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The present invention relates generally to the field of nultithreaded
processor Wabi429nor e specifically, to a nethod and appar apgsukenzspriocessi ng
an event occurrence within a nmultithreaded (M) processor. BACKGROUND OF
THE | NVENTI ON Mul tithreaded (MI) processor design has recently been
considered as an increasingly attractive option for increasing the
performance of processors. Miltithreading within a processor, inter alia,
provides the potential for nore effective utilization of various processor
resources, WETHOD AND f ' t AN '

execution logic within 3&%%?3@3?@3%35 | cg *NG ‘%*f E?Eg@f]‘r?gfcnm%’%ﬁ
threads to the executi oWIBHIN AMULITTHREADED PRCOCESSORs t hat woul d

ot herw se have been idle due to a stall or other delay in the processing of
a particular thread may be utilized to service a further thread. A stall

in the processing of a particular thread may result froma nunber of
occurrences wWthin a processor pipeline. For exanple, a cache mss or a
branch m sprg g OF PHEINVENTEON ong- | atency operation) for an instruction

i ncluded wthin a thread typrcally results in the processing of the

rel evant thr eadThe pré¢senpinvEntoneelatesgenefdlbcto thie flebd of trailtiayaderper at i ons
on execution |logic efficiencies | s exacerbated by the recent increases in
execut i on PEGESSOrH ARAGREIR SH%ﬁ“‘hXV@ dinethed and abpaxatne for PrACeRSIAR 4N access
and retri s ' | Lcations are al so becom ng
i ncreasi ng y&tgsﬁnn&?]“?%@é{w%ﬁﬂﬂﬁg’egﬁ%%m&? d to such nultithreaded
applications by a -nunber of popular operating systens, such as the W ndows
NT(r) and Unix operating systens. Miltithreaded conputer applications are
parti cul arBACKGROUND OF THEINVENTION WO 01/ 42914 PCT/ US00/ 28421

Multithreaded (MT) 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 otherwiselhave been idle due to a stall or other delay in the processing of a
particular thread may be utilized to service a further 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 misprediction (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.

Multithreaded computer applications are also becoming increasingly
common in view of the support provided to such multithreaded applications by a
number of popular operating systems, such as the Windows NT® and Unix
operating systems. Multithreaded computer applications are particularly efficient
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in the nmulti-nmedia arena. Miltithreaded processors may broadly be
classified into two categories (i.e., fine or coarse designs) accozaﬁ852W6
the thread interleaving or switching schene enployed within the rel evant
processor. Fine nultithreaded designs support nultiple activ§ zgreads
within a processor and typically interleave two di f f er FRTVINARAYs on a
cycle-ﬂypéyﬁﬁﬁ basis. Coarse multithreaded designs typically interl eave

the instructions of different threads on the occurrence of sone

| ong-| atency event, such as a cache m ss. A coarse nmultithreaded design is
di scussed in Ei ckemayer, R ; Johnson, R ; et al., "Evaluation of

Mul tit hrg\ag? Uiti-peedigasedas for Commercial Application Environnents", The
3rd Annu nternati onal Synposi um gn I A DG Gdegities28; 212,
May 1996. Themﬂﬁmdbépsm&%ﬁ?ﬁ%mwawﬁﬁgﬂﬁ@ctur al %ﬁé coar se

designs are further djscussed,.in inteBavingAr switdhing schemeon
Tr adeof f fink or charspelgsims ?Ccﬂfﬂlpgﬁ{’e-%o&ﬁ%ét Pr ocessgors", Ml tithread

Conput er Architectyr.e- ¥edbot. hBingtraubtithfeadedrdesignss@PoHy R A,
| annuci emmPYJWH“ﬁé@?%g, Eﬁuwer Acadeni c Pu Ii.she"s

. ¥ Nn%“’éﬁffhrent
Nassachu%?lhgi%le bﬁ\lfed&?mthumtpﬁxem]?élﬁe‘é’]? H{‘Ee_fre@ 9! 8 SC ifrrrle;hhhat
nmb cycle-by-cycle switching o afl : e
g?pe: inﬁz Melaag%h@kyr?l/e—b{fﬁyd@mié- W?ﬁ?@%%@%em. 0 :hi s end,

Laudon proposes a ' bagk. off' .ins ' gcct,,l&aén gok eome lopg-tatency evendad (or
cont ext) mamu@moggfff%fm%‘éﬁﬁ%ﬁ%@ er of ccycl es. Such i?i]él back ff.f"

i nstruction may be, | d titeaded eesignds di ht's,
ahe cpcue BEECA (BaRc YA

such as #ueh nthis way, Laudon l.ds havi t gaMm an

act ual tgr ﬁﬂ%)ﬁ\ﬂ_tafmpy&sdlﬂpﬂign oﬁMtﬁg'ﬂvﬁ@dﬁﬁf {fmﬁf égg’s‘ (g‘r’n’g%"frl able. A
mul tit hr d3de drchitecture for_a pracessg RiEREAbsalSyiHpeganmoén f ur t her
chal | engeﬁp'ncaﬁmﬁnmmeaF NV G e JO[=18T atlv% executi gDﬁBd
processor ranch insfructi hj 1996e Thdhdistisqrianisfaeswees !

handl i ng m%@r%mg 1196w f an _excepti rigt s) that

tiops, o .igf?
g%/t {ngléﬁgeagébigre consimdigred Ir?.a om - ?P&eér;é%z%;g g:jClgL:?i \r,:gen
ed Iaé\d;{% fy
bet ween ”thaieﬁﬁ@thﬁona'dad@fsimﬂh@ﬂﬁﬂﬁb‘?{#ﬁ‘zﬁ,ﬁf&? ere is limted or. n
duplication® of functional units for Cl withobtadelofithe Art, edite
Multithread omputer Archit :

by R.A. Jannudi et al., pp. 167-200, Kluwer Academic Publis%iers, Norwell,
Massachusetts, 1994. Laudon further proposes an interleaving scherr'\e th.at
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, Laudtfm proposes a
"back off” instruction that makes a specific thread {or context) ufmvaﬂable fora
specific number of cycles. Such a "back off" instruction may be ntssued 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 making one of the

threads unavailable.

A multithre'aded architecture for a pro
challenges in the context of an out-of-order, speculative execution pfocessor.
the handling of events (e, branch instructions,
dchangeintheﬂowofan

cessor presents a number of further

architecture. More specifically,

i i ecte
exceptions Of interrupts) that may result in an unexp

instruction stream is complicated when multiple threads are considered. Ina

here resource sharing between multiple threads is implemented (i.e-.,

processor w. .
there is limited or no duplication of functional units for each thread supported by
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-2 2 9 APR 200& WO 01/42914 PCT/ US00/ 28421 the processor), the handling of
event occurrences pertaining to a specific thread is conplicated irf§RapR 200i
further threads must be considered in the handling of such events. Were
resource wuonsi/42914 s i nplenented within a nultithreaded prpcessensiit S
further desirable to attenpt increased utilization of the shared resources
responsive to changes in the state of threads being serviced within the
mul tithreaded processor SUMVARY OF THE | NVENTI ON According to the

i nvention, there is provided a nethod including detecting a first event
occurrenc etlfanoa:eSWrg,tthe handlingef ewgnp conzsareds petthining ton ispetific daded is
processor. ResBonsiv_e oth d(ﬁ%ﬁ%c ion of the first event Qccurrence, a
second t hr €@P 5&@?’9‘“&?‘6&%@@3 a¢¢ PushBe repsideneddn dhe handling sbsuchs
nonitored to detect a clearing point for the second thread. Responsive to
the detectfol df the cleari ng point for the second thread, a functional
uni t within t hewhibdei refthaadlgthrizigds s méz&ed%iﬁ%h%rﬁﬁﬁﬂ'ﬁéﬁdé@far&c@sé&?ﬁp t he
first and second threads. O her features of the present Invention w be
appar ent fisdorthee desirsblepaattempt thcaedsed itdizdtibn ofthdshated aescrdeelescri pti on
which follows. BRI EF DESCRI. PTION OF T Eaﬁw NGS The present invention is

i 11 ust r at ekPSBYNSINE t8 dhestaterfithreadstheing serviced withinthe of t he
acconpanyin | ' ich like references indicate simlar elenents
and in \Ahi%ﬁ".lg%ﬁé%?g&?é%sgggbl ock diagramillustrating one enbodi nent of a
pi peline of a processor with nultithreadi ng support. Figure 2 is a block
diagramillustrating an exenpl ary enbodi nent of a processor, in the form
of a general -purpose nultitheeMMAR PABJBRENTION gure 3 is a bl ock

di i | lustrating. t ed onent s of . mul.tithreaded
T e opr ocessor  ASHISEEN feZaY e frcte s Ppided AriRordngliding felecnge
provide a fuuf beEhSechiffensé R a0t AFRAR bbidpritelle ithind falifithreded

processor. Responsive to the detection of the first event occurrence,.a second thread

being processed within the multithreaded processor is monitored to detect a
clearing point for the second thread. Responsive to the detection of the clearing
point for the second thread, a functional unit within the multithreaded processor is
cleared of data for to both the first and second threads.

Other features of the present invention will be apparent from the
accompanying drawings and from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limited in the
figures of the accompanying drawings, in which like references indicate similar
elements and in which:

Figure 1 is 2 block diagram illustrating one embodiment of a pipeline of a

processor with multithreading support.

Figure 2 is a block diagram illustrating an exemplary embodiment of a

processor, in the form of a general-purpose multithreaded microprocessor.

Figure 3 is a block diagram illustrating selected components of an exemplary

multithreaded microprocessor, and specifically depicts various functional

units that provide a buffering (or storage) capability as being logically
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2 9 APR 2006 WD 01/42914 PCTI USOQ 28421 partitioned to accommodate nul ti |5)| e
thread. Figure 4 is a block diagramillustrating an out-of-order cl usY &P 1006
according to one enbodinment. Figure 5 is a diagrammatic representation of

a regi ster v pE9abl e and a register file and utilized W pdHsfRgi21

enbodi nent. Figure 6A is a block diagramillustrating details regarding a
re-order buffer, according to one enbodinent, that is logically
partitioned to service nultiple threads within a nultithreeaded processor.
Figure 6B is a diagrammatic representation of a pending event register and

an event i nhi bi t PRE#IGNes to aseemmivdaje moultipde threadi nent . Figure 7A is a flow
chart illustrati a th according to gne enbodi nent, of processing an
event within a nﬁ]%"frfﬁgag’g‘a‘kp&@m PSHW%F@OPBO?'@ ex glygfer according to
illustrating a @@fhbo@ﬁﬁ&ﬁ.i ng to one enbodi ment, of handling a "virtual
.nuke" event Witﬁ a multit l(rjeaded processor. Figure 8 is a diagrammtic

representation oFigureSibadiagragiast fép e%ﬂﬁ@ofﬁ%@%%gﬂ%%lﬁﬁ%&% by an

event detector, according to one enbodinment, inple

mul tithreaded presgigienfile andgutilizedowithin bbie embodimeatt i ve bl ock di agr ans
show ng exenpl ary. cont ent f ,a,yeorder. table, wthin an exenplary reorder
buf fer such as t%ﬂ"? ﬁt}é?#’i?‘é‘odlasw ysizating d regarding & re-crdenbuffer, t
illustrating a ' . I enbodi ne of , perforning
a clearing (or %@gﬂ%g@g@{e gﬁ%#ﬁ}eﬁ’a@éﬁu@? g{cﬁlr%g&é%g%??fg&%wgdﬂw&ﬂq} ng

at |east first ahgesisooittindtredtthrealfédiprocebddt.i s a bl ock diagram
illustrating configuration |ogic, according to one exenplary enbodi nent,

that operates t FigBre pB iy &diagramematitegpresertation ofia pendingeverit rbgistee andt put
of an active thr : ipe. Figuyre 12 is ti,m ng di agram
i |lustrating th@?&%&?‘ﬁ@ﬁ%&p%%@gam&qm%ﬁ?ﬁw% o one enbodi nent .

Figure 13 is a fRiguehis a AblwedrttihilraAtidl BRihodSRebHiAg b 8ng"e

enbodi nent ,

embodiment, of processing an event within a multithreaded processor.
Figure 7B is a flow chart illustrating a method, according to one
embodiment, of handling a "virtual nuke" event within a multithreaded
processor.

Figure 8 is a diagrammatic representation of a number of exemplary events
that may be detected by an event detector, accor;iing to one embodiment,
implemented within a multithreaded processor.

Figures 9 and 10 are respective block diagrams showing exemplary content
of a reorder table, within an exemplary reorder buffer such as that itlustrated
in Figure 6A.

Figure 11A is a flow chart illustrating a method, according to an exemplary
embodiment, of performing a clearing (or nuke) operation within a
multithreaded processor supporting at least first and second threads.

Figure 11B is a block diagram illustrating configuration logic, according to
one exemplary embodiment, that operates to configure a functional unit in
accordance with the output of an active thread state machine.

Figure 12 is a timing diagram illustrating the assertion of a nuke signal,
according to one embodiment.

Figure 13 is a flow chart illustrating a method, according to one embodiment,
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-4 2 9 APR 2006 WD 01/42914 PCT/ USOQ 28421 of providing exclusive accezgﬁ(ﬁ
an event handler within a nultithreaded processor. Figure 14 is a &% 004
di agram depi cti ng operation, according to one enbodi nent, of an excl usive
access st ayeomagiitne i nplenmented within a nultithreaded picaasesessr: Figure
15 is a state diagramillustrating states, according to one enbodi nent, -
that nay be occupied by an active thread state nmachine inplenmented within

a nmultithreaded processor. Figure 16A is a flow chart illustrating a

met hod, according to one enbodinent, of exiting an active thread on the
detection of a gifgupvisingexdwsive ageessita an eventrhaadlen within a multithrehdedided
processor. Figure 16B is a diagramatic representation of the storing of
state and the d¥P88%¥PT-on of registers upon exiting a thread, according to

one enbodi nent. . '||9eu¥ - 17 1 trati a net hod, according
“to one enbodi ne tlg 0 f?%éﬁ%??%ﬁ%%“@‘?ﬁ‘ﬁ%&h%’%éﬁéﬁqﬂﬁtﬁnﬁ’v"e“%o an active
state upon the egeh@tiirienl) o?hn@xBisite R¢eRistitemiditné ﬂﬁﬁrexﬂé\%aﬁ&qn algure
.18 is a flow chart illustrating a nethod, according to one enbodi nent, of

managi ng t he enabultitbreaded gretiesstsl enent of a clock signal to at |east one

functional unit within .a nultithreaded g_rqcessor. Fi ga{r(le 19A is a hlock
di agram i | | ust r XegWE lcﬁ%eﬁtaé%ﬁ%%ﬁm@g'ﬁ atipg states, Agearding ioneppdinent, f or

Flaure 108 i s atebag PP otiticd Bl SRR i ik SRRl TR
control |ogic shanaltithréaided peodBsor. DETAI LED DESCRI PTI ON A net hod and
apparatus for processing an event occurrence within a multithreaded
processor are dEiguieéd isaflovhcharsillustratingla saethpdi ancprdiog tponposes  of
_e>5<pl anation, e Rbodime t? 8. L)ici g%aééh’%e%ea%eén {h%r.égeict?or? ‘r) ae glegl(a) € trex?tv 'ocli.e a
the active thread within a multithreaded processor.
Figure 16B is a diagrammatic representation of the storing of state and the
delocation of registers upon exiting a thread, according to one embodiment.
Figure 17 is a flow chart illustrating a method, according to one embodiment,
of transitioning a thread from an inactive to an active state upon the
detection of a break event for the inactive thread.
Figure 18 is a flow chart illustrating a method, according to one embodiment,
of managing the enablement and disablement of a clock signal to at least one
functional unit within a multithreaded processor.
Figure 19A is a block diagram illustrating clock control logic, according to
one embodiment, for enabling and disabling a clock signal within a
muitithreaded processor.
Figure 19B is a schematic diagram showing one embodiment of the clock

control logic shown in Figure 19A.

DETAILED DESCRIPTION

A method and apparatus for processing an event occurrence within a
multithreaded processor are described. In the following description, for purposes

of explanation, numerous specific details are set forth in order to provide a



2 9 APR 2004 PCTI USOQO 28421 WD 01/42914 thorough understandi ng of thﬁ
present invention. it wll be evident, however, to one skilled int & Afife 2004
that the present invention may be practiced without these specific
details. For the purposes of the present specification, the term"event™
shall be taken that causes a change or to include any ev@RT/USIHBnal or
external tgpear/gmotessor, of an instruction stream (nmacro- or

m croinstruction) interruption to the servicing be taken to include, but
not within a processor. Accordingly, the term"event” shall be limted to,
branch instructions processes, exceptions and interrupts .that, ma

generated within or autéi d@ng%?ﬂ%ﬁfééﬁﬁhveﬁﬁonl =T anﬂo\ﬂo‘f"ﬁ‘é&g,t—oesent
specificatithnrowg'léuf‘ F’fﬁalb o€essor™ shall be se)gg)gnce @Jediv{;iﬂ{cflﬂ%éﬁns
taken to refer %ﬁe&%ﬂq@mimmh@ethW FEAENG I ncl ude, but not

be limted ON&S macro- or mcroinstructions), and shall be taken to to,
general purpose. Ngaflpr ocessors, special purpose mcroprocessor;n] gr@al{)hi CS

control I ersPaudi o controllers, multi-oediancoid, the e "avient' ob & s
or network cont Fet ﬂapurmﬁﬂ%ﬁeﬁrﬁ%m}qgﬂénahgﬁﬁcessor" shal | b&é{lak%q to
refer to, inter alia, Reduc St bieknalRo SqiroCesspi thakcavesif gt

| nst ruct i ontcSclugdg@Ry BYE B %RI SC), or ‘very kon%gi EW&M
(VLIW processors.. Eurtdecervifa tegfram ifvstinaci OB TP AMAER AT | be t aken to

i ncl ude anyIMBEMPEN s “provi g_ed in an inst Eﬁpt&@ﬂb%ttaﬁa{no(ﬁ\daﬁmbutgiﬁ
m croi nstruggi rotesson mowngbfnﬂ‘%%rﬁv- y ‘way of a flow marker or

other instruction,” of a |ocation.in e GES! Bption s antrinterngts Wt SRAY
event may b%naﬁnéém,&rap%%’é’&@ﬁi’@ﬁ?u mted to, -a The term"instruction”

shal | be taken to incl,ude :{tﬁfﬁi BGh ?smms truction or a mcroinstruction.
Certain exergenmfigte‘é#ﬂha‘ﬁ%n S 811% tﬁ present in_venpiég&r?[.%r o' BRall be
i mpl emrent ed pri naffdrlmeb@;rpbéésmfthapmbskﬁa-@?ﬁm : i [T nonet heclti%%g
°e efer to any machine that is capable of executing a sequence of instru _
2nd shall be taken to include, but not be limited

takentor
{e.g., macro- Ot microinstructions),
to, general purpose microprocessors,

controllers, audio controllers, multi-media contr . |
shall be taken to refer to, inter alia,

L1} orll

controllers. Further, the term "process '
C lex Instruction Set Computers ( ), Reduced Instruction Set Computers
omple CISC

i 0CEeSS0TS.
RISC Very Long Instruction Word (VLIW) prc | |
| N ot int" shall be taken to include any instructions

i hics
special purpose rmcroproces.:sors, grap
ollers, microcontrollers or network

Further, the term "clearing po | j -
(including a microinstruction or macroinstruction

i i instruction stream . .
Pm‘nded o of a location in the instruction

stream) by way of a flow marker or other instructon,

may be handled or processed.

am at which an event N
e on" shall be taken to include, but not be limited to,a

The term "instructi
macroinstruction or a microinstruction.

Jary embodiments of the present invention are described as

N t will nonetheless be

being implemented primarily in either hardware or software. 1

se skilled in the art that many features may readily be

appredated e dware and software..

implemented in hardware,

i jicroi j d macroins
e.g., either microinstruchions an
Soifware 8 completely or at least

software or a combination of har
tructions) for

embodiments of the invention may reside,

hnplemenﬁng gsor and/or within the

partially within a main memory accessible by a proce

%



being p appreciated by those skilled in the art that many features

readily be inplenented in hardware, software or a conbination of hﬁé\%ﬂ@m
ran for software.. software (e.g., either mcroinstructions and

macr oi nstr, | £ at least inplenenting enbodi nents of t ' | on may
resi de, c&yréf"g%% or a partially, within a main nmenory aﬁ%@%y a
processor and/or within the -6 2 9 APR 2004 WO 01/ 42914 PCT/ USOQ 28421
processor itself (e.g., in a cache or a m crocode sequencer). For exanple,
event handlers and state machi nes may be inplenented in mcrocode

di spat ched drbe83s@r iﬁbHV(%QE}?a éﬁ‘&ié%%hicr@éﬁdé’@@geﬁ&\‘ .fpﬁﬂéaahsﬁlé, éveppsm tted
or received via the network interface device. For the purposes of this
speci f i cat ikamdléfsearidstate'maehiheswnay dedaiplemertédunimicedwide dispataiehirom a

i ncl ude any medi um which is capable of storing or encoding a sequence of

-i nstruct i oMBIreeOdsSRIWENERT- by t he machi ne and that cause the machine to
perform any one of. the nethodol agi es._of . resent inyention., The term"
machi ne-r eadabl e':'%rﬁé‘aﬂfrﬁ‘ag %ﬁ“ﬁ&%ﬁﬂﬁ%@eﬁ%m@ %“\WW&E‘&F{}%@%M be
"limted toge34ld d-state menories, optical and magnetic disks, and carrier
wave signals. Processor Pipeline Figure 1 is a high-level block diagram

i I lustrating oneFerttadpurpostesodf this speeifation) theltere " hthchirksrdaidable medilfn”

i ncl udes a nunber of pipe stages, comencing with a fetch pipe stage 12 at
whi ch i nst shall bertaker teuncludgamomedivmavhich ds capable ef storing @r ghepding 3 nt o
the pipeline 10. For. exanple,. a roisnskruct b,on may be retrieved .f.r a
cache memorsavenge qnfiiEond fof exd o BV {rs Habfie AR agt ot INiTaching 1)
therew th, pREfoRRY oh8b¥ ﬂ?é’ﬁéﬂ{ddﬁlb@@s BF iR prebent TRy htiBHICT e trf '@
processor bus. Fromthe fetch pipe stage 12, the nmacroinstructions are

pr opagat ed nhachineteeadiblomediwmi ghall accordingly betakeni todincludedpmst rotde

translated_into, mcrginstructions (also, termed "m crocode” .
limited to, sohd-state memones,(optlcal and magnetic 813?(5, and zzamer wave

signals.
Processor Pipeline

Figure 1 is a high-level block diagram illustrating one embodiment of
processor pipeline 10. The pipeline 10 includes a number of pipe stages,
commencing with a fetch pipe stage 12 at which instructions (e.g.,
macroinstructions) are retrieved and fed into the pipeline 10. For example, a
macroinstruction may be retrieved from a cache memory that is integral with the
processor, or closely associated therewith, or may be retrieved from an external
main memory via a processor bus. From the fetch pipe stage 12, the

- macroinstructions are propagated to a decode pipe stage 14, where

macroinstructions are translated into microinstructions (also termed "microcode™)
suitable for execution within the processor. The microinstructions are then
propagated downstream to an allocate pipe stage 16, where processor resources are
allocated to the various microinstructions according to availability and need. The
microinstructions are then executed at an execute stage 18 before being retired, or

“written-back” (e.g., committed to an architectural state) at a retire pipe stage 20.

