mwdtithagaded Rinprpoestors farir ermaratciap Appdisston (i . e. |

here is |im r Li ion.of functi nits for h
there is t@v}r%gn?entg 9Tgléla3r %m?ual?ntergat%na % h C}S?umoon Eal(':n uter

Architecture, pp. 203-212, May 1996. The distinctions between fine and coarse
designs are further discussed in Laudon, J; Gupta, A, " Architectural and

Implementation Tradeoffs in the Design of Multiple-Context Processors”,
Multithreaded Computer Architectures: A Summary of the State of the Art,

edited by R.A. Iannudi et al., pp. 167-200, Kluwer Academic Publishers,
Norwell, Massachusetts, 1994. Laudon further proposes an interleaving
scheme that combines the cycle-by-cycle switching of a fine design with the
full pipeline interlocks of a coarse design (or blocked scheme). To this end,
Laudon proposes a "back off” instruction that makes a specific thread (or
context) unavailable for a specific number of cycles. Such a "back off"
instruction may be issued upon the occurrence of predetermined events, such
as a cache miss. In this way, Laudon avoids having to perform an actual
thread switch by simply maki.ng one of the threads unavailable.

Where resource sharing is implemented within a multi-threaded
processor (i.e., there is limited or no duplication of function units for each
thread supported by the processor) it is desirable to effectively share

resources between the threads.



t hread supported by the processor) it is desirable to effectively sg%r
resources between the threads. 2 2 5 AUG 2004 WO 01/ 77820 PCT/ Us01/ &Bshth 1004
BRI EF D6Mny/FBbeN OF THE DRAW NGS The present invention pgrigshisilssat ed by
way of exanple and not limted in the figures of the acconpanying

drawi ngs, in which like references indicate simlar elenents and in which:
Figure |I. is a block diagramillustrating an exenplary pipeline of a
processor within which the present invention may be inplenented. Figure 2
is a bl ock IIu tratl n an exerrpl ary enbodi nent of a processor, in
the form &% DRAWHNGSed i croprocessor, within which

' uStrating Q‘e‘f% §%r%m"&ﬁ%%ﬁm %” hﬁs”*‘i%tte‘aﬂ% ! %x%’m'pie Sndpotimted

m cropr ocgﬁgggf E?&héd ;,3% ﬁsqg onal un t hat
provi de a buffé i ng or stor Fﬂrgﬁﬁngy agﬂgel nggfgﬁ{%ﬁwddﬁfﬁ?i tioned
to accommdnﬂaetuiﬂehtg@\dﬁ{mh F| gure 4 is a block diagram show ng further
details regarding various conponents of an exenplary trace delivery engine
(TDE). Fi gure 5is a block diagramillustrating further architectural
details of exempl ary trace cacheg fill buffer. Figure 6 is a block
diagramil | ust IFéE'l“i‘Fgl s @ hlagk diggram | b’tsﬁ'laﬁlngcfét@ie@ 8ty pweliseredpl ary trace

cache (TC). ram Jlus .rating, further structural
details of an %gé(gersrp Ilaﬁ/t%f'\lr‘)mgh}g}%g “§e“ on may be lmppemene

Figure 2 is a block diagram illustrating an exemplary embodiment of a
processor, in the form of a general-purpose multi-threaded
microprocessor, within which the present invention may be

implemented.

Figure 3 is a block diagram illustrating selected components of an
exemplary multi-threaded microprocessor, and specifically depicts
various functional units that provide a buffering (or storage) capability

as being logically partitioned to accommodate multiple thread.

Figure 4 is a block diagram showing further details regarding various

components of an exemplary trace delivery engine (TDE).

Figure 5 is a block diagram illustrating further architectural details of
an exemplary trace cache fill buffer.

Figure 6 is a block diagfam illustrating further architectural details of

an exemplary trace cache (TC).

Figure 7 is a block diagram illustrating further structural details of an
exemplary trace cache (TC)



2 5 AUG 2004 WO 01/ 77820 PCT/US01/ 01577 Figure 8 is a bl ock diagr amj 5 AuG 2004
illustrating various inputs and outputs of exenplary thread selection

| ogi c. WicPyasR is a block diagramillustrating three exgipag§amponents
of exenplary thread selection logic in the formof a thread selection
state machine, and a counter and conparator for a second thread. Figure 10
is a state diagramillustrating exenplary operation of an exenplary thread
selection state machine. Figure 11 is a block diagramillustrating

architectural gdetai hs ofb a .exegl_ﬁ%enbodi nment . of victim sel ection
| ogi c. Fi gure ABYEOL 7 fiagramilye3tng verians BRkprAd pupetEeld of

partitioning ?Ww H%%garsé&tﬁgﬂqq@@_s for exanple a'trace cache, wthin
e r I'g

a nulti-threa ocessor. ure is a flowchart illustrating an
exenplary nethod of partitioning a resource, in the exenplary formof a
menory resource, utilizing a Least Recently Used (LRU) history associ ated

with the rel eligure fesebjodedingrae.illfstgating ek exemplagicothmatea of
illustrating an exenplary LRU history data structure. Figure 15 is a block
di agram i | | ust %Mpgry driendiselestianilegiodn the frrmyof @ thieadselection statel out put s
from exenplary victimselection |pgic. 4.2 AUG 2004 WD 01/77820

PCT/ USOL/ 01577 BEPRR: £ Brechntes %“H%W%Pﬂéﬁoﬁe&%gﬂa&eeé- for partitioning
a processor resource within a multi-threaded processor are described. In
the follow ng description, for purposes of explanation, nunerous specific

details are seFigueell is a seitd@iagram illustrating exemplary operation of an

exemplary thread selection state machine.

Figure 11 is a block diagram illustrating architectural details of an

exemplary embodiment of victim selection logic.

Figure 12 is a flow chart illustrating an exemplary method of

partitioning a memory resource, such as for example a trace cache,

within a multi-threaded processor.

Figure 13 is a flow chart illustrating an exemplary method of
partitioning a resource, in the exemplary form of a memory resource,
utilizing a Least Recently Used {LRU) history assodiated with the

relevant memory resource.

Figure 14 is a block diagram illustrating an exemplary LRU history
data structure.

Figure 15 is a block diagram illustrating further details pertaining to

inputs to, and outputs from, exemplary victim selection logic.



provi de a thorough understandi ng of the present invention. It wll bg
evi dent, however, to one skilled in the art that the present inventi E%;UOL
be pragid i t hout these specific details. For the p [..the

pr esent c"ts(?C)@g?i(;}?'iwcation, the term"event" shall be takenul!t;(gﬁﬁﬁ@fogﬁg any
event, internal or external to a processor, that causes a change or
Interruption to the servicing of an instruction stream (macro- or

m cro-instruction) within a processor. Accordingly, the term"event" shall

be take {nclude, but not limted to, branch instructions, exceptions
and int @f&&ws PH&Nenerated within or outside the processor. For
t he purposes 3{ tf}_ﬁ r esent sgeci%icat Lon, the term "processor" shall be
taken to refer £ 95 e I'PariripE & ROCestet iesongceawibijuance of
I nstruct igk;- 2 \ Grocihsirycti ans)., and shall be taken to
i ncl ude, = but &ﬁgtgd%%g??érﬁ%?%%ﬁeg&ﬁghé@a*“ gl?rflﬁﬁ%')% %PWB&R&S, speci al
purpose pUrposE lCe®iRistion MPRéGS ifiPHeELR | trallers,

s S RRT Fe Pl B BB

mul ti-media controllers and mcroc l'ers.

" pr ocess@rovigead thareughkenderstandidgof the, presérginaéition. GeRAIIPE | Nstruction
Set Conputers (Cl SC), Reduced Instruction Set Conputers (RISC), or Very
Long | nst&videntohowsyer. tyonpskilladiseibearsthak the preseptingestisn efaytte present
speci ficatj Qr e term "resource’ shall be taken to include any unit,
corrponentafglj(‘—'i‘?ﬁIC dE}I‘B’I’ Oblitnﬂ]&esﬁr%’gmdjre,ta d shall be taken to include, but not

be limted to,Fep tﬁgwogés&{hgﬁgegenpglg‘%ﬁggghg%’iﬁs%urQ%HSQF,ggfeﬂsri ng

resource, a conmmuni ons resource or Ee or a

transl at itaken tsodude afy 26er G0A%M] \WeRIMIBR% nﬁﬁé%@,%gﬂéﬂse? L OCessor
Pipeline Figure | is a high-level block diagramillustrating an exenplary
enbodi nerfhadge gF sriessptiqn petherrerticing afEminstruction brepmgaemtoidivent i on may
micro-instruction) within a processor. Accordingly, the term “event” shall be
taken to include, but not limited to, branch instrictions, exceptions and
interrupts that may be generated within or outside the processor.
For the purposes of the present specification, the term “processor” shall
be taken to refer to any machine that is capable of executing a sequence of
instructions {e.g., macro- or micro-instructions), and shall be taken to include,
but not be limited to, general purpose microprocessors, spedial purpose
microprocessors, graphics controllers, audio controllers, multi-media
controllers and microcontrollers. Further, the term “processor” shall be taken
to refer to, inter alia, Complex Instruction éet Computers (CISC), Reduced
Instruction Set Computers (RISC), or Very Long Instruction Word (VLIW)
processors.
For the purposes of the present specification, the term “resource"” shall
be taken to include any unit, component or module of a processor, and shall
be taken to include, but not be limited to, a memory resource, a processing
resource, a buffering resource, a communications resource or bus, a

sequencing resource or a trarslating resource.



be inpl enmented. The pipeline 10 includes a nunber of pipe stages, 25 AUG 2004
commencing with a fetch pipe stage 12 at which instructions (e.g.,

macr oi n jcofis) are retrieved and fed into the pipeli .. Far_exanpl e,
a nmacr g?d;)]gff?'}gg(?i on may be retrieved froma cache nerroryr}?ﬂ'zdl%wgbi["ht egral
with the processor, or closely associated therewith, or may be retrieved
froman external main nenory via a processor bus. Fromthe fetch pipe
stage 12, the macroinstructions are propagated to a decode pipe stage 14,
where macroinstructions are translated into mcroinstructions (also terned
"m crocode") suitable for executfireeesg@ulfipelinbe processor. The

m croi nstructigns _are then pro ated downstreamto an all ocate pipe stage

16, where procgﬁ%‘gf’ ]Tlésagb‘gb?agv%&go%lﬂ 13gramaAllygaieg aarexemplary

m cr oi nst | ' : idabklity .and need. The

m cr oi nst ?ﬁ%&?@ﬁén%&eﬁ ﬁ}%ﬁé@ﬁlﬁeﬁid ‘é"?h‘é‘h @@&&%Pﬁssaé%naew@ bei ng

retired, beihpldrhé@@ddaths pifalihe 105880k Sﬁxmﬁﬂ?ratﬂ’ ﬁp‘é@i&rgg%t ural state) at
| ur

a retire pipe stage 20. M croprocessor Architec FgurE™2 is a bl ock

di agr am i f9mosteraingyitna mmpnm@tagemmdfmmswcﬁah@wgw 30, in the
formof a general -purpgse m croprocessor, W thin which he present
i nventi on IpeTHERPRIATE setrieyhd apdded intorthaipeline 3@ Foeekamgleow as bei ng

a multi-t MI)_processqr., a i s _accordingly able simultaneously to
process ni a??"gﬁg“}(‘ﬁ%%? aegy ﬁzﬁr ()tﬁleg%@gm(’%? Cé&i‘ﬁ Bemgry thabiscintegrabwithnber of

t he t eachj | L 0. . cation.are .not, specific to a
mul ti-threa edoIé g%ggg?g%l?,gélg\r%{gé%%ggitﬁ%gg%%i'i%%é? ?%Rgfﬁﬁgvegi%é“t hr eaded

pr ocessor externa maixemehairy Wb @dbembbr biid) Fridn 6es ise an
Intel Architecture (1A nﬂycrop?gcessol} that is cagigébtlléppo%‘ﬁ%?(?fgﬁléng t he

I ntel Ar cHIACEINSECEABS rIfcpIopagsted. toadenodeydipe efageUdhwieréntel 6 2 5 AUG

2004 WO 01177820 PCT/USO1/01577 Architecture m croprocessor is the Pentium
Pro (r) n{ncarcawaiggg 9ps gre rapsiated into micrownstructions (also termed

"microcode”) suitable for execution within the processor. The

microinstructions are then propagated downstream to an allocate pipe stage
16, where processor resources are allocated to the various microinstructions
according to availability and need. The microinstructions are then executed
at an execute stage 18 before being retired, or "written-back” {e.g., committed

to an architectural state) at a retire pipe stage 20.

