- 7 MAY 2004 WD 01141529 PCT/ USOQ 28213 METHOD AND APPARATUS FOR DI SABLI NG
A CLOCK SIGNAL W THIN A MULTI THREADED PROCESSCR Fl ELD OF THE | NVENT I .ONMRB €014
present invention relates generally to the field of multithreaded
processoMO BtlS2hore specifically, to a nethod and appar aPG&USHI25d13sabl i ng
a clock signal within a nultithreaded (M) processor. BACKGROUND CF THE

| NVENTI ON Mul tithreaded (M) processor design has recently been consi dered
as an increasingly attractive option for increasing the performance of

processors.  MINyEHYE301 06 Mpblith 31 PFOSERROL nHIESL (Hd @ sheRu des the

potential for noré ECt Ive Ion Or varl ous processor r ESOUI' ces,

and particularly for nDrﬂHT@ﬁgpgqhw@TnyhE@gﬁtgqqgﬁcgggogxecut|on | ogi c

within a processor. Specifically, by feeding nultiple threads to the
execution 'OghﬁéigﬁiﬂﬂﬁﬂﬁﬁﬁigiﬁgﬁlOCk cycles that would otherw se have
been idle du delay in the processing of a particular
thread may be Ut'ﬂi@?ﬂes%&’t ﬁ@%%(ﬁ&? @aiéé’%&@i&{lllyirprtﬁ@ﬂeid%f% Hhr fuddhe

processing of a part ar thread may Tes roma nu occurrences
within a pr Opﬂﬁ:eggor@melm@@ speBificAKa Fh &etl@)@ﬁx@d‘@p}%rﬁﬁls%ﬁr cﬁs:hﬂﬁ@céh

m sprediction (i.e., a long-latency operation) for an instruction included
within a thcleeldsigppl withinya rredtifirsaded (M8 ppoeesssi ng of the rel evant thread
stalling. The negative effect of |ong-Ilatency operations on execution

| agi c efficiencies is exacerbated by the recent increases in execution

| ogi c throug Eﬂ( %Ii advances in nenory access and
’ﬂ4 I
retrieval wu.i.iu.euu corptter—appl i cations are al so becom ng

| ncr casi ngl y COMRs el w@d:i (PG SHRASTE B QULAR] v UG D caded

applications by anu ar operating s suc e W ndows
NTR and Uni XinceReir@ly Adra24$t 8Phon Millﬁértemuegﬁ@iﬁecb&m%eé oiafﬂlal:ésg@fts' ons are
particul arly eff|C|ent inthe nmulti-nedia arena. -1

Multithreading within a processor, inter alia, provides the potential for more

effective utilization of various processor resources, and particularly for more
effective utilization of the execution logic within a processor. Specifically, by
feeding multiple threads to the execution logic of a processor, clock cycles that
would otherwise have been idle due ‘lo 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 muitithreaded applications by
a number of popular operating systems, such as the Windows NT® and Unix
operating systems. Multithreaded computer applications are particularly

efficient in the multi-media arena.
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7 MAY. 2004 WO 01/41329 PCT/ US00/ 28213 NUI tithreaded processors may breadly

be classified into two categories (i.e., fine or coarse designs) act rMﬂH@ﬂﬁ
to the thread interleaving or switching schenme enployed within the

rel evant W ¥¢€82br. Fine nultithreaded designs support nBLEUSPE28ET | ve
threads within a processor and typically interleave two different threads
on a cycl e-by-cycle basis. Coarse multithreaded designs typically
interleave the instructions of different threads on the occurrence of sone
| ong- 1 atency even oars thre ed design is
di scussed in Ei ckgrlrleltﬁg}crea%sd &f%%%sgﬁm@maé{ycb CIaS%"f I%%ﬂ orie

Mul tit hreaded e [Ty b fad ol t}ﬁgpam@hbmngevgwgmﬁ ts", The
23rd Annual Internatlonal Syfrposi um Comput er Architecture pp. “203-212,

May 1996. Th@cl‘d}lﬂﬁdéﬂ‘lpldjx@ﬂ&;blﬁh‘&ﬂ@fhlédaﬂﬁpﬁﬁé‘ss@ﬂafF&Q afitBAS ded debighs her
di scussed in Laudon Qupta, A " Architectural and Inplenmentation
Tradeof f s i nstpyorDesilgple antiviiiieagd eithinr pootesRopares siqrisilly ivtarkeatdveaded
Conmput er Archltectures A Summary of the State of the Art edited by R A
|l annuci et aflif ef?ﬁi thyesrls 2a0n cycle- bme)rdeﬂi@édierﬁ@fﬂmmtﬁhe&ﬁéedl‘i@wwl
Massachusetts, ,1994. Lf;\udo furt her 8$ioses an nter%%avm sch me t hat
conbi nes. t hE/RIENEnisFleaye ’é‘ﬁi’t‘@lﬂ“ﬁ@f ezentthifa 8 OB EHOHUTREREL f ul |

pipeline 10t ehhofi-BleRyGOahe & e MALRR) ACkRTce AENFRRLed AeliBh s &N

Laudon proposes Triéto sp ecrt At &ad (or
context) unayakhabl ¢n ERkemhaSRPER. f]b&sBH”ﬁ’eété?f 'EVHH &%on @MQ]tﬁh:eaB@@k of f*
instruction may be issued upon the occurrencée of predetermned events,
such as a caUhéprot@sorsl for Cotranwvaisl ApplickeidonBiidskaits NThd 23ddeataran an
actual thread svmtch b SI rrply maki ng one of the threads unavailable. A
mul tit hr eadelitermehpna : on empetes Arcipteshaat pp-208dkBeviapi9%6ur t her
chal | enges uf]]&%ge conte t of an out-of-order, specul atiye execution

pr ocessor EBetions %F%ﬂéﬁ%éli“# F@é?qéﬁs‘ﬁé‘rﬁgﬁd‘l‘qrﬁbs GESeE BNt s (e g.,
branch 'nS”fﬁdeoq-ﬂ ,Gxtnﬁéc P 0NSf, 41L& rru L 5dn L 0aY TR, RS b ﬂ)ens

unexpect ed change r ofv oF eC R |nstr T on et edma s > conp ed when

mul tiple t hrmc&%nﬁﬂect‘&n&td%@&sorknmm@&@&%@@émﬁtj%%%&h&e ,@han ng
between nmultiple threads is inplenmente €.,

Summary of the State of the Art, edited by R.A. lannuci et al., pp. 167-200,

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

A multithreaded architecture for a processor presents a number of further
challenges in the context of an out-of-order, speculative execution processor
architecture. More specifically, the handling of events (e.g., branch instructions,
exceptions or interrupts) that may result in an unexpected change in the flow of
an instruction stream is complicated when multiple threads are considered. Ina

processor where resource sharing between multiple threads is implemented (i.e.,



-2 - 7 NMAY 2004 WO 01/41529 PCT/ US00/ 28213 there is limted or

duplication of functional units for each thread supported by the =7 MAY 2004
processor), the handling of event occurrences pertaining to a specific
thread i v@ohplazgated in that further threads nust be congicderwd2snst he
handling of such events. Were resource sharing is inplenented within a

mul tithreaded processor it is further desirable to attenpt increased
utilization of the shared resources responsive to changes in the state of

t hr eads bei ng, ser.vj.ced ,w t hi he. nmultithreaded processor. SUVWARY OF THE
| NVENT! ON AcdBF t8dt°|‘ié‘°&r;‘é) &¥ion ‘E*i%ﬁ?”f‘ﬁ%f"é heh gPSi’ﬁ‘ FeRPAteTet hod

t hat incl ude i i.nd Qﬁ]: i f_a _pending event with respect to
each of mul 'fb P’gﬁ é%%ﬁgre géa gt}g%l}bdpor_ gg)tfve\ngé}ﬁi%ﬁéfjﬁ%c%gPglﬁ?lﬁ%ne%gfeﬁs%ef Cessor. An
i ndi cation ofh@BdastdBliQhed MARLE HGtH3E BrEad sSnTBIHY BhBRE-dO tﬁ@?\gn&ix]gt he
multiple threads supported within the multithreaded processor. A clock

di sabl e condff bucheventedi cated by the indication of no pending events with
respect to each of the nultiple threads and inactive state for each of the
threads i s det ect ¥heraresohuekhaiigg &l impildmentad athin asndlitsluehded prddassoespect

to at least one functional unit wthin the nmultithreaded processor
responsi ve t & if hertherdestplls topttempt icraked wilizasion of dheisharehresoprigs f eat ur es

of the present invention will be arent fromthe acconpanyi ng draw ngs
and from t he "EFEPEPIVELC gléaé‘é'?ref}:ﬁHP'Sﬁ?%P‘E%‘?E&SIbSHESeﬁﬁF‘i:‘c‘lgwﬁi@gtg{ePTl ON OF THE
DRAW NGS Thenﬂﬁlﬁﬁ%@&déd“ﬁx%?&ésﬂﬂ is illustrated by way of exanple and not

t

limted in the figures o e acconpanyi ng drawi ngs, in which |ike
references indicate simlar elenments and in which: -3 - 7 MAY 2004

SUMMARY OF THE INVENTION

According to the present mv;eﬁﬁon, there is provided a method
that includes maintaining an indication of a pending event with respect to each
of multiple threads supported within the multithreaded processor. An
indication of an active or inactive state is maintained for each of the multiple
threads supported within the multithreaded processor. A clock disable
condition, indicated by the indication of no pending events with respect to each
of the multiple threads and inactive state for each of the threads is detected. A
clock signal, if enabled, is disabled with respect to at least one functional unit
within the multithreaded processor responsive to the detection of the clock
disable condition.

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:



WD 01/ 41529 PCT/ USOQ 25213 Figure 1 is a block diagramillustrating one
enbodi ment of a pipeline of a processor with multithreadi ng support= 7 MAY 2004
Figure 2 is a block diagramillustrating an exenplary enbodi ment of a
processoWO Pmiicide form of a general - purpose nul tithreadedPOTVUSOORI20TESSOT .
Figure 3 is a block diagramillustrating sel ected conponents of an

exenpl ary nultithreaded m croprocessor, and specifically depicts various
functional units that provide a buffering (or storage) capability as being

| ogi cal | titi d Il!ilDdt Joultiple th . Fi 41 bl ock

dioglg(r:gm ?/I Ipﬁgt Ir altfﬁggrea g’cﬁ?ﬁgﬁ? -lgggaé:\:le d@%&@@ﬁ%“ﬁ@%@?ogflﬁ&r“t%gragﬁgef@?sw%%cﬁ rrg(r:lt :

Fi 5 i di i : i i i bl d
igure 5is a |§ggtl |zg h&fﬁ&ﬁﬁgg&g%%ngggh_a register alias table and a

register file an in one°e Iment . Figure 6A is a block
diagramillustrating details regarding a re-order buffer, according to one
enbodi ment, that is logically partitioned to service nultiple threads

W thin a nmultithiegaed praddedsdiagrdm giuseabBgias eaetliphgy anmidiment of a
representation of a pending event register and an event inhibit register,
accordi ng to one peptrsa@bmEnthe [Fimwf e genetagparpdseowlbHaeaddd | ustrating a

met hod, according to one enbodinment, of processing an event within a

mul tithreaded prdREEFIPESSAT-- 7 MAY 2004 WO 0114129 FCT[ US00128213 Figure
713 is a flow chart illustrating a nmethod, according to one enbodi nent, of
handling a "virtual nuke" event within a multithreaded processor. Figure 8

Is a diagrammati G;feRIL3eMa $9eAlm A1 HIRARE s@tect@é@gﬂ?lhgﬁé/nts BYgAts that may

be detected by an event detector; according“to one efrbodi nent, inplenented

within a multithepagethrpmGiEisis@hded microprocessor, and specifically depicts various
functional units that provide a buffering (or storage) capability as being

logically partitioned to accommodate multiple thread.

Figure 4 is a block diagram illustrating an out-of-order cluster, according

to one embodiment.

Figure 5 is a diagrammatic representation of a register alias table and a

register file and utilized within one embodiment .

Figure 6A is a block diagram illustrating details regarding a re-order
buffer, according to one embodiment, that is logically partitioned to

service multiple threads within a multithreaded processor.

Figure 6B 15 a diagrammatic representation of a pending event register

and an event inhibit register, according to one embodiment.

Figure 7A is a flow chart illustrating a method, according to one

embodiment, of processing an event within a multithreaded processor.




Figures 9 and 10 are respective bl ock diagrans show ng exenplary content

of a reorder table, within an exenplary reorder buffer such as that *7MAYJ[]UL
illustrated in Figure 6A. Figure 11Ais a flow chart illustrating a method,
accor di ngvoalams22exenpl ary enbodi nent, of perform ng a cl eariogobsriznuke)
operation wthin a multithreaded processor supporting at |east first and
second threads. Figure 11B is a block diagramillustrating configuration

| ogic, according to one exenplary enbodi ment, that operates to configure a

functional unit in acggrdance w th. 1the output of an agtive thread state
machi ne. Figure Pl s m%&%%@#%ﬁvmaém%ﬁ%gcwé%@@ﬁ on of a nuke
signal, accordin e i e Flgure, 13 1s,a.fl.ow c t
illustrating a m?ﬂltggéggg%tb%ﬁ%%ﬂﬁgaoH?hgaer{r‘ﬁlééi Ten fmto Srr%\t/}?&g?’%degxcl usi ve
access to an event haggdl,er within a nultithreaded processor. -5 - 7 NAY
2006 WO 01/41529 PCT/ USOQ 28213 Figure 14 is a state di agram depicting
operation, according to one enbodinent, of an exclusive access state

machi ne i nplenented within a multithreaded processor. Figure 15 is a state
di agram i | | ustr at FrapreBas adjagremanaticrgpresendateon efnbmginbrensf, exehglargay be
occupi ed by an active thread state machine inplenmented within a

mul tithreaded profe¥ysthatmayibedateried by aneyent detestar, prjordingdeong a met hod,

according to one enbqdinent, of exiting an active . thread on the detection
of a sleep event FgwoﬁHaggc?TB%”FHP%%ﬁ“&FﬁﬁpﬁﬁﬁhﬁﬁFF?Eﬁ?%ﬁﬁgd processor .
Figure 16B is a diagranmatic representation of the storing of state and
the del ocation of registers upon exiting a thread, according to one

enbodi nment . Figures 9 and 10 are respective block diagrams showing exemplary
content of a reorder table, within an exemplary reorder buffer such as that

illustrated 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, of providing exclusive access to an event handler within a

multithreaded processor.



Figure 17 is a flow chart illustrating a nmethod, according to one

enbodi nent, of transitioning a thread froman inactive to an active stj/a4¥ 700t
upon the detection of a break event for the inactive thread. Figure 18 is a
fl ow chaMODI4gtrati ng a method, according to one enbodiPpgeruspo/af213ranagi ng
t he enabl enent and di sabl enent of a clock signal to at |east one

functional unit within a nmultithreaded processor. Figure 19A is a bl ock
diagramillustrating clock control |ogic, accordi ng to one enbodi ment, for

bl | d di sapl | wi.thi tit d . -6
0 MY 2004 Wo OREHISY BT aaia%%‘gd%ﬁ{g” brRaL oL URBIAETE. a1 agr am

how nmb t d 9A.
DETAI LED DESCRI PTTOR A el Had” S ahsar artei 89%%?%”%%@“‘6“& dl;g B nal

withina multit hﬁgﬁﬁgg@ﬁ@ggﬁgg@goﬁre described. In the fol |l ow ng
description, for purposes of explanation, nunerous specific details are
set forth in order to provide a thorough understanding of the present
invention. It will be evident, however, to one skilled in the art that the
present inventi orFiguse %wﬁrsé@mldcﬁtawlmgtﬂwsa aspradinfgito adet ai | s. For the
pur poses of the present spe glflca ion, the term"event" shall be taken to
i ncl ude any event®mRofiEERAt B‘rméX éPﬁ%HP‘ffdobha‘bPﬁb"és@bqad SHEMChEes a

change or int errupt ervi instruction stream (nmacro- or
m croi nstruction) vé‘? en% pr oceas?ggmﬁ%gg?)? Hi 9 f’sy? the term"event" shall

be taken to include, but not be limted to, branch instructions processes,
exceptions and interrupts that nay be generated wthin or outside the

processor . For t IRigpiy 160% 8% Db wichertpll@satihg spaethbl Catoing tdiénd er m
"processor” shall be taken to refer to any machine that 1s capabl e of
executing a sequm@djmemt rﬁﬁftewumglmh(feﬂgead oatreodetertion afragileeptavact i ons) ,

and shall be taken to include, but
for 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 trénsitioning a thread from an inachve 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

multithreaded processor.



not be limted to, general purpose m croprocessors, special purpose

m cr oprocessors, graphics controllers, audio controllers, multi-nedi al MAY 200
controllers, mcrocontrollers or network controllers. Further, the term
"processdNO OsHE2P be taken to refer to, inter alia, Conplreg/usasfzsuetion

Set Conputers (CI SC), Reduced Instruction Set Conputers (R SC), or Very
Long Instruction Wrd (VLIW processors. Further, the term"clearing

point" shall be taken to include any instructions provided in an

B L R s
WO 01/ 41529 PCTI Ugglgl[rélrsl%%% Sh“gﬁ’ﬂtd‘g%dfglé‘ge instruction stream at whi ch an

event may be handl e rocesse e term"instruction" shall be taken
to include, but not be limted to, a macroinstruction or a

m croinstruction. Certain exenplary enbodi nents of the present invention
are described as being inplenented primarily in either hardware or

software. It I R&EEIONDe appreciated by those skilled in the art
that many features rra¥ readily be inplenented in hardware, software or a

combi nati on of harowgHdaand appstatuwafas marsgingweleck siggal withinteer

m croi nstructians, an croinstructions) for _ inplenmenting enbodi nents of
the inventi oﬁf'ﬁﬂ@“@ ?‘sd%,‘océfﬁ‘?f')?’éat Sfﬂ%ﬁd)' H@&eéa%‘ew“ﬁ%ffaw% ¥thin a main
eIy accesybhteBbs BPhRGERS AhndRtlsQedtil Bhful 08 o PEOGERSRGAL fSC! T (€ 0.
in a cache or a mcrocode sequencer). EoT exanpt e,” ‘even handl rs and

state machi nesovRY aRRotJIYHATRRERshdiRg BT GeQsede: diveRabs NR S finRMy @l crocode
sequencer. Software may further be t%ansmtted or received via the network

interface dehoe@veFos ohbekiled potes icthat fhie preRacirvienndn sy Helieat edet "
machi ne-readabl e nedi unt shall be taken to include any medi um which is
capabl e of stgHIqw thrse specific details. S

For the purposes of the present specification, the term “event” shall be
taken to include any event, internal or external to a processor, that causes a
change or interruption to the servicing of an instruction stream (macro- or
microinstruchion) within a processor. Accordingly, the term “event” shall be
taken to include, but not be limited to, branch instructions processes, exceptions
and interrupts that may be generated within or outside the processor.

For the purposes of the present specification, the term "processor” shall be
taken to refer to any machine that is capable of executing a sequence of
instructions (e.g., macro- or microinstructions), and shall be taken to include, but
not be limited to, general purpose microprocessors, $pecial purpose
microprocessors, graphics controllers, audio controllers, multi-media controllers,
microcontrollers or network controllers. Further, the term "processor” shall be
taken to refer to, inter alia, Complex Instruction Set Computers (CISC), Reduced
Instruction Set Computers (RISC), or Very Long Instruction Word (VLIW)
Processors. |

Fﬁrther, the term “clearing point” shall be taken to include any
instructions provided in an instruction stream (including a microinstruction or
macroinstruction stream) by way of a flow marker or other instruction, of a

-7-



encodi ng a sequence of instructions for execution by the machine and ;3&%
cause the nmachine to performany one of the nethodol ogi es of the pre 2004
invention. The term" machine-readabl e nedi umt shall accordingly be taken
to includ¥@fi4Bat not be linmted to, solid-state nenories,paptsooakziand
magneti c disks, and carrier wave signals. Processor Pipeline Figure |l is a
hi gh-1 evel block diagramillustrating one enbodi nent of processor pipeline
10. The pipeline 10 includes a nunber of pipe stages, conmencing with a
fetch pipe s 12 at which.instructiops.(e.g., -8 - Y 2004 WO

01/ 41509 poriEaBer T Ble i S ol BRE S deheivy be fahdid Ted i nto the

pi peline 10. JFoL.e4anple, a mnacroinstruction may be retrieved froma cache

Prlesselie : (
menory that Ps integral with the processor, or closely associated

therew th, or mayThetersi Th@MRdioh FEIBK @XES ENRludiBb i AR D YdPtRa

processor bus. Fromthe fetch pipe stage 12, the nmacroinstructions are
propagat ed t cnaarciestogeigoi grex Stiagisbctisiere macroi nstructions are
translated into mcroinstructions (also terned "mcrocode") suitable for
execution within Ehdaiprexeepiany. eninslimeoisaif ¢ prasemntonsentimeart iescritedpagat ed
domnstrean1t8,an_allocate pi pe stage 16, where processor_ resources are

al | ocat ed t o°tfig IPRIsTaRRtedPErRAT¥ ir gtherdmsdwarsepihofgvare. Huuill nasiethelgss and

eing roti 1ot Seper Rl PERRREE R G R S el R Aoy Ee B el
state) at a idplehieht®l Ahathange s M LEODERAERIAL OF AIIWASL YRS Figure 21

a block diagramillustrating an exenplary e I men a processor 30, in

the form of sofgener.al -JuifRAsCe B, 6T ARESERTucHIM ARHORRSSREI3onsFfor
descri bed bel ow as being a nultithreaded (MI) processor, and is accordingly

abl e to procusplementinglesbiodstnenstdf dire inlveetaors magresidatcoxipddtelyHovintast a
nunber of the Iﬁaqaiﬂgfaggovided below ih the specification are not
speci fic to Barually, wit in memory accessible by a processor and /or within the

processor itself (e.g., in a cache or a microcode sequencer). For example, event

handlers and state machines may be implemented in microcode dispatched from

a microcode sequencer.