Micropr. r Architecture
Figure 2 is a block diagram illustrating an exemplary embodiment of a

-



suitable for execution within the processor. The m croinstructions a{&\w«m&
propagat ed downstreamto an all ocate pipe stage 16, where processor
resources are allocated to the various mcroinstructions according to

avai | abi | i o ansheneed. The microinstructions are then exegppiReodssAN
execute stage 18 before being retired, or "witten back"” ?g g., commtted
to an architectural state) at a retire pipe stage 20. M croprocessor
Architecture Figure 2 is a block diagramillustrating an exenpl ary

embodi ment of a -7 2 9 APR 2004 WO 01/42914 PCT/ USQ0128421 processor 30, in
t he form of peocgesa3), inpthegosm ofiagenprabpespose mitreppocessss Thetobessor 30 is
descri bed bel ow,as, bei ng mul tithreaded (MTi processor, and is accordingly
able to pree¥IWe ?’ﬁlaé%lem&?ﬂﬁﬂlgﬁe% ) peacessT: and is)accordinglyrable

nunber of the te ' I.ded ,bel ow,in the egcification afe n
specific to&’ap TRiFT ﬂ@gﬁ%@ﬁ%&ge&&%ﬁs (s §t555)| ﬁ&%’ﬁﬁ ac%‘f‘?‘bﬁr ‘Pﬁ&'&
single thre SRizd: : ' : o 30
may conpri s?aan n?glg Archl?%l({sebggmuple ?I AE é%“%%ﬁgtgﬁﬁc%ﬁ@ggfpg e of
executing tpwocessor) ard oty find applidatishiin atsingle thieadedproveddr. dnain such an

Intel Architecture mcroprocessor is the PentiumPro microprocessor or the
Pentium | | |€X&MP ngb@mewﬁgwmwm andnteb drchitenturef (IShnt a

Clara, Cali | rept, the oge r onpri ses . an
in-order f r%'gégé?loaceg%cf qglgt E(?ég ig%lF PQFWEE‘&%E gﬂﬁﬁ %fﬁglq?‘&“%rpﬂé?“ﬁ% fetend

| ncl udes a Aexhiple bASEHN Int@ArchitBiitife MBRIPrBBSsHPis' e PRRAEN Prch@f ween

t he processor 30 and ot her conponents (e.g., ‘main nmenory) of a conputer
syst em wi t hinkrrapradessarerthe Pestiom B0 meigrdprocessok opaufadtarédibg betell, t he bus

i nterface it 32.couples the pr sspr 30 to a processor bus (not shown)
vi a which (L)tg?‘i’oéﬂﬁo’éﬁ'%?%‘iaém% Q™B}-may be received at and propagated
fromthe procesgqromem ' | - t | de. Bus
(FSB) logic 34 t aqt con]}-ro S cb?r“%ﬁ%a |o%@é%%1§%5%%§ﬁ§?'§g%%§g$mb%\§ gcﬁ@n
bus i nt er f ang-afrirdeBBatiuendeThe icordée frontlend iadkides 3busiaterfic@ UrdEDR, 2

buffering function with respect to conmunications over the processor bus.
The bus i nt dunctions astheicondyishatwerry breprosessos 30andather ggnpenentsand to
send snoop r execut i gn it 42 that,provides a
e SmooP e Y, AR M PFof 4 SomBultF Bt AR WA thd prideeldb? 307y be
employed. 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
atand propagated from the processor 30. The bus interface unit 32 includes Front
Side Bus (FSB) logic 34 that controls communications over the processor bus. The
bus interface unit 32 further includes a bus queue 36 that provides a buffering
function with respect to communications over the processor bus. The bus interface
unit 32 is shown to receive bus requests 38 from, and to send snoops or bus returns
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
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processor 30. The nenory execution unit 42 includes a unified data ang

. instruction cache 44, a data Transl ati on Lookasi de Buffer (TLB) 46,2 AGR 2004
menory ordering buffer 48. The nmenory execution unit 42 receives

I nstructi owd ew42814 equests-50 from and delivers raw i nstrCUS®NS4222

(i.e., coded macroinstructions) to, a mcroinstruction translation engine
54 that translates the received nacroinstructions into a correspondi ng set
of mcroinstructions. The mcroinstruction translation engine 54
effectively operates as a trace_ cache "miss handler” in that it operates
to deliver 62 oxthersentef & bace cashe misscto this knd, thegnitrpingirddtivtabilafions

PCTI US00128421 62 .in the event of race che, mss. To this end, the

i cr oi nst r utA§IA r@ﬂ@%ﬁgﬂmﬁﬁﬁitﬁ%}@&‘ M&&?Qﬂﬁp% stagssildand i indhen and
decode pipe N BV ache mdss., The

m croinstr u%‘?‘%]g%&t% r%%s? fdg??%é\“gé’hg?‘ %m&’xﬁéﬁgﬁo\,\rﬁu %%ﬁglﬁﬂﬁ Ieﬂggleargﬁé OWn to

i nstruct i onjneRidy £hextNhErudi peifitdr PNIP ',Qﬂixﬁtﬁi&iom‘ﬁi\sh%gh jol8sidgguf f er
.(TLB) 102, a branch predictor 1::)L0'4, an i)rils['zoruction stream ng buffter ?ngg an
i nst ruct i onBuffer ddHdER, alpanch psedictor 164, st ipstrircijon sigeamiri@butfer 106, an

i nstruction,_decoder 1 Z’OFEan@ Jbranch address cal cul ator 114. The next

i nstruct i onNFHUSHER PreEecodes 199 instryction segringlagie 110, an instrurtien deeadesn

st reani ng f L1 4t r redi cti.on j

99. The intslﬁzfﬂc fl(])aﬁﬁgéggger %Sl%qgiﬁéf%ﬁg.cE’hggggfé%guﬁgﬁpgmo&?%rT%Zﬂgﬁgg@, her
conpri se arbrafgh predictr 104 and iteudtio) stttdinting baffed 106 B6pdtheN&dristfilte@"
pointer 100 issues next instruction requests'to the wunified cache 44. In
t he exenpl drrpnghipsedistion unit§BBU) AR The insteustiog@lecoder 1 ¥:and brarichiaddressded

m Cr opr ocessor .C of, processing i threads,, th ext .dJ.nstruction
poi nter 10 a%ﬁiff%g%geg\ Wﬂffséé}m\é\%ﬂfﬁo’( ﬁ’&f‘s‘#ﬁywwl"’sel ects

bet ween i nstruct TRE nB iAbPh&iGBOIe B i¥duled ngld BB IrulcAbn rbGGEstot &ﬁcond
thread for inclusion.wthin the next instruction request |ssue(§’t erefrom

I n one enbarhifiedicache He Indle exensplany embodimient whettd thepidcessvr S0lcomprisesat

I nstruction r ests .for the first d second,threads on a _cycl e-by-cycle
(" pi ng pond“)‘ﬁﬂ'gé?aéi,sedmrﬁﬁeﬁsﬂ’éﬁ ¢ BhErocesing bva dthengxd been

et o Sl BRI L e SULEHIEGP /A BOMER SRl Bl e

be for 16, B2tweedinshyiction pefrears asociatedheitheithehehd fitstiorlsecond thread for
inclusion within the next instruction request issued therefrom. In one embodiment,
the next instruction pointer 100 will interleave next instruction requests for the first
and second threads on a cycle-by-cycle ("ping pong") basis, 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 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:
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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 prgéi@:ﬁomm
104, the branch address calculator 114 or by the trace cache 62, with a
trace cachavooBRIr€quest being the highest priority redir egrh®p/msgauest .
-When the next instruction pointer 100 makes an instruction request to the
uni fied cache 44, it generates a two-bit "request identifier"” that is
associated with the instruction request and functions as a "tag" for the
rel evant instruction request. Wen returning data responsive to an
instruction requbst, {he "tequestddentiiers suppliedbyithe nekkirstriuction pgintegko0pr

identifiers together wth the,datg:, -9 2 9 APR 2004 W) 01142914 PC

rfUSOQ 28421 1. %he "%&E%%Bﬁia@ﬂﬁ?ﬂeé eg that 1 Dj‘w@h%%&rqmmeduendon
poi nter 100; 2.,A thnpegrhi gtﬁélﬁl vl Lfder  that identifi t he _chunk
returned; and 35.5' A" reaghilgen |'Jf'i'i ggﬁq%{i@%ﬁd@ﬁpﬁﬁ t%‘ﬁh“#‘ﬁﬁ%ﬁ i ch
the returned data beagﬁggb]ml}ﬁ(t I nstruction requests are propagated from

the next instruction pointer ~ 100 to the instruction TLB 102, which
performs an addridest irsbiutionpequestoare propagatetlifremshe nekyinisaaktianpoiraer t o

the unified cache 44. The '%i &g Cﬁ;{le 44 delivers a _correspondi ng
macr oi nsftrul&qth Fdnftﬁkécqq{blﬂ“ dv7.a% rP@ﬁfﬂfH& %?ql@lfesamkmgrm and
orntor - 100°FAF R PHYRIE AA0REZRIE IRl Hie 4. TREUbRAGHe A bl ine ™

i nstructi onedridsponding madt diastrd&ior ® ﬂm@ﬁﬂﬁﬂrﬁ&ﬁdrh@&éﬂfﬁ?bﬁﬂex‘"ﬂ?ﬁ IéEa&l next

macroi nstruction received fromthe unified cache 44 belongs.
macr oi nst r uostrugion reqreasbisalso prapagatedsdirectly friome thisnextrinstrietion pointet 1000m

the instructipn.streanm ng buffer 106 the ingtrugtion pre- decoder 108,
whi ch perf&PﬁEeMﬁ’%@n%eaI%t '%ﬁllbgfsataf’éﬂa uled @ﬁ%ﬁ%ﬁ?@%&e%t i ons
Wi th respe t8G8ENEN ¢ t} ; reﬁ'qghg) ' : '

Speci fi cal %@?#?itﬁstruc itggiﬁﬁlieg-aégé%o]ger alO ggfrllsera eds?.l a é‘é’?ﬁgt&g@%yte
mar ki ng  vaatified catlet 46 belongs.i Themartoiastruotickenfronabethnfist ahd sédonel theesds

Wi thin the instructio stream propagated to the instruction steering |ogic
110. The i rfse Hhrn isshed from theinstrycaon saeamung buffer 166 ta the ingtruction prerg

vectors to ' : i ' o_the i.nstruction decoder 112
for the purdﬁgéggrr %qg, Wikith pefftindaTRIMHES SR ghPcd10IatiBR dndByte T RS
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, infer 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
into which a macroinstruction is translated. A flow marker indicates a
characteristic of the associated microinstruction and may, for example, indicate the
associated microinstruction as being the first or last microinstruction in a microcode
sequence representing a macroinstruction. The flow markers include a "beginning
of macroinstruction” (BOM) and an "end of macroinstruction" (EOM) flow markers.
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“identifies parfitdladiehd ¢ Wiath 8t trbsd Aty intdriipred d{e%%rrkisfdi"t&i ot %.ts%a? at

decodi ng. Macroinstructions are al so propagated fromthe instruction

. steering logic 110 to the branch address cal cul ator 114 for the purb&é@g 2004

of branch address calculation. Mcroinstructions are then delivered from

t he instrl,‘ﬁ)ioi)lgzﬂgcoder 112 to the trace delivery engine 54 g
RAmEER,

decodi ng, ow nmarkers are associated with each m croinst

whi ch a macroinstruction is translated. A flow nmarker indicates a
characteristic of the associated mcroinstruction and may, for exanple,
i ndicate the associated mcroinstruction as being the first or |ast

mi croi nst r Ygddopdirightoatheipresad tieverfimy Gcdedoder EERHaly FartheB&édienhbr UCt i ON.
The flow markers includé a "beginning of nmacroinstiuction” (BOM and an
"end of magnreistnuctivnnto h&i@\ﬁmﬂ‘%wmttee(mﬂﬁpmcezscﬁ') [SHRRR) 4l omOntirkd39 14

PCT/ [ JS00/ 28421 Accordin t present inventiop, the decoder 112 may
furt her desodeyrsaroneaon [SVES APyrEarker Asodates terreithy Specifically, a

(mul tiproc I . SV: pnization ((SYNC), .fl ow

mar kers as gg%ﬁ{fi reeggﬁﬁ%raie%j’ ﬁﬁ% kg%feciéeﬁhﬁiceg?ﬁ&é%ﬁgtghgt#%@ %g%‘i?f‘% %rar ker
which the thread may be interrupted (e.g”, re-starte I paused) ess
negati ve covitllpssmegativeconseljsentesithan elseiwhetdincthe thidad. EreadtrodéiPl2, im  an

exenpl ary enbodi m.=1nt of . the preseth i nvention,, is constructed to mark

mi cr oi nst r B&exeAPlaRaemberiperiofthe Presgnb InvieRtiopeisicanstrycled ta matkent
macr oi nstryct | W - ke | as intermttent
points in 8#1‘%5‘? %EQ?%C%EQ‘&?%E E@%é&g‘gg&%ué %c%&ﬁ@ﬁ%’% mar ker

| dent i fi es rRacrirGtictiohwith & Shafel Rsbafe!flow midrksr &k wellak ihietinitteritiporad at
which the thread may be synchronized with another thread responsive to,

for exanpl & lengeyoigrenadesequencesn & yymshronizajiom flawt markertidentifiesaad. For
t he purposes. of. the present specification,. the term. "syn oni ze", shall be
Laken (o r BRsroips irEer SehlapRER g Pabticplat it G e atith e BhreRd mif e ooy
one thread g:?d%hﬁédﬁbﬁﬁ%ﬁﬁier%?éa% ox*%ﬁv@'&ﬂ'fgf ?:E’aﬂ‘i%feba %fﬁf}%}ﬁzaﬁgnt hat

t hr ead and? at |least one further thread with educed ower

di srupt i oninstoudtios withiredearther tiread.v For thepueposes op therpresent specificationd or
o coent | nHRRISFE YRR hall bE JAKER IFefen fous IS0 o st B et
located at ;581196 0¢talPGAOHIELA Y€ WHILh processor state may be modified with respect
to that thread and/or at least one further thread with a reduced or lower disruption
to the processor, relative to a second point in that thread or in another thread.

The decoder 112, in an exemplary embodiment of the present invention, is
constructed to mark microinstructions that are located at selected macroinstruction
boundaries where state shared among threads coexisting in the same processor can
be changed by one thread without adversely impacting the execution of other
threads.

From the microinstruction translation engine 54, decoded instructions (i.e.,
microinstructions) are sent to a trace delivery engihe 60. The trace delivery engine
60 includes a 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 caching function within the processor pipeline, the trace delivery
engine 60, and specifically the trace cache 62, allows translation work done by the
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boundari es where state shared anong threads coexisting in the sanme
processor can be changed by one thread w thout adversely inpacting 2 HAPR 2004
execution of other threads. Fromthe mcroinstruction translation engine
54, decodegyggipictions (i.e., mcroinstructions) are sepgri@ohsiface
delivery engine 60. The trace delivery engine 60 includes a trace cache 62,
a trace branch predictor (BTB) 64, a mcrocode sequencer 66 and a

m crocode (uop) queue 68. The trace delivery engine 60 functions as a

m croinstruction cache, and is the primary source of mcroinstructions for
a downst r eamiesodustrizctionuransiation Bygipe 54 itd ba feveragad-rooprestidericreredachi ng
function within the processor pipeline, the trace deliver engi ne 60, and
speci fi cal | uerpinstrgehion: L. I ergexemplasy embediment the tracesacheé2- 11 2

9 APR 2004 WD 01/42914 28421 m I nst ' t | gt | [
5410 be | UBYATEPTE BCY Ped WS, EEA-IaH TFBIdTY: Thetron Bartmiie i one
exepl ary. cphaghB{implaf ehlRREEAC iy W for Bk SBBRISSE AidBsREkofls 12V Set

associ ate ry. The term"trace", present exenplary enbodi nent,
may refer tstorededthineatrids ofi the tiaos tadhet62peach etitey fdtluwdingipoistets tes of the
trace cache 62, each entry including pointers to preceding and proceeding
ni cr oi nst r uRTECedisy Pr%qeﬁgque@ég'ucmmmmpmg thpdraces Incthis walye the

R T e
i cr 0i NSt T Uit QRtrlyStoBRONReRBHTEL R bﬁégoﬁﬁﬁm¢§s‘ﬁgﬂ'ﬁt&lﬁ Traces, in

one enbodi nent, y be viewed as "bl 0cks"” of 1 nstYucti at are
di st i ngui shmicrbinstruction istknowerbefigreta areentewdess inoomplete: Teadesdhasheupon

encountering an,indirect . branch or, by reaching one of nmany present
threshol d cORBPHIRERL, mayhe viewedas HORR ol ST aeS Bk aredishreaished fromny
be acconmo ' ' : i .als:

i crof nat Lt atRefloy bAG ReddeaRdate ketfrundfitl JhO BIRAefhe St

predi ctor @rapdovr Bbgeadiing ohe af etany mdseit thigshpid tenditions) suchtasakes Wit hin

the trace cache 62, The trace cache 62 and the m crocode sequencer 66
provi de ni granben of ronditiened branches thay syebejaccoenmgdatadoim awingle trage or the

M Cr 01 NSt T Yebl NS HufinbliESE fofl it ARsULSs Po0Blay RHKLON eiloyst er - The

The trace cache branch predictor 64 provides local branch predictions pertaining to
traces within the trace cache 62. The trace cache 62 and the microcode sequencer 66
provide microinsiructions to the microcode queue 68, from where the
microinstructions are then fed to an out-of-order execution cluster. The microcode
sequencer 66 is furthermore shown to include a number of event handlers 67,
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, as will be described in further detail below, are
invoked by an event detector 188 included within a register renamer 74 in the back
end of the processor 30.

The processor 30 may be viewed as having an in-order front-end, comprising
the bus interface unit 32, the memory execution unit 42, the microinstruction
translation engine 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, a register renamer 74, an
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sequencer 66 is furthernore shown to include a nunber of event handleiz @;
. enbodied in mcrocode, that inplenent a nunber of operations mﬁthirla PROZ00
processor 30 in response to the occurrence of an event such as an exception
or an i nW@PLU#P14 The event handlers 67, as will be descr pordisoondiart her
detail below, are invoked by an event detector 188 included within a

regi ster renaner 74 in the back end of the processor 30. The processor 30
may be viewed as having an in-order front-end, conprising the bus
interface unit 32 e nmemyry _execution unit 42, the mcroinstruction

th
transl ati oRllegripr 65 rensden mifer 78 eadcretaplast queuesdth ltenschadulen72dntludes ar der
back-end that, W ll be described in detail .bel ow. croinstructions .
di spat chedsrkr%frﬁeﬁrevaﬁoﬁ'rs 5%88@ aq'\%eqféeregsgp ?9‘%‘%/“1?' BHCRstRcting e r

. cl i & ' - .29
5004 W0 011 TS BRRb AN CREMOR e 70, STRERENEl 1o ERRIY it 2 0ider /7R
replay querendiflingThmctiohedth isped tb hidddemiegers@d fﬁjatii%ﬁ%iﬁ%é@ﬂeﬁ @hatons,
e

. and operates to schedul e and dispatch mcroinstructions ™ for eXecution by

the execut may bgntilized implece efpnytof theeightegenzral parposewegistersgirsirgr of the
01 ot er's. LR IOAAE BN RBTe.t e BERCeBior dperuten theckyslcA er e
pur pose r eg%;&t:ﬁ:ﬁ%n%t)‘?‘ PheQllobdlEr 76 bﬁ@fatés! i JedeeRbdNre ::-sg ﬁf ﬁ%ﬁ%‘%b?ﬁgﬁ Lfit®

processor executes the Intel Architecture T1nstruct S

al | ocat or 7Gand¢hathstdrdlab hicminstretivnsaecording kravikbilitytihdifibdd. FHhand
the cluster 71 to mcroinstructions according to availability and need. In

the eventevepdthatinspffjciend nesouseps are available 49 process @ misrginsiruston, the

i croi nst i : | 6, i . i tall
o gnal oo, fdsapb 76 ol iasdtiunk 4 A0 Bzl 8f ehelisTyopnge i Bedidh ¢ ne
m Cr oi st I ghe!tr&de délivesy shiidR 661§ tREmidroidsn o rardlatith e '@@495%1&&%{10”5,

whi ch have had their source fields adjusted by the registe renamer 74,
are pl acedatii. Micoinstuctions, evhiti8have baditbeir pourpedields aidjustedisy the register

m croi nstructions, W thi.n the reorder, buffer, 78 have conpl et ed_executi on and
are readyref'ﬁfnerr?#'r pLeRiAce W&é%tﬁiﬂ ﬁéﬂ(ﬁ?@’ﬁfﬂ*’&?ﬁ‘&@éﬁﬁd Huff er and
retrieved jnfrofitidttions SHthiIR BEfeok! Yo, "o el L Qi al am
order). The rgpl ay queue 80 pr Sp?gg%‘f%‘%ﬂm crol nég%r&d@te?éoang%%é{&aar@%%r be
repl ayed treadjdorretiratrient) they aretbien removed from a reorder buffer and retrieved in

an in-order manner (i.e., according to an original program order). 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
and Streaming SIMD (Single Instruction, Multiple Data) Extensions (SSE's).