Microprocessor Architecture

Figure 2 is a block diagram illustrating an exemplary embodiment of a
processor 30, in the form of a general-purpose microprocessor, within which
the present invention may be implemented. The processor 30 is described
below as being a multi-threaded (MT) processor, and is accordingly able
simultaneously to process multiple instruction threads (or contexts).
However, a number of the tea.ch'mgs provided below in the specification are
not specific to a multi-threaded processor, and may find application in a
single threaded processor. In an exemplary embodiment, the processor 30
may comprise an Intel Architecture (1A) microprocessor that is capable of

executing the Intel Architecture instruction set. An example of such an Intel
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Pentium 111l (r) mcroprocessor manufactured by Intel Corporation of Z%a»ﬁjﬁal[][]&
Clara, California. The processor 30 conprises an in-order front end and an

out - of - axgqk,77d@ck end. The in order front end includes | pterface
unit 32, which functions as the conduit between the pro?gg}s{%})l@@%nd ot her

conponents (e.g., main nenory) of a conputer systemw thin which the
processor 30 may be enployed. To this end, the bus interface unit 32
coupl es the processor 30 to a processor bus (not shown) via which data and
control infgﬁnation may be received at and propagated fromthe processor
30. The b BRFecessor i Hae DertsurrrRnot® snigeoBocessBSBY theogi ¢ 34 t hat

control s ; iﬁ_]a@i s _over the rocess us. .The bus interface unit 32
further igc udes a ﬁuwgs?ém?ﬁWQCW£¥Hg§tﬂ PEAIGTYOR 3adRi on Wi th
respect tgQlHEaMMyRforald ons over the processor bus. The bus interface unit
32 is shown to receive bus requests 38 from and to send snoops or bus

returns 40 to, The peotesyoed®esthpoiBed /i in-drdert Gkt dHPYAISER oRitlo2 SRy /EMON Y
capabi | i t%/ wi thin the processor 30. The nmenory execution unit i ncl udes

a uni f i edb@kendinbhe imordercronrerchirtubudes, a busiatterfady anis BatwhirhLookasi de

1ol bR a0 BB 0 Bkt rdrneaimpinars g,
trans at | e Afeckorf pf S AP B P AREMINER OB Hieor Faesds PRERALLE | ons it o
I e A A A L LG R S
oper at es Proesaniss (mt shdws) viacwwhidhsd4ta and donaes isfeha B thily bbe event of

a trace cache mss. To this ecgd, the mcroinstruction translation engine
54 funct i BTfEves 38\ ProRagatetirem Hieprogessond0pilpe busantesfate uait®214 in t he

Shown to TAEFEREIRIBIR Mk Tog ot e (R ke PR e tanes pesrbet fon

Transl at i prodessttasisderiubhentériAd® uriP32 fdrther includes a bus queue 36 that
provides a buffering function with respect to communications over the
processor bus. The bus interface unit 32 is shown to receive bus requests 38
from, and to send snoops or bus returns 40 to, a memory execution unit 42
that provides a local memory capability within the processor 30. The memory
execution unit 42 includes a unified data and instruction cache 44, a data
Iranslation Lookaside Buffer (TLB) 46, and memory ordering buffer 48. The
memory execution unit 42 receives instruction fetch requests 50 from, and
delivers raw instructions 52 (i.e., coded macroinstructions) to, a
microinstruction translation engine 54 that translates the received
macroinstructions into a corresponding set of microinstructions.

The microinstruction translation engine 54 effectively operates as a

trace cache "miss handler” in that it operates to deliver microinstructions to a
trace cache 62 in the event of a trace cache miss. To this end, the
microinstruction translation engine 54 functions to provide the fetch and
decode pipe stages 12 and 14 in the event of a trace cache miss. The |
microinstruction translation engine 54 is shown to include a next instruction

pointer (NIP) 100, an instruction Translation Lookaside Buffer (TLB) 102, a

7



25 AUGR004 WO 01/ 77820 PCT/ US01/ 01577 branch predictor 104, an instrfitiﬁz
stream ng buffer 106, an instruction pre- decoder 108, instruction s é}U Qj"‘
logi ¢ 1{\Q o#Asdonstruction decoder 112, and a branch addpes S&?dlgw at or

114. The next instruction pointer 100, TLB 102, branch predictor 104 and

I nstruction stream ng buffer 106 together constitute a branch prediction
unit (BPU) 99. The instruction decoder 112 and branch address cal cul ator
114 together conprise an instruction translate (1 X) unit 113. The next
instruction pointer 100 jssues next instruction requests to the wunified

cache 44.b1aRchpaedicsonl U pndnsisurtemstredmaing biféerpioces swatriddionguepr i ses a

mul ti-thr e h&r-0processor capabl e of processing {wo  threads, the next
i nstructi gﬁ&ﬁgf @@H@%&Cﬁgp SF%F‘E@@%& ?E?HP%S&EPOH\A%PCI@{ hb aBA@wn) t hat

selects b i ' lant L ated w.t ' e first or

second th?%la 1?'l ngH ?énsfzﬁélﬂgglbr\?\nﬂt‘l hijﬁ{et e%f?lr%)%&}uﬁgﬁoﬁ%{éirghbmé@ i ssued

t her ef r onbraneh@red REBOTI4ERAE méﬁmm@ueaﬁﬁhg%ﬁfmo@% tREr éncg{},{j rtlé; ds on a

interl eave next instruction requests for thé first and’seco

cycl e- bya byasiah gregiictipponty (BPhE$Ps Thadsstriictipri dedodee 1R aadbeandot h t hr eads
have been, requested, and instruction stream ng buffer 106 resources for
both of tf“ﬁ‘édfegﬁ%l tand i ngethergeraptisa gn Birurton feslata 09O umis 3. poi nt er

requests nmay for . .either.16. 32 or.64-bytes dependi ng on whether the
it al T oques tRedi Seb it popteCipisus ol bon feguers Gathey
al i gned | AiedWARLBGA! TnitAS bkRb) b4 Lot ed by the
branch predictor 104, the br an@hﬁgm@ﬁ%ﬁ%éggﬁgﬁﬁéﬁﬁm the trace
cache 62, counphises 4 rautkti-thaehdedintigroproatsest cAiRbMbof rdcBisgRe sloPr i ority
redi rection request. Wen the next instruction pointer 100 makes an
i nst ruct i Bepdyibe nexbinstivstignifainter d40 mea winchide gyemdtiptexer AVILO- bi t
"request t d@ngi I«Jifrﬁr h tgf‘ﬁt i g associ ated with the instruction request and
funct i ons YHY SRoWry fnat grleqty Detwieen mstruchon poitteemssagatest withyrither et ur ni ng
data respagsiMe of | j - t..he unified.cache 44 returns
Che 1o & oEh] gggecgir}ld tRhA Y6E HrRLGSIARR thdRett Thi-§8:6E fequest

issued therefrom. In one embodiment, the next instruction pointer 100 will '

interleave next instruction requests for the first and second threads on a cycle-

by-cycle ("ping pong") basis, assurning instructions for both threads have

been requested, and instruction streaming buffer 106 resources for both of the

threads have not been exhausted. The next instruction pointer requests may

be for either 16, 32 or 64-bytes depending on whether the initial request

address is in the upper half of a 32-byte or 64-byte aligned line. The next

instruction pointer 100 may be redirected by the branch predictor 104, the

branch address calculator 114 or by the trace cache 62, with a trace cache miss

request being the highest priority redirection request.

When the next instruction pointer 100 makes an instruction request to

the unified cache 44, it generates a two-bit "request identifier” that is

associated with the instruction request and functions as a "tag” for the

relevant instruction request. When returning data responsive to an

instruction request, the unified cache 44 returns the following tags or

identifiers together with the data:

1. The "request identifier” supplied by the next instruction pointer

8



identifiers together wwth the data: 1. The "request identifier” 2275197@ 3{%
the next instruction pointer 8 2 5 AUG 2004 WO 01/ 77820 PCT/ USOl/Ol E‘) !

2. A thrggybihissp chunk identifier” that identifies the c ’ﬁfsﬁ‘ér?’ed and
3. A"thread identifier" that identifies the thread to returned

data bel ongs. Next instruction requests are propagated fron1the next

I nstruction pointer 100 to the instruction TLB 102, which perforns an
address | ookup operation, and delivers a physical address to the unified
cache 44. The wunified cache 44 delivers a correspondi ng macroi nstruction
to the instruction 99fean1ng buffer 106 Each next instruction request is

al so propagate dir 0 e cti ointer 100 to the
instruction st (tieam é?bflgf‘p‘]?@g g ert H gﬁ% erfbyunkgeturneds r eani ng
buffer 106 to |dent|&¥1 the thread to whi ch a macroinstruction received
fromthe unified cache 44 Dbelongs. The macroinstructions fromboth first

and second t hr gads @tetliré@inddn@ﬁé?dﬂ\faltRmr{t{}i%s'tﬂéftl'i:‘éﬁa't@av ng buffer
106 to the instruction pre- decoder 108, which perforns lﬁkﬁgﬁénr | engt h

cal cul ation and byt eehnaedildla@b&r.iengm ons with respect to a recei ved
I nstruction str macroi nstructions). Specifically, the instruction
pr e- decoder %H tg!gtggorhrqug{st‘,s(;\ge BFOMEEéECﬂrﬁr the Dedtiostsutioat ser ve,

or opagat o t%@{ RGOS B B BROR IERIA ) pbtosin? shAgekeuibaloam on st eor i ng
oGt o1 TStI SCE) one 1o et o5 ?“Z?f?ﬁid%‘%%o??‘% FRe SO s o
decodi ng. uvifiedcacghterddcdeliress atermbpmqhhgpag@bﬁebtfﬂdﬂmﬁbﬁthe instruction
streaming buffer 106. Each next instruction request is also propagated
directly from the next instruction pointer 100 to the instructon streaming
buffer 106 so as to allow the instruction streaming buffer 106 to identify the
thread to which a macroinstruction received from the unified cache 44
belongs. The macroinstructions from both first and second threads are then
issued from the instruction streaming buffer 106 to the instruction pre-
decoder 108, which performs a number of length calculation and byte
marking operations with respect to a received instruction stream {of
macroinstructions). Specifically, the instruction pre-decoder 108 generates a
series of byte marking vectors that serve, inter alia, to demarcate
macroinstructions within the instruction stream propagated to the instruction
steering logic 110.

The instruction steering logic 110 then utilizes the byte marking
vectors to steer discrete macroinstructions to the instruction decoder 112 for
the purposes of decoding. Macroinstructions are also propagated from the
instruction steering logic 110 to the branch address calculator 114 for the
purposes of branch address calculation. Microinstructions are then delivered
from the instruction decoder 112 to the trace delivery engine 60.

