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processor power nodes. More particularly, the invention relates to a nethod
and apparatus for power node transition in a nulti thread processor. 10
BACKGROUND A processor consumes power as it performs various functions,
such as mathematical operations. The anount of power used by the processor
will inpactimmw“mmmEMﬁmE, how | ong a battery in a nobile conmputer will

| ast. Desig ; re, 15 have attenpted to limt the power used by a
processor. Even*gd®n not perform ng mat hematical operations, the generation
and distribution of internal clock signals that synchroni ze the processor's
operation will consunme a consi derabl e amount of power. To save power, a
processor may be designed to operate in a reduced power state when
inactive. In the reduced power 20 state, all but a few internal clocks are
turned of f, which saves power and may extend the life of a battery. For
exanple, a "sleep" power node allows nost of the internal clocks on a chip
to be turned off when the systemis idle. A processor nmay be in the sleep
mode, for exanple, WMETHG@DANDAREASRATIUS FOR POVWEBRMODBal event, such
as the opening of 25 a |lid on a | aptop conputer. or when the conputer
operating system ( OSTRANSEIIOMIN A MULTKTHREABPROCESSQRyut / out put (1/ O
operation. To aid in energy efficient conputing, in sone inplenentations
the processor is placed into an even | ower power state referred to as a
"deep sl eepFIgidwer node. The deep sl eep node may be entered, for exanple, .
by stopping a cl ock input signal

e s

The invention relates to processor power modes. More particularly, the
invention relates to a method and apparatus for power mode transition in a multi-

thread processor.

10 BACKGROUND

A processor consumes power as it performs various functions, such as
mathematical operations. The amount of power used by the processor will impact,
for example, how long a battery in a mobile computer will last. Designers, therefore,

15 have attempted to limit the power used by a processor.

O Even when not performing mathematical operations, the generation and
distribution of internal clock signals that synchronize the processor’s operation will
consume a considerable amount of power. To save power, a processor may be
designed to operate in a reduced power state when inactive. In the reduced power

20 state, all but a few internal clocks are turned off, which saves power and may extend
the life of a battery.

For example, a “sleep” power mode allows most of the internal clocks on a
chip to be turned off when the system is idle. A processor may be in the sleep mode,
for example, when the system is waiting for an external event, such as the opening of

25 alid on a laptop computer, or when the computer operating system (OS) is waiting
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5 to the processor after the processor has entered the sleep pgweerp?gﬁg
This allows the processor to naintain the operational state of “el enen n
the chip, but only draws power equivalent to the processor's | eakage
current. Wth highly conpl ex processors, such as out-of order processors,
sone internal "clean-up" may be desired before the internal clocks are

di sabl ed. Such 10 clean up is typically performed by m cro-code which, for
exanpl e, cloeampayQupntdlie) apdramal. st at e, drai ns queues, puts the processor
to sleep and vva.i_ts. f.or an e}1fent, or "al arn%" t.hapi rrartkts thﬁ end of the

hi bernation. A YQfEHNGRESY CISIGH FORBHLE. {hiol PRlEpeniions (heRroseie: node,
I's typicaly %;ééé@@hta A eVt Pwel BENerURPF PSRN0 ad ¥ PUER! slebp” PUGBr MoBE OCESSOr
transitions froman active 15 node to the stop grant node, based on, for
exanpl e, allp deeprsidepenaieimaybted agerad fer axachpley ba stophingsetlock input sgmad r ol s t he
processor. en the desired operations hav een perfor b he

m cro- c%de‘oi\{x’}e PWéeﬁPb%%gé]&er pr Ogﬁéorﬁ%éﬁ@gegrtﬁ%gﬁﬁ’sp‘{)% ‘%‘H{%g‘g’t‘y%ﬁ?wsndi cati on,
such as a &E@go&ss%mo %ﬁhﬂﬁ%&dﬁﬁrﬁeﬁ@s@dte Bge %S § B, BYESnIR bus. The
chi pset may en transition the processor into the sleep and deep sl eep
nodes 20 bdrawk powexequpvaent as terprocegsoaisdedkege pirrendbr st oppi ng t he bus cl ock.

SUWARY | n acco&xyj%n@e with an enbodi nent. of thﬁ P‘{ esent invention, a first
i ndi cation 25 i ¥1ughly complax PSS FPEES QUQiOTYer BFOCSEOELSATEd with a

first logi @?émar“efe%.% P mlal) bR dREIRRIARKAL thel ifRtndl BRckd 418 idaBRIUIC Bluclpr OCessor

has entered a power de. "A second I ndication is also issued, including a

second 1) de¢learf upeis tpsisaly perfodmed bh macrsewdadvhiahgfarakapplec elsamsrup thet he

Elr-épcessor, that the s_er&ond | ogi cal &rocessor ha}s enteredéi he Fower node. 30
| EF DESCHIGAHANR! BRETHENGRA tothe ppocessqr ip FI9ePANIIVEISEOT 4n PYENL G| ok

di agr am of« b . : according to an enbodi nent of the

pr esent inv%grgpgoﬁﬁ?%%gmg@l&?% ?glgﬁﬁlgﬁggram of a conputer system according

to an enbodi menA ‘efoptgrantp pesemnmoda) whidh itself iSa FvGpoRern imode, tis tyipivgllgdi agr am of

Ml processor power des, and associ ated signals, accordi to an

enbodi nent Usse ToH lﬁfg%gémprpﬁ‘\;@n YRIFRUYRpUsh aprpeessorgragsiions tidfn of a

met 1od 150 16308 ik SRR IARES5REd BRYSE HIRARS (316 Oh Hd\hip Bein J6iedl ment. of

the préSent 1nventio FIG Sis a I'agram of a conput é&r system

havi ng t wobi “ghipetsthar @nli0lsabe prodessgr. t Whamthentesidkdereratains hhee peoas ent

i nvention. DETAI lBED DESCRI PTI ON An arr angenent such (gsrs&]th . ones descri bed
in the bacRgFsme bydhs mo-ce 9@&?58%3’*%&&@5&9%? SRR Med in a

shar ed resgﬂf&ﬁé?,@ukﬁ hs PEBE ﬁar%rg gtgggﬁg«ﬁd%%g@ammme éﬁﬂ@y@ve%a%hpgl e

processor to perform severa al “operations substanti al

si mul t aneotik¢ yhipsed magxberpiransitmnitiu procthorcath thhEleepaot dsepaleepanéddsns sever al
i ndependent "| ogi cal processors,” or "threads,! and it is possible for a
one Io&pcapy’rf%@‘é‘é‘%’af%rtéf}&aé’toa’&rﬁﬁ\/%rsu??@%, ﬁgBE%aagk-t he stop grant 20
node, while the other |ogical processor renmains in the active node. This
@y be thought of as a thread sleep, in which a single thread is put to
I“eep. Al | SUMMWRY gnals in the MI processor should not be turned off if
even one thread is still in the active node because the operations
perfornmed by that thread may still need