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 among threads. The resource sharing scheme employed,
it will be appreciated, is dependent upon the number of threads that the processor
is able simultaneously to process. As functional units within a processor typically
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The execution unit 70 is shown to include a floating-point executlon E %I
. 84, an integer execution engine 86, and a |level 0 data cache 88. 2004
exenplary enbodinment in which is the processor 30 executes the InteI

Archi tect w@oi/4eo4 uction set, the floating point executi @rEeH@lg:p4 My
further execute MWX(r) instructions and Stream ng SIMD (Single

Instruction, Miultiple Data) Extensions (SSE s). Miltithreading

I npl enentation In the exenplary enbodi ment of the processor 30 illustrated
in Figure 2, there may be limted duplication or replication of resources

to support paowdnlsbmerima‘é&fmg;(omrmiagb) ﬁmmanﬁmﬂytan$ﬂmpa§éﬁbﬁq{1ﬁcﬁtﬁfaﬁ tpah¥ O
r eads

I npl enment sone degree resource sharrng anon The resourte
sharing scHSHE of Fggay WRY bepdewpd raécp@rwmg ¢l)stgregdand (Zpon t he

mb f th d. that th bl | t I As
funct i onal PERREST pﬁwggﬁsﬁ REEROR ghlR smpoRenss; FapRkabple, 201142914
PCT/ US00/ 2 f I d
ﬁ‘%ﬁ@{. Haflfuss PEUTEs B SRR priUARE bf huewe%ag Biffer2"

pr opagat i 0 I SSue esou arin vi ewed as

conpri si ngrdsbyradsorithin mrbmsamcmmmtsrméjabe@mﬁfan or Dogidull ngﬁrtﬂih"%{ehng

corrponents For exanple, in a processor that suppor s t he sihul t aneous

pr ocessi ngbeweeRFWt gads. Similazly, thebandwisithgromided by a path farrthei onal
units may be stat.ically. or artitione betvvee eads.
S 1 ar Iy, PRORAERHRT A deie R HOn peimen B0 fine il o ke dvided o

I nformati o AEBEW: ItRAdsU Q?cedéh‘éﬁ'ﬂ\gs

bet ween théen(?vﬁ\}) threaéggthﬁsmg)hesedrses%sh@ggéjéﬁarr ng 1| sstes rraymggrrr se afip

nunber of hmmreroﬁbmh@ﬂmmﬁurpaqnee&oorpimhkmr@ffedtﬁﬁ&&@ﬂkersﬁaﬂn gehahey | Ng
schenes t@ "ﬁl'@ygﬁag t these various locations in accordance with the
|

di ct at es a’ﬁ‘&Y 1658 Variousdocatiomsiin acerdanre with thedictatescand
appreci ate f er, uited to

di {1 erent r@% o'%%&rﬁ t@?%mé&?@r%@ﬁrﬂgwgr AERET e Bl el ernee
char act er i sHairieg besiitdd e diffbrast lotatibhsis! vidiv Gfov t ed
conponents for one i ment of the processor 30 illustrated in Figure 2,

and depi ctfangtie ﬂﬂlﬁeﬁ qrehag charactenstiss. provide a buffering capability
o e o8 Cepa %@ R B AR SR o e 020 €
embodiment 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. However, in alternative
embodiments, buffering can also be dynamically shared. 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 second set of read and write pointers may be limited
to a second predetermined number of entries within the same buffering resource.
In the illustrated embodiment, the instruction streaming buffer 106, the trace cache
62, and an instruction queue 103 are shown to each provide a storage capacity that
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two threads of the buffering (or storage) and processing facilities of a
~functional unit may be achieved by allocating a first predeterm ned7 §&fR aili
entries within a buffering resource to a first thread and allocating a
second pr hpsssiped set of entries within the bufferinggr to a
second thr%"cetgdj.g wever, in alternative enbodinents, buffgpﬁfgwéégnal so be
dynam cally shared. Specifically, this may be achieved by providing two
pairs of read and wite pointers, a first pair of read and wite pointers
bei ng associated with a first thread and a second pair of read and wite
poi nters bgipg | r&ti8Hed' gafjir st set of read and
wite poi %t%&éﬂnéa be | i%a\?gﬁv%gslg@ﬁgts&tr{%%g%?ermaﬁ%d nunber of entries
within a buffering resource, while the second set of read and wite
pointers may be limted to a second predeterm ned nunber of entries within
“the sane buffering resource. | hhefghtidf Huster(Aiddi nent, the instruction
stream ng buffer, 106, the trace cach 62, and_.an jnsfruction gueue 103 are
shown to each p?m’&éﬁa@%@ég@éﬁ ?ﬁﬁtﬂﬁaﬁ“ﬂﬂdﬁft rpdrenerabediment 06914
" PCT/ US0012 IS¢ ' ary t i |k st.and . second
threads. The %fjdt'é c-)+ f%rg'g#%%lj&'st%{re %%?ld#gtdﬁgg% %hls% q'aeg%ligéﬁga P Frgister

i | 1 ustrat | fghaitiinigh péplae bad ketireineait fuseindilite Witheh thé PEoclord0; A ugbyst er

71. The cluster 71 provides the reservation station, register renam ng,
repl ay and?} eeceivasanicroinsizuctions from thettraca delivenyr engine 60, didcafis eestiuredser

71 receives mcroi.nstryctions fromthe trac elivery engine 60, allocates

resour ces & %BE&I%‘#%‘WQMSW&W& Spahe rﬁﬁgtedéiqu% i on

regi sters fohoftiudton & ' d | | . Or

di spatch to tﬁe appr opr%gm%%gg%gﬁﬁgﬁ%sﬁ?égﬁ%ﬁg{eﬁﬁ rrgpﬁg{er uctions

that are regcatiod whits Aphaiadles mipeindtendtions thatchre lteplayed @lueytordata r es

m croinstructions (i S commits the mcroinstructions to a pernmnent

ar chi t ect lﬁ%u&hﬁ‘bﬂ‘.lﬂ‘%’rgﬂﬁl&x Fetires BHETOIRStBACHONS {i-e4 pemaitssther 71 are

si mul t ane : | Y ' | ble 120 and al | ocation and
%?Ar&u‘gﬁldcﬁ%f’@ E’o 5 Bf@éﬁ%ﬁ’eﬁ'&ﬁftﬁﬁﬁ §tatt

free |list managenent 1o0gicC re ef allfas table 120 is

responsi bl e f orMicrebsitaictiogs reeived atthgichisesr ?ladfe%iﬁiﬁltaﬁ@cy@lgﬂbliﬁéﬁﬁ%%r
addresses used by the schedul er 72 and the execution units 70. More
speci f i calnegistersiliasitablg 126 apd liosation and fregdist management jegitd22.2The enanes

I nt eger,

register alias table 120 is responsible for translating logical register names to
physical register addresses used by the scheduler 72 and the execution units 70.
More specifically, referring to Figure 5, the register alias table 120 renames integer,
floating point and segment registers maintained within a physical register file 124.
The register file 124 is shown to include 126 physical registers that are aliased to
eight (8) architectural registers. In the illustrated embodiment, the register alias
table 120 is shown to include both a front-end table 126 and a back-end table 128 for
utilization by the respective front and back ends of the processor 30. Each entry
within the register alias table 120 is associated with, or viewed as, an architectural
register, and includes a pointer 130 that points to a location within the register file
124 at which the data attributed to the relevant architectural register is stored. In
this way, the challenges provided by a legacy microprocessor architecture that
specifies a relatively small number of architectural registers may be addressed.

The allocation and free list management logic 122 is responsible for resource
allocation and state recovery within the cluster 71. The logic 122 aliocates the

following resources to each microinstruction:

-15-



floating point and segnent registers nmaintained within a physical register
~file 124. The register file 124 is shown to include 126 physical refb#PRisl
that are aliased to eight (8) architectural registers. In the illustrated
enbodi mentwolongza1egi ster alias table 120 is shown to i nclpgdruseobdaza
front-end table 126 and a back-end table 128 for utilization by the
respective front and back ends of the processor 30. Each entry wthin the
register alias table 120 is associated with, or viewed as, an architectural
register, and includes a pointer 130 that points to a location within the
register file 124A%equencemurnberyachickisigiventosrch gnicrrinstretiomto track the

hi t ect I i,St ' d, Ln. thi th hal | ided b
2 Fegacy m or opr odaEEghordiet Hiaraat witin h disad 5 the PUOUBIRCHOR OISR
nunber of archi teQWﬁﬁ'tEn efistd s %eﬁﬁex?&qﬁﬁﬁﬁ&dattrw&eﬁltb%ﬁ ion and free

€ 10

i st managenent logic 1 I'S T esponsi r resource allocation and state
recovery within thﬂicfdinsﬁraéﬁ&iisswﬁdt@gétheﬂmtdlm&ﬁﬁﬁnﬁﬁ%nfb@tﬁeOV\ﬂ' ng
resources to each mcroinstruction: -15 2 9 APR 2004 WO 01142414

PCT/ US00/ 28421 1. miiczeinsignciéomwitden a table 480 (shoginvkelowninighre 10) within the

m croinstruction to_t agkgéhgﬁzlogical order thereof within a thread as the
m croi nstruction FE°Y5E0 ‘W thin the duster 71. The sequence nunber

attributed to e 62t Al ' ' . L 1D Eg&ﬂ
i nformation for %tchmé@erghl% ol nsggﬁgﬁ?gfﬁ% t fﬁ%ﬁ%}gﬁ%ﬁc%%ﬁ%% e 5(\)/\/ in
Figure 10) withi nalloe theddstdey obtlid micrdinstruetionitd be tracked ana pe@eerst irent ry,

that is given to each mcroinstruction to allow the history of the
mi croi nstruction the easeof askate reeaverpOperation- in the case of a state

Sequence number 2 Byreorcer bEREEHOBEHFL il Findieloy I Yealbri BENEE"Y 11
“marble”) w thig wph{sitdleegitterfile1o Eﬂg?i(ﬁﬂ?o\ﬁﬁ)as%t'%ﬁbl@'?wﬂﬁﬁ%ﬁhﬁ&e 5. A

| oad buffer (not shown) entry. 6. A stall buffer (not shown) entry. 7. An
i nstructi on queuemdmoinstuctipn may storefusefud remaltsr y i nstruction queue or a

general instr uc;s] %nloaagq)r]ﬁfesr ‘(ﬂgteéi%wgfenvg_}_l be descri bed bel ow).
6. A stall buffer (not shown) entry.
7. An instruction queue entry (e.g., to either a memory instruction queue or

a general instruction address queue, as will be described below).

In the event of the logic 122 is not able to obtain the necessary resources for a
received sequence of microinstructions, the logic 122 will request that the trace
delivery engine 60 stall the delivery of microinstructions until sufficient resources
become available. This request is communicated by asserting the stall signal 82
illustrated in Figure 2.

Regarding the allocation of an entry within the register file 124 to a
microinstruction, Figure 5 shows a trash heap array 132 that maintains a record of
entries within the register file 124 that have not been allocated to architectural
registers (i.e., for which they are no pointers within the register alias table 120). The ‘
logic 122 accesses the trash heap array 132 to identify entries within the register file
124 that are available to allocation to a received micrdinstruction. The logic 122 is
also responsible for re-claiming entries within the register file 124 that become
available.
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In the event of the logic 122 is not able to obtain the necessary resources
~for a received sequence of microinstructions, the logic 122 will relg®idBR 2004
that the trace delivery engine 60 stall the delivery of mcroinstructions
until suf fygi gesources becone available. This requestpd | cat ed
by assertiwngof?ﬁieglstall signal 82 illustrated in Figure 2."652‘6%%‘2%8 t he
allocation of an entry within the register file 124 to a mcroinstruction,
Figure 5 shows a trash heap array 132 that maintains a record of entries
within the register file 124 that have not been allocated to architectural
regi sters (i.e. THeologihl2hfurttey raaintairs phrealisrrnanagdri(FLMiel 4agienhble al i as
table 120). The I(f)gi .122 accesses the trash heap array 132 to identify
entries w tthagkinge tectural segisters 2 Gpedificallyy trefveg histymanagerdi3tanaintains 2o a

Fesol 5 mi ndUSREY PLEN Fidlikes b e Baslerafios able 129 RATOBRIBHEONS A | abl .
-16 2 9 AP quh@ 2 §4%J . : s . :
‘a free Iis'lt%l%g%tager #Igél\/)%%ﬁ@os enaége t ac%%%%? %éch*%@%ﬁldﬂ% "
regi sters. regitdrfdliaaithble 120¢o Fbﬁﬁ tb h&bnr?ges@eﬁvégﬁtérgim fispredittion@ry of

the changes to the register alias table 120 as microinstructions are
al | ocated tanegvend. Thedreelist manzgeridcaleq "apes’ thestorage of detaimphisientries ofo

2 aea s : . C 2 . Pl !
aivon™s m afe rbeiste? 6 174 S BuasBfled Il PeREA indbPndafas SBEAL il ' ©
the stor ag%eaienqahv:iph?siwqe tdrli@enters Bf@trﬁﬁﬁbﬁ-‘eérfr%r%\'tﬁe%ﬁsf’nm tee

that all the state ormatron is current. Finally, retirenent,
physi cal rd344o éne trdsimhedp erraydd2 foralvsiton éula fursher micrbirstridtion. nanager

134 to the trash heap array 132 for_al]ocation to a further

m croi nstructi og.m Kf%”r?gpplﬂﬂqu@ﬁ“ﬁﬂégg £Fs a@osinurlpEs to a sehedulerand ons
to a sched . ' : ' | der,
and hol ds g%%reglaélgjat ck g@%@%ﬁ?ﬁ‘?‘ﬁ‘?%ﬁ I'n g?dn%? %ﬁq{#é%%ﬁa gggp'%h%el%s

execution whictsinsi@uctdreirifoghation neededibietiee dxectitids ani Y0l MHeudstriion
di stinct structures, nanely an instruction queue (I1Q 140 and an
i nst ruct i oguete B! 36 Bk nqludy twa distingt struchures; namely: ap insftuctioreguene 42

i or o st r Hpt 3 e BB BB RS Bl AQ) 12 AT RR i e o

needed. Th@ueues 142 are small structures designed to feed critical information (e.g.,

microinstruction sources, destinations and latency) to the unit 138 as needed. The
instruction address queue 142 may furthermore comprise a memory instruction
address queue (MIAQ) that queues information for memory operations and a
general instruction address queue (GIAQ) that queues information for non-memory
operations. The instruction queue 140 stores less critical information, such as
opcode and immediate data for microinstructions. Microinstructions are de-
allocated from the instruction queue unit 136 when the relevant microinstructions
are read and written to the scheduler and scoreboard unit 138.

The scheduler and scoreboard unit 138 is responsible for scheduling
microinstructions for execution by determining the time at which each
microinstructions sources may be ready, and when the appropriate execution unit is
available for dispatch. The unit 138 is shown in Figure 4 to comprise a register file
scoreboard 144, a memory scheduler 146, a matrix scheduler 148, a slow-
microinstruction scheduler 150 and a floating point scheduler 152.

The unit 138 determines when the source register is ready by examining
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I nstruction address queue 142 may furthernore conprise a nenory instrﬂﬁéé ?rﬂ
address queue (M AQ that queues information for nenory operations ain 0ok
general instruction address queue (G AQ that queues information for

non- menor ywWodpaesidi ons. The instruction queue 140 stores |psfusSdokihal

I nformation, such as opcode and i medi ate data for m croinstructions.

M croinstructions are de- allocated fromthe instruction queue unit 136
when the relevant mcroinstructions are read and witten to the schedul er

and scoreboard unit 138. _Thg s%d%er and scoreboard unit 138 is

r esponsi bl eNfIFMaRPR MGt i rregistardie seasebeazelcl4di. oFp ts ed,dhai ni ng
the tinme at ' . ) | N i . Sour ces ..be ready,,and when
t he appropfﬁ%@%@%egﬁgﬁlf '?‘i{’ﬂgé’a\%@b‘%“ gf‘saﬁﬁ’é{’g‘?ﬁﬁﬂ% datt 138 is
shown in Figiercd avilsbipy édifespondiths iféachi rksi tREOR,

schedul er 146, a rerlatf'i xﬂg:hedu'?er lg, aacglljgg}-ste:rn'cvg{ ol nster Séﬁ'?%nﬁggzg}d)g%‘rer
150 and a fekantplaghescotebeardbits for alifstticiilae enmztwilB& ﬂﬁtﬁgiét&efﬂewmw)he
source register is ready by exam.ning -17 29 APR 2004 WO 01/42914

PCTI usoQ 2$exleargd sinandliosation af datade the telewantrentriegr a manitef opesation imtodhe d

144. To thi‘fi\i% the register file scoreboard 144, in one enbodi nent, has
256 bits t ack data resource availability corresponding to each

. i . t h . . . . i
register withi nm{&&néﬁﬂtfké{edwéﬁ%ﬁf&%nerﬁéli 1%% xrrrié%‘énﬁsgtﬂgﬁe&gn?fe %egié% >

for a particular entry within the register fi
al | ocat i onrefouttee avaidability, ard ehemschedules memarywcldss mipsoinstroctiond. THee

unit 138. The nenpr c ul er 146 buffers nmenory-class m-croinstructions,
checks re?@ﬂﬂ’ée"@?é&‘éﬁgg?‘f‘??%wqﬁ@gggbf ﬁi\%ﬂ"yb&l%ﬂé%lt (ALU)

m croinstr IRilers thR€all | | 2", gﬁgﬁrgg S Lahtly. -.bound
arithneti cyﬁ)égl cC unit (@)ﬁ:ﬁé ‘?‘é‘%ggﬁ'ﬁgrog dtekéﬁda ovﬁktstﬁzb&s%\ﬁ%'%g&ﬁ?ﬁﬁom'
dependent fihe flvatingguinindchediles 152 buffersand sttedulesfloatingpomit schedul er 152
buffers and schedul es -flo tliggge poi nt ~ m croinstructions, while the slow

mi croi nst r FEETOANSIERFRANS ¥ sloMemueinstazction sehedulerildischeduleandl ed by
(05 2o PRSP Ee e Rl ™ U111 (O
queue 166 and aArdieckeryeslayandrétirement unit (CRU) 160 is shown to include a
reorder buffer 162, a checker 164, a staging queue 166 and a retirement control
circuit 168. The unit 160 has three main functions, namely a checking function, a
replay function and a retirement function. Specifically, the checker and replay
functions comprise re-executing microinstructions which have incorrectly executed.
The retirement function comprises committing architectural in-order state to the
processor 30. More specifically, the checker 164 operates to guarantee that each
microinstruction has properly executed the correct data. In the event that the
microinstruction has not executed with the correct data (e.g., due to a mispredicted
branch), then the relevant microinstruction is replayed to execute with the correct
data.
The reorder buffer 162 is responsible for committing architectural state to
the processor 30 by retiring microinstructions in program order. A retirement
pointer 182, generated by a retirement control circuit 168, indicates an entry within
the reorder buffer 162 that is being retired. As the retirernent pointer 182 moves
past a microinstruction within an entry, the corresponding entry within the free list
manager 134 is then freed, and the relevant register file entry may now be
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circuit 168. The unit 160 has three main functions, nanely a checki nzg
function, a replay function and a retirenent function. Specifically; 3 ARR 2006
checker and replay functions conprise re-executing mcroinstructions which
have i ncoypagishdsexecuted. The retirement function conprpspgs@Rgitting
architectural in-order state to the processor 30. Mre spem?lca y, the
checker 164 operates to guarantee that each mcroinstruction has properly
executed the correct data. In the event that the mcroinstruction has not
executed with the correct data (e.g., due to a mspredicted branch), then
t he rel evaetiaithed gindstransferired to the epdlalyeagp droaye ik (fte witicemiehecardralect dat a.
The reorder buffer 162 is responsible for comytting archjtectural state to
t he procegdrstut 2150 shommytaimplemest an aetivm, ?4& slakymashinedet

- nai cat oo RHPERE PR AFGHoRRBRE Sith i Bp sRplah RIS et Sl

the retir iRl 188 ddintfold B dHhY:@&tméiﬁ%‘fsﬁeidﬁl&i@ fRSURSREIOR thelr 'feaﬁﬁpuﬁaf ry,

the corresponding entry within the free list nmanager 134 is t reed,

" and t he rdie2tathe cegespandifig aechétecturahstyteneithinetheiregisted fAPR22004 WO

01/ 42914 PCT/ U 28421 reclained and trangferred to the trash heap array
132. The retir 0 tt?‘bffaa]égeﬁ%ﬁﬁf’ r&@&’“ﬁ‘iﬂ%{@g‘@ﬁg‘m ipterpalandrexternal
active thr S ' : . h Qni . which wll
e expl ai SCABeru Il FREsibel f urfifer RUPRAGH? o B 4ORLGH B o b

comi t meniocAiirreRECHY did dedrdestiffer 162 al "huilkd” Rfyriat Q708 assedtb@! Thd ke o the
corresponding architectural state within the register file 124 The reorder

buf f er 163ignal A7@ bas tharffent of Bushingadimidraigstruceenafroonthepmosesset  event s,
T B T G
asser t ed. d-EB@ex?Jéi@%'inﬁ 60 nﬁlm ar QdBRSss!thsin S hiek to %n&ﬁéf&@isaguaﬁan% -

m croinstructions Tromthe processor pipeline that are Currently

transit. Thieroipstraeionstofservité thedwmt fireMromswhivh tordispatch anievenyhamdjene 60
wi th an a%%rg@g#ir m whi chpa% commence sequencing mcroinstructions to
service tRé€ e‘%f“?@‘?“ﬁc ‘whi ch to dispatch an event handler 67
enbodied in mcrocode). The Reorder Buffer (162)

The Reorder Buffer (162)

Figure 6A is a block diagram illustrating further details regarding an
exemplary embodiment of reorder buffer 162, that is logically partitioned to service
multiple threads within the multithreaded processor 30. Specifically, the reorder
buffer 162 is shown to include a reorder table 180 that may be logically partitioned
to accommodate entries for first and second threads when the processor 30 is
operating in a multithreaded mode. When operating in a single thread mode, the
entire table 180 may be utilize to service the single thread. The table 180 comprises,
in one embodiment, a unitary storage structure that, when operating in
multithreaded mode, is referenced by two (2) retirement pointers 182 and 183 that
are limited to predetermined and distinct sets of entries within the table 180.
Similarly, when operating in a single thread mode, the table 180 is referenced by a
single retirement pointer 182. The table 180 includes an entry corresponding to
each entry of the register file 124, and stores a sequence number and status
information in the form of fault information, a logical destination address, and a
valid bit for each microinstruction data entry within the register file 124, The
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Figure 6A is a block diagramillustrating further details regarding anp
exenpl ary enbodi nent of reorder buffer 162, that is logically partitX%ﬁE%ZWL
to service nultiple threads within the multithreaded processor 30.

