10

15

20

25

WO 2004/ 061686 PCT/ US2003/ 038612 MECHANI SM FOR
PROCESSOR PONER STATE AWARE DI STRI BUTI ON OF LOVWEST
PRI ORI TY | NTERRUPTS 5 FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates generally to the field
rocessors and conputer systens.
‘g‘gIOIJII@EIgng y, the present invention relat gzt%{ugzogsmssm
nmet hod and apparatus for a mechani smfor processor
power state aware distribution of |owest priority

MECHANISIF OICRETICES SUR POWERESTICTE HIGAAE
Comp IS TRIBUTION ESFPRIOFITY WTERRUPTS! Ve i n

ters
have |ncreased the efficiency and productivity of
FIWO.DKGF THEINVENTIONspect rum of professions. As the
costs of purchasing and owning a conputer continues
[OMQL dr e pBnLinAH ol Rafs CARHUIR the RAY 6F Qﬁﬁ)ﬁm@&%&s IR

e advant age 15 of newer and faster I nes

cofahtb O56SRY. Aord B ﬂﬁc@ﬁ@fﬁa@pﬁwn%énﬁsn Iéﬁt?es@galﬁ&hﬁpa%ﬁk

conputers because of "the freedom WMbile conputers

DBIAROHSRE Salifl £7BlokiodrE érrga;etavla&edlgmﬁeﬁ 8160&: MRty

t hem as | eave e office or trav

intg,&%&arlo 'S qwte famllar with marketing staff,
corporate executives, and even students. [0003] A

L S R
I I f

o SR frg%ﬁ’nmgvh%ﬁ%gf I
th th b I

s TR B S P o

t.i -t hreadin rogessor hat c erform a_ nunber
W°Eﬂ1éfsamw%5??°8ﬁ@ ok pareEig éﬁﬁ’f’ﬁ‘é‘*t Iﬂé“’ Aeifs ancgypoE o
stens, are gl so belgg built with Lple hysi ca
corg %%@%P%? o fgRaar andipnze pnsyrers hage ‘i?P prtage
ute 25 power also includes real, power costs. In
of g ?n%ﬁtf‘a&@cm Bthermazs, mranvpropls snior thepassef noigedki nes
beconmes extrenely |ar e. Thermal consi derations can

comguess brsguserel th%%?s’ﬂ% nMobifscopputers glow psersye pasily snsparptheir

with power. 1
data and work with them 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 deskiop 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 muiti-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 physicallprocessors. However, the price tag for increased compute
power also includes real power costs. In other words, the power conéumption in these
machines becomes extremely large. Thermal considerations can alsp become important

because of the relationship with power.
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WD 20041061686 PCTI US20031038612 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0004] The present invention is
illustrated by way of exanple and not limtations in
the figures of the acconpanying draw ngs, in which
‘&%hﬁ &ﬁ%grences indicate simlar elenents, and in
i [0005] Figure 1 is a block diagr &"I%TI&IF20331038612

mul ti processor conputer systemformed with a chipset
and processors that include a nechanismfor power

BRIER RESORIPTTONSDF THEIDRAWINGS| owest priority
interrupts in accordance with one enbodi nent of the

[0P043 S € Mthe preveninvéntion is[IRRLAA Yy viyrof exdimipte sid BbtQBktatide @ am
of a nulti-core processor nodul e and associ at ed

the hipGRF the AedompREingdieavails, it WARH liRERter@kesIndimitd at e

aware i nterrupt nechanismof the 10 present
elénkbyi8)nd @whit®007] Figure 3 is a block diagramof a
mul ti-threadi ng processor and associ ated chipset that

[0003¢ | UGgyud PiedloR IR B2R hluﬁ'l‘pr&e@@ﬁ’t%ﬁltpﬁtte i S W6 Ed with

interrupt nechanismin accordance w e present

a dnip¥&abd ﬁadese{o%g% }ncﬁlhgyﬁlgcgg nibeh lfdfwuaisﬁd%e AWk REARBSP N

power states for one e i ment “of the 15 present

lmjtvégi’ lg‘l&lhﬁﬂbcrr[lﬂpﬂ%]:co?%aﬁg Wthonk 51}1‘90(1‘%&1@ Eﬁg&s gl{ese Vel SOF

sk information ta entry for a c o1 one

[0@?}’ od T‘{Eﬁ% 7 islaQ¥oLR hiﬁié"é%%‘f g ﬁltuﬁigﬁ;og a;ﬁ'Bc%ssfol' ﬁ‘@’?@%%{dta%ociatgd

ustrating one e I men power S awar

. . . : C 1
o35t 8aind e it Sk B do il Rl bt e
pre?gﬁtl’&% Nt of a nethod for the processor power state
aware di'stribution of interrupts. 2 WO 2004/ 061686