In accordance with an embodiment of the present invention, a first indication
25 isissued, including a first identifier associated with a first logical processor in a
processor, that the first logical processor has entered a power mode. A second
indication is also issued, including a second identifier associated with a second
logical processor in the processor, that the second logical processor has entered the
power mode.
30
BRIEF DESCRIPTION OF THE DRAWINGS




synchroni zati on. Wien every | ogical processor in a MI processor zyﬁr‘ <
thread sleep 25 state, the clocks on the MI processor may be tu? c{f 2002|t
i s possible that such a MI' processor may be designed to send a stop grant
acknowl edge SBC as soon as one thread enters the stop grant node. This,
however, may cause a probl em because the chipset mght try to force the MI
processor into the sleep node, even though one of the threads is not ready.
The chipset, of mounsea bRRK aRigAh Bﬁm?ﬁb&@&q pbwewﬁroue&a&@%&%r@rn i§ed anmount
of time before the MI processor enters sleep node, but this woul'd slowthe
process down enddirhérdof thespretent xlnvm:uoﬁ 2 Z NO-I Q)OZ guar ant ee that t he
ot her thread wl not her roach woul to have .t rocessor
i ssue a stop gra#r{#?gd g&]yéﬁba@r% WpWeSHStﬁTlaCB‘? I}getotaﬁreggﬁ’ "f‘ % he
processor haye ﬁ@gg;,ltﬁw@gmt,ﬁ]e cl ean up process. This, however, is difficult
because the mcro-code would have to 5 be "thread aware." That is, the

m cr o- cade woul Flkmves a@inémdiaglend@ﬂMErpmnesmmmdmpd@u@rm asogaterands to

i ssue a sto&ﬂggant aé;knovvl edge ‘s‘ﬁl?{)endl on the thread on which it is
executi ng 0 BT8R AT ’@Fn VeRiRfe a nunber of MK

processors. The yengtis FBARL oA/Ahirh AN almbiBtFR SRS M Hrodiag pb@epcCount
for, and keep track 10 of, multiple threads running on multiple processors

In view of mdsthsfaoccegmignganemborameheOfab@peswahmd:ntldmat a need exists for a

met hod and appar 3 P gress the problens di scussed abgve. An enbodi nent
of the present ifFent®RIOCE dHeram PEYHCIBPUE Y RBLNAYHE RTQEESFIF power
mode ”?d“S'arc&&aur godn MhiBUAGAS SPihe pRRLANRVAGoROW [N detall to 15 the
d a)\(/)vl ngs wherein Ilke parts are egl ghated by |i ke reference nuneral s
ughout, FIG 1 shows a bl ock diagramof M processor power npbde states
accordr ng to_ an_emnbaod o t he present |nvent| on. Wen the Ml processor
is in the aditloe-lidati>lHyd QN0 t he processor's internal clocks are running
causing a relatively Iarge anount of power to be consuned. Wen the Ml
processor is to be 20 transitioned to an energy efficient node, a chipset
controlling the &manwmennayhasﬁermeadabgbmi indhe ha&gnmndlsecﬁonpi n

(STPCLK# ~-1 When the MI processor l.es the si naI on the stop clock
pin as 19 s OMENE maypose RIoY Srﬁ’}o‘?“d‘sﬁ‘iﬂ‘?ﬁﬁmﬁ TRRPUEF t’ﬂ‘élt‘l\ﬁfobqso‘egssor Wil

clean up t r13‘191V1ronment, which allows a single processor to perform several mathematical

operations substantially simultaneously. For example, a multi-thread (MT)
processor contains several independent “logical processors,” or “threads,” and it is
possible for a one logical processor to enter a power mode, such as the stop grant

20 mode, while the other logical processor remains in the active mode. This may be
thought of as a thread sleep, in which a single thread is put to sleep. All clock
signals in the MT processor should not be turned off if even one thread is still in the
active mode because the operations performed by that thread may still need
synchronization. When every logical processor in a MT processor enter thread sleep

25 state, the clocks on the MT processor may be turned off.

It is possible that such a MT processor may be designed to send a stop grant
acknowledge SBC as soon as one thread enters the stop grant mode. This, however,
may cause a problem because the chipset might try to force the MT processor into
the sleep mode, even though one of the threads is not ready. The chipset, of course,

30 could be designed to wait a predetermined amount of time before the MT processor

enters sleep mode, but this would slow the process down, and there is still no



appropriate operational states and set up the correct "break events," or
events that 25 will cause the MI processor to wake up. Eventuall Y, N8¥ 2002
thread goes to sleep the mcro-code associated with that thread stops

runni ng. When the threads in the MI processor are asleep, the hardware
turns sone of the internal clocks off to reduce the anmount of power being
used. It should be noted that the core clocks may actually be left running,
as in a debugraftedehat tiic dthe thieadwiliry rdagdy t urned on to process a "snoop, " 30
in which case the processor will respond normally to the inquiry. Wen the
processor sensednethr aarroacheypuldibe te navedhe proCes§PiiSHIEIA LPMHEIEL back on and

par Ui oul ar “HEaar TG P SR IR phiRIP AR SFTECH IR0 T ¢

m cr o- code cR4Raytpescebar TR thom@gire &l dififcQR ®8&@Eke 1he niib®-ddlepratéssmw a stop
grant acknow edge SBC i s issued, including an identifier associated wth
that 5 par becthread 3Wwiecalhahipdegnisro-catgeypuld bave te eyeiridifiesmtal | of the

| ogi cal pracessor .t he I r 2 stop grant
mode. The SRPBRRES e f TSR iiCe WpBERPEARBHLTY BT el 0P OLFCH

pl aces t he oRrREBE&RIon Which &ilicegecimgile 130. After waiting an appropriate
amount of tinme, the chipset may turn off the clocks by stopping a clock
i nput signal to NeEopoERSeMAUBTIsKytemT 1ild hpyescrunbasof MT prasessosor in a

deep sl eep . powner 40....AS . | so _sh in Fl t he processor may be
returned. ¢ Japag s R de HBIAOR b SubAGsB A Pal o caypl o PRRERTARR S ek

de- asseyit | Rg rhinépRlhfeadanthndrpassitibRprédessoprs PCLK#. FIG 2 is a bl ock
qé';'%gram of a conmputer systemaccording to an enbodi nent of the present
i v

vention. The dbiviast ek the jereeqing, ncsandesparerptadrtbilesise esb fangmethods
chi pset 308@%{3&%&9@?&%&?5& p?;}l@rgrélggpsgt?si% 9.3& The MI' processor 200 contains