During deceding, flow markers are associated with each

microinstruction. A flow marker indicates a characteristic of the associated
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Instruction steering logic 110 to the branch address cal cul ator 1142f505U[HﬁﬁL
pur poses of branch address cal culation. Mcroinstructions are then

del i ver the instruction decoder 112 to the trace ' engi ne
60. Dur i%fl%o{drjfe@%ﬂdi ng, flow markers are associated with eagﬁ'?)ujs%%l%n

m croinstruction. A flow marker indicates a characteristic of the
associated 9 2 5 AUG 2004 WO 01/ 77820 PCT/ US01/ 01577 m croi nstruction and
may, for exanple, indicate the associated mcroinstruction as being the
first or last mcroinstruction in a mcrocode sequence representing a
macr oi nstFYEPINsHucHRa aridomajmfdtexaniplelindixate thelrsgoiaiedg of

macroi nstruction” %BO\QS and an ‘end of macrainstruction' (EOM flow

mar ker s. %‘EBWP?@ B ASHeing StiOR Jashk IUSFPINStReC it By migrogodermy f ur t her
decode t ' ' ' hay. har Lesourc .mul t.i processor)

( SHRVP) ?{e g\%‘e %ft%?égéfaﬁ}d{ é@%‘éﬁ%‘ﬁgtﬁfﬁ%‘h ?g%ﬂej” m%gfrsﬁﬁnak‘gfaé' associ at ed
ther ew { heBirethf of ahd dtoirtaRRELAT(EOR WriECar el K EOINHRRIH o5
m croinstruction as a location within'a particular thread a Which the

thread nmefEDM) flovemarkersd Acogdings ie-the prést fivepaiore e vbddder 33 Negati ve
consequences tht%g el sewhere in the thread. The decoder 112, in an exenplary
enbodi nenfayifurther deeadsthe miaainssnictipes tohave shared resourae k

' i nst ' t hat i th d t he, begi nni f t

mmer of nat FhrRCRon GFEIPL BSreaBek e Pt smehrraraton GyiRy BRRzar | on

fl ow mark ' i £ A 1 GLed N ' ithinm a particul ar
thr oag ot Tk SERNAAARAIEIANM bR a8 hafbd RSBUIA Il igaef B2

r esponsi vielentifie§ amiexeinptraction ay 8db¢unz@ithena Eﬁ?t’iéﬂlﬁ? {ra8a diat W}gcﬁ he ot her
thread. Fromthe mcroinstruction translation engi ne 54, decode

i nst ruct i Biesthread may ba isterrupteduets. oresstarted os paused) withrlessmegativeer y engi ne
60. The trace deliver ngi,ne 60 i ncludes_the trace cache 62, a trace
branch pr (é%.sgﬁg?nc(egiﬁ%.x efSeWhere m the thread, The Secoder 112, in an exemplary

embodiment of the present invention, is constructed to mark

microinstructions that comprise the end or the beginning of a parent

macroinstruction with a shared resource flow marker. A synchronization

flow market identifies a microinstruction as a location within a particular

thread at which the thread may be synchronized with another thread

responsive to, for example, a synchronization instruction within the other

thread.

From the microinstruction translation engine 54, decoded instructions

(i.e., microinstructions) are sent to a trace delivery engine 60. The trace

delivery engine 60 includes the trace cache 62, a trace branch predictor (BTB)

64, a microcode sequencer 66 and a microcode (uop) queue 68. The trace

delivery engine 60 functions as a microinstruction cache, and is the primary

source of microinstructions for a downstream execution unit 70. By

providing a microinstruction Eaching function within the processor pipeline,

the trace delivery engine 60, and specifically the trace cache 62, allows

translation work done by the microinstruction translation ené‘ine 54 to be

leveraged to provide an increased microinstruction bandwidth. In one

exemplary embodiment, the trace cache 62 may comprise a 256 set, 8 way set
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64, a m crocode sequencer 66 and a m crocode (uop) queue 68. The trzcga
delivery engine 60 functions as a mcroinstruction cache, and is th AUG 2004

primary waQypeseof mcroinstructions for a downstream ex (‘cl.i.lhg [t 70. By
providing a mcroinstruction caching function within thee'\)pro 5@2@%91'

pi peline, the trace delivery engine 60, and specifically the trace cache
62, allows translation work done by the mcroinstruction translation
engine 54 to be |leveraged to provide an increased mcroinstruction

bandw dt h.__ I n.one exenplary enmhodi nent, the trace cache 62 nmay conprise a
256 set, §5&%9a§e‘¥‘eﬁft?r§- ﬁﬂtﬁé‘f@omcmﬁremrswtmn@wmﬁamci at e

. T y e . I nmbodi. t f
1o a Loquanat ToP K eReinencdod M BLERE g4 WiniReatman onthe mackce.
cache 62, cahd6Rddch drits) H@ﬁtﬁng%dﬁ@ﬁt& Qre?%?@%%ﬂﬁpﬁ%ge&%ggegggﬁe 62

m croi nstructions conpri'sing thé trace. |

facilitat evicdigistpetibos temperising) tengady Inthishehythe addiast ¢f the next
entry to {)e. .acceﬁggel{j for the purposes of obtaining a subsequent
mi cr oi nst rAGHFYRS “REDRAMBALD sequencing iarthahteaeskdress oftthelreieenttyaces may

be vi ewed ' " f instructions.that are distinguished from one

anot her byt%t% rea%gg%ggcfgf 9%8“%9585 PhPﬁﬁaﬁ'&Pgé WHsR Rt snireinstrgchon isndi r ect

branch or Wbwsask f t shold condiiops, .sych as

t he nunber of condir?igoﬁgge&bﬁcgér%ﬁég%ﬁget%ﬁ%%gné%yc Wﬁ‘éﬁ%ﬁﬁ iﬁo%l(ssi ngl e

trace or tdfénstamctioms thayahedisthgiwhal ffﬂrﬁrdi’i:erh'ﬂo"th@ﬁ%ﬁ’ﬁ'écé ﬂ?édsggé(%cormri se a
vi des [0C

trace. The trace cache branch prediction unit 64 pr ranch
predi ct i ori¥e teraninated HyoRENCPUBTINg arhinditeeebtaraherdgoleackidg oHeoft r ace

ot ocode A &Fes RO SHIRRGS s1ch oF st rumbEDAbconditioned fod 10 an
?ﬁzzl- 85&\? gﬁ%%%fﬂh%# ﬁéh\ye% Hécto%mo-&g?edrﬂicar?qugetrésc% it ‘é%ﬁaxqggrﬁrt hernore
number of total microinstructions that may comprise a trace.
The trace cache branch prediction unit 64 provides local branch predictions
pertaining to traces within the trace cache 62. The trace cache 62 and the
microcode sequencer 66 provide microinstructions to the microcode queue 68,
from where the microinstructions are then fed to an out-of-order execution
cluster. The microcode sequencer 66 furthermore includes a number of event
handlers embodied in microcode, that implement a number of operations
within the processor 30 in response to the occurrence of an event such as an
exception or an interrupt. The event handlers 67 are invoked by an event
detector (not shown) included within a register renamer 74 in the back end of
the processor 30.
The processor 30 may be viewed as having an in-order front-end,
'comprising the bus interface unit 32, the memory execution unit 42, the
microinstruction translation e'ngine 54 and the trace delivery engine 60, and
an out-of-order back-end that will be described in detail below.
Microinstructions dispatched from the microcode queue 68 are
received into an out-of-order cluster 71 comprising a scheduler 72, the register

renamer 74, an allocator 76, a reorder buffer 78 and a replay queue 80. The
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handl ers enbodi ed in m crocode, that inplenent a nunber of operationrzs?] AUG 2004
within the processor 30 in response to the occurrence of an event such as

an excgg(?'ggf[ﬁgr% an interrupt. The event handlers 67 ar egkiﬁghﬁg]&_p?/nan

event (not shown) included within a register r t he
back end of the processor 30. The processor 30 may be viewed as having an
I n-order front-end, conprising the bus interface unit 32, the nenory
execution unit 42, the mcroinstruction translation engine 54 and the trace
delivery engine 60, and an out-of-order back-end that will be described in
detai | bepdWgdulgrctbingbidasct 3ei0f refespatiomertionsmntcheperatasaogdeedieue 68 are

recei ved into,.an qut-of-order.cluster 71 copprising a scheduler 72, the
regi ster aPQﬁdW%EF%W%% r%?%?’ég?@é? exeutien urgt Zhdlke r epl ay

80. 820 _PCT/ WUSO1/ 0157 hedul 72
iqggrﬁdes 5 @gtte}é‘f’ regﬁ?&%&gﬁ“\é\?&%%%’g{ I%gﬁgugggg%q ¥ ggﬁé‘%ﬁ%‘éer and
di spatch iidd&i ﬂﬁ%gé#‘elﬂcpﬂléaﬁx@g pBXRGEEIs8Es Pdhat %ﬁﬁﬂﬁiﬁ‘mﬁ# 4p- The

regi ster renaner 4 performs a reglister renamn nction respect to

hi dden i nesy®f theeight gaterad puopase registetsasrsar(yt dfathe wighttfbatiniglpaad i n pl ace
of any of the eight general purpose registers or any of the ‘ei ght
f1 oati ng- |5%$1ﬁﬁer5:|"gbﬁf§taeﬁ’1§lce%ﬁ%r33 exepiss dlae brteBArahitacturesnstmectiont sit).

hi ' [ . h [ ] [ 1
esour ces WE AREHTH fHEsRER e pllogta derdtiaes o e caRoition wokyRABATBE T uct i ons
accor di ng chata@vAal faRidrbingtafdions %gcorldrih% H‘?avzﬁl’a%’i‘ﬁty.ta{mf n%eﬁiz Lﬁg{thgl ent

resources are avail able to process a m<rol nstruction, cator 76 is

responsi blegehbthahsmuffitiagt fesstiadds £ grallalfle to pPhadess & riicRRASRh&SHbn,t hr ough
the trace deljvery engine 60 to the mcroinstruction translation engine

54, as shdlwpadecapr 7aisciesperiiblecior @ssertingiactialhaignah8?) thitss prepagated fi el ds
placed in a reorder. buffer 78 in

2’? Jr :J(S::E egr og &auhei})ﬁrj%gcﬁé y %{Y%nm’ag?‘él{é@q ??E:&\edﬁﬁcr%r‘ﬁﬂ'f‘ﬁh?%gapé]éﬁ&ér buffer 78
engine 54, as shown at 58. Microinstructions, which have had their source
fields adjusted by the register renamer 74, are placed in a reorder buffer 78 in
strict program order. When microinstructions within the reorder buffer 78
have completed execution and are ready for retirement, they are then
removed from the reorder buffer 162. The replay queue 80 propagates
microinstructions that are to be replayed to the execution unit 70.

The execution unit 70 is shown to include a floating-point execution
engine 84, an integer execution engine 86, and a level 0 data cache 88. In one
exemplary embodiment in which is the processor 30 executes the Intel
Architecture instruction set, the floating point execution engine 84 may
further execute MMX® instructions.

Multifhreading Implementation
In the exemplary embodiment of the processor 30 illustrated in Figure

2, there may be limited duplication or replication of resources to support a
multithreading capability, and it is accordingly necessary to implement some

degree of resource sharing between threads. The resource sharing scheme
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have conpl eted execution and are ready for retirenent, they are theﬁ
renoved fromthe reorder buffer 162. The replay queue 80 propagates 3 AUG 2004
m croi nsvouetisaps that are to be replayed to the executi @prifbinis®y The
execution unit 70 is shown to include a floating-point execution engine

84, an integer execution engine 86, and a level 0 data cache 88. In one
exenpl ary enbodi nent in which is the processor 30 executes the Intel
Architecture instruction set, the floating point execution engine 84 may

furth truct Ml ti t hr eadi | ementation In th
excermp! ar y SO P Bigle e BlepRacent UgoR SrCauper PR Kesd®. 1 hor o
may be |1 Mdiarle gkdssaH is%l@éxgﬁﬁ?ide%%&l Igrfocé ne&émggé%ﬁ‘frg port a

mul tithreadi ng Capability, I's accor |ng %nplenenf

sone degmathinfa presessos aypitally REoBRIeWRAE bk or i8ra & ing
scherre 12 29AUG2004 VO 0° 0 77850 Par U 01e T T By oyeé%fﬁ#{wsf‘ﬁjﬁ

appr eci at 88¢ prepaggtion &m hmrahl‘}t ltbe msnb ef redourty sading mhﬁtbetdmedggessor i s
abl e si mJI t aneous| éé%g rproce As functional units in a processor

typi cal | y “PFEIHE 3 SEen3ge 2 (%bpstwﬁfa@magﬁungtbaadwldtryshaamg

propagat i | source rin be vi ewed as
conpri si ng&ﬁ‘img%s?g?é %f)rélgil1 ;%1%% %%bgggﬁoﬁéﬁ éétnﬁﬁélrgﬁﬁaﬁ%cﬂish shari ng
conponent prodessingcfplethreads bpkfs ?@wcésha&hﬁ%%ﬁéﬁmsoﬁgmhg aneous
processing of two threads, buffer resources within various func % onal units
may be st Zayhke st;xtxsallyogulmgtalyy partiticriedristwieeh weerthtesest Siradady, e [ arl y,

the band dElh oVvi dea‘g ath for the propagati on of |nforrrat|on
bet ween C#B ?"d Puhare tasP 0T e propagationsd informetivadebeesken t he two

e v -,
ey Eﬁaf gﬁsgt%‘\leﬁ ?éggug&@ﬁﬁrwg’ iSO g akkORE a G U IGARRRe di ctates

processor pipeline, different resource sharing schemes may be employed at

these various locations in accordance with the dictates and characteristics of

the specific location. It will be appreciated that different resource sharing

schemes may be suited to different locations in view of varying functionalities

and operating characteristics.

