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utilization of various processor resources, and particularly for nore
effective utilization of the execution logic within a processor.
Specifically, by feeding nmultiple threads to the execution logic of a
processor, clock cycles that woul d ot herwi se have been idle due to a stall
or ot her delwﬂm a particul ar thread may be utilized to

service a further.l_hhread t A stall Lag t he ﬁﬂ[oce sin rtlcul ar thread
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i n the procesyiting nofltiplecsthresids waithintatmebidhsaded (MJ) p?ﬂil:essoﬂegat ive effect of
| ong- | at ency operations on execution logic efficiencies is exacerbated by
the recent increases in execution |ogic throughput that have outstripped
advances i n BAMOROUMES OFENHENRMVENT@NTr ates. Mil tithreaded conputer
applications are also becomng increasingly comon in view of the support
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t wo categorle (i.e-, fine or coarse designs) according to the thread
i nt er| eavi ng® “é’@\/l“lhélﬁ?tﬂﬁm various processor resources and particularly for more

effective utilization of the execution logic within a processor. Specifically, by
feeding multiple threads to the execution logic of a processor, clock cycles that
would otherwise have been idle due to a stall or other delay in the processing of
a particular thread may be utilized to service 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 iong-lateru:){r operation) for an instruction included within a
thread typically results in the processing.of the relevant thread stalling. The
negative effect of long-latency operations ‘on execution logic efficiencies is
exacerbated by the recent increases in execution logic throughput that have
outstripped advances in memory access and retrieval rates. -

Multithreaded computer applications are also becoming increasingly
common in view of the support provided to such multithreaded applications by
a number of popular operating systems, such as the Windows NT® and Unix
operating systems. Multithreaded computer applications are particularly
efficient in the multi-media arena.

Multithreaded processors may broadly be classified into two categories

(i.e., fine or coarse designs) according to the thread interleaving or switching
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pi pel i ne int e rse desi or bl ocked sche ., To this end,
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such as a cadhedtigstionsbetiiesn fige and septemdesigrisdee farvherglisausgelihor m an

actual threa ' Siympl ' of _the t.hread avai l able. A
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mul tithreaded architecture’for a processor & her
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processor a chitect?re. Mre specifically, the handling of events (e.g.,
branich i nst ré@%&éﬁo—ﬂ?ﬁéﬁﬁﬁﬂ—f@wewﬁ%w Bt danauriet alappr 864280, i n an

unexpect ed CRANGE: Adadelfic PLBIIRES, NI BVEUGLAARS EBE AdufoRIP2! o0 Vihen

mul ti ple threads are considere processor Whére res
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handling of such events. Vfhere résource sharing is I nplenen e Wi thin a
mul ti t hr eadetpepifisdhreadr(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,
excepl:ions or interrupts) that may result in an unexpected change in the flow of
an instruction stream is complicated when multiple threads are considered. In a
processor where resource sharing between multiple threads is implemented (i.e.,
there is limited or no duplication of functional units for each thread supported
by the processor), the handling of event occurrences pertaining to a specific
thread is complicated in that further threads must be considered in the handling
of such events.

Where resource sharing is implemented within a multithreaded processor

it is further desirable to attempt increased uhlizabon of the shared resources
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met hod that includes mmintaining a state nmachine to provide a nulti-bit
output, each bit of the multi- bit output indicating a respective status of
an associ ate f R r ej ng _executed. Wi thin the
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output of the state machine. Qther features of the present invention wll
be apparent f4;¢ : awi ngs and fromthe detailed
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fgatures of the present invention will be apparent from the

accompanying drawings and from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

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

similar elements and in which:

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

processor with multithreading support.

Figure 2 is a block diagram illustrating an exemplary embodiment of a
* processor, in the form of a general-purpose multithreaded

MiCroprocessor.

Figure 3 is a block diagram illustrating selected components of an
exemplary multithreaded microprocessor, and specifically depicts various
functional units that provide a buffering (or storage) capability as being
logically partitioned to accommodate multiple thread.

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



to one enbodinent. Figure 5 is a diagranmatic representation of a re?p ?r |
alias table and a register file and utilized within one enbodi nent. ﬁ‘iﬁﬂ@
6A is a BYeek+iddgramillustrating details regarding a re-rardedeonighf er,
according to one enbodinent, that is logically partitioned to service
multiple threads within a nmultithreaded processor. Figure 6B is a

di agrammatic representati on of a pending event register and an event
inhibit register ’to%ﬂg%ﬁﬁio% Q; one enbodi ment. Figure 7A is a flow chart
illustrating a method, according to one enbodi nent, of processing an event
within a nmultithreaded processor. Figure 7B is a flow chart illustrating a
met hod, accordi ngF_to one enbodi nent, of handling a "virtual nuke" event
within a nul tithrldgaed isgrdiagrasynaticiepresenBtios o a degigteantiag fable and a
representation of g f..exenmplar events that nmay be detected by an
event detector, 58%5%3:@%%%“3@%%%%%&0%?69 mented within a

mul tithreaded processor. Figures 9 and 10 are respective block di agrans
showi ng exenplary  content of a reorder table, within an exenplary reorder
buffer such as t%asureiﬁﬁ st Mlackediagmmrilljsiratiog deFilguegarding & se-arder ow chart

illustrating a , I ng. to an,. ex l.ary emhodi nent, of perform ng
a clearing (or ﬁ%ggﬁﬁgﬁ%ﬁ &‘vﬁ?ﬁ?%dugeﬂﬁﬁﬁtﬁ%%ﬁ%g& Rrotadfe supporting
at least first aservs@annlliplé tHreadiswitRirCa MY RO MBrOdsdd>30 PCT/ US00128422

Figure 11B is a block diagramillustrating configuration |ogic, according
to one exenplary enbodi nent, that operates to configure a functional unit

in accordance w J’Pﬁ“ﬁg%’%ﬁrﬁé““?ﬂieca’%}egg“é%%?a gg&%iggn%gh{]ne. Figure 12

is atimng diagra Sertion o ) Bh%BS* accor di ng
to one enbodi menandBhgwest ibBitisregistdrpaecohting té bhalehbadiniéhta net hod,
according to one enbodinent, of providing exclusive access to an event
handler wwthin a nultithreaded processor.

Figure 7A is a flow chart illustrating a method, accofd'mg to one

embodiment, of processing an event within a multithreaded processor.

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

Processor.

Figure 8 is a diagrammatic representation of a number of exemplary
events that may be detected by an event detector, according to one

embodiment, implemented within a multithreaded processor.

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

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 14 is a state diagram depicting operation, according to one
enbodi mrent, of an exclusive access state nmachine inplenmented within 30 MAY 1004
mul tithr e¥W@d4p?8cessor. Figure 15 is a state diagramill ustrabiongsBt at es,
according to one enbodinent, that nmay be occupied by an active thread

state machine inplenented within a nultithreaded processor. Figure 16A is

a flowchart illustrating a nethod, according to one enbodinent, of

exiting an active i.on.of. a sl eep event . for the active
thread within a nﬁf%l{rtgﬁgggpeémgifggagg%\rlﬁ“ﬂaﬁlgewﬁﬁﬁf@% OF SRS ¢
representation of td &vee stentplagy @hbsdiaient,anst dpeeatdelAGRREAR Qf'u.r'l’cﬁ?+:§lt ers upon
exiting a thread, accordi n&to one enbodinent. Figure 17 Is a ow chart

illustrating a netRéd agoEdrnsemyth Begnuputafipodichizethread stateamsaihineni ng a
thread froman inactive to an active state upon the detection of a break
event for the inactive thread. Figure 1Sis a flowchart illustrating a

net hod, accor di n@ﬂg@rems-ﬁm:%mgraaﬂ%M&ﬂ@é@&ﬁ%&ﬂ&%@%ﬁSi gnal

enbodi ment, of nmanagi ng the enabl enent and di Sabl enent of a clo

to at |east one ffSEIIBHLP on@embadigmt- a nul tit hreaded processor. Figure
19A is a block diagramillustrating clock control |ogic, according to one
enbodi nent, for enabling and disabling a clock signal within a

mul tithreaded pr deigasoll ishi fipw ehdrd Blistrafing & RSRbH CaclbrAFNAP S{EoW ng one
enbodi ment of the clogck control |ogic shown in Figure 19A. DETAILED
DESCRI PTI ON A net$BePERE s Rratiding erclusiveactesy taam eestitthanglenwtithiph e
threads within %ﬂ]ﬂtf\}etaﬂéc?%?@ sfy-ocessor are described. In the follow ng
description, for purposes expl anati on, numerous specific details are

set forth in order to provide a thorough understanding of the present
invention. It Wllr# be evident, . however, to one skilled in the art that the

present inventi orf \BRIF ¥ sttt Aiaggam fepisinsg opredionserserding telenai | s.

embodiment, of an exclusive access state machine implemented within a

multithreaded pro_cessdr.

Figure 15 is a state diagram ilustrating states, according to one
embodiment, that may be occupied by an active thread state machine

implemented within a multithreaded processor.

Figure 16A is a flow chart illustrating a method, according to one
embodiment, of exiting an active thread on the detection of a sleep event

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 transitioning a thread from an inactive to an active state

upon the detection of a break event for the inactive thread.

Figure 18 is a flow chart illustrating a method, according to one
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For the purposes of the present specification, the term"event” ShalkUWﬁYlma
taken to include any event, internal or external to a processor, tha

causes a WOAAYBOor interruption to the servicing of an i nsdwuoi@4p2St r eam
(macro- or mcroinstruction) wthin a processor. Accordingly, the term
"event" shall be taken to include, but not be limted to, branch

i nstructions processes, exceptions and interrupts that may be generated

Wi thin or outside e : rposes. of, t he esent
speci fication, t hg{n{B g??nﬁag’r%%gé%acﬁmg gﬁaﬁt’?&g@%ﬂ? %l‘(cgﬁls?%le%ef‘égf 161%5ky nachi ne
that is capabl e ofigaxigeout idagt anesfegteed uaft wiHﬂﬁb&H&[&i&ﬂ@ﬁdé&perTs%Pr o- or

m croi nstructions), and shall be taken to include, but not be [imted to,
general purpose m croprocessors, special purpose mcroprocessors, graphics

controllers, audig: : I - .a.controllers m crocontrol lers
or network contro 'Igg'?gﬁ%%rﬁlérdf %IﬁeéIFgﬁ%tr‘aﬁ?gcggos?g&?“{rgmgfc’ BECr¢BReR to
refer to, inter abneembodiplenk, fbnetdbliegiagd diabli mwcggggr(apmﬂal?educed
Instruction Set Conputers (R SC), or Very Long I'nstruction Word (VLIW
processors. -6 2 ® eAged PPPSe39T41530 PCTI USOQ 28422 Further, the term
"clearing point" shall be taken to include any instructions provided in an
instruction stream (including a mcroinstruction or nmacroinstruction

stream) by way ofFigufd 9B isarskrémstic diaBeim ESingGne @mbodimant bagakLIeR i n the
instruction stream at Y\/ni_ch an event may be handl ed or processed. The term
"instruction" shalontigd qgé%%'ﬁ“f‘b“ﬂﬂ%ﬁfd’éﬁ-but not be linted to, a

macr oi nstruction or a mcroinstruction. Certain exenplary enbodi nents of

t he present DRYARMEDDEICRIGEROK bed as being inplenmented primarily in
ei ther hardware or software. It will nonethel ess be appreciated by those

skilled in the arh methed prhgpparatusifosemaring ead iekiying enultipleteaidzdvitiiin

har dwar e, sof tware or combi nati gn of hardware, and software. Software
(e.g., either m\r{;‘l@%&'ﬁa § rﬂfﬁﬁsﬁ?{sarﬁﬁasﬁ?ggaoFrhg\%rfﬁl({?‘i" esEaPtion. i enent i ng

enbodi ment s mirpobes dfRXPRNERSH, F¥n&rBas Secift UERAiRLEL Yot 25 tRln bRASY, Partially,
within a main nenory accessible by a processor and/or wthin the processor

itsel f (e.g.Provifex bweonglownderaipndisgad ¢heprgsertdryantiofodt withbpedderty ent

however, to one skilled in the art that the present invention may be practiced
without these specific details.

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
microinstruction) 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, special 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.



handl ers and state machi nes nmay be inplenented in m crocode dispatchzﬁlghpﬂma
a mcrocode sequencer. Software may further be transmtted or receiv a

t he net woWK 01/44§3r f ace devi ce. For the purposes of this speci/f{swagien, the
term" machi ne-readable medium shall be taken to include any medi um which
is capable of storing or encoding a sequence of instructions for execution
by the machine and that cause the machine to performany one of the

met hodol ogi es of EReHRE qﬁ@%tmj RUERLE QBint” o, i.ne-readabl e
medi unf shal | accordingly be ta}?gn F%Bfnﬁc%?e%,etaﬁ%ﬁon%g UdﬁgnYi mted to,
sol i d-st at e nestoudtiess poptidedin anthstragiet steeagh Gheludata mE@bink @UcVE
signals. Processor Pipeline Figure 1 'és a high-level block diagram

i | Tustrati ng "OHEEHEY _%ﬁfea&l‘) Yordte %B?W_m‘?fé‘lef AEOtNET itractivmef ane 10
| ncl udes a NYadibn @ iR ASrL@ftPsreant AWRIALAL MM af bl BLCH RGPS Stage 12 at

whi ch instructions (e.g., nmacroinstructions) arer d fed into
t he pi pelineptlcesfedr exanple, a -7 2 0 MAY 2004 WO 01/ 41530 PCTI US00/ 28422

macr oi nstructi on Eﬁ%Fbe retrieved froma cache menory that is integral with
0

the processor, SRe0StRcdign ghadle: takeretg ippludgy butayet be limdteditersed fr om

an external {RrAnEBIA ¥ Lo PIOGESSY bus. Fromthe fetch pipe stage 12,
t he macroinstructions are propagated to a decode pi pe stage 14, where

macr oi nst r uct i onsCertaintexamyllatyethticdiments of tesriesarttiheRsiohatEQedcAbsESs
"m crocode"), sui t.ab:le for ,execut,i on%i\g;lt hin the processor.

The
mi cr oi nst r ucPPBRITRIEMEHER PRy if %M&‘t’?‘@a‘fﬁ*&“ﬁﬁe-aﬂt ol apaethelgss st age
16, where prpegspRtiatd hl'[d:%@§kiﬁ5@Me%?%%gmtaﬂgtf&ﬁu}éﬁr%adﬂy be

m croinstructions accordi to availability and nee
m croi nst r uctnpigmentas intendenes aofedamtoracoetdnatien st iagdwi st dref @fwvarbei ng

retired, or "wit - back" .,.camitted to,an architectural state) at a
retire pipe st ageéoig“.'ar (‘(8'5‘0 ﬁB‘g‘e‘&c&?“"ﬂF “horserd F%aqu’Q‘é'frBCt?"iS)s%é bl ock
. b! . . :
di agram i | | uhplaideRfing @nfHe@iMEAE b EIAMITRN MY résidDORBRIAY opJe lekdt the
form of a general - pur ﬁi?‘se m croprocessor. The processor 30 '
partially, within a main 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 1 is a high-level block diagram illustrating one embodiment of

processor pipeline 10.  The pipeline 10 includes a number of pipe stages,
commencing with a fetch pipe stage 12 at which instructions (e.g.,

macroinstructions) are retrieved and fed into the pipeline 10. For example, a



is described bel ow as being a multithreaded (MI) processor, and is
accordingly able to process nultiple instruction threads (or contex&@fﬂwznm
However, VOR8¢ of the teachings provided bel ow i n the pgfragebigati on are
not specific to a nultithreaded processor, and may find application in a
single threaded processor. In an exenplary enbodi nent, the processor 30
may conprise an Intel Architecture (1A mcroprocessor that is capabl e of

ti t he Lot i ' ti t. Al I f. h
el Arcni {SEFOr s e B et bt oEl ol Fosy n s THreelpiddbesar or

the Pentium pickeororodogelpassanted idaehab] of @dy BY réipfetbd ROHPAL 8LtbR1] Of
Santa Clara, California. In one enbodinent, the processor 30 conprises an

i n-order frofPIRAWMATY ViaA PEegessor bys-deronpihefetshpipastege 12, ¢heler front end

includes a b i ' i funct.ions as,the conduit between
the pr ocesso#‘%g andﬁc?)‘tﬁ) elrépéé%}ﬁg%ar%er'\\@sg?%c.oég,p‘%gtﬁgﬁi%r&%mof a conput er
syst em wi t hi mavfvisdinidiions proeasined 30 FBYroReHRFRbAY Btko tdlntdli s end, the bus
interface unjt 32 couples the processor 30 to a processor bus (not shown)

vi a whi ch datmBicerr@dedistitable forgxgruhan withivethe peogesensi T maitreamanptiopsagat ed

fromthe pro i rface unit .32 includes Front Side Bus
(FSB) | ogipc %gqgﬁgﬁ%éﬁtlgg és)&w@&fg‘é‘etﬁ/x&‘% Gt RID SR 6 oSS PSERPD 8322
conmmuni cat i oresowxces afeltiopited es dRrvabidas mierdirBusictiBhesdc8rRny M hvatiabliityt her

i ncl udes a bus, queue_36 that provides a buffering function wth respect to
comuni cat i offd RREE %ﬁe‘“tﬁ%’é‘é@éﬁ"“ﬁﬁ? thep exeryded altasy xgeutestige 18 defareshown