! ve .
afirst lo ocessor,  or M Th_an associ ated processor

i dentifier signalndmbddimeMoiopesaimdomissaeaentd Rrtiddsadond | ogi'tal = v
processor 220 with an associ ated processor identifier signal 2. Al though

the MI pro@eBaaius JomosyesWede frapsieon in -Md praeeshygiRedsiripe sgewsgsletilnen, 220,
an al ternative embodi of e pr,esen 0 j.nvention used with
o aesohy o the GaRARAUAAh KBL pieyrR HES SR SRR ERALRE iRkt Loe0 W

| abel i ng sysbaghaWId. behowes bloak didpeanp bONESHIOtesketaivierineddestgeal s or
nunbers. In addition to conmuni cating over the bus 250, the chipset 300 may

assert a siageraingrio emembediment ofcthe prasentanventien Bhen thmif Tnprpeessar is iand st op
the bus cl ckﬁ?gﬁ%g%lr had Py {Mg pgcgc%&g)?’ggﬁtenﬁ?gglgﬁgﬁ@ﬁﬂm? ecagl%igtége | ogi cal

processors enters a a P € asSSocCl

ar chi t ect ur@htisdiplLed Sme@m el paner 15 BIRoAHuntdde WREDHE OLT phdtése ik by the
other thread. As a | ogical processor 210, 220 conpl etes the STPCLK#

m cr o- cAfte tangiipned tojaagnegy £ificiens npdgns chipsehswtealies BRErotessormay bus 250,
1l 0 40 S ALt g ated s iz e 0T
ow to FIG 3, Wihehthe MA pidceisBfsahFied dBkiphal\iin e QepSIedk HAWSr 5
“asserted,” stop clock micro-code running in the MT processor will clean up the
appropriate operational states and set up the correct “break events,” or events that
25 will cause the MT processor to wake up. Eventually, as a thread goes to sleep the
micro-code associated with that thread stops running. When the threads in the MT
processor are asleep, the hardware turns some of the internal clocks off to reduce the
amount of power being used. It should be noted that the core clocks may actually be
left running, as in a debug mode, or the clock may be turned on to process a “snoop,”
30 in which case the processor will respond normally to the inquiry. When the

processor senses a break event, it turns the internal clocks back on and returns to the



2 2 Nov 2002 nodes, and associated signals, according to an e;?ag &ﬁ@nﬁmgf
the present invention. As described above, after the signal h
clock pin is asserted by the chipset 300, each thread 210, 220 in the Ml
processor 200 will issue a separate stop grant acknow edge SBC, i ncl uding
the | ogi cal processor ID signal associated with that 5 thread. These are
shown in FIG 3 as the first and second thread stop grant acknow edge SBCs.
After all gtl\;%vpg}rlq@%d@ave i ssued a stop grant acknow edge SBC, the M
processor y transition fromthe active state to the stop grant state.
Bet ween t he ti nmAdchaling mphsl pokcypamrenitsdasedof 8¢ aesdnt ingentast, whey tleal
processor issu stop grant acknow Fd%g SBC, the st%e of the MI

98 el

processor 209 ﬁwﬁr%éo CFXEEHES 195 PBY LPIQFTsorap dhe IORFSLef SEH0 shoul d
therefore ntt {;lg{ov@xe&gte%@ﬁs?gstue@ciﬁagwhgqg?deﬁﬁﬁexfe{sg(gﬁlﬁtpc?“tlmrtﬁé’tds before

asserting eep pin escri ove wth respect to FIG 1, after
wai ti ng 5an papmulmrlm@d:aé peovessot. Bfheh ithvemiche codel fos &l o300 logyaltpregessdrs on t he Mr

processor 200 to th sl eep nmode by turning off the bus,clock input
signal to HAY FAECHie C@gi@? P‘Z‘I?GSSO?LS‘E‘FP@%T theiStopLTt pades Ier Cz'ipéﬁ‘r‘&?a( of a

thod t di t of
The br esent THORR (o L8] P or Car AR o/ g GG RlckSofih Aot Tont ©

the present invention ter
chi pset 306h@ksISOt Aftdnevaitirgnal appropriae shamt of Ok, the nhxpketaiﬁ@. tulheffelid pset

300 then waits unt|I stop ra,nt acknow edge SBCs hav en received from
bot h t hr eadlocks DY SioPRia AEAeEK ippi sigmrbodhe Riogesten fi%lég} hﬁnﬁal@ﬁ%a PEer

associ whi ch t hreads
have c?ﬁ f&gﬂoftﬁgl é?oﬁ%ﬁﬁp@roggggg\é%g@ﬁq%n Ié?top gr ant
alcknowl edgerdaBisor Inmyéaehemmedaod\e\/aedvmpd)\kzeltmedecmomefor&&@m@hasevattlrtghe sl eep
in at 450, causing the M sor 200 to e [ sl eep node, before
(F:)orrpl et i ng tha B45H. Naﬁsﬁﬁﬂ*@ﬁgﬁgisgHBMC‘?WCH‘-"’In&tR%g Fﬁt:lgﬁghi psgt 300 may then
transition the Wigpsacespor aadfint or d (omfRGRYSERCRoSRIAS SanBmuialihing an

appropriate anmount o tlrre and turning us clock 1Tnput to the Mr
processor 2@¢the prssenyinyvemtiona Thetcdoomputet oyHiers invhudebaMT phecepmn00ande st ate of
the M gocessor 200 ma be avoi ded. Sup fose for. exanple, that the chipset
300 asskr t $hipaet 300gwhieh W@Helcgwﬁem% i neAE Professol 200 poptainsdi at el y

act on the g@%tQﬁ%S\gagéjceg&rs&g%ka&}y?f@(ﬁﬁw&l{l %ngkﬁlf‘eéi 9&s§8r98é<ntme?rs‘[§n§1°de The

other thre be 1 nvolve priority 1 nterrupt,
such as pade ThewT preoesdor 200 also coithinis aas@ndBogicdl p20d\d€3;d¢220622tktzhe chi pset

300 will be aware that th pr.ocessor, .200 ot entere he stop grant
state becadS¥ocHit re?FéSt‘srtlgﬁlt@‘%ﬁgnajékn%}WO@aggwéhﬁ RIPFESSPraai) Shevtidl.  Thi s

enmbodi ment 9§ % s moelégfaal %yfgﬁrs 91, v a:ﬁél?&?n%%@'eﬁmb%gﬂlflé%ﬁ'o‘? ﬂ)e\gémﬁf her e

are several Mr process ing together. For exanple, consi
20 invention may be used with processors having any number of threads. Similarly, any

numbering or labeling system could be used for the processor identifier signals or
numbers. In addition to communicating over the bus 250, the chipset 300 may assert
a signal on the stop clock pin, a sleep pin, and may start and stop the bus clock to
control the MT processor 200.