Software may further be transmitted or received via the network

interface device.

For the purposes of this specification, the term " machine-readable
medium” shall be taken to include any medium which is capable of storing or
encoding a sequence of instructions for execution by the machine and that cause
the machine to perform any one of the methodologies of the present invention.
The term " machine-readable medium” shall accordingly be taken to included,

but not be limited to, solid-state memories, optical and magnetic disks, and

carrier wave signals.

Processor Pipeline

Figure 1is 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.,

-8-



mul tithreaded processor, and may find application in a single threaded
processor. |In an exenplary enbodi nent, the processor 30 nmay conpri se -ahMaY 2004
Intel Architecture (I A) mcroprocessor that is capable of executing the

Intel AWRMEER2Are instruction set. An exanple of such arrdmusin2s213
Architecture mcroprocessor is the PentiumPro (r) mcroprocessor or the
Pentium Il (r) mcroprocessor manufactured by Intel Corporation of Santa
Clara, California. In one enbodinment, the processor 30 conprises an

in-order front_end and. an_out-of-arder, hack end. The_in-order front end
i ncl udes a bus*Fh e&?% c@‘sﬂﬁfetre“ﬁegm cfﬁgfmtfﬂéli“? B‘r}?§hﬁ%1¢' O1BAMAE 2bet ween
the pr OcessormﬁgoiﬁQQuaM}%a?%e'rét?'i?evw}fro%g Qa9 é&%?hggmﬁ%usa%iﬁﬁé%?’
conponents (e.g., nmalin nenbry) of a conmputer system’withrn Ich

processor 30 prgdesis, 6NAbaY L Hssodiatddtharéieh, of %Xm&eﬁmaff?&ﬁ aﬂ@xteﬁ ata and

couples the processor 30 to a processor bus (not shown) via whic

control i nf eramamenorysyia bproassonted. FromrtHe tappigatedelRomet he processor

30. The bus interface unit 32 includes Front Side Bus (FSB) |ogic 34 that
controls coRATAPIBHT RGNS aveprafagamddoestaspddpipe sTge Iduwherst er f ace unit 32

further includes a bus queue 3q tgat provi des a buffering function with
respect to CUHHRRIPIEAtHBRErHTarsieise PplogaEsipsirpiions f4Heo igEednt er f ace unit

e oan MRiccb &N G AR HPOUEE3N Hulh A pRELH0 AESRRRS B 1o

returns to, a executron un

capabi | ity Watdihen hEpdP@Pds@hstrdfin tJ%aMﬁip@§%ﬁ9tlg,%h%i roéésdrm:l udes

a unified data and i nstruction cache 44, a data Trarsl ati on Lookasi de

Buf fer (TLB) résoprasdraaigtedandre vagodiini@sinsidetiohd acdmiRig/toaxaasiign uni t
42 receives instruction fetch requests 50 from and delivers raw

i nst ruct i ons 28 need.eThe migfenstrachiensare then ¢ensied aban axeriute shgs s bdoieon
transl ation gn i ne.5§ft hat .trapsl ates the received pacroinstructions into
a correspond ‘ﬁ‘g‘o’é%?fe O vEle e TR (B Bo ey Hed (A 21 Bichiesturalistte)at ans at i on

engi ne 54 ef frﬁﬁ?pé?é%a%@ﬁiat es as a trace cache "mss handler” in that it
operates to deliver m<eroinstructions to a trace

Microprocessor Architecture

Figure 2 is a block diagram illustrating an exemplary embodiment of a
processor 30, in the form of a general-purpose microprocessor. The processor 30
is described below as being a multithreaded (MT) processor, and is accordingly
able to process multiple instruction threads (or contexts). However, a number of
the teachings provided below in the specification are not specific to a
multithreaded processor, and may find application in a single threaded
processor. In an exemplary embodiment, the processor 30 may comprise an
Intel Architecture (IA) microprocessor that is capable of executing the Intel
Architecture instruction set. An example of such an Intel Architecture
microprocessor is the Pentium Pro ® microprocessor or the Pentium 111 ®
microprocessor manufactured by Intel Corporation of Santa Clara, California.

In one embodiment, the processor 30 comprises an in-order front end and
an out-of-order back end. The in-order front end includes a bus interface unit

32, which functions as the conduit between the processor 30 and other



cache 62 in the event of a trace cache mss. To this end, the - 00
m croinstruction translation engine 54 functions to provide the fetcﬂ’ywé
decode pipe stages 12 and 14 in the event of a trace cache nm ss. The

m cr oi nsW@er4161 transl ati on engine 54 is shown to incl udeTasmexst3
instruction pointer (NIP) 100, an instruction Translation Lookaside Buffer
(TLB) 102, a branch predictor 104, an instruction stream ng buffer 106, an
i nstruction pre-decoder 108, instruction steering logic 110, an

i t ti ' | | 14... Th t
ottt o Setenh . ARY AeBLRR IS B A b e Mo T
streamng  byfok&dsol 9 nd 2%%% oGNSt Tt End 1 é@urgcﬁt&ra%pucﬁrlaqr&oﬂgleg hBPY)

a 1
99. The instruction detoder 112 and branch address ca ator 114 together

conpri se an piegédstesd @ pidlesstr MAY (9o WE) B A4HiBR 82 BGRHUSRRLP 8213
translate (1 X) unit 113. The next instruction pointer 100 issues next

i nstructi on inéoedion may bheeceivedfat edd pacegated. frém thbpreexesmpBar fhebbodi nent
where the processor 30 conprises a multithreaded m croprocessor capabl e of

processi ng tierfase aais2 ingludesysent SidetBusdF$BlogieBAtlat cengoliay i ncl ude a
mul tiplexer (MJ) (not shown) that sel ects between instruction pointers
associ at ed vﬁg‘)ﬁ*f"éf'{(cﬁg?"st%v@rf"%‘? BEocEpsor B?:o'hlf '?‘f?r‘@é?dg%}mltﬁgl Yn within the
next instructj ' efr | ne. embadi t,. the next
instructi onq%glﬁﬁfge?g%éﬁ%ﬁ?éﬁ%{ Er G{Ielg%/seaot%ﬁef&etrm%ifﬁgftrmunc fonrggr%e}cc]htgst s for the

first and seeameuhltsBatsown tRe ﬁy&laé‘sro%u&me%&"mi&ace RANG2)s MRShSro assum ng
instructions for both threads have been requested, and instruction

streani ng bukfere b0Sraqeests B8 énf, cindretsbndinddpe ot buepddsrizavea m@mdigen
exhausted. The next instruction pointer requests may be for 16, 32 or

64- byt es  degr&fidfionyuoih ikt pepvidhea lort inainorecppadilita ddihds ¢he pracessphe upper
hal f of a 323-Qb e or 64-byte a{%&ned | i pe.” Thg ngxt i nstructjon pointer
100 may be ré&diECTEROBYEXERRODHHER AR Rilwdaseryridgatang BrEtiPrLdaress

ca U L, Mt DY SRR, A M AR GRS TS SO0,
poi nter 100 43aK@® AdnbiSdXebGib®int 89 ¥ERlvek thsthRtion fetch requests 50 from,

and delivers raw instructions 52 (i.e., coded macroinstructions) to, a

microinstruction translation engine 54 that translates the received

macromstructions into a corresponding set of microinstructions.

The microinstruction translation engine 54 effectively operates as a trace
cache "miss handler” in that it operates to deliver microinstructions to a trace
cache 62 in the event of a trace cache miss. To this end, the microinstruction
translation engine 54 functions to provide the fetch and decode pipe stages 12
and 14 in the event of a trace cache miss. The microinstruction translation
engine 54 is shown to include a next instruction pointer (NIP) 100, an instruction
Translation Lookaside Buffer (TLB) 102, a branch predictor 104, an instruction
streaming buffer 106, an instruction pre-decoder 108, instruction steering logic
110, an instruction decoder 112, and a branch address calculator 114. The next
mstruction pointer 100, TLB 102, branch predictor 104 and instruction streaming

buffer 106 together constitute a branch prediction unit (BPU) 99. The instruction

decoder 112 and branch address calculator 114 together comprise an instruction
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uni fied cache 44, it generates a two-bit "request identifier" that is
associated with the instruction request and functions as a "tag" faryMae00
rel evant instruction request. \Wen returning data responsive to an

i nstruct VWA olegaest, the unified cache 44 returns the folriCowseg232ays or
identifiers together with the data: 1. The "request identifier" supplied by
the next instruction pointer 100; 2. Athree-bit "chunk identifier" that
identifies the chunk returned; and 3. A "thread identifier"” that

identifies tr%rearéﬂ{e@gg%r%f ich the returned data bel ongs. Next instruction

requests are pr opaeg nthe next instruction -11 7 MAY 2004 WO

01741529 PCT/ USOUﬁ%%Je?eﬁﬂehﬁkﬁén éQ&tér%b u fﬂ%ﬁ HehLPhor U%Q%to‘ggy ch
perfornms an address | ookup operation, an el 1vers a physical address to
the unified caehal dthe Heinihklek@fplatpehBodindRMhees thedproadss@szmNdi ng
macroi nstruction to the instruction stream ng buffer 106. Each next
instructi on renipeses a sudtihoeptedpagatEdcadssraaphlyle bf prockiséng tvex threads, r uct i on
pointer 100 to the instruction stream ng buffer 106 so as to allow_ the
i nstruction 4$hepextimgrustiph@ointesl(ompyeshidea mukiplénes PO (at dieva)
macr oi nstructjon recgi ved fromthe unified cach& 4&511&:’&0%?5 . The

R HE

macr oi nst r uctiBElerE SR BERHIF TP COTRY EE RS AR tR ! BrstPEsued from
the instruct]j 1N ffer.106 the instruction.pr ec 108,
whi ch perf o%@ngﬁ%e%gg? : %Tcmélegnng h&"é‘aﬁhég‘ff’étt'.g%‘ﬁ“c}r?& rgéftlée%t ﬁglr’ qg"ge r%g@%at i ons

Wi th respeclnbRe Bmb6&fhatRdheHoki WG iLOTbrSPJiRRF (P ITRES MRS HeWCT | ONS) .
Specifically, the instruction pre-decoder 108 generates a series of byte

mar ki ng vect atissniciah réfress, for thetfasedridsecéral theemtsamt £cyrbebpindd (patg ons
within the instruction stream propagated to the instruction steering |ogic
110. The i nspeogtibesissseaninginsayiteortTor haib thigeds havedeeneepipstedmardi ng
veotOrs 10 oLeel gL 3LS RGO BELLISILONS vk SN ERLEURLI R dsgeder 112
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
urnified 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:
L The "request identifier” supplied by the next instruction pointer
100;
2. A three-bit "chunk identifier” that identifies the chunk returned;
and
3. A “"thread identifier” that identifies the thread to which the

returned data belongs.

Next instruction requests are propagated from the next instruction
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of decodi ng. Macroinstructions are al so propagated fromthe instruction
steering logic 110 to the branch address cal cul ator 114 for the pur posedAtofg
branch address calculation. Mcroinstructions are then delivered fromthe

i nstructi ¥R 01HéPdder 112 to the trace delivery engi ne 60. Burungdecodi ng,
flow markers are associated with each mcroinstruction into which a

macroi nstruction is translated. A flow nmarker indicates a characteristic

of the associated mcroinstruction and may, for exanple, indicate the

associ ated m.cr.oi ction. as. .bei e first or last mcroinstruction in
a mcrocode Fgogugtlﬁgﬁé:det%r%ﬁruésgeuﬁf?ﬂalﬂ% 1@2&%&%&%%&?}5&&3 RS f9UWPmar ker s
include a " FHYAN [ I 00, "end-of ..

macr oi nstr uc?ﬁ%n#mn( %dﬁ\)/)ﬁe?l@%\%vgrﬁﬁ ]é?lgatddﬁé(}ééé ﬁ?gr\%nﬁggtcﬁg‘ep@e ﬁtmﬁlfl’ﬁfienti on,
the decoder Xbhelydelivierd desrrélpendmgtirBinsHALHS § iim}ﬁ, i mg&gar ed
resource (multiprocessor) 1r5 ? NAYg2004r1 WO Otlt?ﬁrtiS&ngPCT lﬁtts@f)g%gl SHRVP)
fl ow mar ker s basbigr $9én dharchiviez Binsboct{ GYNGedt i Ouls TPk e & tabSiIR& gt feshn thhier ewi t h.

Specifically, a shared resource flow marker identifies a nicroinstruction
as a | ocat i omed MRrUCzprppeintes dP@to theriestthciionshice mingbuffar Bédormyo albew

i nterrupted ég gF re-started %qjﬁ‘paused)_ with | ess negative consequences
than el sewhdPeIBITUFFRN $iRraznias Drfler dirioddentify the thread texdigaary enbodi ment
of the pres i nt.ton, |.s nst ruct e 0 r j croipnstructions that
conpri se the%qgecﬁéfn%l)fu{tkoen fﬁé%f%%%ﬁﬁ‘%\“é“%ﬁi%ﬁ?ﬂé@%ﬁ& tion with a
shared resourgR:diheWictiBMskRIm BStVglsk a:?cﬁséfcpﬁgrtmetaég IQ;eI tﬁgfﬁ%ﬁed Rolhofger

m cr ocode sequences. A synchroni zation ow mar ies a

ni croi nst r uctinstructsn atrbabaig WITIeMIBBdHR infAldHoaUbdlddcbiGadsalhivhi ch the
thread may be synchronized with another thread Tresponsive to, for exanple,

a synchr oni z@etferms asumber pblengtht daloulition gtdieyte rhiwkagdopdratiortsheitbur poses  of
the present specification, the term"synchronize" shall be taken to refer
to the ident FFPELP dTeekven nsEustonseapstof seacreinstyuaionsp aspecifivellyithe ead at
whi ch proces rtru%hg‘ge qgécogleerWi fieed with, re§%ect tg.that thread and/or
at |east one turther PIhread wi thed FEaTEd S PYielatias YpHPEiheioef He
inter alia, to demarcate macroinstructions within the instruction stream
propagated to the instruction steering logic 110.
The instruction steering logic 110 then utilizes the byte marking vectors to
steer discrete macroinstructions to the instruction decoder 112 for the purposes
of decoding. Macroinstructions are also propagated from the instruction
steering logic 110 to the branch address calculator 114 for the purposes of branch
address calculation. Microinstructions are then delivered from the instructon
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. According to the present invention, the decoder 112 may

further decode the microinstructions to have shared resource (multiprocessor)
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processor, relative to a second point in that thread or in another thr]?@?.
The decoder 112, in an exenpl ary enbodi nent of the present invention, /i 2004
constructed to mark mcroinstructions that are |located at sel ected

macr oi nst¥@ev+18¥ boundari es where state shared anong threads/uso®xi2sting in
the sanme processor can be changed by one thread w thout adversely

i npacting the execution of other threads. Fromthe m croinstruction

transl ati on engi ne 54, decoded instructions (i.e., mcroinstructions) are

i.e
sent toatrgg;gpgﬁh i gg C, iyer ngi.ne 60 jncludes
a trace cach 2, %qé%}élg%n%gﬁﬁ%%@l C %#0%(@(&?6_) AP,%V }éar%rg%s@&?geasequencer
66 and a m creeedfh( SBRJLEHIRYS sBBed TEButdAREY AR kMERYNntiRRG ne 60 functions
as a mcroinstruction cache, and is the prinmary source of

mi cr oi nst r uctriiadnstarctian dowisdation Wite 6 Wak il dtthteadt wBctpfHRMheldaigmay

m croinstruction caching function within the processor pipeline, the trace
-13 - 7 MNAY beosemgpid (4 p52e-sRPOPHUSPRL 98D 1atidleks negayive ngnsequétkes dmnah
specifically the trace cache 62, allows translation work done by the

m cr oi nst r uctFBRheteandha s eHp drsoder 118, e exparpiyaemipdiment althe

i ncreased mcroinstruction ban

dwi dth. | l. nbodi , th
trace cac hep%efn i ims%onétr\ém%tgé é%ﬂa%%ﬁ%gﬁmﬁgé%ﬁghf%“hg?ﬁq . Tﬁe
term"trace”eng bf‘tl“ehfeg%ﬁﬁggf %F%&W%%E%u@mglf‘)n?ﬂ{h a Bi¥ed ?és%ﬁééegf&cﬁw sequence

of mcroinstructions " stor thin entries e trace cac . each

entry incl ugapkerR@ivdlPAsSintedmpit@n @BiMty irdleg B BEeBeidaGefh&icd. NAL r uCt i ons
conprising the trace. In this way, the trace cache 62 facilitates :
hi gh- per f or neymebraezatenciloyg market idattifidse midoessuciort dsa loeatiorewithin 4 0 be
accessed for the purposes of obtainin a subsequent mcroinstruction is
known bef or eP%f“éHBifé*h&eaéé&é%%di the ygpdl aray be synghrosizedvighanethebtirmcht , may

be vi ewed asré'sb(l)o%l,(es't' ?(;r ixnrsr;tructi O{h% that ‘are.  dj.sti nmﬁ]he from one
anot her by t raRYHEas PR & A cEPr AR BEHUCHp b 5% i ndirect

Dr anch or DYk EAENFROUR Bbs RIS RIRLLLEHER fle LGN hbARLS U a5

t he nunmber of conditioned Dbranches 't hat
shall be taken to refer to the identification of at least a first point in at least one

thread at which 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 1o a trace delivery engine 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 funchons 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
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accommpdated in a single trace or the maxi mum nunber of total

m croi nstructions that may conprise a trace. The trace cache branch- 7 MAY 2004
predi ctor 64 provides |ocal branch predictions pertaining to traces within
the trac@¥@4rhd2%2. The trace cache 62 and the microcode PSIGURMEENI366
provi de mcroinstructions to the m crocode queue 68, fromwhere the

m croinstructions are then fed to an out-of-order execution cluster. The

m crocode sequencer 66 is furthernore shown to include a nunber of event

nandlers 67, DO £ LRAS6AYE.: LI LEPLENERS B DUTREC .91 apsat  ons

within the pr r e occurrence of ai &n such as
an excepti oraoaéb?mhéﬁ{i@xrom%cﬁ&h%aﬁy@%nQﬁgsﬂle%ﬁo@&evél% Wiy gp&ué scri bed

in further detail below are invoked by an event detectdr 1 I ncl uded
within a registessed neiaayiRstriidionibahlevidh¢ Kn @Rd eRémplaey Pd6aEReTt, B2.trathe
processor 30 may be viewed as having an in-order front-end, conprising the
bus i nt er f ace2aeit2 B2y cerhpriseaddtysetxoeuy selressmidte 42mdrlye Thi4erm TirddaY, 2006
WO 01/ 41529 PCT/ US00/ 28213 microinstruction translation engine 54 and the
trace del i veMytherrjrsrat gsempakiay gmbogunerss may defer kmehequmace plat wil | be

Qusuc 65 ar o PECEIBIBONNE 8 v G T Er ORI Eae P COMSTS g &
schedul er 72; egi r . T4 - .0r . 7 r r...ouffer 78
and a repl ay mcfguec&ggé%m%ﬁetgg) 2%%35]%?“517@%??#&%%?0? gf_eutcgg?se?ge‘gé?{/%‘ ion
stations, antheopfleallfshik wa5¢hrdw @ Aat )i rsanthds mgﬁ{?%ﬂa%ﬁkl&t deendif
execution by the execution’unit 70. The register renaner 74 perfor a
regi st er renanthagtieunisiressiofwhé hexteapgab bt acdeissdieior i paebsensl obkdifiigi Ng
point registers (that may be utilized in place of any of the eight general
pur pose regi 3fepsegeentamicrensirhetias) igknomindwfone g qoiont acceed Stcempletehere a

processor 30 executes trl])e | nt el Ar&)hit_ec%gre__ instruction set). The
al | ocat or 76T H5EY 4P 8B€ £BLOGINEUIBY PESHRIYGES BrodAeoldRITHE B Hiae 70 and

(he st Bl g8 BB BLISOR RERTALOR AR BUALAR e necd I
encountering an indirect branch or by reaching one of many present threshold
conditions, such as the number of conditioned branches that may be
accommodated in a single trace or the maximum number of total
microinstructions that may comprise a trace.