O ol §3 PG pe o il e pigsbet
o) B Sp NG FSendindhol irE g ave ieraBefisln

herein, . .
accorcf;mce with 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.
Al t hough the foll owi ng enbodi ments are described with
reference to a processor and chi pset, other
' ts are applicable to other types
ﬁﬁﬁ@g?gﬁgd circuits and | ogi c devi ces. Tﬁghﬂﬁﬁ?m”M2
techni ques and teachings of the present invention can
easily be applied to other types of circuits or
EEAN FINDESERIPTION ces t hat can benefit from power
nmoni toring and i nproved interrupt handling. The
[0@12h c hiAngsthaifand lygpagatue $eatmethnism/ferdro@ssoap@ved pipk awabl e
to any processor or machine that perforns interrupts.
diskithmivest, lowdstygiopitydsterniptd if die¢ldsed NThembodimentatidsexibetl Berdin
mul ti-processor systemor nulti-core processor nodule
areadestribedninlite: caintpit of4lgdnerabiiypddt @icayprareRGad clipydt, bRakd v
on which nulti-threading or nulti-tasking can be
so Pitéd rATBeughtROBBdwiherbbidinientslatienaibeLS Y fefkdnddto af OF
pur poses of explanation, nunerous specific 15 details
proRésSor3Qd cHighed, SthérRmBbdiRENt e RyplivdbiSo @th%ft?ﬁéagliﬁ\tegftated
e o

under st andi ng of the present invention.

cir@its hitRlbfic 8dviced. The _sétﬁbeteéﬁﬁqluesr&&’?eﬁﬁﬁngs BF thé pRRBI BGdnAbiEcan
that these specific details are not necessary in

casity 8€4ppli&i B Bﬁ&ltt}qfeﬁ of QR R 2RO dNMG UeliBR that BanWehtSH from

i NSt ances, we nown electrical structures and

porfr fcindring BRY FupRed RRAOSHRAINE! Tk it i lrfiEniclet al |

in order to not necessarlly opscure e present

inved4R Helal icalﬁ@toWﬂrﬂl:eséB‘f SMhﬁg?ﬂTag]?e\fﬁﬂﬁsei fe H&vO

process and application para I'sm com ng noré
_ _ - nal
theBEGPAF S hion MERRA A VO Moo B0 Sl AR REART Y
. . | icati h .
mof e LETLEE SRR i Ao AR ol ER L S BAF muf P BB
.t ak f [tipl .
°r#ﬁ?'ﬁa?5§$%§é§§§”ﬁ%%%§m remoplef)asi ngrgsgfzg;scan schedul e
h ds f 2 | | el J .
00f317 s Pp it iPSne Bisr 0o B P BLGE R o0 AT e
t-h MO 2004/ 061686 PCT/ US2003/ 038612 | evel .
dﬂ%?%?%é?fﬁ’slﬂf’ B0 Hogs a?lm?ghﬂn E&Hg’ﬁg E s asreot nraton
ondip g 6 ot ec e e b s ade s
and dat abases, for exanple, can_take advantage of the
neces§iy ’Qﬁ%&t"&r@@%‘g‘? MESeplonesntien Inpler witancesarplhlnommd

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
technology, is a formof sinultaneous nulti-threading
technol ogy (SMI) where multiple threads of software
' ons can run sinultaneously on one SOl .
v%ﬁﬁébﬁﬁ&%chleved by duplicating the arcthg@g 23&“2
state on each processor, while sharing one set of
processor execution resources. The architectura
lewd pdrsilelisnacdasish ldecuf brosacioprocesivi. oDt ot Mltit proedsing fpplicatibe
10 , execution resources are the units on the
in fHeQERS Sfofeblsbiting Gearéth@givey, kecluity Sstreandififimedid) lahid @tabases, for
| oad, etc.). In sone nmulti-processor systens, each

exRifle @af fike :hﬂﬁmégk Sf Q¥hhoefded 9?00&519@ FoweP bf mﬁﬁ%ﬁbﬁdﬁﬂg&nd
r esour ces and its own architectural state. In

miltipidcessdt bR Gydamabl e mul ti- processor systens, the
archi tectural ¥ate for each processor can be

[06%4P! | GRE G BIRR ﬂﬁ@é&iﬁteoﬁﬁ&%£@ﬁ§§ﬁﬁk ~$hrbdding 83868,

set of exécution resources en schedul i ng threads,

is 4 fm SPsiABRMAds RAIBURLANR fLRBlogy ISVEr SARR Miple threads of

architectural states on each processor as a separate

soﬁwlvé?g %}@%l:atloﬁ’sr & '?lﬁl%Qﬁultal'ne‘atgﬁ1 ?]IQ é)?%%%&o Fis SRR Rvdd %?r Iy

resources on processor,
R L eesgn%ﬁs%fo?gmﬁﬁw °
exécggée Cr@éoax%sto 952 it%%tqc%ﬁf}l L2 B‘?&g the?lo{)v%tf & {nro Sor thr?(ad and the

