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WD 2004/ 061686 PCT/ US2003/ 038612 MECHANI SM FOR
PROCESSOR PONER STATE AWARE DI STRI BUTI ON OF LOWEST
WERIDB 86 | NTERRUPTS 5 FI ELD OF THE | NVENTI ON POD0$3003/038612
The present invention relates generally to the field
of m croprocessors and conputer systens. More
particul arl the present _invention relates to a
HANIS) E D OWERS TATE S

poplsrﬂlsu OF LOWEST PRIORITYUNTERRUPTS
interrupts. I0 BACKGROUND OF THE TNVENTTON [0002]
Conput er systens have becone increasingly pervasive in

FIEYD OYOTHe INVERTION ocessi ng capabilities of conputers
have 1T ncreased the efficiency and productivity of

[00({@; ke 'Tﬁ? bfés&t%&ﬁﬁé@f‘e‘f@é%ﬁ%&l?g@ hRSRL Gfsmidggpﬂ)&%sors and

t s of “purchasi ng an conput er nti nues

to, dro no. and .mr onsunmers have been able to
comERieE ST MGES HAORATio e PIATE PRI FEALTH (aguethod and
Furt hernore, many people enjoy the use_of_ notebgok o
appBiNS 01t Bephamipts T GTOCESREr POEHICREE awpisi digtribyian afdpwest priority
allow users to easily transport their data and work
intemupfs. t hem as they | eave the office or travel. This
scenario is quite famliar wth marketing staff,

BACKIGROUND O THE NECENIIONeven students. [0003] A
simlar phenonmenon has occurred with desktop and

[0068" Vet olBai: BESemd Bavé BelEHE fnc%ﬁh?%eﬁh@iv@%%ﬁ&r &Riety. The

dével op, "'the conputational capabili'ties of processors

oo GR0H Do BECUGHRBRRL it SR G G5 o

e arena are
i grating towards the use of nulti-core or . .
WOTKE . & (YRR SREF AT BERIESIN (45 easis of puraBasing ndh e o
of applications and task at the sane tinme. Sone
compyter enptinnes tadrop, betermgd nire conspiners haye begt @lptp/teke advantage
processors. However, the price tag for increased
of newnpatidefa@br mavidnesa Faethemaireidemyr aplepaywrthe ost of nokebook
ot her words, the power consunption in these mnachines

conpRERTBEcald dfahRfir¥edotd. Aobild@dhiRlters ANSWALER td OR8y &@dfAsport their
al so becone inportant because of the relationship
dataMdd WRRWEEh thim as they leave the office or travel. This scenario is quite familiar
with marketing staff, corporate executives, and even students.
[0003] A similar phenomenon has occurred with desktop and server machines. As
newer designs and features develop, the computational capabilities of processors continue
to grow exponentially. Computer designs for both the mobile and desktop arena are
gradually migrating towards the use of multi-core or multi-threading processors that can
perform a number of applications and task at the same time. Some systems are also being
built with multiple physical processors. However, the price tag for increased compute
power also includes real power costs. In other words, the power consumption in these

machines becomes extremely large. Thermal considerations can also become important

because of the relationship with power.
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WD 2004/ 061686 PCT/ US2003/ 038612 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0004] The present invention is
WO bdoustrssd ed by way of exanpl e and not |im tatPORES1003/038612
the figures of the acconpanying draw ngs, in which
i ke references indicate simlar elenents, and in
V\,hl ch: 2 00051\]I Fi gure 1 i.s.a bl ock diagram of a
B DESCAITIIO) HEDRAVEIMADS: orned with  a chi pset
and processors that include a nechanismfor power
[00&4]at e Thevpreserd iisentibw isi ibnstafed Hyowssef gxampld and not limitations in
interrupts in accordance with one enbodi nent of the
the ﬂgﬁ%@ of the AvEsMipaaing drHORGY, ifrwhivhdilR referénctd Ddicatdi sagilam
a multi-core processor nodul e and associ at ed
elerfidHt£ 384 id Whichi ncl ude one enmbodi ment of a power state
aware I nterrupt mechanismof the 10 present

ven [.OO .

roofg]) ¢ i ﬁé?%kgaa%ﬁ oo e isiel lBeleR i g wie

|nclude anot her enb ment _of, a power state a
2 chipsebATd pPCqTRRIR A 2 THRAD AR TR QW A S LA AW B ligyipution of

i nvention; [0008] Fi gure 4 illustrates the processor
lowpgneieritst iatesaiptsin aernsdaned sdihrase embpdinkent off hepreseaiinvention;

i nvention; [0009] Figure 5 is a diagramof a processor
[0006}s Kk Frg‘mre 2ut b block aidgears of 4 ynultorore préiepsetmodole amiassociated

enbodi ment; [0010] Figures 6A-D are flow charts

chlﬁsH tﬁ%ﬁaha@sneoaﬁb&ﬁfae@h dTRHowet stateRBS intdrAlp® medM@fin of the
d for distributing interrupts; and 20 [0011]

4 1s a flowchart illustrating another
pregéhglﬂg&%)ﬁt of a net hod for the processor power state

re_di stri.bu interru 2..\\0 2004/ 061686
100BT) CElayb PagiblosR it bELP RSB DI R oA ociated
nmet hod and apparatus for a nechani smfor processor
chipsglfbat lgfelafl%awbﬁrémb@mw pli2 PoWerstate gwatpintsFruph meghanism in

interrupts is disclosed. The enbodi nents descri bed
accordamierwith the present invention;

[0008] Figure 4 illustrates the processor power states for one embodiment of the
present invention;

[0009] Figure 5 is a diagram of a processor task information table entry for a chipset
of one embodiment;

[0010] Figures 6A-D are flow charts illustrating one embodiment of a power state
aware method for distributing interrupts; and

[0011] Figure 7 is a flow chart illustrating another embodiment of a method for the

processor power state aware distribution of interrupts.
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are described in the context of a general purpose

m cr oprocessor and chi pset, but are not 5 so |imted.
wa\RaohoergBe t he fol | owi ng enbodi ments are descri PErUS20031038612

reference to a processor and chi pset, other

enbodi nents are applicable to other types of

integrated circuits and |ogic devices. The sane
E&W@Echi ngs of the present invention can
easily be applied to other types of circuits or
[0012¢ i cAmkibecbanddpparss fohameclzamisyefos bracessod powposiete aware
nmoni toring and inproved interrupt handling. The
distiitaeRiof gsvef plikiety piitesams isldisdlovedn The smaodinanp desaiiled herein
to any processor or machine that perforns interrupts.

are é@%&@%ﬁrm thel d¥BitdRE 68£ géne'rzﬂ %ﬁﬂfo‘s@ﬁné@pf@@éssbﬂ AAd BhskO bﬁt are not
mul t1-processor systemof multi-core processor nodule

SO ll?fﬁ%dc %%Bﬁ%lfl@g lf{)lﬁ %‘élglg eﬂl%Xdl%e%{ e{l’% ﬁa?s‘éﬁﬁ{c{ Wﬁﬁ fgpeglbé %

on wh t as

per f or 0013] n,the follo ti or
prodgsiop Sud Grseh L w&pﬂwmsrﬂmé?ﬂ”wg%gg Bitet @peﬁgf e
are set forth in order to provide a_thorough
circyjtiraddegin dﬁ‘ﬁgesofT hetsamg techaigues #nddaachings of tllﬁ?d)réffem invention can
ordinary skill in the art, however, will appreciate
easilytmtapphied® athadydsof dirtuitsl s san'e:onductornba'sss‘dlaycaitrbeneﬁt from
order to practice the present invention. In other

poweNEbAiGE andGhiprdviea Witerr@ptdhdlingd| THetteAthingt ©F tidifesent
circuits have not been set forth in particul ar detai

me?flﬁ%l‘é%l??‘%ﬁ“%%‘*%&&??f@ s 3%5%%‘55 AREnRIGSRy Hgwever
roc ssor.. and application arallelism bec

the {1 0E IR ichg fEaiEElu st mﬂbé&%m@wm
turning to threading as a way of [ easi ng gverall

modg{ecand pap be pppliedie any wawypr&ﬁﬁﬁswm e Rpewhigh gpplti-threading
t hr eaded, E|It into nultiple streanms of instructions,

or nmudti-taskiog saw eperfernstl. nul tiple processors.
Mul ti-processing aware operating systens can schedul e

[0013hes elntthe fAldsvidgdesefptiar, & prkpdsenofasplangtias hos®rous specific
mul tiple processors within the system Furthernore,

detall§ 51%%@‘[ foﬁh\fpoﬁfépﬂf (63386 tRSrbl SRRt thé ﬁfé@ént 1nvent10n

para el ismcan al'so occur on each processor.

Onergflohlmar? Qﬂ:lqﬁ %’l#‘a% %BRJGJ\f&%hP%J?pr?dee H{%‘tetlﬁggﬁjsecﬂ'{c G(Yé‘? s are not

nes
e can.ta advant a

neceifhiy ggt 3@%&5@&2% e PSR iy 1 Ph’l%ﬁ}l’é%F‘??g%gHg‘L i

electrical structures and circuits have not been set forth in particular detail in order to not
necessarily obscure the present invention.

[0014] Technology advances have led to processor and application parallelism
becoming more prevalent. Many servers and platforms are increasingly turning to
threading as a way of increasing overall system performance. Many applications have
been threaded, split into multiple streams of instructions, to take advantage of multiple
processors. Multi-processing aware operating systems can schedule these threads for

parallel processing across multiple processors within the system. Furthermore, thread
3
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mul ti - processor conputer systenms. 5 [0015] One type of
mul ti-threadi ng technol ogy, such as Hyper-Threadi ng

wo ewhneledgy, s a form of sinultaneous nulti -PeF/Es0IEES612
technol ogy (SMI) where multiple threads of software
applications can run sinultaneously on one processor.
This is achieved by duplicating the architectural

leved paalelisin eancHspeesues each nEpRessor s Papl-eignBlie PECESsHE applications
processor execution resources. The architectura

in thst axeas divaeblssrtiig sédrdvengfines, secugiyastraamingmedid, ansndhtablases, for
10 execution resources are the units on the processor

exaﬁnbﬁt cAPrakdedvaBtalse 0f the incréuded prockdsing power boanl]ti-eHreading and
In sone nultl-processor systens, each processor has

nnﬂhd% %%%ﬁ%%hl g%ﬁ%&?SOf execution resources and its

|tetur state. In multi-threading capable

0081, D8RR BAERR e hASo B SR BBl ltinotocy.
is a%&ﬁgééﬁéwiﬁ%ﬁémﬁ?@g%ilnﬁﬁ@%@%%é DS ints fireads of

treats the separate architectural states on each
softprrscappliortions can sesamualtancouslygi ea¢ propessele sEus is achighedby

processors share nearly all other resources on the
duphitatisigthé architevteralssdte of dadh @scassarwhile shaeing tone setwfiptaessor

branch predictors, control |ogic, and buses. Like

exeQ6RIr6RNrdeE OTRS 8RhFectR@lHath %bl@s&he HOoRGT %%ﬁ’é gré@lbr thread, and the
respond to interrupts independently. | ogi cal

exewn% %‘gs%% ce§ Afb ¢ f‘xg ﬁﬁllfs éh tfhla Jce?sgggﬂ?ﬁ@t tehvl;c?rﬁg }r’]\%idl fhultiply,

ano her oglca processo can rac
d S|nultan ousl

toad) Blcpndh S R ororaioh S e TSGRt gty BB sPafprocessor

one thread can_use resources that would be ot herw se
exequiion IpFourqes anghity ews geshitgpirabsiatey dn Ayltathroadingcapable apulti-

As a result, overall performance and system response
Proceasor ksgstbm;rthw athit§cDdlGitaty/forieacts proagssort anibepiuplieat¢dheven though

power consunption and performance of a 25 processor

eaclapdbds6Etll Bas@aB shidfdrsdutiaR k& ouldde Whea seiediliigethestls, the
i nvol ves the handling and 4 WD 2004/ 061686

opef? %g %ﬁ%&g%{e?r om %Ip? 1 éfblﬁfe@ﬁlrzﬁfsta!té%to%reraelﬁ’brorc@%khe%t SscP¥rate

processors erent systen1deV|ces SOone

o b SR AL OH C@%ﬁ%@%ﬁgeg@fr@;% Pafsin

and detﬁrn1n mhlch rocessor, to dIStrIbutF
progesiieich ag caches , €XEGHIER units, branch predictors, contro loglc and buses.

