WO 01/ 77820 PCT/ US01/ 01577 METHOD AND APPARATUS FOR PARTI TI ONI NG A
RESOURCE BETWEEN MULTI PLE THREADS W THIN A MJULTI - THREADED PROCESSOR FI ELD
OF THE | NxEMTTBM The present invention relates generally porwke/dissl d of
mul ti-threaded processors and, nore specifically, to a nmethod and
apparatus for partitioning a processor resource within a nulti-threaded
processor. BACKGROUND OF THE | NVENTI ON Mul ti -t hreaded processor design has
recently been considered as an increasingly attractive option for

i ncreasing the performance of processors. Miltithreading within a
processor, MEEHQDIANDhASVARATUSFQ8 BARTITIONINGrA RESOURGEBETWEEN

utilization of varj r.re jcularly faor nore
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Specifically, by feeding nmultiple threads to the execution logic 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 may be utilized to
service another thread. A stall in the processing of a particular thread
may resul t FHA®D OHTHFINVENTIONr rences within a processor pipeline. For
exanple, a cache_mss or a branch msspredjctiaon (i.e., a. lang-I|atency
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| ong-| at ency operations on executl ogic effici stexacerbdat ed by
the recent hpebersesrdsoutesithircnmdgitbreddedop@epssort hat have outstri pped
advances in nenory access and retrieval rates. Milti-threaded conputer
applications are al so becom ng increasingly common in view of the support
provi ded to td A | q | ions by a nunber of popul ar
operating s , @and 1

Multi-threaded processor design has recently been considered as an

increasingly attractive option for increasing the performance of processors.
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. Specifically, by
feeding multiple threads to the execution logic of a processor, clock cycles
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 outstripped 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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WO 01/77820 PCT/ US01/ 01577 Unix operating systens. Multi-threaded conputer
applications are particularly efficient in the nmulti-nmedia arena.
Mul ti -t hveadedspr ocessors nmay broadly be cl assified into p@DUS@AISTOr i €S
(i.e., fine or coarse designs) according to the thread interleaving or
swi tching schene enpl oyed within the rel evant processor. Fine nulti-
t hreaded designs support multiple active threads within a processor and
typically interleave two different threads on a cycl e-by-cycle basis.
Coarse nmnulti-threaded designs typically interleave the instructions of
di fferent Wnixeppsabng sydense iMpbhtweaded spmpudsrpnpiicaieys akfent, such as a
cache mss._ A. cloallrseff.n‘ul gi -%{weaﬂe_d %ﬁSi ?n i s discussed in Eickemayer, R ;
Johnson, R_Eargf:u akyy e LS O SN AT €KY eaded  Uni processors for
Commer ci al Appl i 9@}l 9RrealBY I JTBEERBESMay DR6adlF 1k AMaUald ind Bwvpat i onal
Synposi um on Conputer Archi‘tecture, p%. 2032212, May 1996. The
di sti ncti onstégirvesdie | fine oandaseatesignsilasiogdmgaoehe dinteadrinthrkauigeer i n
Laudon, J; Gupta, A, " Architectural and |nplenentation Tradeoffs in the
Desi gn of MWi¢pns schemesmppped ¥adis the relgyantprosesselt Ehmgpmuat-

T
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1994. LaUdwlpiééglxlﬁferwa‘}@Qﬁz%sdi%réﬂttﬁféa‘%ﬁ\ﬂr{‘élcyéﬁjb‘?'?ycllé@ésﬁ Qdirses the

cycl e-by-c tching of a fine design with the ull pipeline
i nterl ocks wiultkrthraded disigngriypumallplivekiedve theimsjructions bf difemeht Laudon

proposes a "back off" instructiqgn that kes a specific thread (or

cont ext) unBV¥&IdseN e efcuaTese PORICIGREIRIEBEY EV%II‘teél.ld’s%Pc%C%F?‘eHé’éR- 6 f"
instruction I S pan. . ' vegnts, such
as a cache ?ﬁ%g%e. Rﬁlrllhft E#%(a\%gyc?&tébuﬁo(ﬁg%glé%g}? ﬁhc{?flgﬁ%&?gq%é Oﬁlrg §ﬁq’a1§" gﬂgt ual

thread swi tglh "ByaBiatlhofMiitibr&RdOnipgiecéoraes ConaatdiabA pplidhrire
resource sharing is inplenented within a nulti-threaded processor (i.e.,
there is |iHhhviednments), HogP3rchAnonabintermnadionahS ,

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. Iannuci 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 share
resources between the threads. 2 WO 01/ 77820 PCT/USO1/ 01577 BRI EF

DESCRI PTMA@I0OF8THE DRAW NGS The present invention is ill uBCT/asediby way of
exanple and not Iimted in the figures of the acconpanying draw ngs, in
which i ke references indicate simlar elements and in which: Figure 1 is
a block diagramillustrating an exenplary pipeline of a processor within
whi ch the present invention nay be inplenmented. Figure 2 is a block

diagrami | B@‘SF@ES@H@'H@K?%?H% gﬂ%%ﬁ@@@t of a processor, in the form

of a general-pur rocessor, within which the
present inventi Qhe faysede invertloie Al @stratbd B Way of Sxampleosid fbagnary
illustrating sel ected conponents of an exénplary nulti-threaded
ni cr opr oce#sBie figings op the ddcompanydepideawingsam whech like tdfereakedinidicats hat
rovide a bufferin or storage) capability as being logically partitioned
ltoo accommo Larrﬁ!ﬁ’gf’é’fsea ‘é(g.l‘gh‘ Figure 4 is a block di agram showi ng
further details regarding various conponents of an exenplary trace
delivery engine (TDE). Figure 5 is a block diagramillustrating further
architectural deigired ioh blatk axeimmdllystrhang abasbmplaly pipdfihebea Fi gure 6 is
a block diagramillustrating further architéctural "detaifs of an exenplary
trace cache (TCprogpgurwithin whicththegrrea¢ntgnuemtion ostyrtzt inplefnenttédbr
structural details of an exenplary trace cache (TC) 3 WD 01/ 77820
PCT/ USO1/ 01577

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 diagram 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)



Figure 8 is a block diagramillustrating various inputs and outputs of
exenpl ary thread selection logic. Figure 9 is a block diagramillustrating

t hree exav@barm2conponents of exenplary thread sel ecti onPCDURE/i1877t he form
of a thread selection state mnmachine, and a counter and conparator for a
second thread. Figure 10 is a state diagramillustrati ng exenpl ary
operation of an exenplary thread selection state machine. Figure 11 is a
bl ock diagramillustrating architectural details of an exenplary

enbodi ment. of vERAr@8SELasédionidedsinGilubiratii g viRols i AN Yitphts of
illustrating an exenglearg met hod of partitroning a nenory resource, such
peeyd

as for exanpl e ax¢m rsfad, selagtibhilogi@. nul ti -t hreaded processor. Figure 13
is aflowchart illustrating an exenplary nethod of partitioning a
resource, in the exenplary formof a nenory resource, utilizing a Least

Recently Used ( J : | at. Lth the releyant nenory resource.
Figure 14 is a E%)acrlgIydl?gg%%%??%%%ﬁ@ﬁ?%@“%#%@@ %Fg}p;arlyl;g@npﬁ%%ﬁ/o dat a
structure. Fi guegerhpldr tﬁré&ﬁ%l&ecﬁbﬁ%é@ih'tﬁé‘%ﬁﬁbfE!ghxfe'dﬁtsgf‘erctigﬁ%?dté.S
pertaining to inputs to, and outputs from exenplary victimselection

| ogi c. 4 WD 01/ negbhinepand ESourddsatl cREpAtdteEDfddESERbRAIthad. net hod and
apparatus for partitioning a processor resource within a multi-threaded
processor are described. In the follow ng description, for purposes of

expl anati on, nu?%tgjiéilgsig?%itt;#%%%r Sgtmlﬁlsﬁra%n & e;n%{l%pyv\ﬁi)ﬁﬁrgﬁgrel%géﬁdepr ovide a

t hor ough unders I"Aventei on. nt,
however, to Oneesé@hblagslthf’eaﬁf’@l@lﬁbntgﬂ%rﬁﬁ@\iﬂé_esent i nvention nmay be

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 associated 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.



practiced without these specific details. For the purposes of the present
specification, the term”event” shall be taken to include any event,

i nternal vooopxmernal to a processor, that causes a changBCDUSOMLISTT upti on
to the servicing of an instruction stream (nmacro- or mnmicro-instruction)
within a processor. Accordingly, the term”event" shall be taken to
include, but not limted to, branch instructions, exceptions and
interrupts that nay be generated within or outside the processor. For the

pur poses obgiagr PASESERIPERH{ cation, the term "processor” shall be taken
to refer to any rrg?ﬁl %ée:' that s capable of executing a sequence of

i nstructions (eAgnethuoeCirat apparated for ipasti fivkeinigeNsocesstd redtirke WethiRken to
include, but not be limted to, general purpose m croprocessors, special
purpose nindEphisaded precesgprmpre describedr b ther folloanidg deempﬁltntm, lfer s,

mul ti-medi contrpllers and mcrocontrallers.. Further, the term _

" processo rﬁurﬁﬁ)éﬁ O%@(Iﬁgﬂ%tﬁon’trﬁlm%rfoéﬂs spgcilic ﬁ{ezarﬂsaﬁrﬁ et ff@éﬂb‘%@(dﬂ;gq r uc{/ i on
Set Comput ; d'”%‘éj” j CoaRGS ST RISC), or Very
Long Instrlﬁioﬁl(g%\?ﬁ%rg%u Sr?r&lgzrgégg{rﬂse%ﬁggttlﬁg purlg_o@é'\'glﬁo t he pr esent
speci f i cat évdident, hewtesem toroeeaikiitel irsthaldrt tHae th@E@é%eh@iﬂv@ﬁh@ﬁ@n@;ﬂMe unit,
conponent or nodul e of a processor, and shall e taken to incl'ude, but not
be |init edPiasticed wathony thesesipeeidic detailocessing  resource, a buffering

resource, a co heations reseurce or bus. g. seguencipng resource or a
translating r e%& g.pqorpﬁf?soﬂf/st ?Qf@seﬁﬁfﬁ%@a"ﬂ‘i;ﬁe ?%Fbé’g@%ﬁ?‘?h line
Figure 1 igkénh aih@yghykegk iﬂeﬁgaﬂ%ﬁneh&érﬂﬁ {oﬁbﬁ%e%r?l?ﬁ%@éﬂ a_. .
enbodi ment of processor %I peline 10 within Ich*the present 1nvention may
be i nmpl enechtamge ofhinteprygstiome @ dencicimbesf an imsfﬁefioﬁfstrphﬁﬁ(xﬁéc?geé‘n