pen rocessor-c

exdiiize ?{a?’?é& éégﬁﬁfeg%@ i'xir B PE e 'Cad By

loa igh e nult g e threads are, shari g %

3% I ppogesRor Sy, ?ﬁ”‘égfa‘“’éiﬁ’i %Fs}g °PV8§% d’F Bfé’gesf‘ﬁ at
b th d|

exf'@wiwﬁt*ﬁlagsoaﬁ ¥ e e el st Ty PR EFRIRG g -

oo Pl Tk il 5 S S v

(@ performance of a 25 processor_architecture can be
@gqc?saw sell hagpe st pbpxafutiphtegquecss. WASoChedulngfbrepdsne i ng
and 4 WD 2004/ 061686 PCTI US2003/038612 servicing of
operating systRyt treats dhpsspagatgireicpumb BHesoneAd AreReSPIAsAEPAERIS t em
. devices. In some systenms, interrupts requests are
logigA apeersiy: quﬁlngm)ceﬁss@. share oaely glh piberaesopses an thewhypiedpt s
these requests and determ nes which processor to
progsgnTysugh ascachh® cxeeipa ynits, brapahpresiictars, centro] legic, and buses.

- Like physical processors, each logical processor can respond to interrupts independently.

One logical processor can track a first softiware 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 imﬁroyed.

[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

mul ti pl e physical and/or |ogical processors, the task
interrupt request distribution can beconme trickier

of
i pset attenpts to minimze the inpa of
vﬁi?&&%ﬁ%?spon performance. [00171 The advgﬁgé%mmymmmz
programmabl e interrupt controller (APIC) architecture
allows for the delivery of a device interrupt to a
sgyvigegelduterrph equésts by pencessors fomdifferent dysiemstbvigss) B dotg 10
anong a set of target processors. This processor
sysiema diteryuptsreqleste amrnmedged byachipset legio t iR khipef logfeentéoss
priority register for those processors. This feature
thess révmestschnd detbrivines o/hivh procésbatio dilteibutPihi @dguusy tolthdervice. In
processor is presently running at represents the
singlé proeeador typtems, thib & chysk tHachip@t hpangle RELt. BlAewyilli ghehs
the task priority, the less desirable it would bée to
thatritiofrde wittipld Phiysica il Sopival [R6ccis0R! Be Ao ReRibt request
undesirabl e i npact on overall performance.
difftilbuitibe canbeeomeabickld? aglihk Gﬁiﬁdef‘@teﬁﬂts b WhfRfrhidPlhe ifbabe
processor operating at the lowest priority i'n the

i@y EiEdN pobingneddr OVi de a better chance that the
interrupt mght be serviced with a m ni mal anount of

R S T e
ol e KOS 5t BABREE T e,
w00t SV ALEHANIT ey T
o8Bk s o M AP

r e quest targ (
A e R R e S
pePRRL ot bl ory, BEGR BT BB Ryt B

' 25 processor,.to performa task thwarts that
proosEE Bl e B B SR3RPlin< BB b Siati hetfbenenan BRbBEOS MO
dm% 94/0@}68qgﬁngU82003/038612 configurations becone
PEAPERUR EIRe PEGCAsRoY APSREE pidhelqares eawity 1 themsigmarould

] Bt 3 B ok b romot

timéAhen delivering interrupts can becone nore inportant.

[0018]  Current interrupt delivery mechanisms are ﬁnaware 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 Pprocessor 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 fo save power, by waking up a sleeping

processor to perform a task thwarts that objective, As muMti-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
processor power savings states into account when
determ ning where to send interrupt requests. By
'&gﬂg&@@%ing enbodi nents of the present |nvent|o%
‘% S i n deeper sleep state than anotﬁgpmﬁwg%ég%%r
woul d be a less preferable target for a | owest
priority interrupt. As a result, processors in sleep
cosfifikAidnsRongeQbrt Préealémd irsiothiasbile ahd debln@) donipRRPSBleiny,e
sl eep states without interrupt, leading to better

poler¥ving Rulinit@iss to h%oif GeRfbhndeO6f oHRABroeI P Howd Riving thétRs
operating systemis responsible for controlling the

wiRR MElve iR ihtBETpiSdad beme MlobimpBitMEr €d to as C-states,
that processors enter into in accordance wth the

[0AOP!  $RP6HiMbRRbS tAdISresedtiRyve R AN TBwWSY ok Thielrup? Y3 HvEHD

managenent software can choose an appropri ate power

sc]fehﬁi £ tHe PR PR Qﬂi’lﬁA slsBhteR irflo &E&&?ﬁﬁ&rde&ﬁﬁmk}@ @/here to

Al t hough™ a nunber of enabl ed operating Systens

seriilifte@¥A tdgARlse By %ﬁl@rﬁ&ﬁﬁ% é’zﬁbo‘a{mgbﬁﬁl@ bies@k ikBRiok 2

pr esent |nvent|on can a be 1 npl enented to wor kK on

pr&ﬁss&r% b&fer sle Q&é’ thaf? %E}ﬁﬁnrg%ssoﬁoﬁlgﬁ@a ﬁ\ﬁ}gx 5%%@8 Iih?n%t for

t may not e ACPlI ena ternati

a l&rzes#ﬂ}fta)ntyﬁﬁtsﬁng)@t Aé 5% mé#n%@es?o{rg it We Wép éiat&%gﬁpdnthhﬁ&lto Elgmb?r

perform’processor

in ﬂ]r%%{' %Fﬂemesghéégtés%@ggﬂnt\éﬁép? léad{n% ko?lhe%r p%gvrc]:? é;aglrl}% tially
[Olﬂglrs] Fg} sgmé Ig)od.