Like physical processors, each logical processor can respond to interrupts independently.
One logical processor can track a first software thread, while another logical processor can
track a second software thread simultaneously. Because multiple threads are sharing one
set of execution resources, one thread can use resources that would be otherwise idle if the
processor was executing only one thread. As a result, overall performance and system
response can be imiaroyed.

[0016] Various ways to improve the power consumption and performance of a

processor architecture can be desirable. One area of interest involves the handling and
4
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singl e processor systens, this is easy as the chipset
has a single target. But with systens 5 that include
woreiotioplegs physi cal and/ or | ogi cal processors, PCEHUSHOK038612
of interrupt request distribution can becone trickier
as the chipset attenpts to mnimze the inpact of
i.nterrupts aon perfornance. 017] The advanced
soryPigg b SN TrOHests DY ROCeSHorY BPR QU Oytegh davioes.ctn fomne
allows for the delivery of a device interrupt to a
SySisimse B BIDtS 1eguesissare guwnagadrity ceipsehlegicovis chipsetdogit yntertpts
anong a set of target processors. This processor
thegerriequéstsyanid sletbemaresmwhéch procestdreo distitbaind the eéquichtao ttasdérvice. In
priority register for those processors. This feature
singl6 phRe&or Sytdnils OREABY} ad A8 thib&S® hadk biAblett¥rab Autqvith systems
processor is presently running at represengs t he

e . _ . Caher

thatTLIE Bldple BhvsiiPar P p B WooeRy, ATk o et oot

. dnterrupt. that .processor.as, there can, be an .

aist G b0 KGR TRRPY 5B iRinaaioe the impact of

. Furtherm)fre, by 15 directing an interrupt to the

IteFUBIS ORGFIOFPACEL i ng at the |owest priority in the
system woul d rovide a better chance that the

[001 At er r"fbpad‘fﬁngedp piggrasenatile dermipt horratien (ARIC)anchitettuce allows
wait tinme. [00181 Current interrupt delivery

for theclelivers wf a aleeice AR tOF pROCEBESHO isPP¥RLing hitthe fowdNFriority
t hus, do not know whether a target processor is in a

amdI@ et SEMHIRY ?roﬂ@ﬂ@rs. m?ssfﬁro@sdrgﬁi%ﬁwgde%‘ﬁnﬁaivm{a iua:élgtents of

I gnorant as to whet her a processor 1s 1n an opera

- tate, (i.e. to r ant
the §AE oty 1o BP0 R85 Brocti BE el iptecEiuP e Boieebt hat he
.requests can targeted at a sl eeping processor, which
priogiFy L, Brog e A serlis Blaning aheapeesells Uis fanticaiity oS e igpk being
t he sl eep npde into an operational node in order to
perfRemed. elherhighesiths feshoprioritpetha lase desimablsribweuldde te lirequpt that
states are designed to save power, by waking up a
procsbse pi thyr&ingreamasslesirable ippadtamnovardliasdforiugdel Futthaimore, by
objective. As nulti-processor and nulti-threaded 5 WO

dire2drOi t 1R piveeEidt Sistdhting at GRNbIAsROHANS tRESRIEN would

nore prevalent in both nobile and desktop conputer

providSa &Fer chﬁfé\é’gl?atgt V%‘%g%ﬁ’g@@ﬁ gé" Eeg'vfcgd al\ft?lia%inin&%l | frgount of wait

di st urbances ower saving

timevhen delivering interrupts can becone nore inportant.

[0018] Current interrupt delivery mechanisms are unaware of processor power states
and thus, do not know whether a target processor is in a power savings mode. These
interrupt mechanisms are ignorant as to whether a processor is in an operating state or
some type of sleep state (i.e., stop grant, deep sleep, etc.). As a result, interrupt service
requests can targeted at a sleeping processor, which will cause the processor to wake up
and exit out of the sleep mode into an operational mode in order to handle the interrupt.
Because the processor sleep states are designed to save power, by waking up a sleeping

processor to perform a task thwarts that objective. As multi-processor and multi-threaded
5
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[0019] Enbodi ments of the present invention enable |ow

priority interrupt delivery 5 schenes to take
WPer@eme8s power savings states into account WhEHUS2003/038612

determ ning where to send interrupt requests. By

i mpl ementi ng enbodi nents of the present invention, a

rocessor in deeper sleep state than another processor

congm@owé)eaom% gwreprsyvelentiin dothanehile anddeskfop gopputer systems,

priority interrupt. As a result, processors in sleep
povet sdviisg ieemiquestio aved dtebantbeof other prowEssor pewee saviigemodes

sl eep states without interrupt, leading to better

wheRQiMEVerfiiVinR@Spts kan bEEHHN mbey infer@ntenbodi ment s, the
operating systemis responsible for controlling the

[omteﬁwer Eﬁ@xmmtssaﬁﬁ@@}es@t $Reh€dEElBE 169 C@rﬁ; ﬁ]a{rﬁfee delivery

at processors ent Into I n accordan
ACPI ecifications. The operat.in f .
sehdida M rroden Ry wAP e saxiies SRS Aeat M) MrpRiBlaTinere to
tate depending on how idle a processqr has been..
sendyri TR FFugsts Ry BPDlSmens cabpdments agﬁmr?%t iayeRtionsa

are avail able, alternative enbodi mrents of the 15
progesgas é dedpavgleap sate tan aabther precesspr wordd bed less pirfetablgrtarget for
so called "l egacy" operating systens and nmachi nes that
a lowayt ptitiomtoipt. Analbdsatt, prdbdsesmai slvep tabocinnmntiauofo slumber
the present invention allow for capability to perform

in YOS GRSRVe NOWRKatsd RitBo@WRERupt! RUWEAE to B¥tleP pbi¥r savings.
interrupt distribution with Tittle or no software

00T, YR B SOOI B i
po 5082 BRI OBEL (SPGB r

..100 includes a conponent, such as processors 101, 105
witlhthg AGRspeqifiqations.1 Bhe eperatigysipmeor sysipa napeewentseffsiare can
state aware distribution of interrupts in accordance
chowdetdn apptopriptegmeret statewdependimg os bow idls aiprodebmr dabloatinngdthough
descri bed herein. System 100 is 25 representative of

a nudiiRE 68 AIOPY esabsd EofRrNingadstoms hiteavRiEI¢, dMemhtild émbodiments of the
PENTIUMr) 4, 6 WD 2004/061686 PCT/ US2003/ 038612

pres}eﬁtaiﬂ.{léim%Mcaﬁ A6 BE i ﬁieﬁt}&"é&‘%v%ﬂ@@ﬂdﬁﬁl%e F‘E[gﬁé’}a’i dpebhigg

romlIntel Corporation o ant a ara, Callfornia,

systﬁ%!n(% ?8&1912%191}1&%1&8&{%; &;ﬁ’ﬁ (A@lgll egl%lgg Rﬁgpgﬂ% Q&béélﬁt%é% of the

oprocessors,  “engi néering works 'ons,; s

boxes and ihe i ke) Tﬁ al sp be used. In one
present invention allow for capabi 1t3y to perform processor power state aware, lowest

priority interrupt distribution with little or no software modifications in older systems.
This can especially desirable in older ACPI enable operating systems that cannot be
modified.

[0021] Referring now to Figure 1, an exemplary computer system 100 is shown.
System 100 includes a component, such as processors 101, 105 and chipset 116, 130 to
employ a mechanism for power state aware distribution of interrupts in accordance with
the present invention, such as in the embodiment described herein. System 100 is

representative of processing systems based on the PENTIUM® III, PENTIUM® 4,
6
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enbodi nent, sanple system 100 may execute a version of

t he W NDOWASTM operating 5 system avail able from
wor@roewss Cor porati on of Rednond, Washi ngt on, PEI/Uk®O3y088612

ot her operating systens (UNI X and Linux for exanple),

enbedded software, and/or graphical wuser interfaces,

may al so be used. Thus, the present invention is n%%

Ttanjuithy '+ and/araXSoale s FERPPIOEESSQIS ﬁtsﬁﬂ}?alq fsem dptehGpipgEation of Santa

circuitry and software. [00221 The present enhancenent
ClarasCalifordia, rlthewght athareypeme (inslyding RCs havingrother imieropiggessors,

enbodi nents of the present invention can be used in

engiBbditiy WekbaE6NSsS Stoboses aad eledikejigiy a6 banged ninasded
appllcatlons Some exanpl es of handhel d devi ces

e:mbgﬁﬁlllél’l‘fi esaﬁ1§ stﬁrlst%fn lm&ﬁéqecﬁt@tae‘fei)s%n ¥Rk W@W&ﬁ?eraﬁng

per sonal di gt al assistants

B T s T T g o
opergbne sieret (BT i ﬂﬁ%ﬁ%{%@ &y Q%M Wegcot Saphical

switches, or any other nultipr ocessor or
usenfoterfacdss maplilsg besyet eFhusHhe presentiinestipw ot limited to any specific
Furt hernore, sone architectures have been inpl enented
combthative d0 & dpamwsrircatnysandbitoarevi a | ow power states or
sl eep nodes. As the formfactors of electronic

[0022Vi CERe £R5¢n BHGnEEMSIINid Adt 1RMEbdlth QoRPURF sykesi dsltedhative
el ectroni ¢ components continue to increase,

embﬁgﬁﬁérft&%h nﬂefsgl{ttﬁveﬁﬁ@? BiEGEL el % GRBSENYRs BOMELs nhihetd

negatve 1 npact on perfornmance.

0231 Fi a block diagra t [OCeSSOr
d vi[eswf f%égcf afhlegiisheo SHRN SHRTTE A PipspotuicB RERRR Siutar
101 and B 105, that each_includes interrupt handl
phonesgIngerngirotogotalevices.shigital eaﬁ%rés,\neﬁﬁn@lwéglfﬂl assgsiants (PDAS) and
i nvention. The present enbodinment is described in the
handtwid BLS. Bfabaddedsipphications ceoi ingludeid tiigbeopiglir cadigital signal
processors, but alternative enbodi nents 25 can be used
prodésdod (BSPY |s§78térh logadhi}y nptraeck seaputelsgNeiPT) et toobexes, network
| ogi cal processors exist on a 7 WO 2004/061686

hubf Wi qﬁ%" ?Qﬂg’( ano@We N)XWRhSs, BPYSY Giftbr RARIBEREAOr or multithreading

Sim r ‘enbodi rent ‘of the present iInvention
systﬁq}ﬁ?@ﬁsg Lp'%e%ﬂrq}éxg %élg%lruut %ﬁ{g@s 1{5&9 %&1 fﬁﬂ:}%lﬂgnted to

redvz:e gﬁ‘lpvgl‘egq%ﬁ]l@gthtﬁ %ag\g;gégvgyé é g tr)]reﬁ?epmoc?es As the Porm factors of

electronic devices continue to shrink and the power demands of electronic components
continue to increase, additional efforts are needed to conserve power while having
minimal negative impact on performance.