Speci fi caMW§01/439d4reorder buffer 162 is shown to incl udePeTnseszsae: t abl e

- 180 that may be logically partitioned to accommobdate entries for first and
second t hreads when the processor 30 is operating in a nultithreaded node.
When operating in a single thread node, the entire table 180 may be

utilize to_service,th i ngl.e.thread., The ble 180 conprises, in one
enbodi nent ?“g“??nwmﬁ'&stﬁ&gdgoéﬁ ewi?y thgsequepes Rumbgr that

mul tithrea LySi : (2] I . DQI nt er and
183t hat | SRRt a igle BERIRE fobac i CrtBHIOR "Bl R redabig i
the tabl e 1§Pare, Shatdordhce Mmmh@pa;megm,anaa@dtam%ﬁdamﬁ%d Efg
table 180 is referenced by a single retirement pointer 182. The table 180
i ncl udes aseqarential eodir-opderdnagnero Inssdditiento gthef flohemaekgrs; the thbled 8034,
and stores,a se?’genc nunpber and st atus infﬁrmati nin the formof fault

u
i nf or mat i oftrthenragreshovwdutostored shargd gesausce tow markez 184 anda for each

m croi nstr i : ] i js i l.e 124. The -19 29 APR
2004 WO m%%’%ﬁ"%%%’?ﬁ%@g%@gﬁt@g%&gmﬂ?ﬁ’%&?{%@%bl e 180 are each

i ndexed by the Thewesder buffact62 inaludes ansdvieht Ho®ctdr 188 Hust ié lelitgr for
each mcroinstruction. Entries within the table 180 are, in accordance

wi th the gegeiFgdatertwpldequesss irobhwtformepfdntrerapt vectare dndralso tosargessrerniteies and
i n-ord | nyaddition to other fl ke, t ghl 0 i
o orer BB d PRl Rl DBl LRl KSEPers 1B a1 0ES. 100 dhene
synchr oni zadib@Br 1881 ARHERMOIEEhEWh team;%m fleGuRR I 190 and fie LRQF ngml

1 that Is up

buffer 162 includes an event detector led to Trecelv
i nterrupt 178quests in the formof interrupt vectors and al so to access

entries wthin,the table 180 referenced by the retirenment pointers 182 and
183. The event Aﬂmaﬁ%@?%g? BREIRHBRosHORA SPECifis thpad(re-rthkeadynal
2 speci 11 CPREREASBRnch MispfRBRE bt PRodof AREILPE JLA ML BRAHARME,
except i on stdredrinethe eptry witkin thee¢ablef180rfet twrspesifiiifistriatior0 6k Beretivéd f n
the table tl%g grcf}giecw:%l gtgteecxiv ler(i tllu? ?étirlélcn}xérg rfao%tlel léozeo; leEEE': irseigc;egnented to
address the relevant entry. In this case, an instruction pointer calculator 190, which
forms part of the retirement control circuit 168, increments the macro-or
microinstruction pointer to point to (1) a branch target address specified within the
corresponding entry within the register file 124 or to (2) the next macro-or
microinstruction if a branch is not taken.
If a branch misprediction has occurred, the information is conveyed through
the fault information field to the retirement control circuit 168 and the event
detector 188. In view of the branch misprediction indicated through the fault
information, the processor 30 may have fetched at least some incorrect instructions
that have permeated the processor pipeline. As entries within the table 180 are
allocated in sequential order, all entries after the mispredicted branch
microinstruction are microinstructions tainted by the mispredicted branch
instruction flow. In response to the attempted retirement of a microinstruction for
which a mispredicted branch is registered within the fault information, the event
detector 188 asserts the clear signal 172, that clears the entire out-of-order back end
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the architectural state when the retirenment pointer 182 or 183 is
incremented to address the relevant entry. In this case, an instruct§@apR 700
poi nter cal culator 190, which forns part of the retirement control circuit
168, incregeiid4 he macro-or mcroinstruction pointer top@@idbedée (1) a
branch target address specified within the corresponding entry within the
register file 124 or to (2) the next macro-or mcroinstruction if a branch
is not taken. If a branch m sprediction has occurred, the information is
conveyed through the fault information field to the retirenent control
circuit 168 theprddessorvinll statef aud arcoidifigly flusheavtheoutlif-drdeniatk end of all
m sprediction indicated through the fault information, the processor 30
may have fstate nesilting froas instorabions felloveing 4 misprediqtionsmicrpinstiugtienpEheeat ed

t he processor .pi peljne. As entrj.e ithin.the tabl e,180 ar Il gcated in
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| ocat ed wicbhrent inkbtruction poiitef valtie: Basedtipoheviprtherttredsrabch is/ft i takeh er
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cal cul at or, Oy s cti noLat er
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updates the instruction pointers 179 and/or 18lwith the result data from
the regi stnettdkene entry corresponding to the relevant entry of the table

180, OF I NCr el S bRPabiaaly 18b 0 RAAE R udBer i rebihelt R b branch vas
maintaining information regarding events detected for each of multiple threads.

The registers 200 includes an event information register 202, a pending event
register 204, an event inhibit register 206, and unwind register 208 and a pin state
register 210. Each of the registers 202-210 is capable of storing information
pertaining to an event generated for a specific thread. Accordingly, event
information for multiple threads may be maintained by the registers 200.

Figure 6B is a schematic illustration of an exemplary pending event register
204 and an exemplary event inhibit register 206 for a first thread (e.g., T0).

Pending event and event inhibit registers 204 and 206 are provided for each
thread supported within the multithreaded processor 30. Distinct registers 204 and
206 may be provided for each thread, or alternatively a single physical register may
be logically partitioned to support multiple threads.

The exemplary pending event register 204 contains a bit, or other data item,
for each event type that is registered by the event detector 188 (e.g., the events
described below with reference to Figure 8). These events may constitute internal
events, which are generated internally within the processor 30, or external events
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The event detector 188 al so includes a nunber of registers 200 for
. maintaining information regardi ng events detected for each of nulti ﬂI%APR 2004
threads. The registers 200 includes an event information register 202, a

pendi Ng ewxh1/42680i ster 204, an event inhibit register 20 i nd
regi ster 208 and a pin state register 210. Each of the rgg?@?@ﬂsmyoz-zlo

I's capable of storing information pertaining to an event generated for a
specific thread. Accordingly, event information for multiple threads may
be mai ntained by the registers 200. Figure 6B is a schematic illustration

of an exenpéreratqubodisidy thegrocessor 30 (g, piddvents that sreaopdiacd rOVE e | nhi bi t
regi ster 206 for a@fffhrﬁ! thread (e.g., TO. Pendi nﬂ‘reven.t and event

i nhi bit rcBYQSesyar bug): Elpzbgmﬂeé' segigtet2d4ofor eadnthraadadn the ghusttaded wi t hi n
the multithr e . 30 . Distinct registers 204 and 206 may be
provi ded f%mggggﬂe{f%?fgggﬁ%lp%gﬂe& ﬁfi ?Vgp@eq%cg Fﬁﬁﬁ‘teai)ﬁ?& et I NQter ay
be | ogi cal PREbedifieARd ak gﬂﬁ; I it 4 r dﬂg;g‘g&ﬁ : ndi ng
event regidgty-gr 4 cont aianésbra ?,eﬁ%irTH%:d#ng a?laﬁ??’gfﬁ or egg%‘%'egﬁ type
that is rethisenddbeteyenhdetectont 88l eiaycinoludederifeback detebblopie205thatiassetts aed
bel ow with ref . These events may constitute internal

t.o Fi 8
events, mwwgcgnsgé%r%afbg L‘g’eﬁ%@%ﬁé}f |awiitebark evert. Jheditsswithaothepersling r nal

t -2 / PCTJl,US 284 tside th
o beso. Tyl réglbte 304 AN feRtack st BPINE R¢ Ao e s o eleefra o)
The pendi ngtcheRichr segd ﬂie@pg?@ﬁri&&rbi?ﬂﬁﬂ\iﬁ m@%éhdih eVBft tegister I%t.eman
epa

enbodi ment, does not include a bit for wit ck event, as such events are
not t hr eskemmrary embadiment: aset big agsagiatedhwtith’ ) pradetérmimetevent niithig theent

register. To,this end .th vent . detectqr 188 may..jpcl,ude wjteback detect
| ogi ¢ 205 RW&“%S%???%‘%@BX&%SW@M@% ?%X'%G%E'F?‘B'Fp%lfb oYy Fa&back
event . Th%ﬁ@twmﬁlémtggﬁg%ﬂ nt register 204 for each thread are
set by the event detector 1 th triggers a latch which sets the
appropriate bi tThe event intibitpegidter@06\feneachahretdesiniiladly dontains achit iz lothier

enbodi nent, a set bit, assqciated wth a predefermn ned event, wthin the
pendi ng efad sirugturedor s 'E)‘FWi%%%‘?ERTPSHFPQ?Y ‘S@‘W‘#‘F defectpr I88; thisy

o "Bl RN sl L BBl O BRI A
with respect to the specific thread. The respective bits within an event inhibit
register 206 are set by a control register write operation, that utilizes a special
microinstruction that modifies non-renamed state within the processor 30. A bit
within an event inhibit register 206 may similarly be reset (or cleared) utilizing a
control register write operation.

An exemplary processor may also have certain modes in which bits in the
event inhibit register 206 may be set to inhibit select events within the respective
modes.

Bits for a specific event type maintained within each of the pending event
and event inhibit registers 204 and 206 for a specific thread are outputted to an
AND gate 209, which in turn outputs an event detected signal 211 for each event
type when the contents of the registers 204 and 206 indicate that the relevant event
type is pending and not inhibited. For example, where an event type is not
inhibited, upon the registering of an event within the pending event register 204,
the event will immediately be signaled as being detected by the assertion of the

event detected signal 211 for the relevant event type. On the other hand, should the
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data structure, for each event type that is recognized by the event

. detector 188, this bit being either set or reset (i.e., cleared) t ol BB e
an event as being a break event wth respect to the specific thread. The
respecti veMR Y&2% hin an event inhibit register 206 are BELUSHP/284x0Nt 1 O
register wite operation, that utilizes a special mcroinstruction that
nodi fi es non-renanmed state within the processor 30. A bit wthin an event
inhibit register 206 may simlarly be reset (or cleared) utilizing a

I ' ' L,on. A . . I h
cortain modeenF kbt FUPRERY e coMeGTNE iesR Bl repisterask, e svamt ot
certain P TRE _ _ set
Vet 1ybe Sl e B R B By v RE i Baetel 208 b PP b

-regi sters 2etectad sigal 201 wdll opdebé hssetted dbttheappropiistebiedithin #k eV gate
209, which | _t_urn_outguts n event detected signal 211 for each event

type when tiRBikibiagNes208 isidpared yihiledhe event issill ramrdedias pendingmvithirethe

where_an

‘rel evant o e di d: not_imhibi.ted, For exanpl
cvent type ety 200 TP ELGvET s8R bRacouil v tne pending frsnt saisien 20he

pendi ng ev " i tih N d.rffg@ ' ' S
bei ng det e?t%éﬁ %s ﬁ}??i@é?ﬂ%ﬁf%ﬁ’fﬁ%& %%/%‘F\t e%@%&%ﬁ%%? t he
rel evant ewigraled pesorin lataetinteneher drcinhibiiting of tHeeeved? fér theAPRcZitAHrddA is
01/ 42914 PCT/ US0Q/ 28421 event type be inhibited by the contents of the

event inhi BFFOVEHi ster 206, the event occurrence will be recorded within

th di | . t t d si | 211 wi,l|
ont y' be- asgert od Ao e ettt 2 for B8 bred R B Beieat Wi 7 60 o
206 is cl eavent Nndling Jogic(evrit pHofitization AP 5cledi3SlopRY) Andl¥éild Mdirdine

regi ster 204. Thus, an event may be recorded w thin the pending event
regi ster 2bogic, asuvill fwstherderdesetibed below.gnal 211 for the rel evant event

occurrence may 2. signgl ed at .sonme later tin en .t he inhibiting of
the event for t%@lé‘b%?i}\apgg?ﬂ%’ﬁaapﬁgﬁcF'é?ﬂf\}%fﬁsp?ﬂg‘%%@%%%d si gnal s
211 for ea £oftite bHOR t}ﬁ_?gé}, eash ; oy | L C
(event pri girj?t [ zattfomﬂaﬁgel ct i%él ogi%?ggﬁﬁqg%ggﬁgﬁg%?gm%ggﬁéﬁg%

wi || furt hbanglingebthe exant hab been completed. . In an alternative embodiment, the

pending event register may be cleared by hardware.

Event Occurrences and Event Handling within a Multithreaded Processor
Environment

Events within the multithreaded processor 30 may be detected and signaled
from a variety of sources. For example, the in-order front-end of the processor 30
may signal an event, and the execution units 70 may likewise signal an event.
Events may comprise interrupts and exceptions. Interrupts are events that are
generated outside the processor 30, and may be initiated from a device to the
processor 30 via a common bus (not shown). Interrupts may cause the flow of
control to be directed to a microcode event handler 67. Exceptions may be loosely
classified as faults, traps and assist, among others. Exceptions are events that are
typically generated within the processor 30.

Events are communicated directly to the event detector 188 within the
reorder buffer 162, responsive to which the event detector 188 performs a number

of operations pertaining to the thread for which, or against which, the event was
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An event handler for a specific event is responsible for clearing the
appropriate bit within the pending event register 204 for a specificzﬁlﬁ\%éw
once the handling of the event has been conpleted.. In an alternative
enbodi ment, the endi ng event register may be cleared by _hardware. Event
Occurrencégoﬁﬁf?%{;ent Handling within a Miultithreaded Pr o £&Id5p0/28421

Envi ronment Events within the nultithreaded processor 30 nay be detected
and signaled froma variety of sources. For exanple, the in-order
front-end of the processor 30 may signal an event, and the execution units

70 may |1 kewh&sied 9ARh H@-@é&%l',tthe eI U ctedtBY 188 FRdGIRIVE Yothe WRteXtiBAGS an
exceptions” Interrupts are events that are generdated outside the processor
30, and nagvéest, susperadsadtifementofdrictaiastractidre fop tiecthasad, wfitesithea comon
bus (not shown). Interrupts may cause the flow of control to be directed

to a m cr oeppropriatgtfaulirfosmation imodbp takla d8Reasserss theowakesignalddg; invelien s
faults, traps and assi s anong of hers. ept. ons are .events th are

o Cal 1y 8B eupnt haAGIer BT 1 Pater e aveiy Sssrhppgh s 1o At il ind
directly t ?}%Wﬁoﬂ%” %gg %‘I{ﬂﬁni

rlaspons?/veP o%lmcleﬁ&t&ﬁgﬁ \?g%\ﬂt}& et ector 'thggy?%gms BEEH er %?%gperations
per t ai ni ngdirectlyieo tie @asht idetectér 188 inahe &sian 0f hn ivitepruptirbguent (rtint@supl3 2 9

APR 2006 WO 01/42914 PCT/USOQ/ 28421 generated. At a high-level, the event
det ect or 188;ton e ibreughefault infarmpatiancrecordest within thesygorden taplenkd foranr enent

of mcroinstructions tor the thread I t the appropriate fault
informatioH‘%%Fis‘°PereE‘§'6¥8?’{§‘o?f5§§%‘?%e?ﬁ3hﬁ}&ée iB&al 170, invokes an
event handl er 67hkQsqrB6RDF thd'Rulkd §i %l%s%@%ﬁe&éﬁﬂéﬁiﬁgsﬁﬁ%;ﬁ%?- and

then restarts the fetching of mcr@instructions. The event
comuni cat erHerdtordetrid/and theheueofotded backend dfdBe multitereadedpodcessor 30 of

I nterrupt request (or.interrupt _sector) or through fault informgtio
recor ded whtak: PResHIGUSy Yameral fémwenelzﬂmaﬁa%um? Recasray Gl are Heared of r o

s e R R L

back-end opaitéef the inetrivrgadder bufiecstaid Bls diterfat@tinit 33preinbt clehted (e.g.,

nunerous functional units, but not necessarily all, are cleared of
retired but not committed stores, bus snoops, etc.) The assertion of the nuke signal
170 further stalls instruction fetching by the front-end and also stalls the sequencing
of microinstructions into the microcode queue 68. While this operation can be
performed with impunity within a single-threaded multiprocessor, or a
multiprocessor executing the single thread, where multiple threads are extant and
being processed within a multithreaded processor 30, the presence of other threads
cannot be ignored when addressing the event occurrence pertaining.to a single
thread. Accordingly, the present invention proposes a method and apparatus for
handling an event within a muitithreaded processor that takes cognizant of the
processing and presence of multiple threads within the multithreaded processor 30
when an event for a single thread occurs. '

Figure 7A is a flowchart illustrating a method 220, according to exemplary

embodiment of the present invention, of processing an event occurrence within a
multithreaded processor 30. The method 220 commences at block 222 with the
detection by the event detector 188 of a first event for a first thread. Figure 8isa
diagrammatic representation of a number of exemplary events 224 that may be

detected by the event detector 188 at block 222. The events represented in Figure 8
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state and m croinstructions responsive to assertion of the nuke signal 170.
~ Sonme parts of the nenory order buffer 48 and bus interface unit 32 hB&Phaitl
"cleared (e.g., retired but not conmtted stores, bus snoops, etc.) The

assertion,of. tbenuke signal 170 further stalls instruct pegyisgi/aHing by
the front-en ang al so stalls the sequencing of mcroinstructions into the

m crocode queue 68. While this operation can be perfornmed with inpunity
within a single-threaded nmultiprocessor, or a multiprocessor executing the
single thread, where nultiple threads are extant and being processed

within a nmdd Eétrrehﬂselyrgroa?é@ accotfing fvecharacteristies of the fespohbesdedhe cannot
be i gnored when addressing

S he event occurrence pertaining. to a single
thread. Acevands 224yA finsbgroupsefevents/ingiudes ﬂdﬂfﬁﬁﬁé‘é‘?f\i 226 eRgp Mh@fgr at us
for handling an even Lthin a | tit ht eade roces t hat .t S
- cogni zant QH%CH@ eVﬁF‘B@@&‘?hﬁ’%ﬂ'%?‘ébE%@ eH?I%itrffﬂt?‘iﬁﬁll' Zﬁmgﬂgp%%Wt he
mul tithreaded.pro Lﬁhﬂ ' t irRine
Figure 7A WW?I%%?Q?FIP\S@%% |%(§\‘§rﬂtlneet 0 &ZQ%&QEEQ%W% to g@% ary
- enbodi ment,, nHE&dﬁbﬁ%ﬁﬂtcahaé'snm@ads%ﬁprtoﬂeésﬁnwemt&\mmﬂemwmem
within a tithreaded processor 30. The nethod 220 comences at bl ock 222

with the tisieect secondgronp of eventsdockickes a FAgdLDevent 330; an ASIST eyent2d?, r st
hread. Fi 8 | i i ' f f |
events’ 22 DRoBHE, ALY s ERCH  SHUTDCEI R e ol B b SIS S MoRi5TE Y
The event s r§ rﬁf%?ﬂb.gsimaﬂaﬂ %@o‘r&ﬁ%&ﬁ%&&ﬁ% B iteSibdtruction of

PCTI USOO 2%9r ave been oo rouped according to characteristics of

the responggsedfic thread gvani thefeverits Specifioglly theveentadétectbn #88wall RESET
event 226 and a MACHI NE CK event 228 that are siggnal ed by the event
detect or Idgectareventof the sacondgroupunon thefatitement i dRNGPRISERICHPNIEE |

t he manner descri bed, bel ow,_ .i nmedi at gl e I

Lhr ends t oG gunBL T e e cOfREof T KRE HeflBR ORISR bf the
group of | ; PyLth t dedetorass foltHemBnéad for, whizhBRBLE
FAULT eveﬁsﬁ%ﬁﬁgﬁ%% Dby heRugnt dée S SNG (Sel f Mbdifying  Code)

event 238 rehavant eeertaghs gmm‘pt&i;l on the retirement of the mcroinstruction

et ot of 165 wi ARTAEERED of VDR R SHe R S G S ST 40h 8 PR et

of a mer O(ilgcsé.tl {ntigxtriu?t?) dnt 242, a NMI (non-maskable interrupt) event 244, a DATA
BREAKPOINT event 246, a TRACE MESSAGE event 248 and an A20M (address
wrap-around) event 250. Events of the third group are reported on the retirement

of a microinstruction having an accept interrupt or accept trap flow marker. The
detection of event of the third group is signaled by the event detector 188 only to
the thread for which the relevant event was generated. '

A fourth group of ;events include a SMI (system management interrupt)
event 250, a STOP CLOCK event 252, and a PREQ (probe request) event 254. The
evénts of the fourth group are signaled to all threads extant within the
multithreaded processor 30, and are reported when any one of multiple threads
retires a microinstruction having an appropriate interrupt flow marker. No
synchronization is implemented between multiple threads responsive to any of the
events of the fourth group.

A fifth group of events, according to an exemplary embodiment, are specific
to a multithreaded processor architecture and are implemented within the
described embodiment to address a number of considerations that are particular to
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which fault information indicates a fault condition. The detection of an
event of the second group is signaled by the event detector 188 onlzﬁ ARR 2006
the thread for which the relevant event was generated. A third group of
events i ncl udmn INIT (short reset) event 240, an INTR %,P[% terrupt)
event 242% (non maskabl e interrupt) event 244, a DA

event 246, a TRACE MESSACE event 248 and an A20M (address wr ap- around)
event 250. Events of the third group are reported on the retirenent of a
m croinstruction having an accept interrupt or accept trap flow marker. The

detection éjﬁ"ﬁ?‘gﬁ%aggdwmﬁﬁééﬁ“ﬁ‘ erttS THeHHFRH SfoupYof dvenfyiRbludesf ect or 188

only to the't evant event vva generated. A fourth

group of eVERTYAILNBIUKE eqert\260( SSS’N{DI}W@NIWE&!’ 262¢nd a SLEEP eRefit a
STOP CLOCK event 252, and a PREQ (probe request) event 254. The events of

the foErtr%@(rjoup are signaled to all threadz \%tant within the
thr ‘E;ésr “rett r oo he RELARvORE St hé@fs%\eawﬁmt ¥¢af Efégnwﬁﬁrraﬁ%c? R
Fesponsi ve s RORAEPA leRTL] 2 SLATRL IR Al PRI Il popdibiiPhas o

events, dhp@vent g cxyTpf Heevenkodéstribed aboee BipRaiding), (2) thésecond
mul tit hre ded processor architecture and are | npl enented Wit hin the

descri bed thrézathasno peodingieeands éotharrﬁen the evenis36@drand Gha rmﬁmmdmcnon

particul ar, t 9 29APR2004 01/ 42914 PCT/ 2842 mul t eaded
processor RAVING SHAERE S TeseRee Le{e ?saf'ﬂbc?'ﬁ FlmeE

event 260, égmgda%\r fele @g&ve\mer%a %ﬁmﬁh’iﬁﬁme@% hadtke XHB&UAL

NUKE event I's an “event IS registered with respect to a second

t hread whesf ifitdkingf a vivtudl mdedvent hamdleh ﬁxatub?.tatth egeaigbrofthe semnddbréad a
pendi ng event (e.g., any_ of the events descriped above is nd|n ) the
second tmtéhennasométr\sem ﬂgbseqeﬁ%m(@pﬁew PHE*“E-RFEH’E‘ 8&&9('(3) a
m croi nStrUCtIOWQﬁ'\TSgg either a shared resource flow mar ker 184 or a
synchronr ow nmarker 186 is retired by the reorder buffer 162. A

VI RTUAL NUKE evERYd SYSICHRONIZEA HION Givenp261 i3\sidtialet] by vhictdtole miken £vent

handl er that restarts execution of the second thr ead
particular thread (e.g., a first thread) is required to modify a shared state or
resource within the multithreaded processor 30. To this end, the microcode
sequencer 66 inserts a synchronization microinstruction into the flow for the first
thread and, in order to avoid a deadlock situation, marks the “synchronization
microinstruction” with both a shared resource flow marker 184 and a
synchronization flow marker 186. The SYNCHRONIZATION event 262 is only
detected (or registered) upon the retirement of the synchronization microinstruction
for the first thread, and upon the retirement of a microinstruction for the second
thread that has a synchronization flow marker 186 associated therewith. A
SYNCHRONIZATION event 262 has the effect of invoking a synchronization event
handler that restarts execution of the first thread at an instruction pointer stored in
a microcode temporary register. Further details regarding the handling of a
SYNCHRONIZATION event 262 are provided below. The second thread performs
the virtual NUKE 260.