s Yo ook %gﬁ%te" R0F Tedhonty leﬁ%wt‘)?%mhﬂgg%
porytg e F%Pgéﬁgy%%ﬁﬁg s o Puactespts Gt 1o0n aosiRncge

30 to e a mechani smfo ower
wil i AL P oqiont T Qeeraine ST Y P B AR OB
with the. resent |nve ion, such as in the enbodi nent
ChogeeAD AP ERY Ferstat ‘é‘ﬁ‘l‘gﬂ?@"Wég?BpﬁoéﬁﬁF‘E%ﬁ%‘E j 4ylthoggh
r.o ng s st ens _based on the PENTIUMr) I11,
l%@m?ffﬁ}% )enab od ogeIRting Sy SRt ek, meemative tobKissats pf the
I'taniumierr), and/or XScal eTM mi croprocessors
presepipYeRtfTeeap alsprbe ipsmerisd pavark prose cledsdaspey” opsrating,
California, although other S}/St enms (including PCs
systemg igashines thtimay aeihe ALPI gnabled. Alegnaiive emhegliments of the

wor kst ations, set-top boxes and the |ike) may al so be
presgatdavention allaw for capability 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
the WNDOA5S(err) operating 5 system available from
M crosoft Corporation of Rednond, Washi ngton, although
ot her operating systenms (UNI X and Linux for exanple),
software, and/or graphical wuser i
%%g(gg%ﬁbe used. Thus, the present inventPFE@S{oéﬁq%%?z
limted to any specific conbination of hardware
circuitry and software. [00221 The present enhancenent
TtahismAh tnd/erH Scald™ tnficroproqestomravailasle diom Intdl Ceporatidn\of Sant)
enbodi nents of the present invention can be used in
Clas, Galifogidy, iaiesigh bifiér sptenidhdheing PCoRwing@thetunitraprdeesats,d
appl i cations. Sone exanpl es of handhel d devices
engifiéetibgl@okathtionk, 36t-topplRemd tHenikeymtalsdibe usedoln shevi ces,
digital caneras, personal digital assistants (PDAs),
en@@cdmerhmﬁllbﬁlsfbtéaCmo yReSIRA veRRhbemt WINDOVRST biteatiage a
mcro controller, a digital signal processor (DSP),

sysher®AvaRHR fréin SAkrBsoft TREPHRAILL SRTGKLAT, SV a(sh\iﬁgtﬁ’ﬁ;)ﬂthoﬁgﬁ oth&P
boxes, network 15 hubs, w de area network (WA

&3t %%f&e?ﬂs R3Yd 1056 Stinple)) AGRIAGDIoftRbire, and/or graphical
opmjlﬂ?i hrea(gﬂg system t ha jljse ‘nterrupts. oo

usetF it drREL Ay Pals R WEed TRIN, T ﬁebgn?ﬁivéﬁ'@%? isREElnitddR SIFRPLAR

reduce power consunption via | ow power states or

co fﬁﬁnmﬁmﬁcﬁﬁﬁﬁo% ctors of electronic

evi ces conti nue shrink and the power denmands of

h . _ : ! .
[002%13 iCt ':i‘gér]ﬂgfsegt% TRAPGSis n&(?ig‘éﬂeﬁ] KolnButt \GHERS eAltcrnahw\;\%i le

forts are needed to Consérve power
et ke AR ikl 6k, RUATOLTRERY o0
SR T R O Ve T R
pigaRy e RrotopRC et SR rmsan teow i B BRFREAD AR 1,
ranhe B PRy e o e LG T it s o
o R B B kB
hubggﬁqu%%ao%%@gﬁ 2@4@? S“Ziiﬁ’g%“'ldgfr?gg b i °£41w£’:5%§§§ eximoliitirading on
can be _inplemented with a nulti-core nodul e having
sysigi|that piedntpiitice JyBherpeie s9mp ackilngbirs hatrdeprimplamenigd to

single nodule. System 100 is an exanple of a hub
redyge pAVErcersymptionTAlow papen states oy Hecpmodes. As the form factors of

electronic devices continue to shrink and the power demands of electronic components
continue to increase, additional efforts are needed fo 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 conpl ex
i nstruction set conputer (ClSC) m croprocessors,
reduced instruction set conputing (Rl SC)
m croprocessors, very long instruction mord’%vu