(o recelve Ry taguesty bt o ] SRR BUORS fluEutel s, Lo 2

menory executi%n unit 42 that o] oca Wi t hin
the processoretird@ipeBlege@ory execution unit 42 includes a unified data and
instruction cache 44, a data Transl ati on Lookasi de Buffer (TLB) 46, and
menory ordering buffer 48. The nenory execution unit 42 receives

instruction fetch requests 50 iQ¥broc8fddr A8LiiVRES el @W i nstructions 52
(i.e., coded macroinstructi ons)‘ta‘.‘g,}ﬁcr‘m—nsrmcti on transl ati on engi ne
54 that transl at #sgured iseddockatiagramcitlostrating ot examsplant @nbodigienespondi ng set
of mcroinstructi 02@ .TH}eftm' croinstruction translation e_rll[g.i ne 54

ef fectivel y BBBE et 15 OLa BERRTALPUIRCS] THETRRI5essorn The RFogessos 38r at es

to deliver I @eRkiBed befiv 895eiha gndlfidirfaded (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 [II ®
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
components (e.g., main memory) of a computer system within which the
processor 30 may be employed. To this end, the bus interface unit 32 couples the
processor 30 to a processor bus (not shown) via which data and control
information may be received at and propagated from the processor 30. The bus

interface unit 32 includes Front Side Bus (FSB) logic 34 that controls



cache 62 in the event of a trace cache mss. To this end, the 004
m croinstruction translation engine 54 functions to provide the fet?tﬂ Wc}
decode piWwe dHages 12 and 14 in the event of a trace caclheTmissrgiihe

m croinstruction translation engine 54 is shown to include a next
Instruction pointer (NIP) 100, an instruction Translation Lookasi de Buffer
(TLB) 102, a branch predictor 104, an instruction stream ng buffer 106, an

i nstruction Ehﬂﬁﬁ% Q8r tH i ' iC. an
i nstruction Séco er 115,5%a§rdth§rbg{)%egnc bg'g'd?féggﬁ%gﬁegﬁ%tu&t%mﬁe next
i nstruction. peiudesra thi30quelie B6 K2 providachbaffedhe hotctidA4vidbspatg té uct i on

streamng buffer 106 together constitute_a branch prediction unit (BPU)
99. The i nst FAREIBHCatiPas Sy et the Progestpr buandhe hudinderéaceainitd2as showm o t oget her

he inst! _ ; he Bilier s shoa o
o nter 100 | Sene asuest I S oo Bhdorh ol ik et o MY 42 1 n

t he exenpl ar gxezntioa iunktra? thb‘lquevida:eaﬂ)ﬁdabﬁ&ﬁm’ry3§3abi@mit§ﬁ&h@p%&§§0trhr eaded
m croprocess% ,ﬁ?pabl e of pro_cessi_;lqg,tm threads,  the next instruction
poi nter 100 fay!MTEMPEY SX¢RUEON prebdeingniss a unidied slatand instractionedashe s

bet ween i nst t ' | | i.ther the first or,. second
thread for i %%u%aﬁgg%%ﬁhﬁoﬁgiﬁgétﬁﬁﬁ%swgz%@ghgrnéﬁﬂg?i oﬁdgglf}g%"{fﬁ‘ér efrom
I n one embodifdreTie metmery exdcutins unitcRirereives iindtarctibddeteh rbquests®nlfRANe next

i nstruction re{i]/ﬂ sts for the firsi and second threads on a cycle-by-cycle

("ping -9 2 & NSED IR WS4 %/f%@é/‘?ﬂ?@sﬁfb‘ﬁﬁoﬁs)&sﬁi s, assum ng
I nstructi 0nsmfié}BirQH{thi&h&ﬁﬁﬁ§ﬁ$¥ﬂ¥x€gi@@%ﬁ?ﬂtﬂ.ﬁ§£€eﬁ rt_he%%geivé&wt ruction

stream ng buffer 106 resources for both o S have not been
exhaust ed. Timecioansdtrichons ude a oorrpsrontigng seeqimédreinseryibeodsor 16, 32 or
64- bytes dependi on whether the initial. re_elggu?%t _acidress I's in the upper
hal f of a 32-byt JREADEY PEOR T YR OfieREnePTETERYEY RBETARSASGTIs6i nt er
100 may be r&dhe aﬁtseﬂahwer'tih%ahriaawa@% g&a&;gﬁ mlilbindth&uBRARF N GLdr ess

W

cal culator 114 or by the trace cache 62, a trace caéﬁe m ss’ request
bei ng the higbe62 py thereivext afadracesathermiss glie stis emhahe rfieroirextuctiost r uct i on

Ganorat es o PRSI ereli 6 Gl BRrERae b fehandisorapl Srasm 12 ne
i nstruction areiuestthasdertwh a0 sachs ndiss. 'BE miPbinbBEctidH ¥ AMdaNSt r uct i on
request. \Wen returning data responsive to an instruction request, the
uni fi ed 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
instruction pointer 100, TLB 102, branch predictor 104 and instruction streaming
buffer 106 together constitute a‘b;anch prediction unit (BPU) 99. The instruction
decoder 112 and branch address calculator 114 together comprise an instruction
translite (IX) unit 113.
The next instruction pointer 100 issues next instruction requesté to the
unified cache 44. In the exemplary embodiment where the processor 30
comprises a multithreaded microprocessor capable of processing two threads,
the next instruction pointer 100 may include a multiplexer (MUX) (not shown)
that selects between instruction pointers associated with either the first or
second thread for inclusion within the next instruction request issued therefrom.

In one embodiment, the next instruction pointer 100 will interleave next

Instruction requests for the first and second threads on a cycle-by-~cycle ("ping



cache 44 returns the following tags or identifiers together with the 8%58
1. The "request identifier"” supplied by the next instruction point er2 2004
2. A thre®NEIFBEhunk identifier"” that identifies the chunkcrekemnes; and
3. A"thread identifier"” that identifies the thread to which the returned
data bel ongs. Next instruction requests are propagated fromthe next

I nstruction poi nter 100 to the instruction TLB 102, which perforns an

addr ess | ook t h sicp address to the unified
cache 44. Th& uRi f| g% A%hﬂg%ﬁ? H‘I\?Sref?)sgc’ﬁjc%lferae h&ﬁﬁgﬁ?j‘ Fﬁﬂé‘leﬁtFH ction
to the instr umdthiutiontstreamimgbufier T06resdddbcesFIEPotRV¥ the eEIdsHAv@Mof B est s

al so propagated di rcﬁ ly fromthe next instruction pointer 100 to
i nstruction & hEﬂJ‘F‘?"éP‘SIU{‘}ngﬁ PRinteregupgsmaythe fonis, r3961r|6611vymsr eam ng

buffer 106 tg f nstruc i ved
fromthe unifi g% Cag&&ﬁ@g&%%ﬁgtﬁ%gﬂéﬁﬁd resﬁést’f‘&t'?lué’ﬁ's’r #‘?18 %ﬁﬁﬁY‘Fi r st
and second t lor é&bytesalignietdinei %u(ﬁdxn‘mémﬁx dﬁﬁ:&ﬂ%ﬁa?'be%ﬁﬁ@&l:@g buf f er

106 to the instruction pre-decoder 108, mhlch perforns a nunb ¥ | engt h
cal cul ation B¢ PGP 0% toe %Pé‘hé dﬁeﬁhcalméstpeéﬂ ODb)atheetcme\ted\e

i nstruction g neaTh ke we%egwgﬁg T ARG RN S S

pre-decoder 108 generates a serl

inter aiia, to de%enahenmanmm puihileP NS0 iiakdl dh inbBRukGH Fdimbitah ud r eam
-10 2 0 MAY 20 V\Qméf 41530 PCTI USOO’ 28422 propagated to the instruction
steering | og]’”&l ipdsa it eenpTAtes B PEeragugs! identifier] that Weaf:senmtwm&l t he

byt e mar ki ngthearitliGidnGre ﬁ&ﬁ?ﬁd%ﬁ&[o%%s gﬁ&ro %Lé%‘éig Yali3 “’

i nstruction decoder 112 € purposes codin gpructlons
are al so pr op%agastedwlﬁeromtuheng dstarrespdrsive tstaﬁeﬁstﬁ.g:hbﬁgéquémhé Qnifeg branch

address cal cul 14 for .t ur poses, of branch address cal cul ati on.
M cr oi nst r uct¥ gﬁg‘& 5‘?]}5 g‘ﬁ f‘ﬁlg‘?wg‘é ¢rrigantifars togethasdyitiothe dataoder 112 to
the trace delivery enq&@e,&ﬁest[}ggh&gerdgw E}lg%\gxp?‘gg_gmo[gégmgessom ated

with each mcroinstruction "into which a rracr nstructron i3 £ransl ated. A
fl ow marker indicates 180:

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
pointer 100 to the instruction TLB 102, which performs an address lookup
operation, and delivers a physical address to the unified cache 44. The unified
cache 44 delivers a corresponding macroinstruction to the instruction streaming
buffer 106. Each next instruction request is also propagated directly from the
next instruction pointer 100 to the instruction streaming buffer 106 so as to allow
the instruction streaming buffer 106 to identify the thread to which a
macroinstruction received from the unified cache 44 belongs. The
macroinstructions from both first and second threads are then issued from the
instruction streaming buffer 106 to the instruction pre-decoder 108, which
performs a number of length calculation and byte marking operations with
respect to a received instruction stream (of macroinstructions). Specifically, the
instruction pre-decoder 108 generates a series of byte marking vectors that serve,

inter alia, to demarcate macroinstructions within the instruction stream



characteristic of the associated mcroinstruction and may, for exanpl.e

I ndi cate the associated mcroinstruction as being the first or |as 0"MAY 2004
m croi nstWO#HBI0in a nicrocode sequence representing a rETmesongsnwcti on.
The flow markers include a "beginning of macroinstruction”™ (BOW and an
"end of macroinstruction" (EOM flow markers. According to the present

I nvention, the decoder 112 nmay further decode the mcroinstructions to

have shared rgs & AWl qole - (SHR fl ow markers and

synchroni zat ipgnB%%YﬁCWI ow mr%z\fsgé%?g(}gggg@j therewith. Specifically, a
shared resource f Thwimstnkton stberingflogie 120 thehrDizASiHeBGté MAriaag Fedt9Gabi ON
within a particular thread at which the thread nay bé interrupted (e.g.,

re-started oft8ShASERIe MRFIPIRLECtons 40 thednsioirtiondeseder k1Ader thelpyepdses € | n

t he thread. 4e680 | enbqdi nent of the present
i nventi on, i:sglpggnstr glgdgé to&n%ﬁ%gg%?%g{%ﬁgﬁegg?wﬁﬁ“’égﬂgfqr‘se the end
or the begi natergngfogic PH terthe ivaxicdi Atlireds@hicQntor 118 (8r SR BHode8 9PbaREN f | OW

mar ker as wel |, .as iear/];ﬁérﬁttent points in | onger mcrocode sequences. A
synchr oni zat PBATEH e r Migromstrychgngargithendelitered frioonthednsinicticat i on

wthin a pag é%qﬁzp%gqgcghep/g%%éﬁﬁéohread may be synchronized with

anot her threa responsi ve to, €, a synchronization instruction

within the other Duhingaidcodiog, fidve markpnses agbdhahe WitReaf mSReEkiL&RIN on,
the term"synchrqgnize" shall be taken to refer to the identification of at

least a first™paf th # Fagfomngizuiasys tranglatede Aflowtnarkepinsiedde? state my be
nodi fied w t phdrgSPaGHC dfQhd Q%rocfaw&ﬁ‘ilcrotﬂ'ﬁg{l&%or?ﬁncl 1%%?:[ foﬁzg?;g{-lﬁfet D&k afr ead

with a reduced or lower disruption to rocessor, Ve 10 a second
poi nt in t hathetdsseiated micmirstotdiien astheagahe Tike of &30 dderoldsBuction ga exenpl ary
enbodi nent of .the present invention, is -11 2 0 MAY 2004 WO 01/41530

PCT/ US00/ 284‘2‘2“8‘6%&%’?88?%‘8 TEBTSIBR R CISTHRYFUEON o Hdeloxt markers bslided at

sel ected nagridgigting 6f mABrJaMIRRIIne SBONGRAd Shabsd 6?%%@%&&'“ eads

coexisting in the same processor can be changed by one thread w thout
adversel y i nffdvl) Agwitharkegs  eteacirdimgdb the presertthnesd®on, Breatacoder 112 may

Tl ety kL AR L0 SRS R SRS BT L
delivery en@HRMBPflowchitess énd §pRArGasRNGRYNT) TR SraPEaRefoBh&HI Ct or
(BTE) 64, a therewith. Specifically, a shared resource flow marker identifies a
microinstruction as a location within a par‘ticular thread at which the thread may
be interrupted (e.g., re-started or paused) with less negative consequences than
elsewhere in the thread. The decoder 112, in an exemplary embodiment of the
present invention, is constructed to mark microinstructions that comprise the
end or the beginning of a parent macroinstruction with a shared resource flow
marker as well as intermittent points in longer microcode sequences. A
synchronization flow marker identifies a microinstruction as a location within a
particular thread at which the thread may be synchronized with another thread
responsive to, for example, a synchronization instruction within the other
thread. For the purposes of the present specification, the term "synchronize”
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



m crocode sequencer 66 and a m crocode (uop) queue 68. The trace del}séﬁw
engi ne 60 functions as a mcroinstruction cache, and is the primry G004

of  m cr oW@stIHLBPi ons for a downstream execution unit 70. @yr/pégmgdbng a

m croinstruction caching function within the processor pipeline, the trace
delivery engine 60, and specifically the trace cache 62, allows translation
work done by the mcroinstruction translation engine 54 to be | everaged to

provi de incr ed.mcroinstruction bandw dth. In one exenpl ary enbodi nent,

the trace cefgﬁ%r%‘:égﬁngc{/mggkrrpn}'lcrs? grlfg%llsgtgft,argl?ﬁé?dsaétse%@éci ate nemory. The

term"trace", madrbinsRctiSrEBORdR168 Wledd MtaRFRSHEBN A tﬁ’@é’adsec‘:)‘e:%isﬁ:ggzﬁ\ &gqﬁence
€ , eac

of mcroinstructions stored within entries of the®trace cac
entry i ncl ugpmg psesestarreantbe ghangetibnonethdeadroiteeudi adyerdely mpicting thé ONS

conprising t race. .JIn this way, the trace cache 62 facilitates
hi gh- perforrm?g%céj E&fgé’ﬁ}ﬁrr}%"ez‘?ﬁ- that the address of the next entry to be

accessed for the PBiymRasesi@birgbiRtish B9 1@&1%@1@@% EolAle] aﬁé lon is
known before a current access is corrplréste. Traces, Féngcf)érclle e A(’)né rent, may
be viewed as (Mpmiskainsipctions) atesenbies: trdvadelivary egistei 60y Thefede Hebrergne

anot her by trac. ad and _are terpm nated upo epcounteri ng an indirect
branch or byeﬁgagﬁﬁﬁr@g&%%ees aoffra??acrwgi)ggegmfePW&ERB?‘G“%MX@O%S, such as
the number ofnicoB6td deqedcd6BneARSmidGodEYo) ueé‘@@!g).w&hgéjdém/e?y si ngl e

trace or the maxipum nunber of total mcroinstructions that nay “‘conprise a
trace. The t ¢B@Be 6&&mctionsag A mycdngTUstiondache caridde thd pralary saured of

predi ctions Wl races within the trace cache 62. The trace
cache 62 andnﬁ{{éﬁ{%wgr@g%%gd@rtasem @8?‘%‘%%"5\/‘%@&% B9 8At i ons to the
m crocode quetolStruttiomtadhenefurichion WikiOHePrb&EEd el thd'ghf €d t0o an
out - of -order ,execution cluster. The m crocode sequencer 66 Is furthernore

shown to i ncRERIET}engiRBER. astd wresifically thedrage paciie 53 0xloviar arislaticsG@ork

PCTI USO0/ 2844 nbadi | ' e, that inplement a nunber

of operati ons&évwﬁ!eﬁﬁt&ﬁ%trrgcess%?&é%ﬁf‘nrpé%%%%ﬂgBe{‘%veﬁ%e@t&ﬂﬂ’?”élﬁce of an

event such ascmasedemd@pinsamcion dandwidels.r nine e'fhﬂpﬁfgl&nﬂwm%ﬁi thdfacedS W |
be descri bed icﬁ éﬁjrther detail. bel ow, are invoked by an event detector 188
incl uded wit AR & PRYiOMRTISeAser8ital 8 vryisat asseciptganemony. Fhettasm Sirectssor  30.

in the present exemplary embodiment, may refer to a sequence of
microinstructions stored within entries of the trace cache 62, each entry
including pointers to preceding and proceeding microinstructions comprising
the trace. In this way, the trace cache 62 facilitates high-performance sequencing
in that the address of the next entry to be accessed for the purposes of obtaining
a subsequent microinstruction is known before a current access is complete.
Traces, in one embodiment, may be viewed as "blocks" of instructions that are
distinguished from one another by trace heads, and are terminated upon
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 microcode queue 68, from where
the microinstructions are then fed to an out-of-order execution cluster. The

microcode sequencer 66 is furthermore shown to include a number of event
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The processor 30 may be viewed as having an in-order front-end, conﬁ&ﬂﬁhqﬂm
the bus interface unit 32, the nenory execution unit 42, the

m croi nst M{e8¥/8A3Q r ansl ati on engi ne 54 and the trace del i vecyrusagisie 60,

and an out-of-order back-end that will be described in detail bel ow

M croinstructions dispatched fromthe m crocode queue 68 are received into
an out-of-order cluster 71 conprising a scheduler 72, a register renaner

74, an allocator, 76,,a rearder buffer 738 and a replay gueue 80. The
schedul er 72 MPRGIe: 2rtBdiedin Mitspie el o sty ofppestions: o

schedul e and @igRAtprdtk&6PBO &L fegﬁédsgm@&feq;cc@f@;_@eétdf% e*exnm&h%;é%ut on

unit 70. The register renamer 74 perforns a register renamng function
with respect exceptioten annntegmpt.aihbe evend hendegrs|b@) as wilklge déseribed irhAirtHery be
of th eral ters or any of

utilized in pliace  of an ei ght ge yr gpose,regis
the ei ght rogFﬁaﬁd’-e To re%‘@ﬁkgﬁ@g@%e\m& t%Ft‘brr]c?géE yeled B‘Gg\é‘iééﬁﬁ%@rt he
I ntel Archit eedramferi7@Sh HMCHARENIGH the %’J@,@esg&l cator 76 operates to allocate

resources of the execution unit 70 and the cluster 71 to microinstructions

according to avai | &g pracgssand0 magde vigwedwes lewarg art iradrden fusht-end ent
m,croi nstruction, the aJlocator 76 is

L to. X
aeponsi bl o 1 SPRPORBARE Ry W Lo P e o T b AB AR A ¢ hr ough

the trace del mi@blhse@iing H8Rslation bdBnESLLR e i&ﬁtdieﬁﬂaﬂy{eﬁu HeHd, 3d GRYI ne
a

ltf
54, as shown at 58. Mcroinstructions, which have Ir source fields
adj ust ed by tPt-efeerder back-enthihat willibe dessribed iodetail helawr.eor der buffer 78 in
strict programordgt. . 1 .Cr 0l ructions wthin the reorder buffer 78
have conpl et ed ex(e@lij r?%ﬁ'gﬁ nasrdeﬂﬂrlz%gé%foé?t erlgﬁr?‘ﬁ‘f@rﬂu,euieﬁgﬁma?eée’t"ﬁ%n
removed from iats a0bdBof-bitfet efustnd1 eGhpiievgd stRedifled T2, a @6gioter FEHARG: 74) - €.