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 microinstructions to the microcede 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
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available to process a mcroinstruction, the allocator 76 is responsi glﬁ
for asserting a stall signal 82, that is propagated through the tracC AY 2004
delivery engine 60 to the microinstruction translation engine 54, as shown
at 58. MWOdimsPuctions, which have had their source fi ael@susdjzsmted by
the register renaner 74, are placed in a reorder buffer 78 in strict
program order. When m croinstructions wthin the reorder buffer 78 have
conpl eted execution and are ready for retirenent, they are then renoved

froma reorder. buffer and retrjeved. in an jn- ordgr _manner  (i.e., according
to an ori gi nﬂlcﬁ?ﬂwo&fH@Sﬁ?“oﬁWé‘gP@Bﬁw 8 {f@ce el sagiarsd. and an

i croi ' | . . i it 70. Th
oxecut on unctro5ol Bl S R Rl BETRY cxocuti on' engi ne
84, an Integer exXREdiMinkRShDRiBoiched o i iRicfodBlBeiaEl e ARceildy ONE

exenpl ary enbodi ment in which is e processor 30 executes

Ar chi t ect ur e intosinr digtdfrdecdlustb el ¢dRpdiding aREHdduI@XRCH Qe LRGRRRT B4 MY
further execute MMX(r) instructions and Stream ng SIMD (Single

| nstruction, aMallbcgibe?6, BataydeEbt&ast®asd § S wYHueueldd. -Thé shede0R WO

01/ 41529 PCTI1JSOQ 26213 Multithreading | npl ementation In the exenplary
enbodi ment ofndpgessy & eExservation stagions.anddriertes puackedule andispatddy be
limted duplication or. replication of resources to_suyppo

t.
mul ti t hr eadi RYTCAFEBITPEY Cr&rEcHton iy ReEarditivg i net aFgisies TP Erent
S yag D P2 7R befBRALS (e RPN RT RGO R Respd 10 FERRUSR.BPELI 1O SChee

enpl oyed, it eclate ependen pon e nunper of t hr eads
that the praeees®point réhbersSH It ANCOUSHNdliR P RGESRy oftheldiftaldefBal units
withina pr ocess%? typ?égal I)S/( provi‘de soFre bupgecri ng }Zgr gt or agge)

functi onal i t pugpabe rpgisteagart Argynoffthea eigho fiaktiigs poinh eegisenspwbbre 2paiteser shari ng
may be viewed as conprisin &1) storage and (2) processi nglpropagati ng
bandwi dt h shaP pxyutesshpbreht schiteefrreingtrpridon sab). alheradlocatonre phematesippor t s

t he sinul t aneous rocessi of t t hreads, ., buffer resources within
vari ous funcf‘ %cr‘-i'éﬁ Peaﬂ\inicgs ﬂ,Q@'leexecuvt\%n unjt%and ec[uster? to mlCl'OSl.nSl'IUCUOﬂS

according to availability and need. In the event that insufficient resources are
available to process a microinstruction, the allocator 76 is responsible for
asserting a stall signal 82, that is propagated through the trace delivery engine 60
to the microinstruction translation engine 54, as shown at 58. Microinstructions,
which have had their source fields adjusted by the register renamer 74, are
placed in a reorder buffer 78 in strict program order. When microinstructions
within the reorder buffer 78 have completed execution and are ready for
retirement, they are then removed from 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).
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be statically or logically partitioned between two threads. Simlarly, the
bandwi dt h provided by a path for the propagation of information betmeadﬂwwwb
functional units nust be divided and all ocated between the two threads. As

t hese redAP¥eéIsgharing i ssues nmay arise at a nunber of | o€ATIHI28MThin a
processor pipeline, different resource sharing schenes nmay be enpl oyed at
these various locations in accordance with the dictates and

characteristics of the specific location. It will be appreciated that
different resource sharing schemes nay be suited to different |ocations in
view of varying functionalities and operating characteristics. Figure 3 is

a block diagramillustrating mhmhﬁgdﬁgﬁ%}i&_ﬂgﬁaﬁ&g one enbodi nent of the
processor 30 illustrated in Figure 2, an epi cts various functional units
that provide a buhfgkiergnpiipglinbddimast dfehaigrdcegoe ad liispartdd ihiraged 2t 0
accommodate two threads (1.e., thread O and thread 1). The | ogical

partiti oni ng tiere mayde lfmiediduplicatinm drukplrating of crsostwes kgs)p@mtla pr ocessi ng

facilities of a functional unit nay be achieved by allocating a first
pr edet er ni nedWithregding gapabilityngnd ixGs a¢sey Gagly I8 oG syTe UnelymgRE8ment r i es

wthin a bufferi n% resource to a firs tgr d and allocating a second

pr edet er mi ne§eESF 6f858HfCFiSE§rWtam%gt & ﬂ?ﬂéer’ieﬁ%”rrc‘éétbﬂ%scgﬁmﬁ second
th d. Ho in:.al: i i i

e cal 1y EiEloyddli lSEARp i REPReBERR, WU R BB e |

pairs of reaghepidcidsbt € abRYiMUBERecBs!Y td Focdddi As Bindti@ad] @ Withing poi nters
being associated with a first thread and a second pair of read and wite

poi nters bei pgo@assotyEitaly micvidasorsebuofficirtgioesdragkhéufctinsslityeindof read and
wite pointers may be limted to a first predeterm ned nunber of entries
wi thin a buf PEIRagg PR SBsHeRalih thedistyee! sesoarig sharng afayrheatiewrd asw i t e

ointers may be limted to a s nd predeterm ned nunber,, of. entries within
the same bul FEFPHITEDGIIEES 2P (HRFOFTSF6( PraPasP BB SHATE8 nst r uct i on

stream ng b“&éngp%r\lﬁqugsé ENSLERAE i35l Lﬁ%ﬁu?@o{t?ﬁws' LhQRedliteue 103 are

shown to eac a storage capacity t ogically partitioned
processing of two threads, buffer resources within various functional units may

be statically or logically partitioned between two threads. Similarly, the
bandwidth provided by a path for the propagation of information between two
functional units must be divided and allocated between the two threads. As
these resource sharing issues may arise at a number of locations within a
processor pipeline, different resource sharing schemes may be employed at these
various locations in accordance with the dictates and characteristics of the
specific location. It will be appreciated that different resource sharing schemes
may be suited to different locations in view of varying functionalities and
operating characteristics.

Figure 3 is a block diagram illustrating selected components for one
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
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between the first and second threads. The Qut-of-Order Cluster (71) Figure
4 is a block diagramillustrating further details of one enbodi nent - bMAY g
out-of -order cluster 71. The cluster 71 provides the reservation station,
regi st er WMeHadd¥g, replay and retirenment functionality wiREI/HS@¥E213r ocessor
30. The cluster 71 receives mcroinstructions fromthe trace delivery

engi ne 60, allocates resources to these mcroinstructions, renanes source
and destination registers for each mcroinstruction, schedul es

m cr oi nst ructy : [ : par [ o] hts 70,
handl es m cr%{ltﬂg%‘?’&gﬁglrblgﬂt@ﬁg? I%?B’“%ggfg’%dﬂ%ﬁgé‘? oa%ég%g{%ap%éﬁﬁqgti on, and
then finall ypregblet@sndd $ek BF HSikiel G4iih@Nhe bufRring G&4WirteSto al3ond thread.

m croinstructions to a pernmanent architect uraf; state). Mcroinstructions
recei ved at lHbeecén it alterfidtied embbdidnanbolfetiyg eel dlvebedynimically eigirsder
alias table 120 and allocation and free |ist managenment |ogic 122. The
regi ster al igpecifigblle thixonagbe edpevesi iy provisting tanplis phreadegidoatiter egi st er
nanes to physical register adgr esses used by the scheduler 72 and the
execut i on urifqiaterp 2 firgtzpair of soag apd pripportes RN gRSrIUEes Mo 87 Nbr e

specifically, referring tq Figure he register alias table.120 renanes
integer, fl o"gﬁaﬁlga n&r)"i' ﬁ%ogﬁg? “é‘g"gﬁﬁ%‘f““}&eﬁf%‘f 8&@§%f’ﬂf‘ﬁi3ﬁ5@8‘%4 Wi‘%‘ % physi cal
register Til@cdifinddle TROLRE Sk df bl Shtvhife SRMA: hy baGkMAR habrRPYS! cal
registers that are aliased to eight (8) arc i'tect ural registers. In the

i Il ustrated preabeshiatnuhbe dfR@hidserittah basufleail@esbifcd, SvislkaMbisdc@ndncl ude
both a front-end table 126 and a back-end table 128 for utilization by the
respective fsebofreaddndaekite pridersahay helipiedds scec@0l priedetermirtedynuwanbéri n t he
register alias table 120 is associated with, or viewed as, an

ar chi t ect ur i epEagsoyhin the qama buffgras rwesppicht & theiillpstraiad embprieentothe

| ocati on within the ree%i stei) ile. 124 at which.t he, data ttributelcbto t he
pie fog R

rel evant ar ¢RTTEHIYAIEePEEE JTe88 Caghg i eRirStEREon guele Wiges

provi ded by ] ORES SO G . 7 > f1es a

relatively sa?r%%;}?&ﬁﬁﬁ%g%&{) gr chi ?gﬂﬁgfﬁgcﬁfgﬂ%& rrlgﬁ%g&%%{(f?essed.
between the first and second threads.

The OQut-of-Order Cluster {71)

Figure 4 is a block diagram illustrating further details of one embodiment
of the out-of-order cluster 71. The cluster 71 provides the reservation station,
register renaming, replay and retirement functionality within the processor 30.
The cluster 71 receives microinstructions from the trace delivery engine 60,
allocates resources to these microinstructions, renames source and destination
registers for each microinstruction, schedules microinstructions for dispatch to
the appropriate execution units 70, handles microinstructions that are replayed.
due to data speculation, and then finally retires microinstructions (i.e., commits
the microinstructions to a permanent architectural state).

Microinstructions received at the cluster 71 are simultaneously delivered
to a register alias table 120 and allocation and free list management logic 122.
The 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.
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The allocation and free |ist nmanagenent |ogic 122 is responsible for
resource allocation and state recovery within the cluster 71. The | ogi’cMALA
al l ocates the followi ng resources to each mcroinstruction: 1. A sequence
nunber, WPEK4138?2 gi ven to each microinstruction to track rchesdeogsaal order
thereof within a thread as the mcroinstruction is processed within the
cluster 71. The sequence nunber attributed to each mcroinstruction is
stored together with status information for the mcroinstruction within a

free |list manage y [ iVén to°eac Cro

al l ow the hi %‘it@%éﬁ Rbatthep dlhesl mw%ga&&%&w&gﬁgggh@g@ered In

the case of a state recovery op ion.” 3. A reorder ) entry,
that is indexegdsibyfilened seheieniRentizley is shbwritonhyiste abs pReHi&h eégiftelse 124
entry (known as a "marble") wthin which the microinstruction may store
usef ul resul that arel@iased Yo digivt BDarchinertotal 4aSteRCTINWSODRB2EE 5. A | oad
buffer (not shown) entr stall buffer (not shown) entry. 7. An

. 6. A
i nstruction ﬁﬁ@@@m@ﬁﬂr?%eéﬁgﬁ{a¥65@Pkﬁépi%§hﬁ@ﬁbﬁyﬂﬂﬁéﬁbeﬁt@BﬁDQG@®e or a
| inst t] d , il b i bed bel , Int
goreral 1S C4gt G e ek AT AL e Gt ben pelow e
recei ved sequsacs Rl pRGLOL BH! EUG LARSwidliPled@k i SRadlable BGUESt that the
6 | the of

trace delivery engin sta Ivery crolnstructions until

sufficient &eseufcgosithaGaiBvay ad, aablrnitelhirs] Ireggt@,ssnd HchRREHNGRked by
asserting the stall signal 82 illustrated in Figure 2. Regarding the

al | ocati on ofi3Gthaepeinys tniatlheatianheithiegths register File W24t tvbich theidaroi nst ruct i on,
Figure 5 shows a trash heap array 132 that nmaintains a record of entries
wi thin the ragiistied tpihereleyant drshiterive] mraisteeiertard obuthéaver the chi t ect ur al

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

allocates the following resources to each microinstruction:

1. A sequence number, which is given to each microinstruction to track
the logical order thereof within a thread as the microinstruction is
processed within the cluster 71. The sequence number attributed to
each microinstruction is stored together with status information for the
microinstruction within a table 180 (shown below in Figure 10) within
the reorder buffer 162.

2. A free list management entry, that is given to each microinstruction to
allow the history of the microinstruction to be tracked and recovered in
the case of a state recovery operation.

3. A reorder buffer (ROB) entry, that is indexed by the sequence number.

4. A physical register file 124 entry (known as a "marble”) within which

the microinstruction may store useful results.
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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 ident} MAY 7004
entries within the register file 124 that are available to allocation to a
recei vedWR ®YdHstruction. The logic 122 is al so responsPOI@ShHyes2i3
re-claimng entries within the register file 124 that becone avail abl e.

The logic 122 further maintains a free list nanager (FLM 134 to enable
tracking of architectural registers. Specifically, the free |Iist nanager

134 maintains a é]iRtIQJC%/PSfffert(ggt {rﬁg{lrgt%gﬁtyo the register alias table 120 as

m croi nstructions are alloca The free list manager 134 provides

the capability t@ Aunmmdterihs H8UingbRiyal ias table 120 to point to a
non-specul ative state given a msprédiction or an event. The free |ist

manager 134 al so 7.agesristidttion Huetager ple.glaleiiner bhgerhbily iheSu@ort diRukegi st er
file 124 to guarantee that all the state information i's current. Finally,
at retirenent, physregenes]isterctipleddiess qneuare will badefeibeddelavgm t he free
| ist manager 134 to the trash heap array 132 for allocation to a further
m croinstruction. -19 -- 7 MAY 2004 WO 01/41529 PCT/ USOQ 2821 3 An

instruction queu it 136 .deljvers.mcroinstryctions to a scheduler and
scor eboard unit ?ngﬁﬁe‘i of %fgélféégil%lPOt@b ORRBNIRE NeEAtE R OFPSILAd

G spatches RELOLISIACHLIN LRI AN SR\ LOR BrRGUL RLL  T0

The instruction queue uni ructures, namely

an instructirgf QiREs) édghe 40 SRRk ddlivielp bf HGLbRRHALES RS AUBHRIEAQ 142,
The instruction address queues 142 are small structures designed to feed

critical i nfeeouraes lmrrofre ay.ajlablec Thisnafjudscis wmmaticerd bydssértingtthostall and

| atency) to the unit 138 as needed. The instruction address queue 142 may

further mor e &SR ddusdratedrsnbigyrd hst ructi on address queue (M AQ that

queues i nformati % f or. menor gperations dnd.a general instruction address
SgaETIeg thy it

queue (G AQ that a¥ R PO $RFY MOHURERRs el 7hie2  The

: r”rrsnte(rjlugt Logax{dg&‘? Or&%&é@% hate Ft.s%?l?gﬁgriratsh%%%p LALY 3R AhaiRHED ARGREOde and
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 microinstruction.
The logic 122 is also responsible for re-claiming entries within the register file
124 that become available.

The logic 122 further maintains a free list manager (FLM) 134 to enable

tracking of architectural registers. Specifically, the free list manager 134
maintains a history of the changes to the register alias table 120 as
microinstructions are allocated thereto. The free list manager 134 provides the
capability to "unwind"” the register alias table 120 to point to a non-speculative
state given a misprediction or an event. The free list manager 134 also "ages” the
storage of data in the entries of the register file 124 to guarantee that all the state
information is current. Finally, at retirement, physical register identifiers are
transferred from the free list manager 134 to the trash heap array 132 for

allocation to a further microinstruction.



M croinstructions are de-allocated fromthe instruction queue unit 136 when
the relevant mcroinstructions are read and witten to the schedul er 788 2004
scoreboard wunit 138. The schedul er and scoreboard unit 138 is responsible
for scheditrgls2zim croi nstructions for execution by det er mpairngobbe1s i ne at
whi ch each mcroinstructions sources may be ready, and when the
appropriate execution wunit is available for dispatch. The unit 138 is

shown in figure 4 to conprise a register file scoreboard 144, a menory

hedul 146, hedul 14 . S|l ow-mi. i nst ti hedul
150 and & 11 oat| nGupBPE B Ar 158 HETHIGO A BE0EH 1 FRE<HEn « he.
source registgp stére du\?yg%@%!?w&qgeﬁttxﬂr%gélla%oﬁ%t LA 'Efc?s Wdhin the

register file score oar regi st’er file scoreboard

144, in one QEAMHEERicrdi@InRBbn Mbsmhhah nbidekyydak @xecﬁﬁ%g%‘@tg 78Vehd abi lity

correspondlng to each register within the register file 124. For exanple,
t he scor eboaigsthictionfqueuauparids allydncigdt tyowidthicnsthitburee Gasiedy ahi | € 124
may be cl eared upon allocation of data to the relevant entry or a wite
operation i mstruchienupete (188 140 20d an IndtAN tiR0GIdWEs Qe l(52Q) PET/ TI80Q 28213
The menory schedul er 146 buffers menory-class mcroinstructions, checks
resource avaPISiBichippypd 5ﬁSQPW€ﬁ1§3H€HﬂpégsﬁﬁﬁﬁﬂVC@W5§§jH?@P@Fﬁ§€ﬂuct|ons

The matrix schedul % 8 conprises.two ti htly und N % tIC Io jc unit
(ALY schedurBe e fite 1) SPPRe SRl e Bretaepitvad =Is2ck
mi cr oi nstr uc&ssaggsneema %@%tngnaﬂlaahfég Q%QHé %ZFLQH{efn%o?e %ﬁ&*sedul es

floating point mcroinstructions crolnstruction schedul er

150 schedul a%n6riabnedtionCiddoas dietie mmpi@dhab uta_.h@ iRRPYQHOR féd @BREry
schedul ers. A checker, replay and retirenent unlt (CRU) 160 is shomn to
i nclude a repﬂ@epnbaﬁdegeﬂﬁzluaﬁuha@medd&ﬁﬂgmamiﬁ&gahgwqQeu&5166 and a
retirement control  circuit 168. The unit 160 has three main functions,
nanel y a che8KPHg2Hem&rines; m@“%ﬁP%‘?“P%cﬁf’dﬁS%ﬁ*ﬂ"i’a quere AéheRtestlefact i on.

Specificall ytnttxca? mi%eCk (r)n%ﬂgh gpcc}ée 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
microinstruchons 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 scheciuler 152.

The unit 138 determines when the source register is ready by examining
information maintained within the register file scoreboard 144. To this end, the
register file scoreboard 144, in one embodiment, has 256 bits that track data
resource availability corresponding to each register within the register file 124.
For example, the scoreboard bits for a particular entry within the register file 124
may be cleared upon allocation of data to the relevant entry or a write operation

into the unit 138.
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functions conprise re-executing mcroinstructions which have i ncorrectzlﬁl
executed. The retirenent function conprises commtting architectural” AY 2004
in-order state to the processor 30. More specifically, the checker 164

oper at es W8 0lgifgPant ee that each microinstruction has propeTiyscessaeut ed t he
correct data. In the event that the mcroinstruction has not executed with
the correct data (e.g., due to a mspredicted branch), then the rel evant

m croinstruction is replayed to execute with the correct data. The reorder

buffer 162 is r esﬁ%%@i«@rg{ QGO 44 ﬂuﬂgeré‘ﬁx%mo%f-% add ﬁhcr%%rg?r%cié’ns the

processor 30 by retiring croinstructions i'n _o}gr am or _ _réti r ement
poi nter 182, dgeserai@dcdyvalabatty! SPiNen SORHLRE nfdh élas%@gicrdAlgﬁ!trmﬁc@iB%_ an
e

entry wthin the reorder buffer 162 that is being retired.

retirement pdihetreatrik@2hedueebifpastprasestes Gghdf-buahd afitishédy loghrmurent ry, the

corresponding entry within the free list manager 134 is then freed, and

the rel evant (Aéd])sehaduiers shatrplloy theyschedoling of depdraientbackrid-tachnsferred to

the trash heap, arra 1%%‘5 i'ge retirenen ntrol circuit 168 is al so shown
r

1
Lo i npl ement HHsoiRs & loR P PR HhREvIen 72 bylfess Bnd seheduisd

f i oni i ch. will | ai ned. bel ow. The .retir |
Lo L7168 ooty pBintiohicr e AL Ee M G oirl Bl GERbHERIES
2004 WO 01/ 415RAREThISiP0k 28343 B hdndiBd BE%J SRS he 8l sclRutL the

corresponding architectural state within the register file 124 The reorder

buffer 162 is al sa deskapsiphdeahd etiramehtiige (OREY 1%3lis gighn &xiheludala events,
as will be described in further detail below Upon the detection of an
event occur r epeidephukiercl (Red clienkeb U4 e stag B, quaue nakertd sirgiramen? Gontsl
asserted. The n.ulfg si.gnal, 170 ha&t he effect of flushing all _

m cr oi nst r uctTE1WE 19§ ofhe prit 16} brebeermpindengtions: papely acheting finciond

o adar S8 AScoBHLIA"S AR P MY BERHENE, WASRAG aniTEVR e, o° ©°

vvith_ an addres _ commence’ " seqtencrn tr uc fs to
servi ce the evionkcoprisé FQBXMILAR nlifrotHsSRALHGHL RRich@MeBindaaRdIpr 67

enbodi ed in mcrocode).
executed. The retirement function comprises comunitting 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 comumitting 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 js being retired. As the retirement 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 reclaimed and transferred to the trash heap array 132. The retirement
control circuit 168 is also shown to implement an active thread state machine