[ ' f [ tage 12 at which _ instructions (e.g.,
commenc ngn%rtonngtrucettign vPrllt engprgcessor. Accordingly, the term "event" sha?l be

taken to include, but not limited to, branch instructions, 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, special 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 Set 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 translating resource.



macroi nstructions) are retrieved and fed into the pipeline 10. For exanple,
a macroinstruction may be retrieved froma cache menmory that is integral
with thevepoesssor, or closely associated therewith, or PepUB@/&1T i eved
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 execution within the processor. The _

m croinstructions are then pr opag%&gs&qgg%ﬁﬁ@am to an allocate pipe stage
16, where processor resources are allocat To the various

m croi nstruct i oRiguraddsadiigiy-léwel dlaik dibjtarh yllastehtigesn eXé@plary .

m croinstructiqons are then executed at an execute stage 18 before being

retired, ofMPRAImeRNCkRIacessEE pipelinedkivithiywhich tie prresenttiovention mg?t e%( at
aretire pj age ,2Q. cropr.ocessor, Architecture Figure 2 is a bloc

di agram i ﬂ)ggpﬁ ;e[rxlq?{gegh t&%ﬁﬁﬁ%%ﬁ@ﬁ%%iﬂﬁ%ﬁpuafb% O%MBgé%S?' 30, in the
formof a gaAs{edci feRiE SES B wikdH k he present _

i nvention may bezkiI %I errentéeﬂc:i. f)%}rgesquegceésvgr %Ohlgtgwgelg}élsrg d_ bel ow as bei ng
a mul ti - t hmeadsdsiftitjons) ace setoievedaddifed actoahdiphgélineatl). eForséxauglaneousl y to
process multiple instruction threads (or contexts). However, a nunber of

t he t eachi HESTYRBFHEERN HRAYONE Fairieyed %rgétaf:a@leﬁmmqwhahi@tin@gﬁaﬂjwﬁ;h tg 3
lti-th find apphication in a si e threade
glrJ oclesso; ?ﬁf&ﬁﬁggé%)%gi%f%%eﬁgg %%l}/a%%(%p}er thp_f”é@@s}"snl&? refpjeved BAPri se an
Intel Archéttegidl rRaitl ALmiBr§FaPE PE6&ESr BlatFrbsh ﬁ@@?&kﬁp%% sltzf‘gégfz,’%ﬁ% the

Intel Architecture instruction Set. An exanple of sucl _
01/ 77820 POURCUSOSr0UETTS avermbphgatedite andexodppopestage ldswhieee Pentium Pro (r)

i h Pent i 1l (r) mcroprocessor nmanufactured by |Intel
go(r: Lgf;g IC gﬁlsag{foiggg{lgt%@ %qeé?:gr&qtfe@ éxgtm) mpicroinstructions (also termed Y

“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 teaéhings 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 (IA) microprocessor that is capable of

executing the Intel Architecture instruction set. An example of such an Intel
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The processor 30 conprises an in-order front end and an out-of-order back
end. The in-order front end includes a bus interface unit 32, which

functi onsv@s1/t18e0 conduit between the processor 30 and ot hpeT@wSmpUIsENt S
(e.g., main nenory) of a conputer systemw thin which the processor 30 may
be enployed. To this end, the bus interface unit 32 couples the processor
30 to a processor bus (not shown) via which data and control information
may be received at and propagated fromthe processor 30. The bus interface

unit 32 | AR ot A8 Ss (HeTRinth 50 8 i BRIor6BLE CbSthe

comuni cati ons over the ™ processor bus. The bus I ace unit 32 further
i ncl udes aPénisumuHU® ndiGrdpratcesspr awirdesctardiliby Enieh §ok poeitioprof\@ahla r espect to
comuni cations over the processor bus. The bus interface unit 32 is shown
to recei veqﬁﬁérc;@éfeé@?s 38 from and to send snoops or bus returns 40 to,

a nenory executdon unit 42 . that .provides l.ocal no capapility within
the processor 3 .eﬁﬁ%ceﬁ%%éoycor%&ré%?ﬁrblﬁk?ﬁﬂaef ﬁﬂﬂieﬁ@am%n QuEﬂF Pf%ecf/data and
i nstruct i opakashe Tife irfloftRlrdrontlediiSinetidRs JRRKAR AR BHfif 83 WililB) 46, and
menory ordering buffer 48. The nenory execution unit 42 receives

i nstruct i ofuricéibohas depuestduibbetivesm thamdocated 3Basd baveri BtPoHENto (t5g.52

(i.e., coded nmacroinstructions) to, a mcroinstruction translation engine
54 that t &84 BEEROLY)Of ACOBIRIKET SYR@NV By whishothe precessar 80 masshpndi ng set

of mcroin i 0 1.6 0] N tion.tfAansl ati @n engi ne
ef fect i vIeI ?fﬁlg ;l’)bgrela' 2@0 tah:s{g gnglt t?lgé‘oglsilééeﬁfe;ace Fﬁnétséﬁ%%weig? tgi1ei R{Ogﬁ&dspr gﬁ QBer at es
to del i verprocessirMus(H6t 1S n) Piadvhichal®a 6AERBNED] iffol RSB Sy Bé a trace

cache m ss. To this end, the mcroinstruction translation endgi ne 54
functi ons teseiyedwitdadipropaghied faonh thedgrodessor §& Thabes itt2rfaoeluii4 32n t he

Shown ©o_ |18 IEORERIAR % (BFloshe Shdhahonticle PbgTcHiPIAmer Gae 1 on
Transl ati og, 4 RKAHAE THY R infelkok P32 &r?hé@ngﬁ{dézg%%s%%ug%%gg 77
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
Translation 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



branch predictor 104, an instruction stream ng buffer 106, an instruction
pre- decoder 108, instruction steering logic 110, an instruction decoder
112, andveoobrmech address cal cul ator 114. The next i nstrBRCT/USOL/@ESTNt er
100, TLB 102, branch predictor 104 and instruction stream ng buffer 106
toget her constitute a branch prediction unit (BPU 99. The instruction
decoder 112 and branch address cal culator 114 together conprise an
instruction translate (I X) unit 113. The next instruction pointer 100

| ssues nexbrifisi 5leedion10£ e Sutior E&@ealﬂﬁ{sg wﬁeﬁﬁ%bﬁ\j‘n%trdlecgowﬁe.exeml ary

enbodi ment where the processor 30 conprises’  a nulti-threa

ni cr opr oceslsovdardfi@birstofctipnsee@ssigiogiati0, thieatdttionhdecodst 117 shauct i on

poi nt er 10g %Iqr;ﬁ‘l ude a nul tiplexer (MJX) (not shown) that selects

bet ween i nFELIHH eporentoradde dihgmext istrcsionainter 80 Tk&10%r second
thread forinchusiaon within the next instruction.r st ,issued therefrom
I n one enbgg‘?n rr%1 n;?r,e%.gcﬁgr %Q%(?m? H%Sttmféltolnosﬁre&&uﬁg@ﬂ%gaaﬁqgeth?qﬁoé}spgg@e next

i nstructi og yreAetept&diébn LR (BPUSboa i @gﬁﬁﬁ by-cycl e
("pi ng pong" )r bas?s, 1assI:LJrri ng( i@??u%egﬁ@%}%%t tﬁ?gggﬁﬁg%rgch been

request ed, adddessrmstaulatdr did sigetizem coonpifed & irkBuctienattrsige {100) upet hi3of t he
t hreads have not_been exhausted. The next instruction pointer requests nmay
be for either 16lhepeyingrueienpoimsereli)isgasmexhistiaictionaeguests td theequest

L
M55 T oquSSt Therna LRG. I ghast hr B e ER oh eI et he. nex
i nst ruct i othyeedattbe negOinsaetioapdintst 108 maninchgless multiplekee(MuiX)i ed cache
he 1SR B R SR Sl e oo S "
It O e SR Ry MRS
toget her wigshet hRer@éfod. 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, assuming 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



1. The "request identifier" supplied by the next instruction pointer 8 WO
01/ 77820 PCT/US01/ 01577 100; 2. A three-bit "chunk identifier"” that

i dentifi asovhersehunk returned; and 3. A "thread identifiRCT/UBMALSTT _
identifies the thread to which the returned data belongs. Next instruction
requests are propagated fromthe next instruction 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 correspondpfg necroinstruction to the instruction streamng

buf fer 106. Each next instruction request is also propagated directly from

the next instru@tionApthirae-bit "thOnk dddritifidrh shatudenwflestheetinkgettbder 106
so as to allow the instruction stream ng buffer 106 to identify the thread
to which a nacroinst AB€tion recei ved fromthe un| fied cache 44 bel ongs.