according to an original programorder). The replay queue 80 propagates
m cr oi nstructal“b‘?\lg"“ta t/bed EeOrdenfuifies 8 a0d @ replay Auews®k uthesshediler 7. The

execution uni; ' ' 1,00 POJ uf.i.o engi ne
B4, an |t oger RSt ST o ek Oardipuditineord AU PR B BB een 70
exenpl ary enbmiiraestruttionstfockxdcstivmby freasessivn @&t BX eThe Rgistdraehihet - 13 WO
0J141330 2 Or#XAY égOG PCT/ US00128422 Architecture instruction set, the

floating poirft: RETEETS 0B EHYiTRRABEE fEY Hom WhR respestde hiddemmeaser pRdt r uct i ons

and St ream ntoakip fodh @R ter GhaUAEY BOuiMidih YIS of any of the eight general
purpose registers or any of the eight floating-point registers, where a processor
30 executes the Intel Architecture instruction set). The allocator 76 operates to
allocate resources of the execution unit 70 and the cluster 71 to microinstructions
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 enginé 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
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Dat a) Extensions (SSE s).
enbodi nent of the processor 30 illustrated in Figure 2,

limted OMPIOL/EESE on or replication of resources to supportPcarusoo/28422
mul tithreading capability, and it is accordingly necessary to inplenent
sone degree of resource sharing anong threads. The resource sharing schene
enpl oyed, it will be appreciated, is dependent upon the nunber of threads

that the pr | i ly.to process. .As functional units
wihin o pracaaeght Sos M LLANENE o PR e AP i guhe
functional i t yxeantk MMXPagatictions bifd Siresmaldg SIMD iSing BRI Midne RANASER Sharing
may be viewed as conprisinga(l) storage and (2) processing/propagating

bandwi dth s
the sinulta

hEpia) §xteasivps

neous processing of two threads, buffer resources wthin

various functional units may be statically or logically partitioned
threads. Simlarl Mulﬁf}ﬁ‘eacﬂﬁﬁw' erfsdd ded by a path for the
of information between two functional units nust be divided
and al | ocat ed betlfidhhexemeplapoemhediaent ofithe prigeessor ¥sijustrated mFigwye 2ssues
may arise at .Of . b wi t hin ocessor. pipeline, different
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thread 0 an
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be achi eved
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appreci ated that different resource sharing schenes may
| $9EEF P TeFQUSE PRATiNgG 3Mong Hrerdsy i rasp L ederisgschetnes and

Multithreading Inplenmentation In the exenpl ar
there may b20

I*%/AY 2004

. For exanple, in a processor that supports

aplabHitANAdGD RIRESEIAAY hne€estiry t6 Enp ARGt be! ogat i on.
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I:sL L | .J C lagram,illustrati
AP EL i hiPBe apptiafed o detaefilboll AN o MR L a1 n
Figure 2, antiegepiesics iwalrle eirsultdnenasly et prodess. t As Almatiomalaidevighihuf f eri ng
as bei&g Ioghcally partitioned to acconmpdate two threads (i.e.,
Y PiC idg
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seme bulfgripg (orsipreges pciorplitheedds of the

ies within a
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allocating a first predetermned s
ecomprisang () atobagesand () padtessing Apropagitingdaadssdihigharihg WO
Ocon%%nzerqgé.FoE %a'r%l%f) &Izasgr%%essor that supports the simultaneous

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

entries within a buffering resource to a first thread and allocating a second



predeterm ned set of entries within the buffering resource to a secon

thread. However, in alternative enbodi nents, buffering can al so be ZU MAY 2004
dynami caIW}MEHa'r-"éd. Specifically, this my be achi eved byp@r/ovdoisig t wo
pairs of read and wite pointers, a first pair of read and wite pointers
bei ng associated with a first thread and a second pair of read and wite
pointers being associated with a second thread. The first set of read and

write point eisedBirdlifel!stl SRAA Bithin b buRLARFIELIIAGH JIIBer ol jent ri es

wi thin a buffering resource, e secon

poi nt ers may Hipvéver ihailtemta/emﬁimaﬁhnphadm@érmgr@d ALY a‘?ﬁ:cﬂw fHa®& W thin
the sanme bufferi g esource.. In_the illustrated enbodi rrent

i nstruction SPREHF! g&Bﬁufffaé'rbelwev?ﬂé’ymf%’é‘u@ampﬁzs ofaead andlwrstEr uction
103 t h | [
queue an Euﬁgi%"‘ﬁ‘f&ﬂ g%?cd? PP AG Re é&[t%%e%g%%%éﬁéjﬁ%ﬁ %5 ogi cal | y

partitioned "between t irTst and seco rea Yer O uster
(71) Figure #iresdanblacetord pgr afienti lanatvilel prgntbry adigtiatddswith aone

enbodi ment  of t e, out - rder cluster 71. The cluster 71 provides the
reservation S$§4af dh""ad %Fg'tr%trse%frf&ﬁiiﬁ@ d wrilg peintersanaebe Havikedtto a first

o L Pt nlintd BB RCBPEREI AT RS Blodrte! SR M erond - oo

m croi nstructi ons from t trace Ivery engin
to these ni cseasiohs¢adiaid wmse popasesysiiimnted iuh seehd prédQerminednsh@®es for
each microinstruction edul Sq{gelﬁcr oi nstructions for dispatch to the

appropri ate B%BLUET B’hﬂ"brh Sang, MESEsMTES- dnthe Hlustrataderpbediment thep| ayed
due to data gRERGHLEH sREmARDUHIE 04, th@lrhYe LaBhd E£3 mafir uraﬁtt{ tcidlegn§0§l

corrmts the mcroinstructiions to a permanent arch

"M croinstr uette|5bnsmrteceeciwpcb'~adea h@r@mpecntﬂmaaxsdogmmy paigionsdy del i vered
to a register 20 and, al l,ocation and free |i1st managenent | ogic
122. The r:léﬁmteg?ﬁ%ﬁ? éa'? B$8N¢ 3Br42dS esponsi bl e for translating | ogi cal
regi ster nanes to physical register addresses used by the scheduler 72 and
t he execution units 70. More speC|f|caIIy, referring to Figure 5, the

regi ster alias table 120 renarﬁﬁ_&ﬁﬂ&@eimm poi nt and segrrent

il 1541 showd By HeR ek SRR BBl Bt Blesrdet Sl omapsbapent 1 o
ei ght (8) arafhhé eqt-uf-aldet eisttr &1 SThé Blus e 71 bltaléAhe Jesee PR dTBEL, the
register alias table 120 is _shown to include both a front-end -15'2 0 MAY
2004 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 sumultaneously 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.

More specifically, referring to Figure 5, the register alias table 120 renames

integer, floating point and segment registers maintained within a physical

register file 124. The register file 124 is shown to include 126 physical registers

that are aliased to eight (8) architectural registers. In the illustrated

embodiment, the register alias table 120 is shown to include both a front-end

-15-



WO 01/ 41530 PCTI USOQ 28422 table 126 and a back-end table 128 for ?3%MAY 2004
utilization by the respective front and back ends of the processor .

Each ent WP t/41hi6n the regi ster alias table 120 is associptBdsiidshy, Or
viewed as, an architectural register, and includes a pointer 130 that
points to a location within the register file 124 at which the data
attributed to the relevant architectural register is stored. In this way,

the challe OVI d m croprocessor architecture that

speci fies a'}g@gllg Rpdp a§‘?ﬁ§1‘3 t?ﬂﬁﬁé& fagrutilizetion by therraspactiye &oat andrbackbe
addressed. Eh@saf hecabtoand f8e 11125& ﬁﬁg& I i.s responsible
for resource zsil | ocati on cz;nd statenr ol\;g?rﬁ;lﬂgm Lril‘ﬁgt%?]%goelrs 71. The

| ogi c 122 aalsmseaeterésv:ﬁher PeMediisngn nechitectaes régistegahd ihdudéssSpéiHeti on: 1. A
sequence nuq‘gﬁ h |smgcﬁven t. glsh m crojnstruction to track the

| ogi cal orde f*FFérPé’b‘fsm tgn ¢yiphig dheregister Hle Ldmtyerichighe datai s processed
Wi thin the Gkibuedd tblhe TBVARAYENER N} L

m croinstruction is stgredvtoget hg wgﬁgégﬁ%%b%#fggn% S’ &or t he

m croinstr u@hﬂéﬁmgﬁﬁ pmvnd@d bﬁbll%aZtB@m@HimmsiIEhmhneﬂhﬁe et epdddfies t hin the
reor der buff qu ee ll&é ald enent entry, that |s gi ven to each
ni cr oi nst r uct Be 8mag|qu59\5ae[r}?éa tesMralgeistess mak beirAdrassed- i on to be
tracked and recovRé glbdafionhh8 fFRI8: 3 fRrais n. 3. A
reorder buffer (ROB er?t ?3 that is |arrlld %ﬁﬁgé@%?)’&r}és enc{etﬁléntd’(r?mer 4. A
physi cal re§Fguese ¥ OF@QEQmeﬂBWEQWWI&wM alegted A" )Thai logicri2nhi ch  t he

m cr oi nstru re_useful resul 5. A lopad buffer (not shown)
entry. %IIJJ{%P?SWR%@#O %r’i‘é%"%ﬁ%\/&ﬁ)ea‘éh?wm?s WH9Mst ruct i on queue entry
(e.g., to ei t her l.aAredidrite nDSiHeIClvhR iSIPRER to &IchanREARER) f I on
address queue, as will be described bel gli\(/?/) cl‘n t he event Cg‘&? é{éﬁ%gl c 122
is not able to obtthf iPeiend oFderebereed wikéna thread aa‘tinermcrcenﬂrmﬂnbnsequence of
m croi nstructions, eguest that th elivery

engi ne 80 stal ¢ RoEed diud i clorke TR balchRe plvpher affbRietdn,

resources becomne aaaalnhatrlomsrrmnsmizequaﬁtrog@ch@:&m@ta@aé&%J&Natm@f fHeng the

stall signal 82 ilJustrated in Figure 2 -16
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.

-

- A physical register file 124 entry (known as a “marble”) within which

the microinstruction may store useful results.

18]

. A load buffer (not shown) entry. -
. A stall buffer (not shown) entry.

N Oy,

- An instruction queue entry (e.g., to either a memory instruction queue

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

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

signal 82 illustrated in Figure 2.




2 0 MAY 2004 WD 01/41530 PCT/USOQ 28422 Regarding the allocation ofz mpmay 2904
entry within the register file 124 to a mcroinstruction, Figure 5 shows
trash heaWyOdiH+a3s0132 that maintains a record of entries vnmhusnolzhez
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 1 ogic 122 accesses the trash heap array 132 to identify entries within

t he reglster fil .1 hat e available to. allpcation to a received

ni croi nstruction. Reg gi G %fﬁh?réo}a rb?f‘wye‘é’ﬁg’ﬁ%tgﬁlr%g‘?téf L281t32 i ng
entries withig i&hesmoatﬁr iré 58how94 tiabiRhe 5PN M ic 122
further nmaint alcns a free |Iggt man?iger (a e414/:34 toﬁetﬁgtl?‘ghﬁ?lrnggﬁleéﬁggof

ar chi t ect ur alof pefgies methin ﬂ&)@&lﬁtem@l&ll?”z tltalhba‘fermxﬂ bleexshllmnaig&rarmi-ﬂecml nt ai ns
a history of th ng ister alias t

ni croi nst r uctt &Srsh(ag %FI ﬁﬁ‘gﬁe r’\é’t Ryt Wé"”iﬂ?‘ggﬁ? f‘ﬁ‘Stﬁ’a?'r%féé?bl?Lé@)provi des
the capabi | iThy légc 12madcases nﬁefrss@meab%a hB2% M@Rhgy erétfled Qi@ e O 2

non- specul ative state given a m spred |ct on or ent. The free |ist
manager 134 aegiger flgdd4 thatare availabiretostlodation ton retevehinicremsofuctitre 1 egi st er
file 124 to 1N 1 hat tate, .information js current, Finally,
at reti rementqﬂg %/ F?a’ls %gd'lesélfoé}sttﬁﬁg fﬂ‘agpg‘ga??g‘est‘fﬁhg‘ft@w%s??% the free
| i st manager 11:8141ataectdﬁag waa}sb]eheap array 132 for allocation to a further

m croinstruction._An instruction queue unit 136 delivers mcroinstructions
to a schedul er aHee @S&EBJ&F@EUN&EHWISSBJ)&EQ@&mnant@dt/ﬁ)é&i pregblem or der
and hol ds an r n neede by the
execution unlgrt Sﬂl}%%@%.ﬁcﬂf@c %ﬁrg‘%?%{){n% ! 8alb’ni a&ET

di stinct strucintes a histoe) yftauachbﬂgetsrtu@ltd r@gzs&uauﬁs ab@12p4Q and an
i nstruction address queue (1AQ 142. The 'Instruction address queues 142
are smal |l st FUECHSBYCHRRS ijﬁ@@of‘ﬁeﬁ‘é‘we*@r iThe &rgp List meorgeatlBdprgadep the

m croi nstructifBil qﬁgv $ik ‘r%g INgia8 nit, . 138 as
needed. The H@trﬁglt&l; on alél1 resés getue 2 %g}‘rsla?bf %‘et?ér?rspré%c r?f)lfl?%veea
menory i nst r&teteigweraddnqssdnpueu@r(aMeAé)t Tha tfreq list k@ anagtir QB@alsb Ofges OtheMENDI Y

oper ations an nstrycti addre S gueue (G AQ .that queues
i nf or mati on ?8? gﬁ%ﬁgﬁ%‘dﬂﬁb S‘BEFétorf egiies fif @ﬁﬂ@??’iﬂﬁ‘t%ﬁ@ﬁéﬂiﬁ'@ s§ter es

less criti CalformdtRIn B kiQBnt. %Qlﬁ%t%&ﬂ&t%sﬁ iR eggéxf d‘éﬁhf}%rfs%e

m croi nstructions. M croinstructions are d rom I nstruction
queue unit 1@8nsf¢reed foem the free list manager 134 to the trash heap array 132 for

allocation to a further microinstruction. -

An instruction queue unit 136 delivers microinstructions to a scheduler
and scoreboard unit (SSU) 138 in sequential program order, and holds and
dispatches microinstruction information needed by the execution units 70. The
instruction queue unit 136 may include two distinct structures, namely an
instruction queue (1Q) 140 and an instruction address queue (IAQ) 142. The
instruction address queues 142 are small structures designed to feed critical
information (e.g., microinstruction sources, destinations and latency) to the unit
138 as needed. The instruction address queue 142 may furthermore comprise a
memory instruction address queue (MIAQ) that queues information for memory
operations and a general instruction address queue (GIAQ) that queues
information for non-memory operations. The instruction queue 140 stores less
critical informa.tion, such as opcode and immediate data for microinstructions.
Microinstructions are de-allocated from the instruction queue unit 136 when the

relevant microinstructions are read and written to the scheduler and scoreboard
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rel evant mcroinstructions are read and witten to the schedul er and“] MAY 2004
scoreboard -17 2 0 MAY 2004 WD 01141530 PCT/ USOQ 28422 unit 138_ The
schedul er Wad/H4¢86r eboard unit 138 is responsi bl e for schedutt06he/28422

m croinstructions for execution by determning the tine at which each

m croi nstructions sources nmay be ready, and when the appropriate execution
unit is available for dispatch. The unit 138 is shown in Figure 4 to
conprise a ég%il%ger file scoreboard 144, a nenory schedul er 146, a matrix
schedul er 148, @~ sl owm croinstruction scheduler 150 and a floating point

schedul er 152, Thwguned&_@sagatsearewﬁamﬁfsstipﬁesw{;isﬁfafgéhiasmS ready by

exam ning information maintained within the regrster file scoreboard 144.
To this end, miswinstaghonsforexeatondyeddemdiningitheitimeaewhitheditrent , has 256

bits that traclérodaﬁa resource avajlabilit gﬁ_\rsr espondi ng. to each register
within the r &JFrOEEITYPES HCes Ry b eady and phendhe ARIFORFiataesutin a

parti cul ar - einitis ¥aiRbR fbRGispEahS RE uhir 188 1o REuf] L8 ElhpiRAN,
allocation of data to the relevant entry or a wite Gperation into the
unit 138. Theegiganily sseriebearddid4ia@emery ecleduberidg; « ratsx sdhedolen$ds, uct i ons,

checks resourgce avail abpi it and, t schedul.es nenory-cl ass
mi croi nst ruct ﬁgﬁ@.lcroﬁg-"ﬁ%?'ﬁ?‘egﬁﬁéggéj %‘?gig@a%ﬁﬁf’%é?y%rtlﬁéht | y- bound
arithmetic | ogi c THY dinit {F8-ddteshpesWHRhShe filrcald extﬂg‘?ea%%hﬁﬁ&ainﬂﬁm

ol’nt schedul er 152

dependent back-to-back _mcroinstructions. The f1oating
buf fers and ¥¥a@eatiassmaintained nithio e registardilestarelotardi44. TantHisendiehs! ow

m croi nstructy .schedul.es,. m croin uctions not handl ed by
t he above mﬁéﬁ%gﬁéggggﬁg%ﬁréﬁ%'%%ER§W8§@F%5B5§%tSr Bt 3unit (CRU)
160 i s shownrdsouicaalsilitbility cor@sp@iding td edchliedisted iR ed relfider Ble 35491 NY

queue 166 ang a retirement control circuirt 168. The unit "160 has three
mai n funct i oh%, eXARLEHheso rhgits ff@pashicular entap within thectegister dilel 124
retirenent funchiQRarcnGsid difhl r LAY o sk ons
conprise re- _exgcuti ng mirol nst rx%rétolf%%g?%{%i%\%&geiﬁtﬁgg%gg 'F PPERRUOR Ut ed.
The retirenekto thenotii 138. conpri ses committing architectural in-order state

to the processor . 30. More specifi |y, the checker 164 operates to

guar ant ee t hat eé@"ﬁ TFePei f}’fgf‘&ﬂl@f E‘%a%b‘ﬁ S reSpRPrSasaistRiBgTYgiensor r ect

data. In checks resource availability, and then schedules memory-class microinstructions.
The matrix scheduler 148 comprises two tightly-bound arithmetic logic unit
(ALU) schedulers that allow the scheduling of dependent back-to-back
microinstructions. The floating point scheduler 152 buffers and schedules
floating point microinstructions, while the slow microinstruction scheduler 150
schedules microinstructions not handled by the above mentioned schedulers.