171, the purpose and functioning of which will be explained below. The

retirement control circuit 168 controls the commitment of speculative results

-21-



The Reorder Buffer (162} Figure 6A is a block diagramillustrating fyﬁ%ﬂg&m‘
details regarding an exenplary enbodi nent of reorder buffer 162, tha
logically partitioned to service nmultiple threads within the nultithreaded
processoﬁvg@l“EﬁécificalIy, the reorder buffer 162 is shaWi/gWorswes ude a
reorder table 180 that nay be logically partitioned to accommbdate entries
for first and second threads when the processor 30 is operating in a

mul tithreaded node. \When operating in a single thread node, the entire
table 180 maycRanuhl Lidfed 18D (RS AR ANS A said ARk, 480
conprises, in one enbodinent, a unitary st'orage Stfucture Fhat, en
operating i nréutes ilerigaded node, is referenced by two (2) retirenent
pointers 182 and 183 that are limted to predeterm ned and distinct sets
of entries w thi nThé feordertdfel 862 isSlsvi regsdnsiblefarheEEhatnteghal Bn@ Si ngl e
thread node, the table 180 is referenced by a single retirement pointer
182. The t abpetensdevents adesildr dentribed ip durtbepdatdil hgloto Gpahthentetectioh t he
register file 124, and stores a sequence nunber and status information in
the form of Ph tv§THPETHERTCERY the revgderdiuffegd6R.ianaukersigrriléd i asagiteda val i d

ent ri o5 w thTTk CHEE PaBr7Rse- SR Babrl formiieeel) ByepHBraom Fomube 2004 o
01/ 41529 PCTINSCLIZB7ichng SAHGRE &, AUNRER 13l SORILLIAL BT HOL e

identifier for each oi nstructi on. ntries wt e table 180 are, . in
accor dance Wptdviddeths eguensieydiy ehging 60 watl 8¢ad8dsandmdhahlioeahaidntd a
sequential and in-order manner. In addition to other flow markers, the
- tabl e 180 i ss€fquending mir®isdiowtionststeoviee thedvanell.e., fesowhieh fol Oypardr krer 184
and a synchronization fl ow nmarker 186 for each mcroinstruction. The
reorder  buf f 8fer 5oandise P gebodieday sherogeddct or 188 that is coupled to
receive interrupt requests in the formof interrupt vectors and also to
access entries within the table 180 referenced by the retirenent pointers
182 and 183. The event detect orrhlB8&drded BiifddIqigmr € shown to output the
nuke signal 170 and
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 entries within the table 180 are each indexed by the
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the clear signal 172. Assum ng that a specific mcroinstruction for a7
specific thread (e.g., thread 0) experiences no branch nispredictidh,MAYZWL
exception or interrupt, then the information stored in the entry within
the tabl Y285+t the specific instruction wll be retir@@TUs0e/pR213
architectural state when the retirenent pointer 182 or 183 is increnented
to address the relevant entry. In this case, an instruction pointer

cal cul ator 190, which forns part of the retirenment control circuit 168,

i ncrements = ] Wt [ L0t int_t. 1)..a branch

t ar get addreégﬁmggggg??éﬁﬁﬁf%ﬂ#ﬂﬁéﬁggcorngg%ﬂg§%55§ﬁEEVQHQ¢%éy%ﬁg'

register fil @nk24 vaithihhé Bbld 18D arb SXlackBAERQNitAES Qhshidialhossi I a branch
is not taken. If a branch m sprediction has occurred,” the information is

conveyed t hebomgted drel daalldcated ornmiguentifliaaddnicedéhaanedri 18 g@dftionast r ol
circuit 168 and the event detector 188. In view of the branch

m spredi ct i ofthendpyamarkers thrityible 1 is fusthermiond eharan tostere hshasedcessor 30
may have fetched at | east s incorrect _instructions that have perneated
the pr ocessoFeSBFﬁglﬂiol’i"e’?“aﬂ%ergﬁElaf‘aé SWPEMCRizeHen floxprarkes 484 @8 ocat ed i n
sequential order; ghkﬁggtries after the mspredicted branch

m croinstruction are mcroinstructions tainted by the m spredicted branch

i nstruction fl ow THdYebRERPUSR: 162 fRRRL LR EPLANU A& S BBRALt OFopled D - 7 MAY
2004 W 01/ 41529 PCT/eUSOO’ 28253 m croinstruction for \;\‘Eﬁcthlga{)'?ﬁ g%%’edi cted

branch is regicsiveidrraipt iquetilén tiaiorm dfifiterrmpt vedtorstahe Auertace@kect or 188
asserts the clear signal 172, that clears the entire out-of-order back end
of the proces®oies pitha thegphled 80 aefdrenced byl ithrepteyir éhersthpsntetshiB2cand-188- or der

back end of | state res ing frominstructions follow ng a
ni spredi cti o%ﬁ‘éﬂ“&ﬁﬁ?ﬁ%%é b*nf.%:%éma PIOR BRPEHRe pukgsiggphyand72 al so

bl ocks the | fnsppsequently fet ched ricroinstructions that may be
| ocated wit hlhﬁsdje?ﬁglglna- order front-end of the processor 30. Wthin the

retirenent contrQlssghdifiglifat baPeciiP Mchpisiucfdh kO Yeclic tRlesRrEg cted branch
through the fault information of a retiring mcroinstruction,
thread 0) experiences no branch misprediction, exception or interrupt, then the
information stored in the entry within the table 180 for the specific instruction
will be retired to the architectural state when the retirement pointer 182 or 183 is
incremented 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 2 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. Inresponse to the attempted retirement of a
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the P calculator 190 insures that instruction pointers 179 and/or 181 are
updated to represent the correct instruction pointer value. Based upon MAY 2004
whet her _the branch is to be taken or not taken, the IP cal culator 190
updat es YR58 ruction pointers 179 and/or 181 with thePEE&ISPV2EEt a from
the register file entry corresponding to the relevant entry of the table
180, or increnents the instruction pointers 179 and 181 when the branch

was not taken. The event detector 188 al so includes a nunmber of registers

200 for mai pligomiseickiohIbMRhi@n rh%g%&i&t@g b@yredat@r%@@:@%%qtﬁjﬁ%@mh of

multiple threads. The registers 200 includes an event information register

202, a pendi ifoenatidn, thegi&iteleted 188 8sseme e t10d dirtal 1EYitsdtelea?dBe and

unwi nd register 208 and a pin state register 210. Each of the registers
202-210 is cepuglanteff-ozderbard endfod tiepprriooessopef albstatengnd accardinglgitushener at ed
for a specific thread. Accordiqglﬁ, event information for multiple threads
may be mai nt §iefBt-aiiPremebickang @l stsprespiting lsowpnssucioss frilexting @
illustration_of an. exenpl ar. endi ng, event . register 204 n,exenpl ary
event 1 nni b PaRIERisRER BeReiPS o, o “i ot SR Rar S5t 1 RaRE R ent
and event i nfjelid, &35 - [ hr.ead
supported mﬁtﬁin fhegnu%%ﬁ%ﬂﬁggagggﬁﬁggggé§F8§%¥tﬁ?g?%ﬁ%?kggﬁpgieﬁg 204

and 206 may fre ipfoRdedRonf-end 8RGR prbdead 300r al ternatively a single physica
-24 - 7 NMAY 2004 WO 01/ 41529 PCTJUS00128213 register may be logically

partitioned to suppidvn thadetirgrhenttchongabisrcuTthis8euporphatificagendf mg event
regi ster 204 contains a bit, or other data item for each event type that
i s regi st er eBpyedKiedsraneh Hupugh Bie fagig inferpation pea retiyingtmicHRiBEFI%OR. bel ow

o g 0 1 PO YRS TBh SRRSVA gt 11 vErLs,
goner o 0 oubEs Sopuane IRl L8y PH0 UL Wl 850, SO 120,
in the ill ustheateckleiio Be tEh ordoe B kaa] thk MR kidelatorbd ubasteytid eback event,
instruction pointers 179 and /or 181with the result data from the register file
entry corresponding to the relevant entry of the table 180, or increments the
instruction pointers 179 .and 181 when the branch was not taken.
The event detector 188 also includes a number of registers 200 for
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.,
TO).
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 altematively a single physical
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as such events are not thread specific and accordingly are not "queued"” in

the pending event register. To this end, the event detector 188 may- 7 MAY 2004
include writeback detect |ogic 205 that asserts a witeback signal on the

det ecti onWEf01/41524r i t eback event. The bits within the pendinfg/éssens2degi ster
204 for each thread are set by the event detector 188 that triggers a

| atch which sets the appropriate bit within the pending event register

204. In an exenplary enbodi nent, a set bit associated with a predeterm ned

event, withi ek ACAMIGeRYANbafBHRHRD fsgﬁﬁortm@tﬁ)/lg?ﬁreg‘??i ndication, as

wi |l be descri bel‘ow, n event o ere ant pe i s pending.

The event inhibit The@k&hplargPenddk etafhrelti@ads sbithindhlbyt, 6PBiRL RS2 bit, or
ot her data structure, for each event type that is recogni zed by the event

detect or  188tent Hosedrhtevbei tyge ehdtheregia@tredbyrthe eterf detectordB@&r.gddhet 0 record
an event as being a break event with respect to the specific thread. The
respective bievenigidensribegbelasy avith ref¢riepra torkdginstr TRGE exerts sety tynskitgent r ol
register wite operation, that utilizes a special mcroinstruction that
nodi fi es non-‘?téﬁ‘g‘ﬁ\?de%?a‘f’g’ PF e EHE l‘b’r‘-’&% Jyithindhe prasessoqPPii an event

i DT E 1 01 BB R AL L BELL 950 (L SredlodtiligLno

. ar
control register wite eration. SSOr 21%%6 have

certai n modegedefvetirbM thk bfodebsdr Bis). eM?erBerzidE]fE @e%tfegggtétﬁ)@ 1308, ray be set
to inhibit select events within the respective nodes. -25 - 7 MAY 2004 WO

01/ 41529 PCTitis@d) 28B4 dliBittased @nhbadisfee, ddes neviadkide ypet fsRiwiitabadtveht hi n
each of the pending event and event inhibit registers 204 and 206 for a
speci fic thr @éaduer evests pgtnoe thread specifinm dacerdiagdy awhnetti'qperadidn tiut put s an

ot T 8! SR D B BT TLS S g
L
will i mredi atalipbhe Sieghaiecthigsw iR e $Rh8HERYeRYreb 3R r 288 BirldaBR tkad
are set by the event detector 188 that triggers a latch which sets the appropriate
bit within the pending event register 204. In an exemplary embodiment, a set bit
associated with a predetermined event, within the pending event register 204
provides an indication, as will be described below, that an event of the relevant
type is pending.
The event inhibit register 206 for each thread similarly contains a bit, er
other data structure, for each event type that is recognized by the event detector
188, this bit being either set or reset (i.e., cleared) to record an event as being a
break event 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 regis;ter 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.



the event detected signal 211 for the relevant event type. On the Othfh
hand, should the event type be inhibited by the contents of the evén AY 2004
inhibit register 206, the event occurrence will be recorded within the
pendi ng BN 1P¥gi ster 204, but the event detected signalCPPE0%ESE13 only be
asserted if the appropriate bit wthin the event inhibit register 206 is
cleared while the event is still recorded as pending within the register
204. Thus, an event nmay be recorded within the pending event register 204,
but the event detmed RdaShaiad evehi nfermiiRGriied BN ea @V he pétding eieg My
only be signaled at sone later tirne when the inhibiting of° the event for
the specifi cadeead inlabiteegisters. 20Tlaad QUe fir agteeificalreat gabstpaittbdftoaneach
event type for each thread are fed to event:-handling |ogic (event
prioritizati dNRgatedPechichin hogics)putadn eventdeteded sighall2dgifer eagh ewint
further be described bel ow. An event handler for a specific event is
responsi bl e PEE vErasitesgnieRts of dhpregistorare? pnd 208 indicate Het Hedlavgnbvent

regi ster 204 for a specific thread.once he handl i of the event has been
Completed. . fiehphaBending bl ol iR, Forena g e B R St o oy
be cleared b V. - ' i Lhicpa

Vil 1 ¢ hr oader B s oae oL e e LT By L Rtk PRk R e s

processor 3020q@hensedeivaitiRfleantbly bb gpakREH akRMgadt@dteEby tif asseiones. For
exanple, the in-order front-end of the -26 - 7 NAY 2004 01/ 41529

PCT/ US00/ 282th8 epentdseded S@naledl 1domgphalkelanareewrtt typad Onhtbe extegtandn units 70

may |ikew se signal an event. Events may conprise interrupts and
exceptions. 3 tharvena e dgdniubited hythegantepdn of Hreeyenuindyibregiderpr ocessor
30, and may

us (ot | Shotde) THSHEBY P R LG SEO 8 R OURE PoCBRBeS T et ect oa
e Y
typically gerfhat @@ etvehiinAibithegRled08SEIeaddd while the event is still recorded as
pending within the register 204. Thus, an event may be recorded within the
pending event register 204, but the event detected signal 211 for the relevant
event occurrence may only be signaled at some later ime when the inhibiting of
the event for the specific thread is removed.
The event detected signals 211 for each event type for each thread are fed
to event handling logic (event prioritization and selection logic) and clock
control logic, as will further be described below.
An event handler for a specific event is responsible for clearing the
appropriate bit within the pending event register 204 for a specific thread once

the handling of the event has been completed. . In an altemative 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
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Events are conmmunicated directly to the event detector 188 within the
reorder buffer 162, responsive to which the event detector 188 perfd?ﬁﬁ“%zmﬂ
nunber of operations pertaining to the thread for which, or against which,

t he eventWibd/gélfer ated. At a high-level, the event detecterT/i8®/28213
responsive to the detection of an event, suspends retirenment of

m croinstructions for the thread, wites the appropriate fault information
into the table 180, asserts the nuke signal 170, invokes an event handl er

67 to process_the event, determnes a restart addres and then restarts
t he fetching %rfoc?ﬁsférr%q]lﬁéi’ F’@E‘f"{ %fh%‘fe“ﬂf’é‘detgﬁﬁf%mﬁﬁy l’S‘étS%QHFﬁﬁHﬁeé‘é‘?%ﬂgﬁ?lr ectly

0, e ovent L GaLoF iR D UG LS AL L SLONRY, WG et oy e

i nterrupt sector) or throug tron’r

bl 80 f arl . i | 185 i .
table 180 forthanadeehémfdd Qtsiah thd bRREssd: 56,28k by ﬁfﬁgpﬁf‘? Woﬂagtdkggé s

retiring. The assertion of the nuke signal 170 h ect o earing
both the in- tornHeprdcessot 3@nid adtEnihba b@uﬁn&fshﬁmf.rlnbﬁeﬁp@%}oéauk@&e

mul tithreaded processor 30 of state. Specifically, numerous functional
units, but ndlowmetewdrt i e dirgstedtea chiemrede eferd habdleadt] Biceptibmsiayct i ons
responsi ve t gssertion_of t he nuke signal A 170. Sonme parts of the nmenory
order buffer OQMdY Hessifiestasipuite aRr pnd 2syiteamons odlesaribdepsons ater et i r ed

but not commtte tores, .b snoops, etc.) The assertion of the nuke
si gnal 170 fuervfaﬂféi’rts%ttaé? %f'?%?t%%‘&f#%%wf%%ﬁl_erfgroﬁ‘ifs?r "front-end and al so
stanls the sequengl,besdfe Ak Ahaldd BN T Y QB ELGY AT HANEYS 68
Wiile this operation can be perforned tﬂlrrpunlty WL hrn a

si ngl e-t hr eadedrde? Buffe/ Y, 94NN RIAAER InEGINVaRILRBE 88 pBUbLhPS OCESSOr,  OF
a nmultiprocessor executing the single thread, where nultiple threads are

extant and beiumgbgrodopssbdnspedtainirg tothe itrbad Adechiph,acagsost 3Bicht e
presence of other threads cannot be ignored when addressing the event
occurrence p&VERlWahgerermted sphgihigh levehthe excobdeterigr §88, respopsizs émthe

YO0 PRRERES o TEA . 00, ADRRLELYS ot handll 20 Gt i <

presence of Ruifek Bleappropriate fault information into the table 180, asserts the nuke
signal 170, invokes an event handler 67 to process the event, determines a restart
address, and then restarts the fetching of microinstructions. The events may be
communicated directly to the event detector 188 in the form of an interrupt
request (or interrupt sector) or through fault information recorded within the
reorder table 180 for an instruction of either a first or second thread that is
retiring.

The assertion of the nuke signal 170 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. Specifically, numerous functional units, but not necessarily all, are
cleared of state and microinstructions responsive to assertion of the nuke signal
170. Some parts of the memory order buffer 48 and bus interface unit 32 are not
cleared (e.g., 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
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threads within the nultithreaded processor 30 when an event for a sipg%&wzm&
thread occurs. Figure 7Ais a flowhart illustrating a nethod 220,

accordin exenpl ary enbodi nent of the present invention, of processing
an eventgﬁéﬁhﬂpehce within a nmultithreaded processor 30. Fiag/utee/bds 220
commences at block 222 wth the detection by the event detector 188 of a
first event for a first thread. Figure 8 is a diagranmmatic representation
of a nunmber of exenplary events 224 that nay be detected by the event

e O o oo DIREk o &R o A EUEOL L ERLESR LR el Dol oo

| oosel y groupe ccor ¢har ac erls onse

events 224. Artac!ssatregk%paﬁa beM g'ﬁrécesb&ch‘rtﬁ%? fnREPrda Y ﬁi}hc%@rﬂﬁ&
MACHI NE CHECK event 228 that ar signal ed by the event tector 188 to

mul ti pl e thrpadenasidffotiterahraaldt catric adeghorpd 0aessAdrélding thetehentmanner

descri bed bel ow, i medi ately upon detection and cause all threads to go to
the sane evePrcufendt pertdning totshenglanbrepd méccdrdsegipritie pgeseupingbnigment s

i ncl udes a FAULT event 230, an ASSI ST event 232, a DOUBLE FAULT event 234,
a SHUTDOMN eR’Fé’rPPS%%m&HthaMSMPRaSé fapard)inganayde) witbieamultgreaded ar e
each reportedmonsthg1 ﬁlc Fe ntcr0|nstéuct|on(§ ‘g EPECIfIC
thread that Bi°GREPEN4 %eétaﬁtlza@poefé f PEAFTYNS ENEPEENE USUEPE 188 wil |
detect an evma&fwftﬂ?x gttg 9&@1 &SB\hﬁJ ?\Haaﬁ@grttt fBI le threa
m croi nstruction for |ch rnatlon i ndicates a fau condi tion.
The det ecti ogrcafs.an event of the second group is signal ed by the event
detector 188 only to the thread for which the relevant event was
generated. -28 - FigaY7 R G019l A58 HRECH S04 282 B3cadiny tod gr oup of
events incl ude an INIT (short reset) event 240, an INTR (local interrupt)
event 242, £¥RMPleFRIhediRest ef § t%?ﬁr‘bﬁ)"e@\?éﬂtOfZHZtcesamE)A“ITRV@BREAKPOI NT

cvent 250, BRRCERCH TR TR BUPBtn P PRy CHs BRI S P TR ot a

m croinstr uoalbenzﬂaeohﬂ%@ae@&@&%y WY &bt BLieQor 38EEPS filst BPerdt 1OV first
thread. Figure 8 is a diagrammatic representation of 2 number of exemplary
events 224 that may be detected by the event detector 188 at block 222. The
events represented in Figure 8 have been Joosely grouped according to
characteristics of the responses to the events 224. A first group of events
includes a RESET event 226 and a MACHINE CHECK event 228 that are
signaled by the event detector 188 to multiple threads within a mulitithreaded
processor 30, in the manner described below, immediately upon detection and
cause all threads to go to the same event handler 67.at the same time. A second
group of events includes a FAULT event 230, an ASSIST event 232, a DOUBLE
FAULT event 234, a SHUTDOWN event 236 and a SMC (Self Modifying Code)
event 238 that are each reported on the retirement of the microinstruction of a
specific thread that signaled the event. Specifically, the event detector 188 will
detect an event of the second group upon the retirement of a microinstruction
for which fault information indicates a fault condition. The detection of an event
of the second group is signaled by the event detector 188 only to the thread for

which the relevant event was generated.

-28-



mar ker. The detection of event of the third group is signaled by the event
detector 188 only to the thread for which the rel evant event was geneﬁdﬂgdwﬁ
A fourth group of events include a SM (system nmanagenent interrupt) event
250, a S BHEEK event 252, and a PREQ (probe request) evEwuBss213The
events of the fourth group are signaled to,all threads extant within the

mul tithreaded processor 30, and are reported when any one of nultiple
threads retires a mcroinstruction having an appropriate interrupt flow

marker. No synchrpgj;zali IS bk d en_mul\tipl hr e
responsive to any og t%gggvdé%%ﬁgwﬁ%%oﬁ?ﬁth(\ég?%ﬂ%sfgb&_v%‘ﬁ '%‘?%LERof
events, accorbcAntenast) @o@ﬁph@,rammi?ﬁsh-ﬁﬁa@kabiéhﬁerrﬁﬁﬁ%béﬁﬁzﬁf’a BATA
mul tithreaded processor architecture and are | nplenehted w thin he

descri bed entBREARPOIND eaetttrds sa TRADBIMESSACE@Veh OBIBaNdQRSA bHNIt(addRss
particular to a nultithreaded processor environnment. The fifth group of
events i ncl yd@paroumiigAlen \NUKE Eveststof280thisd SYNGHRON COAEC@Y geent 262 and a
SLEEP event 264. The VI RTUAL NUKE event 260 is an event that is registered
with respect TeREMENE 8EHAYCTOHISERMLGR BAVINE RnACEeptaRtermmpb atiasse phirep flbe

mul tit hreaded ocessor .30. has a pendi vent (e.g., ,any of the events
descri bed aboVe Tt en‘iﬁt?fgl)o? o?fj’e‘?trfgtﬁps Wr‘éé‘&gﬁég%ﬁdhﬁéh@tng event s
(ot her than , 1. Crol Jon havin ither a

Shared T osourss o sadie e et ot LR DR HAR IS KRl "Th6 i <

retired by the reardafthpubhsbl dfhis AcluMeBRIALHUKR S¥Hendd iiasublie ef fect

of invoking a virtual nuke event handler that “restarts execution of the
second t hr eadvent 250 $TQP GILAXTK eeent@52; 201 a PREGKraRGdq e )thedl 2545129

PCTI t JSOQ 28213 subsequent to the retired mcroinstruction having the flow
mar ker 184 orh¢gents phidedongthmeppare siinaderk int 21Dd@edds extaghaditdn lye mi cr ocode

har e ot at ooy el o0, St nporen dhsay Rl PSR oRSS!
end, the m crQeede 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 a multithreaded processor environment. The fifth group of events
include a VIRTUAL NUKE event 260, a SYNCHRONIZATION event 262 and a
SLEEP event 264.