25 When one of the logical processors 210, 220 enters a thread sleep state, the
associated architectural state is saved and some of the resources may be used by the
other thread. As a logical processor 210, 220 completes the STPCLK# micro-code
flow, it issues a stop grant acknowledge SBC over the bus 250, including the
identifier signal of the associated thread. Thus, the MT processor 200 produces two

30 SBCs before the clocks are turned off.

Refer now to FIG. 3, which is a timing diagram of MT processor power



5 which is a block diagramof a conputer system having two M 207 NG 2802
200, 202 according to an enbodi nent of the present invention. The first MI
processor 200 has two threads 210, 220 and the second MI processor 202 has
two threads 212, 222. The chi pset 300 may determ ne which thread in which
MI' processor have perforned the stop clock mcro-code by evaluating the
identifier included in a stop 10 grant SBC on the bus 250. Because the Ml
processor 206desgardisasseriatad sigmeps,gapemﬂingcdx apwhbodjmeSBE thopresént ifivensiont hr ead
210, 220 that t hat, cqde, en if other threads ve, not. perfornmed
t he associ a‘}%%FSFab‘?Cﬁa’otvﬁ’eaﬁﬁ g’i‘“’é‘%ﬁ%‘] thgytopelockain g,oasg,ﬁrt[eﬂ th%&%“ﬁge 't hr ead
aware." Th i i te the
i ar 15 G AR e L 20 R S R R, ¢
executing. adkhdwledpe SBCI, mcmdmhelﬂomcml proaessosmas:gﬁal(aaddc;ated Witk thraat ed and
described herein, it wll bea Clat?{drp t nodi fications and vari ations

of this entibeededhessare Fh—'f’"ﬁ?’é‘ s thedirrind speond slrspd doBgratte above .
teachings agnifclLosblS. ey i B hBSIIRREIGK £18) gﬁnmmgmerggggartl ng

fromthe spiri I nt ended scope o e 20 invention. For exa
al t hough a $WC phed4F porcessiot ROA may kragiidad frpmabesgive staia® the stdpigeant| | ustrat e

an enbodi nent of the present invention, it wl| apprecjated that MI
processors FRi%i ﬁﬁt"éﬁ?attll‘Fe't‘mﬁJP?o%‘Pp pcky %‘ﬁl‘%%ﬁse E‘?)E’é L IgISRLPIRFESs0Y all |

within the é%%gssfaf rérﬁ&’ﬁ a'cm&ﬂka%rgaé/%@%bn@ M8k s SR d00RhEu@behar dwar e

are describ rol certail unctions, such functions nmay be performed
usi ng el hafonsldéﬁeWanc&,terﬁﬁndlarM}ﬁps&r 3(3{) shontd therefore wait feod Bmgargmmind
rdware, as is well _known in the ar 22 Novenber 200 is clained

T eckbesnee SEEH i e tirads befoscsientng DESEBBEE: APIERIPHE! Ldes a
first logicgl p wﬁgl got%r;tfa G2l Pwa,dn %;ncag}r) o@fl%%mmo mes At

associ ati ng Sar d seco I ogl essors wt n cl ock;

i ssuing a f300shay nansithdn tha M proaksqp260 tethapleeisleap maddbptmrnmgsxﬁfme
including a first identifjer associated with said first |ogical processor,
that the fikustel Q%PE‘&I“%?F‘L’@éE%MTHré’gesé?lrt%qoed the power node; issuing a

second i oat | o9 1§ aitbek Mo Bherah i il & SEEAN N bidslipagsoct at ed

with said second 1o0gical processo at the secon pro dessor has
ent er ed t hemp@useiccordite; toandmbodinesipofithe ptaeittisvdnsisnadder béginaing if tiest and

second i ndi cations cei ving nal from sal d h| pse nd e ering said
power node.acpive W@eﬁb?}{ba}“‘o@f}l’mﬁhﬁ yserigihe signaliand E)é\W/BIC Or?gd’én Pl 2:9 st op

grant mode. . o, E’@é{j‘xl ol vt Ghél M7 r%cﬁhé\y!eﬁé%'sggg I‘;‘?@ﬁ Eégh%ce’ﬁlﬁﬁ' cation

conpri ses ISSUIn St i ndi catiBn as a us c and
wherein i ssﬁlorﬂg)ot}helresaels andB 0 amdi4gat It}n:ert:mp:SEstO()smsy ussthie identiffier asso@amdd

he 1120 anih fhic: GoBanEAcpReIedr BRCY & Bicids whigh treads Have compfeted e "' ©' "
. stop grant micro-code. Only when both stop grant acknowledge SBCs have been
@ received will the chipset 300 assert the sleep pin at 450, causing the MT processor
200 to enter the sleep mode, before completing at 490. Although not shown in FIG,
4, the chipset 300 may then transition the MT processor 200 to the deep sleep mode
25 by waiting an appropriate amount of time and turning off the bus clock input to the
MT processor 200.

Using such a method, confusion about the power mode state of the MT
processor 200 may be avoided. Suppose, for example, that the chipset 300 asserts
the signal on the stop clock pin. One thread may immediately act on the stop clock

30 signal by executing the stop clock micro-code. The other thread, however, may be

involved with a higher priority interrupt, such as page fault handling. In this case,



stop grant special bus cycles. 5. The nmethod of claim1l wherein zgeNerm
identifier is a first processor identification signal associated with t 2
first logical processor and the second identifier conprises a second
processor identification signal associated with the second | ogi cal

" processor. 6. A nethod of transitioning froman active node to a | ow power
node in a processor including a first |ogical processor associated with a
first idefeichipet 300dwHl besadel Ha0gieddT ppsces$ 300 hasspoentateddhaktop a second
identifier, conprising: associating said first and second | ogi cal

pr ocessor grapt statebecynpvnlycingsiep srad arkaavgedae SB{swillbavedssued. enter the | ow
power node froma i o | ed to. sai.d Rracessor:. | I first
indication to a?scf"%ol%%gge?t,0?:d%cqrﬁ%f]ﬁ&v‘f%gmﬁlﬁsa%%ia 81ndt(%0$' ?ﬁejsr“?g\fv A the first
| ogi cal ppREEL&SREvAEAMEPredeshrs Workitiopoher FdrimplsSionsideFRRGONd
indication to said chipset, including the second identifier, that the
second58 whixh ingerkeliaganafaegmpaler prstre baing asManpreeesgors?O0] 2 power

node; and_in_r.esponse to.the issuance. of said first second, j,ndi cati ons,
ecel vi ng st fiGRRT AT Fphfult i BBy B, TP B SE oae. 7
The met hogaOfwoCthadady 810,920 h8H thetsBEorldVTRRYRESOTROR hePi theRds 813t op gr ant
node, and further conprising: receiving an instruction to enter a sleep

nmode af t e22DhoThe eipset BPE maydatermimeydentiréaddn evdhighod mesessisdeme i ssued. 8.
The nmethod of claim.7 erei.n i ssuing the.first,indicatiqn,cConprises
Tosuing ¢ Rertemegithd o Ll it b0 Bub0fia b lachRALCGLLER BARERSCS,

i sSsui ng tg@nsgggrtﬁniha@hg:gso,on conprises issuing the second indication as a
(Z’e;cond special bus cycle. 9. The nmethod of claim8 wherein the first and

écond speci al Bsoapse hel M rsoenssar 280 sersls oyt asop gpant peknopledgeyidi@gor 10. The

met hod of .claim7 i e first jdentifie onprises a first processor
i dentifi cmei%ﬁt%eéﬁgﬁb’%%b&ﬁga{f%: e?/\fh?Jhc %ﬁeevfefll’{s?tﬁ?rg&eééﬁ ﬁ%vlﬁc%) ssor lOand t he
second i dg&fdrhie@the &¥BERRE Sogdc, SREMNHoROAERES BE cied&atvbitﬂo@abéiﬁg “Snir&Haal

associated with the second Iogl cal processor. 11. A nethod of nonitoring
t he power awawge’ dhatds,phe segemodd msimplized hacauseliogry axecpredbe siswitarassoci at ed