A checker, replay and retirement unit (CRU) 160 is shown to include a

reorder buffer 162, a checker 164, a staging queue 166 and a retirement control
circuit 168. The unit 160 has three main functions, namely a checking function, a
replay function and a retirement function. Specifically, the checker and replay
functions comprise re-executing microinstructions which have incorrectly
executed. The retirement function comprises committing architectural in-order
state to the processor 30. More specifically, the checker 164 operates to
guarantee that each microinstruction has properly executed the correct data. In
the event that the microinstruction has not executed with the correct data (e.g.,
due to a mispredicted branch), then the relevant microinstruction is replayed to

execute with the correct data.



the event that the mcroinstruction has not executed with the corre::j}C g@ﬁ]?ﬂﬂﬁ
(e.g., due to a mspredicted branch), then the relevant mcroinstr Qi

i's repl ay®® @ig1si@xecute with the correct data. -18 2 0 MAYEHH%e432

01/ 41530 PCT/ US00128422 The reorder buffer 162 is responsible for
commtting architectural state to the processor 30 by retiring

m croinstructions in programorder. Aretirenent pointer 182, generated by

a retirenent cont rﬁ'lﬁ-‘ cir u'g}t éGﬁéz i ndi cat.g&tfan entry. within the reorder

buffer 162 that is éF‘H‘fg“cef bfPR{P2 RdesprBSIPR foF ervaRvttingiatehitectgal statses past

a 1M croi nst r uké pRRedbt BO By feLERE FferolRRuEREAES ﬁ%&!)&}@k&%gmt t he
Ire

ghiang
free list manager 134 is then freed, and the r?lgegﬂgntoregl ster entry
may now be Pesital HRdgenrdated iy mtiredentaontrel tirastil tBeingicardsa ehda, The

ti t t.r ol ' it ,168, 1 A .Sh [ | enent ti th d
tate: machi nditiyh e EREda s ded Tt islvias Givory ot DiareoremenPotesid ai ned
bel ow. The h@ivies ?amtnma&gehctwm APEntrRhe &Lées@tagﬁﬁ\%fmé DhirOf

specul ative results held in the reorder buffer 162 t e “cor respondi ng
ar chi t ect ur athesfres kst wanaigar 1Heis thergireads rnd itherel@anTiegistadildentryuifyer 162 is

al so responsi for, _handl i I nt ernal ,and . external ents, as wll be
descri bed i nhp hﬁ%rg?la%?cgﬁgggp%Fe%S%H‘etntﬁghgﬁﬁB@ﬁaﬁﬂggo%LéfPrﬁ’éﬁf‘t
occurrence byortthe! cire@it 468 isid @lowkS infplembiein 9B Alredd QatSnASRREL €. The
nuke signal 170 has the effect of flushing all mcroinstructions Tromthe

processor pi bl thecPumpase and funstioaing of wiich il bi explainedibetrvleThéuf f er 162
al so  provi des; Laen i 361 Qﬁ‘édi}’%s\’ o%%lsntt‘fis%ggx}{“vl hgn nqggg%ﬁ%?v{{eg@yh} (r:gmt 0

comence sequencing mcrolnstructl ons

which to di sheltidh tiareosderitiuffeandll &y the Comrelinslidacy hrhitk@hAt 948 withhethe
Reorder-Buffer . (162) _Figure 6A is a block diagramillustrating further

N

detail s regaléthy ﬁu‘éxerrpl‘ ary enbodi nent of reorder buffer 162, that is
logically partiti h &£ t] .thin th ltithreaded
PRy SR B T L b AR Ml P

processor 30. Specifically, i nclude a
reor der tablextdr3@l eveats, pay il be degiribetliy funtizertdetaibindovt Upasceaeaatién entri es
for first and second threads en th%ré’processor 30 .is o?erati ng in a

mul ti t hr eade® IYEE WrLFFeape PRt Tgordrr fullen {9 a 'nuke” signal 170 is asserted.
The nuke signal 170 has the effect of flushing all microinstructions from the

processor pipeline that are currently in transit. The reorder buffer 162 also
provides the trace delivery engine 60 with an address from which to commence
sequencing microinstructions to service the event (i.e., from which to dispatch an

event handler 67 embodied in microcode).

The Reorder Buffer {162)

Figure 6A is a block diagram illustrating further details regarding an
exemplary embodiment of reorder buffer 162, that is logically partitioned to
service multiple threads within the multithreaded processor 30. Specifically, the
reorder buffer 162 is shown to include a reorder table 180 that may be logically
partitioned to accommodate entries for first and second threads when the
processor 30 is operating in a multithreaded mode. When operating in a single
thread mode, the entire table 180 may be utilize to service the single thread. The
table 180 comprises, in one embodiment, a unitary storage structure that, when
operating in multithreaded mode, is referenced by two (2) retirement pointers
182 and 183 that are limited to predetermined and distinct sets of entries within
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thread node, the entire table 180 may be utilize to service the single
thread. The table 180 conprises, in one enmbodinent, aunitary storad@ MAY 2004
struct ur ¥@RH#153When operating in nmultithreaded node, is peafhighpengesd by two
(2) retirement pointers 182 and 183 that are limted to predeterm ned and
di stinct sets of entries within -19 WD 01f41 30 2 0O MAY 2004 :
PCTI USO0/ 28322 the table 180. Simlarly, when operating in a single thread

nmode, the tapl hsSe.. referenced by a sjingle retirenent pointer 182. The
tabl e 180 i n%eﬁaélgqgh g’r‘i‘?’%ﬁ”é"&%@%ﬂm&@ 4 tngls drread madep thertplle8gisst er |
file 124, . anfgf&@ﬁgéﬁb}aa §ﬁg;@ﬁg§emm§???hs§%tdﬁgleil%g{ Js%ﬂ eint the form

of fault information,” a |ogical ress, and a“valitd-bit for
each mi croi nearrespondmgdateacieentry ofthteregisteride t12gasd stordsid seqhddee The entries

within the table 180, are each indexed by th equence, nunber t hat
constitutes %u'ﬁﬁ?ﬁﬂéd %ﬁg’ﬁ FERtegm H”ﬁiogtf%iﬁhgg‘?‘ﬂ&tio&n.a logigalr i es wi t hin

the table 188stin@tioh Bdéfss aAaNCEa M Eibf&r@%cﬁﬁmfgﬂﬁﬁuwgftézmhﬂv{vﬂ%ﬂt ed and

de-allocated in a se%uentlal and in-order manner. In addition’to other
f1 ow mar ker stherrpgisten filecl 288 Thieentmiest widhamothe tatio 189 dre eadhvindegedsimatied
resource flow marker 184 and a chronj zation fl ow marker 186 for each

m croinstr ucﬁeﬁbﬁr}ce‘fh%ngﬁptsateﬁmﬁﬁﬁq‘ésra &%’ﬂum%ﬂﬁﬁ'él_@g?%ﬁ%mma@f@em- 188
that is coupkmeiet WithiR el tdBlel 1BDAKE, 4R bedoP@MRS it MhelsbSudRE MuGiibeld)t €r r upt
vectors and al so to access entries within the table 180 referenced by the

retirenment pioRttedandgie-alipgatedan a sppeentidand devuter orant@s Irsaddiviomer nmor e
shown to OUtcﬁlHér ARG RAEE ssh%'lgblejlé@ risaﬁgrshﬁtggf%f%@%%éé ”r?'és _Zf%_.a Assum ng

that a specific mcrolnstfuction a t hread 0)

experi ences msourcaficty ket &84 aid ﬁﬁnwcﬁﬁhﬁ&nﬂ@d& thdHeeF 188%or eddpen the
I nformation stored in the entry within the table 180 for the specific
i nstructi on ISP i red to the architectural state when the retirenent

POi nter 182 O 18ReirdordeRGE BRI AePUUERRR dbEof SHEUARL: Gbfdiol N LIS

case, an instruction pointer calculator or ns par t he
retirement cerdivointoiruptueuddsin thedommehirgerribievetes and&lsHit6 bedegSt r uct i on

Cor  espondi Rty it Faplt A Tasgefidh o Meactmmedt poioiermy ot e 185,
The event detector 188 is furthermore shown to output the nuke signal 170 and
the clear signal 172.

Assuming that a specific microinstruction for a specific thread (e.g.,
thread Q) 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 a branch misprediction has occurred, the information is conveyed
through the fault information field to the retirement control circuit 168 and the
event detector 188. In view of the branch misprediction indicated through the
fault information, the processor 30 may have fetched at least some incorrect
instructions that have permeated the processor pipeline. As entries within the

table 180 are allocated in sequential order, all entries after the mispredicted



next macro-or mcroinstruction if a branch is not taken. If a branchz[%MAT F””"
m spredi ction has occurred, the information is conveyed through the fau
informati MO P¥EEHW to the retirenment control circuit 168 angcihsoeRyent
detector 188. In view of the branch m sprediction indicated through the
fault information, the processor 30 may have fetched at |east sone

I ncorrect instructions that have perneated the processor pipeline. As
entries withipn the .table 180 are allocated in sequential order, all

entries aft er"PREN MICSISHIEERyatepics0insAshops trinta by the TEsErepiErad U5 00/ 28422

branch m cr ol ehéekirAPHEH 8ot G4 P ti 0t he_m spredicted
branch instruction flow Inorespoén e}%%ﬁtthggg?rb ﬁgtrg N ee[n}tpg?rent of a

m cr oi nst r uctmimoifstrustivinchor avhitlsprrespretietbdirandhis registegdstRRRGhWIELDE N t he
fault infornagion,. thtg1 event . det eci %%5188 asserts the clear signal 172,
that clears tHETERPTyRegYERSetetortSoastartsdheiclear sigral 375 dbatwipargthey |

state, and aca@rdbRGhtiokbHEAESnd daneytoRlaPbAAl ACk, I Lhdl) potal e

resulting frominstructions owi ng-a msprediction nicrol on.

The asserti ortheput-peordeebacksérghef allist@teakadtilg bokSinstriitions $olfowing a
subsequent |y fetcgle . m croi.nst r%Qﬁ% t hat -ma?/ be located wwthin the

i n-order front= RSP RE YraTy 2syRriien Af the sleapsippaligdaladiotks|
circuit 168, tHpBud@ldubb&ilehy (Qthéd mitoRGRH "RL whfie fault
information of a reti I‘ul ng m c?oi nstructi on, &ﬁ{gq}ll% C Q%F%?%rﬁ I nsures

t hat i nst r uctthoi-grstenfrontend of thedyroress®130ar e  updated to represent the
correct instructiw} whet her.. the branch is to be

inter. val ue. Based u
taken or not taken, ﬂﬁﬁe < EhLeneghe Eﬁp?i’éﬂuﬁﬁga‘f%@“ﬂ?fg‘capﬂﬁp 8ction pointers

179 and/ or 1GdispielictdiEbiatsiutirodah ahé f0MiRemhGSH §¢aefefifrﬁllrg%mc?&55%ucﬁon,
correspondi ng]béo the relevant entry of the table 180, or increnents the

i nstruction It sjculaton1Higsures thatdnstrursiop paindérs W% amdiont lieme The event

detector 188 ,al1SR41tH% . reqgi sters 200 for . maintaining

i nf or mat i on ngar i ngé]evenit?‘é;e e%%g%grf"(%r g’éﬁ%‘ﬁ‘{%fvaﬁﬁr Eagrdupen é\g}gg}er The
regi sters 20thd mehddizgo da takegnir riod taltempthicdP csledh fira90 dBdated tRendi ng event
regi ster 204, an event inhibit register 206, and unwi nd register 208 and a

pin state rSGTYERPN peigtertd fhand/ qmiSlwitdi the rasylt o um the regigtabfile of
stori ng i nf og ggay??sﬁggggg €319 rd10v 21 EUGY 18051386 b i QlreBePEGE 1 C
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 muitiple threads may be maintained by the registers 200.
Figure 6B is a schematic illustration of an exemplary pending event
register 204 and an exemplary event inhibit register 206 for a first thread (e.g.,
T0).
Pending event and event inhibit registers 204 and 206 are provided for
each thread supported within the multithreaded processor 30. Distinct registers
204 and 206 may be provided for each thread, or alternatively a single physical
register may be logically partitioned to support multiple threads.
The exemplary pending event register 204 contains a bit, or other data



i nformation for multiple threads nmay be maintained by the registers 226)94.” 200
Figure 6B is a schematic illustration of an exenplary pendi ng event

regi ster woAlanoan exenplary event inhibit register 206 f@Fr/dsdolph thread
(e.g., TO. Pending event and event inhibit registers 204 and 206 are
provided for each thread supported within the nultithreaded processor 30.
Distinct registers 204 and 206 nmay be provided for each thread, or
alternatively a single physical, register may be logically partitioned to
support mult i‘ﬁ%i?‘tﬁ%é’éﬁg‘?‘%me@@éﬁp‘lewr%hﬂiwmgﬂeﬁ@gﬂ% &r.g.20% cont ai ns
a bit, or ot 4 PCTI US00/ 28422 .item for
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events descr iibtechdevents, witith aaf generated irtefrialyi WatBh thel PR78sBY Bflss MRY
constitute interqal events,vgni ch are generated internally within the
processor 302X{smal gxents generated pidsigde the prosersenilieds pinevpnischatsge 30 (e. g. ,

pin events t . | t r sor_bus endj ng event
regi st er 204? o;ﬁggf:%ﬁ tﬁééebg Sg%ﬁg%)hgﬂﬁ%leggﬁ at 6 Prgﬁ%gﬁ;%grﬁ%ea&bes not
include a bi thread, intthd itbstckted eattiodimast, duedneviRclude Ab& B itBERAGvEMEC fiC
and accordin Ig/‘ﬁgltre not "q etﬁgd in the pending event register. To this
end, the evefit Yenisare Rt thagad sperifigand ierardingdk 2t Cqueungl” én B@5 t hat
asserts a wj | 0N i Lt eback, event. The bits
wi thin the pggﬁﬁgié;%{etﬁtgg]%teegi g%tgﬁsggaﬁﬁgf%e}g%t t‘?reag m%\"?‘é‘cls“é*e by the event
det ect or 188wiriteltack detpgelogic205ahattasydrichwsitétaick Bignalii e dedé@ionfla Wi t hi n

t he pendi ng ev . .I.n an exeppl ary enbodi nent, a set bit

t regist 04. . ! )
associ at ed V\nwtrﬁ'%ckfgffgt g*‘ﬁi H@d’“&)’é © PYRAIAG AVeTH degyelinn Pdyfasach thread st er
204 provi degreat bﬁﬁe@kﬁﬁcﬁbt&@@r %Bd llhapﬁig%r%%ﬁel[ fg?&t@ndwﬁl%i\% srtﬂggépr?)%}'l%geent of

the relevant type is pending. The event registé ach

thread sim | bitMithinHtegtending ¢vent registen2e Indateaemplarg ertedihert, 8 satbievent
type that i S,J. ecoggi z.ﬁ_g bg ktle evecgt detector 188, this bit being either
set or reset®FPUa™I AP ed’;e THHPELEY T PsRdpg qYgnbregitearabdeyent
Wi th respectpic¥idi@nsp@ieatdr; at WiBdd dedBbeHTIRRE thYEarlivetie W 1Y Medln €Vent
I nhibit register 206 are set by a control register wite operation, that

utilizes a sP@eispending-oi nstruction that nodifies non-renaned state within
the The event inhibit register 206 for éach thread similarly contains a bit, or
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 register write operation.

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

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

not inhibited, upon the registering of an event within the pending event register



processor 30. A bit within an event inhibit register 206 may sim | arjgm?
P : ; . 2004
reset (or cleared) utilizing a control register wite operation. An
exenpl ar yWsroéias®Wor may al so have certain nodes in which bpgwsusskire event
inhibit register 206 may be set to inhibit select events within the
respective nodes. Bits for a specific event type maintained within each of
the pending event and event inhibit registers 204 and 206 for a specific
thread are o ted to AN te 209, ich in turn outputs an event
detected si gt@?’%ﬁfv?%trw WE‘S@%?Y gﬁf ?E%alﬁ\xgﬁb?‘ﬂégéﬁﬁ@rwsthﬁﬁsﬁ’ém efi sters
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regi stering shouald theemeniviiyph be intibitgrbindibegorteatt ofitegesdre inhiBi régiGteMAY 2004
WO 0114130 Pgﬁégng 422 204, t@lﬁ? event, Wi ll i g_]tmdi ately be signal ed as
bei ng det ect SH°BYE ERELAECRTERTSillbe Teprded within tepanding: ypiregister 204 t he
rel evant evemt theSen ' I nhi bited
by the contents of thgagtt\‘/agﬁ?g?grzﬁi[zbiilf‘ng]eogx}l}zthgr%sqﬁ%g?f tﬁﬁgﬁtflﬁﬁ%ggurrence
wi || be recomdtidnhine énentittsbit eeglstag2@ie dearedgiisilecthe 20dnt is btill rédoedelant

detected signal ;211 wll only be _asserted if the appropriate bit wthin

the event inﬁfﬁg?grvé’)é\%“ﬁtgfz r%%te{ %&cfrg%l'ﬁfé’ﬂl ‘WI"?PF’%“Y%’S reqpsded matham the  ecor ded
as pendi ng Wehdling dvBRt FRota1 D, MA4he JEAE d y d within
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rel evant everventoscunrertecaayraplydrel sjgrisdedsit gnmledatentimeoniserl diednhibitirg athen t he
I nhi biting o[h pecific thread is renoved. The event

the event for.the s
det ect ed si gnéﬁ%vggiﬁorﬁg?s%%%fhc WAt SIyPRer each thread are fed to event

handl i ng | ogi ¢ ( evRAévdtidetdctddzermIamek @&h@c&mppmqie%);h@ma&kfbcééd
control logic, as will further be described bel ow An event handler for a
speci fic evetteyent hasglinglogiclevent priasidization andselegsiondpgichared bibtk wi t hi n t he
pendi ng even hst.er EF% i.f]c t.hread once the handling of the
event has beréonr{t%grir%élg’taesc?rgﬁl n gﬁbiﬁfsg{%% t|”°i‘/18W‘errbodi ment, the pending event
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within a Multithreaded Processor Environnent

appropriate bit within the pending event register 204 for a specific thread once

the handling of the event has been completed. . In an alternative embodiment,

the pending event register may be cleared by hardware.

Event Occurrences and Event Handling within a Multithreaded Processor

Environment

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

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

number of operations pertaining to the thread for which, or against which, the



Events within the nultithreaded processor 30 nmay be detected and ZBEM ecﬁ
froma variety of sources. For exanple, the in-order front-end of th AY 2004
processorw@0u#weyo0 si gnal an event, and the execution unitspé@uteydshkew se
signal an event. Events may conprise interrupts and exceptions. Interrupts
are events that are generated outside the processor 30, and nmay be
initiated froma device to the processor 30 via a common bus (not shown).

Interrupts ause the flI ontr to b dlrectedtoamcrocode
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event detector perforns a operations pertaining to the
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188, responsive to the detection of event, suspends retrrenent of
m cr oi nst r uctdmmenicatedidirectljite duk event detestor h8s apqhedpmaf en frgteirapt Nf or mat i on

into the table 1 serts th | nvoke n event handl er
67 to proces®4 Pﬁg?%v&?ﬁm%éﬁgf’ﬁ&%ig’%@ég@ OHEEIH?%%OI%ﬁdetWFeStartS
the fet chi ngreafde¥itaBlOn 83 ik YalihdRsctiohs cBMEN ﬁrs%ysé}%ndw@zu%m% ed directly
to the event detector 188 in the formof an interrupt request (or

i nterrupt setetigng. or through fault i nformati on recorded within the reorder
table 180 for an nstrutlo ther Irs second .thread that is
retiring. The asgtgFtais%eﬁ 51331[abﬂ7a4 %e ﬁé% tt"rcﬁé €aTing P thedMear i ng
both the in- oxaedeesnwmsncenﬁ AN Idi8erBHck @hd U ted RS &13d d ProddiSor 30

mul tithreaded processor of state. Specifically, nunmerous functional

units, but neftstas o%l%es?bePuX/ ryymerogp fundtispplaehitsf bet Roteegesdaridycalbarest r uct i ons

responsi ve t f I nory
or der bufferé?(if’géo;ﬁ‘r t t(t'}srlmlgn er?ace un??g%%og?%zg%?sse e'g‘?{th L§S’gnf‘ ired
but not conmi70t Sometparesf tHrusesoP pider duffe) 4T e BSSBtérfsa Lﬁhfxt 3idie nBer

signal 170 f rt%ﬁ& stalls instruction fetching by the front-end and al so
stalls the Ehof eBFech At FeTYRIEted si0ses, Rt sianrpsnetss odwcrssertionof 68.