The SLEEP event 264 is an event that causes a relevant thread to transition

from an active state to an inactive (or sleep) state. The inactive thread may then
again be transitioned from the inactive to the active state by an appropriate BREAK
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at the mcroinstruction subsequent to the retired mcroinstruction Vi
the flow marker 184 or 186. The SYNCHRONI ZATI ON event 262 is signal A@&UM
m crocode when a particular thread (e.g., a first thread) is required to
nodi fy a sh@ogshesd ate or resource within the nultithreadedr/psmesssor 30.
To this end, the m crocode sequencer 66 inserts a synchronization

m croinstruction into the flow for the first thread and, in order to avoid
a deadl ock situation, marks the "synchronization mcroinstruction”™ with
both a shared resource fl ow nmarker 184 and a synchronization flow marker

186. The SeraMrFhezmturaoithe BREAK evenigthil transitiens the thoead bagkdodhe avtiveon
th ti t. th h [ ' ] [ t t.i the fi t
Lhread,  andadbi AASEORE} o din SIHEL Syt 2ot A AT ISR e thieaddohe
hread th i zati i , imh. A
.thread tha %e%ta'i&“?g%gﬂimé t%ﬁg e&%{}@ﬁoﬁ{ aciRe sB58 BY thk&lsi Aetiel

SYNCHRONI Z event I nvoki ng a“synchroni zat1 on
event hanBbkw.t hat restarts execution of the first thread at an
.instruction pointer stored in a mcrocode tenporary register. Further

detai | s regar di Higum® inabivdkdiagram sheyirg-rempiany crntenicek thegeordes tablevi ded
bel ow. The cond_t.hread rfor he .viint ual NUKE 260.  The SLEEP event
264"t an WiCHEORRLEE EaraBuffentoa hafsate frscibeerusion: fofdfe BRoRrseR ot i ve
state (0 ap hlagh LoeliCindlefile BbHtalsd MnldiPGhikedite A dBRbnDERin #0311
be transi t?xo¢lle gometlﬁ‘{ém?nactlglé to??lﬁe act%e stdate ?gaén apf)lr opriate
BREAK - 26 exémplairy 2fiibbdiifefit 6£ithe prefatinGmtions Ahe detertion dlenynaeiofthef t he

BREAK event that transitions the thread R’ick to the active state is
dependent abeve eventspythe exent debestor; 138 atblogk322 may geqursespensive t0AR he

i nactive state. : : [ tJ Cl ] . ads i
Gotai | o BarHRobEDnibhtatel §le BVl MO bE IAEAOAC HEeRlaFSEuitt w0 (0 1
the reor defhel snalethréfiiedirobésiot Be of Gomah eRtékhalisotfid dutaidesthaiprobssor 30.

descri bed bel ow for the purposes of explaining event and clearing point

(al so t er mAak exane pbsuntt gn ereerd AG6 samANtthication maykemen interrapbyectoent of the
D o0 o DXTB e AR 5o Y s Vet L

by fault information 268 for a microinstruction of a particular thread (e.g., thread 1)

that is being retired and accordingly identified by the retirement pointer 182. It will

be noted that, for external events, there is one (1) signal per thread (e.g., signals 266

and 267 respectively). For internal events, the reorder buffer 162 entry containing

the thread dictates the thread to which the fault pertains by its position (e.g., TO vs.

T1). Upon the detection of an event, the event detector 188 stores event information
(e.g., event type, eve'nt source, etc.) concerning the particular event within the event
information register 202, and furthermore registers a pending event for the relevant
thread in the pending event register 204. As described above, the registering of a
pending event within the pending event register 204 for the relevant thread
comprises setting a bit, associated with the particular event, within the register 204.
It will furthermore be noted that the event may be effectively detected, by assertion
of an appropriate event detected signal 211, if the event is not inhibited by a bit
setting within the event inhibit register 206 for the relevant thread and, in some
cases, a microinstruction includes an appropriate flow marker.

Returning now to the flowchart shown in Figure 7A, following the detection
of the first event for the first thread at block 222, the event detector 188 stops
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event 266 communicated to the event detector 188 from an internal fé%@
within the nultithreaded processor 30 or froman external source ou g 100k
t he processor 30 An exanpl e of such an event 266 conmunication may be an

I nterrupt Al ternatively, an event occurrence may PR3y cat ed
to the eve‘ﬁtﬁq} et ector 188 by fault information 268 for aﬁnﬁég%l nst?uctlon
of a particular thread (e.g., thread 1) that is being retired and
accordingly identified by the retirenent pointer 182. It will be noted
that, for external events, there is one (1) signal per thread (e.g.,

si gnal s 26Getitdirle50f the Sipsichiead atblodk270i ariceasseatts avVpré-aukehsignsldede Theuf f er
162 entry containing .the thread_ di ctates the thread to which the fault
pertai ns bwr’ﬂtrsﬂ‘fﬁcf-s 31d69 issasgerted ty gwoid errqiga opdosituationyisy whidhghe dirstan

event, the eve ete stores. e nf or pati on vent type
event sour ag@ '3“”8’3 r'l‘\"'ﬁﬁ“‘ft’r?é‘lﬂ)‘gfe EHQTE?\FEBW fﬂ'g‘?ﬁegﬂ’éd

I nformatio r Ll?e‘(}$ t | Eﬁ&rg for the
rel evant ?’W;ea(ﬁﬂﬁ s}ﬁe pendi ﬁgﬂ‘g%?%gﬁxgﬁgfaz%ﬁé‘ & esctﬁ‘lgg% oV t he
regi st eri ngipélire, theoshdigonry aith naspéit o tllimsqmendlthgeaewhicbmglraqmed!&ﬂ for

the rel evant™ t hread cor_rﬁ{ri ses setting a bit, associated with the
particul ar covenences fl @peramn may noj pgcury ﬂﬂ'ﬁq}rﬁmemﬂéﬂ

v ce: AT BT AR Bl eSS o Y G B PeRr U BR | 0
wi thin the Iﬂefﬁegys bR ubibh RS t& gm%O@ﬂ{eg% rdcB&of ?leﬁefaﬁom of Ai@BfhsBohs! SO

cases, a mcroimstruction includes an appropria mar ker . Ret ur ni ng
now to the cbhwﬁ:ﬂmmlgtﬂielﬁmswﬂtread:ﬁogwlacﬁme é@ﬂtms@e’c&dedddﬂmﬁtaxwm of thehe

127°2 5 ApmroGsoNREkn Eﬂz@}%f%%yffge%%%ﬁ%p *%Sn%ﬁeﬂfsﬂdqahﬁnts%ég? read
bl ock 2 gmza.g fﬁ,ﬂ% @%k]? 69
:atS asggrte}gf %gpﬁ ea ? uatoai CV\ﬁg((,%mQa firs %r?%&ﬁédb

domi nates tthemiensd Uﬁﬂ|4l2ﬂﬁ‘ dthert dtgnpuanénts of thofronbende in
SpeC|f|caIIy, shoul d the second thread be excluded from access to_ the

instructio Y%@R}@Pgrﬁhe retirement of WMQ@Q‘@Q&@ first thread; andrar byr ead

occur . e g e epARES R e SRR RERRL bR R  ono

of the progrgadlintothd prBessdr pi}tiehnetw.etsh@ondra{f@a& iegpenl preferdfitd infthe tO
starve the processor_ pipeline of mcroinstructions
processor and the probability of a deadlock situation is reduced.

At decision box 272, a determination is made as to whether a second thread
is active within the multithreaded processor 30, and accordingly being retired by
the reorder buffer 162. If no second thread is active, the method 220 proceeds
directly to block 274, where a first type of clearing operation termed a "nuke
operation” is performed. The determination as to whether a particular thread is
active or inactive may be performed with reference to the active thread state
machine 171 maintained by the retirement control circuit 168. The nuke operation
commences with the assertion of the nuke signal 170 that has the effect of clearing
both the in-order front-end and the out-of-order back-end of the multithreaded
processor 30 of state, as described above. As only the first thread is active, no
consideration needs to be given to the effect of the nuke operation on any other
threads that may be prémt and extant within the multithreaded processor 30.

On the other hand, if it is determined that a second thread is active within
the multithreaded processor 30 at decision box 272, the method 220 proceeds to
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constituting the first thread for which the event was detected. The
starving of the processor pipeline may, nerely for exanple, be perfb% A&RI2004
by disabling the prefetching of instruction and Self Mbdifying Code (SM)
oper ations Wghigigd by the nmenory execution unit 42 or othgiyGeARepeENt s
of the front-end. In sunmary, by stopping the retirenment of

m croinstructions of the first thread, and/or by halting or substantially
reducing, the feeding of mcroinstructions with the first thread into the
processor pipeline, the second thread is given preference in the processor
and the pr olpebforint ¥ serfieseofaxpeditiris that coatstituteithe detbetion of Atclelririgspoint forx

272, a determ nation is _nmade as to whether a second thread _is active
within the mvkepaipbdecthesesend thyeadet wiveh antke apatationomay beperformedyy

t he reorder v?].glfgfe 1%2. IE no_second tt}reﬁ_? | S _agtdve élheg t hod 220
proceeds di f?‘é/“‘fe T5iB8EKe SFAS NS 18 ers&cc}{\ééféregp. A PRTRYER | on
termed a "n r b | A5, ' ' : t her a
parti cul ar ?fga [ sﬁng‘gﬁ%gﬁeﬁ&l&éﬁaﬁt | ved%?%g’bgéﬁgﬁén%agﬂaaﬁﬁtaﬁg erence to
the active tpetforthestt attbdockr2¥dhand adcbtdirgly clearethelmultithreacled proeedsot 80 of ol

circuit 168. The nuke operation comences wth the assertion of the nuke
signal 170 wstae (imasstatedorbotbthefirstandisacagd thesads). nEhe elearing of staggincludesand

h -of -order. b -end, of .t h l1.ith d 30 of. ,
descr bed aBRFPmSEOEHA Yriining raeteliphefenEBie TGRS i ferifiaBiopy, 11°
needs to be aﬂlese@ﬁ\rﬁmgié}ﬂa@dﬁﬁ&{t dcldded iﬂ%ﬁjﬁéﬁ\@?f;@&d&fb@ﬂ& ﬂﬁi@@b%ﬂaﬁgﬁads

that nay be prese nd extant within the h processor

t he ot her hyedpriedifollowirgptherdatectibnt bzt clearieg poihttdoesadt idiscairhinaee wi t hi n
the nultithreaded processor. 3Q0 at . decj siqn ng 72, the nethaod 0 procegds
to -28 2 o ReRvempiiessts maintpinedhiora st ihrea Shate aip I a 5econ

oper ati oS Ay ORI ELALIRHBEE B bR a0 1 SO ROL Uil

poi nt) for € Seco a nuke operation may rrormed

wi t h r educeg@ukegperationgsurfamehfitlidwing thé deretiondftall@athg pbimt Mdseclear
operation perfornmed follow ng the detection of a clearing point is the

same oper at istate fo5 ondg a single thread - cthethreadsfer vehich thae ayent wandeterted),

mul tithreade roces f L. . state for, both t finst and

second thr edt gaf}%ﬁ@@i%@gﬁeeo&rﬁéfx%e isﬁ%‘?ﬂg ggcurrsrivgl[ﬂ&rh% Hﬂgﬁrgﬁde&

"draining" opsledidrdandewhetddatthahasifésBul dbslafe dyRafti¢d1BApAretoned and un-
partitioned to service multiple threads, the clearing of state for a single thread is

particularly complex. However, this alternative embodiment may require
increasingly complex hardware.

Following the positive deterrnination at decision box 272, a further
determination is made at decision box 278 as to whether the second thread has
encountered an event. Such an event may cbmprise any of the events discussed .
above, except the VIRTUAL NUKE event 260. This determination is again made by
the event detector 188 responsive to an event signal 266 or a fault information signal
269 for the second thread. Information concerning any event encountered by the
second thread is stored in the portion of the event information register 202
dedicated to the second thread, and the event occurrence is registered within the
pending event register 204.

If the second thread has independently encountered an event, then the
method proceeds directly to block 280, where a multithreaded nuke operation is
performed to clear the multithreaded processor 30 of state. Alternatively, should
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an exenpl ary enbodi nent disclosed in the present application, the n:};?
operation perforned followi ng the detection of a clearing point do ABR 2004
di scrimnate between the state maintained for a first thread and the state
mai nt ai nedWP®/4201decond thread within the nultithreaded prores®mass230. | n
an alternative enbodi ment, the nuke operation perforned follow ng the
detection of a clearing point may clear state for only a single thread
(i.e., the thread for which the event was detected), where a significant

degree of rtgsource a%ari gg lqccurs within a nultithreaded processor 30 and
where such tBesecand Huged oot hayeenponntered anevent 3 determination ismadsatt i t i oned

Dot cul ar 1APUsirtb6x 288 Sfiher! diF e &fent Sn ik Tor e frod Wiad reqiifes ' ©
| ncr easi ngliiatcoHgRArRd shate l¥Pdtared flsoRRidITbé Hﬁxﬁﬁg% td Hﬁuggttﬁé AR RVEAR 2% s

deci si on box 272, a further determnation is e at cl sl on box
t o whet her exampdecshere thedirst dvest campoises e SYNGHRONIZATIONRvant 26008 My

conprise any of the events discussed . above, except the VI RTUAL NUKE event
260. This G’éi%ﬁsmc;lak’?% t\g@ indicates thptcthp first haead raquires aecass to a shanedspatesi ve

to an even ' I ' r nat | signal., 26 r fhe second
thread. | n%Sfdﬁ&?‘?o'r]]ﬁggﬁgm%ﬁveghgawg%ddwhgﬁgy&%E‘f’fﬂ’eﬂﬁn@ad
i's stored iphalshAcREDTizAtbrhniddmsBREbn B Bid Bt Brehd Thatlels bgm%sh%féﬁl cat ed
to the second thread, and the event occurrence is registered wthin the
pendi ng eveesouregjand syndronizationflow enarkers 184ard] téassodatee therdvriyh.
encountereﬁ,, an event, ltag .the nethod %oc eds directly to bl ock 280,
where a rufigums0d5abla gt 1;tg thatshoyypinFigure Pethat shvs

U0 01/ 401 ¢ BB IS ERAnIE fe b afle B0 Firicifrkion NI e Taraf it 0
a det er ni negd thafirss thndd (alz., thead0)oi showr2@lindisietesyricheordizadn event

encountered for the first thread requires that a shared state, or shared
r esour ces, MEEroipgraction thet isseferenced by the retirgmeant pointer t8adhe, where the

BB AR R B T ARl Ao R oRRR 8381 11
resour ce. B SXMEHRG AATA PhYoRizaBER BW nRekef 888 dshadtdaneRsnitR! Thament
retirement of the illustrated synchronization microinstruction will be registered by
the event detector 188 as the occurrence of a SYNCHRONIZATION event 262.
If the first event for the first thread (e.g., thread 0) is determined not to
modify a shared state or resource, the method 220 proceeds to decision box 284,
where a determination is made as to whether the second thread (e.g., thread 1) is
retiring a microinstruction that has a shared resource flow marker 184 associated
therewith. Referring to Figure 9, the retirement pointer 182 for the thread 1 is
shown to reference a microinstruction having both a shared resource flow marker
184 and a synchronization flow marker 186. In this situation, the condition
presented at decision box 284 will have been fulfilled, and the method 220
accordingly proceeds to block 280, where the multithreaded nuke operation is
performed. Alternatively, should the retirement pointer 182 for the second thread
(e.g., thread 1) not reference a microinstruction having either a shared resource flow
marker 184 or a synchronization flow marker 186, the method proceeds to block
286, where retirement of the second thread continues by advancement of the
retirement pointer 182. From the block 286, the method 220 loops back to the
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of a synchronization mcroinstruction for the first thread that has both )
- shared resource and synchronization flow narkers 184 and 186 associ & adr 1004
therewith. Figure 10 is a block diagram simlar to that shown in Figure

9, that s nplary content for the reorder table 18p, tion of
i fopfeel

the table ocated to the first thread (e.g., threa I'S Shown to
I ncl ude a synchroni zation mcroinstruction that is referenced by the
retirement pointer 182. The synchronization mcroinstructionis
furthernore shown to have a shared resource flow marker 184 and a

synchr oni zgtdigidnlBewp7B e 3 Heteririfnstion Rthgalieirare WhetfbtheseboriE tHrehd Of
the illustrated synchroni zation mcroinstruction wll be registered by the

event det ehasendfithteredidreevantur rence of a SYNCHRONI ZATI ON event 262. If the
first event for_the first _thre t hr.ead is determn not t

“modi fy a shar edlf s@h@%?nﬂ’@é&ﬁs&ls determinerhat ehanébesa%t%gae@m rbox
284, wher at i her t econd thread

Chread D ﬁgeaﬁﬁﬁiﬂeg‘ﬂg e TR ectiRes e niERCRort 0Fa REH S kERate; %

- marker 184upSseidd ?fd&eé@/!otdbad%ﬁsbk D88} WikerEa@Heterrilinatib i§ fadecment
pointer 182 for the thread 1 is shown to reference a mcroinstruction

havi ng bot Wwhetlsdrathedecarabthread (d.githoraad &) is réﬁﬁngadnmmy\atrhcmm tadtihas af | ow
marker 186. In this situation, the conditio se ted at deci sion box 284

will \h\ﬁve %EW?WPPF@G’W mgkemiBoAsspated efeé‘.‘@ g‘lh?f‘ﬁh%ceeds to :ol ock
280, :
shoul d Shgﬁ\t"’e& %reécg H%E(;?g er %g\g ﬁg&o%gaggig(ﬁ;)%aﬁgrea Al\'e‘:l%@%“e @ {)

not ref er eRg@otndthidtiInTol thecidcond thrdadkontinbies atﬁal@&atzwuhamuﬁ@@ﬁ &ML is
mar ker 184 or a synchroni zation flow marker 186, the nethod proceeds to

bl ock 286encnmtereddor thensacond thread cgetbemcmemeaapomtm 1§.f0r the seeprshcenent

of the oi.nter Fro the bl ock 286 rreth | oops -
back to thé"" geuﬁiﬂi%ﬁﬁéﬂ’%“ﬁ atﬂ?ﬂ'%&ﬁ Olf)%'i 78, where

a determ DtdStiRgAVthade whet her the second, thr ead has encount ered
an event. , at decision box 282, it is determ ned that the handling of
the first eventFélbowirtghthefconshemdaneerd c(fehgnuke bpemdiod)atbdogk 286 at block

nodi fication of a shared state reso t he t hod 220, progeeds to
deci si on L0, BRAPPiPBHae svent bandien b7 dinlementss ITBIRRSOdE AN srabiAEdr cad

(e.g.. thread e thfirb&de dedfefcdl'ss! Prdtebas' e hatnt PR rdiéFark event.

Virtual Nuke Event
As described above, the VIRTUAL NUKE event 260 is handled in a slightly
_ different manner than other events. To this end, Figure 7B is a flow chart
illustrating a method 291, according to an exemplary embodiment, of detecting and
handling a VIRTUAL NUKE event 260. The method 291 assumes that no events for
a second thread are currently pending (i.e., recorded in a pending register for the
second thread).

The method 291 begins at block 292 with the detection by the event detector
188 of a first event for the first thread. Such an event could be any one of the events
discussed above with reference to Figure 8.

At block 293, the event detector 188 stops retirement of the first thread. At
block 294, the event detector 188 detects retirement of a microinstruction with either
a shared resource flow marker 184 or a synchronization flow marker. At block 295,
a “virtual nuke” handler is invoked from the microcode sequencer 66. The "virtual
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synchroni zation flow marker 186 associated therewith. If so, then the

mul tithreaded nuke operation is perfornmed at block 280. If not, the 25 APR 2004
retirement of mcroinstruction for the second thread continues at bl ock
286 unti | veobbez91&n event is encountered for the second tHoTAZd0/E8421 he
retirement pointer 182 for the second thread indexes a mcroinstruction
havi ng a synchroni zation fl ow nmarker 186 associated therewith. Follow ng

t he commencenent of the nuke operation at block 280, at block 290, an
appropriate event handler 67, inplenented in mcrocode and sequenced from
t he m cr oc oekkes everhbandl@sat hlodc 286 sestarts exetiugionind the seccad theeazhat a Vi r t ual

Nuke Event As descri ped above, the, VI RTUAL NUKE event ,260 is handled in a
slightly @&HucFanshp eqyent tpthe migrpinstructpg refired aheve afk 29 The o

flow chart __J ' Egdz 1, according to an exenplary
enbodi nment Fléotbhgz{gg?bﬁgn%n%% andl'ing a VI RTUAL NUKE event 260. The net hod

291 assunes that no events for a second thread are currently pendi ng
(i.e., recorded in a pending register for the second thread). The nethod
291 begins at block 292 with the dhedNuke@peyatiore event detector 188 of a

first event for ghe fjrst thread. Such gn event c d be agny one of the

events di scussgég'é{?obe‘\ﬁatd}w&\aé?ai’@gapﬁgﬁﬁ'&ﬂ@ P ARCEAT, togexerpplaryy ent
detector 1 L i r . bl vent
det ect or 1%%%??@%?&’%?%%5 glfgsﬁn%(%lf%}j% t(rﬁ%g?tll@tr‘l“\’/l\nhﬁlﬁcaéﬂ Aeltpréialﬁs ared
resour ce f pewedBoreippbBtin®at Rastyfiretuirnd béindothréddyy THY inethod 80D¢tcifilhedss 2

"virtual nuke" handler is-invoked fromthe m crocode sequencer 66. The

“virtual - atblock 3@Prvitiothe aggertionof sheinpky sigoabl ZBhy theexent datestor hdl er
T R A i A
294. The Fihhfithiéftbd th alnfRess AincBbRaKurild withif the'kfHkealbd Prodddsde30L 1A
is a flowhart illustrating a method 300, according to exenplary
enbodi ment andtheassevtion and de-@bsextion ghéreof defings apdndowowithin whictaactivities
multithr eaig\egreparation for the clearing of state and the configuration of functional units are
performed. Figure 12 is a timing diagram showing the assertion of the nuke signal
170 occurring synchronous with the rising edge of a clock signal 304.

At block 303, the active thread state machine is evaluated.

At block 306 the sequence number and last microinstruction signal, that
indicates whether the microinstruction on which the event occurs retired or not, for
both the first and the second threads are communicated to the allocation and free
list management logic 122 and the TBIT which is a structure in a Trace Branch
Prediction Unit (TBPU) (that is in turn part of the TDE 60) for tracking
macroinstruction and microinstruction pointer information within the in-order
front-end of the processor 30. The TBIT utilizes this information to latch
information concerning the event (e.g., the microinstruction and macroinstruction
instruction pointer).