W th first identifier a se i cal. .processqr associated with a

seconglsi dgwpmapgsrr,eg%rgﬁ%F Pgﬁ%ﬁgb’e ég@g?gﬁgﬂéﬁéﬁal%ﬁxfﬁ "%nd second | ogi cal

processors W t oGRS leRbbdinie@eLiry kpt@iffeally fipdstiattdipatdeqnivall a chi pset

coupled to said processor, incl udéﬂrgg the first identifier, that the first
12

| ogi cal pheews dorillhespprecatesdhat m atippg end vaseasions afthis emeeshaentafi cat i on

ot ChL PRSP 3P R ER R hayd BR O PRSRA T
the appended claims without departing from the spirit and intended scope of the

20 invention. For example, although a MT processor with two logical processors was

- used to illustrate an embodiment of the present invention, it will be appreciated that

Q MT processors having another number of logical processors could also fall within

the scope of the invention. Moreover, although software or hardware are described

to control certain functions, such functions may be performed using either software,

25 hardware or a combination of software and hardware, as is well known in the art.



instructing the processor to enter a second power node when both the first
and the second indications have been received. 9 22 Novenber 2002 12. A
nmet hod of nonitoring the power nodes of a first processor having a first
| ogi cal processor associated with a first identifier and a 55&8%%&9 'Ogal
processor associated with a second identifier and a second processor havi ng
a third logical processor associated with a third identifier and a fourth
| ogi calymyt RCESERE j@ssociated with a fourth identifier, conprising:
associ a‘rr‘ng—S'aTﬁ%"lLl‘rst and second | ogical processors with a common cl ock;
receiving an indication at a chipset that the first processor has entered a
power node; 1CONPRAI HbiABd of BRRliNG BDbowver infodle ih Atir6@dskOMwhitR clidieB @ firftelogitalst
identifier, that the first logical processor has entered the power node,
and T e PECEHIR 200 26 PRIPLABREROT CHEPWRIGG t he second i dentifier, that
t he second lasgpoiatihg paiddiest 2od shesnddngieal etodelssorp awithra comavon alnck;r ecei vi ng an
i ndi cation sai de chi t.hat 3 power
mde. conpr | Sean8 A EhAESon (03 cHiket SN toXeRtF FRERsoh AT PR B IR
i dent i Bpeaciatethwith said firshiqaibal Brgicestor.fhadae §ist loaigs! rracesseuhasrRNteTeddne PRVRS,
?Rd ][ e‘ﬁﬁjtdﬁt :%u[@\gfa?égcbhd indta6an t8aid Itcﬁréb%tdltnamdm% éédéhg Wénﬁﬁé}tdﬁgb@%tﬁd gm;

e four; 0ogi cal _processor ent ered the power node. : nmet hod o
tr ans! SPBIERT opkabhBEEROn dRt e SR PoRA RulieEsly 4% SieRa NS BRER AU and
a secomddl ow power node, the processor also having a first | ogical
processor aﬁ?ﬁ%bé‘rﬁs%%%é E&sgarﬁder tsald9f rd ?écoﬁ&%o?ca?iSﬁQW?céi@ﬂi‘é?s‘ég@f fiGmSSor
associ ated w a second rdentitier, conprising: assocrating sai I rst and
second spigghipget Fdrnseringrsaidwaweranedsrmon cl ock; receiving a first indication
at a chipset coupled to said processor, including the first identifier,
that the first |qgical ocessor has.entered the first |ow, power node;
recei ving a Zeecore RS QR WhRTRY BWiRGUEL MOfRlS 7 8oRGAMEEE ond
identifier, that the second | ogical processor has entered the first |ow
power node; ,and kil Qi - te. L : e by
sending a si3gnal L[?ggﬁnmgg?)g c%ﬁ? %L\g}%&{}\ﬁ%ﬁaﬁ%hﬁ f?ﬁéﬁﬁf%@tﬁ%gﬂ@%i\lggﬁ ﬁ'lermg
i ndi catndénigorhgneiisbanscipldiusicyde. and herphiisswing el sespnd ingicptionFopmeses issuing e
first lQwhPRMREHARHE sdctndkpediNBudéy@nrt node, the second | ow power node is a
sl eep node, and receiving the first indication |0 22 Novenber 2002
conprises receiving the first indication as a first special bus cycle, and
wher ei n r ecdi vi nghemetbed ohdainm @i wisdreiorthe firgbiand dise secomdvspegiat bas sybasnare
i ndi caty : cial bus cycle. 15. A processor, conprising: a
first %%%irbég’ﬁts%re@g@@%%ﬁ'ggup| ed to a chipset configured to issue a first
indication to said chipset, including a first identifier associated with

said first I50gi cghephiaib®ssldaimt Nahed Meffirdtidentifiet is alfirstrPeRBs6 idéraficativner ed
a | ogical Fomer.ﬁpdei gFae%ﬁnd | ogi cal prqﬁ ssar qgnfiﬁured to issue a
second SI9FAI BPPBIF B Lied MeHPYSR PrOaRER LAY ‘§ease§%% G TIRE SPMPIRSS 4888 at ed
wi t h sa@ratesseradehtificajioo aignpt assesigted, withithe seeind Iegicad pbcesggircal processor has
entered the | ogical power node; a clock to be utilized by said first and
second | ogi cal processors; and a processor controller configured to
instruct sai®d fi Astethpd) of densiipningdrampn petiye aals e atlgwaipwer m9ds By REPCHSer
node Whgludidgea ffirdt Sbgiedd ChréR 60 Assbéisted AithOd Firsh a¥etiR@Cdhdr £ G&od@ dogickb protéisor
processor .0 n the processor further conprising a nunber of

soci t]c Cltgi M 15d idwnigrrei 1
i nt er n&f %?S%W ?Eﬁ?ﬁ?s TOREY BYTREY nﬁy said chipset and the | ogical power
node i s a nedeodiatingisaictirsiamd seforghipgicalirrecesadrs stithakcammomtlockir e st opped.
g- rTihgepr 0GESEg Qh iftRUcRN B PR o PSwéi fidkie 3ifh bNéhiset @BEpIEd W Saidl ons
i processor;
issuing a first indication to said chipset, including the first identifier, that the first logical
processor has entered the low power mode;
issuing a second indication to said chipset, including the second identifier, that the

second



st.op grant acknow edge special bus cycles. 18. A conputer system
conprising: a processor configured to issue a first indication, including a
first identifier associated with a first |ogical processor, that the first

| ogi cal processor has entered a first power node and furtheazﬁgnfugp&ﬁg to
i ssue a second indication, including a second identifier asSocrated wth a
second | ogi cal processor, that the second | ogical processor has entered the

first R%YE%T p'laana%&gr AaLbmstedtife RS M%rinm; Qlyq said first and second | ogi cal

processors; processor controller coupled to said processor by a bus
and conf i guiet@spensertattheissuangef saikirstsid sesopd indicalions Fesrivifh ASigndbli@Mwhen
the fi k&l cApdet R sitsrMaEaidBivgdWeprpdBave been received from said
processor. 19. The conputer system of claim 18, wherein the first power