Wiile this tﬂ@ﬁﬁﬁe §1E‘Halclafﬂ ﬁ%ﬁh&%&l&fm%é’ﬁometcm%g‘é} et St dhdind also

si ngl e-t hr eaded
stalls the sequencing of microinstructions into the microcode queue 68. While

this operation can be performed with impunity within a single-threaded
multiprocessor, or a2 multiprocessor executing the single thread, where multiple
threads are extant and being processed within a multithreaded processor 30, the
presence of other threads cannot be ignored when addressing the event
occurrence pertaining to a single thread. Accordingly, the present invention
proposes a method and apparatus for handling an event within a multithreaded
pr0ces;or that takes cognizant of the processing and presence of multiple
threads within the multithreaded processor 30 when an event for a single thread
oceurs.

Figure 7A is a flowchart illustrating a method 220, according to
exemplary embodiment of the present invention, of processing an event
occurrence within a multithreaded processor 30. The method 220 commences at
block 222 with the detection by the event detector 188 of a first event for a first
thread. Figure 8 is a diagrammatic representation of a number of exemplary

events 224 that may be detected by the event detector 188 at block 222. The
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mul ti processor, or a multiprocessor executing the single thread, V\/nengAY 2004
multiple threads are extant and being processed within a nmultithreaded
processor W8NI/45@ presence of other threads cannot be i gnecedsyigin:
addressing the event occurrence pertaining to a single thread.
Accordingly, the present invention proposes a nmethod and apparatus for
handling an event within a nultithreaded processor that takes cogni zant - of
t he processi f ' t within the nultithreaded
pr ocessor BOQaﬁ@%qgﬁ[egég%%%ﬁugy é?\hg% geetnhlrg égeg)ggf)ocuc?ﬁE?.cc% RE® 7A is a
flowchart il chataceetristics af thetdspdn@2Qo tlRcednty 703 tOfirse ¥ RS 6f dveRpp0di ment  of

' processi ng _an _event occurrence within a

th t 1 ti
nufat P[ _ﬁfggdeld‘[‘] &?@%Ieaggﬁ%e‘feﬂrﬁéé and AOAASTENEORHERdeevent 22BlhatRre222 with the
detection by sihaied e%%ﬁtc&é?éct&ﬁﬁssgg) .n%ifngieséueﬁa‘lj ggxig;ﬁg; Iggfék{bﬁse‘égﬁé hr ead.

Figure 8 is a diagramrmatic representation a events
224 that  nmay phecesstr&0f ithbynaniner duseribed B, onniedBatally UPoRCdetddn ahge - 24 2
0 MAY 2004 WO 01/ 4%?30 PCTI USQO/ 28422 events represénted in Figure 8 have
been | oosel y ‘YGRS 60 8P iRy thegamernyent handler 67cat the sarne times posesesdt o t he

events 224. ' ' T e a
VAcH NE R R 3 e B BRCeEY BRULT SR S8 Sn A St v 2t a0 Bigs 1
mul tipl e thr EASE.Taevelnit 334 arﬁHIﬂTD@WéNc@danEa&&B@SN&QSeifMMI@iH@@&@E)

descri bed bel ow, &hg@' at el u&grn etection and - cause all t'hreads to go to
the same eveRYSHantFt 257each repRrtechpp the sepirementnf dhrimigpingpustior obnt s

i ncl udes a FMlfHAanedNa ®abs; 2V - ?g%gﬁ eyent 234,
a SHUTDOWN eégrft 236 and algﬁ\/%e(ggll%-grl\}gdﬁgfllfﬁcgﬁ%o@% e\l?geﬁ?clgégégtvﬁ%ﬁt are
each report edetest anrgventof thesectndggroupe:ponche retirement dfanmadromstrapesi T i ¢
thread that gignaled the.event. .Specifically, the event detector 188 w ||
detect an evfz?ﬁg“' r}B?h?af’i’éP’.{'&:‘woﬁ @‘ﬁa‘iﬁﬁa a‘@ﬁé"’l‘éf‘??-e%@“ﬁf“%ﬂ ofanevent

Mi Cr 0i NSt r uchf B8 sedodid WWoLEHs fighdied bk é@n‘tggtehqu'ﬁ@&ﬁlg B E%HIIE Fapdi tion.
The detection of an event of the second group I's sign Iecs y the event

det ect or 188whifhythe geleyanteMertadas ganerathdch t he rel evant event was

generated. A thir r of events i,ngl ud NTT (short reset) event 240,

an INTR (I ocal i%t‘@f‘?%ﬁ?‘j" %f\e;eé"ﬁflgsﬂﬂflg‘éa w&bﬁftﬁﬁ h‘fﬂeé‘t?ﬂiéf‘rl ) event

244, a DATA (local interrupt) event 242, a NMI (non-maskable mterrupt) event 244, a DATA
BREAKPOINT event 246, a TRACE MESSAGE event 248 and an A20M (address
wrap-around) event 230. Events of the third group are reported on the

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

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

A fifth group of events, according to an exemplary embodiment, are
specific to a multithreaded processor architecture and are implemented within
the described embodiment to address a number of considerations that are

particular to a multithreaded processor environment. The fifth group of events



BREAKPO NT event 246, a TRACE MESSAGE event 248 and an A20M (addresszn MAY 2004
wr ap- around) event 250. Events of the third group are reported on the
retiremefYO814183¢%i croi nstructi on having an accept interrupcrasosesept trap
flow marker. The detection of event of the third group is signaled by the
event detector .188 only to the thread for which the rel evant event was
generated. A fourth group of events include a SM (system nanagenent

cvent 254 RSt AR krEaE MBS AT e SN ATt e

extant w t hi $SLEETEeveénti2est hr eaded processor 30, and are reported when any
one of multiple threads retires a mcroinstruction having an appropriate
interrupt flow nmafReVIRRGALSYHEE eveny 30 is anieyentnthh bineegistdredoyite esspet ti pl e

t hr eads respgns any . of he,.evants, of .the fourth group. A fifth group
of events, g@cq'ogr%zgrr'\%%ﬁe)a%nwg' R ﬂ%‘r% Fr%%&’l‘%’ﬁﬁ'}e ’BP‘%‘*@%@?VPTQ?‘-‘%%’ a0
mul tit hreadachsmrlgmﬁﬁﬁ%)gvegggér‘!'g.t 86} Bf BreANEnBIdRsériBRUBBIE R etHiAY) N2) fae

descri bed enbodi ment ess ‘a nunber of considerations tiat are
particul ar ts§cengthread hesrgipending eeents fothewthaptheenent T6(, 4rid Bhagr oup of

events -25 04 .01/ : 530 PCTI USOQQ 28422 i.nc e a VI RTUAL NUKE
event 260, ?%Mﬁh‘%&é %éﬁieﬁta oGO Rrce E’Eﬁaﬁi?éh 9%%. The VI RTUAL
NUKE event a\??dmnmmmmm irfaglkeri186 RS LD R theVeb ik 88 REL162. 40 @ second
I
n

t hread when a first thread within the nultithreaded processor 30 has a
pendi ng eve R};@.@L NUKE epent: 8@ hay e effegbafcinypling abyenrealimksemeintng) , (2) t he
second thre ' A 0, event_260)., and (3) a
m croinstr u?ﬁf‘@?ﬁﬁ%ﬁ ’Egtgfel%‘ tg %Eecr%\[lgnéoﬁgéee%gr%%E)%?%%L?F%W FarK 'Fuc}i‘gﬁ or a
synchr oni zatsubsedqueatwothe ketired 8ficiainsteddtionchavyng ihe Aosomdexerhu bergsl62. A

andl e that 1 oot eI NBRONEATIPN pismd a6diraaelesty micrommse whena
oL A WIS e SRR ey 1
m crocode whespugce wathin thelmaunltithmeade! prcgssor a0.f To itis édud, @Aelnidrecadrqui red to
nodify a shared state. or resource within the nultithreaded processor 30.
To this end ,seqlﬁséncm %f %%ra:ba syncH:omze\l%on microtnstruction into the flow for the first

thread and, in order to avoid a deadlock situation, marks the “synchronization

microinstruction” with both a shared resource flow marker 184 and a

synchronization flow marker 186. The SYNCHRONIZATION event 262 is only

detected (or registered) upon the retirement of the synchronization

microinstruction for the first thread, and upon the retirement of a

microinstruction for the second thread that has a synchronization flow marker

186 associated therewith. A SYNCHRONIZATION event 262 has the effect of

invoking a synchronization event handler that restarts execution of the first

thread at an instruction pointer stored in a microcode temporary register.

Further details regarding the handling of a SYNCHRONIZATION event 262 are

provided below. The second thread performs the virtual NUKE 260.

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

transition from an active state to an inactive (or sleep) state. The inactive thread

may then again be transitioned from the inactive to the active state by an

appropriate BREAK 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
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sequencer 66 inserts a synchronization mcroinstruction into the roviﬁnf E‘[
the first thread and, in order to avoid a deadl ock situation, mar ks Ztth¥AY 2004
"synchr onWgaH4a%80 m croi nstruction” with both a shared resgurgeohiow marker
184 and a synchronization flow marker 186. The SYNCHRONI ZATI ON event 262
Is only detected (or registered) upon the retirenent of the

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

1 crol ¥
synchr oni zat 2 Wﬁmﬂ%r% ﬁ%ﬁ‘g ’si‘é%m’é%‘gé%lf’gt ed therewith. A SYNCHRONI ZATI ON
event 262 has thergiurests Sblock AYAUFAASHAWRINGRRANLAALK A BY Bl -l o7 t hat

restarts execution of the first “thread at” an i'ns ction pointer stored in
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i nactive stafBm FEeRbI $bur@ WREirEMHetch @Gtk MBES 6cdBorB3oMYm2004 VO
01/ 41530 PCT/ USO0| 28422 active state by thr Aottt e gure 9

i s a bl ock dPdgmaktaHenrugidedhapredeysarcht dntexampldef suehroeventt285l e 180
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detector 188, HC&H%I LR - L Lhin t | ti.t hreaded processor 30
or froman ecft ern ?q%%ur cgr@u?gﬁg%&&%&égigé%slgg? ﬂu&’“éll.il b&ﬂ“’i‘f&ﬁﬁﬁ‘f °bf such an
event 266 ocosternal eantotharays dre (A)signdlger tpbad/@t. Ofignald 2y it 26rel y, an
event occurrence . nf% pe ,corm(]?.Jni cated to the event detector 188 by fault

i nf or mat i on BEEFYEYE T RIS HAFOE | fedrdenbyfigr 16Q enky conteining the g. |
thread 1) thateddSdib@teddns Birbi®th FRER the fault pertains by its position {e.g., TO vs.

T1). Upon the detection of an event, the event detector 188 stores event
information {e.g., event type, event source, etc.) concerning the particular event
within the event information register 202, and furthermore registers a pending
event for the relevant thread in the pending event register 204. As described
above, the registering of a pending event within the pending event register 204
for the relevant thread comprises setting a bit, associated with the particular
event, within the register 204. It will furthermore be noted that the event may be
effecti:.rely 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 microinstruciion 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
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accordingly identified by the retirenent pointer 182. It wll be nOtfHM
that, for external events, there is one (1) signal per thread (e.g.5 AY 2004
signal s 280 %A#3267 respectively). For internal events, thg/vssonsier buffer
162 entry containing the thread dictates the thread to which the fault
pertains by its position (e.g., TOvs. Ti). Upon the detection of an

event, the event detector 188 stores event information (e.g., event type,
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the i nstructhedinstphpeel arel/dribg hattixdy 61 eibstantitlly F@hRew, thofebRgprcond thread
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occur. The git -rmﬁﬁ‘i(%c@"éh‘ﬁf}.‘ %@F%ﬁ%édﬂm R Rrogaseprarfaekiar. the senend r ont - end
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starve the process pirpell ne crolrnstructi‘ons constitutrng the first
thread for whfuehon sereduet was detected. The starving of the processor

pi peline may, nerely for ex | e, be perfornmed, by disabling the
prefetching of i r‘.‘s‘ﬂ%‘ét‘*f‘&?"% adgteTIisatiey igaes aetq shedher a seseadi ons

e o, PN s sl et R Bly 7,
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
nuke point) for the second thread at which a nuke operation may be performed

with reduced negative consequences for the second thread. The nuke operation
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the first thread, and/or by halting or substantially reducing, the feg#ing
of mcroinstructions with the first thread into the processor pipeline,

the secon¥O 4IHIBAd is given preference in the processor amsbtidspopegbability
of a deadlock situation is reduced. At decision box 272, a determ nation
I's made as to whether a second thread is active within the nultithreaded
processor 30, and accordingly being retired by the reorder buffer 162. If

d th | ive, ihe method 220 . proceeds directly to block 274,
wher e g 111 sPepysned Pl g e Be BEalr o A RO BT S e pRAalipoRs i <

perforned. Therfdghed Bi BBtk 274, asd becobBRigNPElefsRAE H&Hﬂhﬁléadeaﬁgs&@sd&r%oa&t | ve
or inactive ma¥ be performed with reference to the active rea Sstate
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processor 30matntaieed $o0nsd2oxnd %%ad&h&ﬂﬁié&ﬁl%@ea@@&?ﬁ@é@s&rgo. BeLiorma
series of operations that constitute the detection of a clearing point (or

nuke point) PfHEMelee eebedimeant thaauke operirtinn perfokmed frilcaring therdgtedton

per f or med ] ti S t he. seco t hr.ead. The
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per formed at block.§74, and accordingly clears the nmultithreaded processor
30 of st at e?HVithiyamulithreaded pro¢essari30andanheresuemshared cesaujces Free
clearing of gj@@icall ) ' : | o dr.al pi rg” l,ons

descri bed el sewhere )i A#‘ﬁgﬁef}gﬁ%%@?Fgﬂééﬁnseg‘ﬁ%@él%%?@%& 5hcﬁ ment
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second thread W FolgwikiEtHAPdsitiveRAEINMREA TR siA0box V22D further
determination 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
performed to clear the multithreaded processor 30 of state. Alternatively,
should the second thread not have encountered an event, a determination is
made at decision box 282 whether the first event encountered for the first thread
requires that a shared state, or shared resources, be modified to handle the first
event. For example, where the first event comprises a SYNCHRONIZATION

event 262 as discussed above, this indicates that the first thread requires access
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al ternative enbodi ment, the nuke operation performed follow ng the 720 May 2004
detection of a clearing point may clear state for only a single thread
(i.e., tHEOONEEGH for which the event was detected), whemeTaussiasu:ti cant
degree of resource sharing occurs within a nultithreaded processor 30 and
where such shared resources are dynamically partitioned and un-partitioned
to service nultiple threads, the clearing of state for a single thread is

particul arly, conplex. . However i ' odi nent may require
i ncreasingly t%%%?rgés PAT HRHECe: %fﬁ&ﬁﬁﬁb@%ﬁﬁpﬁ@@%g&w#& i on at
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to whether the second thread has encountered an event. Such an event may
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260. This d ' | ' ' . by the. de: 88 '
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to the secontheitppledd0 allpertedhto thedirst theeadr(egndiread 0), agstatver edinaiutirian  t he

pendi ng even ' Fr 204, 1f the sgecond thread. h | ndependent |y
encount er ed %éyﬁ{cgg%rﬁ%%qt%%%cr ’ﬁ‘é;mﬁré?th%&?ﬁrrs émgcﬁ’l}&g‘éﬁty‘egﬁnbﬁ’%!@r 280,
where a nul t 182rRadgdcoker0ipamicsifsthiictions hetEhotOsidvadto K4k a

mul tithreaded processor 30 of state. Alternatively, should the second

thread not hifEekresurredlon maskenfdand2 syackionization flow markead86 at  deci si on
box 282 whet ; | 1€ t t r.the first. thread requires
ToarARE thieR A e B RSt S p e o ¢

tlhat a shared stat e, resour ces, be no e first
event. For emimpinstruetien eill be rédisteted b eoomfldteesr W8AY NN EAJ SN

event 262 as (| d_aboyv this_indicates that the first thread requires
access -29 @W&%w?ﬁééﬁﬁf%@%ﬁl US00/ 28122 to a shared state
resource. The SYNMCHRR AW AUE Ristdhe Dhrel AR

retirement of a synchronization m CSI;’ ol ngmgf?gﬁé?gﬁgtd%g%’?%ﬁtﬁﬁﬁ%r ead t hat

has bot h shamedify esbaredstatadr sgaockrep tezaethod 220 prodradKierdechkivh teoxd284186

associ ated therewith. Figure.10 i,s a bl ock diagram,k sim|ar to that shown
in Figure Q‘fﬁ?rﬁi‘téesfﬁ EQ%Wﬁéﬁa%E’n‘f’gﬁF‘eT &E%F?fé‘dr‘gﬁ‘?adle(ﬁ‘gtféb‘leédihé. The
portion of [felfingalthRrdi8SradtlRCheRad PsHaB&d fdsbatce RLERAD KHeS 194 asshBizad 0) .

is shown to include a
therewith. Referring to Figure 9, the retirement pointer 182 for the thread 1 is

shown to reference a microinstruction having both a shared resource flow
marker 184 and a synchronization flow marker 186. In this situation, the
condition presented at decision box 284 will have been fulfilled, and the method
220 accordingly proceeds to block 280, where the multithreaded nuke operation
is performed. Alternatively, should the retirement pointer 182 for the second
thread (e.g., thread 1) not reference a microinstruction having either a shared
resource flow marker 184 or a synchronization flow marker 186, the method
proceeds to block 286, where retirement of the second threa.d continues by
advancement of the retirement pointer 182. From the block 286, the method 220
loops back to the decision box 278, where a determination is again made
whether the second thread has encountered an event.