Th i nst t f e then issued
fromthe i nat rugt i on st PR RsAheF ShalslriEee e Iriesd (orlifh B, decoder
108, which perforns @eﬁlllﬂ@&aagbélgﬁ%h cal cuI aftl on and byte nmarking
operations with respect to a received instruction stream (of

macr oi nst ruct i oMxt iBpEwitioncgligsts bheprosigated from fendeinsinictid8 gener at es
a series of byte marking vectors that serve, inter cilia, to denmarcate

macr oi nst r REIRMERS0NQ meﬁnﬁtﬁ'écql%FLﬁéﬁ)?oWhﬂhE@@W@Qﬁgdﬁé@sﬂwkm
TS8O OB WA IR 40 IS BB B S 10T,
the i nstr ueinifed Qe&‘h@@rdelﬂv%rsf QEorrE%rﬂﬁﬁg ®ESGoftfstREBHItBIhe instruction | ol ¢
Macroi nstructions are al so propagated fromthe instruction steering |og
110 to t he stheamihg hdéfer366. ciddunext ansthictidrorequiest is also propagated

directly from the next instruction pointer 100 to the instruction 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 decoding, flow markers are associated with each

microinstruction. A flow marker indicates a characteristic of the associated
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pur poses of branch address cal culation. Mcroinstructions are then _
delivered fromthe instruction decoder 112 to the trace delivery engi ne
60. Duri mgodetmsad ng, flow markers are associ ated with eachCT/US01/01577

m croinstruction. A flow marker indicates a characteristic of the
associated 9 WO 01/77820 PCT/US01/01577 mcroinstruction and may, for
exanpl e, indicate the associated mcroinstruction as being the first or
| ast m croinstruction in a mcrocode sequence representing a

macr oi nst rHﬁéﬂo%tru%nfdrgié‘fgﬁzf Kﬁre%ahg?é}iﬂﬁic%te tHeegkonhpg of

macr oi nstruction” (BOV n "end macr ol nstruction”™ (EOM flow

mar kers.  Actoothstgidtiont dsebepng srentirsit oy &t intinroihfieuckeeotes nlididcodmy f urt her
decode the mcroinstructions to have shared resource (multiprocessor)

( SHRVP) f | SRAUSREK EFRrespTding f BMcepinsticeen.( Shrdpw nowkersdnklads aassoci at ed

h i th. . i.ficall har.ed. irce fl ker .identifies a
i or of nst 7 (Rer o e St sl RIRBGN; [P B84 BHLOY FRroiRF S ch e
thread may(HEM)TRE K. (@cc@rdmrg%%h@?é@é&ﬁEémﬁ%ggfgg}h%%&de?%§2 negative

consequences than el sewhere in the thre T I'n an exenpl ary
enbodi ment mefy fubihepdesede thenwmambirstructions embave shi@ddtresomik

m croi nstructjons that comprise the end or the beginning of a parent
macr oi nst r G’Etlitﬁoﬁﬁ’stsﬁr)dsbﬁﬂgg Hpwsmarkers angwgymghrarizations M@bEDWat i on

fl ow markef,_ i tifie 1 CLOLNSEL UGE | as,a lpcation wthin,.a particul ar
thread at %a}rggﬂtaﬁge&?%re gatgk%a;} %kgeégécﬁ%ﬁ% A !azsgﬁ_r TSt W_nﬁfrkgﬁd

responsi veidediffed b r¥2ORIsBucBoS ¥ N6 QR AN h BakfMThE &{}emabwgu&he ot her
thread. Fromthe microinstruction translation engine 54, decode _

i nstruct i othe theacemayrbecindémepredciei ps)started ve pauted )awithdess rghtiver y engi ne

60. The trace delive engi ne 60 includes the trace cache 62, a trace
branch pr eS"i’IbgleﬂPe’%@Pég‘Xn g&%wg\eﬁqz 1 eaéiq%%é@@%’ﬁ HdAdnameenplate (uop)

queue 68. INGOHIAEA: 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 éaching function within the processor pipeline,
the trace delivery engine 60, and specifically the trace cache 62, allows
translation work done by the microinstruction translation enéine 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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delivery engine 60 functions as a mcroinstruction cache, and is the
primary source of mcroinstructions for a downstream execution unit 70. By
provi di ngv@on?me®i nstructi on caching function within the PeDUS&SIZILT7

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 |everaged to provide an increased m croinstruction

bandwi dth. I n one exenplary enbodiment, the trace cache 62 nay conprise a

256 set, 8awayifemdioP Dhé i8R OrRET/HIRL Pdeh! ex@xﬁﬁﬁa&&%ﬁ?}ﬁ%ﬁ{' The

term"trace", in the present exenplary enbodi nent, efer to d sequence
of m croi ngpayrefenitsa sequearde wif nhicroiestrudtesnsaftotedewithicentrieg o ehbizaceach
entry incl udi inters to precedi r}& and proceedi ng m croinstructions

conpri si ng C’E“H&%ﬁ%@ 1 e YRflediag porrfersitp sreceding ang profeading t at es
hi gh- perf or, : J i L0 t h ddr.ess of, t he ne entr to be
alcgesged féﬁﬁ gtﬁgs%ﬁg%ﬁg%%&gﬁ%%‘lg;}?}ﬁit%rﬁfga?% gé\fﬁ.}'eﬁ}tle ﬁiaﬁ‘?é(cﬁ?@t uc%/i on is

known_bef orfgciftatel hight pédoeiandeseqBRkAL o (TAAREAIARSRE iié Auibdsy bl ocks”
of instructions that are distingui'shed fromone another by trace heads, and

are term nde be aggresaed fenthetmmpogesof dhidinieg b shbsewpiens mibsoingagdtiorgisone of
many present thr s%ol d conditions, such as the nunber of conditioned

branches t FRECYR)CIOEE & CHERGR Astess s Gorap et gl iaces maw bsrviewedmsxblagks” nurber

of total mr ARG oSl ek AN, CPHBHL B8 2L AE Ry ThE rage cache

branch prediction unit provi ocal  branc ining to

traces wit hiratdrhinhtedic@psiteheoiderihh antinaitctanaheh @2bz'i@aéﬂ?ﬁ oﬂ%%TOCOde
sequencer 66 provide microinstructions to the mcrocode queue 68, from

wher e t he mMapopresentitresieldacaditiens, sech apthemuwunbendf cmditiormedccut i on

cluster. The m.crocode sequencer 66 fyrtherngre includes a nunber of event
handl er s er]%%%‘fkbea?ﬁﬁt WX%%@&&W‘P&Q??%P@HQF tEACR OFHes MBKIBPEY at i ons

wi thin' the REAGESHAbEAMIcRinSAORSS Hat bl QSAUALERERL! an event such as

an
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,
Icomprising the bus interface unit 32, the memory execution unit 42, the
microinstruction translation ehgine 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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exception or an interrupt. The event handlers 67 are invoked by an event
detector (not shown) included within a register renanmer 74 in the back end
of the pvooesmsor 30. The processor 30 may be viewed as hp@T/HGO1ANSTN- or der
front-end, conprising the bus interface unit 32, the nenory execution unit
42, the mcroinstruction translation engine 54 and the trace delivery

engi ne 60, and an out-of-order back-end that will be described in detail
bel ow. M croinstructions dispatched fromthe m crocode queue 68 are

recei ved i glidifleot mefucbdlet 6F HskBfarich GRABAL ShAthrSERFGUlE, (2. the

regi ster renaner 74, an allocator 76, a re a replay

queue 80. Fhe didpath BiitrBTRABURICHsUSD e LKA bistHeaseteliod Anitol udes a set of
reservation stations, and operates to schedul'e and dispatch

ni cr oi nst r iRE1F A seHasReledeperiPTNRS Byegisteraraamingfunehion woh r@pect foegi st er

renaner 74 forns ar ster renan ng f tion with. respect to . hidden
i nt eger anaﬁﬁe&hﬁt‘?ﬁfrﬁ& o3t g?]@&e%"gﬁééjﬁﬁﬁ{/mﬁé(\gﬁwlizfégni a9 Qfce of any
PN ¢ _ Lot e _ i na- ooi nt
gl orer sty OF R SEhb R RASP P IR BERIAS oy U e G AORUbE MY PO o1

set). Theregiblecstwaieré@ mpeessbe 30 erealtbotial Rrt¢losetiteesr@instiRtioNgeyt i on
unit 70 and the <cluster 71 to mcroinstructions according to availability
and need. ilhe@flecateydhrperries fnallgdate resetirees b tihe execationavit Fashe the
process a nj.croifstructi.on .he allogator 76.is..respgnsi gl e for asserting
a stall si gir%‘ﬁ?efﬁ,st"trﬂﬁoﬁf‘éfrﬁféB%ﬁ%?CQHSIQ%@cﬂYQ‘Haﬁﬂ’éYﬁﬁaaé’—e e&‘i‘\ﬂé?y engi ne 60
to the ni CeobiisihhbaisuPicibhRsbadideoare SN SNANG ﬁﬁg

M croi nstructions, whi cﬁ have had tf]eei r source r(fﬁiésél ds a(?j%sst ‘e 0619 t he

regi ster rémaaktocater, 7Gisaespacdieifor asseetimgle stdidigeal 823that is ptdpagatddl ogr am
order. Wen m cr o] nstruccﬁeigons wthin the reorder buffer 78 have conpl et ed
execut i on pdage delivereengisgdnito the sycpinstypriion trapsletéen f r om t he

reorder bubfeinedHZ,s SvheRS8Y MidERBAREP AI8LS Rave 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.