Figure 3 is a block diagram illustrating selected components of the

processor 30 illustrated in Figure 2, and depicts various functional units that

provide a buffering capability as being logically partitioned to accommodate

two threads (i.e., thread 0 and thread 1). The logical partitioning for two

threads of the buffering (or storage) and processing facilities of a functional

unit may be achieved by allocating a first predetermined set of entries within

a buffering resource to a first thread and allocating a second predetermined

set of entries within the buffering resource to a second thread. Specdifically,

this may be achieved by prov{ding two pairs of read and write pointers, a first

pair of read and write pointers being associated with a first thread and a

second pair of read and write pointers being associated with a second thread.

The first set of read and write pointers may be limited to a first

predetermined number of entries within a buffering resource, while the
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the specific location. It will be appreciated that different resource
sharing schenmes may be suited to different [ocations in view of varzﬁ AYG 2006

functi onalo dii79g20 and operating characteristics. Figure 3 ds.ahlock di agram
illustrating sel ected conponents of the processor 30 illustrat edin Fi gure

2, and depicts various functional units that provide a buffering
capability as being logically partitioned to acconmmobdate two threads
(i.e., thread 0 and thread 1). The logical partitioning for two threads of
the bufferi nalééor S orﬁ%gq and Br ocessing facilities of a functional unit
may be acHI®EVRY 3pioLE9R WEite Ppiitess ey e diEnitehEpiaseconst entries within

buf feri : ' . : | | ' d
or edet or m e agneq el SRR FRENR A PRleredeseeF otieecond
hread. Speaiiplaey binbod:iHent Y isbenatBhaYWre RIS J0BGHL. LIS, Of T ead
and wite pointers, a first pair of read an &/rlte pol ht €r's bei ng

associ at ecbAwanH 2@ instrsictivh iqeade 468 are stanenrlepdi provfide aadoripd c&f;ééigz
[ associated with. a second thread. The first sSet of read and

poi nters bei _

wWite poi n&?%lﬁwa ¥ narfiepgd petwedn thetfirshard|second tedadsiBash aff entri es
within a huyf LNg: Lwhinl e the 13 .25 AUGR2004 WO 01/ 77820

PCT/ USO1/ %Tf%%ﬁ%é%%ﬁgééﬁfg&torlgglg%gﬁd shptede %%’q%eﬁ?tmy,@gcmm W to a
second predet@ive saBodunBels, 18 d [ hit-RL A gt r ri resource.
In the exerr;p)l ar errbgdi rrents, thﬂ’ﬁ%‘?‘?ﬂ%}’géﬁ@gﬁ?%m ng %ﬂﬁtg’fdﬁg& t he
trace cachsecosdt aorordisygrtoceitain eritetie. 103 are shown to each provide a

storage capacity that is logically partitioned between the first and
second threads. Each of these units is also sown to include a "shared"

capacity that may, according t Op, eﬁeﬁm i VE enbodi ments, be dynamically
allocated to either the first : read according to certain
criteria Tt ?gﬁ'dﬁﬁ%&n@ﬁ'dﬂ%\éﬁﬁes@mﬂ%ﬁﬁ% i@Hed Bibed BAGR as BYGHT 1 O 1S
implemented within a trace delivery engine 60, and specifically with respect
to a trace cache 62. However, it will be apprediated that the present invention
‘may be applied to a partition any resources within or associated with a
processor, and the trace delivery engine 60 is merely provided as an
exemplary embodiment.
As alluded to above, the trace delivery engine 60 may function as a
primary source of microinstructions during periods of high performance by
providing relatively low latency and high bandwidth. Spedifically, for a CISC
instruction set, such as the Intel Architecture x86 instruction set, decoding of
macroinstructions to deliver microinstructions may introduce a performance
bottleneck as the variable length of such instructions complicates parallel
decoding operations. The trace delivery engine 60 atternpts to address this
problem to a certain extent by providing for the caching of microinstructions,
thus obviating the need for microinstructions executed by the execution unit
17 to be continually decoded.
To provide high-performance sequencing of cached microinstructions,
the trace delivery engine 60 creates sequences of entries (or microinstructions)

that may conveniently be labeled "traces”. A trace may, in one embodiment,
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I npl emented within a trace delivery engine 60, and specifically with
respect to a trace cache 62. However, it will be appreciated that t2heAUG 2004

present woygishen nay be applied to a partition any res?%ﬁ%gquWi n or
associated with a processor, and the trace delivery engine I'S merely

provi ded as an exenplary enbodinment. As alluded to above, the trace
delivery engine 60 may function as a primry source of mcroinstructions
during periods of high performance by providing relatively |ow |atency and

hi gh bandw dt.h, Specifically, for Cl SC instruction set,_ such as the
Intel Ar Jﬁﬁ&éﬁﬁ%‘%‘é&éﬂ&f&%km%ﬂf@éﬁ Ofof’e%g?f?ﬁbje%tfe“q‘bééﬁlbbﬁgm‘a@t ions to
deliver nygrel ' ' 0 rformance bottleneck as the
vari abl e | en]giﬁ}s %@g{ﬁ:‘ﬁ@%s eﬁéﬂ%'n%%gg?@?og&ggg‘g%‘f%?? QPerajgRdsi ng

oper at i onsomplete! TaofedehboEmeneNDira& &%@&b%&ﬁﬁﬁ?ﬁs &35 Hehi s problem
to a certain extent by providing for the caching of mcrornstructions,

t hus obvi aniened tiwougheaisé-oalled Greaidri ehirycthiasiscladecatiadahydddess gxecut i on

unit 17 E:lo be .conti nuaﬂ | y decoded. To provide high-performance sequencing
of cached “fICFBNFRE ﬁﬁ*c?'%%é?quweenm the|trage ey ephgpres Bosuncessives

AT ' ' ' . t.hat iently b
abel od - Pracaa SRRy ety TeRl e BTSSR » AT FOSURCAS 2064 v
01/ 77820 BREYUSHHGH] c1a ithplex SOORRAI Blkcl Tedilains d e lffis ]
subsequent entry can be known “ during a curreht access operation, and

before a Puéviensentyess operation is conplete. In one enbodinent, a trace
entered through a so-called "head" entry,

?La{n ﬂlg: Bgtegug‘t‘k’?‘gggﬂr@éﬁg%ﬁsggﬁéﬁce_%ﬁémmeﬂﬁw thplamerdduwent entri es
o e S B RRIRRG oL A S °
entry (exeagines6(nay ifipiesnknt 2 b @ila nddeAWhdiPh HiSE ofQurd with flhBHSoeNt Y-

a trace cache 62, such a miss being passed on to the microinstruction

translation engine 54. In the "build mode", the microinstruction translation

engine 54 will then perform a translation operation on a macroinstruction

received either from the unified cache 44, or by performing a memory access

operation via the processor bus. The microinstruction translation engine 54

then provides the microinstructions, derived from the macroinstruction(s), to

the trace delivery engine 60 which populates the trace cache 62 with these

microinstructions. |

When a trace cache hit occurs, the trace delivery engine 60 operates in

a "streamn mode” where a trace, or traces, of microinstructions are fed from the

trace delivery engine 60, and specifically the trace cache 62, to the processor

back end via the microinstruction queue 68.

Figure 4 is a block diagram showing further details regarding the

various components of the trace delivery engine (TDE) 60 shown in Figure 2.

The next instruction pointer 100, which forms part of the microinstruction

translation engine 54, is shown to receive a prediction output 65 from the

trace branch prediction unit 64. The next instruction pointer 100 provides an

instruction pointer output 67, which may correspond to the prediction output
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I n one enbodi ment, the trace delivery engine 60 may inplenment two dﬁﬁa Ztﬂﬁ
either provide input thereto or output therefrom The trace deliver

-engi ne & opyrsionpl enent a"build node” when a miss occur sppARpfiESPECt to  a
trace cache 62, such a mss being passed on to the mcroinstruction

transl ation engine 54. In the "build node", the mcroinstruction
translation engine 54 will then performa translation operation on a

macroi nstruction received either fromthe unified cache 44, or by

perform ngsﬁorfﬁg‘?{a)ée%ﬁﬁ‘??éz, operation via the processor bus. The
m croinstruction translfation engine 54 then provides the

m croi nstruct i nracelBranebGddres dNeaiaRs r(\PBm’_f)rlqs%&gééx%zr{\%BPHﬁ@g,ft race
W e

delivery engine 60 which popul ates the trace cache

m croi nst FigTigesequinear mitraissTectidreqitue 68; antperfdiend 4 AaMBAEbF ver y engine
60 operates in a "stream node" where a trace, or traces, of

m croi nst ﬂ%ﬁ@g@ﬁc@@qtpgﬁ]tq pdracebiarchywiformatjor tafilemd25B0, and

specifica ' I oth roc ar back_end via the

o ot of net Fhee ok tBE E-E8 U aadipst ARG nenpe i faribpener ¢ her
detail s r bgaichi didedtish, tM@KhRYSH PE{H .L,very engine
(TDE) 60 shown i neFi gure 2. Thgﬁggt m?’?%eéiapgnt}réggﬁ geredliw,‘ whi ch forns
part of tRperdtions; festooputing aNandlintdrdnseneice Pbthted GNRITPYMbreQc K ecei ve a
prediction output 65 fromthe trace branch prediction unit 64. The next
instructigﬁgﬁkﬁgwpeﬁn‘ié@r gieghnag dimig vigladensuiarieash puitntetionout put 67, whi ch

may correspond | etd on_put put UG 2004 WD Q1/ 77820

PCT/ USO1/ 01577%‘%&?{&% tﬁg&% @8&‘“@@%3&&%‘5 Eﬁﬁﬁ&?ét%ﬁaﬁéfﬁnaaaﬂ%s cal cul at or
(TBAC) 12@ediifed & SpHAR tBEitRite bR dTH5S nNggr, JH.GrHaLN$tructi on
gueue 68, and .perfolr)ms a nunber %)?Cﬂﬁﬁenctloxﬁgﬁ{iggbﬁgl\?itg%ﬁc}(gp ® to a trace
branch i nhetdsinfermation foridents Spddnfdneamodithi@it! ik 2Ged BaAEthaOdr ess

calculator 120 is etﬁ{_)on i bl % for bogus
support multithreading. Of course, In an alternative embodiment, the table

122 may be dynamically partitioned.

The trace branch information table 122 provides input to a trace branch
target buffer (trace BTB) 124 that operates to predict "leave trace" conditions
and "end-of-trace"” branches. To this end, the buffer 124 may operate to
invalidate microinstructions.