If, at decision box 282, it is determined that the handling of the first event
for the first thread (e.g., thread 0) requires the modification of a shared state
resource, the method 220 proceeds to decision box 288, where a determination is

made whether the second thread (e.g., thread 1) is retiring a microinstruction



synchroni zation mcroinstruction that is referenced by the reti rerre% AY 2004
pointer 182. The synchroni zation mcroinstruction is furthernore s QNN H)
have a sA¥? @458 0urce fl ow marker 184 and a synchroni zat porvukbessmar ker
186 associated therewith. The retirement of the illustrated

synchroni zation mcroinstruction will be registered by the event detector
188 as the occurrence of a SYNCHRONI ZATI ON event 262. |If the first event

for the first ] ._thre Q).ks term.ned not to nodify a shared
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184 or a sync¥0oar zppriopriafel eventiarkiiér %ﬁnpkh@n@ih@ﬂcrd&b&@ﬁﬁaﬁeée&npédmk

286, where retirenent. of the second thread conti nues b?/ advancenent of the
ey

retirement pdfHPére FHFOQGeRAPeRreh PHIR OGS te handlethiegeleyant evepbps 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
determ ned that the handling of th¥itualdNuleBrht- for the first thread

(e.g., thread 0) requires the nmodit] i f a shared state resource, the
met hod 220 procee@?q#]eéc@%egi@%ﬁ' tgs&&%@*“mr@ eyepbtQriphandledinps  made
whet her the sg diffir&adndthed tharf S¥hea8y ehks. i By fhed drfil BGL PPyt ruction
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182 for the pending register for the second thread).
The method 291 begins at block 292 with the detection by the event
detector 188 of a first event for the first thread. Such an event could be any one
of the events discussed above with reference to Figure 8.
At block 293, the event detector 188 stops retirement of the first thread.
At block 294, the event detector 188 detects retirement of a microinstruction with
either a shared resource flow marker 184 or a synchronization flow marker. At
block 295, a “virtual nuke” handler is invoked from the microcode sequencer 66.
The "virtual nuke" event handler, at block 296, restarts execution of the second
thread at a microinstruction subsequent to the microinstruction retired above at

block 294. The method 291 then ends at black 297.

The Nuke Operation

Figure 11A is a flowchart illustrating a method 300, according to
exemplary embodiment, of performing a clearing (or nuke) operation within a

multithreaded processor supporting at least first and second threads. The



second thread i ndexes a mcroinstruction having a synchronization flmj\/ Y 2004
mar ker 186 associated therewith. Follow ng the commencenent of the M
oper ati orwawimdisaek 280, at block 290, an appropriate evenpicthaagher 67,

i npl emented in mcrocode and sequenced fromthe m crocode sequencer 66,
proceeds to handl e the rel evant event. Virtual Nuke Event As descri bed
above, the VIRTUAL NUKE event 260 is handled in a slightly different

manner than ot her ﬁ ents. To this end, Fi gure 7B is a flow chart
i|lustrati ngmtfﬂ?ﬁé:[ opaences abblark 804 with ihe asapicn of thebulie signal 176y

det ecting ang,handt] h@ln,s- Th -hod 291 assunes
that no events fogtg@tgé‘?c‘%/% ea%géﬁ%ggﬁ%‘%ﬁ%aﬁ%ﬁgﬁgo?ﬁ@?Win ‘corded in
a pendi ng r &be stike sigoal 170es cemmndickfedeat)imelbes fviclofal2Bdtshagiinshat bl ock

292 with the det ctairg%g by the event detector 188 of a first event for the
first threadlfnuzwg‘ﬁe RIBFRSS¥OW tndbheapserine andderassertion thereef definesed above

with referen s : e -det ect or, 18 t ops
retirement oﬁ%ﬁvﬁlgg%%% ?heﬁ%l.‘meig% Bﬁ%gﬁa%‘g‘f’?;(ﬁ%&%%%’}ﬁ O%sg?tgéf‘gtlﬁel%
detects reticoedigntatidn of fahcticiahahittiaieiperfoninel. Fihiraap ia ﬁhﬁzﬁ%éiagﬂﬁﬁur ce
flow marker 184 .or a synchronization flow marker. At block 295, a "virtual
nuke" handl € %‘E“Sﬁ%ﬁ%ﬂ“fﬂmgmﬂﬂ%ulfﬁ%&f@éé&%omﬂ@aéwmenouﬂ\néhﬂw rt ual

nuke" event J@Hglggge op‘.;dgj:pggng%gg‘ restarts execution of the second thread
at a mcroinstruction subseqlient to the mcroinstruction retired above at

bl ock 294. The nettddck¥B, tHeentientiseat sthleankcRAd is ebariaMtke Operation Figure
11A is a flowhart, .l lustrati ng a nmethod 300, according to exenplary
enbodi nent, of péﬁ%??ﬁ%tgeé‘? PrefmBer andklast prEemsiTaetion sighal. that
mul ti t hr eadaddRARS SFEdherIHP BAEbIRELRE ol 83 hift iRt s. The
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302 with thdonbatdythebustendithesqraré tuiegdrmare t3tubynicated teviendlldatiecired 188
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macroinstruction and microinstruction pointer information within the in-order
front-end of the processor 30. The TBIT utilizes this information to latch
. information concerning the event {e.g., the microinstruction and
macroinstruction instruction pointery).
At block 308, the event detector 188 constructs and propagates an event
vector for each of the first and second threads to the microcode sequencer 66.
Each event vector includes, inter alia, information that identifies (1) the physical
reorder buffer location that was retiring when the nuke point (or clearing point)
was located (i.e., the value of each retirement pointer 182 when the nuke point
was id;zntified), (2) an event handiler identifier that identifies a location within
the microcode sequencer 66 where microcode constituting an event handler 67 to
process the detected event is locatea, and (3) a thread identifier to identify either
the first or the second thread, and (4) a thread priority bit that determines the
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

-32-



wi ndow wi thin which activities in preparation for the clearing of S;ﬁﬁﬁﬁb@
the configuration of functional units are perfornmed. Figure 12 is b
di agram WoWingeot he assertion of the nuke signal 170 occupgrospogyiehr onous
with the rising edge of a clock signal 304. At block 303, the active
thread state machine is evaluated. At bl ock 306 the sequence nunber and

| ast m croinstruction signal, that indicates whether the m croinstruction

on which the ey ogcu retired or not, _or th the first and the
second thr eac?gfocg{gézt%ﬁ#?i? 82{}'8&"{"5“9(!{89&? 8@%& l'iagﬁr’ ]glqu "f’I‘SFQs‘%‘f frogt themnagement
| ogi ¢ 122 andhbdéew t&idteyRli&hable. @ structure in a Trace Branch Prediction
Unit (TBPU) (that is in turn part of the TDE 60) for tracking
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he, . TBI T uti
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(i.e., the vatgistepfunaberd Havk be@iRbvdied foat thkd e drhgeN e ThRindke WWAS
identified), (2) an event handler identifier that identifies a |ocation

within the #igdrbbt/8dehelednanaasertsd stneratinthis sewyeredssignial sireeeivedn event

handl er 67 t e . LS | ed, and (3) a thread

i dentifier t%Ofgg%%?lﬁiéﬁeﬁ%rgfﬁgf%ggﬁq\%ggkgbﬁtoﬁ%@gbond thread, and (4) a
thread priority bitblohla8léetlésariort stordsdi.e pstoedsi thyt lofvetiadreeManthabandl er 67

relative to the event handl er |nyoked for other threads. @At block 310, the
al | ocation aMg Lfl?aé/’geq[ F@W%}QQQMQ? aed peeong threadsare deained fierctdenunber s

conmuni cat edp@in @e&eraﬂﬁfe&%ag\s%}e%omh@gmnw&i . alias table (shadow
RAT) to a point at which the nuke point waS detected ‘and, at -32 2 0 MAY
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the nuke signal 170 was held in an asserted state for a minimum of three clock
cycles of the clock signal 304. However, in the event that the "recovered"” signal
from the allocation and free list management logic 122 is not asserted within the
first two clock cycles of the clock signal 304 following the assertion of the nuke
signal 170, the event detector 188 will extend assertion of the nuke signal 170
beyond the illustrated three clock cycles. The nuke signal 170 may, in one
embodiment, be held long enough (e.g., the three clock cycles) to allow
completion of blocks 303, 306 and 308 discussed above. The nuke signa} 170 may
be rec;uired to be held for additional cycles to allow completion of blocks 310,
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
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regi ster nunbers (or "marbles") fromthe free |list nmanager 134, and erZB[]L
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limited to a specific set (or range) of entries within a storage array. Further,

some MT specific support may be activated if two threads are active. For
example, thread selection logic associated with the microcode sequencer may
sequence threads from a first thread (e.g., 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



processor 30 that indicates whether the relevant thread is in an act'gﬁmbggm
I nactive (sleep) state. The event, detected by the event detector 1 an
responsi WEOY4153hi ch t he event detector 188 asserted the maraseingsiat 170,
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(e.g., T1) (SRR e dd S, TO,and Ti) in a

" pi ng- pang" Oérelfnner gaség?j on étrhgtﬂgﬁ?%g&g‘ff&F%gg‘gé?ér\?%&VH% “state machi ne
171. Furt hermultdbedaidee groesarid0gat i ng may be perforned based on the bit

out put of the act) thread state machine. ] n a further enbodi nent, any
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t hqn ence
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thread at bl ock 2 and sonme MI specific support may be deactivated. Were

no threads ¢ &hatcen be examined; tyhwariawsifurctional aritsuphst delde-aseertiongf

configured tg, EHEQB%IEI_I% (signaling the end of a nuke operation), a convenient and
centralized indication is provided according to which the various functional
units may be configured to support a correct number of active threads within a
multithreaded 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, and that operates to
config{zre the functional unit 331 to support 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

threads are active (i.e., when a processor is operating in a MT mode).
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active bits maintgd L %8 state .machine 171 jfhat can be
exami ned by vari ous ?%H%(fo% l%giﬁtisrtég ‘%%‘{S’g‘ﬁ’?h°ema%‘?%‘§§é’H*F5ha‘8?sl33ﬁ3he nuke
signal 170 ( wihistedremgptpinttedstothe ftosagedoenmpRnabf 18 Fundics @GR BSNt Ina
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functional EifiPRI2pRE™ EeRPIRIST XalugH 333 areansilized to logidally of active
t hreads W t hpfrtion e bidk ) f 1 . . etign of a nuke
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operates to i e the functional,unit 331 to support one or nore
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Each of t heste anetiesttreadnshpubitial boeatadad Becoth®idaBGyvdli Cr 0i nstruction or

data for a specific one of these threads when nultiple
e 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
synchronization events) require exclusive access to the multithreaded processor
30 to utilize shared resources and to modify shared state. Accordingly, the
microcode sequencer 66 implements an exclusive access state machine 69 which
gives exclusive access, in turn, to event handlers for the first and second threads
where either of these event handlers requires such exclusive access. The

exclusive access state machine 69 may only be referenced when more than one
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access to thpawalktét.hreaded processor 30 to utilize shared resources and

to nodify shared state. Accordingly, the mcrocode sequencer 66 inplenents
an excl usi ve accedbdegisior bt adebymipdtion is giadessdéx eiheshereneredhasond n

turn, to event) tlt]%gg ESeJC%VL.OM%tJHkSlgﬂOaﬂng msa%% r)]( E%%%g:gde 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 handlers
67. Figure 14 is a state diagram depicting operation, according to exemplary
embodiment, of the exclusive access state machine 69. The state machine &9 is
shown to include five states. In a first state 408, microcode for the first and
second threads is both issued by the microcode sequencer 66. On the occurrence
of a nuke operation 410 responsive to an event that requires an exclusive access
event handler, the state machine 69 transitions to a second state 412, wherein a
first event handler 67 (i.e., microinstructions), associated with an event for a first
thread, is issued. Following the sequencing of all microinstructions that
constitute the first event handler 67, and also following completion of all

operations instructed by such microinstructions, the microcode sequencer 66
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both the first and second threads is resumed, assuming that both threads are
active.

Alternatively, if it is determined the decision box 404 that neither of the
first or second event handlers require exclusive access to shared resources or
state of the processor 30, the method proceeds to block 434, where the microcode
sequencer 66 sequences microcode constituting the first and second event
handlers 67 a non-exclusive, interleaved manner.

~

The Active Thread State Machine (171)

Figure 15 is a state diagram 500 illustrating states, according to an
exemplary embodiment, that may be occupied by the active thread state
machine 171 and also illustrating transition events, according to an exemplary
embodiment, that may cause the active thread state machine 171 to transition
between the various states.

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
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state diagram OO.iIIEstrat hng states, according to an exenplary
embodi ment, PHETHREY 2BRVecAHsivertsisliscupsedabore withnelerenest tatRiguredchi ne 171
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to a specific thread is also illustrated within the state diagram 500 as being a
condition that may be present in combination with an event occurrence with
respect to a further thread to cause a state transition.

In one embodiment, if a SLEEP event is signaled for a particular thread,
and 2 BREAK event for that thread is pending, the BREAK event is serviced
immediately (e.g., the thread does not go to sleep and wake later to service the
BREAK event). The reverse may also be true, in that a BREAK event may be
signaled for a particular thread, and a SLEEP event is pending, whereafter the
BREAK event s then serviced. -

Upon the assertion of the nuke signal 170 by the event detector 188, the
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
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for each thrgad that, n.set, identifieg the associated thread as being

active and, ﬁH&ﬁé-‘r%’&&f‘&‘ﬁmﬁ&aﬁ%%mﬁﬁ%&%aara@ésw%ww ofdhesg i nacti ve

or asleep. TheeldsuIeiacli0aSFARWREI AR ofihahaR: 50R: P08 @re 111 0gered by
0 the

event pairs, each event of an event pair pertal ning First or the
second t hr eaepnfiguratiore of thetfendicrgl anitS Q. partitioting ophingeentiodingas ar e

i ndi cated as_contributi.ng..towards a trapsition between states.

Speci fi cal | yYPX If@ﬁl%slgﬂtmlogeé kg¥sle °F§‘§td°°(],‘a‘i‘§&394-t hread to becone
I nactive. A BREAK event is an event that, when occurring for a specific
thread, causes the thread to transition froman inactive state to an
active state. Whether a particul afhres@Rkitgud|Brives as a BREAK event nay
depend on the SLEEP event .t hat. caused the thre?d to becone |nactive.

Speci fical ly, onl\NeEEPHIANEIBIANPIRPPIes ag fxemplary maechapismyubeghy act i ve once

i nactive as @réRBUkithiofa MustitBedated prb&ERrA0GHly efleNdF :%Ygeg. Beto@Qy event,
when occurring for specific thread, that results In t he formance of a

nuke oper at | ¥Hve oainassiye) Whew sabeatry An esitang ecdissioussefbraleygeentet h

reference t ' ' onpri.se nuke events. .Finally, a "no
event " occu?rre %@fé&%‘)ﬁ%“fﬁéﬁgé’{ %%ea TE WF‘E%?O‘%@‘%MWOIWWM ed

Wi thin the suatiorcil agitamB0k: @& cdailpgtopped WK AOR IR thARYs RRRRIRSENt N
conmbi nation wih an eyent occurrence wth™ respect to a further thread to

cause a st atBultitireaded processprfareagivgiarennningt a SLEEP event is signal ed
for a particul ar toof t hat thr i s ,pendi ng, the
A8 3060 BRSPS

BREAK event is service i ate r to sleep

and wake | at{er adtvasienyocoers fespolRiREti6 the eatection D€ a BREHISevdiYordd SO be true,

I n that a BREAK elvent may bed %g%n ed for a particular thread, and a SLEEP
t

event is perdfsglyRYsthee t defipition fopa specfiqinaetive thread

is dependent on the reason for the relevant thread being inactive. Thread exit
occurs responsive to a SLEEP event for a currently active thread. Examples of
SLEEP events include the execution of a halt (HLT) instruction included within
an active thread, the detection of a SHUTDOWN or an ERROR _ SHUTDOWN
condition, or a "wait for SIPI" (start-up inter-processor interrupt) condition with
respect to the active thread.

Figure 16A is a flowchart illustrating a method 600, according to
exemplary embodiment of the present invention, of exiting an active thread on
the 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 a "scratch pad”, that may comprise a register array or random access memory

(RAM) coupled to a control register bus within the multithreaded processor 30.
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Upon the assertion of the nuke signal 170 by the event detector 188,2 P&y 2004
active thread state nmachine 171 is evaluated, as indicated at 324 in Figure
12. Fol I W@iMy1HFe- assertion of the nuke signal 170, all fwoavisnasszwnits
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 retirenent unit (CRU 160 propagates a signal

ener ated based o, the active hits tq all .effected functigpal units to
igndi cate to the f‘g}r}%pf‘?ﬂgfabtﬁﬂ (%)fls&‘ﬁﬁﬁ"%ﬁﬁ trigywit Ye218i6% g 28 may im0
PCTNS0012842petfbifad by al deafiytA8 nitok bl diseghend@thhd i IsGa6d iy 4

: _ ?&?{?gr, and
whi ch of these threads are active. Follow ng the assertion o € nuke
signal 170, wequengenfit igepensivntodhe dhtecfiemet 4 SRAPCUK] HALTgHLTpartiti oni ng

or un-partiti-oni ' typically conpleted in ope clock cycle of the clock
o gnni P304 SPREESOM evisBof e it RRect s B RllGceke Bierarasoeasensn
exenpl ary meepant&to Wrabed Yor ihPAIRAAS) rebdrhil ForahfHghidrd 'S@H&fks%iﬂﬁﬁ?ﬁ r 30

C

may enter and exit (e.g., become active or inactlive) where su entry and
exi ting occuftee list manager ddtnasddaarrate (araglidatepresonls fohthe megibeer filef t hr eads

runni ng, and .Gl.ock signals to various, functional units may be
graceful Iy sf %%’%éc?f'lgﬁréﬁh%%a%ﬁ?eﬂn%yhﬁ ag‘é othier k{9ids-Records dor ithedesaded
processor 30aH>d$c@te’:thi05V@ f0E efitRBlafdirafed&S SORPEE FRIRINEmBhiL18h &S glaCe tO

the state diagram 500, thread entry (or activation) occurs responsive to
the detecti of28t heapBrREKI B shthefdsrallpcated mpisracpge sempenieve t hread. BREAK

event definition ﬁigﬁr&ﬁg%qiggﬁéc gtliér\é ﬁ%?égggggkgnge%%ﬂdent on the reason

for the rel evant tHread being I Ve. PY responsive to a

SLEEP event émbodintunt béthd opeastionsahbivhepble pExaimedEst bck (32EER: BYRRLIS,
i nclude the execution_of a halt éHL,T) i nstruction included within " an
active t hr eathe fanstegof tha Gogtenys oba Brst gipterm WitRiRORe registeT B4,

condi tion, OfafwelddlevidlsivliRcs rg Lt er - S interrupt)
condition w tﬁ wflgsa%egt&it%ﬂ Eecagegftlb\%eérfm%@. ﬁ"’gtr??%%fég PdoRe: | owchart

i |l ustrati ngtransestérbth heGcradacpadi Additonakopemticstharthgdbapadiomhed e
present invention, of exit ip ap active thread on the detection of a SLEEP
event for theeSRYNEL! FRFeiRg .“%?H'Be PO eSPfdpcontents of architectural registers

for an exiting thread to the scratch pad, and also the storage of the contents of
microcode temporary registers, allocated to the first thread, to the scratch pad on
exiting on this first thread. The registers vacated on the exiting of a thread are
then available 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 the SLEEP event. As
described above, the nuke signal 170 is held for sufficient period of time (e.g.,

three clock cycles) so as to allow microinstructions that entered the execution
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commences at bl ock 602, where all required state for the active thre?gi MA$ 2004
saved, and all register entries within the register file 124 that have
been .pr eWwouwdMysival | ocated to microinstructions for the acgidymgsdohikead are
de-all ocated. Merely for exanple, of the 128 register entries wthin the
register file 124, 28 entries that were previously allocated to