[0023] Figure 1 is a block diagram of a multiprocessor computer system 100 formed
with a two processors, A 101 and B 105, that each includes interrupt handler logic 103,
107, in accordance with the present invention. The present embodiment is described in the
context of a system including multiple physical processors, but alternative embodiments

can be used with a multithreading processor wherein multiple logical processors exist on a
7
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100 i ncludes processors 101, 105, to process data
signals. The processors 101, 105, can be 5 conplex
WO p@boeis8é on set conputer (Cl SC) m croprocessorPGT/US2003/038612
reduced instruction set computing (Rl SC
m croprocessors, very long instruction word (VLI'W
_ IM croprocessors, . pProcessors ine{enenting a ) )
singlephyisical preeessdr. iSiilpthnanethesankodigentof gheprgsgnt invention can be
processor devices, such as a digital signa
impleneotedsuittss miudti-ceveangulude hfvi@altipleeprpeasseroonrspatkaped together
105, are coupled to a processor bus 110 that can

in a khaRksAbdule. 19ysiéth 06 iskmrdxampt ofdubtadchifcmes SHey condfider system
105, and other components in the system 100. The

100 ?ﬁc‘ﬂﬁ%@ gﬁoc%so?sy 131554 !ﬂ)é—,QP PR)EEJSQMQ daRid BRIEH:ERE le,_lt()ﬁ, can be

unctirons that are ve nown to those famliar w

o5 bR SRR TR B P M

102, 106. . An interrupt handli.ng nechani .107
comppgis (USCY BUCIORTaChS Oy Befa A St on 1ud Bt icroprocessors,
enbodi ment, the interrupt handler 15 103, 107, provide .
prodesont imtl¢roentingegomitrivationef éxstruetiqy et Pt §nyaptherpaggssor devices,
status. Alternate enbodinments of a interrupt |ogic

suchlék3 diglial sigrahp@lsssoRefonseample. m cro control | ers,
enbedded processors, graphics devices, DSPs, and ot her

[00ZzgpeSTE’é %ﬂoeéﬂs&s%‘l CH)S, fre cOMPIE@ M a predsBEbIIAD tRatRABENsmit
120. [0025] A systemlogic chip 116 is coupled to the

d [
ot ARRIRRoch i e, (HLTRUSY adkfBiper Gl PEnHE LSy 100
controller hu . .Jhe processprs 101, . 105 ¢
TheE il /s ol terce SRR et nd) ke wif Bnown to
The MCH 116 provides a _high bandw dth nmenor ath 118
those Jarpidigp pith thoart.obn onepahodipend,the pepcgssors lékloﬁé &agihigclude a
for storage of graphics conmands, data and textures.
Lev@hke(L 1yBierbabeacke membiry $02, 186t Anditgrraptshandlingmachanésm 103,
processors 101, 105, nenory 120, and 25 ot her

107cA1500R8idss i the pideessewsstod 1105 Fornde mbbdintbt thd@tadaipahandler
signal s between processor bus 8 WO 2004/ 061686

103,;’925/, HRRAL3LE3BGEen re%&&ing‘ﬁ?rﬁ@ésé’or]&@rit}alﬂgi ﬁd(ﬁér%mtds/.l (%éternate

I n sonme enbodi ments, the systemlogic chip

oS3 R B ol 0 B R0 @rtonnlc
eml;egcrle%upgrlgceassgg,mg%righiicsn&e%gegﬁ)eSPls} gﬂd c;ljcﬂgr t%gsp oqj l(c):gsic %ﬁl‘(r:lgts.l ]S%stem
100 includes a memory 120.

[0025] A system logic chip 116 is coupled to the processor bus 110 and memory 120.
The system logic chip 116 in the illustrated embodiment is a memory controller hub
(MCH). The processors 101, 105, can communicate to the MCH 116 via a processor bus
110. The MCH 116 provides a high bandwidth memory path 118 to memory 120 for
instruction and data storage and for storage of graphics commands, data and textures. The
MCH 116 is to direct data signals between the processors 101, 105, memory 120, and

other components in the system 100 and to bridge the data signals between processor bus
8
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coupled to the MCH 116 through an Accel erated G aphics
Port (AGP) interconnect 114. 5 For one enbodi nent,

w0 niog06spé handl er logic 117 is al so | ocated iPCT/O820NEH38612
116, as the <chipset receives interrupt requests from
various system devices and distributes the interrupts
to appropriate destinations for processing. For sone .

110semers 120, ped systess O Ky Insome epbodiments; tie sysfewylpgischip 116
The interrupt logic 117 for the MCH 116 of this

can @nivade argraphics pée fori cotiplimgtoaugrephtitsecoptroiesiddr TheiMCHt M6 is
and the processor power state when distributing 10

couplRt & fidRoSy Iﬂmh'kddg'hgl 1REQ66S8RIFaAIS, i TH. gréBHiey car@t1DisS
can al so be considered in interrupt distribution

cou@%@?@memcm%qﬁroﬁgﬁ bh Qb AbratddRt2pRIRE Bbk PAGP) H&8bnnect 114.

stem 100 uses a proprietary hub interface bus 122 to

coupl he 116 .to the. | . ol ] ar.

For 3 Bl Moot 0Eis 127 288 el M MCHCRg, os e
1/ O devices via a local 1/0O bus. The.local .1/QO bus is

chipsehiiegHYSIBEEUPY eARSE P VAU BiemgeYicepand disiibyics the
the nmenory 120, chipset, and processors 101, 105. Some

inteervnispd epprapate Hestinatens fot pnoegpeing2 For sgmaesystos, the chipset may
transceiver 126, firmvare hub (flash BIOS) 128, | egacy

pollldefdices ortimtetriyets. Thetraérnipt fpgis 17 fon et MR IeyfthBrethbodiment
interfaces, a serial expansion port such as Universal

taken8htodlcc s tHe ssoR PeibAtyCARIthOploBEssoPptiiver stidd WREK distributing
controller 134. The data storage device 124 can

- I . ' [V f i [ :
eE PR 5t D0t Sl G kR0 0% s e
. Sforage deyice. .The various. af orenenti oned devi ces

distEEHATeaPPE B o e TEBIeAKGIFN 130 can al | be
capabl e of needing interrupt service. _|n addition,

[0026oc e SEHemm 108 yses| aspyopuieipry Hubrinterfagn tnstld2 de geyple the MCH 116 to
processors. [0027] Enbodi nents of mechanisns in

the #Ocanttahierdiubi(1CH) H). frhesléitt 13 hpromidepdiredt comectibes to some 1/0
conveyance of processor sleep state information to the

devivhs paetlotH YT Thedb&N/DEniBasH bip@peé¢ EBOWIS iftl @nhedting
the delivery of lowest priority interrupts. In sonme 9

peribrdRQ4 61686y HSH! P3h8 gﬁﬁ@gsorsefm9 P03 8e ediples are the

hi pset logic I's extended t0 use this processor sleep

ca s L. Siffes Buss NG 1 26 LR LRER P 38 BRFSLER, Ismeex Yo
con{rg]?eérrc?) %{@rﬁg ;s%ré infpglﬁ ae e&ﬁé&éﬁ&%ﬁé&%ﬁ%&é{ i@(%%ilgign port such as
Universal Serial Bus (USB), audio controller, and a network controller 134. The data
storage device 124 can comprise a hard disk drive, a floppy disk drive, a CD-ROM device,
a flash memory device, or other mass storage device. The various aforementioned devices
coupled té both the MCH 116 and ICH 130 can all be capable of needing interrupt service.
In addition, processors can also issue interrupts to other processors.

[0027] Embodiments of mechanisms in accordance with the present invention allow
the conveyance of processor sleep state information to the chipset logic or system

component responsible for the delivery of lowest priority interrupts. In some
9
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based enbodi nent establishes a priority relationship

bet ween processor operating and 5 sl eeping states. The
wore@haeiesén conmuni cates this type of operati ngPGT/E83903/038612

state information to the chipset via one or nore bus

cycles. The chipset for this enbodinent is designed

to receive the operating/s|leep state information, and
emhodimeits thgehipset ngirais euigndastte usathispraeesgenslery staeinformation

interrupt distribution algorithm In one software
whenasledtingr dektimetidn proeoss@rfsima setoftalvailabybetasget prpcsssotsamthe

al | ow processor sleep state information to be conveyed

systé@ foPtheld@Eiléry of wdlEpridtith ebrr@ts.t The M¥SHRHEnBUTRAB Bfidware
response for interrupt delivery to the processor.

bastll el GRS dIBBlisheS b R?lﬁﬁ?&%ﬁﬁ@ﬂ% a¢ PuGREd HfdceRBr o eratln and
operatlng systemcan en processors
seeln tate are | ess ref d tar ets
slecPipg STt Blshentys poFrapRr B §e oFokGdneldlentat
better powering savings in multi-processor an
infopmatioitiorie elyns %g@r%%ﬁ@remcwk@ ﬁﬁ PRRtAer t gfsmr%bodlment is
mechani sm can be inplenmented 15 primarily in hardware.
desighedsiorracdivesthe wperdiing/slcep sidte iformatinsemmd to iaketld imformagion into
be inplenented primarily software w thout hardware
accamadgesy theutelreptrdistabutiontgorizhino dn orOicfiwasy based ebhbodiment,
hybri d conbi nati on of both hardware and software

extchSIBR R BRtcheratifg ¥dterd QHBW%&O&M dicB Sthte iRfoP@bEM Pt be conveyed
i ncluding a conbi nati on of hardware and operating

1nd1§e¥:ﬁ§r ?mh%%fhﬁﬁ/é@{ (ﬁréhec‘ Ffs%g{eg&gé ?&gnf’\‘%gﬁo%gf(}rhﬁe %g(ﬁhjvé}g to the

en1aSS|gns prlorlty

proo%eg%ﬂlr nﬁ(]ﬁ‘t I' oce g}gr = %atsl?lgerf &R&?I‘IGM rgsss”gt?gl can ensure
(i.e., a hi her nurrbered C state, like and up as
thatipEoqepsprs i d@@p@\ﬁ}eemgrs@éqs@ﬁ@bsa areﬁ:rwdgﬂg@ts TEReqiyins lewer
that processor is assigned a higher TPR val ue
prioaityc mtatiupdd, yeading tobbttar pawedsg savingsrin nptls-pasoessor and multi-
di scouraged from being sent to a processor in a | ow
thre@&iﬁ? Cofi@irgidnd! TUHbne dhgboliRfent athitaEechiflisiiRad R 4hBlehfehted
CT/ US2003/ 038612 [0028] Figure 2 is a block diagram

printifly &f hdWilel IA1RPLRivP E&%@&%ts@% Fred irf@ftion ma ay be be

assocl ated chi pset 240 that 1 nclude one enbodi nmen
over state aware I. chani sm
impfb R o hALT FEREE %%5%”%@1&650? Thmiole seme o
| S enbodi nment S i.ndi vi d physi ca
embﬁﬂ%@é%@ﬁy U %hs&rﬁmr@%a@nﬁ Gothy har ‘ﬁfi‘r§ 8 sofpvare

bot h
components. In yet another embodiment, a scheme including a combination of hardware

and operating system software is configured wherein the operating system assigns
processor task priority TPR values to individual processors based on the power state of
that processor. For example, a lower power state (i.e., a higher numbered C state, like C2
and up as in Fig. 4 below) corresponds to a higher TPR value and that processor is
assigned a higher TPR value accordingly. In other words, interrupts are discouraged from

being sent to a processor in a low power state through the TPR values.

10
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5 cores 220, 230, are identical. Each core 220, 230,

i ncl udes: execution logic 221, 231, to execute code
w@pah4i061686 uct i ons; an i nternal on-di e cache 220CT/BS@03/038612

to store data and instructions and interrupt |ogic

223, 233, having a task priority register (TPR) 224,

234. In sone enbodinents, the Interrupt |ogic 223,
[002833, Rigure3 ive bleck diagrame 200f 2 myli-corp prasessor progduls @0l gnd

the processor nodul e 202, but off the cores 220, 230.
assobiatadorhipsef 24 thatsin¢lE&Bpne nbotiimer®IF alpowey efstetdvare interrupt

communi cati ons between the cores 220, 230 and with the

mecRAiSth OF the¥ededlt Inveion. MHIBLIDA plodsssaitlodale 20]) of thigdrBBbdiment
| ocated within the nodule 201. A single shared FSB

inclgrggg w6 %?aii&iaua%g%igﬂ é)trgcé%ﬁﬁ \rgsreQ,OA B2 LRERI30! 1f ﬂfiﬁe)énﬂﬁ& both

processor c [ this enbodi nent. |

al.ternati ve.e [ ts chycor ly__have i.ts

corct g Ay né SagiiaRt, iR e BACHUEHBRSexRion b8 A, 231, o
interrupt .logi¢c unit, can be share hy multiple 15

exe@igede sh¢ na%mlé%?nmmrﬁalamvﬁ@%@a 282332l Horedptarand
each core is maintained in that interrupt |ogic

instivictions. andlintaouptHogiad 231238 haying ¢ tagk priogty, re@iger ?H?Ra) 224,234.In
illustrated as separate blocks in the exanple of Fig.

some enibbginientse theliptertupgliogic 323, 2835 and byssciarld TPReXA24t 235 may be
one logic block but duplicated logically. [0029] In

locafdih hORobQséBod e 207, DUEST Ue CRELR0228D. R3Rdnt 8ide BEGHESB)
210 is resident within 20 the processor nodul e 201.

unitligg gﬁé@&%ﬁg gééltu ik %\?;ti&?saoegﬁe}gith{‘é‘&eé ), 236 Elgd ﬁz%tg (R Gutside

la a nterna

01. Conmupj cati.on etween the c nent 0,, 220
worle., FRSTALOEECAATE & SILIOSHE BEOE] HarAduln s A fgele shared
t hrough a bus interface 250. For this enbodi nent, the .
FSByupit 2850s caurdediis ssever botle piopasser qosyAc2284md professoricped? 230 in
240 of this enbodiment includes interrupt |ogic 241
this kketbbdigneat. TR teatatize 2dBodinent, sichtcerei méyhavabiseovabh 93 8nit.