Y PPY¥BI%8tessors, processors i npl ement i ng BET/US2003/038612
conmbi nation of instruction sets, or any other
processor devices, such as a digital signa

sin%lg RcaPprecesdop I SidNATD hfdihel RDAImehN6r (Y 12608 50lcfitichQdn be

are coupled to a processor bus 110 that can

impleAEHEH With alifulfl RbR nfddgie BhvEndIREINEIS BrobdiSor Rb8E Ecbtodéiter
. 05, and othgr component s |n,$§epsystén1lo%§ﬁgfhe

in fséiﬁgl@‘_ bau@fsymtionsLa lg;lcaﬁ‘gﬂefd?% b ShifectGRN YRS dnRR system

unctions that are we nown to those famliar wt

106 ]?Elﬁetfskyroc!e %19 g@l, LS Mr&@&tdfil’sats{éﬁalp. r 'ﬁfél‘iyﬁtfcgé'sﬁrg 101 105 ?ﬁl be

eac clu Level™ 1 ( I'nternal” cac menor
: : ' ' ' 107,
cort e mior e o et A M0 N A S ot
' . ' § j.de
co RS TRC] mickfec b ing AL R o) AR ) Rt
propts i o b i RO B O B el Bl B,
nbedd rQcessors raphj cs devi ces, DSPs, and ot her
su J T B SEERIE rBAY o7 orm 100" ncl udes & merory
0. [0025] A t | oqi hip 116 is led to the
10031, o Teciroistie 108 08 aretaiisd o s Brpeessorgi B St
chi 16 in.the illustrated enbodi nent i.s _a no
datg RIS oD FiS oot 01 R ohib Pttt g (40,
cQmunicate to th 116 vi.a rocessor b 11
The ot Bt PPt it SoRPePH R AP HoRS o oL 1 g
to nmenory 120 for instruction and data_storage. and
thogefpmiiptvifyibe gt goaprmbodimeghhsmesesserad O Py crhlpelides
The MCH 116 is to direct data signals between the
Levist bdds il gaghe memery 105 A \Anmitgrrupthanding gieghapism 103,
conponents in the system 100 and to bridge the data
1075 plpygsides e thapmeespro L s 105y Fprone egbegiment,gha inEragdandler
PCT/ US2003/ 038612 [ 110, nenory 120, and system
1037 1051 prpvide micsmationaessoting reoressor nripgtysapd pevisrisoiyiscAleinate 116
can provide a graphics port for coupling to a graphics
embodintents|of @ inteript login 203)/LH7, danaiso be uged ipinistd gootrelisrory 120

t hrough a nenory interface 118. The graphics card 112
embedded processors, graphics devices, DSPs, and other types of logic circuits. System

100 includes a memory 120.

[0025] A system logic chip 116 is coupled to the processor bus 110 and memory 120.
Thé system logic chip 116 in the illustrated embodiment is a memory coniroller 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,
interrupt handler logic 117 is also located in the MCH
116, as the <chipset receives interrupt requests from
‘%@QJ u§;systen1devices and distributes the interrupts

&@EFgﬁriate destinations for processi nd TESYS
systens, the chipset may poll devices for interrupts.
The interrupt logic 117 for the MCH 116 of this

110 e eI and spias VONMRY. MGEMAY Bhbddienky, 86 €FEa! lofit cEip iy
and the processor power state when distributing 10

cah ProRide o @ltaghiésqmifdsﬂ cOSplRf BFLS Hhics bandliérnd2. TR CH126t:0r S
0

can als e considered in interrupt distribution

coggmqﬁeﬁﬁgmaoth&gwﬁamw Rferthd¥Ah & eI 2 phRE cardl PA6]

stem 10 ses a proprietary hub interface bus 122 to

coglsaabtpdo et NEH W4 thiohBh 5PAcckRBitell/(RaghRB PEPIAGH) iftRodnkb il 4,

0. The I CH 130 provides direct connections to sone

Fot b en%%mhﬁﬁﬁntéhgpt%aﬁc@é}%giclf@ iSH%:1ochidg irl RERICH 116 %%l@e s

a hi gh-speed 110 bus for connecting 15 peripherals to

chip9& r V&riﬁ@erh&)@)ﬁgﬁégfg %ﬁltvaﬁﬁ’tﬁggﬁé'nﬁ) O d?sgéaé.lte} - Some

xanmpl'es are’t data storage 124, wre
P et o155 8500 O 51 LR e 97
ol S By ARIR SRR s B YA