At block 308, the event detector 188 constructs and propagates an event
vector for each of the first and second threads to the microcode sequencer 66. Each
event vector includes, inter alia, information that identifies (1) the physical reorder
buffer location that was retiring when the nuke point (or clearing point) was located
(i.e., the value of each retirement pointer 182 when the nuke point was identified),
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processor supporting at least first and second threads. The nethod 300

_ comences at block 302 with the assertion of the nuke signal 170 byZ8H&R 2004
event detector 188 responsive to the occurrence and detection of an event.
The nuke I¥QAEIZ2Y0 is comunicated to nunmerous functi on2CTASHYEE4M t hi n
the nultithreaded processor 30, and the assertion and de-assertion thereof
defines a window within which activities in preparation for the clearing

of state and the configuration of functional units are performed. Figure

12 is a tining howi ng. the assertion of the nuke signal 170
occurring §)r?éh¢‘t%‘3 ﬂf Fﬂ@"lf?&lﬂfltbii igentifies alocation withinghaimigttodat bl ock

h h h | b k h
sequence narisrcEh B hefé RiGoBaE ErttinRY B gRen hardler ¢ RRiprosessanet e
. the nicroi '&%Be’dk?d é\%ht%‘lg\é&bahargd‘@%vﬁéad)ﬁfe%ﬁef gﬂtdgeﬁpg% %@g{q} o %

the first and the second threa conmuni cat e

free |ist secomagbread, anddé)a &E'Eadigdloﬁl?bft&hlt détefiined the Plriority of the Sveht
. Trace Branch Prediction Unit (TBPU) hat is in turn paift of”the TDE 60)

for tracki hgndk;ﬁé?cselﬁgwtrctlwcﬁveamhandlﬁrm ot othergbreads: i nf or mati on
wthin the in-or of. the sor 30. The TBLT utjlizes this
information to ﬁgﬁ%k ilﬁf %‘Fr?@t%‘ﬁ'ﬁ %Bﬂé@?%iﬁnggswm ﬁ'(%cé-zrz upi;rées the

m croinstr DEhHERS FSthAR I mfc{ . 308,

t he event !é'é'c{deegtﬂgf\ 188 c%nstruc?ﬁ&%%gblgfgg’%a égeg&}l&gdven &‘\7/5%%& or” each
of the fir sblafshadewdRAT) torepdintiao which thenakopeins siselwedted Gnd FaBlockevent
vector includes, | nte{ alia, information that 1dentifies (1) the physical
reorder bak é‘ﬂe statens tgﬁ Pﬂﬁ%ﬂ%@ﬁt@tﬂﬁsﬁgbméﬂlﬁ%tﬂﬁﬂérmlthe Sbaﬁ)om earing

poi nt) vvasé té e., the value of each retirenent pointer 182 when
t he nuke p0| was [ entlfled) -32 29 APR 2004 WO 01/42914 PCT/ USOQ 28421

(2) an event haatbRicki3dg/the blietatiditind #eellist hhagemepldgHP 1% {rﬁg@e{é‘e

m crocode sequencer 66 where microcode constituling an event ndl er 67 to

process t heegisien membersdoeimarhles”) érore the feeiligtInanagenddandastighs the t o
dent i f th th d. t hr ead d t
bi't 't hat iscaYoredgeteles Hynert 85 3 ERRL heAR A0y 137 ot Wiich dheresi¥er o ¢ ho
event handh@inbe\akpdgditbealliipatdd RalfiocttioR ekt flst thifia frhafAbERN 2"

free list managenment logic 122 utilizes
furthermore asserts a "recovered" signal (not shown) when all appropriate register

numbers have been recovered from the free list manager 134. The nuke signal 170
is held in an asserted state until this "recovered"” signal is received from the
allocation and free list management logic 122.

Atblock 316, all "senior” stores (i.e., stores that have retired but have not yet
updated memory) for both the first and second threads are drained from the
memory order buffer using store commit logic (not shown).

At block 320, the event detector 188 then de-asserts the nuke signal 170 on a
rising edge of the clock signal 304, as shown in Figure 12. It will be noted that the
nuke signal 170 was held in an asserted state for a minimum of three clock cycles of
the clock signal 304. However, in the event that the "recovered"” signal from the
allocation and free list management logic 122 is not asserted within the first two
clock cycles of the clock signal 304 following the assertion of the nuke signal 170,
the event detector 188 will extend assertion of the nuke signal 170 beyond the
illustrated three clock cycles. The nuke signal 170 may, in one embodiment, be held
long enough (e.g., the three clock cycles) to allow completion of blocks 303, 306 and
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sequence nunbers comruni cated at bl ock 306 to advance a shadow regi ster
~alias table (shadow RAT) to a point at which the nuke point was detle® & &R 200k
and, at block 312, the state of the primary register alias table 120 is

restored fywamibasshadow register alias table. At bl ock 3géuéddBssa
allocation and free |list managenent |ogic 122 recovers register nunbers

(or "marbles") fromthe free |list manager 134, and assigns the recovered
regi ster nunbers to the trash heap array 132 from which the register
nunbers may again be allocated. The allocation and free |ist nmanagenent

| ogi ¢ 122 f0Budisussed abever The auke signalci7@dhay bgredjuited to béhebd)forhdditivrial

appropriate register nunbers h een recovered fromthe free |ist
manager 134Yyclepo ﬁﬁ?@’ gqrgggtlogp%ﬁq& HdP.P12n3Hhand 316.t To this gnd, themnemoty s

"recovered" _si | S, I [ t.he alJd gcat,i.on _and, free |j.st nagenent
ogi o 125, ORReRpaltet SxkREg tte bR driind) SERH @bAGid MeSRsertibrg

retired but, /Ky t yet wupdated nenory) for both the first and second
threads are draihed fromthe nenory order buffer using store commt |ogic
(not shown). At Adllokk 322, thensicecode setpierctn66 4R dtharfutietions einits wikltinnuke
signal 170 on a_ r.i sigg edge of the dock, signal 304, as shown in Figure 12.
It will bethemadtithegaded procasrer 3G egamine factipebite raaintained by dhe adivest at e

the event PHEPa R REI8 L0 SrEhmie vt 2he BFHRR sedrd MrRFRL B ach
managenent wighanladivieor i indefies staek fdllbWiH%ttH@oE&tIr?ét\c%‘W thEbRATE. %&lees of

the cl ock signal 304 follow ng the assertion of the nuke signal 170, the
event det espenificdly, whe hctive threadistate tachinef17l painddies airgspectiv@ bitingirationhe

illustrated three cl ock cycles. The nuke si | 170 .. 1 n qQne enbodi nent,
be hel d |g%{geaéﬁdh{ﬁ? %’Stg.xfwifi?é“ Eﬂﬁ%‘&ij@&% r&c;sao’a%w heheps
bl ocks 303 ﬁ{%@aﬂﬁﬂ : : I 0 ' sed
above. Theﬂ}lu e si grﬁf&fs‘g&n&%{jg&yggg%ﬁéﬁét{%g@ ﬁdﬁ%@ggﬁgf%ﬁa H§
cycles to Hid ewntcepdatdr D88 arid hdspoksivd 16 wiliR theévertrdbt&i6r 188mskérted el

the nenory order Eu%er asserts a_'"store_buffer drained” signal to extend
the asser t gke signah 270, mae camprise either 3 PEEEPeyvent 2odonp everidhahcer 66

209, 05T (ARGHERRBNAPIASGH ROV, Bt A L SRR BRI G0l e
As indicated at 324 in Figure 12, the active thread state machine 171 is evaluated
during the assertion of the nuke signal 170, and the state of the "active bits" are
accordingly regarded as valid upon the de-assertion of the nuke signal 170.

At decision box 326, each of the functional units that examined the active bits
of the active thread state machine 171 makes a determination as to whether both the
first and second threads are active. If both threads are determined to be active
based on the state of the active bits, the method 300 proceeds to block 328, where
each of the functional units is configured to support and service both the first and
the second active threads. For example, storage and buffering capabilities provided
within various functional units may be logically partitioned by activating a second
pointer, or a second set of pointers, that are limited to a specific set (or range) of
entries within a storage array. Further, some MT specific support may be activated
if two threads are active. For example, thread selection logic associated with the
microcode sequencer may sequence threads from a first thread (e.g., T0), from a
second thread (e.g., T1) or from both first and second threads (e.g., T0and T1) in a
“ping-pong” manner based on the output of the active thread state machine 171.
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thread state machine 171 to determ ne whether the first and second threads
are each within an active or an inactive state follow ng the occurrkhdgR ¢fi
the event. Mire specifically, the active thread state machine 171

mai ntai ns aYP&PEUEi ve bit indication for each thread ext ZCH/USI42 t he

mul tithreaded processor 30 that indicates whether the relevant thread is
In an active or inactive (sleep) state. The event, detected by the event
detector 188 and responsive to which the event detector 188 asserted the

nuke signal C ' I P_even 64 or BREA ent

that trans i%%g}\%pg?eta gg’%@%’lhgfg?%s? H@ﬁ%@ %‘gﬁ?‘d?bisﬁagﬁ‘ot?‘ﬁgfwugef iﬁfe and

i nactive st akige thrfad sialedniche tn32kriter BhddBmeRL ah??n.@x%ér\fﬁsq}é ead state
machine 171 is evaluated during the assertion of the  nuke signal 170, and

the state ofmadhineswithir atprosssarmeay anadifydihed ehasiny clechagge salte basedrori he
de-assertion, of Ep?e rHEe si_%@.}! a};ﬁo' At g}%gision box 326, each of the

functional &RF PLRHR! 1B a6k earbstate maehipeAt blagk 330 theomicreceds sequiestert e
machi ne 171 gpgK Ay ' t her hoth th first and second
threads are actﬁgi’oié Eé%ggﬁégﬁ%%ﬁéﬁ%&?tg&hﬁgrﬁw sed on
t he state othfeadsactive bits, the nethod 300 proceeds to bl ock 328, where
each of the functional units is confjgured to support and service both the

first and the sédtaraativelyyiitindetedmingbat decisiph dox $26 thegoniyonb of tes fing
capabilities provid WLt hin . various fupnciional units may be | ogically
partiti onedaB§ Sﬁ%‘?‘?cggle’ﬂ‘és e ﬁﬁﬁm%%éﬁ‘{eﬁg age acye €ach of thenetional
that are |iy &@%%g L - . t L L tLhin, a age
array. Furt E}e%t;gqlss%ne gg%%?‘?ﬁ’ %%tsaﬂg%%ﬁlwng@y bée);lggﬁ‘b\?g‘lflgghﬂfg att&bocrl%%ds
are acti ve. aidsomeavill specifitsepportahey be deattdgited AWIaGk abaHreddsaré hetive

m crocode sequencer mpy sequence threads froma first thread (e.g., Té),
froma secgﬂ'ﬂmﬂﬁ‘ﬁ[a'éﬂlt%én’g@s,a dafpull settingnsandignred te suppnrt e single activethread.

.g., TO | e Aoty . d .th of..th
bei Pue t b olbihE dask rtere aHanERa s VRS RERTS SR T4 b ity 56421
Further, | opattittaed)ies kuppért ngultple Beesdy, boirited (RAFR t8RuppertdutiHeyt put of

the active thread state machine. In a further enbodi nent’ any nunber of

state machilieadsymelihe disghled andathesel ofentries withinm dash amiayrthabarechange
state, base ut. of the acti,ve thr state,machi ne. At bl ock
330, “the- miienad B HhRbling petter By Hrinancen S idudsgaes previousty
i Croi nst r ueférented by thotlvabled pgdifers.2lfthieaaYdit willteafpreciated that data
entries that previously allocated to other threads may then be made available for

use by a single active thread. By having greater resources available to the single
active thread when further threads are inactive, the performance of the single

. remaining thread may be enhanced relative to the performance thereof when other
threads are also supported within the multithreaded processor 30.

At block 334, the microcode sequencer 66 ignores event vectors for an
inactive thread, or inactive threads, and sequences microinstructions only for a
possible active thread. Where no threads are active, the microcode sequencer 66
ignores the event vectors for all threads.

By providing active bits maintained by the active thread state machine 171
that can be examined by various functional units upon the de-assertion of the nuke
signal 170 (signaling the end of a nuke operation), a convenient and centralized
indication is provided according to which the various functional units may be
configured to support a correct number of active threads within a multithreaded
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Alternatively, if it is determ ned at decision box 326 that only one gf hhﬁﬂ
first and second threads is active, or that both threads are inacti% AP t
each of the functional wunits is configured to support and service only a

si ngl e actwegersimead at bl ock 332 and sone MI specific SHRﬁ?ﬁémHﬁﬁlbe
deactivated. Where no threads are active, functional units are as a .
default setting configured to support a single active thread. |In the case
where a functional unit was previously configured (e.g., logically
partitioned) to support nultiple threads, pointers utilized to support
further tMmsowgsf@bmmmﬁm&amksepemﬁoamri es within a data

array that are _refer ed by .remai ni ng pointer y be expanded to include
entries previ ouﬁl&‘"‘? ﬁﬁg’rse% Sta18 SHPWARE W@gFWGP@mﬁQﬂ logie329, i t
will be a | L] : r gyi ousl | | ocat gd t o, ot her
threads mag AL foochlia B34 nRAbAg L R BAhEl Gpntats oS Gufibumedss. by

having gr efuftiorRd U351 B\appaklobeld? i@ tve 'ﬁea%%ﬁﬂ%{@%h%%ﬁded

further threads are inactive, the performance of the s renmai ni ng
thread maypbecessiranthelfurationalumit 381t tay be ahgrorenafethe fencidnaeits delaibed

t hreads are, al so su rted within the | tithreaded processor 30. At bl ock
334, the nRRP¥R&d eﬁwﬂe@ﬂm hwléggevéﬁtstv@ébar@¢r§en§hﬂledria¢h¢met
t hread, or,]j ' 23S, ces. M Groi r.uctions qnly,.far a
boser bl e aid Etdni8ed i8R prARKs F IHERGR Ifai LR honrtodiask poth
sequencer ﬁtﬁrag'egémi bogit h@n@bﬁ&ﬁts‘ﬂ%ltd?é %oﬁﬂ%uﬁ'd b)‘ ﬂ{@tﬂﬂﬂiﬁﬁﬁ?ﬂ’qﬁgsﬁ@

e

active bits maintained by the active thread stat’e machi at can be
exam ned bfovexarople, theetoragesompeinest npyreonhygriskea aslentionoof refistérs. Bakteof

20T, T SRR o B SR oo

functi onal ' ' C .0f active
thr eads i Th g Toekds WheraLILpE Bispde PEBBT e ot VBB EPIIEREER) 23021
processor GperhtihgdnianylTomodektAaordihgly, mlmé(etoma)F edmponeft Bstowi b Finude

bl ock di aglr@n shoyvi nﬂgfxeg% ary._configuration logic 329, which is

associ at e tbe lqgitRlly Bashtiongd to suppork hast apd sesppddhseadsdegonkQ and E1).he
functi onal ' 34, .t r . re wi thin the

il 11 hr oot Ursdthel sorigeRRipoRBf i fBlbeifikinhea 1l bERES s iy b of o

f unct i onal activietthrebriscri bed above, or any functional unit that will be

under stood by a person skilled in the art
The logic component is shown to include MT logic that is specifically to

support multithreaded operation within the processor (i.e., a MT mode). [

The configuration logic 329 is shown to maintain pointer values 333, which
are outputted to the storage component of the functional unit 331. In one
exemplary embodiment, these pointer values 333 are utilized to logically partition
the storage component. For example, a separate pair of read and write pointer
values could be generated for each active thread. The upper and lower bounds of
the pointer values for each thread are determined by the configuration logic 329
dependent on the number of active threads. For example, the range of registers that
may be indicated by a set of pointer values for a particular thread may be increased
to cover registers previously allocated to another thread, should that other thread
become inactive.

The configuration logic 329 also includes MT support enable indications 335,
that are outputted to the logic component of the functional unit to either enable or
disable the MT support logic of the functional logic 331.
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to be included within a processor. The functional unit 331 is shown &% hagﬁ
both storage and | ogic conponents that are configured by the config e fifglq0s
| ogic 329. For exanple, the storage conponent may conprise a collection of
regi st er swolpdatwiaf these registers may be all ocated to- miTQus00Q8421

m croinstruction or data for a specific one of these threads when nmultiple
threads are active (i.e., when a processor is operating in a Ml node).
Accordi ngly, the storage conmponent as shown in Figure 11B to be Iogically
partitioned to support first and second threads (e.g., TO and T1).

course, the st oTlmecmmﬁltsri’é.’ﬁIonthtdﬂy ﬂarﬂcmfe &m‘eddtStateumn:hme bﬁ'ﬁypmmﬂer of
active threads. The gic co onent S gi.c S
speci fi calinput tPﬁ!ﬁJ b‘ﬁ‘E‘F%ﬁl LB 9 WFH@“E‘P @gg &0

Vi et SadeRREe 2PEe Oﬁ‘-ﬂ %#‘%tf%f%% o8 57 to o TR e pPREHALENITEY Ol

unit 331. JprprEensbieditpiy. enbodi ment, these poi nter values 333 are
utilized to'fogically partition the storage conponent. For exanple, a
separate pair of read and wite pointer values could be generated for each
active thread. The upper and poj nt er val ues for each
thread are determ ned by t Fetcen A M eldependent on the

o oat od by & CEraBesa hedl e%% %@%@??ﬁé%af’s@h‘%éaf&ahe oy be

i ncr eased syhehfAigiticeevéitdrequire excusive aatessta tissmiudtitiredduel pidtessae 30
shoul d tha ot her thread becorre I nactive. The configuration _|ogic 329 al so

i ncl udes Mp usilizeshared raspurden and 4o imedifp siared state. Aceorsumgly: thegnigoe

| ogi ¢ component of, . t.he.functional ,un e i.sabl e the Mr
oo O R e R A Blotitd abgsr LR R0ARKE ich Gi80) ¢
PCT/ USOO/ ?é)’xél%%]&@ﬂ@cces‘st Y furfli fcSevbht haﬁuldwtdrqﬁe IBiystidiel seebhdl ehidade avhereat e

machi ne 174, provide -input to the configuration logic, and are utilized by

the confi guthet bbthesegiventizandlers rgqnires swuch exslusiyr eqs:mwat qa@mlnsxw agegsgies
333 and to provide_t ropri at ort e cl usi ve
Access by E}%‘%Pn?—igﬁgfagp ’gghea{ﬁfﬁs{}‘e‘ﬁfwﬁgﬂ&?%fﬁ 08‘.3 ! géﬁ ‘FE% handl i ng
the pagi ng ARfh the multithreaded processor 30. A flow marker, associated with an event

handler that is provided with exclusive access, is inserted into the flow for the

thread to mark the end of the exclusive code comprising the event handler. Once
the exclusive access is completed for all threads, the microcode sequencer 66
resumes normal issuance of microinstructions.

Figure 13 is a flowchart illustrating a method 400, according to exemplary
embodiment, of providing exclusive access to an event handler 67 within a
multithreaded processor 30. The method 400 commences at block 402 with the
receipt by the microcode sequencer 66 of first and second event vectors, for
respective first and second threads, from the event detector 188. As described
above, each of the first and second event vectors will identify a respective event
handler 67.

At decision box 403, a determination is made as to whether more than one (1)
thread is active. This determination is made by the microcode sequencer with
reference to the active thread state machine 171. If not, the method 400 proceeds to
block 434. If so, the method 400 proceeds to decision box 404.

At decision box 404, the microcode sequencer 66 makes a determination as to
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synchroni zati on events) require exclusive access to the nmultithreaded
processor 30 to utilize shared resources and to nodify shared statel 3 APR 2004
Accordi ngly, the m crocode sequencer 66 inplenments an exclusive access
state mack{@e14Hwhi ch gives exclusive access, in turn, tecegusoszdiandl ers
for the first and second threads where either of these event handlers

requi res such exclusive access. The excl usive access state nachine 69 may
only be referenced when nore than one thread is active wthin the

mul tithreaded processor 30. A flow nmarker, associated with an event

handl er t hathdthepeitherefthedirst oexedomsi evenabardlers pErequirestexdusiveactess tblaow

i, S R A i S T B
66
109200 SERUSRER o e FHTER R SHIER LA e,

embodi ment QA 3% 8*1(6“1'1%' BEE ScdnH @veht R¥edlers 67 Fi gﬁ:@ﬁi&iéﬂhﬂe a
mul tithreade %f pB%cessotEs 30 The ﬁrfg)st hod 40(I)l cgmmnces at bl olck 402 with the

recei pt by didgram depictifg opemtmcmcoﬁﬁngftofemen!plm%b@@mbﬁveﬁﬂ\emchmna
for respective first and secgnd thrn;%ﬁ%% the e l$gi!-l41ﬁ'éector 3@
descri bed amsgtateme 6% T hejstate @ ﬁ vewtates; dRatify

a respecti ent 6 nis
made as toll es\té &e%ﬁgg&%?%ﬁrsg&d@'?rg%% ve Oqﬁhﬁélgge%ﬁrrgh nation
is made bypl; Efbc@dﬁrsﬁgﬁ ef 86lUONARE otdrirfendeaifar Milcoperation 410 resprisivected
state machine 171 not, the nethod 400 proceeds to block 434. If so,

t he net hodak@@ept thaeedqmm atheeyichisivre amgssmyent handlez, thestatssnadhdae 69 he

m crocode sequencer. 66 term natl as t APR 2004 WO
01142914 P@ﬂ‘mﬁ’f éffcﬁmgftﬁger 1 PhsFeiIga EEY‘?‘P ?Ierzfgg(}ﬁd event

handl ers 6 muu&&@;' fed QRBS SN bPert fof AFHTSOtHIEADUS tRued! FOREWIAES 2

shared state. SO, ock 406 the m crocode sequencer 66 inplenents
t he excl usthees ﬁsmgsmfaﬂlanmnmhsimamstthapcmwmtee&elfust eeentdardder, 67, and

Sttt i cgeaplenies FEPISHERA ADPPesR R ITAB SR APy CRMREIHORS, o
the excl usiye i8BE6as sahithfer B HReR fsstids a Lhill HdbnsRicHON (e, 1S shown to

i ncl ude fi
microinstruction having an associated stall flow marker) at 414 to transition the

~D
—e)

state machine 69 from the second state 412 to a third state 416 in which issuance of a
first thread microinstructions is stalled. At 418, the stall microinstruction issued at
414 is retired from the reorder buffer 162 to thereby transition the state machine 69
from the third state 416 to a fourth state 420 in which the microcode sequencer 66
issues the second event handler 67, associated with an event for the second thread.
Following the sequencing of all microinstructions that constitute the second event
handler 67, and also following the completion of all operations instructed by such
microinstructions, the microcode sequencer 66 then issues a further stall
microinstruction at 422 to transition the state machine 69 from the fourth state to a
fifth state 424 in which the second event handler 67 is stalled. At 426, the stall
microinstruction issued at 422 is retired from the reorder buffer 162 to thereby
transition the state machine 69 from the fifth state 424 back to the first state 408.

At block 432, the normal sequencing and issuance of microinstructions for
both the first and second threads is resumed, assuming that both threads are active.