The TPR table 242 and state info table 243 can be

Sim@ &M lih EndTBERYYboRliRERISsihgle ate@mst lodid uMiDc20B i1 BBMultiple
PCT/ US2003/ 038612 such as registers to retain data or

prodeBdoPEHRE | %eiﬁ%efﬁgg félglcf:"cér%g bRiPot eadtPedts RombinlaGied ih fhat

refer to the on-boa processor storage | ocations

. . that, are,use s palt .of r 0- i,nsty4cti ons .t

e 80§ AR e S8 225 FRE St s
referred to herein are those that are visjble from )

blockp in gcsample of Fige fredpieuyplogie n@ar?ﬁ%ﬂwweh Eists one logic
programmer' s perspective).

block but duplicated logically.

[0029] In addition to the two processor cores 220, 230, a cache 210 is resident within
the processor module 201. The processor cores 220, 230, and the cache 210 are coupled
together via a bus internal to the module 201. Communications between the components
210, 220, 230, inside the module 201 and external devices are through a bus interface 250.
For this embodiment, the bus 250 is coupled to chipset logic 240. The chipset 240 of this
embodiment includes interrupt logic 241 having a TPR table 242 and a state info table

243. The TPR table 242 and state info table 243 can be generic memory storage locations
11
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5 However, the registers described herein can be
i npl emented by circuitry within a conponent using any
woeovbee168d di fferent techni ques, such as dedi CBEBUS2003/038612
physi cal registers, dynamcally allocated physica
regi sters using register renam ng, conbi nations of
dedi cated and dynami cally allocated physical )
such agjiegistarsto refein datpersiniormatiom g Thg torma niegide s isaised begeig to refer
i s communi cated anong the processors 220, 10 230, the
to theaarhleoa@d Processdr sthvage Ficptiats thatGire Wgrd tak pamrof mactokigstructions to
chi pset 240 propagates interrupt requests from
identi®y bperandsy 3h 6fhcfl@vidsetherégitths rofeaee sslvreia aretodlhat are visible
230, for processing as needed. For this enbodi nment,

frorh e cﬁ@éi@é@fttg% gf%%§ssbf‘618c QUL ROSHERRETs RYRLtive).

state, In Ition to the processor priority when

oGl B4 PR GG RS PBESRRREy ERES 30,
cor eS8 50 oS RS e 5 e M

operations of a specific processor and the tol erance
dynaicaHe aecatad physicalgegisistseisingresisies renpings epmbinationsef

processor priority value can indicate the hierarchy
dedwehted mpd dymameieal hradlocatet physicad kedfistere, di@ ot her avai | abl e

processors in the system For exanple, a processor of

[003V]i Or DhMEF Qg'ﬁt&ﬁapa_ﬁﬁ&h Qata TR 6B MubicARed S60hg the $rdeessors 220,
system Hrgh priority interrupts such as a clock
[ 0 s r :

230, B U0 i gt 2T KBREOf, Bl Al 24 Rrofédites nterrup
in rupts may al so. be signat ed for i f .

reaygsls st Birfous SR B Lise ol B R ecp @adt, 2R T ocessing as
val ue may indicate a processor, task that should not be

neeqgsh dior thit embodiments fierghirset takesAntoaceeuEg &g PIPEESEAROWET figte, in
a systemcritical function, the processor can set its

additimglto fhrei pwodessor priatiewhen distriapiinimtdratpts. \Each grawssa odng 220,
interruptions. Qther processors having |ower 12 WO

23026041sGduBE2 ACGTE6SRAO BAGRAYI6eR andits powénstatdirigs reayectiee TPR
performng less critical functions and al so nore

224291 A Erb Qs KR IpRGrity VHIGS IHRLRE HeSritaidlbfopePMidds 0P h is;%ééiﬁc
I nterrupt requésts.” [00311 Simlarly,” the power state

proéé@éoltl%néi el GRLSR. %ﬂh%gr@c%%lf f(;rﬁgtieﬁ'ﬂ 6418, Rfthsiti@ the processor
proce S  operating. For egan‘pl e, a By

Ssor core | ) proces
e RS A oo BB SLE L ST
avaicl)arble; gr%\éfsrsgrcsl in the system. For example, a processor of priority ‘0’ can be the
master processor in the system. High priority interrupts such as a clock interrupt or a non-
maskable interrupt (NMI) are routed to the master processor. Fixed delivery interrupts
may also be designated for a specify processor. A processor with a high task priority
value may indicate a processor task that should not be interrupted. For example, if a

processor is executing a system critical function, the processor can set its task priority

value to an appropriate value to avoid interruptions. Other processors having lower
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down' . Dependi ng on which power state a processor is

in, a request to service an interrupt can have
walpdoeewsd power i nplications and conpl etion tPEEUSZNF038612

cores 220, 230, of this exanple track the processor

priority value and the processor pomer state in the

TPRs 224, 234, within the interrupt |qgic 223, 233. X
priofiy Vale §1ayibe peaforreies e cpHe rfulgqﬁapg%nda% Igo mgre atherable to being

communi cated fromthe cores 220, 230, to the interrupt
interpigied tohande IQVhpri@ﬁtB'p@eltrumequeme chi pset interrupt

| ogic 241 of this enbodi nent includes a TPR table 242
[0031id a Spaileiy, shep@veristatcovdl @dbindicaws whichsioares région tha@harticular

processor in the system the processor priority val ues

proédior doleis @ﬁﬁﬁ% OFoiRBWRID1eS h Pl e¥sdl BfiShe 8@91%@tnga%mbusy ,

Thus when the chipset intéerrupt logic 2 i s decidi ng
s b
mw@%wﬁ @ﬁ%ﬁmﬁyﬁﬁ%%ﬁMMm

243 are %Iuated nd taken.into accqﬁ
Q’FBF%H%HH PR DOWeD Bt SRFOSTSYYES i AT esuCEtfQ service an interrupt
artlcular enbodi nent, an interrupt is sent to
canshsé% frfegent ppweicisndicatiqng age sompistien fimer The 2 IZGBI 230, pthis
handl ed primarily by processors having a ~powered on
examptb tratlkghe plrocéqson/\pli(n'ﬂy valuaand thepyossatr poweasdate in the TPRs 224,
"sleeping’ or "powered down' cores have undesirable

234ponviin BB chibrad@Nedic 22RH2SB S The Prions vartee dhdBoier saedare
pi ece of 20 information for each processor is stored

conhﬂuﬂl&a?tec?%mucﬁéf* &H@s ﬁ '2§() &b thd 3% di9 t E)gﬂ:%éﬁ of § esclﬂlr)]%lt 94K The

di agram 300 o | -t’hrea essor

Chlp%gts %%e \Rgﬂ)gﬁh%ﬁ Q\ggglb%al?rtgpk nc[ lé iﬁg&?@ﬁqﬁﬂg c? a power state

accordance MA h the present inventi The processor
mf%tehlmlgg $oOE10F A DreRARRSM MR Sy B} G £80CRSSr REPaty values and
processor core 320 and a cache nmenory 310. This-core
the prgessgr pawersiahe values, tspestively- diip whei the chipbet intermipt logic 241
logic 322, nmulti-thread |ogic 323, front 13 WO
is daididg hiEGB o BESISrUIS2EMBAnOIB ROAPt tog ihdeadhkygiorivogawd S8 info in the
i nt eger execution |logic 326, and floating point

res@&@@tﬁbl@ﬁ‘ 24D PG, 338 valudféd ﬁﬁﬂakﬁﬁlnt@éc%Bﬁﬂ%pbebelﬂil Fg b# th'l‘:
24 as descri bed above with the exanpl e .

s BB AR A
progiie” TRPI ST HON P ST PLLARG PRI Iy o Sais having o

info table 363. Although the TPR table 362 and state
‘poyered on and idle’ or ‘powered on and busy state’, as ‘sleeping’ or ‘powered down’

cores have undesirable power and latency impacts. In one embodiment, each piece of
information for each processor is stored in its own unique register.

[0032] Figure 3 is a block diagram 300 of a multi-threading processor 301 and
associated chipset 360 that include another embodiment of a power state aware interrupt
mechanism in accordance with the present invention. The processor module 301 of this
embodiment includes a single processor core 320 and a cache memory 310. This core 320

is comprised of an on-chip cache 321, interrupt logic 322, multi-thread logic 323, front
13
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tabl e 363 are shown as separate entities, the

processor priority and power state information can be
w@@nmdieso©get her in a consolidated data structRPCEUSI003/038612

anot her enbodi ment. Furthernore, priority and power

state informati on can al so be conbined into a single
__representative value for each prqocessor to indicate,
sidertuts degi¢ 823 drtiegenspeutipndogie 440 3ad doptige pojntigxeppion logic 327.

distribution of interrupts to processors for handling.
WithidaB8ntdrrupt hogic srasbRR A2 es descrsbedgibeveithitheatxapmie eSEigy 2.

core is present. However, the nulti-threading logic

The2scedidr @¥ke 300 dnidRhehd 318t areIciuplyd thetRadgith chipget logic 360 through
processed in parallel on a single set of architecture

an ik HGE350. hmélghpge€§mneradé§méggr%lt 1@%3@%&1}1&@&@% TPR

processor nodul e 301 of the ex e’1s capable

essing t thr a [ JTE
avi§aPE RS Butvrted M RMlendh 2hoten M SRt dnd B ot
st%%es A 330 and B 340, q¥t utilize the ghgsical . .
tablp 382 aesHPWE 3 eenapals GRiitics: IPAPIAGETTOLPHYLY Gpd BOWRL R dnformation
algorithm In addition to physical nmulti-threading
can b gioted3Rgetherhia acpasalidated defpstrapturesinsnotier ginberimsnt.
UNI X, or Linux, as described earlier) is also enabled
Furtherm@s ugriority ahdpewtistaaddoraration eanibleo bs combinad édo s single
prograns. In some nulti-processor systens, the
repreR@fAtve REIuS oL &ioh PaRSssdr RntieMe $é1ativd @sirhbility drRVdripiiority in
delivery as the default algorithmfor all device

. . H}rr{g ting system
the g@ﬁ%&@?%yéz e @fsr@rgng%%g}gg%%ggl S to have nultiple,
[ t hi s, exanpl e,. | ogi c .pr.ocessor uni.ts.
1003312, Iy oLt Sineli i Vsifi] PEOCSS" P it Risigpt, logever, the
for illustrative purposes and do not represent actual
mulgrhecediag logig 323 pllorsubiple narystign dyswls to b @recesssd n parallel on
The architectural states A 330 and B 340 of this
a sieglesgtlof aichitbettire redoar@s thresgheresdures ghaviogs Eor exasylls ther processor
of each thread. For one enbodi nent, the architectural

modifl@8@1 oflthe VARHI04d EpABIE Bf Potéddng(0d/ 1R8] A arld B di thesssame
regi sters such as general purpose registers, contro

timé(. Zgliln%&r& an@BVABE fdinthh %9 bA/ABHi R ctubl Sfatddl 350 Md BI346/ but

regi sters, and some nachine state registers.
i 5B B Aoy S EREBESShnal s,
addﬁ@%ét@ gg;ﬁg%lgﬁ%p%%;pggﬁ v :, eg%’gratciplg S}-lrs?el?n t(sﬁl%il Ss %&i%dows,
UNIX, or Linux, as described earlier) is also enabled to issue multiple threads or execute
simultaneous programs. In some multi-processor systems, the operating system uses a
lowest priority interrupt delivery as the default algorithm for all device interrupts. From a
user and operating system perspective, the system 300 appears to have multiple, two in
this example, logic processor units. Architectural states A 330 and B 340 are shown here
for illustrative purposes and do not represent actual physical logic blocks on the processor

module 301. The architectural states A 330 and B 340 of this example include the

respective processor registers of each thread. For one embodiment, the architectural state
14
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track the relevant values for the | ogic processors.