Multithreading 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

12



m croinstructions 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 i wegerisexecuti on engine 86, and a |level 0 data carOBUS®/01FTY One
exenpl ary enbodi ment in which is the processor 30 executes the Intel
Architecture instruction set, the floating point execution engine 84 may
further execute MUWX(r) instructions. Miultithreading Inplenmentation In the
exenpl ary enbodi nent of the processor 30 illustrated in Figure 2, there

be 1im y . Powp a
?rﬁ?/t i te hr Ieg]él}n g %gﬂb‘?lﬂ} lt)g,apgi;\eéia?f%‘l lgﬂtae?ggggtﬁtn&gq y ﬁ{gcessg?ry&tdt%??&rr%l enent

sone degr tatohe pesmesards abkrsimgliaetvasy tb preads. Ablfancislngetssharing
schene 12 WD Q1/ 77820 PCT/USQ1/ 01577 enployed, it will be appreciated, is
dependent UPBHNAHRIORLRTEE FYRIFRILNPEGIEde somatbuffraing (e sbyege) knghprality

i I . f. i | it t hi
Cypically froriee e BliraRay’ it Bf e hisp i eeroRaney ye Ve as d
i G i ) . : i ewed as
Db St g Lo el FHdriee b (0)5EeAing ARBPALRITE BihAHARNERE Puet o

conponent scorponenianioe example, in aqassessot Hadt s&pﬁpﬁts tlse siveuisdriBdhsaneous
processing of two threads, buffer resources within various functional units
may be st aPFREEFFPEAY tvedheeadsybpter faspurres ihins@sioupduneiieral anitsi i | arl y,

t he bandw Vi b ath for t ropagati.on qf Lnformatjion

bet ween \t%v\r%%é;%:t? P%ér;\igfioﬂtr/?lg?%a%%%atr 1§8n8$§e§388%ﬁﬁ9 5&“]98@31 éﬁ“ﬁ@ﬁv&bﬁ the two
threads. PandWese ﬁwccsyafﬁrthm@;msf%?a oRbf fiffoRthafloR BERGErL

| ocations within a processor pipeline, different resource sharing schenes
may be enphegddnctional vedts masti teudividachand nHocated betwetanthe twid thredds. di ct at es

and characterjstics of he specific location. It will be appreciated that
di fferent #§§bﬁ§ecl€sgﬂ%eiS&?@nngd??élr?é@%wlﬁf‘eats%nﬂgﬁ’ef 8! catiepewithin@at i ons in

view of vapyl g S YNeEiR0 ikt 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. Specifically,
this may be achieved by providing 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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and operating characteristics. Figure 3 is a block diagramillustrating

sel ected conponents of the processor 30 illustrated in Figure 2, and

depi cts we@bowms2d unctional units that provide a bufferi npCrapabilbity as
being logically partitioned to acconmodate 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 wunit may be achi eved by
allocating a first predeterm ned set of entries mﬁthin a buffering
resour ce {gedorld fctof ki MNYANIAGAS 1D Ko BRFRAAoRI SEhgr M ned  set of
entries within the buffering resource to"a secon hread. Specifically,
this may beredéteawmatkdyumber bflemgiet weithiaithe s@ﬂner‘tﬂﬁﬁér&tgiresbut@ pRitE ers, a
first pair of read and wite pointers being associated with a first t hr ead
and a sec@ﬁmrﬁ' BR @@wr&nﬂiwmécw ﬁil#@ar@umeblmféerak%éh@tre@e wichh a
second thr The, f.i set of ead p0|n be limted to
a first ?aa%?%?%lﬁsetﬁu dyets; 1 grﬁrﬁlg \ﬁ%tﬁaﬁh&’%ﬁ ear?tﬂ FEERAFEE, while
the 13 WO QA2 820 ABT DR R w8 00t 8hdUecb RAGhARA VERLipoPOT Nt er S
may be limted to a second predeterm ned nunber of entries mntﬂln t he sane
buffering theruntes 1s|aﬁsd§mvn&xmhhdaafg/ ‘subed!| capatity that mags ddectdiag t6t r eam ng
buffer 106, the trace cache and an_ instruction queue 103 are shown to

each provi d€SRECEVSeAROHARE, lb9 lenﬁa”th*ill;Y fldrpiaged Fwe%lé@ﬁﬁhﬁlftrﬁw thet ween t he
first and QQF e units is also sown to include a
"shar ed" c%;gfgm t}{r?%g?g%dﬁ?%@c%rrgl e 1a. respective enbodi nents, be
dynam cally allocated to either the f| rst or the second thread according
to certain criteria. Trace Delivery Engine One embodi nent of the present

invention is descri bed bel ow asTtmedgelivienplfevgimd ed within a trace delivery
engi ne 60, and specifi respect to a trace cache 62. However, it
wi Il be appreci at’®d® 8 nf‘ﬁ’ét‘bé FRESETY RNt is described below as being

implemented within a trace delivery engine 60, and specifically with respect
to a trace cache 62. However, it will be appreciated 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. Specifically, 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 attempts 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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may be applied to a partition any resources within or associated with a
processor, and the trace delivery engine 60 is nerely provided as an
exenpl ar wenbomseorent . As al l uded to above, the trace del i perTysangste 60 may
function as a primary source of mcroinstructions during periods of high
performance by providing relatively Iow |latency and hi gh bandw dt h.
Specifically, for a CISC instruction set, such as the Intel Architecture
x86 instruction set, decoding of macroinstructions to deliver

M Cr 0i NSt 1 Bl A RSset¥nkitiAIHEEH ARkEQIIBNGS r{t'émgﬁ ari abl e
| engt h of such instructions conpli catres par al Isg(?‘% deco i%ﬁ%%@ﬁons. The

trace del i deripgengirmentG@cesstagepatson, aradsifessa tinrent prceld @perafioaicertain
extent by providi n? for the caching of mcroinstructions, thus obviating
the need fEPMRIGte-ofhene gEbOgHReRY ddtREPIFYITpigsERctions Baywly be17 to be

conti nual | 0, pr ovi de. hi gh-performance,seguenci ng, of cached

m croi nst ré%tg?%cgg%%ulgﬁea %%)r %}cﬂée%dgleﬁge?@t%ght&aggmgﬁd%sraeg?%asr G%Sntg‘ég of
entries (OHetdr&lifed®EdtWFisliB i [ ] oot races".
A trace may, in one enbodi nen ,en& ?ﬁgrbﬁfﬁg%ggbg%%%%%‘i%@é&glfvaeci litate
sequenci ngséts withteveheenty(esspot tail snbrgpoueniniagtarway poirter townext during a
current access ?erati on, and before a current access operation is

conpl et e. Fﬂtrﬁng TafBHYi sty engryt (exeapt s herdcenirnstoniring grwayrpyirded i de

ent ered thPPé@Bu?eﬁﬁ'Cal | ed "head” entry, that includes a |linear address
that detefmnes & sét of subsequent entries of the trace event stored in

successive  set $n ok eBE@INENE Thé Yrace ¥eBPéryderighhé 66 BhdyImBRAMA: WBY a way
pointer to a next entry. Simlarly, every entry (except head entry)

cont ai ns amedespoieither provide igpeivtherafoemtonyput theoefeomniitie: trecet deliveey t r ace
e e SR D e e R S util Dyoe” Sohena Fise cubt wilh sespect o (" &t
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 "stream 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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engine 60 may inplenment a "build node" when a miss occurs with respect to
a trace cache 62, such a mss being passed on to the mcroinstruction
transl at ivemosrgeihe 54. In the "build node", the m croi nst POCUS@N1577
translation engine 54 will then performa translation operation on a
macroi nstruction received either fromthe unified cache 44, or by
performng a nenory access operation via the processor bus. The

m croinstruction translation engine 54 then provides the

m cr oi nst r 6t fooihe, traterdavieel62.r om t he macroi nstruction(s), to the trace
delivery engine 60 which popul ates the trace cache 62 with these

mi croi nst ruct i o tragpernchiaddrescendtidatoir(TBACHIZ) méwdtonsabeodghitwéry engi ne

60 tes, jn. a "st pde" where a trace, ar t ,_of
i cr of nst r Ut PURPSEIUCTREG T HNHRRCIGY QUEIGRY e ReriagrnwTberaf

T oa) Minifihd 030DV ERCBRR 10 b rd A RAACRTSRRa BB £ TS Vi @ | e

m croi nstruction qu IS a agram showi'ng further

detail s reGpedifivallybe theaeiboascicadipess tleulatort 129 it rapRnd®ld KeboepEgi ne
(TDE) 60 shown in Figure 2. The next instruction pointer 100, ich forns

part of therameydetestiondhe yalidationof hrarsh tergstaaddranets pstwbioiori 0 r ecei ve a
prediction fromthe branch predictjon .t _64. The next

i nstructi or?%égé#ﬁ%%‘? %(f@%%%%l@é\ﬁ%&ii?%ﬁpﬁ%&%w EBFH?re bior egehr whi ch

may corr esRasttdior, ARARGEABRIHAR 194t B ladondf3: Eh(H( £

st%ﬁmjﬁ / US01/ 01577 65,
to the trace cache A trace branch address calculator BAC) 120

noni tors the outlhettrade braheh informatiqtienisle TBIT)rIoR Redrey cifopmadugue 68, and
perfornms a nunmber of fungtions to provide output to a trace branch

i nf or mat i ofeEWEeS tq updatedhedracedapnsh prastictiomunitibharidie talblerld2 alsoal cul at or
120,12 oSHE! Bl B0 T RS KA ISl 12
I nstructi oguPpbri@ultithéddthgf OFf BALR, 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 input into 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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instruction, and for detecting [imt violations for each instruction. The
trace branch information table (TBIT) 122 stores information required to
updat e t meOvDr/amse0 br anch prediction unit 64. The table 122ral/@sordelds
information for events and, in one enbodinent, is hard partitioned to
support multithreading. O course, in an alternative enbodi nent, the table
122 may be dynami cally partitioned. The trace branch information table 122
provides input to a trace branch target buffer (trace BTB) 124 that

operates t oy uiediink SAPTEIHEARE oF UM LLORT: 0B b LB le ARG R anches.