node is a | ow power node and the second power node is a node using |ess
power than 7he | dhe Inetho@ 2f Nimine ril) erhe2€0 2he dove ipowed enod20coniprises @ptop eyrant

syste cl 3| rein the first and the second indications are stop
grant ac dﬁbéwﬁde{%éggcﬁ\gwlgﬁgbus cycles. 21. An article of manufacture

conpri si ng &ecebinsusBrinstaistiomte anieli arflerpy Mmege safter wth Hee disst anes theusegonds

whi ch, ineRosXEs/dtRdnMsuddpr ocessor, cause the processor to perform steps
to enter a power nade, conprising: issuing a first indication to a chipset

coupled to said processor, including a first identifier associated with a
first logicé@l prdboessanod of ¢lhien prbersrs esying Hise fitsh endfoatien corapriseal isquirgcthss or

has e”FriPsrt%i&ti@ﬁ‘é@%fﬁ&%@éghﬁﬁﬁi és}/éleaaﬁ&wg%jri iﬁ%iﬁ@iﬂeoébgbﬁd ﬁ@%&fi&#k&ﬁ fises
including a second identifrer assotiated wth a Secon ogl cal processor in
t he pr éseingdne seqead indicatige apAgerenl tReciabbuc@sior has entered the power
node; a clock to be utilized by said first and second | ogi cal processors;

and in respqnse the issuance of said first and second indications,.

ecei ving adei gndfte MRl SPIErS Hoahie e Go R RPs R CtR SO iserhe
arti cl stopfgramtrspeciakhusecydes.cl ai m 21, wherein the power node is a stop grant
node. 23. The article of manufacture of claim 21, wherein the first and the
second i ndications conprise stop grant acknow edge special bus cycles. 12
22 Novenber 19002 The methagy, of elgimcnypharan he fasty identafier orpmpaipesp ofirels prpeesse
not i fy i@nf6eaB6n Sigidl faGocibiddl twithnidt firdlQodidal SrocksRer &l thp kELARS SRAtifAToMPliRE @D a

first power node, s . . .
Fgeconé processor 1dentification signal associated with the second logical processor.

11. A method of monitoring the power mode of a processor having a first logical
processor associated with a first identifier and a second logical processor associated with a
second identifier, comprising:

associating said first and second logical processors with a common clock;

receiving a first indication at a chipset coupled to said processor, including the first
identifier, that the first logical processor has entered a power mode;

receiving a second indication at a chipset coupled to said processor, including the
second identifier, that the second logical processor has entered the power mode; and

mmstructing the processor to enter a second power mode when both the first and the second

indications have been received.



a .second | ogi cal processor to notify the power control unit that the second
| ogi cal processor has entered the first power node; and a clock to be
utilized by said first and second | ogi cal processors; wherein said power
control unit is to cause said first and second | ogical pr ocg;go\;s tp 0@ ter
a second power node responsive to notifications by first an 8&811?8 ¢ gi cal
processors. 25. The system of claim 24, wherein the power control unit
i ncl udes a i pset j A e roll i : . : of
cl ai m 25, “uir or B TR BAG bR A5 R S ol epebsort Buind VB AT
and sepwegssop@iseeiated 0diesa drsd identibien and gajegore daainal poepsaforrsorialedomll ge to
rzzc e :Aﬁ&e&{ndsféhrmf@%dza §&oh@ aﬁ)cgysc;r Gvig 'aR?i?ﬁ |ogmbﬁqrpaéssoﬁ{@o§ij¥feb?mhc§ thirh al lm
: er el ir ower node represent ctj Vi evel . of a logica
or bces dntiiesand sifaurd oBEAl HpcReess aneBviateamine tpullh eplitel cRATIGode |9 a
first | ow payeciating eaid dirgd antieecina |bdieal pesressbry aithia cvartheori dock; second | ow
power node. . Th . i i I J S a
stop grant Fr%c Ie\/JnEa%ndﬁw\}lﬁ\Eéﬁéeﬂ %ﬂé%@ﬁgggﬁ%&%ﬁ@%f&%ﬁg& @ésaaﬁ?@ggé%@%%@ The
syst encompidirg:m 24, wherein the first |ogical processor represents a first
process thread, andimMienchidt iitfcatiBFOMILING 4Rl fiRf OGSRREY, thEPIRS ARk Jodical
second process thread.” 31. The system of Clalm 30, wherein the first” power
mode | 870£e$3qr &8s ehieeed{he PRWpr MBER 292, The system of claim 31, wherein the
first |ogical presesagrarnetorid arlidalien, iageding ahg setondnidentifieat thah ehef secdind
| ogi ca [ r r L kS ower node by issuing a first
i ndi cahggcr??&iaﬁ%osﬁaF%‘f‘gsgerggrtﬁﬁrt@%ip{"g%n_'{‘ééei’tgpgassoci ated with the first |ogical
processor, feseiifigramiodisatiaroatisaist chipset thaj e segond Progessesiias renfared thehravern
the seqpRd doRpHsiAY: Processor notifies the power control unit that the
second | ogi cal processor has epntered the first r de by i ssui a
second i ndi cati offCéVH ﬁotF\'i‘i) '%&%%'@Bnﬂ‘cp"&@ﬁt fhei %‘Eg\éﬁ%@ght@@y Wetﬁ'rg Hgg'%cond
| 0gi cabraeesste hasenteteal thaipdwpomede,cmdt rol unit. 33. The system of clai m 32,
wherein the first_li tifl ] e i.r C i L ticat
si gnal associ at ehedv?nﬂ’ﬁﬁ %Edg%i 'b@%t gg?’@@fﬁnﬂr@%é&r@r@é@%r’\}\ﬁ%;{ Fé% E\dl‘{?ﬁébgg%'ond
i dent i prasessandiaagatered the power pedeessor identification signal associated
with the second | ogical processor. 34. The system of claim 32, wherein
issuing the first indication jncludes issuing the first indication as a
first specidP bué 'B?%P ,OfHﬁBS'W%?IP”P%ﬁ‘PH@% n@ea%éetyﬁdnp%iac@’ﬂ B P& udes
i Ssui ngnddeears @osetohddow apowen rasde the quocksspealsal hdirgy ayfirselogial pildvessgrst em
of claim 3 el n. t.he first speci . Ls.a. flrst .S
peci aPosted o Tt Rebirel nfre SeBnsh KUSL b farcadsbploc kD 0583y
st op gﬂ@ﬂtlf_le,rpmmlsmu_s cycle. 36. A nmethod, conprising: notifying a power
control uni bséditing shidfiPdt anBSeEcHd 1DGiEAPFEREsEI3WithH @nftforRclbéN; St power nmode;
notifying the power control unit tf}‘at ? se(ion(% |O%I cal groc_essg,r qﬁs '
ent ered t he'§Ge\nRg a first indication at a chipset coupled to safd processor, including the first
identifier, that the first logical processor has entered the first low power mode;
receiving a second indication at said chipset, including the second identifier, that the
second logical processor has entered the first low power mode; and
transitioning the processor to the second low power mode by sending a signal from said

chipset when both the first and second indications have been received.