For exanple, like the physical processor cores 220,
WQ@3d4/061f68¢ he previ ous exanpl e above, each ar chP€BUS2003038612
state 330, 340, of logical processors in this exanple
has a task priority value and a power state value. The

task priority value in this case also reflects the
inclpdesgegisters suplbag sanceal pRrpoprregisisks. 6pntreldegiskseadvaasrd 10

the tolerance for interruptions. \Wereas the power
progatebledhteespodontioll e APICY rapistarpl and somemachingtstate registers.

physi cal power settings, the power state values for an
Theala€d) sétfigdsy @l ofsdadh erchitectlifal SatekOBE BBrYd ih Adh&Ab1§SeEibe on the

type of thread activity and correspondi ngly, the
mn&ﬁQHQBIOf power consunption. For exanple, a thread

have a busy status to indicate that the thread

o Y B RN, Sl SRR, Byl
tracgiﬂ}ﬁ 1e glgtr{}aly% [rﬁ(:mjrg glo ggtpgé;o%%? ! orsq%(@ ilggl%:fsh&{ygical processor

indicate that the thread is asleep and its
coresr22i 230; pfithalpreyieuseexamplecabpor @ ea¢lyarnitesturalastate 330, 39, of logical

eval uating the processor power status in determning ‘
proseisaziin thzgxamplefiras aesskqrriokioy satnd amal 4 pdvesrrstgdd valee.vihetask

request to, the chipset can avoid waking a sleeping

priokity afe inisEhsCAsh REl69 e hlakife Iﬁﬁ@taﬁ@&o%@@isk of thak Bead and
power state of another 20 thread is "idle

the Fo@ér c%tfoPi%[ErﬁlllpﬁQné n\’VﬁElre spfhe%p%vg V\!Mu%y he kii‘iébt example

to ser ce an err |euo acti I Ng

m)r e@g ]8%\]29(0%&9 get&tggs? %lesgo ta]tenva:l &gﬂagrc tecg.lral state of
s ecifications) for one enbodi ment of t he present
this |embeﬁtm%lh indgcgies ihg ype abBasadastivity and cosrespensdingly, shgvmount of
states extend from CO - BUSY 401 through Cn 406,
powgheonsumptibie Faovexemple, o eeslimhy kaventbosy \sitatis t‘o@hdicath ¢hat the
| ower the anount of additional overhead power needed
threhdis abBveAPHRAM D] GBi0a MRecehd R OE @38t Dr ‘KMIRar sthids to indicate
service an interrupt The CO | evel includes both a

thatRSHreH3L ﬁ‘ot?ﬂ&l ally b h Cgstir@é Raitinp 8GRk HiRE an‘ﬁfa?ﬁrsﬂhread

i's powered ases and i s elther execut

a%E:/ k?l {})elsta Sdtg 1nc? Eate tha ﬁl%qyrte%ci) }se?ﬁ%flrﬁd Od%hltejcttggl state is

ntlar hy &84 Ean
The hi erarchy of power, states 'Q
ich

| dl
Cuffttﬁl%htlﬁgrm Yﬂt ating S PTRECSRUIGROWSE Stalis 11 dgigpmuning w
requiring t he m ni mal anount of power to bring active,
logiga] @roqessor tqEigata HarruterGE request thythe cipser canayoidavaking a
STOP GRANT 404, C3 - DEEP SLEEP 405,
sleeping thread, which can be costly in time and power, if the power state of another
thread is ‘idle’. The chipset can also interrupt a thread with a ‘busy’ state to service an
interrupt in lieu of activating a more costly thread.
[0035] Figure 4 illustrates the processor power states (C-states in the ACPI
specifications) for one embodiment of the present inverition. For this embodiment, the

processor power states extend from CO - BUSY 401 through Cn 406, wherein the lower

the suffix number with ‘C’, the lower the amount of additional overhead power needed in
15
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and Cn 406. The Cn power state 406 here is an

arbitrary power state at the bottomof the hierarchy
wapa4belees a | arge, relative to the other powePCHUS106%038612

anmount of tinme and power before being able to service

an interrupt. The nunber of avail able power states can

vary 10 depending on_the particul ar enbodi ment. The
orderdtp BTV FBARISHHDln %let@ﬂ lexel ingludeghoth 3 ysyrstataprbamidle state,

here such that a thread is also in reference to a
bechwsgitbapropessards powered o003 6pthreasesaned isgither exeenting iser/kernel code

present invention, the chipset interrupt logic

or iS¥RAUY A eclifo@odd. SIREREK, POVEGI cah Bt eBhdrea@iine (busypon itifee
vari ous processors to determne a relative list. In

odgihe {870 THe ey Fportsy sat B Euf g b Raticn, BB BT acive
and\%eflﬁgﬁg fl‘ise&éing{lalhg{og@ " ho?%e_r %&gﬁ%ﬂ’v&aﬁ& COLHULP t401, Co—
BT AT 2. MRS T Gl oS ies

architectural state before servicing the interrupt
andreydss t Thevibn pewer sprto @& bere i dw asbidranhpawdrstatelatdhe bafiem of the
take on the interrupt request inmmediately with even
hielaB$y a0y e1kise athrgd)rélbtive frthe etbsopdwdrseasd, dhadntiof tidf® and power
st opped or sleeping, as in C2 404 or C3 405,

befér® %@ﬁl%taibléﬁb)éewld%%nﬁﬁt@ﬁﬁ?@ IHetrih R ofRial18b18 BéGrer §tRteP8an vary
awoken and its architectural state restored, which can

. . ¢ . ,
derb LB QNSRS AT ol P L R 0
RS g o BB S G pocesor
rocessor, the greater the cost in terns of tinme and
IOOEGWer Fprong erepodimentiof she pessabBwentiong theehinsaigptergpplgic
service an interrupt. Thus the chipset interrupt |ogic

evabates e wocdssgrposdr states edoened filven the GakisAN0ddsEE 6B betermine a
PCT/ US2003/ 038612 optimal processor to handl e an

relatiné 851 IRthis @8bEdieRRERACEN IBLE A0Riskad is Preferred e @esCO —
i ncluding the processor power state and processor task

BU?Y isﬂ‘i!SFaYe ad BB dthteE ik afe §F11ro§es§op$ﬁﬁfe§m&ft c&h RfAfEsrRterrupt

ask information tabI'e en 00 for a chipset of one
G RRIETF S el SPLELS ORI REPLP Il g BEASDY
it SRR YRRBE KRR PEAHILE SO (DY ahTaL S potor

information as to a processor task priority

servicing the interrupt request, while a processor/thread that is idle could take on the
interrupt request immediately with even less overhead. With a processor/thread that is
stopped or sleeping, as in C2 404 or C3 405, respectively, the processor/thread would have
to be awoken and its architectural state restored, which can require varying amounts of
time. Furthermore, waking up a sleeping processor/thread can also require a bit of power
to restart or activate the necessary hardware logic. Therefore, the less active the processor,

the greater the cost in terms of time and power in order for that processor to be ready to

service an interrupt. Thus the chipset interrupt logic can be configured to select the
16
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and processor power state. The first field of the

entry 500 in this exanple is a physical Advance
wer@goerssmbl e I nterrupt Controller (xAPIC) i deptT/UEmn3/038612

501. The physical xAPIC ID 501 of this enbodi nent

identifies the physical processor for which this entry

S 10 associ at e This first field of one enbodi nent
optjraal ggogesspg &0 andleanigiariupt eqpesh bassd one cormbiRgkioniof factors

rocessor cores are physically present in the system

incydingdbe grocesspuiporer staghanstprogess@ask iagity.ogi cal xAPI C

I D 502. The logical xAPIC ID 502 of this enbodi nent
[008Tent iFigwe 5 is helidgrgh ofik pprcesses &gk irformdiioadsblé entryVBoE for a

this entry is associated. This logical IDfield 502

chipset Bf O HBBREEN. tTAE cAPRE 500 Bfh RYI68H N Nvarity of memo
I npl enentation. 15 [0038] The third field of” the TPHI

loc thgé)flllé& %Egis'tu,rg‘ lﬁﬁg dét ﬁ)r t!higs e[tn?% qu?rg%ltén ryﬁ&l&? mpé)sed of

0 ot a 0 be used to indicate
five Helfy %?OtSHﬁreﬁ 5@5@& SEtr e SRSt OB 2 1) PFRATHICF fgk priority
i nterrupts. processor entry is not enabled, the
d&re%"éé@d}‘)wﬁﬁWWotTh@ dirghfigld affhe eufty $@0 inghisgaempls. is gphysical
this enbodinent, a fourth field is for holding the
Adyrmee Pr@ranmasleintofrupttﬁmtpﬂlen@@dﬁ@ idelotifere501. Aheiphysical xAPIC
alternative enbodi nents, this field nay be reserved or

ID 561 ofthdSe@iodaserdt Rfentifibemhe phYsitd PrecessoB Yor RtibetHiNéntry is
power state values and the processor priority val ues

assbddted OTHIR tfrdt $R1V Y I8 -embbBfindal fid efhaﬁlbgééfngre hﬁ{]ﬁ%le Pprocessors or

enbodinent I1s to store a TPR va
i ndicate

. s Lo t
e REERRG S P al st Brestusaf gl SRR 3 ind ﬁfﬁfdfczfreach enty
the i.nterr ic of this enmbodi nent is confi
500,15 & oS FABIE BRisd. Tasiosicr G TRISUR e U embodipydentifis
t han that of the interrupt request and to search for
the ogirah procpsses pivthecag forcwlish this entry is agsopimterlo hivpgaabID field 502
PCT/ US2003/ 038612 if the interrupt request has a
is pprgranmty by tleadperating apstéhdn frieswplememation. t he task can
be interrupted to service the interrupt. As for an

[0038]t er TURthiRBNI1A9f ﬁleH“PI@éﬂtﬁb’Sd(ﬁﬁ%ls @AMBdinteAt Isrtéthold)efn enable
the present task, the logi'c can interrupt the task if

ﬂaﬁﬂ@fc?@rlﬁ @ﬁ&g&%@g ggﬁ’ﬂ f,lﬁtr Bt P& /alid BE Ih(\?tg "I‘él%,é%%‘(ﬁk flefi &1?1talso be

aval n an alterna

wseq I bl e T antay i ptile aﬁt@ﬁ%ﬁ%{l&%lm

dlstrlbutlonloqlc can . . .
processor entry is not enabled, the processor may not be available or is not active. For this

embodiment, a fourth field is for holding the power state 504 of this processor. However,
in alternative embodiments, this field may be reserved or not present as the interrupt logic
may merge the power state values and the processor priority values into a unified value.
The fifth field of this embodiment is to store a TPR value 505 for this processor. The TPR
value is to indicate the task priority at the present processor. The algorithm for the
interrupt logic of this embodiment is configured to not interrupt a task having a higher

priority than that of the interrupt request and to search for another possible processor. But
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eval uate when searching for a processor. Although the
fields of this exanple in Fig. 5 are illustrated with
wexanpbwsd i el d | engths and field | ocations, theECEOS2008638612
and structure of the task priority table depend on
the particular inplementation of the present
invention. The 10 tapble entry shown in Fi has been
if thg duferrvpiaadyest hasa rervity gisaiehttiap the meseehtaéléghe fagly pan be
However, simlar types of structures can reside with
intemrapted tonskirvice thee inferropte Ssofior amthtenrupt havihg agpiorigit levgl equal to that
systemto track the task priority values and power

of tigd teeny fkkabe Digic@@hinteftitthe akk anaber progessat with a lower
processor available. [0040] Figures 6A-D are flow

pnoﬁgﬁ&5§whkkH§£kﬁklng one enbodi nent of a power state
aware nethod for distributing interrupts The fl ow