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

t he de-all ocat regi sters for the active ead is saved in a "scratch
g 0 ot oSt h Si it of B8 <Dk sisRat Do Gmir e mecetromnis hegiam

coupl ed t o apgefiistudtegl ST Whi By i l~hi I sor 30.
0 20 My B S e D1 Rub il by 1) SROQEL RUARANRE

regi ster ent Wris barksdancelad regi ster file 124 nmay be performed by a

deal | ocate m croc S e that,is.is d by the m.crocode sequencer 66

responsi ve to thegggkoéggpgﬂﬁﬁpg"&fﬁg&?%gﬂﬁéﬁwq‘} vHhin g AYSONN event f or

the active t@eRadr 1889s Sl1aiddeAt tratitd SGQILHSEHIENGE Sn iﬂﬁﬁfvﬁt@ﬁaglg?ﬁ)emve
e T

(or invalidate) records for the register fiTe entries wthin ee |ist
nmanager 134, stalgb) & mierpinstruction thti geaesited by thedwidrocodetsequeties 66 rwiiiek €
entries wthin,t I n other words, records for the

he .t h 32.
de- allocate regal‘g %%%ﬁglsgt%gﬁ? ?atf[’%gc}?é&%m?‘?’%’?gfsfeé’d fromthe free |ist
manager 134 to that blotlR&bg, ieadvenk bMibil Agidiv-stbe rslanakk %ttﬁf]eaﬁiaq'éﬁ&()de

sequence. Figure 16B is a diagrammatic representation of “an exenplary
enbodi nent. of0 iPhbigparhraaksyents for thagxivog phrehd bysdnkp! tigistér $6ike For

exanple, thg. 2 . ts of a first.set of registers, within
the regi st epﬁf %F%@%ﬁﬁo&{ lﬁ%"{éav\%(r)rgl}cg%eo\? F ST q%o 6 %‘%‘F E¥EY hr ead
(e.g., TO amnhitstragistérdobehe dxﬁtﬁ?ﬂ@éafcﬁdish@cfeh%s&ﬁé adrabolRagistebddi t i onal
operations that ma erformed in the saving of state include the

be p
storage of tRETRBAtUAEQN. 3F depearpRiairaiythe trrapisleepeventbeing sewiitedngist hr ead

amporary T earaear 2 BTN AR b AR 1 i Daa on
exi ting on tthesndctive staghy wdy cerfdie events gualify i deadkadeats «hi redidci Ranef a
tUhr ead are -%R&@Fﬁﬁgéalﬁl?bfg'% O{W{iﬁﬂat}gﬂlnqgsﬁ;iyg{gﬂ% 0 ane%teher uh&reia. a(b?-'ggi , T1).
pon the re i : % .ag.evenpualiiesgs al
e Lo kel M Rl i LR M I 530,
16B_ 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 event 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

Tespect to the inactive thread, the method 700 proceeds to block 704, where the

clocks are turned on as necessary, the event is signaled normally (waiting for a
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At bl ock 604, a thread-specific "fence mcroinstruction” for the exih}r@‘g%\{ 004
thread is inserted into the mcroinstruction flow for the exiting t gc@
drain any¥Qewdsi ng pendi ng nmenory accesses associ at ed vviﬁ@rmgﬁuztaﬁ%ead
fromthe nenory order buffer 48, various caches and the processor busses.
This operation does not retire until all these blocks are conplete. As

t hese execution units 20 execute mcroinstructions relatively quickly, all

new m croi nst tions .added ta the execution unit input are cleared with
the asserti OIIEIlH%fa b%ﬁ’emﬁh%ggiog?ﬁltﬁﬁﬁéébaﬁ i%hﬁfh_%’é yeakedtasdor aty event. SLEEP
event. As d%é@%ﬂhﬁhﬂ&&he&&h@@&%a&kﬂ@?lstag&d,sifQz‘l:'l oge%%siu” cent

S

period of tinme (e.g., three clock cycle so as ‘to al'l' ow TG r uct i ons

that ent er ed MifEo@destate arblockl708. Thrkverd(tuhdlaMB7@bhAALHS thelRIHISA 128422
rtion.of .the nuke si 170 to emerge therefrom As

unit 70 prior nal

t hese mcroi‘%‘éﬁ%ﬁi%&ﬁ?eé%ﬁﬁbeﬂ% trﬁﬁ‘sgig%tion unit 70, they are
cleared and the Wible@pPagadlyCMRGeb&thanAle Yy W nd_regj ster
208, maintained withi npt he e\)/(ent det ect oerrtglgg:&%ggg%%& Oorgir&ﬁ%?‘é%?‘é fhat t he

exi ting t hr ed&te &orithe gntering thieed by oestering ek pyvedstegistorlsyate, ithibit@bgisier UCT i ON

t hat, genera t.ne m crocode sequencer 66, wites back a value that
sets the staisgaq%?%tdhué‘gtﬁ Woﬂfoﬁ%ﬁﬁg‘? @HRN. b ock 608, the event inhibit

regi sters 206 for the ngidwiﬁgréshdrﬁaénéf&e%ﬁfcrocto‘aeismégﬂlﬁloapfbéjgh%ak S

for the exiting thread by control register wite mcroinstruétions issued
by ni crocode f%"gb%ﬁ%w%e.dsmél@éﬁﬂ&n@m atdhéteetneal stati ishiebiored £gitlsé er f or

the exiting Rk ST e cqntrol regis ) Croi nstruction,

i s dependent Eﬂ{)eg%%tth}e&tay&g%%%ﬂgﬁg’e%g Y/eéﬁfnlﬁgftﬁﬁg’ggéﬁé%%%mewgcussed
above, . dependhiregd inresétor Slekfel BVAMEpProptiale thSSheGuihin LéRAHdh L to  the

I nactive stage, only certain events gﬂ%alify as break events wth respect to

y
the inactivEVEIRFedgisearsreeg6-oiihlos Tignthes vent hirutlens? proceadsno seuidei f i es as
a break eveple BPEAR RBLLI Mok 3 hread is made with specific
reference to the state Fofj:&#h% pgbrgg%xﬂélrﬁﬁcf% onfalgla'it'é‘lge eﬁb%“}h&F‘g@ﬁ& Pnacti ve
thread. At beeckteiRithintbe siudspreadedtproeissdiBo ekt 4 SrRadf beraliginal ed
using a special m CF oj nstruction that El aces a sleep event encoding in the

write-back TREPESTYRIOMREY SHPoFzenre oft bigek <M dnstrugtion fetchisgropetations

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. Figure18is 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
of clock signals within the processor shall be taken to encompass a number of
techniques of suspending or stopping a clock signal, or signals, within the
processor 30. For example, a Phase Lock Loop (PLL) within the processor 30
could be suspended, distribution of a core clock signal along a clock spine could
be inhibited, or the distribution of a clock signal via the clock spine to individual

functional units within the processor could be gated or otherwise prevented.
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Figure 17 is a flow chart illustrating a method 700, according to an AY 2004
exenpl ary enbodi nent, of entering an inactive thread to an active st%tp(g'q
upon thevoet/esss on of a BREAK event for the inactive thregtyshhessset hod
700 commences at 702 wth the detection of an event occurrence for an

event that nmay or may not qualify as a BREAK event with respect to an

I nactive thread. At decision box 703, a determnation is made by an event
detection logic 185 for the. relevgnt event to determ ne whether the event
qualifies as eBﬁ%RF%“B%tr&“"fsaﬁes%erﬁ alen sit434pR. iy Bih thesupplyof andnterae event

det ection | ogj L ) EVAREN the Wb &l o 94! tthin the
registers Zogbﬁégﬁ%qéﬁ]%g%%gor 188t.hblr$b%ﬁ§eor 3?8%%’\&/ r? d%‘\g’goﬁ}t%}p)?ﬁg’ I S not
i ndi cat ed asorbeifurtimnal it by fetHBREMMiehasd. AdohdingBs pecintéraal décki nact i ve
t hread, the nethod 700 rql,cgeds to bl ock 704, where the clocks are turned
on as necess¥fy I?Web%?)g%ﬁ eddo seralny fagchsiansnits, While heinggatsd with 42 2 0 maY

7004 VO 01/ 445300 RATLSARABAZR MK Sk 8 Ao find 8O REH | Pread) . and

the handler is inv any event. The“event checks™ t he
t hread sl eepcostext of andhgld thrested micoopdesstoinrld St patent mo. Gi6361d2 st ate at

bl ock 706. The evlﬁ.??t %ngl ég‘fY con jrlgg the inactive state of the thread
by accessing the ‘afiiifd® (§§ { Ry P’é’@p%’b‘?‘?‘?%@?‘%’-}"ww%t handl er
67 proceeds fafdrRRbyAclbdiccoRe REAESS ik BlifcdBorh e WLt Wd HEeALe DY

restoring al'l saved register state, inhibit glster state, a
i nstructi on Yot 3 efrthe progensari3@n In Bieirenive gmbedimerds, itbaclotk tbtralilegiocode

state at bl ogk 706, the t ho 00 .proceeds to bl ock 708, where
ar chi tecturga%[ETya?fecqlgsﬁtégﬁ’S&gg Jsﬁwr{%ﬁeego SPF‘?ﬁjS?"Hﬁga igytes j94ard 710, the
event i nhi biﬁQBraQQbﬁicﬁranaQEhérﬁﬁtié@ﬁg%lﬁ@fe%ﬁ&tivblz’iﬂﬁﬂﬂt%\gﬁfrﬁ{er‘a’éta‘ﬂlsear ed by

an appropriate mcroinstruction issued fromth m crocode sequencer 66. At
bl ock 712, tragardingexemplaryeslodrconteddegie3d o service the BREAK event. At

this point, mecr itout i t nt handler,67 s executed wthin
the multithr eadegﬁ%%gggggé%’ Ft’é%urteoq%\érkﬁeo‘ﬁélﬁ&acog kel °§l%?§‘35’bf’3’ﬂ tgfeceve

. responsi ve tthreelpeirtygihpaBrhimelyqe) adkvebitw 6o &ld, To MtT™VE 4 f et chi ng
operations _are then again resunmed within the processor 30 for the entering
thread. The Tln8{HEUE IOPutREHed ¥faihsackye Hireas] Yate madine 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.
Specifically, the event detector signals 211 provide input to an OR gate 822, that
in tumhprovides input into a further OR gate 824. The active bits 820 and the

_ snoop control signal 822 also provide input into the NOR gate 824, which OR'’s

these inputs to output the stop clock signal 826.

Turning specifically to Figure 18, the method 800 commences at decision
box 802, with a determination as to whether any threads (e.g., a firstand a
second thread) are active within the multithreaded processor 30. This
determination is reflected by the outputting of the active bits 820 to the OR gate
824 in Figure 19B. While the exemplary embodiment illustrates determination
may be met with respect to two threads, it will readily be appreciated that this



Clock Control Logic In order to reduce power consunption and heat 0 MAY 7004
dissipation within the nultithreaded processor 30, it is desirabl ezto

stop, or WOIpdnd¢ at | east some clock signals wthin the ggroeRssen: 30

under certain conditions. Figure 18 is a flow chart illustrating a nethod
800, according to an exenplary enbodi nent, of stopping, or suspending,

sel ected clock signals within a nultithreaded processor, such as the

exenpl ary prggt%ssoranso bdescri ed .above. For the _purposes of the present
speci fication. Tererence to PRe “SHLIFaRRSt fhady numbeseliyarady supporggdock

signal s V\Athwﬁt}ﬁﬂngnﬁ)‘mgqggéa@@dﬁ@&egsd}e taken to enconpass a nunber of

t echni ques of susl?endi ng or stopping a clock signal, or signals, within the

processor 30. ForFeawipge negaphedetetroiatibonepdédiibn bok 802, thd Mmethpd@pessor 30

coul d be sus dj stributi of a core clock signgl along a clock spine
could be inﬁ‘?%g?e%d‘? St %‘i@{‘lﬂ“&ﬁ‘ﬁ%‘ﬁe%@’&awﬁ&méa@ﬁ%o whetheranyc| ock
spine to i ndéwendd)@hat arelA6t inBitedUstet o gat ed
or otherw se preven?t ead. -43 2 S m§@g€%ﬂ%ﬂ(ﬁ?%@%§%%&%ﬁ@%2 One
enbodi ment efittEherasiediprotessen Againdn itherexemplavy echbadienestplik yomprises

internal cl ignal .tq functional units wthin the processor 30 is
suspended, o‘?&lg({rgjﬁ%ve%whe r&wﬁﬁ%{l?ﬁ? enﬁ’r‘fi‘ﬁv\%ﬁf fﬂﬁh‘&‘tﬁ%ﬁ%‘l“?a’ﬁ%d-bﬂ?{is.
Accor di ngl y, détbeninatioh Redepedseated by A B pUTRY ' 1

functional units. while bai ngmggtbzld Wi th r%ﬁw?gieggﬁg%ﬁﬁﬁ??‘gﬁal

units. Such HA Ut palefAeshowrsindigerei198d within the context of a single

t hreaded m cropr ' : ent _no. 5,655 127. The t hod 800
illustrated in F%@?gﬁ&%h %#a@ﬁeyeg%gﬂ?m%t,dmd%éox 8% 2 617 by cl ock
control | ogidet&minhebn iﬁnbdﬂl@@mmtsairﬂﬁb%%mmbth@ﬁa%dogg &4 a68 sndBpd, 32 of
t he process%\léo. In alternative enbodi nents, the clock control logic 35
may of cour ENPORSATRITRY WORRBAEE PRigmPr Aeespadde themprogssotiugulmthel 9A and

19B are blo g,% ] | X Lively Jdllustrati.ng further
details regéfdi ngﬁlexerrpl arggpééﬁg%%p%géﬁg{?&é%%?ﬂ#ggk tﬁ?annl%ﬁglsfi rst to
Fi gure 19A, unpdememied bydhe irgiutioddiecsndbp iconsbloignd]l 322 e0eitheOR igatedz4pr i mary
i nputs, nanely ( active bits 820 (e.q., TQ ACTIVE and TI-ACTIVE) as
outputted via t h&CHRVINE PR "'@.{%E“%ﬁﬁﬁtﬁ’@“fmb‘{ng05ﬂli‘é%¢#80 et ect ed

signals 211preedeBytd BRbcRB08, Ren&¥ SibrAeLIBEL Qfndi88o s@Bded AlncRosIQ@RsCONt T O
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
unit 32 to detect BREAK events or snoops originating on the system bus (e.g.,
pin events) and to restart the clocks to functional units responsive to such
BREAK events. The suppressing of the internal clock signals to functional units
is implemented by the assertion of the stop clock signal 826, which has the effect
of gating the clock signal to predetermined functional units.

\Following completion of block 808, the method 800 loops back to decision
box 802. After the determinations at decision box 802, 804 and 806 may be
looped through a continual basis. l

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

Where block 810 is executed responsive to a break event. {e.g., following a



signal 822 outputted by the bus interface unit 32, which detects a
snoopabl e access on the bus and asserts the signal 882. The cl ock goﬂnWYomm‘
| ogi c 35 WOiIHE8 these inputs to generate a stop clock vicanalgeS262that in
turn suppresses or inhibits the clocking of certain functional units
within the processor 30. Figure 19B is a schematic diagramillustrating
exenpl ary conbinational logic that utilizes the inputs 211, 820 and 822 to

out put the stop..clqck signal 826.. . Specifically, the event detector signals
211 provide pﬁ%ﬂgeﬁgé(egﬁm%%o E%é]e@ﬁ‘?f‘%f’ﬁgp‘l)'%ﬁ‘cﬁﬁ?ﬂ WYV ides theput into a
further OR gati@oB2dtesstienf\Chd ¥&ivRiy SarBRIné ¢, el 8i gnal 822
al so provide inpgt into tﬁg NOR ggt}za 824, whi E:kﬁe‘%hﬁﬁ’%%t%%%%‘%%ﬁﬁ% to

out put the sbasdenddr reimrealof 8otbre thrrads.ray tspassertionalf ke fokdiguleF&8, t he
met hod 800 c?rg*rmeqces at ei_g_i&si on box 2, Wth a determnation as to

whet her any thFoAgenGmythread progessor fUhaving typion mprayeasisesame pfe wi t hi n
the mul tithrgrdethresDCRS BE il tvd NhwhidelLE WAL B by the
outputting of the acti veﬁbi ts 850 to the a%%{r@gl;at em@.ﬂﬁpﬁg ﬂgﬁ‘%gg‘igs. Wi | e
t he exenpl ar paréiipned teacoimrhodate theinadiedhrdadat i on  may be net with respect

to two threads, it_will readil e reci at.ed at this -44 2 0 MAY 2004
WD 01141530 PCT/ 6%‘6%‘} %212%8&%%%3?@&3%%@&&% lppps agkeet to any
nunber of t hdeisn boh8OY, hRd bepink Ahothar Mratibn bPfHeaded; |l owing a
negative determnation at decigg'%on bo§< 8821, nt he %ﬁﬁbﬁ%ggﬁﬁﬁ%%ggds to

deci si on boxdgsEien bpxes 802 88drad®0hati on is made as to whether any events,

that are not inhinhite re di.ng for any.threads.supported wthin the
nul tithreaded pr gg‘@%’s’%refh%ggaﬁ?p |aﬁgfﬁg°r§?g%ﬂ]ga?ﬂ¢aeé‘l%% le thaeads conpri ses
det er ni ni ng whiihhenutiireMdedips oaksoriane bich 8@kriBed IA1Bloudh tRe DR&EACHINT €ad.
This det errg nation_is represented by the input of the event detected

signal s 211 ReRP desqrinedcritly seferepoeto sriggifis exemplagy embodimerfislit will by a
negative det&idBnpatdtQri ;5 funther, determ nation is
made at deci si orrl1 box 8612&mﬂ'§{dhl€¢a%§)ﬂ$9§drlg}g%§e &l .b,e r%%e t’?ﬁ%‘(’fﬁs SNC snoops

or ot her sncopsiimestsbeiting:tplepeatigeionythé beoadeps@ps and Bpwit i hd he
exenpl ary enbodi nent, of {C{.he present _invention, this determnation is

i mpl enent ed YIRS iA5ATAiRELYY Hie soREE R taANdArawingsare dpbe ragasdechia ®R gat e

824. illustrative rather than a restrictive sense.
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Fol l owi ng a negative determ nation at decision box 806, the nmethod 800
proceeds to bl ock 808, where internal clock signals to sel ected fundtll HAGI0L
units are stopped or suppressed. Specifically, the clock signals to bus
pendi ng logic and bus access logic is not suspended or stopped, as this
allows the bus interface unit 32 to detect BREAK events or snoops
originating on the systembus (e.g., pin events) and to restart the cl ocks
to functional units responsive to such BREAK events. The suppressing of
the internal clock signals to functional units is inplenmented by the
asserti oWhat istddeimet@g cl ock signal 826, which has the effect of gating the
clock signal to predeterm ned functional units. Follow ng conpletion of

bl ock 808, the set £ ops back to decision box 802. After the

determ nations at decisiron I3ox 802, 804 and 806 may be | ooped through a
continual basis.. Follow ng a positive determ nation at any one of the

deci si on bERELABHE a statp maghige soprovidea multi-itiogpa, sachriitefshe multi-bitk 810,
where, if clock signals to certain functional units have been gated, these
i nt er nal owpwighdisatippd wspective bmtus odgaiassosiatdd\tiicedlof AultIOdkdanebeingi f Cl ock
signals are already active, these clock signals are rmaintained Tn an

active séq@beed Wil £mbliikdeadliGrbSes§recut ed responsive to a break event.
(e.g., following a -45 2 0 N&)\? 28%32’ WO 01141530 PCTI USQQO 28-422 positive

determ nat jop.at decisio 0X,804), functiopnal units within the

ni cr opr oc e‘g%%crt gca%%"%ﬂ? fpr ﬁi%"fti t["{eéﬁ &dt?“f} the mptithegaded prosesser; Badl above,
based on the nupber of active threads, at the assertion of the nuke signal.
For exanpl8Ponsiyedo fhe qhangs ebsiatps for dlusiinst oeadavithin themultithremted t hr eads,
sone of these threads nay be inactive, in which case the functional units
Wi | | notprbeessqracarifigusingd functimaabmmiDeihia thé@uitiRebdedrbtisrds acddhRRce

conpl etion of block 810, the nethod 800 again | oops back to decision box

802, andyhgq{eryﬁumqggbﬁbuquﬁ@%fgqﬁ&@j&che deci sions represented by decision
boxes 802, 804 and 806. Thus, nethod and apparatus for entering and exiting

I tipl h Lt hi . Lt hreaded. h b d i bed.
At hough the. 5 et B i) Vet R CRee Sofbp ool Goatsatie ¢

exempl ary enbodi ments, it wll_ be
TP & Yatis of tﬂe assocxsated thread as being active or inactive.