14.  The method of claim 13 wherein the first low power mode is a stop grant mode,
the second low power mode is a sleep mode, and receiving the first indication

10



power node; utilizing a clock by said first and second | ogi cal processors;
and causing a processor that includes the first and second | ogi cal
processors to enter a second power npde responsive to the notifications.
37. The nethod of claim36, wherein the power control unit i,pgludes

chi pset unit and a processor controller unit. 38. The netho&gﬁ? cla{%¥§7,
wherein the processor controller unit is to instruct the first and second
| ogi cal S; K jii f i L ki ai d
ot 1 CoFpASESEeEifinh the fisFindicain 58 301 Ehetial (RERIBE! Yy Mholcit Rl e, 0
first S6RNd indertioncermpsiaes ecaiMingdhe sgaopd ndicationas g seeRiccsnecisl busewsls: . 14
22 Novenber 2002 40. The nethod of claim 36, wherein the first power node
is a first Iow pqower mode, and .wherein the second power node is a second

| ow power nﬂge. %ﬁ¥°$ﬁ§°H§?WBHﬁgﬁ'clain136, wherein the first power node is
a stop grant finwdiegicabprdcestve caiptedtth e chipeocmhfigoedto ismde firs ialicatieetp saddBipsed,2.

The met,0qfidh fﬁ%}tﬁhéﬁhﬁégs%@%ﬁmhtsm fidt 'io?icai@ %egﬁir, tﬂ{tgﬁg?iwi?gzrgpﬁrg&?g& Ras?

first proceSs thread, an erel n the sécond 1ogical proces represents a
second cpiese edagihposgmode3. The nmet hod of claim 42, wherein the first power

rr_Dde i's a figr %cohbrIQ@QaIS;br@@&sBD%nfigMed O &so®tare8caid fr‘aH@iaﬁan‘lﬁ) séfdeérﬁﬂ)sibt,t he
first lLogica trol unit t t.he

I Jotif h ) hat first
o e SRS O s e et st b
i ndi catlogica) pimeskgmdhageatefe‘drtbe Idgttxahpcpvﬁérenocmsoci at ed with the fir st | ogi cal
Processor, LGugRiig B Alfed HNaldrstiHa'sootfIolREN ibdbssfR; aFond | ogical
t he r 0 t that t

processor notifies po contraol uni 1at e second | ogi cal processor
has ent er ed 3 MECcessPE EOHRRT canfiaered o insdiyrtspid, fiesk @apd gerendt logicrloprocessersui@i ng

a secoRdtdrdertbid gowearTacH e tthiifitsh ahd) Secopa ditflcdtiogs BaNe dePGessivgd. to said
power control unit. 45. The nmethod of claim44, wherein the first

identifier includes a first processor identification signal associated with
the first | d§i calThppoxessarof caimd 16/ wherein thé prosesson durthee nompiiising & nainbdesf a
second; i i i [ Sl Jy=1e i ; ; tgal

pr ocesé@%&gﬁété%gﬁgﬁr&e{:ﬂg@% bg%‘lﬁrﬁg Qﬁbt ﬁ@%i'ﬁd@ﬂ”’%gﬁb g'???@tagi'#\gﬂcgt ion
i ncl ud&8me« gaiddnternal §logkssignalyaretorpgdas a first special bus cycle, and
wherein issuing the second indication includes issuing the second

i ndi cation a second speci.al . b cycle. 47  The nmethod of . cl.aim46, .

wher ein t he 71 rst g REasepor e dB ek nf fi 287 4T tefe Peyiduphe baffiise
cycl e, stopdgrantsacknowletige spec@mhbuseyetasal bus cycle is a second stop grant
speci al bus cycle. 48. An apparatus conprising: a plurality of thread
execution resources to process instructions for a plurality of instruction
threads, redfonsiAGEMRYE! YsieHbROWPERRI'si gnal ; and 15

a processor configured to issue a first indication, including a first identifier associated
with a first logical processor, that the first logical processor has entered a first power mode and
further configured to issue a second indication, including a second identifier associated with a
second logical processor, that the second logical processor has entered the first power mode;

a clock to be utilized by said first and second logical processors; and

a processor controller coupled to said processor by a bus and configured to instruct said
processor to enter a second power mode when the first and the second indications have been
received from said processor.

19. The computer system of claim 18, wherein the first power mode is a low power
mode and the second power mode is a mode using less power than the low

11



22 Novenber 2002 a power unit to place a processor, which includes said

t hread execution resources, in a |ow power node responsive to an activity

| evel indication associated with each of the plurality of instruction
threads. 49. The apparatus of claim 48, wherein the power u

chipset unit and a controller unit. 50. The apparatus of clg?h?%ﬁﬁ%ﬁﬂﬁreln
the activity level indication includes an identifier associated to the
instru?SWQQngﬁiead represented. 51. The apparatus of claim50, wherein the
activi vel indication represents that the associated instruction thread
is in a stop grant node. 52. The apparatus of claim51, wherein the |ow
pgwer ][mde ps. a S'heebnﬂptéﬁsy_ﬁém dfftﬁaimp@rv&ie;d@nﬁﬁe €ifstiaft 97e séétﬁlﬁeihdicﬁ&ihb 4
identifier inc i ficati signal that represents the associate
|nstru8 %ﬂPQﬁW§§ E@ggﬁgé%%6§§§¥ﬁ§iof claim53, wherein the activity

| evel indication is a first speci al bus cycle. 55. A systemconprising: a

Processor | 96} UdAAGRIEGhbARREERAUARASIN S SHARREreR it Bl Aind 4862

processors, the p fogi ca essors 1o execute Instructions for
a plur H]eir?%f‘ @ﬁtFPQ]@ﬂﬁ LW,"['qrb rY‘"'terﬁ‘r @@95’[6@0% ErRTEFRSSyr: GaEED AP IPIRSEEIPT 0 ReHORM

si gnal steps td ér&br alﬁbwertrﬁod@@bﬁ@ﬁs]ﬁg power indication for each of the | ogical
processors; i

cond unit to.place the processor in de

eaponse ¢ ol PHEoRA FEiAfaeR R AR Edme gRafa o dier Ml e Pk Heni
first sssicated@ith Bnérstiogicairpaicesscaiimttisd proghssoe) that He finst igicahptoceseor laes a
power ﬁﬁi%?éooé] S0étmod?. The system of claim56, wherein the second unit
includes a ¢ Ppset uni't and a processor controller unit. 58. The system of
cl ai m 57, wEsSHBER %QQ@”%&H@P“?%Q] sald cojRsetniprludiag assecrpe identiiies@ssacialed #itad t o
the | oglseabnoprogcalsmomsserprremrﬁrecbss&@ that 2 dvoadivgical Pdcessdr hdsenteyest e of
claim Eg § ein the first state of each power indication represents that
the as \(’Y?am ' ogi cal processor is in a stop grant node. 60. The system of
cl ai m 59, whetaskito béetilized/by saidifirsteuid sesord Iegied)pronedeorspand The syst em of

cl ai m 60, ""ﬂ?Fe%béhéatsflhé %@U&ﬁég cffrsald”ﬁr%ﬁ‘é]ﬁese%ﬂna SHAalbAS Fb b%@%l fr? o

associated wt assoc] at ogl cal processor. 62. The sys en1o

61, mhé?'élcﬁ'pﬁﬁ%arﬁcﬁﬂé@”ﬂgrﬁﬁ‘i%wwetﬁrﬁW@ a first special bus cycle. 17

. A, . A3n3. AYR. Ahe. A’7 Ay Ae. A ?. A, . A?. AAR A ?. A?. A R A?. AA?) PvX~db(y337E
4<zu kf ca ca ca
c"al (F:)a] cg]U]cgf'c lﬁ é\f’@kralﬁaéf@a%f Q%’%hajc rﬁ%ﬁ Eé'i%iég ]?Tg%’ #‘%;ﬂ:a] 1:
2a]c"aUFwEa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cAa]ca]ca]ca]ca]ca
] ca] ca] ca] ca] cal ca]c a] cal! | SYANMsSM