[Ooﬁlar t In’an flte?nattl@a‘ e}nlbl)&%eﬁftél?ef‘}}g}? ?ig %ﬂ& aln%\é% r@&n) go hold an

power e aware i1 n Utl on O

i me bl.ock 02, th sten1| tarted up or
oveiRgRer Fibiash BHGHS SO B PIE Y TSt isibthiog Togib o
initialized at block 610. Exanple of such system
evalyatepdrearsearching dor gproeesseso r&thoegh? fedicldyafitbisgxamplein Fig. S are
devi ces) can be found in Fig.1 above. The operating
illusiysddenth sxambse fieldi lengthd anddiehhbchtbadethe eRfdieDand stgndture of the
start up process, the operating system can configure

tasl&ﬂ?ﬁ)n‘fyafa'b[&fepéﬂébﬁfﬁe%ﬁicﬁfai lmﬁlemeﬂfaasebf&@@t@bﬁﬂﬁvednen The
one enbodi nent, the operation systemis capabl e of

tablEEht gy rogﬁtﬁp En H%Hb%tﬂmrfﬁé EdRio ‘S‘xfﬁem EEHS chipset logic.

con pen I'ng on the partlc

HowR R e st e sl st g ot Becbor angypitn

on physical processors/cores, if available. At bl qck
the gpesatingrysteysiodrack Hiedask mHrip v alues Bidaoxter state Yalyes,of each

normal system operation, various types of user
physipgland/ar lagicl aragesstBavalla®004/ 061686 PCT/ US2003/ 038612
systemtasks are perforned by the system The task

[0040]1 or Fignran6A ourflosit elagts dusaatity oy @alaskimenti of atpoaek stdte
at bl ock 620. The tracking can include gathering

awakdnehEB fbONstBBO g inleR@itsP e rﬂoWehaPtCB‘qulg Séﬁhﬁlastrét@éj{h@ thigh
activity state of various physical and/ or | ogi c

level B}%ﬁl%%sfgf ﬁ%ef%&atg L‘Q&Jé nﬁg&egt%sct{iﬁtﬁhml of o B&nbeé% nAtsblock

ermne re ues ave
LR XA M SRR —
at bl?)%l? 610. Example of such system components (i.e. processors, chipset, memory, I/O
devices) can be found in Fig. 1 above. The operating system is also initialized and loaded.
During the start up process, the operating system can configure the various system devices
for proper operation. In one embodiment, the operation system is capable of multi-tasking
and of running multiple threads concurrently. Depending on the particular
implementation, the operating system may run the multiple threads on a number of logical
processors or on physical processors/cores, if available. At block 615, the system enters

normal operation. During normal system operation, various types of user applications and
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[0041] If an interrupt request is detected at bl ock
630, chipset interrupt |logic handles the request and
waledoeneioses where to send the request to for sPCWUS1003038612
Based on an analysis of factors including, but not
limted to, the task priority values and power state
10 values for the | ogical/physical  processors, the
systepy tasks @ga parfgmed b thsctystern Hisgadipriosite andpewersize ofsagh
communi cates the interrupt request. The recipient
progasswas tavked et bliocle 620. hEhe travkangraap tinaledp gatherimgdnfohmation about
resunes its prior activities at bl ock 660. Nornal

tasiSHHEIrRYN poSRE biatel, MBocaility siateadf vhtiowspHyifealutididr 16gio pietssors.
interrupt request is detected. [00421 Fig. 6B is a

At l%lb&é"ﬁ?ﬁh @rchecflé*iﬁ H%ﬁé td &étéi‘?ﬁlﬁ@%h&ﬁelt 9 iRREUBLE 1e§fSts have been

appenl ng duri Blg initiralization process of
610.. At 1
I'CC?I%GI%C ggg% 1nt%1Fu6)é ée(g C%ﬁs gl;lé de ecFe% ttlglzolég %Eq’h eé Is:%sltér;ng g{)ﬁ’t s normal

I nterrupt handl er Ioglc is also initialized at bl ock
Ope@‘ilﬁnsaéﬁéh processor conmuni cat es its task priority

and power state to the chipset ic at block 6183,
(004He pitsmdsiompt reaheshisdstecio sabloch S3Babinse! vpt beishandies

information are saved with the chipset |logic at bl ock
the Ghiiedt and Hatemineewhere e sendhiibareqnest ko fop senveine sSBased eadn

to be serviced. 20 The task priority and power state

analyfs OF FRtdr Ehcﬁfcﬁ‘n%;‘ pdeiR dindfedab dho gy phiba estahi@ pbwelkstate
or power | evel anges at a processor. [0043] The flow

R B T i
pro‘feﬁ%"rﬁP %g@g’ﬁ“"g Elbed‘éffeé'ﬁlpfﬂﬁeﬂﬁes Sjtﬁé‘g’i%c’%:“?’% 9%92%‘%%10{33 the

and a power_ state val ue. For one 25 enbodi ment t he
mteftagkreﬁwbarﬁ then gspmesis RHeasEVitet ff Wlark . Normahsystar

enbodi nent, the 19 WD 2004/061686 PCT/ US2003/ 038612
opetationgeonsinge st blpels615until phethenintermpi rstegss is debecestt

anot her enbodi nent, the task priority register stores
[0042]uni Fige@Bvah lﬂ@wbﬁ&ﬁcfuﬂhbrbﬂﬁdfraﬁﬁg tieopertiienseappefial during the

priority and power state information is comuni cated

1n1titaﬁzattf6ﬁ pebUeBS St b188k G100CA: Bidck 61AL 1R rRERy rddiferdhi PRAT

l ogic "saves the task priority information into an

proiid R OF, PEEOTAELhrd R R 1b0E S0 B ihfed ABek 12

can frac
nformati on for a nu ysi cal /

Bach Bteaeh RIS 05 GREATIOHLRAARpEL Staly 1 e ghigselogic at block

mapped to a specific
613. The processor task priority and processor power state information are saved with the

chipset logic at block 614 for later reference when interrupt requests need to be serviced.
The task priority and power state information are updated accordingly whenever the task
or power level changes at a processor.

[0043] The flow chart of Fig. 6C illustrates in greater detail some of the operations
during the processor task tracking of block 620. At block 621, the task priority register in
the processor is updated with a task priority value and a power state value. For one

embodiment, the task priority register stores both values. In another embodiment, the
19



10

15

20

25

processor. For this enbodi nent, the chipset |ogic also
maps the processor task priority to a corresponding
weomenessat e at bl ock 624. The power state i nfPCTEHS10031038612
received fromthe processor for that task is saved
into the task information table. 10 [0044] Fig 6D is
a flowchart illustrating the activities at th
valughimssstares inglifferapigegisterse 8 ot annthen ermpodineat, rﬂaﬁ‘p'{aslf Byt
is received at bl ock 630 and serviced at block 640 for
registaesterb a dhifiedtvaint based qurtesle naluesn VhetieprtaskSonioritiiiasd power state
enbodi nent, bl ocks 641-645 and 651- 653 occur

infoRtBRRIAL lcélmﬂﬁmfcﬁféd G iHRRipsetiiblRkB22.C Mt Bk B8, the chipset logic
general ly happen at a processor. At bl ock 641, the

saves %eotig% g)/ﬁ(ﬂ‘ﬁrtﬁ 1ﬁtlﬁm1at o‘ﬁqgﬁ) eﬁl%kﬁg%lﬁl%\% PI’&%SSJOP 114 fad ﬁnformatlon

ask priority ft

tablﬁﬂ%@r GEE PCR Bipodiei s Gro P AT u%éasiadrfl%%bege
orithmthat takes into account .t task priagrity
phyw Aogigal gpregsesopoindhe ssipne E q@&@m tal?lﬁﬂsem RRsd tp aépicﬁ"lc

sel ects a processor to service the request at bl ock
proc@dsbrahor thisregsbodimerit the chipgat logie ales maps themsognssar daskariority to
at block 645. The chipset |logic of this enbodi nent
a cobtleSondigaiodsr iR apbleck $34r Thapbweartaty infornmion réditdderom the
interrupt priority and that the processor is handling

prodeBk féﬁhz?crtﬁékﬂﬁ savied %g]the-rllﬁﬁ( inflrRlafibRtablequest s
received at the selected processor at bl ock 646. The

oo cFREIELR bR RSN kARt L RURCkyb&T 1od

curre process

the t riority entr, for t pr cessor 1.8 t

ProgseR vapena lﬁ?w.r?we%gwelveéafblsﬂ@ L mume%ﬁetdj %ﬁf@%‘“’ for
task priority entry is updated at a physical register

one embadimsnt ofthg prasent inyestiensBer thisemhodimrnt peksndl-G48 and 651-
anot her enbodi nent, the task priority entry at a 20

653 \d€Eruit Qod¢alhyl sidhe ElﬁﬁédﬂSﬁlﬁiﬁb%lG%ﬁéﬂ@ﬁmmr@lyﬁappm airagprocessor.
mei ntai ned by the operating systemis updated. At

At UM kCd415¢h8 chiph& intefraptEIsgiedefeehities &t ihfeBupiprastity P The Idpse
processor notifies the chipset at block 650 of the

che&ggigé ﬁgli ?cg & 8ch EIO%HSH{‘Z& BiEVG428 T'h%%%} st@fFor eacgf

rocessor task priority value tO t ha

nterr set
progenig i1t CBBN BPREH St PTG kR B Rt RGdnigaggpunt e
ask priority value at block 651. The pro sor info
tasktpm@f) 1@6%%@%@%&5@% e chipsskingsrrugt | q%}c seects 2 progessor to
processor resunes the task that was in process before
servideghé request apbloeind4 and sends the interrupt request to the processor at block

645. The chipset logic of this embodiment also updates the processor task entry to note
the interrupt priority and that the processor is handling that interrupt.

[0045] The interrupt request is received at the selected processor at block 646. The

processor pauses its present task at block 647, if there is a task currently in process. At

block 648, the task priority entry for that processor is updated with a new priority value.
For one embodiment, the task priority entry is updated at a physical register location on

the processor and at the chipset. In another embodiment, the task priority entry at a
20
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the chi pset continues its operations at block 652. The

chi pset also notifies the requestor of the conpletion
w@boothel6Bdht err upt service request at bl ock 653PCT/092063038612

Figure 7 is a flow chart illustrating another

enbodi nent of a nethod for the 10 processor power

state aware distrjbution of interrupts. The r{eth d of
memgiysStaghERmARRINnGdDY thespeadng BEtem isprdped opidiiagk ¢y, the

system and operates via various control signals and
pro¢assarrseniGes thee intenruph elliepbeaseorinatifienthe chipsetat block 666 efithe

to translate or conmunicate the control signals
contpdétivaest thdidteaipt véviee fgdediand wpdatesahaprooessbstasipribitgcilue to

702, the operating systemis started up or reset. The
that:cﬁ’stllfe iﬁféng{p'te_td)‘ca&r.‘ "THe @Ripsét rbE8vaR rtﬁ’&ﬁ%e’iﬁitp_t dompIefios ABfiABon and

able th is mai ntained by the operating systemis

the #f%{potélécﬁigk%gﬁ%ﬁg ﬁ}atu%tblé% 651. F’?ﬁe 1{)@%@%8{5’?{@0‘%‘6’1@% updhted with the

rrorit S es an ower
is. estaplished at bl ock 706.. The task priofit )
tashgiorie 1B} DRRFSOLSBIR SR (oK Hiabhgo febsceth belofs the dutemppt and

task priority value and processor power state val ue

the plypept gofinugs ds pearetians ebblpgk 082. Theodumset also petéfigs thowquestor of
normal system operations begin. The operating system

the coraplesoR Of thhénteragk spnvicerequesiodt bldek 688t | ve t ask for
each physical and | ogical processor in the system at

[0048]O0CK Fighize 7A% a BloRcdhart HRustratife Shckehiba diydht 61 eHeEHOdESr the
as to ether any interrupt requests have been

proéegé}ﬁng)?()%r sthfe 2AWQrd BLEHLERE of iﬁf&%gfs.s ThE ?%efﬂg(%ciéﬂ i ieﬂ‘@girment is

nor system operation contilnues at !