erl a
BB Gy g ARG B e

r'se
.. CD- device, 20 a.fla ry devi.ce, o t her SS
it s B D, G iPs P A6 Gt A e
.coupled tq. both th 1 116 d ICH 130 can all be
disbBon dootsRing S0 e e HEARPEDERRBRy | ce. I addl ti on,
rocessors. can al so issye interrupts to other
l‘"ﬁﬂoce Ys’*&imsl.“%[“é‘t‘ﬁ?ﬂmpéﬁfﬁ'a/ z S T2 o gl e MEH 116 to
cor danc ' t he present invention allqw the
the i oA B T e TECTCIRD i veientos) omBRRBISRAPIEd/Q he
chi pset |ogic or system 25 caonponent responsi ble for
devigsg Vigailgcldfly buss Th%ffaeaéﬂfodquﬁ s igh-spprdd{Q bistier copneclinge 9
WD 20041061686 PCT/ US2003/ 038612 enbodi nents, the
periphprpls & the memery 120, shipeeh gadiproessipscl LNE05. Sere ewmples are éhep
state information when selecting a destination
datpsteragesild, wirelespriransepiser 36, Bxmvdralibd lesh BIEE) 1380egrss §0s i n

the systemfor the delivery of lowest priority
conérpller coniginiag usthisputenhkaybemdintstfacena shrial dvgansion port such as

[

in

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 to 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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15

20

based enbodi nent establishes a priority relationship
bet ween processor operating and 5 sl eeping states. The
mechani sm comuni cates this type of operating/sleep
state information to the chipset via one or nore bus

|l es. The chipset for this enbodinment is __designed
‘@%&?Q%gﬁge the operating/sleep state i nf o AR PR YR?

to take the information into account during the

interrupt distribution algorithm In one software
enfbagia@nie ThomipiBMgic is ExtérRIedi0qiSe fhid pdeessOREALtAS thisntatiem

al | ow processor sleep state information to be conveyed

whkfl séledting £ 8dslidatib®plobRsc? o8kt P hvailie Bipet R636RMIR RN
response for interrupt delivery to the processor.

syt lfor RN Sl priohiB iRe@SRN (Th R¥ERhisB of M8 hardware

operating systemcan ensure that processors in deeper

baSddREBbAMert bALtBhed h BribeP felibAh YeBifbed AOSRL0S ofeRdting and
receiving lower priority intérrupts, |leading to

slétéﬁf]é Shte P PUEHERGhi SR VdnRBRridatés TR e of B%%%?@n%ﬁt?ﬁ’}ﬂ? Wlst I -

readi ng configurations. For ©One e

infOREReNMoThe GfRetRE dnbBY HO% B@ﬁgﬁlgé el teit oY trid bR RB MR 6

Al'ternative "enbodi ments o present invention may
. . r-
deiified WIVRLREHE i 2 bt EL RN ot BIOPHL 85NN B
ri ' i PR Lof har fit
socbt i SO BRSSP M AL SorfAR s b fcar,
' ' Lnatd on._of hardware.and eratin
expin S Be RN b e DA R OB B P
. assigns 20 processor .task iority TPR val yes
indf Rt SE B e BB i s ee® o B b
t hat .pcessar . For exanpl.e | ower power, state
proppey. Wil ebadiments G SRR teplign, 8 pRereling & el cap fisuse
{n Fig. .4 bel ow .corresponds to hi gher TPR val ue and
thaf oS ASGOeSIePRing SIUES i 200 PEETRTq EROISHBRYegeiTIng lower
.accordingly. In other wards,,  interrupts are .
Prigfy @&Wﬁfgé%admgmet%@%n%wmgww%ﬁe%% and ulgi- | o
power state through the TPR val ues. 10 WD 2004/ 061686
threaging csdighyaliens g Borpie prppsiment;ithis mechonisn cap g implemenitetyr am
.200 of a nulti-core processor nodule 201 and
priggaridy, gy hardwree ligative zmbodipants pfiihg presenigrvendonso beent  of
. a power state aware interrupt nechanismof the
implgmented primprily sefivere withert hardyeprechangse dgubermersisines 201 of
this enbodi nent includes two individual physica
emipdipecatsgany usbhesshybrid cmdination ¢f teBhardwaretani sofweanypl e,

bot h
componenis. 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.
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5 cores 220, 230, are identical. Each core 220, 230,
i ncl udes: execution logic 221, 231, to execute code
and instructions; an internal on-die cache 222, 232,
to store data and instructions and interrupt |ogic

having a task priority register TPR 224,
‘é@%ﬁmﬁﬁgésone enbodi nents, the Interrupt I% g093p38612
233, and associ ated TPRs 224, 234, may be Iocated in
the processor nodul e 202, but off the cores 220, 230.

[0628f r OFtgusé 21 albliek GlagBi 200 ol vilti 23k pRickdgratodulte01 and
comuni cations between the cores 220, 230 and with the
as@bib@d Sfpsed/BA0 kight {ntlus onc@Mb&tie oPdiSovaNslats aRie Intdripel SO
| ocated within the nodul e 201. A single shared FSB -

mdéRdntsm?o? thel pPes6 iHReMfbn! MREEYEHBRENr REASENAVT i dnibobing20
and processor core B 230 in " this enbodinent. In

m@ldtasetm%dw»i&w@m@rém w&&m cBRE A D984 BRY0."RVES ezsa&prevrrbm
FSB unit. Simlarly, in another enmbodiment, a single