E'J!Y! p!! "#K$$$} xsni d_Z] c]] ca] ca] ca] ca] cal] ca] ca cajc"a ca ca cal cal ca
] cal ca]oca] cdfPca] %9% calfiela] @LF%?]Q]J@]&]%%]%] ‘]'%']H] @5 ] eéé %e$ 5% g ] %‘?é{o](‘(’* ]B**
**+4, | indidations=¢didrise 3t grastradindbietige el bad cyt]e'sa] ca] ca] ca] ca] ca] caj ca] ca]
ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca] c. a] ca] ca] ca] ca] ca] ca! 2&3y33#4(4644
45h556\ 778R8889999/: :); ~;

;1 O<V>>} xsnhc”Y] c] ] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] ca] cal >>"?| ?@ @aoNAy BC' CCCD
DD#DDD. EEEFG' Gu&HIKK" KO xsni d_Z] c]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ORSSShTT{ UYW
XSXXXX=Y" ZZ{[[\\*\6\\\(___ HN """ }xsnid_Z]c]]]ca]ca]ca]ca]ca]ca]ca]ca]calc
aJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]cal aja
aa bNbcWxccRdddeReee' ffff.gghhh-iFjj;

kkl'1}xsnid_Z]c]]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lcalca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!l | mmmf nn;

0SoYoj oooOp~pp. qqqst uvv: w@vQax! xxyyy}xsnid_Z] c]]] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! y{
zzz|}f}}~~~~~ st uvv: w@vQwx! xxyyy} xsnid_Z]c]]]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
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@ 10%r&' () - 26. ! 16HE&ysteneb( SR 25, Witkdreih thE Prddeabs 168K dr) unit is to instruct the
first and second logical processors to enter said second power mode responsive to receipt of
said notifications by the chipset unit.

27. The system of claim 24, wherein the first power mode represents an activity level
of a logical processor.

28. The system of claim 24, wherein the first power mode is a first low power mode,
and wherein the second power mode is a second low power mode.

29. The system of claim 24, wherein the first power mode is a stop grant mode, and
wherein the second power mode is a sleep mode.

30. The system of claim 24, wherein the first logical processor represents a first
process thread, and wherein the second logical processor represents a second process thread.

31. The system of claim 30, wherein the first power mode is a first thread sleep
mode.

32. The system of claim 31, wherein the first logical processor notifies the power
control unit that the first logical processor has entered the first power mode by issuing a first
indication, including a first identifier associated with the first logical processor, to said power
control unit; and
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%41 0% & qqc%gmwm@as @niared the rshaeuasgnede gy issuing a second indication, including a

10%&' (shcondli@éMsief assotibfedimpctad sédondI8di€ddrdcssat YibAURH dwer BBEA 98B/ - dEYNC
10m 0l y&' 1 1098 () - S3SL0%E () - S@LOWE ()-S! -

109%H& ()-L° 109%& ()-L10%& ()-/::);~;;;;;avk@10m 0 10b 10b 10bY;

S109%& () - . 330%&he)sy&teb0ub&lai -39+ WM (the Ifie (i86titDob b&Iudps ;3 it PrALESIK@

Il(igl/é& Wg%ﬁé%i aéﬁ?égzﬁ%h(tz}é ?‘%@;}%@Eﬁg and wherein the second identifier
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DDDDD#%%QRB—t@ second indication as a second special bus cycle.

35. The system of claim 34, wherein the first special bus cycle is a first stop grant
special bus cycle, and wherein the second special bus cycle is a second stop grant special bus
cycle.

36. A method, comprising:

notifying a power control unit that a first logical processor has entered a first power mode;

notifying the power control unit that a second logical processor has entered the first
power mode;

utilizing a clock by said first and second logical processors; and

causing a processor that includes the first and second logical processors to enter a
second power mode responsive to the notifications.

37. The method of claim 36, wherein the power control unit includes a chipset unit
and a processor controller unit.

38. The method of claim 37, wherein the processor controller unit is to instruct the
first and second logical processors to enter said second mode responsive to receipt of said

notifications by the chipset unit.

39. The method of claim 36, wherein the first power mode represents an activity level
of a logical processor.
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process thread, and wherein the second logical processor represents a second process thread.

43. The method of claim 42, wherein the first power mode is a first thread sleep
mode.

44, The method of claim 43, wherein the first logical processor notifies the power
control unit that the first logical processor has entered the first power mode by issuing a first
indication, including a first identifier associated with the first logical processor, to said power
control unit; and

wherein the second logical processor notifies the power control unit that the second
logical processor has entered the first power mode by issuing a second indication, including a
second identifier associated with the second logical processor, to said power control unit.

45, The method of claim 44, wherein the first identifier includes a first processor
identification signal associated with the first logical processor, and wherein the second identifier
includes a second processor identification signal associated with the second logical processor.

46. The method of claim 44, wherein issuing the first indication includes issuing the
first indication as a first special bus cycle, and wherein issuing the second indication includes
issuing the second indication as a second special bus cycle.

47. The method of claim 46, wherein the first special bus cycle is a first stop grant
special bus cycle, and wherein the second special bus cycle is a second stop grant special bus
cycle.

48. An apparatus comprising:

a plurality of thread execution resources to process instructions for a plurality of
instruction threads, responsive to a common clock signal; and
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52. The apparatus of claim 51, wherein the low power mode is a sleep mode.

53. The apparatus of claim 52, wherein each identifier includes an identification
signal that represents the associated instruction thread.

54, The apparatus of claim 53, wherein the activity level indication is a first special
bus cycle.

55. A system comprising:

a processor including execution resources to support a plurality of logical processors,
the plurality of logical processors to execute instructions for a plurality of instruction threads
concurrently, responsive to a clock signal;

a first unit to monitor a power indication for each of the logical processors; and

a second unit to place the processor in a low power mode in response to the first unit
detecting each of the power indications in a first state.

56. The system of claim 55, wherein the first unit includes a power control unit.

57. The system of claim 56, wherein the second unit includes a chipset unit and a
processor controller unit.

58. The system of claim 57, wherein the power indication includes an identifier
associated to the logical processor represented.
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associated with the associated logical processor.

62. The system of claim 61, wherein the power indication is a first special bus cycle.
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