The VIRTUAL NUKE event 260 is an event that is registered with respect
to a second thread when (1) a first thread within the multithreaded processor 30
has a pending event (e.g., any of the events described above is pending), (2) the
second thread has no pending events {other than the event 260), and (3) a
microinstruction having either a shared resource flow marker 184 or a
synchronization flow marker 186 is retired by the reorder buffer 162. A
VIRTUAL NUKE event 260 has the effect of invoking a virtual nuke event

“handler that restarts execution of the second thread at the microinstruction
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sequencer 66 inserts a synchronization mcroinstruction into the flow_for
the first thread and, in order to avoid a deadl ock situation, narks-t/HéY 2004
"synchroni zation mcroinstruction”™ with both a shared resource flow nmarker
184 and awOdyHEI*Poni zation fl ow marker 186. The SYNCHRONI ZATi/(ObéogsEmnt 262

is only detected (or registered) upon the retirenent of the

synchroni zation mcroinstruction for the first thread, and upon the
retirement of a mcroinstruction for the second thread that has a

hroni zation flo rker . 186.associ ated therewi th. A SYNCHRON ZATI ON
Zzg(r:\t 26|22ha|§' F\eeq”@\f'vf @hed?mel%rﬂ}ifﬁ‘?‘%ﬁmacté‘ifhdl&vﬁ%&ﬁ\gadqvbﬁ‘aé%ﬂgzﬁé%@er t hat
tart ti f I t.an. i.nstruction pointer stored in
L o1 ogode.t emportie YICHECHSHZ A HEITR0eA 2631 { BRHEL 6 KADGBHEMEERRI g o
Mo AOBiHSE

a SYNCHRONI ZALEGNysY 81bad 8% & Brst PiRYA Y perforns
the virtual 'I%)UKE 260. Tahe%EEP 5(E,\vent g’%f‘?’g} an event tﬁ%?g%gﬁgeg%da

rel evant thr easburee withaigietrholtithfeaded pré@hiorG0s Tattis bAd ARe diakicbde (or

sl eep) state. The inactive thread may then again be transitioned fromthe
i nactive to tshguaser ¢eirseds e spychannizappn opcricaistriBREMK te tenflow Thretha dirstr e of
t he BREAK event that transitions the thread back to the active state is
dependent updhreadend, FEprdey énavaida deagdiocksitapden.inmrkethen synehrenidation t he

i i . _Th A iti f [ by thread
o et a1 o o Es % B0 SRRk Rtk 4 BPary cont ent of
the reorder . able 100w Mobiie BEOTSE R ROMSZ TSR ShPh DBty

. S
descri bed below for the purposes of explalning evént an earing point

(al so termed defiske RRIrakistered) IpBathe Fetibinahho Aihe BaIPbAEMigTDOdI nent of the
present invention. The detection of any one of the above events by the

event det ect onici@8stactivindok X st 8@ead, ZnlApor(Ghd raliteDddwdl a29 PCTI US00128213
may occur responsive to an event 266 conmuni cated to the event detector 188

from an i nt emaroisgmaionipt Hiersecord fupad that dasledyrhovdzasion oy eratkeom an
external sourlgg agslil)tasalte%ﬁhtepeewit r.OXW&H%%N@AmLEM%EZ Egsctge%?fegtvoefnt 266

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 event. The nature of the BREAK event that transitions the
thread back to the active state is dependent upon the SLEEP event 264 that
transitioned the thread to the inactive state. The entry to and exiting from an
active state by threads is detailed below.

Figure 9 is a block diagram showing exemplary content of the reorder
table 180 within the reorder buffer 162 that shall be described below for the
purposes of explaining event and clearing point (also termed “nuke point”)
detection within an exemplary embodiment of the present invention. The

detection of any one of the above events by the event detector 188 at block 222
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communi cation may be an interrupt vector. Alternatively, an event

occurrence may be comunicated to the event detector 188 by fault - 7 MAY 2004
information 268 for a mcroinstruction of a particular thread (e.g.,

thread 1)WOHH#I2E being retired and accordingly identifiedThgoitei3
retirenment 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

a1 A b B i o,
event i nfor aRtd 90 e smﬁygwithﬁﬂﬂfe’ Tﬁ}fﬁ eaagc!l"ﬁncb%ess?} 50 élb%g&;aﬁl{jm ng the

particular event wthin the event Information register

furthernore egghtdebsrcd oRedH Mg pre¥sdr J00TAL A@nirRé BVaRK ahliveALhden t he
pendi ng event register 204. As described above, the registering of a

pendi ng eventomirturiicatidnempebelamintenrapt vécegr. stlaimatbily, balevéttod-ahenant
thread conprises setting a bit, associated with the particular event,
within the r&gydegonzoynicatedup the ¢yant Hetentor d8bby fodtddfarmation 368 éxrent may be
effectively detected, . ssertion of an appropriate event detected signal

b
211, if the“%VQHP%“H%P?? RATtsuas dhaspdde gi. thuged 1) that inibeimgferrrd andent
i nhi bi t i 206 £.0r...1 | evant thread and,. i
DL 1 o0l SR Kkl 06, Ul SHADlel SR A0y L SIS 02 ) e
f1owchart  shewridd e FirdisiferfAs mféé;g!) SihIOpdrRreal9LECLERD 96 Lipady rst event

for the first thread at bl ock e event stops retirenent

of the firstrasheandlgt Fol DtkndVé eaty) asworder baffePIa2 éhkeontd i8ih@l the 169. The
pre-nuke signal 169 is asserted to avoid a deadl ock situation in which the
first threadthdesd dataes thedhiead te wdtidhothefaple pemans by tthposkoh (sg om0 ek. t he
second thregﬂ. pecifically, should the second thread be excluded from

[

access to th 1y thetdedisipn b Rrent; the ey eniHatectRTs Bilistares @49éct to t he
dth whi Gh -31 -. 7 MAY 2004 WO Q1/41529 PCTI US 28213

?ggainr ed {g%g'{)?rnngéanéogaé%vf ?ttWPE’aedgﬂgﬂﬂﬂfée’Sngcﬁf‘?eWﬁébe H%rt%CB & he pre-

nuke signal Jdgﬁn{ fhedveRf ﬂ&ﬂlaYioRWEi@@b@ﬂ aha ﬁt.lnﬁertﬂdwtrég%}grsoaf pérnﬁng

processor, an
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 retirement of the first thread at block 270 and asserts a “pre-nuke” signal
169. The pre-nuke signal 169 is asserted to avoid a deadlock situation in which
the first thread dominates the instruction pipeline to the exclusion of the second
thread. Specifically, should the second thread be excluded from access to the

instruction pipeline, the conditions with respect to the second thread which are
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specifically to the nmenory execution unit 42, to starve the processor
pi peline of mcroinstructions constituting the first thread for whi th NA Q004
event was detected. The starving of the processor pipeline may, nerely for
exanpl e, Wetperstdbrmed by disabling the prefetching of ingtrussi/gsmiand Sel f
Modi fyi ng Code (SMC) operations perfornmed by the nmenory execution unit 42
or other conponents of the front-end. In summary, by stopping the
retirement of mcroinstructions of. the first thread, and/or by halting or
m croinstructions wth_the first

substantially reducin t he feed;. 0

t hread int T’Fém&;iotc?égwe F éﬁ‘ﬁ?lﬁggefi@wm??ﬂ’é‘éaﬁ%o Wed hpPet-

[ nrsﬁe Ippogeﬁ sig-ﬂgl 188 QIEQEJ‘;{R.IM ¥ Qdardy degdlock situyati gqn ies Eed g(rag.ncit
deci si on box %gé a dlefterm na |% K spar%‘dgg as Fér%gpﬂg?%e E@éSﬁaf'aPHread is
active W thi E‘péclﬂ‘?caﬂ}'lté kﬁ%%gﬁdeﬁcﬁﬁﬁﬁﬂﬁ 430y sﬁﬁ?g?&‘éﬁ%ﬁés@g} %éiﬁaﬂhé‘g%e

retired by the reorder buffer 162. If no secon I's actrve,

nmet hod 220 pricoastsicHbfieeinkititdghhofilst 2idad WeKRich the sdnt bRt ear i ng
operation termed a "nuke operation” is performed. The determination as to

whet her a pafhé staheng of Hregadcdssoguipeline rony,imerty foe erayipbebpeefformatl wit h
reference to the active thread state nmachine 171 nmintai ned by the
retirenment cBheablieg thepreleidang ghistrugion ayerelt Modifpwieode©MEY h t he

assertion of _the.nuke signal. 170 that has the effect f clearing both the
i n-order froﬂ?grgﬂﬂrmaﬂ%f? r?f@%obd’ttz‘ng%?%{éfrexﬁ%fWer&tgfofﬂ er ﬁ?fF‘PP’E“T*I%%%’lged

processor 30u4Qf al e, ”%% i .only the first threa IS
active, no cg%sflr et?etg'? ] (%ﬁ%nee g‘gf'tt%e%%%?gg}ﬁe f%"?‘ﬁgme?ffrgléfo%gtrﬁ]hé) n%lﬁ’ge
operati on  Othednyt Bk, aﬁ@;&aﬁhglmg oFBIbs R RN G S cig) dneie@Hg ¥ thin the
mul tithreaded processor 30. the other hand; if it is determned that a
second t hr eathidgreiratrincvenswithitre fitshéhwead initd Hreqadesspr pipebsgnh8fecahd deci si on
box 272, the method 220 proceeds to performa series of operations that
constitute tHaeatbis@ivargprefsrensedn e pregespen and (herproBability7ofdeadidek WO

01/ 41529 PCT/.US00/ 28213 nuke point) for the second thread at which a nuke
operati on nay'‘Hepét f4

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 present 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

perform a series of operations that constitute the detection of a clearing point {or
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wi th reduced negative consequences for the second thread. The nuke
operation perforned followi ng the detection of a clearing point is 1 hAY 2004
sanme operation as perforned at bl ock 274, and accordingly clears the

mul tithr ed@d4pi2dcessor 30 of state (i.e., state for bot PaTEsdRszes and
second threads). The clearing of state includes mcroinstruction

"drai ni ng" operations described el sewhere in the specification. In an
exenpl ary enbodi nent di sclosed in the present application, the nuke

Speralien PeaTE R A0t AELPCHIN, Sl S 501 00,8001 oes no

di scri m nat e 'bet state maintai néd for f tate

mai nt ai ned f%itﬁréﬁﬁ9@qeéﬂ@%@ﬂﬂq&%h&éfﬁ?ﬂﬁ%édﬁdﬁ%ﬂﬂ?gl]'t]@rrﬂﬁ@%ﬁgr]aﬁgr In an

al ternative enbodi nent, the nuke operation pertor oW ng

detection ofpeafogineafdlN@vingithd deryidil 8R4 cleddigepdial isQRé YarAe spardtign biir ead
(i.e., the thread for which the event was detected), where a significant

degree of regeuiocmed htblonk)2740andpscordinginclaamsuhée i baeteiddprocsss@0 30 and

where such shared resources are dynamcally partitioned and un-partitioned
to service mifate flee statg wadeth higdirsicirehsedcond Bireadsat Ehe elearing phypte thread i s

particularly.c | ex, However, .this. glternative e di nrent may, require
s basl a3 B icriinanbeon "EERi G AGSTRE™ HEICT D08 C BT R ARt o at
deci si on box e .a. . fu I rm i IS . deci.si.on Xx. 278 as
t o whet her tﬁézcﬁfelccaglr?h ﬁ?@%ﬁlﬁ@éﬁy g%@%é‘r??%}tgés cgEﬁgg\llngn € PIEIRE tg%ﬁcga\tfgﬁt may

conpri se any Ré nhk€oNd S SpH SrEnS R0 MR, defectBRlof hREaMhEPdhl JNPKE event
260. This determnation is again nmade by the event detector 188 responsive

to an event sicgdskrid@Gtobetavebalihd sthref mamedihehforai fraeihreelarfdthetsh@e second
thread. Information concerning any event encountered by the second thread
i s stored i nm#etagadiiponsesond Raread enithinthe pvaiithoepdeddiretassor 3Bpdndedi cat ed
to the secondlthread, %ng.the %¥eni occurrence,is rg istereﬁ éﬁthln t he
pendi ng evenflFE{NYE smbogiments the uke opsrafionmesiogmad doHqrngdng rieryen

SpEoun et o, e S4Sy e ANe TEkDR Bopscln Goes oyl 200,
performed towHigathelebentWhd ddibdiedy] thepé 96128 FRANCTegRbe 8f REQUICALRRINRAL i Vel y,
occurs within a multithreaded processor 30 and where such shared resources are
dynamically partitioned 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 determination at decision box 272, a further
deterrmination is made at decision box 278 as to whether the second thread has
encountered an event. Such an event may comprise 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
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shoul d the second thread not have encountered an event, a determ natic} I.S
made at decision box 282 whether the first event encountered for thef/iMA;2004
thread requires that a shared state, or shared resources, be nodified to
handl e t YEOPIH#SE? event. For exanple, where the first evemCTosmpeizses a
SYNCHRONI ZATI ON  event 262 as di scussed above, this indicates that the
first thread requires access to a shared state resource. The

SYNCHRONI ZATI ON event 262 may be identified by the retirenent of a
synchroni zat | ] i nstructi for,the first__ thread,that has both shared
resour ce andbgg%{(ﬂﬁe?%% CQ% i tg'ﬁ H?qugwl FrddadRrgcessor 3 StaltS'GA;@g@é'i"& Yed

therew th. Fighing tHsebSnd@ 198 Kot A i, that _shown in Figure
9, that shows exenpl a'rynconteent 0?or t%gbl#@g?g ef%(%%eot’ea %5@]'?%\@0%5rti on of

the tabl e 18fhadkhogetifdn box 2BE wheltih thd iR e it efcourdtiye836r Q*)eﬁgi;tsth%}gm to
e

include a synchronization mcroinstruction that is referenc by the
retirenent poiquires that82harfldeststynatshanidzetdiafed be ydibéd uChirdle ie first
furthernore shown _to have a shared resource flow narker 184 and a
synchr oni zat $¥tf Feneammervhes thafsbevat edmphiseensY NCHRONIBATI@NENt  of

the illustrated chr.oni z%ii on .crojnstruction will be registered by the
event det ect%"re“ig%{] BHEs e‘eﬁ‘feeﬂlé%m&rcafﬂé thahibeRon trrepdaraeivesRccess 2. | f
the first evgnt_f first thre 0) is.determned not to
modify a sha{r%)g'dS hgé)%c{ %etggerr_e?ge%rﬁﬁ'r?{é? g?ﬁé%%@%ﬁ?ﬁ%‘e@&@?%g%eci si on box
264, where @eAGLAIBY BR lefRerhEnBUS s bR MAGH AL RBERY dead (€. 0.,

thread 1) is retirihg a mcroinstruction as a shared resource flow

mar ker 184 aseci thbehas HdR kR tesdRet@sd fighchforiHine R nidiRers 8B4 hErENt
pointer 182 for the thread 1 is shown to reference a mcroinstruction

havi ng bot h Héshsaciaied tyaewith. Figiwe 1 Kglock Bk gand, simelpn chthansteain on 1 ow
mar ker 186. %n t{}és siguati on, the condjticon presented at decision box 284
wil| have bedRUFaT-thatsBaws sxamplasy serisalfor spregsdartabladBy) Phopewies of o bl ock

AR LT R SR T A

PCTI US00/ 282 chronization microinstruction that is referenced by the retirement pointer
182. The synchronization microinstruction is furthermore shown to have a
shared resource flow marker 184 and a synchronization flow marker 186
associated therewith. The 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
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thread (e.g., thread 1) not reference a mcroinstruction having either a
shared resource flow marker 184 or a synchronization flow narker 1867 MAW&00:
nmet hod proceeds to block 286, where retirenent of the second thread

conti nuedv@yiiig@yancenent of the retirenment pointer 182. PL@MSItz2 ock
286, the nethod 220 |oops back to the decision box 278, where a

determ nation is again nade whether the second thread has encountered an
event. If, at decision box 282, it is determined that the handling of the
first event _f il t hr e.q...thr requir h

mod 11 catt ont8rod R uER A BB F ot Rt * O B b 8B

deci si on box r%%ﬁrc,evmﬁl" ﬁ)ﬁkgef@rdpa tmnlz%tiomev Mﬂée?qgfw,tt}t{'@ﬁﬂ%nd, thr ,ead
(e.g., thread 1) is retiring a mcroinstruction that has a synchroni zation
flow marker pifreagseailaticrbe hdegdiditembht Fhe $dt6Ad tiread B tiriddgbgaded nuke
operation is perforned at block 280. If not, the retirenent of

m cr oi nst r uckd vanceorent betheaeirethdni peadercididt Fnaeghablobk 88 tidBMetiidid20ei t her
an event is encountered for the second thread or the retirenment pointer
182 for the lospsbaek thiheaskgcisipndiax?78, wheresi daiemuyetiomislgeinigage

synchroni zati on fl ow mar k&r 1g%associ ated therewith. Follow ng the
comrencenent “Orthardhesacand tuead has engoupteseg angHe tat bl ock 290, an
appropri ate event I J AP, € L ] . from
the m crocode seqﬁﬁ?gfﬁgggdﬁ(réogg@et?s {I%S%"é'ﬁgI@tﬁﬁgﬁgﬁg%}gttﬁgg}eéﬁ?‘?&qw rtual
Nuke Event Afordfsrd:pRitaaioye ke oM cEliel ihlibamyaiin dorafediafdl ed i n a
slightly different manner than other events. To this end, Figure 7B is a
flow chart tdsbusdes dieimnethad 220 peste28lto deeorrdbmg288pwhareexdepinainytion is
enbodi ment, of detecting and handling a VI RTUAL NUKE event 260. The nethod
291 assumes MeERgtwhrshenibasecongthieagdegndhiend dal ralieng amigiptnsyTusbafi ng
(i.e., recorded.in a pending register f t he .second thre . ,Ihe net hod
501 hegi ne. alhebiBER SRABTER eh o HaTELer o BoRFIE SR Dol BERTES of a

S oavent fridfivitEsdelrilie' defAifbn i3 peftoAfled YPRLL Y. A RS, BBRRGmer?® - 7

of microinstructon for the second thread continues at block 286 until either an
event is encountered for the second thread or the retirement pointer 182 for the
second thread indexes a microinstruction having a synchronization flow marker
186 associated therewith.

Following the cornmencement of the nuke operation at block 280, at block
290, an appropriate event handler 67, implemented in microcode and sequenced
from the microcode sequencer 66, proceeds to handle the relevant event.

Virtual Nuke Evenlt

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
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WO 01/ 41529 PCTf USQ0128213 of the events discussed above with refer eniﬁw
Figure 8. At block 293, the event detector 188 stops retirenent of th AY 700
first thread. At block 294, the event detector 188 detects retirenent of a
m croi nsY@erv416W with either a shared resource flow mar ke€TAB40/Tm138
synchroni zation flow marker. At block 295, a "virtual nuke" handler is

i nvoked fromthe m crocode sequencer 66. The "virtual nuke" event handl er,
at bl ock 296, restarts execution of the second thread at a

m cr oi nst ruc%gg&z%%gfe&yggge é’ootvhg»f ﬁef%r?cs él;qg%er eti red_ abov_e at bl og\k

294. The neth hen en Operation Figure 1I.
is a flowhart il l%‘t'%icfcﬁ%@gh@e{?@{t@@%c?tWBs %@?Eghgﬁheh%f R Itﬁf%ﬁd.

enbodi ment, of performng a clearing (or operation wt

mul ti t hr eadedh tplakEaMhe PR 88 det@Birefitdnsdént 06 msiefpdiridionadsn The
met hod 300 commences at block 302 with the assertion of the nuke signal 170

by the eveneithetedtaged 1G8uresoonsiavierilds bhespetwonieatoe Boe matkectAon of an
event. The nuke signal 170 is conmmunicated to nunmerous functional units

within the HRifck ?ﬁraeaferéualw&eebwe@@m@ﬁwdtfm Heguiarpwdesaguersensert i on

t her eof defi wwthin vities in pre tlonf r the
cl earing of ‘ét‘é'”é‘r\%m[‘g% EVEB{}fﬁﬂ&!F?a?* ?F b 'i?ﬁ@f‘is(ﬁ?ﬁ%‘[) hl?%l dhAPEOPRr f or med.
Figure 1215 ugeld gl 0ot amion W Slgge 16 pRSARLL r*a_?u“a’ Cyalgnal 170

ea
occurring sync ronous w T C oc A °At bl ock

303, the act bMRkLbs eTHe Setif mqhérn@nassat%v&h(@ted At bl Ock 306 the
sequence number and |ast mcroinstruction signal, that indicates whether

the mcroinstruction on which the event occurs retlred or not, for both
the first and the second threads are communi cated to the all ocati on and
free |ist managenent |ogic 122 anmmh is a structure in a Trace

Branch Prediction_Unit_(TBPU) (that inmturn part of the TDE 60) for
tracking nmacroin ‘tgﬂ‘ﬂ"cilf‘%ﬁaa ‘Ef”?haé?'&i”ﬁgftimlﬁ:? f’t?ﬁh‘rf{ﬁ% é‘?‘ofci'f‘grtﬁatl on within

the in-order exéﬁpﬁr}b@(b%& nt, of performing a clearing (or nuke) operation within a
multithreaded processor supporting at least first and second threads. The
method 300 comumences at block 302 with the assertion of the nuke signal 170 by
the event detector 188 responsive to the occurrence and detection of an event.
The nuke signal 170 is communicated to numerous functional units within the
multithreaded 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 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 communucated 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
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WO 01/ 41529 PCT/ US00/ 28213 front-end of the processor 30. The TBIT utilizes
this information to latch information concerning the event (e.g., t-hie MAY 200
m croinstruction and nacroinstruction instruction pointer). At block 308,

t he eventWadiddti2zdr 188 constructs and propagates an event poegswonrsfioar each
of the first and second threads to the m crocode 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

i nt I t €., th I h reti t . poi nt 182 wh
Do) "5, PSSR iy Y61 5% BRSO el b RS o, O2 e
identifies aihgﬁgghgﬂCgﬁ%ﬁﬁﬁggﬁggwg%%égfngn&%ﬁﬁgg%g%HGGcyhere m crocode

-constituting an event ocess ected event is

| ocat ed, andIﬁﬁﬁoashheﬁadhggg@ﬁ&{ﬁ&ﬁkgp identify either the first or the
second thread, and (4) a thread priority bit that determnes the priority

of the event handlAgblék 308) tae eventtdetddier BBebhsthadighet pidpapkad ahekemt her
threads. At block 310, the allocation and free |ist nmanagenent |ogic 122
utilizes the vesionderrach efithsdirst ashseoend tueasto the ouiko80s: sayuadeeaiée a

shadOM/regisﬁgr al i as tablﬁﬁishadow,RAT to a point at which the nuke

poi nt was det@Ch 8YeYECtorinclyslescietes ¢ia, infogmatian shad idartidiep (1)t phydeal st er
alias table i s.restored fromthe.. . shadow.register alias table. At

bl ook 314, ¢ Rt SR BREn IRl Rroriahabitkanve o don S5 v nbars
regi ster numiessSodfEd (iR £3ud of ERA AR ?%omtglmeglfjrﬁ.ﬁ(e r%%\ill\ﬂ assi gns

the recovered register nunbers to the trash heap array 1 0 ich the

register nurvasridemifed)da) ah dendhhdief Riéntifibethat |R68HONIRAHoA W i St
managenent |logic 122 furthernore asserts a "recovered" signal (not shown)

when al | apptipmicroeoder egigicer thwitber midiagelelreestitueog usrednt nomii¢rttd thr ee
i st manager 134. The nuke signal 170 is held in an asserted state until

this "recoveP&eressglatedted quepkislaepted. pam @hethapadidantiber Wridentieithest
Egcggfgfm el:i?lgéu 1rs%§{2/ tehe'rblétgfobnl_dgt%léea%&ghd ?4)';3 t'l'1;§eeagi porri(;rit?' ?trtﬁgt cﬁét'ererhineg ‘.h%r es that
priority of the event handler 67 relative to the event handler invoked for other
threads.