When operating in the above-mentioned "build mode",
microinstructions are received into the trace cache 62 via a trace cache fill
buffer (TCFB) 125, which is shown in Figure 4 to provide inputinto the trace
cache 62. ' '

Figure 5 is a block diagram illustrating further architectural details of
the trace cache fill buffer 125. In one embodiment of the buffer 125 includes
first and second buffers 134 and 136, each of which is dedicated to a specific
thread (e.g., thread 0 and thread 1). Each of the buffers 134 and 136 provides
four (4) entries for an associated thread, and outputs microinstructions to a
staging buffer 138, from where the microinstructions are communicated to the
trace cache 62. The trace cache fill buffer 125 implements a build algorithm in

hardware that realizes the "build mode”, and provides microinstruction
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branch detection, the validation of branch target and branch predi ctjf ORG 2004
operations, for conputing a Next Linear Instruction Pointer (N LIP) foOr
each i R¢dpyelsbpn, and for detecting limt violations fop-8RchH43$ruction.
The trace branch information table (TBIT) 122 stores informatron required
to update the trace branch prediction unit 64. The table 122 also holds

i nformation for events and, in one enbodinent, is hard partitioned to
support nmultithreading. O course, in an alternative enbodi nent, the table
122 may be_ dynami cal | artitioned, The trace branch information table 122
provi des iRﬂ?i/HOIPBgaaIi ng'ed%‘ieéiﬁ%o rendgetlipefard "gnd-abaaprBondidondat
operates to predict "leave trace" conditions and "end-of-trace" branches.
To this end, the buffer 124 nay operate to invalidate mcroinstructions.

Wen operati ng The {rh& @ha 2B EE,RASH F'igﬂe' @tc{ff?ﬂﬁu;def? ﬁ}&f@t{%{%g‘ tyons are

received into the trace cache 62 via a trace cac B) 125,

whi ch is stvoassocinted gugrazraly 126. Tl e drppul 28 Emiaa@a sfoasge frARNEnE2.
Figure 5 is a bl ock di&ggﬂ illustrating further architec ural details of
the trace €BRePAMeNY 1% rmacpginsriicipes.enbodi ment of the buffer 125

i | ud fi . I 4 d 136 of which is dedi d
oL ees i & EiBR e B BB R i S Il o R A Ch e WAL HRtB b { or s
134 and 13ferBnexi @ehe AW calhtd 68MThE e rsggaggeﬁggﬂc%ﬁ%nﬁ&%ad and

outputs mcroinstructions to a sfaging bu From whare che

mi cr oi nst rthetdcosedection statematihiakeatat, i bhe erbodimens dieidid. onl1gydé-ace cache
fill buffer 12(_2 grrp_leme_nts a build algorithmin hardware that” realizes the
"bui | d nodd-CY@sQaps sviigh of multipletireads (e, theead 8 ontireaeiol) iS\0 01/ 77820

P01 Ao RBR B BalE R pralpl 380 e, 2

Include a data giplsy 6hisd flidtrates the partitioning of the trace cache 62 into three
portions (or sections), namely a first portion 148 dedicated to a first thread, a
second portion 152 dedicated to a second thread, and a third portion 150 that
is dynamically shared between the first and second threads. In the exemnplary
embodiment, each of the first and second portions 148 and 152 comprises two
(2) ways of the data array 128 (and the associated tag array 126) of the trace
cache 62. The third, shared portion 150 constitutes four (4) of the data array
128, and the associated tag array 126. The illustrated partitioning of the trace
cache 62 is implemented by victim selection logic 154, which will be described
in further detail below. ’

Figure 7 is a block diagram illustrating an exemplary structure of the
trace cache 62, according to one embodiment. Each of the tag array 126 and
the data array 128 are each shown to comprise an eight-way, set associative
arrangement, including 256 sets thus providing a total of 2048 entries within
each of the tag and data array-s 126 and 128. Each entry 148 within the tag
array 126 is show to store, inter alig, tag field information 151, a thread bit 153,
a valid bit 155 and a Least Recently Used (LRU) bit 240 for each
corresponding entry 156 within the data 128. The thread bit 153 marks the

data within the associated entry 156 as belonging, for example, to either a first
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an associated tag array 126. The data array 128 provides a storage fP5’AUb'?[][]£
one enbodinent, 12 KB of mcroinstructions. Figure 6 is a block diagram

i 11 ustraig qigrrgar t her architectural details pertinent topé-*}gs&ly‘ﬁl% cache
62. The thread selection logic 140 inplenents a thread selection state

machi ne that, in one enbodi nent, decides on a cycle- by-cycle basis which
of multiple threads (e.g., thread O or thread 1) is propagated to
subsequent pi pe stages of a processor 30. Figure 6 also illustrates the

titi i f t t 1e.62 int th ti ti ,
el y o stopiRr A STiad SERS bl 15 otk teretd pithindhe o second porti on
152 dedi Lrd ti 150 that i
dynamecgfﬁ/ﬁ%ﬁgﬁgg“%glﬁ@ggggﬁzﬂgFlraga{]gréﬁﬁﬁgéé%hgg‘rgh‘! i .ml"ﬁﬂghe Ie>s<errpl ary

enbodi ment, ealhe einbdtBrddrnit D H 2 8€ SR ' i conprises two
(2) ways of the data array 128 (arald theqaeggg% g{% ?%g%%?ﬁ%é%i%) of the

trace coRwitEparrand 2y My ilusthtedeoh Figute BthibR caiset btRIuliass (4) of the
dat a arra%/ 13?6 agd t he a,sl_soci ated tag array 126. The illustrated

partiti onthyy &0 aRe thetis sitilizedie perforan hight-spred:teg rhatchioperationalasdt | on

| ogi ¢ 154 | ' e i.bed ,in  further detail pelow. Figure 7 is a
bl ock di afé’rr\ggngni‘?‘?f‘gﬁgr‘%% %"g’gggﬁ%%hﬁl#? to et aHas grlop WP witheespeetche 62,

accor di ngtol the@rieeRBERUSTER! hit AURe Bhirk Biihegile data array
128 are each shown to conprise aneei g tg\ﬁgg‘% gie?[ﬁé s%égle iV a'sarrangemsnt,
i ncl udi ng'maBiadlytexclusiree paowilibeglasctibédin AfrtRO4&kteMbelgee. Wi thin  each of

the tag and data arrays 126 and 128. Each entry 148 within the tag array

126 is showto store, inter alga, tag field information 151, a thread bit

153, a valid bit 155 and a !_ﬁsrt ggﬁenhl é glgsed (LRU bit 240 for each
corresponding entry 156 W thi ~5the thread bit 153 marks the
o L BTk LS RO i B, 0 T 2

inter alia, the output of the trace cache 62, Figure 8 is a block diagram

ilustrating the various inputs and outputs of the thread selectioﬁ logic 140.

The thread selection logic 140 is shown to take inputs from (1) a trace cache

build engine 139, located in the microinstruction translation engine interface,

(2} the microinstruction queue 68 and (3) trace cache/ microsequencer control

logic 137. Utilizing these inputs, the thread selection logic 140 attempts to

generate an advantageous thread selection (e.g., thread 0 or thread 1) for a

particular cycle. Thread selection, in one embodiment, is performed on a

cycle-by-cycle basis and attempts to optimize performance while not starving

either thread of processor resources.

The output of the thread selection logic 140 is shown to be
communicated to the microcode sequencer 66, the trace branch prediction
unit 60 and the trace cache 62 to affect thread selection within each of these
units. .

Figure 9 is a block diagram illustrating three components of the thread
selection logic 140, namely a thread selection state machine 160, a counter and
comparator 162 forra first thread (e.g., thread 0) and a further counter and
comparator 164 for a second thread (e.g., thread 1).
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or a second thread. The valid bit 155 narks the data within the 25 AUG 2008
corresponding entry 156 of the data array 128 as being valid or inv h

One enbag f the trace cache 62 nay also include a f y i nitag
array 1%?@2%&% ustrated in Figure 7, that is a subset (#[r%(#g P t ag

array 126 and that is utilized to perform high-speed tag match operations
and for reducing power consunption related to performng a | ookup with
respect to the trace cache 62. A hit on the mnitag array 127 may be

regarded as " |_I Lusive', as wll| be described in further detail
belgow. Thr ead g‘aﬁec F%%g%f%cnén BREE miashie 160 VR e redrivabuiééradt i on | ogi c

140, whi ' it : | X trace cache 62,
Fi gure écihgggég{g?g%ag’iléﬁ%%%? H%t?%%ﬁyéﬁég%ﬁ‘fﬁ%ga?%m% and out puts of

the t hr eadnsbitbctadend (M) or 4 4Mgle Maﬁﬁﬁ{qm@a@ﬁﬁa%;}»é}%ﬁ%éﬁg ifhshown to
t ake mput@gl [tg\g(l) a trace cache bui-ld engine 139,. | ocat J |nt et_
m cr oi nst retsreadesmoge; ﬁ\ﬁi/l@%jfg“lg\yhﬂﬁteecmmggz;]ﬁﬂwl)'eadlh(;sglirmcazhi%l?dlsU[ :Jf:l Iz?ﬂg

e 68 3 race .ca m croseqyen ( 137.
? Egge inpﬂrﬂgfig't %qg‘gttﬁ?e goseie_eq%é’iﬁ?%ﬁ? IPB‘%'F&]’BE gcibu;éﬂ?%ﬁr)ﬁﬁt r"iggl%iqu?frer ate an
advant age .
advant s0cousplRTINRLER Inn(e 18 ok MR R BLAINS R Dl Bt
cycl e- by- ard Bhafhefihsigaslsamtand 4RRIAIZRhBRIRE 9&3?&%1&‘4%@%98% o ead
starving either thread of processor resources. The output of the rea
AR S ety i B i
66, the tracebranc redi ction : .
t hr eadesel 126@1' i%ﬁ“ﬁ%‘?%&gé%ﬁ' ﬁ?%@ m}gﬁﬁgg ?nailgegggg“}lﬁot_alcbi(f:k d;?rglr )ellma
illustrati Shi . . )
Ithread Sel!@%{r&%ﬁ%&c&?@ﬁﬁ%@%ne 1%—1%, %&cgﬁgga&%ﬂg Qbr%‘ﬁ?gpé’r lﬁor a
first threud (2 gre roubec aslall thaaelits withih ke tG AL erd MheiOTRRT at or 164 for

a second trggggxgsiw(zg ts whxél? ;Sgl'? UI]‘I-.l)t-S al:'Le8responsible for recycling their states. Each
of the counter comparator units 162 and 164 is shown to receive a queue
deallocation signal 166 from the microcode sequencer 66, a collection of clear,
nuke, reset and store signals 168 and valid bits 170 from the trace cache tag
array 126.

Figure 10 is a state diagram illustrating operation of the thread
selection state machine 160, illustrated in Figure 9. When in multithreading
mode, the state machine attempts to time-multiplex multiple threads on a
cycle-by-cycle basis. When a thread encounters a relatively long stall, the
state machine 160 attempts to provide full bandwidth to the thread that has
not stalled. When multiple threads (e.g., thread 0 and thread 1) experience
long latency stalls, the state machine 160 may, in certain circumstances,
require a one-cycle bubble (e.g., if both threads are stalled and the state
machine 160 is in "thread 0" state and a "thread 1" stall is removed).