To this en the b 124 may operate to invali e mcroin ctions.
When operating in the above-nentioned "build npbde", mcroinstructions are
received into the trace cache 62 via a trace cache fill buffer (TCFB) 125,
which i s shown ithedirgeseache 63 ipshomaén Figure 4 itiochide & datearrayatiBearad.

Figure 5 is _a blac iagramijllustrating fu er architectural details of
thg trace caéb?‘iséoflfirqddtﬁggféary i_liﬁsuﬁT%g%tﬁ@%éa% PesvRdes a shoga i oS

includes fdhBddiRngtSELRBG FRN d 136, each of which is dedicated
to a specific tlhrea'd (e.qg., tcﬁ(?égtéagé%ﬁ% thread 1). Each of the buffers

134 and 136 provFigase 6 isublock)digntan BRusteningnfuegss eireliedtidal dagilsand
outputs mcroinstructions to a staging buffer 138, from where the

m croi nst r LRAT ﬁ@ﬁ_@t @rf@eétﬁﬁﬁﬁﬁﬂ&a@%dntl@thrﬁ_éd seleatien éegind4@ mplEmeentts ace cache
“bui 1 0 moodn Rt ST Fedlthe Rl BLontrbsSimeSh Arsso operioon) 01577
e e L L LI A
128 and arpmapsgeieditedubseymnt pypd AtgeTbba padcessorrAy 128 provi des a storage
for, n one e”bﬁghgf g talsolilzluégc?at%]; tlrrJg: Sgﬁit?ciflﬁg %tf itfcl)e? ?réce 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 exemplary

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 alia, 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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Figure 6 is a block diagramillustrating further architectural details
pertinent to the trace cache 62. The thread selection logic 140 inpl enents
a threadv@el/zsti on state nmachine that, in one enbodi nent pPCO®s01dES770N a
cycle- by-cycle basis which of multiple threads (e.g., thread 0 or thread
1) is propagated to subsequent pipe stages of a processor 30. Figure 6 al so
illustrates the partitioning of the trace cache 62 into three portions (or
sections), nanely a first portion 148 dedicated to a first thread, a
second por L ga : - ird portion 150
that is d%g%eé(gﬁ gﬁg?{gr gggB’tgﬁ\%goé?\ﬁrﬁ%q{%gr]{s}}%a%r’%%‘gggglnthgt hreads. In the
exenpl ary cembgshirding enegctbeodf thbelata aghyand asee A~ bt RRSL448 and 152
conprises two &2!2 ways of the data array 128 (and the associated tag array
126) of the trab¥e esabpdingent ofttbe tiaice dachehd mdypdsa inchidis0furtivest i t ut es f our
(4) of the_data arra 28, and t he sociated tag array 126. The

i1l ustrat eHuBgngaﬁa(Xﬁi ga%ﬂltpﬂr@tq$gb€fguggghélaézs@ u‘i’%Pﬁﬁkﬁ’rﬁu@dﬂﬁy victim
sel ection Lpgi [ ' eS| i etall bel ow.
Figure 7 igﬂ%&ﬁlﬁé%@dﬁé%&%@%du@%éa}“ ng|h§‘flj Sgéeérzrip{ag:rbgs rog%:e% %%%nso%n he
trace cachéot2duairpopeivegcstsuenstienbadictent perkaghingfa lbbﬁup%itmés?éctl% and
the data array 128 are each shown to conprise an eight-way, set associative

ar r angenento theEpeisashe £86 Ashiton theninitag atirayy 127 tetydie whagdBasent ri es

within each of the tag and data arrays 126.and 128. Each entry 148 within
the tag ar?%\?uilg e>|<c§u§H8Wa§8v 1@1%&%‘?“%%?%11“&“?"3‘? %%i@ﬂ%eg?"& i nf or mati on 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 assdbimhddetstion [deic as bel ongi ng, for exanple,
to either a first t? WO 01/ 77820 PCT/US01/01577 or a second thread. The
valid bit 155 ni?qa ngEsHwith thethrend selectioarlpgisfdRawiicedeteymirds, of t he

data array iﬂi‘gﬁalﬁf ! ﬁ]t%u\f%lf itl'(lje g‘réceia 0aé Iei &; Figure 8 is a block diagram

illustrating the various inputs and outputs of the thread selection 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 for a 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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One enbodi nent of the trace cache 62 may also include a further mnitag
array 127, as illustrated in Figure 7, that is a subset of the full tag
array l26vend7mshat is utilized to perform high-speed tag perwkoipstiati ons
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 "nutually exclusive”, as will be described in further detail
bel ow. Thread Sel ection Logic Dealing first with the thread selection |ogic

140, which det efTherthsead salé@foradthie mhii@no 6P shofvit herdceAe GREAR 62,
Figure 8 is a block diagram illustrating the various inputs and outputs of
t he t hr ead Bedesignals 16dgindicating whigther iheptbessdards pperatingjin al40 i s shown to

[ buj 1 d i 139, | ted in th
m cr of not r R EFEAIMD R %ﬁéi"eﬁ@rw‘ﬂe&@i?%'}orhee(az)dgxff@%ﬁé"ty?mé‘u ,Jf?_t on
68 : 1L,C Iy . ilizing
These i mput e R R RSP RRr G pS P h e P Rabilid o

advant ageousodér Ehel tivehdctieatioh etage mdchirealbls alsotdhb@atiolieckive a
particul ar cycle. Thread selection, in one enbodinent, is perfornmed on a

cycl e- by- cyesrechysgifll dngpn fét]t78r?@ﬁsl7ﬂcf1‘@ptthﬁicé‘em}§e?ﬂdﬂ@&mﬁm;ur?tsﬂ@tﬂ |

i i f ces, e out 0 e rea
el ect i on G 104 AdE Fendlc 167 388 1A T € Hhwiteeo BheShold remlier Sbquencer
66, the traaRONIRGERHORSHIGE %ECF%H?'tEreQQ a&@%t}gﬁ the e Ei%ﬁb&h}/ﬁ%ggﬂ%af fect

thread selection within eachlb ese units. Figure is a i agram

i |lustratiig0t hn ere eoahimens, aath tofiehd inka 2 sed 64 hldowl 0@itsl 414@, nanely a
thread selection state machine 160, a counter and conparator 162 for a
first threddicreingtructipn dngs withindhe tege dpliyeryangire 6ndhe dhgignalsd72164 f or

a second t hreath (6. Youtdd VoS b unitEw iR &{e7tZa8c%odel?ng:)lrJ gg%{n%]l%,?
responsive to which such units are responsible 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 illusirating 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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The thread selection state machine 160 is shown to receive build and node
signals 161, indicating whether the processor is operating in a

mul tithr @e0ed78k) or a single threaded (ST) node and if PEPU&INIET N a
mul tithreaded node, indicating whether or not each thread is in a build
node. The thread sel ection state nachine 160 is al so shown to receive
respective full inputs 172 and 174 fromthe counter and conparator units
162 and 164. The full signals 172 and 174 indicate whether a threshold

number of thresd ebmisdlr Lbtdrahs sé@ndattRadd tetk@lr 1 dohmerthapatbithen the trace
delivery engine 160. In one enbodi ment, each of the units 162 and 164
al | ow a t otenirds k4éandildp are dependdromponmedidbithbeinglset farabe relevanter y

engi ne 60. ,The.full signals, 172, and 174 are routed to all the units within
thg trace %F?%?‘%Pre‘?%‘@?‘}éei@ﬁ,selerc@f%é@a\@ﬂ BayHneHaée e phigadentsy for

responsi bl 3 | hal ‘ ter ar at or

i be 365 SRAPACECHEd e & PBead O I Be offfiflieclrohl eI GLNEBAPRT SL07, o1y

the i cr ochidevesegubecatiddfit far thelrtletintoshtdf ntlyas set tH OkRdiéRERLargnNd Store
signals 168 and valid bits 170 fromthe trace cache tag array 126. Figure

10 is a stHwvalidieagiyam il lustrating operation of the thread selection state
machi ne 160, illustrated in Fi gur%.9. Fn dgn_multithreading node, the
state machine attenpts to ti ne-nu#éﬁ—ﬁpggigﬁﬂmt i threads on a

cycl e-by-cycl e hagisrtWBah Lot Hetile84 -] I tall, the
state machi ne 160 a{)t%trelr%pts f% pFogﬁQge ?ﬁ@,ggﬁlé%st%frh&%ﬁ%%ret(ﬁggad t hat has

not stal | eth ohembodirhepd, be timpéarented. by theticteadelkcaing 1bficadd. Theexperience
|l ong latency stalls, the state nachine 160 may, in certain circunstances,

require a Bﬁéﬂtﬁ??l%l%li‘él%@Sg.es,PQHSihigth"iﬁﬁnﬁédgg dhe vetydlin battethe the state
T e L0 ek 08 e A0 R eSS S B 1
Tvalia it Do e o e bae e e A o e WX
142. The 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 victim;
2. Valid victim; 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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MJUX 142 operates to sel ect between control signals outputt [

19 WD 01/ 77820 PCT/ US01/ 01577 thread control g144 and g seggngr?hmr Za]:jl st
control Wa@o1/Tieo outputs of the controls 144 and 146 ar epdEpsedast? upon
valid bits being set for the relevant threads. For exanple, the selection
signal 141 may indicate a thread entry for a particular thread (e.qg.
thread 0) to be outputted fromthe trace cache 62. However, the valia bi t
for the relevant entry nay be set to O, indicating an invalid entry.