At block 310, the allocation and free list management logic 122 utilizes the
sequence numbers communicated at block 306 to advance a shadow register
alias table (shadow RAT) to a point at which the nuke point was detected and, at
block 312, the state of the primary register alias table 120 is restored from the.
shadow register alias table.

At block 314, the allocation and free list management logic 122 recovers
register numbers (or 'marbles”) from the free list manager 134, and assigns the
recovered register numbers to the trash heap array 132 from which the register
numbers may again be allocated. The allocation and free list management logic
122 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 aliocation and free list mana gement logic 122,

At block 316, all "senior” stores (i.e., stores that have retired but have not
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- 7 NAY 2006 WO 01/41529 PCTI USQQO 28213 yet updated nenory) for both _Ihe
first and second threads are drained fromthe nenory order buffer uUs HéY 2004
store conmt logic (not shown). At block 320, the event detector 188 then
de- asser MO #HESAUke signal 170 on a rising edge of the clrEgku®pgsas 304,

as shown in Figure 12. It wll be noted that the nuke signal 170 was held
in an asserted state for a mninumof three clock cycles of the clock
signal 304. However, in the event that the "recovered" signal fromthe

[ 1 ti i i j t ed thi,n th
flrot two ol e SR bm R AR Ine O Sod G80he BhaRRRrhEea el bt "o
the nuke si gR@hor7Rdet BEEURM s 48t ELHNiIIGE Widilshgukgnd assertion of the

nuke signal 170 Dbeyond the illustrated three clock cycles. The nuke signal

170 may, in one AnbhdkBROithe beettaletect@NBs e@UGhadsertd the hile difHR¢7EbOCK
cycles) to allow conpletion of blocks 303, 306 and 308 di scusSed above. The
nuke signal a7Bingsdgesd thegork signalB0deasebodnfiorFigaketi 12 dhwill byndted thay al | ow
conpl etion of blocks 310, 312, 314 and 316. To this end, the nenory order
buf fer asser the nitkesignal 150 g heldgnginyaseertes yatgifor »minimewn of Weregsloek t i on of

t he nuke signal . At.,block 322 he, m crocode sequencer 66 and qt her
functi onal gﬁ){c[l%s @it{"ﬁflﬁdfﬂgnﬁm@i PeRFEdn PR R thatdpe gestened sigmel ve

bits" maint aj - | : ' ;
Phether t e FRREHDIER oA HEe 1Rk ShRLEIIRETIANE ndl sk Red R RLTHES

inactive st afigst bablcitkRYclbHSf OREUKBNGR] 984 follBR LY BlalassdYBBR of BRGILCal | Y,
the active thread state machine 171 maintains a Tespective bit indication

for each thre&goaleiOathe ewetthdatedtbel §8vil] dxterebaleertiopradcks soke Sgnithad
i ndi cates whether the relevant thread is in an active or inactive (sleep)

state. The ebipnd etliustatedhihreqdogh ayrlesdEhareka signg 1AAdayeiporsi ve to
whi ch the even et ect,or assert t he nuke signal , 170, y conprise
ei ther a SL%EE‘)%%?{%’ bfGQFJI‘g?‘)% %ﬁﬁ'&&d(ﬁ@eﬁlfe 'tuhﬁ a’f’ Wscilafs{@n%ﬂ'g’l’t her the
first or the % I nNAcCti

i ndi cated at co}%‘ﬁl@i{'—lgn E? g&?ggi%eé?\ﬁgﬁh g‘?:ét(?%gehst raegad&%’st@;égm%gtﬁ%%lel%a}f S
eval uat ed duld nguired 1858 Geld foR a8ditidAa] Fiks to 81l@RRbmbI&iorPHIb1bNE 338,at e of

the "active bits" are accordingly regarded as valid
312, 314 and 316. To this end, the memory order buffer asserts a "store buffer
drained” signal to extend the assertion of the nuke signal.

At block 322, the microcode sequencer 66 and other functional units
within the multithreaded processor 30 examine "active bits" maintained by the
active thread state machine 171 to determine whether the first and second
threads are each within an active or an inactive state following the occurrence of
the event. More specifically, the active thread state machine 171 maintains a
respective bit indication for each thread extant within the multithreaded
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 170, may comprise either a
SLEEP event 264 or a BREAK event that transitions either the first or the second
thread between active and inactive states. 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
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-38 -, 7 MAY 2h06 WD 01/ 41529 PCT/ TJSOQ 282] 3 upon the de-assertion of the
nuke signal 170. At decision box 326, each of the functional units t-hatAY 200¢
exam ned the active bits of the active thread state nmachine 171 makes a
det er m nX{Q B14138% t 0 whet her both the first and second thPeadsoEreIact i ve.
If both threads are determ ned to be active based on the state of the
active bits, the nethod 300 proceeds to block 328, where each of the
functional units is configured to support and service both the first and

t he second agpbx%hé 8L g%g ?trthgﬁ egparsf%r age and buffering capabilities
unc uni

provi ded within various I ona S may be logically partitioned by

activating a secopddpQiibh®ox 396, e%c%m@cmﬁxon%i uRBd HafbRamhBAthdGvel | M ted
to a specific set (or range) of entries within a storage array. Further,

some M specbfts of Higppnvé threyd batasbiat exll inbkéswdéteraadsion ke tawhbtier For
exanple, thread selection |ogic associated with the m crocode sequencer may
sequence t hr beldsthe fioshamdfsersid threadschré ective, [Ti)th threeds aresdatemuined ratad
(e.g., Ti) or fromboth first and second threads and Ti) in a

" pi ng- pong" ﬁﬂm?é?asecbagéhﬁ gateafdhe aethgtbitss thereethed gQ@Pt%ﬁ@&doﬂ%ﬁéﬂ&achl ne
171. Furth t b f d based bi t

Suput of |t hehsEe Fash O e BrtEtutl i ok A e L P s BTOEP B any
nunber  of StﬂIs‘Faﬂﬁﬁ}hﬂo WaEm@t eadd! 26LERM I Qlakébhfv% Lagbeha.v' or, or

change state, base he ®out pu Rirve rea machi ne.At

bl ock 330, t}s@amsume@@egﬁdseqmnﬁ%n@@s mﬁaonﬂr&s@eﬂ@ bologRaugnce _
m croinstructions for both the first and second threéads. "Alternatively, if

it is deternpmidioatd bgcicEvaingdozecdab poiratr, onb yecmd saf of reintetd, tlsit aend second
threads is active, or that both threads are inactive, each of the
functional uhited |t§aéﬁﬂ¢tﬁgﬁﬁté@rta@gslfﬂmvmesaﬁdhg@sip@@e@may Fuzthpgl e acti ve

hread ot O ock RO AN o M e L FARER LBy g vl o0 Ve
contSur e BRI oEL T v B ESIRE BP0y
support mul t ddghenédVheafds frdiRaHr& thread (e.g., TO), from a second thread (e.g., T1) or

from both first and second threads (e.g., TO and T1) in a “ping-pong” manner

based on the output of the active thread state machine 171. Further, localized

clock gating may be performed based on the bit output of the active thread state

machine. In a further embodiment, any number of state machines within a

processor may modify their behavior, or change state, based on the output of the

active thread state machine.At block 330, the microcode sequencer 66 then

proceeds to sequence microinstructions for both the first and second threads.

Alternatively, if it is determined at decision box 326 that only one of the

first and second threads is active, or that both threads are inactive, each of the

functional units is configured to support and service only a single active thread

at block 332 and some MT specific support may be 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 multiple threads, pointers

utilized to support further threads may be disabled, and the set of entries within
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utilized to support further threads may be disabled, and the set of entries
within -39 - 7 MAY 2004 WD 01/ 41529 PCTI USOQ 28213 a data array that-ahY 2004
ref erenced by remaining pointer may be expanded to include entries

previ ousMO eEtBRenced by the disabled pointers. In this wagT/USEe/282i3 | be
appreciated that data entries that previously allocated to other threads

may then be nade avail able for use by a single active thread. By having
greater resources available to the single active thread when further

threads are i t Eraedrigr - i i.nj hread na
be enhanced %g?gatéirg% Fc?tttgﬁee&?%%% or Elgg%%?g%{&%g%%%@d?ﬁr%ads are d
al so support g@leldhtfled Pevididly tdiéreR@ded tRé AGEBRAM oI ker Nin Phiockay3d4, the

m crocode sequencer 66 1gnores event vecCtors for an inactive thread, or

i nactive t hredlibe apprkcire et elatadrtrial thattpraciousiys:lioni tgd toothar thresdd bl e
active thread. Where no threads are active, the m crocode sequencer 66

i gnor es t he Bwgrhenbe nude Fvgilablefontuse budsingdy agivevthriadg Badiaving grieater

mai nt ai ned by the active thread state machipe,K 171 tE‘ha can be exam ned by
various funcleSBHIges awle IR0 EtSH@'%hagﬂgﬁﬁ] yihepfur az¢ Gasive 70

(signaling the end of a npke operation), .a cqonveni ent. and ntralized
i ndi cation ig}]edjreé a8 c%(?gg}edﬁ e feén%’i)"grluhﬁeﬁ W/agﬁeoﬁg]apﬁ%dc{eﬁ%ﬁael t_o Ui ts may
be configur egexif@rn%HQQQﬁéreaf EAh 88er W%rargfalsagﬁg?@rt&h]mﬂ\@? thd thin a

mul tithreaded processor 30 follow ng conpletion a nuke operation. Figure
11B i s a bl ogkilsthagicran sraewdspg3exenpl ary configuration logic 329, which is
associated with a functional unit 331, and that operates to configure the
functional unit 33ublock Sapbe migweodsrsequancenif igneraseventdwectars firmn t he

mul tithreaded processor. The functiognal unit 331 may be any one of the
functional uNPEREYEEEead. 198 anansiye dhre SréMSWEEQSMFOWC“PﬁéP“WfPFabe

understood b er.son, skill in the art ‘to,be .incl.uded,within a
processor. Tﬂessﬁlljéh)?ﬁqv&r}}a]fea%nl e t&eagﬁ%{/‘\aﬂ“{] Se'ﬁgﬁe/én 'Bot ?ld%?e@rugﬁceergﬁd | ogi c

conponents tHabranke ePR i \@URY forbYl thidgdconfi guration logic 329. For
exanpl e, the storage conponent may

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 accordiﬁg to which the various functional
units may be configured to support a correct number of active threads within a
multithreaded processor 30 following completion of a nuke operation.

Figure 11B is a block diagram showing exemplary configuration logic
329, which is associated with a functional unit 331, aﬁd that operates to
configure the functional unit 331 to suppert one or more active threads within
the multithreaded processor. The functional unit 331 may be any one of the
functional units described above, or any functional unit that will be understood
by a person skilled in the art to be included within a processor. The functional
unit 331 is shown to have both storage and logic components that are configured
by the configuration logic 329. For example, the storage component may
comprise a collection of registers. Each of these registers may be allocated to

storing microinstruction or data for a specific one of these threads when multiple
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conprise a collection of registers. Each of these registers nmay be
allocated to storing mcroinstruction or data for a specific one of~ { MA¥E 2004
threads when multiple -40 - 7 MAY 2004 WO 01/41529 PCTJUSQQ 28213 t hreads
are acti WOOR/AE29 when a processor is operating in a M nodEYUS00/28213

Accordi ngly, the storage conmponent as shown in Figure 11B to be logically
partitioned to support first and second threads (e.g., TOand Tl). O
course, the storage conponent could be partitioned to support any nunber

O 2T on AR ard A S RAMPARGALoL & IO { D BB NT |09 0 Loat

is specifica suppor readed operati®n w thi e processor

(i.e., a M mdeidinklylig G6RkEISHHALAGN ab 9%Cn 32Pig @hptain
poi nter val ues 333115lé yvvhi ch a?e ou?puttead to the ] u(%? %@@%ﬁ%ﬁ%ﬁ? of the

functional unpattid@ied forsuppert faxena eyndcobadisegt, ToheSH ) POF Bb&fse MBL UES 333
are utilized to logically partition the storage conponent. For exanple, a
separ at e pai stahge exdpanehtupildee grofinemad twalpperteoy|rdinbeergd netivt ed f or each
active thread., The upper and | ower bounds of the pointer values for each
thread are déb&Pffned by the configuration |ogic 329 dependent on the

b f ti ads. For xanpl e, the ra of registers that nmaybe
o eat od by - cotb IS roamet TR g Gui R o e Pk patieal) e
i dt i i Ly ahl d,
Shour d that _SeBEST: A EGReFAR B BN P RIBIEM 1.0, ZRPE ISR °200 a0

i ncludes MI support enable indications 335, that are outputted to the

| ogi ¢ conmponent of the functional unit to either enable or disable the MI
support | ogi c of tThecénfigiretbomlogiciif9ds §3ivn heaaciinyeidtet sald2s333put put t ed
by the active thread state machine 174, provide input to the configuration

| ogi c, and ardigh p1eioEBuByd thestniprgiaerasnt of bifengzgal uniydpbriaanet he
SPOLo0r L BRURR) ot RS d e b R LR BB T ovpror
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.
The active bits 327, outputted by the active thread state machine 174,
provide input to the configuration logic, and are utilized by the configuration
logic 329 to generate the appropriate point of values 333 and to provide the

appropriate MT support enable outputs.

Exclusive Access by an Event Handler
Certain event handlers (e.g., those for handling the paging and
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Certain event handlers (e.g., those for handling the paging and -41 - ngﬁm
2004 WO 01/41529 PCT/ USOOL123213 synchroni zation events) require exclugi 2004
access to the nultithreaded processor 30 to utilize shared resources and
to nodi f WEhEIEY state. Accordingly, the microcode sequeRCEUBH282pl enent s
an excl usive access state machine 69 which gives exclusive access, in

turn, to event handlers for the first and second threads where either of

t hese event handl ers requires such exclusive access. The exclusive access

state machi nﬁﬂ} ewm,l l?clprl %vepl?s Gd&cu%}eegx%Fu%i\)A@%g.ess 6 etrplﬁﬂ]tﬁﬂegldeé %%gc%gsérs

active wthi readed* processor ow nar Ker, SocCl at ed

with an evengg mmtz%rshtarairegémeé@aﬂcﬂﬁ)dm\emg éﬁﬁﬁ%Hléﬁité(eAgﬁ%Engiﬁ%’ley,itﬁe Inserted

into the flow for the thread to mark the e of the ex code

conpri sing tieroveid seéqanfldee 66 iphendiea ¥ edIuS Y SccdsGeRs nathaemdl whied for
all threads, the m crocode sequencer 66 resunes normal issuance of

m croi nst r ucgivenexclEEigelaaess3 ini wirn, thlevenhizartdieds lfosthe firtmagdsenmichidaleatBO,
according to exempl ary enbodi ment, of providing exclusive access to an
event handl evhere sithenof these gyant handleatrequires sechsselugye arerssnébfiod 400

t b k 402 wth the, i pt th ' d 66 of
iTat and cPOHE AT ALt BIERIEdD TFBepBos e TP ar HAmEodan oFhr oads,
from the evepbe fekachol A8, utSn IFRRILAEH o AROXRa0 RGP IndRE, 11 st and

second event vectors w il 1denti aresp ve event er 67. At

deci si on boXasdf3ated wieh 8h Bl AAHA00dr $haMBE BrASdED wNRQIBRE VERIcEesE NgN one (1)
thread is active. This determnation is nmade by the m crocode sequencer

wi t h ref er enceertad trte tlacfiow dot the eladad ttatearkabhemboflihe exdifisivetpdd he net hod
400 proceeds to block 434. If so, the nmethod 400 proceeds to decision box
404. At deci SRFipDg 2pevent handlet r Gootide sagusive ercespisraredetad el ni nat i on

as to mhetheg ei t her of ths first or secohd'evenH.handIg&s 67 requires
excl usi ve aREREs s MICLorRAs GeqHRser (o es M e bR P11 dS NG ed state. If so,

at bl ock 406, td&insructions.

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 whether either of the first or second event handlers 67 requires exclusive
access to a shared resource, or modifies a shared state. If so, at block 406 the
microcode sequencer 66 implements the exclusive access state machine 69 to

provide exclusive access, in turn, to each of the first and second event handiers

-42-



m crocode sequencer 66 inplements the exclusive access state machine 69 to
provi de excl usive access, in turn, to each of the first and second eveMdY 200k
handl ers -42 - 7 MAY 2004 WO 01/ 41529 PCT/ USOQ 28213 67. Figure 14 is a
state di X &H18&i cting operation, according to exenpl ary pcanisoatzsrent , of

t he excl usive access state machine 69. The state machine 69 is shown to
include five states. In a first state 408, m crocode for the first and
second threads is both issued by the m crocode sequencer 66. On the

occurrence of glykss ARSALION 410 S0ONSING.L0 AN SYEIN, LAl equires an

excl usi ve access~ event han e machirie ’to a

second st at eehb3diMbiR] &f the @xcllidit 8 hc @¥Eak teNRNIESS 6P AHd stfle ’mzhchme 9is

m croinstructions), associated with an event for a first thread, Is

i ssued. Fol | gwivwg td hehsiedilentitag Bfa Alsh siateca08] Msdrottiedel foNthet @t andonstitut e
the first event handler 67, and also follow ng conpletion of all

oper at i ons i $gspnddheadpip botl kssned by s niaretdderssquérver 66. cDnctheeccaegnancer 66
then issues a staJl mcroinstruction (e.g., m.croinstruction having an

associ ated SkaNN<s pRRIAER f 1) sespensive iq 4 ¢veantiat Fresites ansralusiveaettsne 69
fromthe second,st at 12 to athird state 416 in which |[ssuance of a
first threadgv%né?'SPﬂlgf’rtﬁ%fﬁagﬁ‘glaf@neg’?éﬁar‘%‘ onsfo ysegong ﬁ'ét"s‘%]:a' P"’?‘emma

m croi nstruc;j ' 14 oL f rger, fer. 162 to
Ther oby o 1 aniisPRubSHIREIc 7 (i, diroBbich bk AR ed LRGN R e

- fourth stat etrdef,iiissdde IFolloevifg e{e0RadenSRENRAER 6B iskes thhe second
event handl er 67, associated with an event for the second thread. Follow ng

t he sequenciongtibfte ghd first evagitihgndlec 67 onsl dlswafolloansy édmipletibhef skcond event
handl er 67, and also follow ng the conpletion of all operations instructed
by such m cPRETAUPRUBETBFHEY by tfd clyfrierosnstraicens thromicremderrequenseuts a

further stal mcroinstructi.on at. 4 to transition the state nachi ne 69
fromthe f ou!rh R P8 256 mﬁ@ﬁ%%@f‘é@@"ﬁ?ﬁ%%%ﬂ haKB e BRI Nt

handl er 67 igashal Adrkeffar438to hjaﬁsiﬁtaﬁltll\%stmeg{;ghﬂ%é%&notﬂeis Cz)“ggta??ée 422 is

retired fromthe reorder buffer 162 to there transition 't
machi ne 69 f4l@motahtirllistdth 458 Bi @h#tR4sdvanke 6Q filethrbdbhiabalsgudQéns idt bl ock

432, the normal sequencing and issuance of microinstructions for
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
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both the first and second threads is resuned, assum ng that both threads
are active. Aternatively, if it is determ ned the decision box 404 7 MAY 2004
neither of the -43 - 7 MAY 2004 WD 01141529 PCT/ USOQ 28213 first or second
event hanNdP érslseequire excl usive access to shared resour c@8TaisM/aat e of
the processor 30, the nethod proceeds to block 434, where the m crocode
sequencer 66 sequences m crocode constituting the first and second event
handl ers 67 a non-exclusive, interleaved manner. The Active Thread State

Rccor di ng 1 ol 5 o7 SReRRT D! BHBURRERY TR ey Be OBt SEOBYE b act i ve
t hread stat estamh%f%}s&@g ﬁ%ﬁﬁetﬁ\%h 'ﬁ?é}{e%g R b6 LR @YeREcode

according to an exenplary enbodi nen at may cause’the active

thread. - st at geqiRabIS shdlleri@s HiaRebdé &hsBRINMEARe R aMakbQH Sleft €S. The
active thread state nachine 171 is shown to reside in one of four states,

nanel y a si nphedletwr@adndn-¢8T@Qivetiateeley02] marusdrngl e thread 1 (ST1) state
504, a nmulti-thread (M) state 506, and a zero thread (ZT) state 508. The
active thread state machine 171 naintains a single active bit for each

thread that, when set, identifies e associated thread as being active
and, when reset, indicates MMMMAC tat ined16ki ng i nactive or

asl eep. The transgdi| t .t he four,s - ' r..ggered by
event pairs, eact'gggé;?l% g%fs\p%%%ég\%%n%giﬂr}ustﬁreﬁzisga?%gg{)%r%g t{Dl‘—ﬂ}r\st or the

second t hr eagkeshPlar} BALSHBIG HhBOFAPHEWeufe UGS 2 Bhe BVRAY stayPes are

indicated as contri‘buting towards a transition between states.