Alternatively, if it is determined the decision box 404 that neither of the first
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first state 408, mcrocode for the first and second threads is bot h(}ﬁﬁ@?ﬂm
by the mcrocode sequencer 66. On the occurrence of a nuke operati
responsive to an event that requires an excl usive access event handl er,
the statewpfilthil@ 69 transitions to a second state 412, wiweusuonssfirst
event handler 67 (i.e., mcroinstructions), associated with an event for a
first thread, is issued. Following the sequencing of all mcroinstructions
that constitute the first event handler 67, and also follow ng conpletion
of all operations instructed by such mcroinstructions, the mcrocode
sequencer @tsechrd evestizandlersireduireexdusivie aecess toshared gesourmsmrcatatetofdhe i on

@Zh?ﬁsaggﬁ%i%éo?g hgstmod papeseds 5o Plock 4% Wiels HeSMicrocads sAeRSerRance
i oroi nst 1o EBE R Een g e R CR i Sveh andBR Fidhons o,

thereby tranhidiv@infefRatéPhfanigehi ne 69 fromthe third state 416 to a
fourth state 420 in which the m crocode sequencer 66 issues the second

" event handler 67, associ ated W|th an event for the second t hread.
Fol | ow ng t he sequenci ng o] constitute the
second event handl er tion of all

e khre
operatlons i nst
66 then issues I:E;l fﬁ]g?'a S:‘%l{eh:}la r#%rgﬂ())q]ﬁn%{s'ru o%?iatg% %ﬁ?&ﬁg'ﬁ?gﬁy tl g ﬂ?ﬁe
stat e machiBodighdrtphat keiyfeusdchpiadets tHeDacmvefthfédd sthtel raadiide 1711 whidddlsd he
second event handler 67 i s stall ed t 426, the st al | m croi nstruction

i ssued at ilipstraing Enansitignievents; pecordimgderareneraplary embediment Bhat maxnsi t i on

At i ok 4835 reoerhrd e mrinE A fo dRtsER hetfebd thd vidtustedles. 07
both the first ﬁ%&ﬁ@%ﬁaﬁf’s&ﬁe%&ﬁné EELiEBhowas 6 raside inftitle S1dbhr esds

are active. Alternatively, if it is determ ned the decision box 404 that
nei t her ofnarhelyfa single t3fead ((SAPRstACOG2\® stgle threadicFTlbetateo¥ 2 roultiecond

o ocessor thrad AT Hsp o1 a2ees et (el S35 S0, P IR Ittt @ 1
sequencer S0 AeqreAGRTaiRCl SAPHCHIBEH fonlchdd thidadithie Winiet daendtisy ont

handl er s a non- u3| ve, rnterl eaved nmanner. The Active Thread State
Machi ne (Jtﬁéhssoaated thread asbemg active and, when reset, indicates the associate thread

as being inactive or asleep.
The transitions between the four states 502-508 are triggered by event pairs,
each event of an event pair pertaining to the first or the second thread. In the state
- diagram 500, a number of event types are indicated as contributing towards a
transition between states. Specifically, a SLEEP event is an event that causes a
thread to become inactive. A BREAK event is an event that, when occurring for a
specific thread, causes the thread to transition from an inactive state to an active
state. Whether a particular event qualifies as a BREAK event may depend on the
SLEEP event that caused the thread to become inactive. Specifically, only certain
events will cause a thread to become active once inactive as a result of a specific
SLEEP event. A NUKE event is any event, when occurring for specific thread, that
results in the performance of a nuke operation, as described above. All events
discussed above with reference to Figure 8 potentially comprise nuke events.
Finally, a "no event" occurrence with respect to a specific thread is also illustrated
within the state diagram 500 as being a condition that may be present in
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Figure 15 is a state diagram500 illustrating states, according to an
exenpl ary enbodi ment, that may be occupied by the active thread stadt®APR 200k
machine 171 and also illustrating transition events, according to an
exenpl ary vegppgioaent, that nmay cause the active thread stpgeusmeRizie 171
to transition between the various states. The active thread state nmachine
171 is shown to reside in one of four states, nanely a single thread O
(STO state 502, a single thread I (STl) state 504, a nmulti- thread (M)
state 506, and a zero thread (Zr) state 508. The active thread state
machi ne 17gombimatapnvisth aneyeat egsurreacewithf respectdn atfiarthved thriead to vinese s et |
identifies the associated thread as being active and, when reset,

i ndi cat es PiEeHAOSHM e thread as bei ng i nactive or asleep. The
transitions bet t; E@Q‘i - Al L v, L3S,
each event of aﬁ?&&ﬁé@%@f@gﬁi ng ‘%Ql? hsgglg?%lgp qgir%?%lé@és%%on ‘Eﬂcﬁghe‘gd

In the stahBREMKOSWNIOPthat threali ey paidiageitie BRRAK @ventiigcbiréiebg@d as
contributing towards a transition between states. Specifically, a SLEEP

event is aimaweshately fe.gc thetvead does rotga t Hleepandiwaks later to semiietkeevent
IS an even , _when..poccurring for specj fic. t causes the thread
Lo franert BBENK svenf TRE oY dred el lsct e ERE i oo MK Sopbragbes
parti cul ar L : event
Phit cauccHBlabd i3 paieRaldhedd ot o SETHP SPohedE BERR vifeatidr e’

events w | BREAS event htlemdseroicedcone active once inactive as a result of a
specific SLEEP event. A NUKE event is any_event, when occurri gég&ifor

3peci f Lcdt hr eadUnansthe gsserionofithe npke sigrind 1 7@ hy dhe eventdatectoni8&ithen, as
! 7 S . A g
potent i al |9 TpFPad SENE hurt 148 RO RO B thaRal S A DAGE R W U

respect t OFSlISWRGE Hbasiditioabfithe alke sighal! 570, allefinchibhill dnitd Withirpfe di agram
500 as being a conditi-on that nmay be present in -39 2 9 APR 2004 WO
01/ 42914 PETitiboerdsd procassm Hhatesanfiguredbasedeon theadtivedritsanaintained yect

to a further thread t ayse a . S ectrapsitiqpn. Jn.,one enmbodipent, if a
SLEEP even ei@“é’FSﬁ&?“%oé? mﬁ%ﬁ?@u?ﬁ?ﬂﬁﬁﬂi}‘égﬁe&hﬁ*e& %R@Wb@rg‘?ﬂfef‘tﬁm
that threaghn; digD! R @5’5@%@! Bherated BhYd L6 thé FARA the
t hread doggmlrtlg(tjﬁgjg toq:’srlogegaand ke%I a?gr to és/er vice the Bt Efdtted
functional units to indicate to the functional units how many threads are extant
within the multithreaded processor, and which of these threads are active.

Following the assertion of the nuke signal 170, the configuration of the functional

—+

units {e.g. partitioning or un-partitioning) is typically completed in one clock cycle
of the clock signal 304.

Thread Exit and Entry

The present invention proposes an exemplary mechanism whereby threads
within a multithreaded processor 30 may enter and exit (e.g., become active or
inactive) where such entry and exiting occurs in a uniform sequence regardless of
the number of threads running, and where clock signals to various functional units
may be gracefully stopped when no further threads within the multithreaded
processor 30 are active or running, .

As described above with reference to the state diagram 500, thread entry (or
activation) occurs responsive to the detection of a BREAK event for a currently

inactive thread. BREAK event definition for a specific inactive thread is dependent
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BREAK event). The reverse may also be true, in that a BREAK event may be
signaled for a particular thread, and a SLEEP event is pendi ng, \/\heriﬁfﬂt%ﬂﬂﬂh
the BREAK event s then serviced. Upon the assertion of the nuke signal 170
by the event ector 188, the active thread state nachi |

eval uat ed‘,’voaosl%’? I cated at 324 in Figure 12. Follow ng dg(?gése'rdt&?zc%n of the
nuke signal 170, all functional units within the mnultithreaded processor
30 are configured based on the active bits maintained by the active thread
state machine 171. Specifically, the checker, replay and retirement unit
(CRU) 160- opiipasdoason it @lvand giiead bethghinactived THrb&d agit ov@urbiréspdrsivd |

ef fected unctional units to indicate to the functional units how many

t hr eads ar® #SLEEP event foma tureently adtivierthaerstl Exaseplesof SLERevents ingtidehese
t hreads are active. FEol |l ow the assertion of the nuke, signal, 170, the

- conf i gur at therexgFuipe qf&r*@i'\i,\@ﬂ%) INGHRPEHOTY E‘.Cg'.‘deﬂa‘i”iLFﬂ Yhaey ead,the

un-partitigni | & oty h N : N Kk

si gnal 3043&%?%%8%&?‘?”3?9%@%%@%%%gpdrf@ﬁg%‘é'g’aénqg?glﬁp ary

* mechani sm gfpgr @partldyp ﬁﬁéxs?_rd&eédaﬂr inRriipt) thdigas @dﬂpf@ﬁ@@&@&h@ﬁcww&&aw

and exit (e.g., becone active or inactive) where such entry and exiting
occurs in a uniFiguredédusactowdypat llustratisg a mathad feaccetdingrtoremplani ng,

d wh dock _si | i f i | its, full
e @ bR hEiheareai B Ganthn o BB heiah dcive Bpbad Spr bR gEiiiohot,
active or £§QﬁF?%v(eoﬁ§ 15156 2RO HABIY © THE e thBH B06 B6Rmdhcbd St Blbak 809 agr am

500, thread activatron) occurs responsive to the detection of a
BREAK evenjvhifd ald reguiired slaye for the hctivee thread ib saBBE At dealbrdgistef emiriesomithov  a
specific inactive thread js dependent 2 9 APR 200 WD 01/42914

PCTI US001 28w xegister file 124 4hathaverbeendpreviaashntllqqteciie microipsitigtions for Hgr ead

i ' | f : pactt _
Exarl o5 oitSERbeiad bfs 4 ABealtat MK Tor eREmBIE Uf BRombeBlar (el Bhun,
i ncl uded WHehiepisték flet12428 briteird thitheerdgireeiosly sllocatedHdTiMbirstr@tionRBER _

SHUTDOWN condi Flion, or a "wait for SIFT (start-up inter-processor
i nt er r upt ) theaactiveitbread ane decallnrated. cTheneontent afdthe glellgcated;rggisters ar the 5

flowchart |11 23hE8id RadedTh ROLSR% pRAF A ) {nBHE R &idter array or

random access memory (RAM) coupled to a control register bus within the

multithreaded processor 30.

The de-allocation of the register entries within the register file 124 may be
performed by a deallocate microcode sequence that is issued by the microcode
sequencer 66 responsive to the detection of a STOPCLK, HALT (HLT) or
SHUTDOWN event for the active thread. The de-allocate microcode sequence
operates to remove (or invalidate) records for the register file entries within the free
list manager 134, and to create (or validate) records for the register file entries
within the trash heap array 132. In other words, records for the de-allocate register
file entries are transferred from the free list manager 134 to the trash heap array 132
by the de-allocated microcode séquence.

Figure 16B is a diagrammatic representation of an exemplary embodiment of
the operations that may be performed at block 602. For example, the transfer of the
contents of a first set of registers, within the register file 124, that were previously
allocated to a first thread (e.g., TO) are shown to be transferred to the scratch pad.
Additional operations that may be performed in the saving of state include the
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enbodi nent of the present invention, of exiting an active thread on the
detection of a SLEEP event for the active thread. The nethod 600 can$réiit &8l
at block 602, where all required state for the active thread is saved, and
all regi S\tv@)rolﬁ%ﬁi es within the register file 124 that have h6s
previously allocated to mcroinstructions for the active thread are
de-allocated. Merely for exanple, of the 128 register entries within the
register file 124, 28 entries that were previously allocated to

m croinstructions of the active thread are de-allocated. The content of

t he de- al |spenigecfithgicontents dfairchiteeturabiogitteisifoean ekitirghtteead fo the'sefatel ch
pad", that may conprise a register array or random access nenory (RAM

coupl ed t pad, apd:alsp thestprageof thescantents of mherocede temppraryadgistesaessor  30.
L
be perfor ! ' e

m cr ocode | t LT
(HLT) or rgaﬁwgegﬁ%ﬂ § or tnﬁ-lgl %calt %éeﬁf%{rég%lgﬁ a‘?ﬁ‘ga@fg}g‘f E()B?gtgéd(o rrI11 Ej'ra\oc ode
sequence Aughatg@oead (¢.gnTYe (or invalidate) records for the register file

entries within the free |ist nmanager 134, and to create (or validate)
records for thdJpepithe se-enteriagehnpaskculor thiead (@8- TPhdhwilbbe appregiated2. | n

h ds, f he de- al ' fil '
Franct or r dhat fERANER ALY Fegr T aligened 4 Bk ffadaax heRBp bl the, 1y
the de-al locatipla i &6 RRIGERS BOLIIRER linkiN FigurkO3B. S @ di agranmatic

representation 0f an exenplary enbodi mnent 0f the operations that nay be
performed at blAcklogRB04Fothreachspcific Hérecetminreinstruafionhfor the exiingsthoéadh
first set of registers, within the register. file 124, that were previously
al | ocat ed it insarierinto figmigopatryction figw b U BHATEANERAD (O HBFRRRE( 10 1 he

R e v L B s Y S
t he cont erirdefbuffec 8, vaeious zhcies gndithe processorbusses.iThds bperatidntdoes ot

scratch pad, and also the storage of the contents of m crocode tenporary
regi st er s retizg wntabalb thesg blocks are éampletead, to the scratch pad on exiting on

then avai | abl o157 HamerbER ik APERRlk Pk pnatefilyBy GLERG, 26°

new microinstructions added to the execution unit input are cleared with the

assertion of the nuke signal responsive to the detection of the SLEEP event. As
described above, the nuke signal 170 is held for sufficient period of time (e.g., three
clock cycles) so as to allow microinstructions that entered the execution unit 70
prior to assertion of the nuke signal 170 to emerge therefrom. As these
microinstructions emerge from the execution unit 70, they are cleared and the write
backs canceled.

At block 606, the unwind register 208, maintained within the event detector
188, is set to indicate that the exiting thread is in an inactive (or a sleep) state by a
microinstruction that, generated by the microcode sequencer 66, writes back a value
that sets the state of the unwind register.

At block 608, the event inhibit registers 206 for the exiting thread are set to
inhibit non-break events for the exiting thread by control register write
microinstructions issued by microcode sequencer 66. The setting of the event
inhibit register for the exiting thread, instructed as the control register
microinstruction, is dependent upon the type of sleep event being serviced. As
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Upon the re-entering of a particular thread (e.g., TO, it wll be

. appreciated that the contents of the registers allocated to this t r BABR 2004
may be restored fromthe scratch pad, as indicated in broken line in

Fi gure 16%70 1B Pck 604, a thread-specific "fence m croi petisayisen’ for

t he exiting read is inserted into the mcroinstruction flow for the
exiting thread to drain any renaining pending nenory accesses associ at ed
with the thread fromthe nmenory order buffer 48, various caches and the
processor busses. This operation does not retire until all these bl ocks
are conpl eldgscussedbabdiesdeperaiing bnithe SLEEP20eniibatitriggared shetransitihdnshe
relatively quickly, all , new mcroinstructions added tg}t he execption unit

i nput are iaskivedtage Alyrertaisevants gHalify astrenk REends yvith respegtidadhGe to the
detection of the SLE vent. As ..describgd Qve ' LS
“hel d for sm%qbéﬁfetﬁf eairﬁgd:{]e&?rwgo?gg 4 ,‘ﬂﬁﬁ%ean %‘1%12 %“@“9@?%% Qggéaééezrgg ¢
al l ow m cr o 'ﬂiﬁa&d\?ﬁt é:}%?{s w fedBhde t6dthe BEAtO S e
assertion g‘#%hﬁ%ﬂe SI gnath:fi tgﬂ%{lr%%e hereC?‘r@om A?s thgse

i cr oi nst r ygehomhilsivegaer 208fot tite maetive tlareadni t 70, they are cleared and

the wite backs cancel ed. At block 606, the_unw nd_register, 208, )
mai nt ai ned wi t hiAt hipek 6l2ethe sleepexant fon B exiting thread is Hgnaled aising,e spedal

iti th d.is in. ' ti : : ' hst ti
that  generaceinBy i hpLPBbt stah eRt ARRL B e Mplep Rkl o "
sets the st &&fﬁohr‘ﬁel&lamg@ggj slisfoindudtiopck 608, the event inhibit

registers or the exiting thread are set to inhibit non-break events
for the exitingFigare? iby floonthart ithesgratirgy a methed 700, @ceinding tean ons i ssued

by m crocode seqguencer 66. The setting of the event inhibit, regist for
Uhe exi ti ngxempbar, emprdinieat.f eatering an Sactae thsgfipan JGHve SR APORAE on,
i s dependent . upon f Lad. ' APR
2006 VIO 01°% &’“ﬁ%ﬁ%f&ﬁ?ﬁkgﬁgg &g@eﬂé\}g E?‘éﬁﬁ?ﬁgﬁg ﬁoﬁg&é(%gEP

event that 7pp e tiRodétbRicn 6B évemt ocoutrbace fonantevent Btadgaay aninaycett ai n

events qualify as break events with respect to th I nact.iye, thread he
det er ni nat iqualifisas » BRE&Khevend with serpegt M%ﬂgg%é'eﬁae&t nﬁ%yoia

particular j RachihiBoh ¥ Rade by MU EnPublbcBRbEE 85 RARRTERVAR &t Tbat © Of

determine whether the event qualifies as a BREAK event for the inactive thread. To
this end, the event detection logic 185 examines the event inhibit registers 206
within the registers 200 of the event detector 188. If the relevant event typeis not
indicated as being an inhibited BREAK event with respect to the inactive thread, the
method 700 proceeds to block 704, where the clocks are turned on as necessary, the
event is signaled normally (waiting for a nukeable point on the other thread), and
the handler is invoked as for any event. The event handler checks the thread sleep
state and, if set, proceeds to restore microcode state at block 706. The event handler
67 confirms the inactive state of the thread by accessing the unwind register 208.

More specifically, the event handler 67 proceeds to restore the microcode
state for the entering thread by restoring all saved register state, inhibit register
state, and instruction pointer information.

Following restoration of the microcode state at block 706, the method 700
proceeds to block 708, where architectural state is restored for the entering thread.
At block 710, the event inhibit register 206 for the entering thread is reset or cleared

by an appropriate microinstruction issued from the microcode sequencer 66. At
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event inhibit register 206 for the inactive thread. At block 612, the sleep
event for the exiting thread is signaled using a special microinst AP
that places a sleep event encoding in the wite-back fault information

field of Rkpei26fd4 al mcroinstruction Figure 17 is a fl owpgharshors421
Il lustrating a nmethod 700, according to an exenplary enbodi nent, of

entering an inactive thread to an active state upon the detection of a
BREAK event for the inactive thread. The nmethod 700 commences at 702 with

t he detection of an event occurrence for an event that may or may not
qual i fy asblacBREAKtheestent Wandler 62 peeteeds taservicadhe BREAK exent. At théscpaingn

box 703, a  determ nation is, nade eyent detection logic 185 fqr the
rel evant emésFocpde CBB?WE@M@?M \}éﬁf‘e‘ﬁﬁﬁ‘ﬁ i"‘f‘ﬁ@E‘ tgg “&ﬂB&Eﬂkgﬂent
for the inacti t I he e |.O '

exani nes tH& CS\;\;SZJE tétlf %Fﬁ %é&éése‘?@ﬂ%@&v‘ﬁ %leﬁpér’\nﬁﬁ% ?l? F(:al'é:;“‘l és}{e(ka‘? g&%&iqe t he
event det eg Block88:6, irfstiuttioh @b M oetefiénd Mfeathi aBain resBied i RRindhebei Ng

an inhibited BREAK event with respect to the inactive thread, the nethod
700 pr oceepiocessarl3fcfor elenteringdhread. dheakethads/0uthen derminatesia bloxkdflg, t he
event is signaled normally (waiting for a nukeable point on the other
thread), and the handler is invoked as for any event. The event handl er

checks the thread sleep state an%;’lo&Cégﬁolﬂpﬁgﬁeds to restore m crocode
state at block 706. The event han the inactive state of
the thread by dgceriarng rédecepowatcdmsiigitin &Bhedbdiesipaton Wittdhlte t he

event handler 67 proceeds to restore the microcode state for the entering
t hread by meditbreadediprocesspsd0r dds desirable ta stopi ahsuspended leagisomercdeek  and

instruction I nt.ef. i mformati on.~ Fol,l ow restorati of the mg crogode
state at orene TEhn e TRt S0 bR B EOR4 oG Fha Taif afiow SRl

ar chi tect Hllﬂgtrﬂiﬁ?% hetHoRP80U, 8€tdring fourtsdethplasy bhibdimentiof 8t gid the
event inhibit regfster 206 for the entering thread is reset or eafed by
an appr oprsuapending; selected dedkamignals wgthif aomu tithreddadopragessosgveh@erthes. At

2 9 APR ZOOLﬁ 01/42914 P US 8}43121 ock 712, the fitﬁ%nt handl er 67
proceeds teFCEHHFTCBIPGHESH) SEURRE abaye (KRt RUfPoses R g P58 e onst i t ut i ng

e orent, ok e UL ML LYook P s aITRRL G

bl ock 716,prooedsorshald be takerhiorencopgrass a ausnbereoft teelmnigges of swsperdihg\dt hi n

the stopping a clock signal, or signals, within the processor 30. For example, a Phase
Lock Loop (PLL) within the processor 30 could be suspended, distribution of a core
clock signal along a clock spine could be inhibited, or the distribution of a clock
signal via the clock spine to individual functional units within the processor could
be gated or otherwise prevented. One embodiment envisages; the later situation, in
which the supply of an internal clock signal to functional units within the processor
30 is suspended, or stopped, on a functional unit by functional unit basis.
Accordingly, the internal dock signal may be supplied to certain functional units,
while being gated with respect to other functional units. Such an arrangement is
described within the context of a single threaded microprocessor in U.S. patent no.
5,655,127.

The method 800 illustrated in Figure 18, in one embodiment, may be

performed by clock control logic 35 that is incorporated within the bus interface
unit 32 of the processor 30. In alternative embodiments, the clock control logic 35

may of course be located elsewhere from the processor 30. Figures 19A and 19B are
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processor 30 for the entering thread. The nethod 700 then term nates @h

bl ock 718. O ock Control Logig In order to reduce power consunption LndPR 2004
heat dissipation within the nultithreaded processor 30, it is desirable to
stop, or gisReNdi1s at I east sone clock signals within theppiRgfsRes 30
under certain conditions. Figure 18 is a flow chart illustrating a nethod
800, according to an exenpl ary enbodi nent, of stopping, or suspending,

sel ected dock signals within a multithreaded processor, such as the

exenpl ary processor 30 described above. For the purposes of the present
speci fi catploak ahef sthenatictdia JesRetivegrillastrating Sk dgaitd regacdingi gnal s
within the processor_ shall be taken to enconpass a nunber of techniques of
suspendirmpmmnpkwyG#KkgOghmébK¥@3@naI, or signals, within the processor 30.