. Lications and.systemtasks continue running.. But i
impfRent S0 I PR ST ST erh B Ve o PP eyt
. receives the request at_block, 714 _for 25 distribution.
nstetigRs R Ong gNPlemengHeR s Posediodinsipied copunynigHe the
priority and power state 21 WD 2004/061686
confpel v g0ty 03884 foftwark ard hardwrreccomponeies.i At blogk 702 the
tabl e for each processor. The operating system at
opefakiag ksysteti & siateioipsoracyet. OTRS &ok prbrtity ehfites aphieqRodesicr
priority and power state to service the interrupt
infobBatisStablefR4t iPRGInBIRAH Y MB bperbhify ARRLPRIThFREZN R DERRY04.

is one having the lowest priority task and the

For B RBP4 B e
estagﬁ%%rg ﬁ_{ 513ek 166! te tgsﬁi Igrrioeritg Cltlt%%g g,[s %hisceam ob 1mer?tel£c\:/olrg§rgtel tﬁe

processor task priority value and processor power state value into a single reference value.

—t

[0047] At block 708, normal system operations begin. The operating system tracks
the task priority of the active task for each physical and logical processor in the system at
block 710. At block 712, the operating system queries as to whether any interrupt requests
have been received. If no interrupt requests are outstanding, normal system operation
conéinues at i)lock 708. User applications and system tasks continue running. But if an
interrupt request is pending, the operating system receives the request at block 714 for

distribution. At block 716, the operating system analyzes the task priority and power state
21
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[0048] In one enbodinent, critical tasks or high
priority tasks are typically not interrupted to
w@eoniewsa | ower priority interrupt. SimlarlyPCHUS2003/038612
processor that is sone type of sleep node may be an
undesirabl e candi date to service an interrupt request
VaIY GRS D EHOBHIR G I DIRETBPo e psTatiaystom at block
interrupt request is conmmunicated to the sel ected
T18xelrstsssprocésser wigh theagprophatepaiokitypatidppawey stageiorsprviieerthe
that processor is updated to reflect the priority of
intdrivt regfuestr Bpi oneasmieslimeit, the appropriag prodessot & @ethaving the lowest
processor receives and handl es the request. At bl ock
priot&§ task R d AREKiBhdsPBriordty Sta®iN In DR W drd€ the¥robdRSorvRigmet
conpletion. The task priority entry i's restored for
. I. > . . i t
mi S B RAEET 38 othiplsf S erheh poh Rl AR BRROR TR Bl oan be
t.as .tgat was at hand when the recent interrupt
SerYlg?:ft’é§ Of%8s received. [0049] Although the above
exanpl es describe the interrupts handling and
[00d8k ¢ r il ane embodiment ritienh tasks otigle REeTit] t@%@ @ Bpicaliynot
logic circuits, other enbodi nents of the present
intdrrupéadt tb servora lowenpiaitp lintedment. Symilaly, afprewtsondlia is Sowtype of
software can be stored within a 20 nmenory in the
sleépymb@inapbeth ahdesirablb earitidhte aeriee sH Mitdriuptic@estibacause
network or by way of other conputer readable nedia.

Waltglﬁé gg gfaet €& sortah %%Hétglgﬁ,"?‘hg gf Bdth @Wepﬁmpﬂilﬁ T '%1\:9 ioeH 720, the

a conputer rea e nmedi um such as a fl oppy

. .disk or a.CD . Qr.even transm ssion over .t h .

eyl pee & srimmamonic o' B sPeob BRETRESH L el The Pstgriorio
an nmechani sm for, storing or trapsm.tting i nformti

ety 05 R PR SRS BIPEats toareﬁa‘aﬁlil%@ﬂqrgy gf ?heant%uafoﬁ‘?ﬁleﬁsw?b.qock
For exanple, a machine-readable nmediumcan include a

722, ke tauget/ proeerseryrecgives\and hoodieObhe 68BIeFIC L UBRGIZAOBE ®pLrating
(ROM, random access nenory (RAM, magnetic disk

systehoisage fine df the repiestadmpidtionaJhe taskdriarityf érashis mestared for the
devi ces, and electrical, optical, acoustical or other

prob&kdBat BlockPm6P fepbRertbdiiabE, the plocessoRbf bIBEL TE8/RSumes
infrared signals, digital signals, etc.). [0050]

or R ot R AT b Pl L SR S Gt 8 0
or ,transferre ectronic

nmunj.cat e [ form For. . .
roog 8 o seabht PamiRiCs G E i fRghaslife apd figirbution
_ desi (%n of a processor in one enbodi ment can
in the context of execution units and logic circuits, other embodiments of the present
invention can be accomplished by way of software. Such software can be stored within a
memory in the system. Similarly, the code can be distributed via a network or by way of
other computer readable media. For instance, a computer program may be distributed
through a computer readable medium such as a floppy disk or a CD ROM, or even a
transmission over the Internet. Thus, a machine-readable medium can include any

mechanism for storing or transmitting information in a form readable by a machine (e.g., a

computer). For example, a machine-readable medium can include a read only memory
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be processed or manufactured via a fab to obtain a
conput er conponent. In another instance, an
w0 nioegemsed circuit design in el ectronic formPanukmo3/038612
processed by a machine to sinulate a conputer
conmponent. Thus the circuit |ayout plans and/or
desi gns of 10 processors. in sone _enpbodi nents can he
(RS PG agress BERBHIHAD cBREIBIG disk dioumes rovcia. opbetliaage
thereon for fabrication into a circuit or for
mediapfidshimermonyfdesices, and glestrical, optiaaljiacoustibale othein ferms of
processed by a nmachine, sinulates a processor. A
propagiddsigraba@al) crmerdvayes, infsared signals kit sighals6.).ng
data representing pr edet er ni ned functions in

[OOQ%O I GQREErE i iRm A E SR fe gt AUEHT IR HebiBn IR ordance with the
odi ments. 15 [0051] In theé foregoi ng Specification,

pregé?l? 111\%&%1‘}3 A3h bF %8m&%ngzogﬁso? HPRS?% d 1 geflé’c‘?xfloﬁfcefnﬁ% FBIO example,

exe

ver,. be gevi dent t i.ous,. nodi fications a
the@f?&ﬁ@%lg iy O LR G CHHEt A A PR 1 916 e can
broader spirit and scope of the invention as set
be propesued of mamnfegiwied diak fabde petainrheonapues companemn lmprpther
drawi ngs are, accordingly, to be regarded in an
instahd¢e, 8t inid:g'rated catiiedesignan etectresit fomi carcbesposmse i3y MRachine to
2004/ 061686 PCT/ US2003/038612 CLAIMS Wat is clai nmed

simufate écqrﬁ?ﬁf@i S oo Tk fE: cifcaR edyounplahd &rilorRRWShs of
state information froma first conponent and second

proB&¥6is in ?011?% é‘rtnﬁodnti‘lfef'?{< 5B bO Bisfbaf8d%vis GRR e ?%M@ ?I{gdl ms or

receiving tirst prlorlty |nformat|on rom sa
COﬂ ram s

emi i e GR A AP BB Tig i ror Bl 'y -

a first device for servicing; evaluati n power state .
whigh whelgrogsssest bt § magiipg, FHEVIBIRS  BFoceason Aiaghingfgadable medium
second 10 conponents to determ ne whi ch conponent
is alsheapablsef orieg dakd thprasesingupedaterguesst functims é a¢oogdance with the
either said first conponent or said second conponent

prefent heedticheintatitereinbodimgemponent to servi ce said

interrupt request based on said power state and task
[0081] OF I the foregoing specification, the invention has been described with reference
to specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereof without departing from the broader spirit

and scope of the invention as set forth in the appended claims. The specification and

drawings are, accordingly, to be regarded in an illustrative rather than a restrictive sense.
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i nformati on; and communi cating said interrupt request
to said destination conponent. 15 2. The nethod of
W@L@iuv1b86 urt her conprising storing said firstP@EDUE2003/038612
state information in a first nmenory | ocation and said
second power state information in a second nenory
| ocation. 3. The nethod of,,cl.alm 2 further conprising
storing said first task p-QM information in a
thigﬁ:]i .menory location and said second task priority
Whahisslaield% in a 20 fourth nemory location. 4. The
met hod of claim 3 further conprising checking devices
L. f or Aimethed ogmprisiggiests. 5. The nethod of claim4
further conprising updati ng power state and task

pr i meeiving firef ywearisianinf@matién SoflestilsDedhheGCIRIGRESHd power
to reflect a task priority of said interrupt request.

5 2hutdinfohfatiBR fa fcofd Bddpohehtr t her conpri sing
receiving notification of interrupt 24 WO 2004/ 061686

Consonent i iory B B Ak RiE Al eREPOR RS Send s

rest.oring said power state and task priority
PHPUB’n%?ﬁ&W%fSS?&)@éiOHIPGB%W nati on conponent to val ues
that exjisted prior to servicing said interrupt

r edi§egyinggngnterrypt raguasblomfa fobtadenice fouservieingconpri si ng
inform ng said device of said interrupt conpletion.

9. cFabiating howterdtate had tusiS pribvéty énfor@atich for E5ill fiddtdng S6Rnd
conmponents are processors. 10. The nethod of claim?9

10 whapeientstdidétekmniretwhisieesisbneht¥hbiid RRRcd QW ﬁmﬁbgﬁ%?%qﬁﬁst;

| ocations are |located within chipset |ogic.

ap . o .. i - i r . I n | O I COU | d .
EPRPUHE RATBSUT AR 8 O LB o O i
é(r?lgﬁ%n%ét @Zs\%lfvg%efssla{ui]té]gesrg%ﬁ Pefggaslé 8g§aelg olnI sgiedspo%&%lfl Fg‘l{:lteedamtdqcas(fcnperiori’cy

information; and

communicating said interrupt request to said destination component.

15 2. The method of claim 1 further comprising storing said first power state information
in a first memory location and said second power state information in a second memory
location.

3. The method of claim 2 further comprising storing said first task priority
information in a third memory location and said second task priority information in a

20  fourth memory location.
4. The method of claim 3 further comprising checking devices for interrupt requests.
5. The method of claim 4 further comprising updating power state and task priority
information for said destination component to reflect a task priority of said interrupt

request.

25 6. The method of claim 5 further comprising receiving notification of interrupt
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Interrupt requests; a bus interface to interact with a
bus coupled to a first conponent and a second 15
w@eospoessss , wherein said interrupt handling | oRCTUBE03/038612
coupled to said first bus through said bus interface
to receive power state information and task priority
Laformation. for. each of said first and second
cor}é@ﬁﬁ%n%ﬂ?ss?lé‘%ﬁ?"ﬂ?z’topc?ﬂmlp%‘?”& coupl ed said interrupt
han,l([jti &g | ogi c, wherein when said interrupt handling
7. | ogil e mether pé slaimiodurthercpmppising septering saidpaivenstiteiand task
logic is to evaluate 20 power state and task priority
prigrity dnfaemation foosaid destinhfiorstonarnestao vathes thapexiend priboto servicing
det ermi ne whi ch conponent shoul d service said

said interrupt pdquestquest ; and sel ection | ogic coupled to said
evaluation logic to select either said first conponent

8. Or Pl fMefhBl i LNkl £0; .sopponent
o e TR o e PR d8 Vi RS oo
con?l&ﬁo% and task priority information. 25 12. The

p

paratus of claim 11 further conprising nenory to

stare said.power state 25 WD 2004/ 061686
9. PC'(# }E%Q%%‘%Si Gggfglﬂég "Yai’rﬁ’fF%? said figy andhsecenst gompenengsy dre piacgssors.
information for each of said first and second
10. c orfhisrBeihed phelaine P evheraie saig fisshi secenda thiat, amh fduoihimemdss.
The apparatus of claim 12 wherein said selection |ogic
locations areflocatdvewitbinrchipsetdagie. sai d interrupt request to
sai d destination conponent for servicing. 5 14. The

11. appad a@pasat@gc&hlﬁiﬂgm wherein said selection logic is
to further update power state and task priority

i nfiﬁ’t’éﬂﬁ%ﬂ %dfiﬁ%lo%gé% &ggﬁgttf;) Q?ﬁét AU} c&%@%ﬂ@@t _tg %Dc_re%]%hg%terrupt

a task prrorit nterrup
t Q | ai.m 14. wherein said interrupt handling
BB b B Tl 20 LB B S B
conpl eti on from said destination conponent. 10 16. The
LEG98CYS$: clai m 15 wherein said selection logic is
to further restore said power state and task priority
i nfadusantearceito interaciowitle s bunedupted to arfrst@ntpohent\sal Uescond
that existed prior to servicing said interrupt
compomsht, wherein said interrupt handling logic is coupled to said first bus through
said bus interface to receive power state information and task priority information for
each of said first and second components;
evaluation logic coupled said interrupt handling logic, wherein when said interrupt
handling logic receives said interrupt request, said evaluation logic is to evaluate
power state and task priority information for said first and second components to
determine which component should service said interrupt request; and
selection logic coupled to said evaluation logic to select either said first component
or said second component to be a destination component to service said interrupt

request based on said power state and task priority information.