Speci fi cal | ymaahiSkBFPagd @b illsstadtirgeaisitidiadveneansesding thagadehplabecone
inactive. A BREAK event is an event that, when occurri n% for a specific
thread, cause®bp@ineriyibatimay censeribierictre thrend dateimabiziak] tetmansitiop an
active state, Wiether a _particular event gualifies as a BREAK event nay
depend on t hBCtYCERPVRHRUSH2IES caused the thread to become inacti ve.

The active thread state machine 171 is shown to reside in one of four
states, namely a single thread 0 (ST0) state 502, a single thread 1 (ST1) state 504, a
multi-thread (MT) state 506, and a zero thread (ZT) state 508. The active thread
state machine 171 maintains a single active bit for each thread that, when set,
identifies the associated thread as being 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,
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Specifically, only certain events will cause a thread to beconme active once
inactive as a result of a specific SLEEP event. A NUKE event is any eVl 200i
when occurring for specific thread, that results in the perfornmance of a
nuke opeP&t#16i>29-44 WO 01/ 41-529 PCT/ US00/ 28213 as descri betuatemsers Al |
events di scussed above with reference to Figure 8 potentially conprise

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 th e ' [ Lon Wt event..occurrence with
respect to ﬂ%%?ﬁ‘é?‘??ﬁé‘gegﬂ Sb%a{%ggplésggé gﬁ%vet‘?’gﬂ%%t@{eo © qﬁgb'ﬁeegenbodi ment ,

i f a SLEEP eyeRhtihily ShpabefukOtvedtParhiifubay i vent
for that thrgad is%pend?ng, t he VBREAK ev}éuﬁt iggggerﬁs‘?cccgr H?enﬁé iatelds (e.qg.,

the thread deesspeoificgbrdad is hRepllasithtabiehlirafierstdte dsgiih 560 hiBein BREAK
event). The reverse may al so be true, in that a BREAK event nmay be

si gnal ed f orconditzen thatimay bepreaent ianombinSh BERRVidvanevens opemdineg withher eaf t er
the BREAK event s then serviced. Upon the assertion of the nuke signal 170
by the eventTedR¢dLR 8 further threpd togansamstpigteagitiinat e machi ne 171 is

eval uated, as indicated .at,.324 i i e 12. .Foll pwi ng de-assertion of the
nuke signal 170, qﬁlqnefeﬁrhl%cﬂ%ﬁﬁf’ L{L}angi‘zlt%i{vﬁ‘feﬁfﬁst‘wle rtai%aﬁtt‘ "t‘fetg‘mﬁtdocessor
30 are confi Lve- bits. hntad .1 he ive thread
state nmachi n%%gghégﬁﬁ%{aéﬁkﬁ;?&%ﬁeéﬁ%%g%é@%? {h?“ e%%@gg‘r’lp tlér %rrggérlrent unit

(CRU) 160 prigpagdiafsy .8 gﬁah;@ar&feghsdg@m&fﬁmaﬁk@ﬁwr\f@sbﬂvﬁé thé 0 all
effected functional units to indicate to the functional units how many

t hreads are BXEAKteventhThe tdverstuhdy slbo bated, iprtbstesBRE AKardnwhiagbeof t hese
threads are active, Follow ng the assertion of the nuke signal 170, the

conf i gur at i oTiBRAed (R FRAMECTHIGR A eathiand A E.EEP gyant istiendingg wiereafter the
un-partitionj IS ically conpleted in one clock cycle of the clock
si gnal 304. n@ﬁ‘%?&&"ﬁ&f%’ﬁ‘iﬁ&eﬁﬁﬁ ) The present invention proposes an
exenpl ary nmechaniigsmher&ioh BF BRdGMIHN1 7 Bl ok FadedoPlcRRS OF 30

may enter and exit (e.g., becone
active thread state machine 171 is evaluated, as indicated at 324 in Figure 12.

Following de-assertion of the nuke signal 170, all functional units within the
multithreaded 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 propagates a signal generated based on the active bits
to all effected 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
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active or inactive) where such entry and exiting occurs in a uniform
sequence regardless of the nunber of threads running, and where cloék7 MAY 2004
signals to various -45 WD 01/41529 PCTI US00/ 28213 functional units nay be
gracef ul I¥O86pP&d when no further threads within the nulrdtseasad
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 defi ni kRl LRItSREG Il Gad ' [ n an_the reason
for the relevant thr eaé be?nge %q%%ég?%gé¥ﬁ%¢{é{§ggg% rtﬂ%ggﬂeggg%égﬁg&\%? ve to a

SLEEP event fnmmau@u:ﬂéce?idcyss@etaw@ dchveadruiagpl es of  SLEEP events
i nclude the execution of a halt (HLT) instruction included within an

active thread, thésdieseitddabort vatlSHETRRAMNCQhe stateERRGRTSHI] DO esendi ti on,
or a "wait for SIPI" (start-up inter-processor interrupt) condition with
respect to t k¥ AEVRUN) caEd eSPRTgiMedo tisrdétectorf ofaBAK evehiUor pat i ng a

nmet hod 600, according .o .exenp enbodi ment. of the present invention, of
exiting an a&‘t‘fr%tq)t’ H?aéhﬂe g?fea‘?'hh%é{(é—’é’ﬂ‘bﬁ“&?“%“ fyrpppegifi ipactiye thigadact i ve
thread. The t bl ock 602,..where all required state
for the acti \fiEZHI t ?‘gglgp?%&%am\%%%?‘efgﬁﬁﬁ rﬁ#elva?teg esatdel?'e%?’ra?} ‘ée‘vﬁﬁ‘i' ©fhe

regi ster filgedl2drdspahsibaysabeenrpranisously 4 LehPldAg,ruct i ons
for the acti vcecth?esgg alre d%- al | ocat ed. Nlérrerf@l){‘%?ﬁgg%ae%rgl g}&%?le{g%g 128

regi ster ent BLEEP wivérts indlivde thegixsdi@ionfdflaghalZH1 13 $nseiickibR Sndlhd@dd wivBie
previously allocated to mcroinstructions of the active thread are de-

al | ocat ed. Th®aglers byueadsthe tdeteetiorediadd B EBPOWH wtar BRROR tFHEUIOQWH t hr ead
is saved in _a ‘scratch, pad’, E}q@t may conprise a register array or random
access menor §PTYRRM O o IARET OO la (S HPPAnter-Pgpeessr ipgerapk) pndifidrewith

mul tithr eadefLSPE&98§I§c§)§ceh?{%ﬂ;rqu. de-all ocation of the register entries

within the reglster nmay be performed by a deall ocate m crocode

detection of a STORGK - RALT CHO B i B Lo PR et e

thread. The eemplaocanbodindroodde FeqneF0&ntion, of exiting an active thread on
Fhe detection of a SLEEP event for the active thread. The method 600
commences at block 602, where all required state for the active thread is saved,
and all register entries within the register file 124 that have been previously
allocated to microinstructions for the active thread are de-allocated. Merely for
example, of the 128 register entries within the register file 124, 28 entries that
were previously allocated to microinstructions of the active thread are de-
allocated. The content of the de-allocated registers for the active thread is saved
in 2 "scratch pad”, that may comprise a register array or random access memory
(RAM) coupled to a control register bus within rthe 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

-46-




operates to renove (or invalidate) records for the register file entries
within the free |ist manager 134, and to create (or validate) recor dd MAS1004
the register file -46 - 7 MAY 2004 WO 01/41529 PCT[ USQ0128213 entries
within t VOPVAER? heap array 132. In other words, records PET/USh@241e3

all ocate register file entries are transferred fromthe free |ist manager
134 to the trash heap array 132 by the de-all ocated m crocode sequence.
Figure 1613 is a diagrammatic representation of an exenplary enbodi nent of

the operati O@ﬁnﬁ@%iﬂ%ﬁpﬁgﬁgﬁ%@rm Ao Bl 86k st?@éohﬁ%‘ﬁnf}ﬁkg ge- Lhe

transfer of the contents o rrst “set of registers, he register

file 124, tBBbcMErEiNELNIeQHENSK afd RAAEQEH HOnAhkiffedllist HaB@fe( B4do the! O are
shown to be transferred to the scratch pad. Additional opérations that may

be per f or med tiash hefypasay il Bijbpthestesslinchted Inideocbie sefuenage of the contents of
architectural registers for an exiting thread to the scratch pad, and al so
the storage of thbigssniehise dpgrmunatowtpresenfabionyan extsplryg, al | ocated to

the first thread, to the scratch pad on exiting on this first thread. The
registers vaembetiBent éh%smrmwﬁahmﬁmvéaarfa%ef pHIAckaG: | Basiesample,

real |l ocation,to her, 1 h L@, T1). Upon the.re-enteri a
particul ar t H‘reeté%%?er. "S“h‘g ﬁ@ggf’% F?Mgﬁt S%te‘)fr ‘%Fésci“’ &%ﬁ}ehrgglsf?{gﬂﬁg%%’ent s of
the register ld i o e scratch
bad,  ae | ndi e o b N R £ A Bl aeleE02

t hr ead- speci tiaasfefredee thd eiatinpid. uatdivnal @seritiehsakit inBg be ik atled sn
inserted into the mcroinstruction flow for the exiting thread to drain
any remai ni nthegantigwef steeoryudictbe skoeageasfdbe certents wf etrhithaturdmegidters om t he
menory order buffer 48 vag{i ous cacpes and, t he processor busses. This
operation d¥Snfattingethre HF peralch Radeans PeoHestomge ebHis @ndents ofas t hese

XECULT O NS o20s XSRS TLELAEIShONGL] BB kELIhLEL Y QHElt ool now

m cr oi nstructrons ad _ exécu_ i on uni afre cr 8ae t he
assertion of ¢fifRg REkRisFroRteie TRENSEMErt VA chRE o@l%@siilt%gfo@fa thh& a3 EEP

event. As descrrbed above, the nuke signal 170 is hel or sufficient
period of tithen(aadable for reallocation to another thread (e.g., T1).

Upon the re-entering of a particular thread (e.g., T0), it_ will be
appreciated that the contents of the registers allocated to this thread may be
restored from the scratch pad, as indicated in broken line in Figure 16B.

At block 604, a thread-specific "fence microinstruction” for the exiting
thread is inserted into the microinstruction flow for the exiting thread to drain
any remaining pending memory accesses associated with the thread from the
memory order buffer 48, various caches and the processor busses. This operation
does not retire until all these blocks are complete.

. As these execution units 20 execute microinstructions relatively quickly,
all new microinstructions added to the execution unit input are cleared with the
assertion of the nuke signal responsive to the detection of tﬁe 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
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three clock cycles) so as to allow mcroinstructions that entered the
execution unit 70 prior to assertion of the nuke signal 170 to energé MAY 2004
therefrom As these microinstructions energe fromthe execution unit 70,
they are WP8HIEAY and the -47 - 7 MAY 2004 WD 01/41529 PCT/HdSURBAZA3 wite
backs cancel ed. At bl ock 606, the unwi nd register 208, maintained wthin
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 m crocodeg, wites back a value that sets the state of the
unwi nd regi ster?tg%%(?&gﬁ%%f:é@%o& the event inhibit registers 206 for the

exiting thread arg:sRkk 6b§ théihRiitd 't@f%‘fnﬁﬁﬁ%gdfxfﬁ&i}.%e g@(gd_ftl ng thread
by control register wite mcroinstructions iIssued by mcrocode sequencer
66. The sett idagcok 188)ds sateninditnbihitithe egting Sireh®@is hhe iRXdtivensr h Beegd,
instructed as the control register mcroinstruction, is dependent upon the
type of sl eeptats/lene mieiomptstion theat, gareratdid dyubs adcraboleseqdependbngrias t he
SLEEP event Ejh t triggered the transition to the inactive stage, only
certain evenP&Kpistlpe ynalsets theptatsalithe upimind regisiect to the inactive

th d. The det 1 Dati { et. t liti b k
Chroed, Thedotor gl gt g 1 Lhetlet sn gl yalitdeoyop g bresk
the state ofo flA@iEN&NbrdaRRVELG fﬁpme%%%&?%a];dgryg d@o@ﬁ‘rdl p%ét‘eY%r}tQ.r ead. At

bl ock 612, the sleep event for the exiti I'S sighal'ed using a

speci al ni cr aiiasirsutiction EAad 1B} RE@ScEHeeq 8P RY 66t TIRNGRGh B! iHd dvb&t
write-back fault information field of the special mcroihstruction Figure

17 is a fl owirdhkit tegidtenfor thet éxitgng thresdhddstv@ded acibecdingl tegisaer exenpl ary
enbodi ment, of entering an inactive thread to an active state upon the

det ecti on of TACTBREANCEYRAT deRANdeRbUPAAEh fype phsleerieverih beingtseoticeth 0As
commences at ;702 with the detection, o ~event occurrence for an event
that may ordlr‘?’ﬁl;/ssﬁ%fa lt)1c(’q"’ue<’;1 F?%/ncg“ég 8“E%§kegg§¥?“tﬁaltwg§?ﬁgégef"&nﬁﬁoi’ Hact i ve

It ngidigé\t o HRGhRR SR, G cota BRI dITAPE: BiaKBOS DY, SYER o gt eCti on

inactive thread. The determination as to whether an event qualifies as a break
event for a particular inactive thread is made with specific reference to the state
of the event inhibit register 206 for the inactive thread.

At block 612, the sleep event for the exiting thread is signaled using a
special microinstruction that places a sleep event encoding in the write-back
fault information field of the special microinstruction-

Figure 17 is a flow chart illustrating a method 700, according to an
exemplary embodiment, of entering an inactive thread to an active state upon
the detection of a BREAK event for the inactive thread. The method 700
commences at 702 with the detection of an event occurrence for an event that
may or may not qualify as a BREAK eve:t with respect to an inactive thread. At
decision box 703, a determination is made by an event detection logic 185 for the
relevant event to 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 type is not indicated as being an inhibited BREAK event with
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rel evant event to determ ne whether the event qualifies as a BREAK event
for the inactive thread. To this end, the event detection |ogic 185 7 MAY 2004
exanm nes the event inhibit registers 206 within the registers 200 of the
event deWdr@ignismg8. |f the relevant event type is not indctasersas bei ng
an inhibited BREAK event with a8 -7 MAY 1004 WO 01/41-529 PCT/ USOQ 28213
respect to the inactive thread, the nethod 700 proceeds to bl ock 704, where
the clocks are turned on as necessary, the event is signaled nornally
(wai ting for a nukeable point on the other thread), and the handler is
i nvoked as f orespegt tevieninactivkhihreade the MRNHAET006h 66k s tdBlothr@Ad Hela8P State
and, if set, proceeds to restore mcrocode state at bl ock 706. The event
handl er 67 cofiPfisaretwaed wacsineeessant thafvent heigratehrbrnyalgdeastsigtor & he

the event handl er 67 proceeds to

unwi nd register %@}. Nore specifically, 1al

restore the nitf omngent ‘PtbFr 'thﬁ%a‘én%r@r thedanhles ifinypkedbat for pmgeant. saved
regi ster stat Lnhi.bit .register tate, and instryction pointer

i nformation. FOf F%%t?l)lﬁmrﬂgg oercgl‘f flb%ﬁ‘ﬁ?aqeﬂ%eprﬁtﬁ?@élédg sely BEQseeds tBrest%e706, the
met hod 700 p , [ i ureal ate j.s restored
for the ent er{rﬁgga?%r%éa}ggkgﬁ%ﬁ?ggkmqﬁe%ttﬁégégs;eﬁﬂ?nr{ﬁ%?t =i %etsé?tef86 f or

the entering tHerthaddity act@SRiy BE uGkAAR eki¥r 208, PPr Opri ate microinstruction
i ssued fromthe m crocode sequencer 66. At block 712, the event handl er 67

proceeds to servi ddotdupeBREAly, tby event hahdleh 63 ppaeads tofeStoacihdenie@asdd t ut i ng
the event handler 67 is executed wthin the nultithreaded processor 30 to
perform a serita® fef thesateringothsead g prstasingeall s ved segistenstatee ohibieregester At

bl ock 716, in uction fetching operations are then again resuned within
the pr ocessorsst%%’?%ruisﬁ@c%ﬁg?g‘ﬁﬂ "FIﬂ’B’QG‘P“The met hod 700 then termi nates

oL DI OeK 710, O oskiht e bR o I EASE L SOUSRaADI pCORSHREAE, o1

heat di ssipation within tit processor ble to
stop, or suspgmdeedsltoblak(7080NRereGhBiGlechiraNAh® idMelfirdd I1ahPEAERRSOr 30

under certain conditions. Figure 18 is a
thread. Atblock 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 block 712, the event handler 67 proceeds to service the BREAK
event. At this point, microcode constituting the event handler 67 is executed
within the multithreaded processor 30 to perform a series of operations
responsive to the event occurrence. At block 716, instruction fetching operations

are then again resumed within the processor 30 for the entering thread. The

method 700 then terminates at block 718.

Clock Control Logic

In order to reduce power consumption and heat dissipation within the
multithreaded processor 30, it is desirable to stop, or suspend, at least some
clock signals within the processor 30 under certain conditions. Figure 18 is a
flow chart illustrating a method 800, according to an exemplary embodiment, of
stopping, or suspending, selected clock signals within a multithreaded
processor, such as the exemplary processor 30 described above. For the

purposes of the present specification, reference to the suspension or the stopping
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flow chart illustrating a nethod 800, according to an exenpl ary enbodi nent
of stopping, or suspending, selected clock signals within a nultithT@éH%JML
processor, such as the exenplary processor 30 described above. For the

pur poses WP WHB2Pr esent specification, reference to the susprrsiasedr the
stoppi ng -49 -7NMAY2004 WO 01/41529 PCT/ US00128213 of clock signals within
the processor shall be taken to enconpass a nunber of techniques of
suspendi ng or stopping a clock signal, or signals, within the processor
30. For exanple, a Phase Lock Loop (PLL) within the processor 30 could be
suspended, di%ftctedsignats within demeocdsemkshali e tdkealtorgcanpissaknsbaiof coul d
be inhibited, or the distribution of a clock signal via the clock spine to
i ndi vi dual  fEFRVAYO! sUspending PhitaPPEE apieskaigre. woigralhevigan g or

ot herwi se prevent ed. e enbodi t envi sages e later situatiaon, in
ohich t he SURERRCSEP 3 THTeEPREE ATBe gdp PhLT HHBET BromFin  hi n

t he processor i : nya. functiona nit b

functi onal uHFEQ%%éF§#§§§§%§§FH§P9§E?Egggﬁngﬁéﬁ“E %8E8a§%6%§Puﬁﬁéugb
supplied to aafihAibitedUHCiHeQRGAtbUA ' 129 ngad i - f to
ot her functional units. Su?k?ﬁanua?égaag%mn%ﬂnﬁg?@ﬁ%scr|i%d5\yvléiﬁ?ilﬁn8§/ﬁc§&1

context of a fanogbrel uhiteadedn P RREROEDHM bé Paldd Br oBRir@ie pteverked55, 127,
The nethod 800 illustrated in figure 18, in one enbodi nent, may be
performed by @neerkbedimendlenyisgges tB5 latérattupSon, o ovipdr dteesthipyiyt ¢fi am inkeamilus
interface wunit 32 of the processor 30. In alternative enbodi nents, the
cl ock cont r ol 19giEn2l 4 fupcpoptl Witsreishipdhe prosessar a0 sewprensdets onstepred,

30._Fi 9A.and. 19B . bl ock d ti.c di
eapect tvery 511 AFErAREu LY rbPoadifivkedt; et hermead Horbo
contr Ol o) 031 Gighth oy il Appliclt ol SR8l DAIELOSIS 0N 1.8 | 00T C 35
t hr g ) acCtive Bi

is shown to receive primary inputs, ~nanely s 820

(e.g., TO ACTkMecangothdd AACHbNE)uras. SUdHAH 5&&;@@&@@@%&&%#&&6@@ state
machi ne 174; (2) the event detected signals 211, outputted by the event

det ect or 188,contrkt 083 simghrtbogrded micoiprocesgpman UBS Datastt pot §,685,197. t he bus

Interface unit 32'Ih\éhni*lgtpog%6gﬁ}u§tr§tesdnig%?ga£l: ?8, 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 block and schematic diagrams respectively illustrating further details
regarding exemplarjr clock control logic 35.

Tuming first to Figure 19A, the dock control logic 35 is shown to receive

three primary inputs, namely (1) active bits 820 (e.g., TO_ACTIVE and
T1_ACTIVE) as outputted via the active thread state machine 174; (2) the event
detected signals 211, outputted by the event detector 188, and (3) a snoop control
signal 822 outputted by the bus interface unit 32, which detects a snoopable
access on the bus and asserts the signal 882. The clock control logic 35 utilizes
these inputs to generate a stop clock signal 826 that in tum suppresses or inhibits
the clocking of certain functional units within the processor 30.

Figure 19B is a schematic diagram illustrating exemplary combinational

logic that utilizes the inputs 211,820 and 822 to output the stop clock signal 826.
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access on the bus and asserts the signal 882. The clock control |ogic 35
utilizes these inputs to generate a stop clock signal 826 that in turrMAY 2004
suppresses or inhibits the clocking of certain functional units within the
processoM@OL4FRyure 19B is a schematic diagramill ustr at ipag/iseepphary

conbi national logic that utilizes the inputs 211; 820 and 822 to out put

the stop clock signal 826. -50 -- 7 MAY 2004 WD 01/41529 PCT/ US00128213
Specifically, the event detector signals 211 provide input to an OR gate

822, that i . i i i urt her. e 4, active
bits 820 and F %%15@%1%% £ WO S‘%ﬁ&?lsgiipé‘%‘%geﬁ‘ AR P%zp%latte B2 8o Ner

gate 824, whiigRueFprovidedessud AR furfHer OR PHE s3A1erTRt RBVE bRSKobi A 826.