Victim Sel ection Logic The partitioning of t trace ca 62 .
i | | ust r at eselpeiiqn lpgield) peryrms Pﬁfué‘hfégg’ﬁgb?i‘i %’Z?ﬁm lopﬁ?%ﬂﬁﬁ%sfﬂeggts%y t he

victimselection. | ogic . oThe,. victi ' b.Cs : ; '
Tor i denti it Hgttaeatay 107 SRanAc LG thELGALEE0 AbmROtEidkntiny & comRe e T e)

to which ?b@%’ﬁé&L&% Eﬁ%ﬁhg%ham{atgt fPay Ehgypedd ciusent bbtraktich agr am
illTustrating architectural details of one enbodiment of the victim
sel ecti on_ lpegiter lbd., thtnaunvent Lineselrsttiction Fegnter {6BIF)}  shown to incl ude

mnitag victimselection logic 180, valid vjcti ' I

Le?;s_t :?ec_ent ly L&sﬁéiﬁ%ﬂl%}’oiﬂ%@@d glergaratinh ’ISJB%“?Q %g .egvk!eg'i]'?irﬁlr? )}Fag182 and
mul ti pl exi ng ,operation i.s ] | ogi
Tao, 152 AE R e g s Ha e B A A e T enont o
by the prigpileMMntBcé sadie ddth k@?@'arﬁicrcbﬂn@imaﬁon) istvirritten B théal i d
victim an 3. LRUvictim A nmulti-threaded |atch structure 190 |s. used to
pass the radehtiedfidtine enpryiwithinytheixacerrache 62+ Ace BHRIRE BY 1s ﬁgémll‘?éi 12 is a

ermhod ment AT R B HEmBRAPRLt B g R i if pien the O
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
decision 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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exanple, the trace cache, within a nulti-threaded processor. The operation
of the various units of the victimselection logic 154 illustrated in

Fi gure 1wowi/f7820e described with reference to the fl ow cha@ruselmsry i n
Figure 12. The nmethod 200 commences at bl ock 202 where the mnitag victim
20 WO 01/77820 PCT/ US01/ 01577 selection logic 180 perfornms a mnitag
victimdetermnation with respect to the mnitag array 127. Specifically,
the logic 180 attenpts to identify a conflict between an existing valid

monitag ar myrenbiricaos ahdCassbanted tagtiﬁfdﬁhia%n, Qpﬂfétﬁ&tiﬁﬁse%cﬁohtlﬁgi‘éur rent
Li near Instruction Pointer (CLIP)). At decision box 204, a deterntTnation is

made as tol®hether a minitag victimwas |located at block 202. If so, the

nmet hod 200 advang to ock 212,  where relevant trace cache data (e.g., a
i croi nstructi orﬁtet?slgcwgk'tae?’?tfrbtot"ﬁ]ém ité‘_’éHPFlfqnéﬁrWtbe} mayRatentigliynbe t he

trace cache,fen ASicRnfiiali(@Y. Myta ius BARLARD as being ~mutual ly

exclusive", an i1dentifie ag victimi1s given the highest priority by

the victim sel ecAflgock 026 halddg idealtifiedianeicBrm@dAtHe R UL &IRIsBREHGR at
deci sion box 204, at block 206, a valid victimdetermnation operation is
perfornmed B9gicH84expinines theilRU bésterst fowhe oglevartiet. Frguwedgélhadtraies i nvol ves

simply identiftying.an invalid .entry. within the trace cache 62 by exam ning
valid bits q&%@@ﬁ#@% yv#t\ﬁn F%Iﬁaﬁ%talﬁ%gwgh%glﬁeﬂ% gFay ﬁ%ﬁ ‘Pf(r: dracg saehes 2.

Fol | owi ng 3 gROfell RG HHRLEY PAAMIA Qi QR RE% i Ble9d, 200
advances to bf ogk 21%&'&&%@@%@2}1 gr%g{,ﬁlh?%?f%w nga ggﬁte‘é]’ta} }r{]/%‘e (?acéa

det er m nat iaoray(128., no invalid entries are identified) at decision box
208, the nethod 200 proceeds to box 210, where a LRU victim determ nation

operation is perdioiefson bex 23 thg LedApiaimealestion hegio j84 detepminest bl ock
nces to bl.ack 212. . The nethod 2 t hen

t2 é(r)m ;2'? e%$&s £ %ggezt% %“EWSE’?{ 16414 8 SREEfGyahihin Iﬁ'l‘%iettr ’a@i"ﬁgﬁ?}ﬁ f@Renpl ary

met hod 210 relevant thread (e.g., thread 0 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 exemplary 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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according to one enbodi ment, of partitioning a resource, in the exenplary
formof a nmenory resource, utilizing a LRU history associated with the

rel evant wenorg2e esource. Figure 14 is a bl ock diagrami | POBUS@LG1ATY an
exenplary LRU history 240 that nmay be utilized in the performnce of the
met hod 210, the execution of which will be described with reference to
Figure 10. The nethod 210 comrences at block 222 with the receipt of a 21
WO 01/ 77820 PCT/US01/ 01577 mcroinstruction, and associated tag _

i nformation, atintthe exantplepsetidediinFiguoegild, tHeSﬂextAb—lbd;tcmkrﬂgﬂtmw}:lﬁee; I( nto
whi ch the mcrainstruction may potentially be witten is identifie e.g.,
by a writ fJi higtory ford eﬁﬁk?é’ﬁ%/wg%, depfifiesgVay Sivhicheandes thetschemet , the LRU

i cti i i . he LRY hi st for. t | t set.
Fioure 14 e8P abBEe Syt B ARHERE: [ BepVe dinferBintr Rliahips AfY he 1 ag
array 126 @freddife.&) 86828 BF RO wal s 16ORd BN '%théﬁ"%ﬂQtiBﬁ%tf%%eré’e a LRU

history for each Set within the data array 128. At "decision box 228, the
LRU vi cti ncasbe &2t i on logic 184 determnes whether the tail entry,

indicating a spgcific way within the set, is available to a_ relevant

t hr ead (e.gg., tﬁ‘rgé‘éﬁllé\ﬁg‘l‘s’ffe}’f%]lé‘awl ?eﬂngerﬁW@h%d’Vﬁbﬁv@,eﬁﬂUéwtO@kehnpl a(rjy
enbodi nent i usj . 1o irst threa
(e.qg., thrze%w;tbg{/\gg\ga% sgﬁés g‘%n\%éq gﬂg\i}g?(?éghée Qﬁg %§§%3%598 a second
thread (e.gccouhhbfds WayBtinya¥sighatedTBY shRagly BAtHLCRIdwinghared mul tiple
threads. Referencing the exenplary LRU history for a set N, way 6 is

i ndi cat ed Bycrolsttuitionentry as being the | east recently used way in the

rel.evant set sune, for, ex |l e, _that the micrainstruction to be cache
bel ongs to a N{?@tsm%f@aé}e(ﬂé’%gggtth?gé&}“@)mi ft WHF%I:F?’M egicgiBneatiyot be -

avail abl e §Q RREGIHEN 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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the mcroinstruction on account of way 6 having been dedi cated excl usively
to the storage of mcroinstructions for a second thread (e.g., thread 1).
Ret ur ni ngvoov/fFisgure 13, followi ng a negative determ nati oRPCBUSOIAEET7SI ONS
box 228, the LRU victimselection |logic 184 proceeds to examne entries
within the LRU history 252 for the relevant set behind the tail entry to
identify a way that may receive the mcroinstruction for the rel evant
thread. As indicated at block 230, the LRU victimselection |ogic 184

exam nes aselptietthetsanis wed bedledd Blo tiddadeNTHItRS enel, the vichth id@RENL T €s
closest to the tail of the LRU history 252 for the set) to | ocate a way,

cl osest tolegie 184implgments diruetedpgicdhgt pravants is frovapélatting the sanee r el evant
thread. 22_WO 01/ 77820 Us01/ 7 In the exanple provided in Figure
14, the neWQX%iIF‘Qé‘Ea%%%Fg{‘W]t%aﬁEie LRU history for the relevant set

identifies way ; 3 che i had.
available to recqgli Vggxgal%!ﬂg‘rﬁ%onrs%?t iltho(?]% %rgﬁgﬁﬁ%}gcf lﬁcﬁﬁaﬁg%wgg tlt?gtt hr ead
0) as way 3vdspreoiaistisélactetias ashatiggwhikr theQRObignAE23T pasidepghe 62.