Referring back to Figure 6, it will be noted that the selection signal 141,
outputted from the thread selection logic 140, is not itself regarded as a "valid
bit”, but is rather used as a 2-1 MUX selection control to the MUX 142. The
MUX 142 operates to select between control signals outputted from a first
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2 5 AUG 2004 WD 01/ 77820 PCT/ US01/ 01577 The thread sel ection state ﬁ?ﬁf?ﬁ
160 is shown to receive build and node signals 161, indicating whe QL

processgp gifr@perating in a nultithreaded (M) or a si h ed (ST)
node and if operating in a mnultithreaded node, indicat .Q’?cf” Oé{oﬁag]? or not

each thread is in a build node. The thread selection state machine 160 is
al so shown to receive respective full inputs 172 and 174 from the counter
and conparator units 162 and 164. The full signals 172 and 174 indicate

whet h b f ' ' f i cul hr ead

e S A o A e oy
its 16 t LGA QL ' ' ithin th

LS AEsonnd ol g sty e SR ORI 1

t he unit shueatlhi Fot mm%:abeceh@lﬁélémrysigﬂgi 1ne rhéPinditaRROMEEa®ehRy'HE Ch such
units are responsible for recycling their states. Each of the”counter

conpar at érPasiryar isreadig-gLahread GHove awpniedifiamahe trage cadess. ocat i on
signal 1 from t;he m ode sequencer 66, a,collection of dear, nuke,
reset ang?%W%Y%' E}feg%%ﬁ‘ﬁ’%ggr E?Fo‘e@%‘ﬁ eBWé“iﬁéeﬁ%‘mérH’éd’tcﬂ%ﬁ aBache t ag
array 12%Vﬁjcgéﬁt@y_10 is a state diagramillustrating operation of the
thread selection' state machine 160, illustrated in Figure 9. Wen in

mul tithreading node, the statemﬁms@e@{d@mgi@ to time-nultiplex multiple

threads on a cycle-by-cycle basis. Wen a thread encounters a relatively
long stal |, thEhe paghizomngiofibe trace cachedds as dlusatad dreFiignire 6pmaghyi dth to

Lread 1) R EFIBREEEN R aleBReycL PR RS Vi Subehan IRzsni 36 W0y, 10
cortaln SHaGHINANERSo S Ao GY b I B Alulgh! L o0
1" stall tagarreap@édind fRefdits ah@ybi@sktd @hiirrea®indttusMdd isherighed that the
sel ection signal 141, outputted fromthe thread selection logic 140, is
not itself redageedlhis ablogh|diagram illustrating architectural details of one
~ embodiment of the victim selection logic 154. The victim selection logic 154 is
shown to include minitag victim selection logic 180, valid victim selection
logic 182 and Least Recently Used (LRU) victim selection logic 184. A priority
multiplexing operation is performed on the outputs of the selection logics 180,
182 and 184 by a priority MUX 186. The priority ordering implemented by
the priority MUX 186 is as follows:
1. Minitag {rictim;
2. Valid vichim; and
3. LRU victim.
A multi-threaded latch structure 190 is used to pass the results of the
priority MUX to the trace cache 62.
Figure 12 is a flow chart illustrating an exemplary method 200,
according to one embodiment, of partitioning a memory resource, such as for
example, the trace cache, within a multi-threaded processor. The operation of
the various units of the victim selection logic 154 illustrated in Figure 11 will
be described with reference to the flow chart shown in Figure 12.

The method 200 commences at block 202 where the minitag victim
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bit", but is rather used as a 2-1 MJX selection control to the MIX % ?AU@WB&
MJUX 142 operates to select between control signals outputted froma Tirst .
19 2 5 AlporPH4 WO 01/ 77820 PCT/ US01/ 01577 thread controp %@@01!@1@5‘7 a second
thread control 146. The outputs of the controls 144 and E4 are dependent
upon valid bits being set for the relevant threads. For exanple, the

sel ection signal 141 may indicate a thread entry for a particular thread
(e.g., thread 0) to be outputted fromthe trace cache 62. However, the
valid bit for the relevant entry may be set to O, indicating an invalid
entry. Vi gdlesidielopit i8Mpedgims Zheinimptvitiometgrroination witheespeatte 62, as
illustrated in Figure 6, masy _In one enbodi nent, be iQ:)I e,g)i,ant ed_by the

vi cti m setheminitag atiay 12584 Spegifically ¢he dogie 18 aHBMAL i tded! P§°P§§gonsi bl e
for identifying the ) in both the tag array 12 .data array 128)
to which eﬁf%&b?‘hgﬂsmﬁg‘gi(v&ﬁdi QA FTERY SRy AR aﬁm&gﬁfﬁgfr@?& i agram

Il Tustrati |t 4 Al EHIRO (¢ of the victim

sel ecti onh%g%t%@;gﬂ&?érﬁ?\%%%%e ectciﬂgﬁpl ogi quljgﬂﬁfq?s shown to include

m nitag victi msed®edibnbok@Pira A8 rmindtich isirahdens & edtettvar a inogtag 182 and
Least Recently Used (LRU) victimselection logic 184. A priqrit

mul ti pl exivigiropeasldcated at ileek 802veld sonthermaethodAd0adyangceretod P%“&¥1%n | ogi cs

180, 182 d 184 by a priorit 186.. The priori{y orderi | npl ement ed
by the. prrbiiergioyaRt Bee FAtedatgF gug micronsraghL ¥ oPER St 77, §
victim an . L G whthibid 6 | alsChrhit e hitlie Odés$ used to
pass the r‘gsﬂﬁ{‘%&%%%@n ori ttﬁ‘gl\f)%(é%%%ﬁﬁgzt ?%ce caéﬁ% 621.r lgure 12 is a
fl ow char tad teig tindithally axclexiean aaridentfied hiffig victim is given the

highest priority by the victim selection logic 154.

Following a negative determination at decision box 204, at block 206, a
valid victim determination operation is performed by the valid victim
selection logic 182. This operation involves simply identifying an invalid
entry within the trace cache 62 by examining valid bits 155 stored within the
tag array 126 of the trace cache 62. Following a positive determination at
dedision box 208, the method 200 advances to block 212. On the other hand,
following a negative determination (i.e., no invalid entries are identified) at
decision box 208, the method 200 proceeds to box 210, where a LRU victim
determination operation is performed. Following completion of the operation
at block 210, the method 200 again advances to block 212. The method 200
then terminates at step 214.

Figure 13 is a flow chart illustrating an exemplary method 210,
according to one embodiment, of partitioning a resource, in the exemplary
form of a memory resource, utilizing a LRU history associated with the
relevant memory resource. |

Figure 14 is a block diagram illustrating an exemplary LRU history 240
that may be utilized in the performance of the method 210, the execution of
which will be described with reference to Figure 10.

The method 210 commences at block 222 with the receipt of a
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according to one enbodi nent, of partitioning a nenory resource, suc&rgaué(ﬁm
exanpl e, the trace cache, within a nulti-threaded processor. The op

of the Y units of the victimselection |logic 154iPI1. £ in
Fi gure 1“{@\%[?{@0 be described with reference to the fl ow chaﬁ{gbgﬁ%mﬂ in

Figure 12. The nethod 200 commences at bl ock 202 where the minitag victim
20 2 5 AUG 2004 WD 01/77820 PCT/US01/01577 sel ection logic 180 performs a
mnitag victimdeterm nation with respect to the mnitag array 127.

Speci fi cal : l.ogic. 180 att stoidentify a conflict between an

eg i sting vai |%£$nEHF6§5’ a&}‘fﬁ?ﬁoﬁg@bﬁfﬁ?ﬂ%ﬁ?@ thingichm selestiondogin er
(e.g., thasgurrent Linear Instruction Pointer (CLIP)). At decision box 204,
a determnation is made as to whether a mnitag victimwas |ocated at

bl ock 202. |f <%t bibhle 28@thest iﬂﬁﬁwad:hauh@@ﬁic&@inahg@ﬁo@ﬁ?ayt %‘Wtaﬁéglf gjaevant

trace cache data (e.g., a mcroinstruction) is witten-to entified
vi cti m entWHgR inide dt(ﬁ@.é))b@gﬁeteqmmtgs).g mt ni t ag [1! tis rgg::}d?ﬂe as
bei ng "nutual | clusibye' .an. identified mnitag victimis giv _
hiez:jhgst priori yt@te@?#%gﬁ?%’t‘?ﬁfé@% HMtEy F'%téELlBMLRHd{IF@mqﬁ t<:§’e,1onegat ive
det er m nath gy [iREOM 0K o val i d vjctim _
det er mi naP? Elgggsgﬁ]g%&%ms pelrj%g% r%ﬁ?%{}htg ﬁglesfgm %E%vfm%i'*s‘h}‘%téﬂeﬁn. | ogi ¢
182. Thi s thp&RAl histoiy4(), ve $nAih fEdhd hd@ﬁﬁltﬁyb%gaﬁ how 8k Ll'%.trfr{%tcra)fhé{"' thin
the trace cache 62 by exanmining valid bits 155 stored wthin the ag array
126 of t hd8frthed FddHetosp 24¢ opntainiing ad PUdiistore fotetazhrsenadthem tiat datdeci Si on

box 208, th od 200 advances to block 212. On the other hand,
fol |l ow ng""fﬁé’g@ﬁ?i ve determination (i.e., no invalid entries are

dentified) au adesiabAbdioss2i |G A00 Brogeeds Lo box 210, uhere

a LRU victim determ nation operation s pe | THY€Dnpl eti on of
the oper atwhethenthetaticdnt?, AndichEngRldpeei200a RYatHIn3HY BRC RS VLAaBleq6Y 212.

The met hOdreFe(\)rgnt thread (e.g., thread O or thread 1). As mentioned above, in an
exemplary embodiment, ways 0 and 1 may be available exclusively to a first
thread (e.g., thread 0), ways 6 and 7 may be available exclusively to a second
thread (e.g., thread 1) and ways 2-5 may be dynamically shared multiple
threads. Referencing the exernplary LRU history for a set N, way 6 is
indicated by the tail entry as being the least recently used way in the relevant
set N. Assume, for example, that the microinstruction to be cache belongs to a
first thread (e.g., thread 0) in which way 6 would not be available to receive
the microinstruction on account of way 6 having been dedicated exclusively
to the storage of microinstructions for a second thread (e.g., thread 1).

Returning to Figure 13, following a negative determination at
decisions box 228, the LRU victim selection logic 184 proceeds to examine
entries within the LRU history 252 for the relevant set behind the tail entry to
identify a way that may receive the microinstruction for the relevant thread.
As indicated at block 230, the LRU victim selection logic 184 examines a
predetermined set M of tail entries (e.g., the three entries closest to the tail of
the LRU history 252 for the set) to locate a way, closest to the tail of the LRU
history, that is available to the relevant thread.
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then term nates at step 214. Figure 13 is a flow chart illustrating BB AUG 2004
exenpl ary nmethod 210, according to one enbodi nent, of partitioning a
resour cavoiply7ishe exenplary formof a menmory resource, Upihivdbiissy LRU

hi story associated with the relevant nenory resource. Figure I's a bl ock
diagramillustrating an exenplary LRU history 240 that nmay be utilized in
the performance of the nethod 210, the execution of which will be

described with reference to Figure 10. The nethod 210 comrences at bl ock

222 with the raceioahipld pidvited YR30 VR ALLTZER0 P LSRL Q1577

m croinstruction, and associated tag-iInformation, %l ection
| ogi ¢ 15URUAtistuirpdtr fdelevanetet identiib sayt3hwhiths natestielgheqR My
potentially be witten is identified (e.g., by a wite pointer). At block
226, havi %Smg*éﬁtaibpwédﬂfauiﬁl be pyiridahle to terebR2 Micoimtssitent fooa firktogi ¢ 184

exam nes }h U hi,story. for the relevant sef, Figure 14 izl ustrates the
LRU hi sto{rlgsﬁ ,'g'atmﬁﬁfim ap H’@(X%IHF?{ESH%W%QS}‘&F \Porfigngy theyrage ace cache
184, the tRHelgpstory 240 containing a LRU history for each set within the
data array 128. At decision box 228, the LRU victimselection |logic 184

determines  whEighae 18hBustedtes RoW the einrmgi fort/AN03 A RREEIH IR WA stYE hi n the
set, is available to a relevant thread (e.g., thread 0 or thread 1). As
ment i oned2biowdhe relevant sekdaprauey torthe dierdrf thebRY) Nisturgt 262y be avai | abl e

exclusively to,a .fi.rst .thread (e.qg.,.thread 0), ways 6 and 7 may be

avai | abl eaég?blpﬁgf @BW%@%@%@&&%BA"]J%#O@&HH@E?@} ,thecWX@’a'*&tl) and ways 2-5 may
be dynam galloinshadesd, mul tiple threads. Referencing the exenplary LRU
history for a set N, way 6 is indicated by the tail entry as being the

| east recent|yRefaningio the ldwe chetta@igure 13, at block 232, the victim entry
(i.e., the victim way) within the relevant set that is available to the relevant
thread is identified, and the microinstruction written to that way within the
set. The method 220 then ends at step 234.