3. The method of claim 2 wherein the configuring of the functional unit comprises
partitioning the functional unit to service bath the first thread and a second thread within
the multithreaded processor when the change of status for the first thread comprises a
transition from.a.n inactive stafe to an active s£ate.

4. The method of claim 2 wherein the configuring of the functional unit comprises
un-pélrtitioni'ng the functional unit to service a second thread, but not the first thread,
within the multithreaded processor when the change of the status of the first thread
comprises a transition from an active state to an inactive state.

5. The method of claim 1 wherein the detecting of the change in the status of the

first thread comprises detecting the occurrence of an event for the first thread.



evi dent that various nodifications and changes nay be nade to these

enbodi nents w thout departing fromthe broader scope and spirit of themay 200
i nvention. Accordingly, the specification and drawi ngs are to be regarded
inan illustrative rather than a restrictive sense. -46 2 0 MAY 2004 \Wat
is clainmed is: 1. A nethod including: maintaining a state nachine to

id | £ i i : h,bi.t of th | ti.-bit tput indicati
Peopective ot e et BECIaink S Tkuihe isstrmara Bt vewhlcospppsiteto e ng -

executed with a nultithreaded processor; detecting a change of status for a
first tHcsudengehithe eveat farithe first hachedant ombsting thestate makinedaiivgtteo t he
change of status for the first thread within the multithreaded processor,
conf i gurasswytion dfthe thirst alnit within the nultithreaded processor in
accordance wth the nulti-bit output of the state machine. 2. The nethod

of claiml & ﬁﬂ&h e 4] td - Qi t out.put. i ndicates the status
of the asso\(,:\?gpg%%tl rea(c)ipéz%émgéi“%lgpeé]ghe\f&m&oniaﬁ%fwwqg?m\’ Eﬁ‘i?é‘iqqod of
claim2 wherein the configuring of the functional unit conprises

partiti d‘ﬁ???@s%‘n%cqfﬁﬁ&‘f? fecgFfance with dhemukti-bis outpuhes the stete mimhémdomnd a
second thread within the nultithreaded processor when the change of status
for the the deassettionanf thofipstsigasl. a transition froman inactive state to an
active state. 4. The nethod of claim2 wherein the configuring of the

functi onal _ur. The SHEmPeRclaitt Weldid i3 Metib B A OGAI AR nd s Lqnoer vi ce

second thread, but not the first thread,

processgyy : , e us Qf the first threa conprises a
transition ro%]tcgﬁlpgc %gec%gE% ?%E‘i%mle g@tsiﬁ% °¥?]%{§-3r. tﬁmgﬁrsf,-ﬁlge@ém%d of
claim 1 wherein,t tecting of the change in the status of the first

t hr ead é@ﬁﬁf'?%g‘e%ﬁgﬁﬁaﬁg"f‘h%ﬂ%E’Gr‘?é%@eaﬁiﬁepaﬁﬁatévent for the first thread.
-47 2 0 MAY 2004 6. The method of claim5 including asserting a first

si gnal r esporfsilize methachef claocs mchiding, oéspolsivetoah détectidnhe thé sceurtigecad, and
eval uating the state nmachine during the assertion of the first signal. 7.

The met hdthedlecl svieti, Setiihie 6 inhibibRglstet G MGt atBent Wat i3t b BRealldlddit Nr eaded
for the sleep state of the first thread.
10. The method of claim 1 wherein the configuring of the functional unit within
the multithreaded processor comprises saving and deallocating state within the
multithreaded processor for the first thread.
11. The method of claim 10 wherein the saving and deallocating of the state
within the multithreaded processor for the first thread comprises recording the state for
the first thread within a memory resource.
12. The method of claim 1 wherein the configuring of the functional unit within
the multithreaded processor comprises making registers, within a register file of the

multithreaded processor, available to a second thread within the multithreaded processor.
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processor is configured, in accordance with the multi-bit output of the
state machine, on the de-assertion of the first signal. 8. The net hpliMaY 200i
claiml1 wherein the detecting of the change in the status of the first
thread conprises detecting the occurrence of a sleep event for the first
thread that transitions the first thread froman active state to a sleep

state, 9. The od of ,clai.m 8 i.ncludi ng, responsive to the detection of
the occurr enclefelglp Wﬂgoé?téﬂ%smﬂ%gﬁr}ﬂﬂﬂl%ﬁl ymtgomRnsee gysensrofithe i nhi bi t
an event that is not a break event for the sleep state of the first
thread. 2roup vhimgtiensduniss incluling 2 matmereomdet beffor pnftbgbuiffeg, farfshifiof, Unct i onal
unit within the nmultithreaded processor conprises saving and deal |l ocating

state wilbbkdsiddiauffed febider bagada RAESIRAL ¥, ahd§ lek Tiff mbdifpepd, 11, The

met hod of claim 10 wherein the saving and dedllocating o € state wthin

the multithr fo0 he.fl.rst fhread . ri ses_ recording the
state for tﬁ??ﬁ?gé&%ﬁgg%m&”ﬁ}ihﬁmy%% syrneAf, %&E@“#H@t moludssl of
claim 11l wherein_the,configuring of the functional unit within the

mul tit hr%%ﬁﬁé’éﬁ P fhce Snstryrtion,inte A nstragtion;sreats dorsthe fisst thvieadatra lacatiogi ster fil e
of the nmultithreaded processor, available to a second thread within the

nul ti t hrpgexiatipa froesemnt of thd hultithrawbed F00ksdr3 the TorceBithRoR Befhigl gn!| Wherein
the functional unit conprises any one of the group of functional units

i ncl udi et BBANBAY Wil ; rapslation | ookaside
buffer, a reor deéﬁybuffgﬁﬁgﬁﬁﬂg?gﬁﬁﬁﬁég&%ggl,l%aetrr\naoa}gg'f?e&cslhﬂ? nmanager .

14. The 151 foclal wherein the configuring of the functional unit
i ncl udes i E@grPﬁtr}%gpgéQ%s#E'e instruction into an instruction streamfor the

first thread t@ Iocatiotp proximate a front-end of the nultithreaded
processor, the- ToRa&ethadetclaim bivhersm the sonfiguring\of the fuwctiatal ynitirichides t he

instruction streamthat assunes all nenory accesses have drained fromthe
pr ocessdestornsg strigavithan eomoltitimeadedptocdsgrei n t he confi guring of the
functional unit includes restoring state within the nultithreaded

processor . 10,6, The nseidast fine] ahefeh O RERLD S HandElBEL 108 Uil 1aNge 0

the status of the first thread conprises detecting e occurrence of

o el eyt L el B Ul LY SR MR BT 2
detecti ann,?ititmqg trh% \s/tet tcafd ?‘1[011{ Q glcfefi) gtgtte t(t) I;JI; gc?t(ijvc state.
17. The method of claim 16 including detecting a third event for the first thread
that does not constitute a break event, and logging the third event within a pending
register associated with the first thread.
18. Apparatus comprising:
a state machine to provide a multi-bit output, each bit of the multi-output indicating a
respective status of an associated thread of multiple threads being executed within a
multithreaded processor, and to detect a change of status for a first thread within the

multithreaded processor; and

configuration logic to configure a functional unit within the multithreaded processor in

accordance with the multi-bit output of the state machine.
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t hat does not constitute a break event, and | ogging the third event within
a pending register associated with the first thread. 18. Apparatus 2 G MAY 2004
conprising: a state machine to provide a multi-bit output, each bit of the
mul ti-output indicating a respective status of an associ ated thread of

mul tiple threads being executed within a nultithreaded processor, and to

d h . [ .t h d withi h I tith ded
ot ocessor . an ASsPRed 5 Rlar 48 oleih bt psha ot comen indesteon i n

t he w:éjet hr ead gyprocessor in accordance with the multi-bit output of the
state ndchitas of i assorinfpd thrembastwingrssivappinagtives of cl ai m 18 wherein each
bit of the nmulti-bit output indicates the status of the associated thread

as bei ng act i20e The apparatus o€ claf) 19 Wierad B chbsuafios |5 i in the
configuration logic partitions the functi onagmgri?t ﬁ)%%gt\}%gﬁgot h the

first tFpsam : D%%?,g I Lt D) e l.tithreaded processor when
t he change ofnﬂgglé?tus o%ﬁ%tﬁﬂrgw%égggqc%ﬁ%ﬁ%@yﬁﬂ sition from-an
i nactive_stl.ate an active state and_the second thread is in an active
state,  Fpatfgad gicedior wien hSFHAnEQ0Gaiahis for tne st Bueadcuommgriscna | ogi ¢
un-partitions the functional unit to service a second thread, but not the
first tHraEsiEon fomhaminanve statlettd ahactadathte naths sefondhieead Ranahange of the
status of the first thread conprises a transition froman active state to
an i nactstae state and the second thread is in an active state. 22. The
apparatus of claim 18 wherein the state machi ne detects the change in the

status of the;fi . ihg.the occurrence of an . event for the
first thread. 2%‘5@%%%%%%?%?%%%%?%5?5 IRHERYRY 9gicaH-RaFlitiensdBe ect or
that asgerts a clearing signal responsive to the occurrence of the event
f or the?ﬁcﬁ?f’%twtetgd;?“gw %ﬂ%@? fready Butol the figethrradewithingbe uat ed duri ng
the assertion of the first signal, 24. The apparatus of claim 23 wherein
the confivjtithzeadssh prasgsser whan ithpshange vithe statustof dreafirsithidad Woirpiisestahe

mul tithreaded processor in accordance with the nulti-bit output of the

st at e nimhsitien front freadiveatseto indRadivelshie S1EBRE sOQnd iﬂﬁ@ﬁd is i dn adtf@ aPparatus
of claim 18 wherein the state machine, to detect the change In the status

of the fEiafest thread, detects the occurrence of a sleep event for the first
t hr ead

22. The apparatus of claim 18 wherein the state machine detects the change in the
status of the first thread by detecting the occurrence of an event for the first thread.

23. The apparatus of claim 22 including an event detector that asserts a clearing
signal responsive to the occurrence of the event for the first thread, and wherein the state
machine is evalnated during the assertion of the first signal.

24. The apparatus of claim 23 wherein the configuration logic configures the
functional unit within the multithreaded processor in accordance with the multi-bit output
of the state machine on the de-assertion of the clearing signal.

25. The apparatus of claim 18 wherein the state machine, to detect the change in
the status of the first thread, detects the occurrence of a sleep event for the first thread

that transitions the first thread from an active state to a sleep state,
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that transitions the first thread froman active state to a sl eep ngéﬁwrmm
-50 2 0 MAY 2004 26. The apparatus of claim25 including a m crocod
sequencer that, responsive tqQ the detection of the occurrence of the sleep
event, issues a mcroinstruction to set an inhibit register to inhibit an
event that is not a break event for the sleep state of the first thread.

27. The appar g6 UsneafpslaAisBrbhiNSRHNe0% HRRLAUEENESD. Logi c savcs

deal | ocates and restores state Wt n asso JFSPOnsie fo £ or
the firsg thread. . The appargtus of clajm 27 wherein the configuration
| ogi ¢ as 8&‘?@?&@8"%2 &’ﬁ QF?IW”‘EEHE CSHFEP SUFTls 1SPUSE @malsTodnsimetiomtocsetatt | on f or
the first thread within a nenory resource to save and deal |l ocate state,
and r est WAt registes to inhihihan event that istiota bieak evér featle bleep stARlof@Afirst UNi t
fromthe nmenory resource to restore state. 29. The apparatus of claim 27
wher ei n thigadconfi guration | ogic associated with the functional unit makes

‘registers, within a register file of the nultithreaded processor,

all ocated to i r .avai l.abl.e to a.secand thread within the

mul tithr eadedﬁﬂ%caééégygio? %P’W@ i WhsTeifl the.copdfigyration Jogic sayew gleallasgtest er s,

wi thin the regi ster file of the nultithreaded processor, allocated to the
second t#IEHOESS slate,Within a aspecisted Sunctionad agit fprtthe first threadrul ti t hr eaded

processor if the second thread exits. 30. The apparatus of claim 18 wherein

the functi ona?8.{hietappanafusios elim2y vetieeeifthe doRE gGFaBBR 16kic £44BGhieR WAt tHE t S
including a menory order buffer, a store buffer, a translation |ookaside

buf fer . At ahit el Rt BT oAt 2ot R wiAh AebheFrokdinle P20

31. The apparatus of claim 18 iInc m Croco

i nt roduc, instruction intg an. instruction streamfor the first
t hr ead aﬁ%g%%g%m%gﬁte 5?‘1&5( iaﬂ’éf‘?gtc’a{cs 1316 MpioEma Lii‘:”f ﬂ’ér}}ﬁﬂ threpd f-Baeldonst ocessor
the fence .ipstruction defini n? an event -51 2 0 MAY 2004 boundary within
t he inst‘PHEEP‘B SIMCEORY FH0wSE Ig eestorstatal | nenory accesses drain fromthe
processor. 32. The apparatus of claim 18 wherein the configuring of the

functional un??. Thenppardes of ekim27 whesdintiee configiation gt bdsbdiee Ag@dhe
processor. 33. The apparatus of claim 23 wherein the event detector detects

t he chanfy@ctichal (it nfakad 1egisdrs, Wiithif b rédistb 1€ 3¢ tHYmEGHECddeR %r&cQ?so?C currence
of a break event for the first threa ’
allocated to the first thread available to a second thread within the multithreaded
processor if the first thread exits and makes registers, within the register file of the
multithreaded processor, allocated to the second thread available to the first thread within
the multithreaded processor if the second thread exits.

30. The apparatus of claim 18 wherein the functional unit comprises any one of

the group of functional units including a memory order buffer, a store buffer, a translation

lookaside buffer, a reorder buffer, a register alias table, and a free list manager.

31. The apparatus of claim 18 including a microcode sequencer that intreduces a
fence instruction into an instruction stream for the first thread at a location proximate a

front-end of the multithreaded processor, the fence instruction defining an event
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that transitions the first thread froma sleep state to an active state.

34. The apparatus of claim23 wherein the event detector detects a thg MdY 2004
event for the first thread that does not constitute a break event, and
logs the third event within a pending register associated with the first
thread. 35. Apparatus conprising: first means for providing a multi-bit

out put, Ras i - L. 0l ' a respecti,ve status of an
assgci ated P #ryle‘gl(tjlg gftﬁanﬁllsﬁ%fdg s?%?@%seh ﬂ'g% %%{ %@%@H}"&Wﬁ%ﬁﬁ?ﬁ frain ﬁ"’m_t ¢

mul tithr ad,Processor, and to detect a change of status for a first

t hread v&ﬁ'?ﬁel gniothe mul tithreaded processor; and second means for
configuring a functional unit within the nultithreaded processor in

accor dance wii% Tbaapparetus ofcleirod8pulieraif thdwensigating oRGBIfMR toRE unf)

machi ne-r eadabl e medi um i ncl udi ng a sequence of instructions that, when

execut edntiydes renofihg StateoRifhia the MulRRAAG frBcesd® Ntain a state machine to
provi de a xul ti-bi tg]out put, each bit of tI%]e multi-bit output indicating a

[ | t hr.ead of ltiple threads bein
exonuted wi h 3os SpdRRSPEEkA oS Sl iF e Fentiitcadr druseijube rhaneainier o
first thread within the | tithreaded processor; and -52 2 0 MAY 2004
conf i gur®® ‘P%ﬁi& BF% ﬁ%rrza@ﬁ?fiewm the oRarrance of Hbreakl even fardhe first thiread

accordance with the nulti- bit output of the state machine.
that transitions the first thread from a sleep state to an active state.

34. The apparatus of claim 23 wherein the event detector detects a third event for
the first thread that does not constitute a break event, and logs the third event within a
pending register associated with the first thread.
35. Apparatus comprising:
first means for providing a multi-bit output, cach bit of the multi-output indicating a
respective status of an associated thread of multiple threads being executed within a
multithreaded processor, and to detect a change of status for a first thread within the
multithreaded processor; and
second means for configuring a functional unit within the multithreaded processor in
accordance with the multi-bit output of the state machine.
36. A machine-readable medium including a sequence of instructions that, when
executed by a machine, cause the machine to:
maintain a state machine to provide a multi-bit output, each bit of the multi-bit output

indicating a respective status of an associjated thread of multiple threads being executed

with a multithreaded processor;

detect a change of status for a first thread within the multithreaded processor; and
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configure a functional unit within the multithreaded processor in accordance with the

multi-bit output of the state machine,
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