12. The apparatus of claim 11 further comprising memory to store said power state
25
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17. The apparatus of claim 16 wherein interrupt

handling logic is to further informsaid device of
w@aiod/oswser rupt conpl etion. 15 18. The appar at BGT/082003/038612

claim17 wherein said first and second conponents are

processors. 19. The apparatus of claim 17 wherein said

. Jirst and second cqnpopents are threads of a

infoggiepn B GG DAY PHBIRBACN 6 caohF saigHipLardsseemd
claim 19 wherein said apparatus is a chipset. 20 21.

conppogpRts don retengnce by weid exalpaton lagici r st processor and a
second processor couple to said bus; one or nore

13.sy sTlenappeatusast cldimt 1 20@ler¢ia RgidatRclidt REicipto fltlise&Smunicate
wherein said interrupt requests require service from

sai®intdMipt FRAet b §88 dOtinBEGOMRTINORESS Yrvicig, @ Chi pset to

handl e said interrupt requests, said chipset coupled
to j : . P 0034 038
4ot e TR s R S SR ol RERAD ARG pover
wherein sai.d .chi pset s t.Q recejve ower stafe ..
statf (50 BRpFigHi® JRGRAGR: fF sail RO FomBRER e e afiasbppriority
said first and second processors, said chipset to
of saiddpighunt regpeft.poner state and task priority
i nformati on when an interrupt request is received and
15. detBrerdppantpswifictiimddodessin said etrdptdandlingelog i 16l tbfurther
i nterrupt request, and wherein said chipset selects

recatvd igificatiorlof intedtupPEQRFISHE frétn stidl déstiRoRREImPBHRAGRS SOr
to service said request based on said power Sstate and

16. t askheRiphb@ats¥f clathas Weké?ﬂ said Zelediitf lﬁgi%p'riﬂ)‘o f‘ragthglj BkiBleadid

wherei n said chipset further conprise

ter .store sai.d power, state. i nformation gnd
povief % Sl Tosichrish? o RREPHEG Bl onichtoBpORen e e hat
.iq%aﬂand second conponents for reference by said
CXISIRPAIPL 9 SFAVICHIgi Se1d 1DEeTURptIequssEt em of cl ai m 22 wherein

said chipset further conprises logic to update power
17. st dthe agperatug oK cloim b iwtherdim fndermapt hamdlingrlogiaiisto further inform said
desti nation conponent to reflect a task
device of said interrupt completion.
18.  The apparatus of claim 17 wherein said first and second components are
processors.
19.  The apparatus of claim 17 wherein said first and second components are threads of
a multi-threading environment.
20.  The apparatus of claim 19 wherein said apparatus is a chipset.
21. A system comprising:
a bus;
a first processor and a second processor couple to said bus;
one or more system devices that can generate interrupt requests, wherein said

interrupt requests require service from either said first or second processor;

a chipset to handle said interrupt requests, said chipset coupled to said systems
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priority of said interrupt request. 24. The system of
claim 22 wherein said chipset further conprises |ogic

W eootoeiske power 15 state and task priority i nNPOF/I81008088612
for each of said first and second processors. 25. The
system of claim 22 wherein said chipset receives
notjfication of conpletion of said interrupt request
feesierRanst g saidlyst and) seeqnd procssigas. wheeein spid chipsetris tayeceive
request. 26. The system of claim25 wherein said
d19ivss statefinforinetiorcanvieslspriority giformationdst eack of aiid firgtané second
state and task priority information for said processor
grbeesdoes] shid chset to@valaatd said poveestatepid tRR et Mformation when
val ues that existed prior to servicing said interrupt

r@anRaTpt réduesi R YRS %teﬁhﬁ\ﬁrﬁﬁﬁcwﬁ?ﬁé%r Sibuild {drbie said

and second processors are each eadl ng

. : | ai m.26 in said .
ROEERG s 280 yhSRATR ST AL L BL P s B8 aPo BB peseid
of amulti-core nDduLg. 25 i?.dg)naﬁgage readabl e o
ﬁﬁ%qn&rﬂf%%%go SBIGE PUE TEER DB ILTCBMPRAVES! o gidiask priority
said 27 WD 2004/061686 PCT/ US2003/038612 conputer
prlggRaiibei ng execut abl e by a machine to perform a
met hod conprising: receiving first power state

22.i nf ‘Ghewtsteonof ¢laim 21 Whersin saohghipsenhfurthercarmises neawey registers to

state information froma second conponent; receiVing

stoffel sai@itpoin@$ ktaf¥ infrmbdion M OaitBlablOpridrit) Mdahstidn o8 bach of said first
conmponent and second task 5 priority fromsaid second

andCREBRHINRRponb RS Fr'tERAGRE b{égéiﬁ fe.@édﬁéti&n%gl%?t froma first

device for servicing, evaluating power state and task
priof | i nformatipn, for s'%.fi t .and secong).
2.8 o el VST 4 Rsrdin il shinssh et rordmoer peisionpdae
said interrupt request;. selecting either said first
POV 5 ik ot o]t etion dempus destinglingomponesitp relecbmtask
.10 conmponent to service said interrupt request based
priosiy ebsadd pbsweupt sequess. and task priority information;
and communi cating said interrupt request to said
24. desThersytteonofadaipo2Pewherein said chipset further comprises logic to track power
state and task priority information for each of said first and second processors.
25.  The system of claim 22 wherein said chipset receives notification of completion of
said interrupt request from a processor selected to service said interrupt request.
26.  The system of claim 25 wherein said chipset further comprises logic to restore said
power state and task priority information for said processor selected to service said
interrupt request to values that existed prior to servicing said interrupt request.
27.  The system of claim 26 wherein said first and second processors are each multi-
threading processors.
28.  The system of claim 26 wherein said first and second processors are each

processing cores of a multi-core module.

29. A machine readable medium having embodied thereon a computer program, said
27
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30. The machi ne readabl e nedi um of cl aim 29 wherein

said nethod further conprises storing said first
weomenessat e i nformation in a first nenory | ocBECT/0U820831088612

said second power 15 state information in a second

menory | ocation. 31. The machi ne readabl e nedi um of

claim 30 wherein said nethod further conprises o
compyer geieal bping executeblelbyprmaenhineytopetformmatmesiod epnaprising:

third nenory | ocation and said second task priority

i nf cecemmingdirst poveer sy information fromcecist compd@idnt didesecond power

machi ne readabl e nmedi um of claim29 wherein said

Gﬂt@ﬁ%ﬁﬂéﬁbﬂﬁbnﬁ@ﬁ@bﬁ&@&%&%nﬁhe_Cki ng devices for
i nterrupt requests. 33. e machi ne readabl e nmedi um of

| i . o ¢ :
pdry s et GRS TRty e B AE IO RS andscognd task
sajddstintiondco onent to reflect a task priority
d¥oLky OWP@rSF&?ﬂ FERPBER: 34. The machine readabl e

medi um of claim 33 wherein said nmethod further
confsePiE g anjnteprgpliequgst ram: g firstdaviedonserviging; r upt

conpl etion from said destination conmponent. 28 WD
200evabh61i6 8 powST e 200 B¥sk pA6AEY inRBmativreforaaidifivet and second
readabl e medi um of claim 34 wherein said nethod

fcompbrentcorjetdrtite whiek tompii@nseiollPenrte sdi@irRerdiif réqsi;
priority information for said destination conponent to

val 48sihPaih@shRi B8 Rndh L& e .
requesttl. Esé %131 machi r@ ?Iggéggp‘ééﬁgg%gﬁn@ggeﬂé&?%nﬁgg&matmn

U0EEERROIALL Lol I RRERR n S COTRILERNS, i g priovi
power state information froma first conponent and
OB Yot  state information froma second

conponent; assigning a first task priority value to
sai ¢pripyicatgrRsshiaterruphesauesd o spid destinatian conpopenter
state information; assigning a second task priority
30.val Tiee meclsze wadabiomddimanypiatent 2bwbadinaaidmatettiod ietendomprises
power state information,;
storing said first power state information in a first memory location and said second power
state information in a second memory location.
31.  The machine readable medium of claim 30 wherein said method further comprises
storing said first task priority information in a third memory location and said second task
priority information in a fourth memory location.
32.  The machine readable medium of claim 29 wherein said method further comprises
checking devices for interrupt requests.
33.  The machine readable medium of claim 29 wherein said method further comprises
updating power state and task priority information for said destination component to
reflect a task priority of said interrupt request.

34.  The machine readable medium of claim 33 wherein said method further comprises

receiving notification of interrupt completion from said destination component.
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receiving an interrupt request froma first device for
servicing; evaluating task priority values for said
wo pogemBel second conponents to determ ne 15 B/UR2003/038612
conmponent shoul d service said interrupt request;
sel ecting either said first conmponent or said second
conponent to be a destination conponent to service )
35.5ai dhe maehingfeedatiemediunbelisdainot whergin saickmgthiod farthyer comprises
val ues; and conmunicating said interrupt request to
restosing sald poivenstaterand tasp prierity. inRBmatitreforshid aldstirfatioh abmpdaent to
further conprising storing said first and second task

valad thatieRistddypriva kol Svichgaald ih@trupidqeReond regi sters.
39. The nethod of claim 38 wherein each power state

36.1 nf ?ﬁé‘%ﬁélﬂlﬁ £Q8%41d ﬁl\%ﬁiu?n XM %Ss&lﬁ‘érginvsgidlﬁrst eﬁ'fq sed

nmet hod of alm 39 erei n each power state val ue
orr nds to a task priority value. 25 41. The
co n%)tnﬁlgtgggefprg?eg?%sﬂo wherei n a hi gher power state val ue

corresponds to.lower 29 WO 2004/ 061686
37.p EEEE WYBBIZE: task priority value and a | ower
power state val ue corresponds to a higher task
pr i I6e91Vig figstipgaver atate itfosmatiarhisemeffirst inmoggntsand second power
conponent with a lower task priority value is nore
ptagf iefaainbtiors bt edotidedmtpomanty desti nati on conponent
to service said interrupt request than 5 another

C Of‘ﬁ%@igﬁiéh? airbttask pHi @RS Ralud sd<saM fiRf boipMfhtiBased %3 sdidSirst

met ho claim42 wherein said first and secon

somaaas ARy (5] Ploceseer and s seeond
miea{igllggin% 3&?& o t%sﬂ%gide{tgl %lhé 0 s}é?(l éje%gndfjl Efmﬁcfn%ﬁf l()jasteg or{il said
second power state information;
receiving an interrupt request from a first device for servicing;
evaluating task priority values for said first and second components to determine
which component should service said interrupt request;
selecting either said first component or said second component to be a destination
component to service said interrupt request based on said task priority values; and
communicating said interrupt request to said destination component.
38.  The method of claim 37 further comprising storing said first and second task
priority values to a first and second registers.
39.  The method of claim 38 wherein each power state information comprises a power
state value.
40.  The method of claim 39 wherein each power state value corresponds to a task

priority value.

41.  The method of claim 40 wherein a higher power state value corresponds to lower
29



WO 2004/061686 PCT/US2003/038612

task priority value and a lower power state value corresponds to a Higher task priority
value.

42.  The method of claim 41 a component with a lower task priority value is more
preferably selected to be said destination component to service said interrupt request than
another component with a higher task priority value.

43.  The method of claim 42 wherein said first and second components are a first
processor and a second processor, respectively.

44.  The method of claim 43 wherein each of task priority values are stored to a unique

register.
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