Figure 15 is a block diagram illustrating further details regarding the
inputs to, and output from, the victim selection logic 184, The victim selection
logic 184, in one embodiment, comprises discrete logic components that
implement the methodology described above. In an alternative embodiment,
the victim selection logic 184 may execute code to implement the described
methodology. Specifically, the logic is shown to receive a 7-bit pending
multi-thread (PENDING_MT) signal 250, a 28-bit least recently used (LRU)
signal 252, a second thread status (NT1) signal 254 and a first thread status
(MTO0) signal 256 as inputs. The signal 250 indicates the way selected to
receive a micro-instruction of a current thread or further thread (other than a
thread currently being considered) by the selection logic 184 as indicated by
the selection logic 184 during a previous victim selection operation, or as
determined by further victim selection logic 154 associated with the further
thread. The signal 250 is utilized by the LRU victim selection logic 184 to
insure that the selection logic 184 does not "doubly select” the same way

between two threads, or that multiple LRU victim selection logics 184 do not
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set N. Assune, for exanple, that the mcroinstruction to be cache bﬁlo 0
toa first thread (e.g., thread 0) in which way 6 woul d not be avarl !

to receiwg o8y M croinstructi on on account of way 6 hav&,egn_ggﬁ Sfedi cated
exclusively to the storage of mcroinstructions for a secon read (e.qg.,

thread 1). Returning to Figure 13, follow ng a negative determ nation at
deci sions box 228, the LRU victimselection |logic 184 proceeds to exam ne
entries within the LRU history 252 for the relevant set behind the tail

entry to i f that receiyve omstructlonfor t he
rel ezant thggg%‘ S%ﬂge 8{{2‘%’ t}ﬁ{f@fij tﬁf ‘{_If\}l‘ﬁ vichio gelegieret i on | ogic
184 the th

o o ek 1 5 B on LG 5% ocarc

entries closSest to'the tail of st or

a way, cl osasas inditdted byithesigridd@50RU history, that is available to the
rel evant thread, 22 25 AUG 2004 WO 01/77820 PCT/US01/ 01577 In the exanple
provi ded in Fi &Eﬁeél@a %ﬂ@cﬁ@ﬁmgb’ irpene embogdiment imditdtes thédfalithapory for

th I nti.fies way .3 .whi t he schene described above,
vvoﬁl &ebivi{@%ﬁ%ﬁﬂ%ﬁ? 5?188*8%\?& ViR C}Héﬂt&t?gﬁ{‘dﬁlsrai 232 progdes the ead (e. g.,
thread O or t.he trace cache
62. Fi guz é@%?ﬁé??a{cggﬁﬁgglvey tt%gftormg’%wa@ &h%%s' Eﬂél LZ%% hi story
252 for t laad56dnditats &l the 1ogiNgacvhiehidiehs eadaaé aﬁéT%thUo{]éﬁc%%gZE’Z on

account of this way bein deS| gnated for storage of the rel evant
m cr oi nst MidkingnpraessarAlh gl heologhel 84 then ohdpatsia?-bitgaleetidR sigrial REOCk 232,

v | abl ¢ P08 THEYP 1 S el ey VARV ArPleanton to NeRiaR R nst r uct | on
e Lot LB TSR 220 IR G, 2P 250
cache 62. '
By implementing a pseudo-dynamic partitioning of a resource, such as
the trace cache 62, the present invention ensures that a certain predetermined
minimum threshold of the capacity of a resource is always reserved and
available for a particular thread within a multithreaded processor.
Nonetheless, by defining a “shared" portion that is accessible to both threads,
the present invention facilitates dynamic redistribution of a resource's
capacity between multiple threads according to the requirements of such
threads.
Further, the LRU victim selection methodology discussed above
enables hits to occur on ways allocated to a further thread, but simply
disallows the validation of such a hit, and forces the LRU victim selection
algorithm to select a further way, according to an LRU history, that is
available to a particular thread.
As mentioned above, the logic for implementing any one of the
methodologies discussed above may be implemented as discrete logic within
a functional unit, or may comprise a sequence of instructions (e.g., code) that
is executed within the processor to implement the method. The sequence of

instructions, it will be appreciated, may be stored on any medium from which
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inputs to, and output from the victimselection |ogic 184. The vicijmeEmm
selection logic 184, in one enbodi nent, conprises discrete |logic

conmpone i npl enent the net hodol ogy descri bed abo
alternaﬁ%égBZ%%%dinent, the victimselection logic 184 ¥§§“%§g€@f% code to
i npl enent the described nethodology. Specifically, the logic is shown to
receive a 7-bit pending nmulti-thread (PENDI NG MI) signal 250, a 28-bit

| east recently used (LRU) signal 252, a second thread status (NT1l) signa

254 and af.Lrst. th statys  (MIQ _si | 256 as inputs. The signal 250
i ndi cat es’t* ég&m}g§aé1§%§5f3§%c‘{ n. r%]\}l%sg?ﬁ}eéﬁg}q UMSUHBRY B8 f a current
thread or (ébi-Asle stdihsadndfliRele & han; 2 bei ng_consi der ed)
by the sel ecti on Isogig 184 ag@{en f%g%%gt%gtﬁﬁﬁ%‘?ggﬁ%ﬂoﬂb QUS4 during
a previ ouassocitednmath, ettihdadedeviakind protesasr (e RANAIAIA R¥sd Ur t her victim
selection | ogic 154 associated with the further” thread. The signal 250 is
utilized e (BAM)i eadhersemeries on tholjke). Yertotdingly) amyesuchahedinen

sel ection Jogi.g 184 does not "doubly,select" the sane way between two
t hr eads, 8#10‘%299 "r?ﬁr”f‘? 85 tROPYSES “é)éwé‘efter'éﬁaf%?g? cHedpmaadioay23 2 5 AUG

thi's ond, CEReaHed i a FRPCEO5 OF R8s b)S ART Bt dE it R a1 c ot

prevents icomiputen seteenit i ng the sanme way as indicated by the signal 250.
The signal 250 accordi nglg, in one enbodi ment, indicates the way that was
previ ousl y sel d&ued method iandiappawitiuis dot partitiviiisg gpabeddbar msoutdes the LRU

history 252 .for the.relevant set to,the logic 184. The status signals 254
and 256 | NOHER f-theeadsgiRrogessor Aave besn dersTibre eAlfhough the present or

executingj Wr&ﬂin’h% : j 4.then outputs a 7-bit
sel ection uéi gnal 260 eﬁg@gﬂpgﬁ&}ﬁﬁg}e@%hﬁ%%@? ﬁﬁer{‘ﬂg%'vay within a
rel evant eetbddimahts; it wilkbe avideol BvdtivagiousinsdifichdoREandl bhifsesiky cachi ng
purposes within the trace cache 62.
e made to these embodiments without departing from the broader spirit
scope of the invention. Accordingly, the specification and drawings are to be

regarded in an illustrative rather than a restrictive sense.
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By inplenmenting a pseudo-dynam c partitioning of a resource, such athéﬂgw
trace cache 62, the present invention ensures that a certain predeteér b
m ni nrum t hreshol d of the capacity of a resource is always reserved and
avail abl e for a particular thread within a nultithreaded processor.
Nonet hel ess, by defining a "shared" portion that is accessible to both
threads, the present invention facilitates dynamc redistribution of a
resource's capacity between nultiple threads according to the requirenents
of such threads. Further, the LRU victimsel ection nethodol ogy di scussed
above Wamabd dlaimedtis to occur on ways allocated to a further thread, but
sinply disallows the validation of such a hit, and forces the LRU victim

sel ection q[g%gthm%@gg;ect a further way, according to an LRU history,
that is available to a particular thread. As nmentioned above, the logic

for inpl Nt J: N ' ' iﬂﬁgﬁsed above may be

i npl enment cé@%@g?@%%gﬁﬁwzagg%ﬁg%?%ﬁ unit, or may conprise a
sequence of instructiogns (e.q., code) that, js execut i.thin the

pr ocessord%aﬁl%#%ﬁgpm’é’nr?gmiw FXE W@h’ct@a&fqu &ons, it will
be appreciated, may be stored on any nmedium fromwhich 24 2 5 AUG 2004 WO
01/ 77820 d36amidallyshdringra thirdiportion ofithe/ resdurce brtwesretba firs 9nd sseand| es of t hese
medi ums may be a renovable storage nmedium (e.g., a diskette, CD-ROM or a
menory head¢r ce associated with, or included within, a processor (e.g.,
Random Access Menory (RAM, cache nenories or the |like). Accordingly, any

such, U SR gnaFef QAR 13RS 68 Wk g AUPAoiGAEbe nE0) U
o ot bo SBO T Pedlarmed acsonding b rescuret demsands Of tnd PAPLHVE fird Bha Bidbhd ' 1 19 @
threads. '
3. The method of claim 1 wherein the resource comprises a memory resource
including first and second portions dedicated to the first and second threads respectively
and a third portion shared between the first and second threads, the method including:
identifying a first location within the memory resource as a candidate location to
receive an information item associated with the first thread;
determining whether the candidate location is within the first portion or the third
portion of the memory resource dedicated to the first thread;
if the candidate location is within the first portion or the third portion of the memory
resource, then storing the information associated with the first thread at the candidate
location; and
if the candidate location is within the second portion of the memory resource then

identifying a further location as being the candidate location.
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within a multi-threaded processor have been descri bed. Although the present
i nvention has been described with reference to specific exenplary 235 AUG 2004
enbodi ments, it will be evident that various nodifications and changes nmay
be made to these enbodi ments without departing fromthe broader spirit
scope of the invention. Accordingly, the specification and drawings are to

regarde %-'Eé'ﬁ fikd YR Wl Re- 25 2 5 AUG
2004 What g%@ﬁ%ﬁ&bgﬁ&@ﬁk}ﬁ %ﬁ%ﬁgﬁgﬁﬁg‘?cat?{ng a first portion
of a resource excl usivel irst .thread; dedicatin Oopd portion of
the reassRFlBlEvEIREMOLY 3| ?‘Eyméh%é@BW%F%taﬁmeﬁﬁgi‘“% éﬁﬂ%&@ﬁ&’ aring a
third portion of the resource between the first and second_ threads. 2. The
met hod finst thread, thelscobmst pirtion bempijssa aisecond avaydgdisated trethe iseqogd ead on of the
resource is perforned according to resource demands of the respective first

and segRdithe thid f&ion compribé Ahirt ddy@hared betwetn Wedirsti and séoond dsreadsce
conprises a nenory resource including first and second portions dedicated

to the @i tion shared
pet oo telsih pRAGGRERAA ERE R 16RRE 6k Enakig b fooid iR | D0, BUR O
first location within the t%ffourgﬁ_@as a candi da#%teeoca |on to

r ecei vadentfying a selacted way fd §é5‘f ALY f§ f SN WY Yet er mi ni ng
whet her the candidate |location is within the first portion or the third

por t i omeaivet the infernmtipnritesnansedatdd withdbefirst threade first thread; if the
candidate location is within the first portion or the third portion of the
Menory  resq)The metiiofldin /@héréin the{dentifidation of 8k aeledtcd aniwithid the fir st
thread at the candidate location; and if the candidate |ocation is within

the secptieAQktdsIhe ﬁindidaﬁ'e ﬂ&@%ﬁ&ﬂg%aymﬂmxem sé that! t her

| ocation as being the cand ate ocatlon

was least recently used.

6. The method of claim 5 wherein the identification of the selected way within the
selected set as the candidate way comprises identifying a way within the selected set that
was second-least recently used.

7. The method of claim 5 including examining a Least Recently Used (LRU)
history for the selected set to identify the way that was least recently used.