- g uspendes i o TRERRAISCR HEtk ﬁ@sﬁﬁc@ic&n&rﬁ?ﬁéﬁ B Bps e Cou o
i vi cual £966 BFFRY MRRK EUL ) Spife GO0 (3 PITACTAE g ACIVES [0
"ot herwi se ﬁan?ﬁtwiﬁ- vithhe aoiwsithiea statenaagiee 17452) dietvent detectedbighdls

y

whi ch the supply of an internal dock signal to functional units within the
processor 210outpetiepbyidhe event detegter:lB8, and 43 asraqpoeantral signab$22 unct i onal

0 TR o i 503 S0 Bl it e
functionaly Wnih § assttd R si ShAIERECTROEIOLR coﬂeéprdgb@%ﬁ%%{gs%&es%ﬁg@w of

single threaded mcroproceSsor in U S. patent n nmet hod
800 i | | ustgetiepate nstbploak signaliB6 tinat inrthrrsuppressesay ibhibite ¢hé codkithgnf dock
control logic 35 that is incorporated within the bus interface wunit 32 of
the procesestaindunepnal upits yitlyp thepreresenid)- the clock control |ogic 35

may of course !ﬁg‘%ﬁ%{ﬁ?% : | iHﬂ@n&:?A and
19B are 2 9 AP%%%%?L W&%@?’gﬁp%c@gﬁem I C
di agrams riggRetdiat uéiliyes thetinptifstd1ng8ioundi822 ttedaips thegepdauk signaig2bar y
clock control logic 35 Turning first to Figure 19A the_clock control
logic 35 i%p v therestent detector signals RHprovidg dnput t9anPR gate 82 thatiny; ¢ s
820 (e. 9. JORGHAE 189G ifito ARHNE OR gate 824. The active bits 820 and the snoop
control signal 822 also provide input into the NOR gate 824, which OR's these
inputs to output the stop dock signal 826.

Turning specifically to Figure 18, the method 800 commences at decision box

Q

802, with a determination as to whether any threads (e.g., a first and a second
thread) are active within the multithreaded processor 30. This determination is
reflected by the outputting of the active bits 820 to the OR gate 824 in Figure 19B.
While the exemplary embodiment illustrates determination may be met with
respect to two threads, it will readily be appreciated that this determination being
made with respect to any number of threads supported within a multi-threaded
Processor.

Following a negative determination at decision box 802, the method 800
proceeds to decision box 804, where a determination is made as to whether any
events, that are not inhibited, are pending for any threads supported within the
multithreaded processor. Again, in the exemplary embodiment, this comprises
determining whether any events are pending for a first or a second thread. This
determination is represented by the input of the event detected signals 211 into the
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as outputted via the active thread state machine 174; (2) the event

detected signals 211, outputted by the event detector 188, and (3) AJARRAI.
control signal 822 outputted by the bus interface unit 32, which detects a
snoopabl e access on the bus and asserts the signal 882. The dock control
logic 35 utilizes these inputs to generate a stop dock signal 826 that in

turn suppr, inhi bits the clocking of certain functhdcQRmbos4ib] S
Wi t hin the"?%rﬁg’izegg%or 30. Figure 19B is a schematic diagramillustrating

exenpl ary conbinational logic that utilizes the irnputs 211, 820 and 822 to
out put the stop clock signal 826. Specifically, the event detector signals
211 provide input to an OR gate 822, that in turn provides input into a

furt her G?(Hagﬁtem,sﬁbmaﬂtﬁli\gehbw 820 and the snoop control signal 822
al so provide Irnput into the gate 824, which OR s these inputs to

out put the st op Folloyxingiagmrgatige determination aipdecisior hox $04,@ forthere 18, the
TR0 800 e B R kb o FRHE B SRy 1
outputti ng DIC FaCoB B GBRESnolhs) 3fY BeflE pROAR bF the ProceariibCin e [ |
o Lot hr e Aol Ty T o o ot o L hat (I ot & pplemernedect

bei ng nmadbythe inpatekihe snoop rynimolsignal 822 intodhe OR gptetaded within a
box 802, he. moFRUBWANS4 Tse L HelePRRARA AN Bk B0Gqrbe Shetfiod 836 7
e s s U8 B UG o LB il 7,
Agai n, in pieppederzuppressedoBperfitally, theclodkpignabsto bietpending ieginhndibers
< opt escaeas IAEie ARGhsyaPeiied oRstanBer, a8 dr SO G ISR G T - 45
2,5, M 200 R 081 ST SRR U8 S8R SO s 2P
det er mi nat kPrestart BREIEoaks Befingiional Muts3BEpoHEeV &Ry SIRMVBREAKDeveits. The bus
SnooRs: suppressing of the internal clock signals to functional units is implemented by the

assertion of the stop clock signal 826, which has the effect of gating the clock signal

to predetermined functional units.

" Following completion of block 808, the method 800 loops back to decision

box 802. After the determinations at decision box 802, 804 and 806 may be looped

through a continual basis.

Following a positive determination at any one of the decision boxes 802, 804
and 806, the method 800 branches to block 810, where, if clock signals to certain
functional units have been gated, these internal clock signals are then again
activated. Alternatively, if clock signals are already active, these clock signals are
maintained in an active state.

Where block 810 is executed responsive to a break event. (e.g., following a
pmﬂﬁvedeumnﬁnaﬁonatdedsknlbox804quncﬁonalunﬂsmdﬂﬁnthe 5
microprocessor may be actively partitioned, in the manner described above, based
on the number of active threads, at the assertion of the nuke signal. For example, in
a multithread processor 30 having two or more threads, some of these threads may
be inactive, in which case the functional units will not be partitioned to

accommodate the inactive threads.



* det er m nat

SNC snoops or other snoops) are being processed by the processor bus. In
the exenplary enbodi ment of the present invention, this determn natipnAPg 2004
i npl enented by the input of the snoop control signal 822 into the OR gate
824. Follow ng a negative determ nation at decision box 806, the method 800
proceeds to bl ock 808, where internal dock signals to selected functional
units ar ey o ARK d or suppressed. Specifically, the d‘“”%éﬂﬁﬁ@ﬁénio bus
pendi ng |1 ogi ¢ and bus access logic is not suspended or stopped, as this
allows the bus interface unit 32 to detect BREAK events or snoops
originating on the systembus (e.g., pin events) and to restart the docks
to functional units responsive to such BREAK events. The suppressing of
the internal cldpknsiompétion of blodc810) i metiad 80Gagain leopsazit tbydetision
assertion of the st cl ock signal 826, whjch has the effect of gating the
clock si grieax 802 apd othay ttegation ahthe desisiens represgnias,by. degision hoxes
bl ock 808,%hwﬁ§%800 | oops back to decision box 802. After the

hs at deci'si on box 802, 804 and 806 nay be | ooped through a
continual basi SThirg)lalA¥hBd aAdRpPatdths fEIehRe hRBvait withirpae of the
deci si on boxes 802, 804 and 806, the nethod 8 branches to bl ock 810,
" where, if moltithseaped processorhaves beerf desctibedialAlihough the peedseathaghead, t hese

i nternal dock .signal,s gre then aggin activated. Alternatiyely, if c]ock

si gnal s arcﬁess-rﬁ@gavﬂm%?%se tonepegifiq exerRlpgamBodingents,gt il Beeiridenthat
active st ouiEba; ' i : .avent .
(e.g., folq'llagiv% ng Ié’a‘f%égﬁ}tﬁ? %&ﬁ%ﬁ% %#@Qg@%ﬁ%@ﬁ%ﬁ%’ﬁ@ﬁﬁm onal
uni ts wit iidpatitrg fromthybrades sdoperindupificdf thelivatidn.t Aeasdingly, 4ee manner
descri bed above, based , on the nunber of active threads, at the assertion
of the nulspesifigaden apd drawingsase to he regarded iin andlustpatixecether thanigavi ng t wo
or nore thread of these threads may be inactive, in which case the
functionafeﬁﬁFﬁgeﬁgﬁ%?not be partitioned to accommodate the inactive
threads. 2 9 APR 2004 WO 01/42914 PCT/ USQQ 28421 Upon conpl etion of bl ock
810, the method 800 again | oops back to decision box 802, and begins

another iteration of the decisions represented by decision boxes 802,804
and 806.
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Thus, a nethod and apparatus for processing an event within a

mul tithreaded processor have been described. Although the present hakd BB AN
described with reference to specific exenplary enbodi nments, it will be
evident that various nodifications and changes may be nmade to these

enbodi nmen j t . departing fromthe broader scope and spirit of the

i nventi on%&yécpgyﬁdf'y, the specification and drawings are to be regarded
inan illustrative rather than a restrictive sense. 2 9 APR 2004 What is
clainmed is: 1. A i:ncluding: detecting a first event occurrence for a
first thread béﬁ%%ﬁ%)ér}lgglé&s"%%d within a multithreaded processor; responsive
to the detecti deteoingkiest Evensdccavant fooe Citst thedad beingprocdseadi withirma Second t hr ead
bei ng procefﬁed wi,thin the nultithreaded processor to detect a clearing

poi nt for "CHETEXEBRY At ead; and responsive to the detection of the

cl eari ng poi nt rdspensivhe thedattiot b thafst sk@akiungne, mbriteihg @ Babndihidad Wi t hi n
the multi #hreaded q%ro est or E.f d%t(ﬂ for bft[r the first .a(gtd ‘%econd t hr eads.
2. The mefHBHPSFSEAT TN Pome P vRIPhROMSIT oot dearikRoaEenRa sshtkad t o

det ect thenread] #dri ng poi nt conprises detecting retirement of an instruction
of the second thread havin first-type flow marker associated therew th.
3. The nothod BFPUPAF f B fiesfien ff DERSFMBEYIN GEE Ol HERREIoHER cat o a
macr oi nst fusetidnanunxovittiathy moltithreddedpota o dedd fot heh SedpNdnd eard. 4. The
met hod of claﬁémz wherein the first-type flow nmarker indicates an interrupt

poi nt wi 1534 i crocode of the second thread. 5. The nethod of claiml
wherein the nonitoring of the second thread to detect the clearing point

conprises, detecting, a secon vent occurrence for t second thread. 6. The
ot hod of 201 at A MGHEH SIS S TETeaT G T8 ALt Shiead AT CE 0 ¢ e
mul tit hr ead@thgpoME EmgRisesCIREPingTeSre&S Of 4 iAGruatidn df$e sS¢c@b @reddmatingh ear s
state of gsFiﬁpeline glI the.aﬁalhtit readed processor for both the first and
the second™tRPeIQY masker axCigled HIEWF clai m 6 wherein the clearing of the
state of the pipeline includes <clearing mcroinstruction state of the

mul tithreaded pfoceeSPlr L 220 id B8 ri §5¢ 080 RakE i daces a

macroinstruction boundary within microcode of the second thread.

4. The method of claim 2 wherein the first-type flow marker indicates an interrupt point

within microcode of the second thread.

5. The method of claim 1 wherein the monitoring of the second thread to detect the

clearing point comprises detecting a second event occurrence for the second thread.

6. The method of claim 1 wherein the clearing of the functional unit within the
multithreaded processor comprises asserting a first signal that clears state of a pipeline of the

multithreaded processor for both the first and the second threads.

7. The method of claim 6 wherein the clearing of the state of the pipeline includes
clearing microinstruction state of the multithreaded processor for both the first and second
threads by draining microinstructions of both the first and second threads from functional

units within the multithreaded processor.

8. The method of claim 1 including, responsive to the detection of the clearing point for
the second thread, invoking a first event handler to service the first event occurrence and
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t hreads by draining mcroinstructions of both the first and second thread
fromfunctional wunits within the nultithreaded processor. 8. The nﬁt%égq ?ﬂlﬂ‘*
claiml including, responsive to the detection of the clearing point for

the second thread, invoking a first event handler to service the first

event OCCWomgga%&ﬁfvéﬁé{%“@?ﬁ‘?%ﬁ%gﬁﬁ%EX@E‘%?%E‘ second event handler to

servi ce the seto rea im8 wherein, if the
clearing point for the second thread conprises the retirenent of an
instructign of 4h L hyr having a firste fl rker.

associ ate 'therT Eé%\n%f%sg?ﬂcga'%%vo ?erllng%\é#'e %ﬁagmég%@[tnfaF égg‘?{ "‘ﬁtﬁlrr? %Ormpc“g)er?pri ses
i nvoki ng &hevetirtruait of eviesituctiadltterse¢ondthread dbang sfisegpefick ngrkef t he second
thread. 10, The th f.claimﬁjvvher in, . Jif the cl.earing point for the
second ¢ st REL R TE & nfdleBl hedBShT B libokl BatrSR hREBR KB ¢ v end,

t he i nvokienmgt kdhdkehhatgesonndepresnig dfanrdk@nd tleesdpr i ses i nvoki ng a second event
handl er to service the second event occurrence. 11. The nethod of claim8
wherein, if the first event handl er requires exclusive access to a

resour ce, 10henThheethodditoaimBgviefeid, ifehsaaang pihrfeate t@otlithead cdnlpeisssl eari ng

oi nt conprise detecting.retire t of an instryction,of the, second
thread hadPHgEeeRasHreRsRiar P siPihiiead el Ruabie.of I8 StREd BRIYHRATS . The

met hod of carhgises ikdoknfparsetond et kdiond-séryfee tHelseasr@ edear occekineat es a | ocati on
Wi thin mcrocode of the second thread at which synchronization may occur.
13. The nmethod of claim|l wherein the first event occurrence is the
retirenmentl.of FThsyaahd eividaBivoRren, (ied frstey et hioier ofquirbieextlusisd actds @ad. 14.

The met hod of cl g‘lgm 1 includi 3%1 resg nsi.ve . to thhe1 det ecti on of the
clearing PETRATCS Gien tedontaring £l terspeend thregd s dfiest R §lepiede L fuPEB&nd vect or s
associ at edewdtinf retifgncht sfab iBRdet®R @OME sechit! BARAS havirpeetdndeyp¢ fTo® mdarkdrcr ocode
sequencer of _thde mul tithreaded processor, the first and second vectors

i ncl udi ng®FPP¥td YV econd thread identifiers respectively. 15. The nethod
of claim 14 wherein the first and second vectors that include respective

first and_seco riori .bits that determne,the relative priorities of
the 11 peigecOle B drctumal Wogh i b ing Tondrrt whcies Brtfan T ogre
from whi clvithinefiGb&sie bfndt bkbsd thead freiHichayhdhi@izatibi @adocand a second t hread,
bei ng processed within a nultithreaded processor, are retired; and

13. The method of claim 1 wherein the first event occurrence is the retirement of a

synchronization microinstruction of the first thread.

14. The method of claim | including, responsive to the detection of the clearing potnt for
the second thread, propagating first and second vectors associated with the first and second
threads respectively to a microcode sequencer of the multithreaded processor, the first and

second vectors including first and second thread identifiers respectively.

15. The method of claim 14 wherein the first and second vectors that include respective
first and second priority bits that determine the relative priorities of the first and second

threads.

16. Apparatus including:

retirement logic from which microinstructions for both a first thread and a second
thread, being processed within a multithreaded processor, are retired; and

an event detector, coupled to the retirement logic, to detect a first event occurrence
for the first thread; responsive to the detection of the first event occurrence, to monitor a
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an event detector, coupled to the retirenment logic, to detect a first event
occurrence for the first thread; responsive to the detection of thel §APB{I0
event occurrence, to nonitor a -49 29 APR 20h second thread being
processed within the nmultithreaded processor to detect a clearing point;
and, res i . t:QF iy I nt he. second thread,
Fo ol ear SURY Bded vLREpiaE Rl B pliERed Bl Mac e UOGRRBERN 1o o
pert ai ni ngnd,aespatshyetthide fletecsion ahdclemme pdint for thassondlthread heclappdnatiosml of cl ai m
16 wherei %nﬁgﬁhlﬁ\{ﬁe% lﬂﬁgegg%cpﬂroc%?stofgftd?ita.rp% éiri%crrrﬁﬂatothotﬁn ffL; r{dr%gc:‘[oﬁl tre':agg of the
second t hread, romthe retirenen | 0gi‘c, havi ng a ?lrs?-type ow mar ker
associ ated therewith. 18. The apparatus of claim 17 wherein the first-type
fl ow mark i ndj, cat es croinstruction undary W t.hin m.crocode of the
second ¢ hidad 16 eorifast op PR R IR GH i <Pk GRA Btod G0 OT D08 P1 o
mar ker i ndasoadt®s ofithe isevbad thugad, frqpotha tetivdnteni lngin laviog o fiest-ofpe flhe nmeéieond t hr ead.
20. The ap s%Eigt%é’%eotvitﬁl aim 16 wherein the event detector detects a second
event oclurrence rolthe second thread. 21. The apparatus of claim 16
wherein event detector clears the functional unit within the nmultithreaded
rocessor asserting a.first, signal th clears state of a pipeline of
Phe” i ti!hr catetrrsie 2L eah oM B e raE bk ER Bt FiE-8oa0nh L hr ends. 22.
The appar atausinsfructibabmnddry whitbmenicrotdie of theagcondjthashd t he state of the pipeline
includes clearing mcroinstruction state of the nmultithreaded processor
for both the first and second threads by draining mcroinstructions of

bot h t he fipr st Tanebpamonniclbinr Badsrdin tunfiftHgt: flowatarked imidicstenad interrupthe

mul tithread.ep r.0ocessor,. f2t§ Th%tﬁrg%ar atus of claim 16 wherein event

det ect or, PPOSHEHE NROPY PHES FIEHTHh of the clearing point for the second
thread, invokes a first event handler to service the first event

oceur rence, and 1f nyokes. ar Second, eYent. RANAL AL Q. ser vice, fhe, second thr ead
24. The appar at us BFECr &l m23 wher el i AT ?ehe clearing poi Nt" for the second
thread coopresedorttieeser@lithiresdent of an i nstruction of the second thread
having a first-type flow marker associated therewith, the event detector

i nvokes a virtual event handler that restarts sequencing of the second

t hread as2t.he Fbcampdranyehtlaimabditerein evet dteBtoARERr2M6 functional unit within the

mulitithreaded processor by asserting a first signal that clears state of a pipeline of the

multithreaded processor for both the first and the second threads.

22, The apparatus of claim 21 wherein the clearing of the state of the pipeline includes
clearing micreinstruction state of the multithreaded processor for both the first and second
threads by draining microinstructions of both the first and second threads from functional

units within the multithreaded processor.

23, The apparatus of claim 16 wherein event detector, responsive to the detection of the
clearing point for the second thread, invokes a first event handler to service the first event

occurrence and invokes a second event handler to service the second thread.

24. The apparatus of ¢claim 23 wherein, if the clearing point for the second thread
comprises the retirement of an instruction of the second thread having a first-type flow marker
associated therewith, the event detector invokes a virtual event handler that restarts

sequencing of the second thread as the second event handler.
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25. The apparatus of claim23 wherein, if the clearing point for the ﬁﬁﬁ’”ﬂ
thread conprises a second event occurrence for the second thread, th 2004
event detector invokes the second event handler to service the second

event occurrence. 26. The apparatus of claim23 wherein, if the first event
handl er reguir excl usi yve, access .1 Q resource, .then the event detector
noni tors '? e sgﬁ%ﬁ%f’afah?ursé)\galaimo%avev%é% "{%%Clgﬁrglérp f)lﬁ‘tgfof)g’ieﬁ?cog thieads i+ ement  of

an i nstr uctmpiseod sdctrel eyeg@ndirtehredadhdhvomigh@ads e endht tiatgeorfihvokesiy ker

associ at e%ecot g\!‘egtvﬁay}ér théwi-Ic-Q&f:%&g%{ avt rLlltSOCOJ %éeai m 26 wherein the
second- t ypECPY BRMAPHET O PHYICe dF SEOU FSULFT IS t hi n ni crocode of t he

second thread at which synchronization may occur. 28. The apparatus of

claim 16 erein the first, event, occurrepce is.the retirenent. of a

cynchr oni 28t o et of Al FokGR B Fae RSt SR S5 at us o
claim 16 wheresdurce! then v event dhedeee tdhifors e prbsd tiead ® defeer thkedl@eing pintak  t he
clearing point for the seco t hr ead, opagates fir and second yectors
associ at eFHRRH Oliaﬁé“sl“i”fté(’t“ Ogﬂﬁ Sgcé}ﬂcgﬂjﬂeaﬁh?‘g Se?%‘éﬁ%‘?ﬁo\?’e’l‘?k‘fréssac'ﬁﬁe rocode
sequencer tiafevtithe mul tithreaded processor, the first and second vectors
including first and second thread identifiers respectively. 30. The

apparatus of claim?29 wherein the first and second vectors that include
respective7. fi maé ampadns e€apich JowiRkdid the bichsd-typatlow plh&enindicsies 4 Ibaibel ati ve

priorities.of the first and cond threads. . 31. aratus for processing
an event &¢ \H‘r"i”érﬁﬁclé;e\}?f fhﬁis?Foﬁ‘? af’?&‘ﬁ‘f‘&hﬁ@%‘”%‘t‘@&‘é‘é@ OYhe appar at us
including: retirenment neans for retiring mcroinstructions for both a first
and a secqpd threads, being processed within the nultithreaded_ processor;
and event 8get e&["? W%ﬁg‘fla'gbﬁp“ﬁ?&‘q‘Sef'Ff’ée"i"Ett‘icF‘éfFF@ﬁetlsI‘l’t?dFtH?m‘f'BPf‘get ecting a
first eveginchogigatiohenesinklctibher thd fisithield ead; responsive to the detection
of the first event occurrence, for nonitoring a second thread being
processed within the nultithreaded processor to detect a clearing point;

and, respemsi VEhé gpphiatus OLEIGIGT I6Orherin e S¥eRBddIBr POIHOIsiV@s tht Ree@REONd t hread,
for clearing a functi o*rl1al (lgjigi tﬁagithi n th{e mul tithreaded processor of data
pert ai ni nJCEEFBRALE Y he seru ipRys RIERASAIGS T 4 gecond reptoss agsorpstedyiiy 32, A
machi ne- r gadadilbed esHdulfeadd Gdsuetitingy & SRR Qicndenst thaiglitigh&adédat , when
execut ed . . e

processor, the first and second vectors including first and second thread identifiers

respectively.

30. The apparatus of claim 29 wherein the first and second vectors that include respective
first and second priority bits that determining the relative priorities of the first and second

threads.

31 Apparatus for processing an event occurrence within a multithreaded processor, the
apparatus including:

retirement means for retiring microinstructions for both a first and a second threads,
being processed within the multithreaded processor; and

event detection means, coupled to the retirement logic, for detecting a first event
occurrence for the first thread; responsive to the detection of the first event occurrence, for
monitoring a second thread being processed within the multithreaded processor to detect a
clearing point; and, responsive to the detection of a clearing point for the second thread, for
clearing a functional unit within the multithreaded processor of data pertaining to both the
first and second threads.
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by a machine, cause the machine to: detect a first event occurrence for
first thread being processed within a nultithreaded processor; resﬁ%%é?%gmi
to the detection of the first event occurrence, nonitor a second thread
bei ng processed within the nultithreaded processor to detect a clearing

poi nt for s;fhe a‘%ﬁzﬁﬂﬂﬁ rf.lagng%?rq?fhtﬂ'ﬁ&g&lﬁﬁl@%?%@%&:ﬁ%? Pgtnﬁ:tlgr?sttﬁqt\bh%g eQecut%ﬂ

cl earing point for e secon uncti onat in the
mul ti t hr ebyle chaghimc esisothe ghcldatta: f or both the first and second threads.

detect a first event occurrence for a first thread being processed within a
multithreaded processor;

responsive to the detection of the first event occurrence, monitor a second thread
being processed within the multithreaded processor to detect a clearing point for the second
thread; and

responsive to the detection of the clearing point for the second thread, clear a
functional unit within the multithreaded processor of data for both the first and second

threads.