Figure 14 illustrates how the entry for way 3, within the LRU history 252
for the rel&kahistant252 for therelevanttsebihdwdogic 18e TiRstatustgyale234 on
account of _this way. bei ng,desi. ed for .storage,of the rel evant |

M croinstr &E"pi%ﬁ mé@f‘ﬁertr?%ﬁﬁ%‘f’%lgﬁﬁé qullﬁﬁloéﬁé‘? {hrg?idﬁ:‘i‘r&u ?ﬁv‘i:{’r KfeCPBBK 232,
the victi i i h 6L it AR L the: . at is
avai | abl enlvﬁﬂglﬁ)eé I?I(éilcggsgﬁ?b' fq rlll\rééggklrmgﬁﬁﬁéﬁﬁlm% ,a 72%%{9%@\{(?“&%1 Ol In% dr]ucti on
written tofohatelemantviet indidatiag thetvayThwithireh heldvamiset kewlgtideheat step 234.
Figure 15 is a block diagramillustrating further details regarding the

i nput s t o, PRISECIBSrPeion slaprldihewyitien; far seching purpessgiveithigdhe Trasevi ct i m
sel ection C%%QJI& 184, in one enbodi nent, conprises discrete logic
conponent s at

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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i npl enent the net hodol ogy described above. In an alternative enbodi nent,

the victimselection logic 184 may execute code to inplenent the described
met hodol og9 o1/gseci fically, the logic is shown to recei ve BCTUBI01pENdI Ng
multi-thread (PENDI NG _MI) signal 250, a 28-bit |east recently used (LRU)
signal 252, a second thread status (NT1l) signal 254 and a first thread
status (MIO signal 256 as inputs. The signal 250 indicates the way
selected to receive a mcro-instruction of a current thread or further
thread (ot itds rdthianalsle foheeadtion: Bxanplebef fese anslidaisetdy by at he sel ection

| ogic 184 as indicated by the selection logic 184 during a previous victim
sel ection Bpepwaklestorage medigat @rgv adiskeites UPtROM\orca merzwiyeesdumeel ogi ¢

154 associated. wth.the further _.thread. The sign 250 is utilized by the
LR v ot rrsnriatd Bl Sy ieidst vy tihog Brecf(efhakabie st ogi o 184 does
not "doubl ' : 3 [ pl e LRU
Vot m Sel Sueon sl R e L W NSO ERED, Bl shOT A P o,
the sane welyouldthweepatdenl sdw@nagasinfm tdonspeRereddudlyimbdiums ah@ehapn | ogi c
184 inplenents discrete logic that prevents it fromselecting the sane way
as i ndi cat Beingludeding prasesson or TReessibiby a PFocessenemphyied withiroae

enbodi nent indL(cat es the way that was previously selected as a victim
while the E‘ﬁﬂpéliegfr‘?gf o provides the LRU history 252 for the rel evant set

to the logic 18 hem [ - i ndi | ogi c 184
whi ch of tg he th?}e“a%s ar g@d’aﬁ?égﬁﬁ?ﬁgigﬁtﬁﬁﬁg&% %?gbgé%@o%g%é%r% 309 The

| ogi ¢ 184 whtmnauhplit-threadedprossbachavarbeenghakriBéd. Although Fied preaeht set ,
indicating, the way within a relevant set to which the mcroinstruction
shoul d be WYention hagbesndeseribediwibsraiersnen fospasific exeraplagyche 62. By

i mpl ement i Or, . Ltioni.ng of resource, ,such as the
trace cac hglq%%d %ﬁ%ﬁ%b}tgrgg%@ fé\ﬁ@ g{r}é éhg\ &ns g? &O(ﬁﬂg? ions g HanEss Q¥ er ni ned
be 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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m ni mrum t hreshol d of the capacity of a resource is always reserved and
available for a particular thread within a multithreaded processor.

Nonet hel @¢@ p1/g2adef i ni ng a "shared” portion that is accesBCDUsoO@SHOt h
threads, the present invention facilitates dynam c redistribution of a
resource's capacity between nultiple threads according to the requirenents
of such threads. Further, the LRU victimsel ection nmethodol ogy di scussed
above enables hits to occur on ways allocated to a further thread, but
sinply disal | oWwsHWIEISVELAdRIEI®N of such a hit, and forces the LRU victim
selection algorithmto select a further way, according to an LRU history,
that is available to a particular thread. As nentioned above, the logic
for inplementing any ope of .the methodol ogi es di scussed above nmay be

i mpl enent ed' as 'rs”t?ﬁbcftgn}cg‘b‘ih&‘gw thin a functional unit, or may conprise a
sequence of instructions (e.g., code) that 1is executed within the
processor to inplenent the nmethod. The sequence of instructions, it wll
be appreci at ed, dedicatingstfinsegomtivraoya redubce ExcBivell ab adiksVWBredd; 77820

PCT/ US01/ 01577 it is retrievable for execution. Exanples of these nedi uns
may be a renovable storage nmedium (e.g., a diskette, CD-ROM or a nenory
resource associjated,.Wwth, or.included wthin, a processor (e.g., Random
Access Menory flﬁg\w’,cmgwgo%mﬁal%ogﬂwet%‘éop}l‘%@_ UREY Wﬁ%?ﬁp%dany such
nmedi um shoul d bgehg9argled as conprising a "conputer-readabl e” medi um and
may be included in a processor, or accessible by a processor enpl oyed
within a conputer system Thus, a nmethod and apparatus for partitioning a

processor resource wthin a nulti-threaded processor have been descri bed.
Al t hough t he pr8¥BamIcallyeharinga Hhisd peeioniefthe tssaruige bietweer thenfizst t o

speci fic exenpl ar¥ cocond threads.

2. The method of claim 1 wherein the dynamic sharing of the third
portion of the resource is performed according to resource demands of the

respective first and second 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 or the

third portion of the memory resource dedicated to the first thread;

if the candidate location is within the first or the third portion of the

memory resource, then storing the information associated the first
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enbodi nents, it will be evident that various nodifications and changes may
be made to these enbodi nents w thout departing fromthe broader spirit
scope of wéer/7mseenti on. Accordingly, the specification anBCOUSWMEY are to
be regarded in an illustrative rather than a restrictive sense. 25 WO

01/ 77820 PCT/ USO1/ 01577 WHAT IS CLAIMED: 1. A nethod including: 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

dynam cal | y shathiegdatthe tahdidatd loaatddn;tadne resource between the first and
second threads. 2. The nmethod of claim1l wherein the dynam c sharing of the
third portion of the resource is perforned according to resource demands

of the respecti first,and second t The, .net of claiml

wher ei n thepr es é:aga}ﬂf’?? g%@%gnﬂ‘%% %%%%GPQQQIHBP@E%%WQW@W andI ;
second portions j g ctively an
a thi rdpportl onr%ﬁgirrgﬁhg%tl\tﬁgh tﬂ% @%t&%i’%} ﬁggc%gngir{gﬁ%g%&gﬁftﬁe met hod

i ncl udi ng: i denfodayiong a first location within the nenory resource as a

candidate location to receive an infornation item associ ated vvit_h t he
first thread; determning whether the candidate | ocation is within the

first or the t rtio nory resource dedicated to.the first
thread; if Ilt he E@ﬁ(ﬁlgg‘\ g?fncé %Hvehesrew IMETRE FT5PSE CorO T RESS ﬁil\& d portion
of the neRpiysdtasQitifgve Hé%(br’if/ta(i?{d Woetdif thfifd PRGN B3 Rfkah §dst e first
26 WO 01/77820 PCT/ US01/ 01577

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, wherein the identification of the

first location as the candidate location comprises identifying a selected way

within a selected set of the memory as a candidate way to receive the

information item associated with the first thread.

5. The method of claim 4 wherein the identification of the further location
as the candidate location comprises identifying a further way within the
selected set of the memory as the candidate way to receive the information

item associated with the first thread.

6. The method of claim 4 wherein the identification of the selected way
within the selected set as the candidate way comprises identifying a way

within the select set that was least recently used.

7. The method if claim 5 wherein the identification of the further way
within the selected set a candidate way comprises identifying a way within

the selected set that was second-least recently used.

8. The method of claim 6 including examining a Least Recently Used
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thread at the candidate |ocation; and if the candidate location is within
the second portion of the nenory resource then identifying a further

| ocati onve@obwiseg t he candidate |ocation. 4. The net hod PET/WR@IITSE wher ei n
the nenory resource conprise a N way set associative nenory and wherein
the first portion 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 t hr €&RIE) hisberyeion thdiselectebif foGdbhBfy Ble Wh thitiwad leh@GRbd@R, as the
candi date |l ocation conprises identifying a selected way wthin sel ected
set of theuﬁﬁﬁnry as a candidate way to receive the information item
associated with the first thread. 5. The nethod of claim4 wherein the
identification of the further location as the candidate |ocation conprises
identifying a f \VATRUY S Y a T o B : . | . ry.as the
candi dat e \?vay tghrggﬁéetihé@ %f‘rﬁ%ﬁﬁin bﬁ%@y@ﬁéxﬁﬁ@ﬁ%@%é%t%fgﬁmgrgeﬁﬁﬁ@'% first
thread. 6. LRfhisestyddr die sdledtad detpbadtedntry hathidant séi oRditass plditdimese! ect ed
way wthin the selected set as the candidate way conprises identifying a
way Wit hi ATefRecEFEay wathin Hag selected sefs wheseinrthk petusfethtri@s iskirderast hod i f
claim5 wherein the identifi %}ion of the further way . within the selected
set a candoacedvdlre ,niuglgé W&E?&ﬁf?gﬁfﬁ@;lsagﬁ‘n@eamn%vew and Bt ed set

that was sgseagsd 8a T LM 6 including
exam ni ng a Least Rg%e%?lﬁ;?/&gl%?ﬁ%n%s%lﬁﬁﬁw{%%bﬁa?S77 (LRU)
history foexaménatirest the enetied of thdest of antties toviycatd@leasbseckrds iségcent | y

used. 9. The thod of claim8_including examining a set of entries within
t he way that comprises either the first or the second way.

10.  The method of claim 4 wherein memory comprises a trace cache
memory, and wherein the information item associated with the first thread

comprises a microinstruction of the first thread.
11. A resource comprising:

a first portion dedicated for utilization by a first thread executing

within a multi-threaded processor;

a second portion dedicated to utilization by a second thread executing

within the multi-threaded processor; and
a third portion shared by the first and second threads.