cole B R 338P4re LB lH?chE cdr @200 AN S Dk editbl 1ogic9211§31 o

processor cores, wherein a TPR register or entry
Bkt %fi’hféﬁ*?‘e“r“%%{*@‘r%%? e T 8
insg-héti‘dﬁst a&ﬂﬁﬂt&im??lo?ﬁé Pé‘:{ ?(ﬁ:f R%‘{i;ﬁg% ask %@%ﬁﬁ"@%&? fzgg -
o8k, 9 P LLo ST PS40
locfidn R eSS ILID. By oottt B 9?@25\2%%11?3‘3%‘6 &t
w@%*%pn'ﬂﬁ%wﬁg@g{ﬁﬁ%rr‘“ a%%gﬁw et %@ﬁ%%ireﬂ B o
wofl 3, B B e 2 e e e o Pl Ao FRR o

us., 25Q is coupled. t Chl | 40. The c
s g 2% eotabl tiirSaptl Rl e ot ardrpirsror pog BB
ha |n a TPR tahl e and a state info table 25, 243
thi Pty lisropiiye %‘?2?8%5'1"%?? &2qhyts may e eyt wi
e erlc nennry storage | ocations 11 WD 2004/ 061686
> IRprO ey eidiment, § siagle aﬂéerwefdpgr wikcap §e pharelymtinle, or
information. The term"registers" is used herein to
progesgos pores; Wherpia 2 JERFesivier operdiy dersach ooredp mgiatainge in thns
that are used as part of macro-instructions to
inteyrgptdesic Blockp thpiesh, thq iptersenth dogioR33.233, arhidlusteatsid 9% weparate
referred to herein are those that are visible from
blogks én theexaimitle of Fig: hdhepiniowent dngic nay also phisinaHly exist epenedogic
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
nunber of different techni ques, such as dedi cated
physical registers, dynamcally allocated physica
' using register renam ng, conbinat] f
w&i%?@%?%% and dynam cally all ocated physi ?g#l%%m?mm
regi sters, etc. [0030] During system operation, data
i s comruni.cated anong the processors 220, 10 230, the
suchers egiskiOip retaiol dither isformesios. PhbQermFinegidtees moused hérbie to refer
chi pset 240 propagates interrupt requests from
to thatoh-boesd prypedssorsimge ediohaxthitlare usedes pais of maros-mstnidAbhs to
230, for processing as needed. For this enbodi nment,
iddnbify oplriapdseln dtitds @Srds/thoregisien vatérred hehdpein a@ Sifeé thpiawevisible
state, in addition to the processor priority when
froghl thé Guitdidd ofA@ prétesor otRbrBponEa ¢lio h PRERGMICr’S PErEpcdRR).
230, of this nodule 201 stores its priority |level and

HoweSer tBy\REis@isAbRribed Hefefh daf PRpldmésted b cilduitdddithi’s34. The
processor priority value indicates the priority of

coﬁ et tubif g BnyQumberSl? §ffefonfiechRlqASGCSBREs RERatbdFhybiodl Schies
t he processor for |nterrupt|ons Furthernore, the

dyﬁm&w 8lcatedpHyRicl rapivead ﬁ&ﬁlg tdr Ahhiait Cookfb@ahbRloar chy

of i nportance and contr ol ative to other avail able
de&éﬂ&%ﬁé@yﬁﬁmic@llﬁ ;in%ca%aﬂslﬁﬁmal }%g{steﬁxaéml e, a processor of
priority can maSt er processor in the

(003Ut eBhridd @&el% &£ﬂoh%datari£ W@foﬁtﬁg g@!ﬁh&% ?:Nﬁsiaﬁgzrzg

I nterrupt” Oor a maskKa

234, Bt Q&e tZ?O tafﬂtiath 1}3@{249 ' hitlre tﬂ:e get g% ]grgg%é(t?s interrupt

I'nterrupts SO be S|gnéte or a

rquésﬁcfﬁom?m ﬁéng Gévicallo 1l C}%‘E(:Segsrop og%k P%';ﬁ&%e%%ﬁof be

el R85 B B e BT
i e
e I E i s i
A A S
e e BB b s

can be “powered on and busy owered on and idl e’
priotifyyajug gan indigate, fhe fieggsghy of H‘H’@gﬁlcéﬂf@g“ﬁﬂfmlfﬂ%té’ﬁé‘?o thyreep’

or _~ power ed
available processors 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

12




10

15

20

25

down' . Dependi ng on which power state a processor is
in, a request to service an interrupt can have

di fferent power inplications and conpletion tinme. The
cores 220, 230, of this exanple track the processor

1.Ofd val ue and the processor power st LNt

v@%ﬂ@h%%%? 234, within the interrupt |ogi?E§9§£“%§§?2

The priority values and power states are 10

communi cated fromthe cores 220, 230, to the interrupt
priapify ‘ahR4day b perfreminp igssettica4inctidisand abd pere amemiblete baiig

| ogic 241 of this enbodi nent includes a TPR table 242
inzndpted fodwmile lowatierity indroipt radplests. 243 to store for each

processor in the system the processor priority val ues
[0631d tSimilptyothe pownr sipidwalne Htliftes widibthissver regivp e tphrviehlyr.