8. The method of claim 7 inclnding examining a set of entries within the LRU
history for the selected set, each entry within the set of entries indicating a respective way
within the selected set, wherein the set of entries is ordered in a sequence determined by
least recent usage of a respective way and the selection of the candidate way comprises
performing a sequential examination of the entries of the sct of entries to locate a least

recently used way that comprises either the first or the second way.
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26 2 5 AUG 2004 4. The nethod of claim3 wherein the nenory resource
conprise a N way set associative nmenory and wherein the first portibdhAUG 200
conprises a first way dedicated to the first thread, the second portion
conprises a second way dedicated to the second thread and the third
portion conprises a third way shared between the first and second threads,

wherein theg ?ﬁ?ﬂe&ﬂoﬂa&ﬂcﬁﬁnﬁqwﬁ&@iﬂﬁh&rﬁ&y'c@ﬁ@ﬁk&% tPave ChéheGRétabg2ad | ocation

conprises iden ying a selected way within a selected set of the nmenory
as a candi dat.e . t receive.the infordmtion.i : ociated with the
first t“ﬂ?%%%@%%ﬂﬁgﬂﬁftwla&?‘gwﬁﬁ&lﬁ%%ﬁd f%‘gﬁgi’%g?ﬁi fication of the
selected way within the selected set as the candidate way conprises

i dent i figicragnsirogtion of theifissttheade| ect set that was |east recently used. 6.

The met hod of claim5 wherein the identification of the selected way within

the sel ect ed), pefestiicé bomprisigl:dat e way conprises identifying a way within
the selected set that was second-least recently used. 7. The nethod of

e sel ected used, 7. The method of
Cer oot oa Sap ot AR RPuALAEEE by FTEAThL el M IBLCTY T

met hod of claim7 including exam ning a set of entries within the LRU
hi storytgf‘?ﬂ‘ﬁ POCESPact ed set, each entry within the set of entries
indicating a respective way w.thin the selected set, wherein the set of
entries i&sesondpediondedicaied fenilization by sisprondyread exesutingswithin thesage of a
respective way and the selection of the candi date way conprises performng
a sequemiitithreadedipraviesson amkl t he entries of the set of entries to |locate a

| east recently used way that conprises either the first or the second way.

27 25 AUGRQR SortiSHehdrBd B thefrstnisBohdWh@s®, N MENDI Y conpri ses a trace
; i

cache nenory, ‘an wherein the information item associated with the first

Lhr ead COMPT 7 Fosdiedd 8 Al i the IdSurkd cthpridd £l tnchifi 01 o
selection logic to identify a first location within the memory resource as a candidate
location to receive an information item associated with the first thread, to determine
whether the candidate location is within the first or third portions of the memory
resource, then to store the information associated the first thread at the candidate location
but, if candidate location is within the second portion of the memory resource, then to
identify a further location as being the candidate location.

12. The resource of claim 11 comprising a N way set associative memory and
within the first portion comprises a first way dedicated to the first thread, the second
portion comprises a second way dedicated to the second thread and the third portion
comprises a third way shared between the first and second threads.

13. The resource of claim 11 wherein the selection logic identifies a selected way

within a selected set of the memory as a candidate way to receive the information item
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a first portion dedicated to utilization by a first thread executing wthin
a nulti- threaded processor; a second portion dedicated to utilizatibh Aty 2t
second thread executing within the nulti-threaded processor; and a third
portion shared by the first and second threads. 11. The resource of claim
10 wherein the resource conprises a nenory including selection logic to
identify a first location within the nenory resource as a candi date

| ocation to, receive an info ion item associ ate th the first thread,
o det emponatoditit 108 Arst{Ereah Hahe RS S EaN SORpTses ﬂﬂ’ﬁ%ﬁ%ﬂe‘“ﬁ‘?é{‘&or third
portions of the nenory resource, then to store the information associ ated
the firstayt hread at the candidate |ocation but, if candidate |ocation is
wi thin the second portion of the nenory resource, then to identify a

further | ocatj4omh@fesh@teof éliien CRMAERA] e hﬂ@@iohcl?ic iRntifieea fuethewae of claim
11 conprising a N way set associative menory and wthin the first portion

conprises.,a f.irs Y. i cat i : : portion
conpri se‘gltt&n&ecs Le&%ﬁp%:é@gﬁg@; ?Soﬁlgﬁaegdé&eai%‘ﬁgﬂﬁg%ﬂé %ﬁéﬁts ﬁg&ﬁlﬁ rd portion
conprises a third wa sh%r&ed b?eéivf)een Letge first and second threads. 13. The
r esour celte aspeiated Pathfhe best thre sglected vay SgmPnserdhe F9PRA WaYsel ect ed way
within a selected set of the nenory as a candidate way to receive the

i nformat i on i t%Th2gespurse ACAai003 whesaim thetseldctivn logichdentifics thetshlected i f t he
sel ected way conprises either the first or the third way. 14. The resource

of cl ai Myt witART 1B Belbdted Sctlas tHel canidiifg inay b adentifying thd skletiel FayWaithin Wi t hi n
the selected set of the nenory as the candi date way to receive the

i nf or mat {h%r}ﬁlektts%mdﬁ%@nﬁgu‘ﬁﬁgaﬁ@?thﬂtﬁégel%:f%ﬂ if the selected way

conprises the secon esource o m 13 wherein the

sel ection | ogi dentifie he sel ect.e Mthin the sel ected set as the
candi dat e vvayllmed'éwsfﬁ 4@@@8?%5%90 qg?ﬁ'ﬂem’ceﬁrﬁ%?eﬁ‘gg? Bt as a
| ast recently used way within the selected set. 16. The resource of claim

14 wher evathithbe selpeted pesis cendjdate ivrarbiidensidying ther furthereyay/pmiphin the selected

set as a second-least recently used way within the selected set.

17. The resource of claim 15 wherein the selection logic examines a Least
Recently Used (LRU) history for the selected set to identify the way that was least
recently used.

18. The resource of claim 17 wherein the selection logic examines a set of entries
within the LRU history for the selected set, each entry w1th.1n the set of entries indicating
a respective way within the selected set, wherein the set of entries is ordered in a

sequence determined by least recent usage of a respective way and the selection of the
candidate way comprises performing a sequential examination of the entries of the set of
entries to locate a least recently used way that comprises either the first or the second

way.
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within the selected set a candidate way by identifying the further wa
within the selected set as a second-least recently used way within zt%éUﬁ 2004
selected set. 17. The resource of claim 15 wherein the selection |logic

exam nes a Least Recently Used (LRU) history for the selected set to
identify the way that was | east recently used, 18. The resource of claim
17 wherein the selection logic examnes a set of entries wthin the LRU

hi story for sel ect ed t. h_ent.r 1.5 hi . set ries

i ndi cati ng igr 8%%&%%?%%3Tmy?%é&tcgﬂ%p§¥u§% agg 8i§ér?lltet he set of
entries is ordered in a sequence determ ned by | east recent usage of a

r espect mesnomgayandwherdie thednfoemptien ivm especiated vathdhe Brshiiread fOBMNSES2 per f or ni ng
a sequential exam nation of the entries of the set of entries to |locate a
| east r egemidsyructiacofwhy fitshtireadonpri ses either the first or the second way.
29 25 AURXR2004 19. The resource of claim 17 wherein the nmenory conprising a

trace cache uE80LN; cWighs the information item associated with the
first thread cbnpr?ﬁsogggé m'cro?nstructi on of the first thread. 20.

Sel ection logic incl.yding. figtst ans .for_identifyin i tion
within a M@WE@H@%@?‘“&&%& ‘8?%‘8“37‘@@“ ﬁm%oh f%ﬁ?%gﬁggg{agérdo@ﬁ or, as a
candidate | ocation to receive an information jtem, associated with a first
t hread; rawéi-tbesadertpraeesser, avt candidate loratioq 1 FRSEiYE an infermealiogii¥ e | ocation is
within a second portion of the nmenory resource dedicated to the second

t hr ead; asbeimedwithfa fAritdhreadidindat e | ocation is within the second portion of
the nmenory resource dedicated to second thread, the first neans for

identifyingcand mehliGhr dR6atihidg whektidr theldafdid e Totatiod RSPk @ sésonihe candi dat e
| ocation, and wherein the nmenory resource conprises an N way set

associ atj v r i ] | L onprises a first way
dedi cat ﬁ@%ﬁﬁ@‘“#ﬁ@‘ﬁyﬁﬁ{e‘%&@%g‘%E‘{:@%é&%@??@g‘%&pomi ses a second way
Jo ot e e ir e o dake peaor 18 withih the Second portion o the Mbmory resoarce ' & "2

dedicated to second thread, the first means for identifying a further location within the
memory resource as the candidate location, and wherein the memeory resource comprises
an N way set associative memory and wherein the first portion comprises a first way
dedicated to the first thread, the second portion comprises a second way dedicated to the
second thread and the third portion comprises a third way shared between the first and
second threads, and wherein the first means is for identifying a selected way within a
selected set of the memory as a candidate way to receive information not associated with
the first way.
21. A method including:
defining a memory resource, associated with a multi-threaded processor, to include
first and second portions dedicated to the first and second threads respectively and a third

portion shared between the first and second threads;
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second threads, and wherein the first neans is for identifying a sel ected
way within a selected set of the nenory as a candi date way to receipVeAys 2004
information not associated with the first way. 21. A nethod i ncl uding:
defining a nmenory resource, associated with a multi-threaded processor, to
include first and second portions dedicated to the first and second
threads respectively and a third portion shared between the first and

second threads; 30 2 5 AUG 2004 for an _information ite ,assoctj ated with the
first thrdamsn infommahomiemn assostatsdywigl the Szt thregds seapining ARistopOkledshs ¢ o
identify either the first portion or the third portion as being a |east
recent | Yedsfitgluft@rporhsay adentiby eithenth fiestiportivin dr thesthitd partibnsis beingg t he
information 1temw thin the | east recently used portion. 22. The nethod of

claim?2 i i t1 i a, ciated with the first
]t?af‘%/gl%ggrggfnlﬁgg goftf&ﬁ av Rt B thO frst thedhd SR

t hr ead, rtion 1s excluded fromthe identification as the |east
recently used portion on.account of, bei | to the second thread.
23. The netHHis! Fl@?ﬁ?ﬁﬂ%&%ﬂﬁﬁ&‘ﬁﬂeﬁfgwg&@@%&e conprises a N way
set associative cache nenory and wherein the first, second and ttﬂi rd
portions conpd2 Thamethodsfstaim2d whereip, fox thednioraaion ifem assqeigted with therp o

nmet hod of claim 23 wherein the exam nation of the history of |east

r ecent | yfirssheeadotht isesvndipostionde excudedi fromm theddéntidic ationeasahe legstuecetitihi st ory for
a selected set of the set associative cache nenory. 25. The nethod of

cl ai m 21, 4h@6RI0A do R co ik BELARPREH AR thS Sodd thieude cache menory, and
wherein the'information item associated with the first thread conprises a

m cr oi nst ruct f j . r.- I [
Storing a seqtirts g bt O R 8 i VRULR LEBHRRAN VST
causes the processor to performthe, steps of .dedicajing a first. portion of
a resour d¥OERYe LachemeEmopy é““‘OW ereinthe Brsh secpnd;ap fh‘&if“&gg@c@mﬂﬁ@gti on of
the resource exclusively to a second thread; and

respective first, second and third ways.

24. The method of claim 23 wherein the examination of the history of least
recently used portions includes examining a least recently used history for a selected set
of the set associative cache memory.

25. The method of claim 21 wherein the cache memory comprises a trace cache
memory, and wherein the information item associated with the first thread comprises a
microinstruction of the first thread.

26. A computer-readable medium storing a sequence of instructions that, when
executed within a processor, causes the processor to perform the steps of:

dedicating a first portion of a resource exclusively to a first thread,
dedicating a second portion of the resource exclusively to a second thread; and
dynamically sharing a third portion of the resource between the first and second

threads.
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dynam cally sharing a third portion of the resource between the first and
second threads. 31 2 5 AUG 2004 27. The conputer readabl e nedi um of 7§l g0t
26 wherein the dynam c sharing of the third portion of the resources is

performed according to resource demands of the respective first and second
t hreads. 32

27. The computer readable medium of claim 26 wherein the dynamic sharing of
the third portion of the resources is performed according to resource demands of the

respective first and second threads.
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