12. The resource of claim 11 wherein the resource comprises a memory
including selection logic to identify a first location 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

28



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 iwoordseed in a sequence determ ned by | east recear/usslagse7’iof a
respective way and the selection of the candi date way conprises perform ng
a sequential examnation of the entries of the set of entries to |locate a
| east recently used way that conprises either the first or the second way.
10. The method of claim4 wherein nenory conprises a trace cache nenory,
and wher ei mandiglataiamntreniiowithie thafssoirahied pdrtibns bé tHd memdriressirce,

conpri ses ahm' croinstruction of the first thread. 11. A resource

conpri si nghen fq p1ore sy mformatien asosinted tha fivstithread i thy candilatet t hr ead
executing AT I3r S . a _second. portjion dedicated to
i1 zat ittt Mehliddit §RAB8A0% AABRRRRG pitor AR bR ey

processor; ragislirde tthih G REHOR BldeetodiYiohN Ydins thanth 885N Hheads. 12.

The resource of claim 11l wherein the resource conprises a nmenory including
selection logic to identify a first location selection logic to identify a
first Iocat1i30n i.thin the ﬁ{mry resource as_a candidate |ocation to

recei ve an i nf P F 106 ATl RS g N MY set assoeiptisamenerydet er ni ne

uhet her then2, W0, 0178200 REH LERRLOLST FoRRdllal e, d PEARLANI S hi m he

first or third portrons o ry resourc

i nf or mat i onhaseegidap@didn@rhprisds 4 fcend vidy HBGicaRMIcRk Qebifpibireqy but , i f

candidate location is wthin the second portion of the nenory resource,
then to i dandithg thirfliparkien domprisesn thirdvenpghatesl betmtiedahe firdeaid on. * 13.
The resource of ,glaim12 conprising a N way set associative nenory and
within thes?f%q&BS Tr{%'on conprises a first way dedicated to the first
thread, the second portion conprises a second way dedi cated to the second
t hr ead

14.  The resource of claim 12 wherein the selection logic identifies a

selected way within a selected set of the memory as a candidate way to
receive the information item associated with the first thread if the selected

way comprises either the first or the third say.

15.  The resource of claim 12 wherein the selection logic identifies a further
way within the selected set of the memory as the candidate way to receive the
information item associated with the first thread if the selected way comprises

the second way.

16.  The resource of claim 14 wherein the selection logic identifies the
selected way within the selected set as the candidate way by identifying the
selected way within the select set as a last recently used way within the

selected set.

17. The resource of claim 15 wherein the selection logic identifies the
further way within the selected set a candidate way by identifying the further

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

29



and the third portion conprises a third way shared between the first and
second threads. 14. The resource of claim 12 wherein the selection |ogic

i dentifias0oar7sed ected way within a selected set of the npraDURIABST
candidate way to receive the information item associated with the first
thread if the selected way conprises either the first or the third say.
15. The resource of claim 12 wherein the selection logic identifies a
further way within the selected set of the nmenory as the candidate way to
recei ve t heeledtedl eetrati on item associated with the first thread if the

sel ected way conprises the second way. 16. The resource of claim 14
wherein the selection. logic identifies the selected way within the

| ect ed h di dat.e. i dentifyi he | ect ed i thi
he el ect Cbot - BRCSEOLRE PLURHt 1Y WHEEBA SHICCHOR Ieiis exambatsrokesb | 17,
th 3K i GIEEHPR e o vetereease
Fur t her e e ot g BEH G ok e SECREH e O Al BT KBS RS ne

further wagstetbmtily ilbed.sel ected set as a second-|east recently used way
within the 29 WD 01/ 77820 PCT/ US01/ 01577 selected set. 18. The resource of
claim 16 wherein the selection |ogic examnes a Least Recently Used (LRU)

hi story for,the.sel ected set. to.identify. the wa hat was. | east recently
used. ){9. ;'%e rggxga?sgélrgqo ‘F@i%@é{*’e@ﬁ{ fihﬁsﬁkétlé’éltl%ﬁ%miacseéﬁém nes a

set of  engirRS vWihii e [IRU 'hﬁg?x@} REFY sdiBltelt ESE, BELEEARY within ntﬁ?%@c STy

within the set of entries In ating a respective way € Selected

set, wher eemiriehéndieating a respadties Way oithen et sdle@ed eat Weeeitahekali sred by
| east recent usage of a_  respective way and the selection of the candidate
way conpr i SeiEiesds prereddn 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.

20.  The resource of claim 18 wherein the memory comprising a trace cache
memory, and wherein the information item associated with the first thread

comprises a microinstruction of the first thread.
21.  Selection logic including;:

first means for identifying a first location within a memory resource,
associated with a multi-threaded processor as a candidate location to

receive an information item associated with a first thread;

second means for determining whether the candidate location is within

a second portion of the memory resource dedicated to the second

thread;

wherein, if the candidate location is within the second portion of the memory
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a sequential exam nation of the entries of the set of entries to |locate a

| east recently used way that conprises either the first or the second way.
20. The me@ourmeo of claim 18 wherein the nmenory conpri si nBCHUSe1Z0677cache
menory, and wherein the information item associated with the first thread
conprises a mcroinstruction of the first thread. 21. Selection |ogic
including: first nmeans for identifying a first location within a nenory
resource, associated with a nmulti-threaded processor as a candi date

| ocati on t fesotfeeledécaasd idbedomet thesad, tReTias saciratiddnwfibda fufthést t hread;
second neans for determ ning whether the candidate location is within a

second por locationvithia the mamporessanice asdbie candidlateolachosecond t hr ead;
wherein, if the candidate |ocation is within the second portion of the
menory 30 WD 01/ 77820 PCT/USO1/ 01577 resource dedicated to second thread,

the first spansThdeflbiddiPiogd SHERARD1 WIRGRH] B2 b bie IPIRNY LEsour ce

as the candidate [ocati on. e selection logic o rein the

menory ress)mlNaragmﬁt)ﬁs'sseﬁtivéﬁnéﬂnwyaﬁ@twh’r?e&éﬁﬁﬂl"@tﬂr‘éﬁﬁﬂﬂiﬂif dorApes#ierein the
first portion conprises a first way dedicated to the first thread, the

second por firgivasoaesticated ta tbe fissidhreed thiestcoatqrbrtiontdienpisesndetdnadad and
the third portjon compri,ses a third , way.shared between the first. and
second thrg' Sc!eag??ge%% ??CPﬂé df‘feraéjtar}%gﬁgﬁlri jO Cé’én%”%eélae‘i‘l”éh way
within a s t j.d vﬁﬁg@-t I I

i nformati oﬁ}aﬁgﬁgg%sf%%?gegcfh%ft t %S%?Pgtﬁ%%' %&& e&g etﬁ&gl? %%hgg%sgi c of
cl ai m 22 whiengifies tlselettedstvapmaitisini desédtéd est of thé wndrhery wey cadiblare t he

sel ected set of the nmenpry as the candidate way to receive information
associ at edWattR reerive indermakipn a@t associgfedhatitothe finst wiiyng:

23.  The selection logic of claim 22 wherein the first means identifies a
further way within the selected set of the memory as the candidate way to

receive information associated with the first thread.
24. 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;

for an information item associated with the first thread, examining a
history of least recently used portions to identify either the first or the
third portion as being a least recently used portion available to the first

thread; and

storing the information item within the least recently used portion.

25.  The method of claim 24 wherein, for the information item associated
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defining a nmenory resource, associated with a nulti-threaded processor, to
include first and second portions dedicated to the first and second

t hreads me@petBewvel y and a third portion shared between prawURIVES77ANd
second threads; for an information itemassociated with the first thread,
examning a history of |least recently used portions to identify either,
the first or the third portion as being a | east recently used portion
available to the first thread; and storing the information itemw thin the

| east recentitly thisRebt Plfdatipthe sedbnd PoetioR id @i @ded robhMeAidehsfi€ltbn {07 the
information item associated 31 WO 01/77820 PCT/ US01/ 01577 wth the first

t hread, théhetaashrecpotly ivsed iporidsm budedodinton idieg dddithief ookt serorals  t he
| east recenﬁ#ﬁ used portion on account of being dedicate to the second
thread. 26! g"ﬂEthOd of claim 24, wherein the nenory resource conprises a
N way set associative cache nmenory and wherein the first, second and third
portions conprising respective first, second and third ways. 27. The net hod

of clai m 2@ewheriiemettddeafadlhing@ i aRthefeit Bee RieSAd redburc8Sinprises§N | y used
portions includes exam ning a | east recently used history for a selected

set of the v seigsssiiative/eachachemoryrang wixgeirTthe first, secbrat ard #iird 24 wher ei n
the cache nenpry conprises a trace. cache ry, .and wherein the

i nfor mat | Orpo?ﬁg# SRy HSH}%WSW?tth%tﬁﬁeF%gggaﬁg’éé Wfpri ses a

m croinstruction of the first thread. 29. A conputer-readabl e nmedium
storing a sequence of instructions that, when executed within a processor,

causes t he 20r oc &¥anetimdoef dan D6 RehtePhe exbimifl£Eh:e 8f fHithistory bfleaP! ti ON
of a resource exclusjively to a first thread;
recently used portions includes examining a least recently used history for a

selected set of the set associative cache memory.

28.  The method of claim 24 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.

29. 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.

30.  The computer readable medium of claim 29 wherein the dynamic¢

sharing of the third portion of the resources is performed according to
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dedi cating a second portion of the resource exclusively to a second

thread; and dynamcally sharing a third portion of the resource between the
first amdosstsad threads. 30. The conputer readabl e nedi paT/@ko1ah1&I7Mm 29
wherein the dynamic sharing of the third portion of the resources is
performed according to 32 WO 01/77820 PCT/USO01/ 01577 resource demands of
the respective first and second threads. 33

resource demands of the respective first and second threads.
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