Turning specifically to Figure 18, the nethod 800 conmences at deci sion
box 802, wi t knaopedetral sigital 622 aiso powheibeat iradyhd K e 821, WhictaORIy st and
a second thread) are active wthin the nultithreaded processor 30. This
det er mi nat i oh§se irpfisde petpusythe stepolochsignandPéof the active bits 820 to the
OR gate 824 in Figure 19B. Wiile the exenplary enbodinment illustrates
deternination nay SHENREPesificallyte Spme 1§rdhffmﬁ'-%/¢# 8Qromunendgs bt deciden | y be

i at ed hi d 1 nat i bei d i t.h t t nb
oF "t hr eads. s TBEVE AN & EHRERHD o PSRRI GEY gPCES Cof  OH PBRAng &
negative det ggdynﬂqh&@ﬂ)%?e%%)e%iﬁﬂnt&?@. Snﬁﬂﬁmefaggdggcs{gggr%@'omgr oceeds to

deci si on box 804, where a determnation Is ma whet her any events,

that are not detirdhigsh isaeReddils) 116 dudfutBRY ot HEAESe BHPRAT {oade WH pir@ the
mul tithreaded processor. Again, in the exenplary enbodi nent, this conprises

det er mi ni ng #AtirhEguanysByBitie the exepgrdiyngmbatir@nt ilhstraes datesedenibrt hr ead.
This determ nation is represented by the input of the event detected
signals 211 Y0P TEWHR 1§arest Bobvo hiesdp. it Wlfﬁiﬂgﬁﬂ#ﬂef begpprewen thd ihat ghis

negati ve det %E_[anatgtcl)n tindecaiﬁjsi an box 804, a fugt h@; determnatjon is
made at deci SIon boOX MR B1ATE M RIS RGEE Epeny BugDer ¢f threads SPRPOTtNC snoops
or ot her snomggjnar,ﬁupgm}gadyd%g%%_ by the processor bus. In the

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 OR gate 822, shown in Figure 19B.

Following a negative determination at decision box 804, a further
determination is made at decision box 806 whether any snoops (e.g., bus snoops,
SNC snoops or other snoops) are being processed by the processor bus. In the
exémplary embodiment of the present invention, this determination is
implemented by the input of the snoop control signal 822 into the OR gate 824.

Following a negative determination at decision box 806, the method 800
proceeds to block 808, where internal clock signals to selected functional units
are stopped or suppressed. Specifically, the clock signals to bus pending logic

and bus access logic is not suspended or stopped, as this allows the bus interface
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exenpl ary enbodi mrent of the present invention, this determnation is

i npl emented by the input of the snoop control signal 822 into the CR'@&M&ZW&
824. Followi ng a negative determ nation at decision box 806, the nethod 800
proceeds W@013162k 808, where internal clock signals to sebettgdy/tatncti ona
units are stopped or suppressed. Specifically, the clock signals to bus
pending logic and bus access logic is not suspended or stopped, as this
allows the bus interface -51 - 7 MAY 2004 WD 01/41529 PCT/ 11S00/ 28213 uni t

32 to detect iginat.ing.. th t b
oin events) AR Pao PEERL BREAIC B b B, Brie P aRER ™ i T Bt et ve o
such BREAK @yeaictus) TR URRLATRE gga&fmtfmcdo%?m@ reSpARi SAnA S 1o

functional units s Inplenente the assertion o stop ¢l ock signal

826, which haRrEMieewdrtacThe afpadsitidofttheirtbekIstghighalt % RIRABLANH;Red
functional units. Foll ow ng égﬁpletlon of bloci 808gh?he met hod 806@Ioops

back to deci s iorpledente8(s. thafabertidihef ithetserpndlod! digme 826, volieieh hhotheldpec802,
804 and 806 may be |ooped through a continual basis. Follow ng a positive
det er m nat i oRf &tinghiesicksignaléo predetsirmindsofuasti®®? unit804 and 806, the

met hod 800 branchﬁ to. bl ock 810, ﬂﬂere if clock si&nals to certain
functional units BESATAF R of HedeB0Bnthermathod 888 koogs sk to decisiahen

agai n acti vabeds Al | REnaligtel vl do clogk shanal sars, al egdy active, these

clock signal's are marntained in an a 0is

execut ed resmgﬁ§gqﬁagfgw%gyﬁﬁﬂﬁag&ggt. (e.g., following a positive
determ nation at decision box 804), functional units within the

i croprocessor nefolhBviagta plityvendetéiciinan@dat Ay dlven fTROBEIsiER Bekisupd, above,
based on the nunber of active threads, at the assertion of the nuke signal.

For exanpl e804 inda80fuithe miatreadBlfboaedento BOchald, mgheteydf docknaigmealt hor eads,
sone of these threads nPy be inactive, in which case the functional units

will not be SPHEIPISIvEd tRitaRIGREHSrEd: Hiese miempldoghyigarls areuben
conpl etion Ogggln %EPtKva%%é’; Atltgxenarn%fte{}?ﬂ c?och s? %Ilsnarleggggdybgcchlge? t%ese clock

signals are maintained in an active state.

Where block 810 is executed responsive to a break event. (e.g.. following a
positive determination at decision box 804), functional units within the
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
partiioned to accominodate the inactive threads.

Upon completion of block 810, the method 800 again loops back to
decision box 802, and begins another iteration of the decisions represented by
decision boxes 802, 804 and 806.

Thus, method and apparatus for managing a clock signal within a
multithreaded processor have been described. Although the present has been
described with reference to specific exemplary embodiments, it will be evident
that various modifications and changes may be made to these embodiments ‘

without departing from the broader scope and spirit of the invention.
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deci si on box 802, and begins another iteration of the decisions represented
by deci sion boxes 802, 804 and 806. Thus, nethod and apparat us for -7 MAY 200t
managi ng a cl ock S|gnal within a rmultithreaded processor have been
descri bewO ®tihugh t he present has been described with pefasernoeit o
specific exenplary enbodinents, it will be evident that various
nodi fi cati ons and changes nmay be nade to these enbodi nents w thout
departing fromthe broader scope and spirit of the invention. -52 7 MAY

2004 WD 01/ 4352 300/.25213 A di t d
drawi ngs are chbfgﬂ ghedsé?gcgﬁ I P %Ealtw"gggé/rg Eﬁf'lg’)ﬁaa? CLCa Iﬁll"'ﬂg??‘fectl ve
sense. - 7 NAX&%QQ%Hyyﬁghh%vglg&ged is: 1. A nethod including: maintaining

an indication of a pending event with respect to each of nultiple threads
supported within a nmultithreaded processor; maintaining an indication of an
active or inactive state for each of the nultiple threads supported within
the multithreaded processor; detecting a clock disable condition indicated
by the indication of no pending events with respect to each of the
multiple threads and an inactive state for each of the multiple threads;
and disabling a clock signal, if enabled, with respect to at |east one
functional unit wthin the nultithreaded processor responsive to the
detection of the clock disable condition. 2. The method of claiml

i ncluding detecting a clock enable condition indicated by the indication
of a pending event with respect to at |east one thread of the multiple

t hreads supported wthin the multithreaded processor or by the indication
of an active state for at |least one thread of the multiple threads
supported within the nultithreaded processor, and enabling the clock
signal, if disabled, with respect to the at .|least one functional unit
within the nultlthreaded processor responS|ve to the detection of the

cl ock enable condition. 3. The method of claim2 including maintaining an
event inhibit indication for at |east a
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first thread of the nmultiple threads supported by the nultithreaded
processor, the event inhibit indication identifying at |east one eveptMAY 2004
with respect to the first thread that does not constitute an event that
triggers a transition of the first thread between the inactive and active
states. 4. The nethod of claim5 wherein the detection of the clock disable
condition and the clock enable condition is subject to the event inhibit
indication with respect to the first thread, and the clock disable

condi ti on B%P%@mﬂﬁﬂﬁcted or a clock enable condition not bei ng detected if
a pending event is indicated to be inhibited by the event inhibit
indication for the first thread. 5. The nethod of claim 1 including the
provi di ngl-an i Adneteed iseluding'a bus access operation, and detecting the clock

di sabl e condi t:’n!ﬂﬁ‘taﬁm Yan '1581539&1 ﬁtﬂﬁ)%ﬁlﬁﬁ‘%j&fentaeﬂtﬂ B ad éRR oPhulBiple UeRE CESS
operation. 54 - $ . The nmethod of claim 3 wherein the bus access

operatlowumwmﬁﬁﬁwb@aam§WbGﬂk@W€F&§an and wherein the indication of the

bus access 0P&habiiihelu iREGUbHAIN UARE of iRl SR 96250 AMR AIHB (sl act | ve
for a predeterm ne noop duration. 7. The nethod of claim1 wherein the

mai ntenarwgpqntfedwﬁémlthﬂjmﬂathmaﬁcddﬁoqeﬁpéad activity with respect to each of

the multiple tJLEe%ﬁlgg , GOURBE Sor TR AL RO by AL RBLANE of I RAEIn2 LRKE wilChi ne

that outputs a's eac |p e threads supported to
i ndi cat e redpetth@each of ths pattipletbreadsrapdian inaddive plate fiwr eaght afvhe roultiple thetady andst at e.

8. The net hod @fatbf %a.,'l mxt%c ﬁ&r ﬁ'efeabgéa ﬁ}&@% 110G 1945t SRS hiOpdf uit QE@L el th

respect to the ol}! conprises gating t cl ock

si gnal . 9mulfithecadet frodtswof responsing to thereteefion QfIﬂE offick dishblpepnditionhe cl ock si gnal
with respect to the least one functional unit conprises disabling
propagation of a processor clock signal on a processor clock spine. 10.
The met had of dhanmmmdmhﬂnmunn@tmmgﬂdﬁmMgm@mmhadﬁé@mﬂmgngﬁaﬁwdbrﬁwrespect

to the | east ction n|t 4 1 oop

t hat gene‘Pi‘faég’“é’ ré]l&gse&?“ & ocﬁfpﬂcg{lagr;ﬁfe s S'i th@gﬁﬁaﬁ%§ﬁf L,&%}B,T wher ei n
t he di sahbiﬂﬁgtlﬁfmlﬂthtere@dedcpi@csssqnmby drariipilaasasofrmmcttvalsmerfgr atidagt opefhmdag obf a

cl ock S|g t he readed Flele enabl e
the dete FP’B lpngtﬂ" a‘gﬁgp‘%gﬁ%ggh%%‘é PREYEs d%’? PEVERT” 'P'nae'[@SI gﬁhe CPO‘:E§'§|Bag’nal is
di sabl ed. if disabled, with respect to the at least one functional unit within the mulnthrcaded processor

responsive to the detection of the clock enable condition.

3. The method of claim 2 including maintaining an event inhibit indication for at least a
first thread of the multiple threads supported by the multithreaded processor, the event inhibit
indication identifying at least one event with respect to the first thread that does not constitute an

event that triggers a transition of the first thread between the inactive and active states.

4. The method of claim 5 wherein the detection of the clock disable condition and the clock
enable condition is subject to the event inhibit indication with respect to the first thread, and the
clock disable condition being detected or a clock enable condition not being detected if a pending

event is indicated to be inhibited by the event inhibit indication for the first thread.

5. The method of claim 1 including the providing an indication of a bus access operation,

and detecting the clock disable condition only in the absence of an indication of a bus access

operation.
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12. Apparatus conprising: a pending event indicator that maintains an

i ndi cation of a pending event with respect to each of nultiple threaq$4fzﬂh
supported within a nmultithreaded processor; an active thread indicator I%ag
mai ntai ns an indication of an active or inactive state for each of the

mul tiple threads supported wthin the nmultithreaded processor; and clock
control logic to detect a clock disable condition indicated by the

i ndi cation of p pendi .events with respect to each. of the nmult.iple
it eads. dhd ant RERG S o bt BERS tisraign SR By oA

t hreads, ApdnbRindhSABcRiod of tHRBKs SkBBperiMoh s fres@eriGihet theadus has operagon
functional unit within the nmultithreaded processor responsive to the

det ect i oris eftive fs apregetmapeBpPer ®E@Pt i on. 55 - 7 MAY 2004 13. The appar at us

of claim 12 wherein the clock control logic detects a clock enable

condition indicated b(%;@ft E\e i ndi cation of a pending event with respect to at
C

| east oné’-t hr edbk wethediel clawm| lvhsrein thamemiesanse SHE rdipatipn Hithreadpgtivity with
mul tithregded (pLLgS

Fl%@hultﬁnﬁqhﬁmt%bﬁﬁrigepﬁlaﬁ{a%_ a1l 0 threhd statflin@lpheqfat Wi th
respect to the at |east one functional unit within the nultithreaded

pr ocessoroutpuissisigngi fpreach of the mybipkedhueests sefporterkto dndirale whesist wresesayetthrsyd 14,

The appar; . LiPstSahpcl uding an event inhibit indicator maintaining
an event lgﬁl{ﬁ?%ﬁ?%ﬁhﬁat?&ﬁ for at least a first thread of the multiple

t hreads supported by the multithreaded processor, the event inhibit

i ndi cation i dengj ;n%;g;h%?factlahlnqaﬁeretqp@ﬁg%gg{ﬁ%%wf&lbdeaéé?grﬁi witPrdsfet hieSt L hread

t hat does not cons e an even ggers a transition of the first

t hread bdtaseamr fivtonal agit congpriseadtizgthe vleckstigneks. 15. The apparatus of claim
14 wherein the clock control logic detects the clock disable condition and
the cl ock enable condition subject to the event inhibit indication with
respect t® theThéinethdd ofuiaad, wheken the diskblidg shibt elodongiiat wihrepeectig thtdeastt ed or
a clock enahl e..condi.ti on .not.. bei : ogic if
a pendi ngong\?ue"ﬁflo?ag"?ln?f“ gfegcfih S? @ir@g’mlpg% lgﬁfgagpr%es%ogg]og{/ée} tl&?n riB isstoIr

i ndi cati afockapinehe first thread. 16. The apparatus of claim 12 wherein the
clock control logic detects a clock enable condition indicated by the

i ndi cation of an active state for at |east one thread of the multiple

t hr eads slppor tfaemeihbdofcldiing whekdin tha dsatdiag therchek sigual withmebpenh tighelsast he cl ock

i |, if disabled.. i t.h t h t | I it
o 90 e REP uobeh SEEREG b Be38e Pl B B0E: L RELLI B 1
signal.

11. The method of claim 1 wherein the disabling of the clock signal comprises maintaining
the supply of a clock signal to the bus pins of the multithreaded processor so as to enable the

detection of a bus access operation or event when the clock signal is disabled.

I2. Apparatus comprising:

a pending event indicator that maintains an indication of a pending event with respect to
each of multiple threads supported within a multithreaded processor;

an active thread indicator that maintains an indication of an active or inactive state for
each of the multiple threads supported within the multithreaded processor; and

clock control logic to detect a clock disable condition indicated by the indication of no
pending events with respect to each of the multiple threads and an inactive state with respect to
each of the multiple threads, and to disable a clock signal with respect to at least one functional
unit within the multithreaded processor responsive to the detection of the clock disable condition.
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the detection of the clock enable condition. 17. The apparatus of claim 12
including bus snoop logic that provides an indication of a bus accesg MAY 7004
operation, and wherein the clock control logic detects the clock disable
condition only in the absence of an indication of a bus access operation
fromthe bus snoop logic. 18. The apparatus of claim 15 wherein the bus
access operation conprises a snoop operation, and wherein the bus snoop

| ogi ¢ proyj des,_the indicati.on_of the bus acce operation . wh t he bus
acoess. oplhat 1 i PNALE PUAFIY? HhlsetEt B TORE IR K B S6 - 7 My
2004 19. dJdagitioR Ricaled By e iditibh dif% pendihgiélicitgvititegpettity & 1631 @@ thréddat emachi ne
that outputs a signal for each of the nultipled%greads igﬁported,éo

i ndi cat e WHEPI&hreads suppgred wijtun the multihreadeq propgssor ndieqables dheglock siengly

i nactive &ialed; wilPrespebfio ARalcadt Uie Rhctioh® bt 2nWHRS BhlfthtaA8edr&telsocont 1 Ol
| ogi ¢ di sabl es the clock s%%nal with respect to the at |east one

f unct i onalesReRsive oyhagdetachep efitee dockerablg @adIon.21. The apparatus of claim 12
wherein the clock control |ogic disables the clock signal with respect to
the | east one functional unit by disabling propagation of a processor clock
si gnal onla prbeesmsmusef geim Shinpledingan evipaniibipiadisatorsmyntaigingapevept wher ei n
the clock,GontfdlaibPRk G 185 AR ERrel 6 fid AGKpIE HBBAL siMbbikd b Eﬂ?eq'ﬁﬁﬁth}egdetdhe

| east ongmpﬁﬁ%%ﬁ%ﬁgfﬂtﬁﬂgkﬁyl5?35%??%9 a p%ase&@ogﬁgdmiogp that generates a
pr ocessor progdsekheevgntahhibip BidicTtins idgpt Srunetat lsas Pnedvantwithrespaeitetha firshtreaf ock
control |Qgi ' f S s migast one
functi onat;B u@#ﬁqﬁ)g Sﬁ%lfcna{ﬂgiv%stﬁlt% e:ﬁ%%%pr@n‘é\fgwgﬁgf%% scfgﬁ%rfv&?éﬁ%lﬁe bus pins
of the mudndiattivesstatiksd pr ocessor so as to enable the detection of a bus
access operation or event when the clock signal is disabled. 24. Apparatus
conprising: first nmeans for maintaining an indication of a pending event
with respkct t Gheappiratof of dlaiint lidpthereinthecock ool dogiedttasistthe ehock disable i t hr eaded
processor ; cond ng f i Nt ai ni. indi-cat i on i

Mhact  ve SpRPaFioLIEER: csrble FRlaeR sihPie Wy Lottt BBiclonIhudphath B

mul t | t _hr eﬁ:gdetﬁr_epd,mmssmrdisama_dortd_hiondb_eingedﬂs:ta‘dmr adbtleotablegomditodnowkbegigs abl e

condi tionyd ndlgated, by LN A iFAd30s Rlenl'R indicated to be inhibited by the event

inhibit indication for the first thread.

16. The apparatus of claim 12 wherein the clock control logic detects a clock enable
condition indicated by the indication of an active state for at least one thread of the multiple
threads supported within the multithreaded processor, and enables the clock signal, if disabled,
with respect to the at least one functional unit within the multithreaded processor responsive to

the detection of the clock enable condition.

17. The apparatus of claim 12 including bus snoop logic that provides an indication of a bus
access operation, and wherein the clock control logic detects the clock disable condition only in

the absence of an indication of a bus access operation from the bus snoop logic.

18. The apparatus of claim 15 wherein the bus access operation comprises a snoop
operation, and wherein the bus snoop logic provides the indication of the bus access operation

when the bus access operation is active for a predetermined snoop duration.
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pendi ng events with respect to each of the nultiple threads and an i ﬁtiye
state with respect to each of the nultiple threads, and for disablrgg AY 2004
clock signal with respect to at |east one functional unit within the

mul tithreaded processor responsive to the detection of the clock disable
condition. 57 - 7 MAY 2004 25. A machi ne-readabl e nmediumincluding a
sequence of instructions that when executed by a machine, cause the
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di sabl e cHHuPtPOR2EF %t ed by the indication of no pending events with

rﬁspect to each of the nultiple threads and an inactive state for each of
the nultiple threads; and_ _.disable a clock signal, .if enabled,. with respect
to at |ea on'éhef%H@?@Bﬁé}la‘ﬂrﬁt""q\ﬁﬁe{rﬁ%d?ﬁ‘ém 1981 %fﬂ@!faﬂtﬁ Cl:i’lpgélégaé B'Pth P
responsi Vesdedt tb i alRh@6hd RActRhaluiR b baklk tdickakkigngondi tion. 58

2]. The apparatus of claim 12 wherein the clock control logic disables the clock signal with
respect to the least one functional unit by disabling propagation of a processor clock signal on a

processor clock spine.

22. The apparatus of claim 12 wherein the clock control logic disables the clock signal with
respect to the least one functional unit by disabling a phase locked loop that generates a processor

clock signal.

23, The apparatus of claim 12 wherein the clock control logic disables the clock signal with
respect to the at least one functional unit but maintains the supply of a clock signal to the bus pins
of the multithreaded processor 5o as to enable the detection of a bus access operation or event

when the clock signal is disabled.

24, Apparatus comprising:

first means for maintaining an indication of a pending event with respect to each of
multiple threads supported within a multithreaded processor;

second means for maintaining an indication of an active or inactive state for each of the
multiple threads supported within the multithreaded processor; and

third means for detecting a clock disable condition indicated by the indication of no
pending events with respect to each of the multiple threads and an inactive state with respect to
each of the multiple threads, and for disabling a clock signal with respect to at Jeast one
functional unit within the multithreaded processor responsive to the detection of the clock disable

condition.
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25, A machine-readable medium including a sequence of instructions that when executed by
a machine, cause the machine to;

maintain an indication of a pending event with respect to each of multiple threads
supported within a multithreaded processor;

maintain an indication of an active or inactive state for each of the multiple threads
supported within the multithreaded processor;

detect a clock disable condition indicated by the indication of no pending events with
respect to each of the multiple threads and an inactive state for each of the multiple threads; and

disable a clock signal, if enabled, with respect to at least one functional unit within the

multithreaded processor responsive to the detection of the clock disable condition.
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