Thus when the chipset interrupt logic 241 is deciding
prodessohedpe Bopasting. Far exile, aPrdcess@rcanibd ‘pbwered dieant d6d¢°,

priority and state info in the 15 respective tables
‘pedeted avedd idie & hatied], Estdp@ean@dedpatetiy, idBdpar A ot owered

Dependi ng on the allocation algorithm of the

dopar. tDepihdidg @A paR Bl stateddproddbRF 15t b réciess RTbrvice adinterrupt
specific processor. In one enbodinent, interrupts are

caf BV [dEEbredf powRE InkplicAndHn@ CERNRIcH HARY TAGcdRes 220,098, ¢ chiO N
gnd idle or pomered on and busy state', as

exaple BRI M préessoPRINBHAMIE Y Yhe pro&l:f? plAiY StatditiBs TPRDD A,
power and | atency inpacts. In one ehbodi nent, each

23R vkt 8 mtPropilbgE B! 18N Tﬁé’ﬁrid[?ig,%&g RIS Ségtgs .S ored

inits own unique register. 0321 Fi I's a bl ock

coftnBSiEALA R0 bords 354! Ltgg, t%) E{ae?ﬂ%%gl c949F 3%&56 ?ﬁ‘%#o%gsr[n%en )

assocl ated chi pset 3 ufie ‘ano

chipdet ﬂltagrgﬁ@f)gig’ SALH bodindehhditRE a %gﬂ%g @bdr J(;%oewselé sotar.te

ccor e W th the present Inve
: I ' j i pel ud .Si.ngl
s B bkl o A B IS B S
ARG QP EARE lls y oS UBs BFRe B A S
. 061686 PCT/ US2003/ 038612 .. Si .bus | ogic. 325,
s el AR Fbetect 40 S o 1 s Pchty R it e
roslRER S 0% R G Sl G U Ser e SRR e g 2.
o ISR o e A BT BT SHOMERHI (™ (A TEREE  na
bus 350. The c¢hi pset 360 includes interrupt [ogic 361
Progessor. Inepnp emboriment, usesraptsiargfagdledprimastly by pressesorshpyipga

. Info table 363. Although the TPR table 362 and state
powg:ﬁegon 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
stored together in a consolidated data structure in
anot her enbodi ment. Furthernore, priority and pomer
Vﬁg h&ﬁ formati on can al so be conbi ned |nt% 2 %qu A
%’ G4 ati ve val ue for each processor t SCTHREAPY
relative desirability and/or priority in 10 the
di stribution of interrupts to processors for handling.
side@SHEIC 1305, ifteger erbinidh fogR326,and flaging pgilesedddn JogioBEESOr
core is present. However, the nulti-threading logic
WHR thlihtevvipt [Bdiotid PTRR 3345k Besciibed AbdvB Reh s dk@npleof Fig, 2.
processed in parallel on a single set of architecture

THe DESRLEs6r@51e!320 AMHACHBIO bt 6Supidd Addethr wiktOdhiRKasEM 360 thibezh

processor nodule 301 of the exanple is capable of

anRk@mESHRk B, 118 cﬁlbgemésmhﬂe@m t 16dic $61%hab ABtaing atTPRE .-
Threads A and B each nmmi ntain s own architectura

tabid §6288d Lp ARG s@fRGn B3t 363. bMIthougﬁ fhla ITBR 4o 6B BYBitfinfo

processor core resources throug a resource sharlng

talﬁé $03akd AByn bl bepAHLL IO mE BroBdb¥st 'pﬁ@tllty 9t Sowek Mt@ fdrhtion

logi ¢ 323, the operating system (such as W ndows,

catrbll foreog étl'l oﬁﬁ)llﬁﬁitﬁg{atéﬁ'gct&@{d Auihdr dnfboffibref, €N abl ed

to ISSUG ads or execute siInmultaneous

Fuﬁﬁc?&’fn%%émé{)aéx? EWergH e%ﬁ%ﬂﬁl?éaﬁ% so B¢ c?JnﬂﬁEfed 11&5‘ gle ot

operatin m uses a omes priority |n
S S T e
o AR A IS s ™
B3 e %ﬂfwﬁsp S O R e PO ETe Db e
AR e Sl BB g o

nclude the 25 r ctlve essor i sters
a S'&Ele g&é’ﬁ”?‘ﬂ?’&% reﬁﬂwcsdli’féu ﬁ%’é XAPIS &‘g EToGSERT
state 14 !(fF WD 2004/ 061686 PCT/1182003/038612
mogie ﬁ%ﬁo@gh%@m@? iscapadle of pracesyjamigiodhressis, b audB.abige % s,
. control glsters advanced _ progranmmabl e interru
tﬂﬂ&oﬁ'ﬂrﬁ Aemd Brpelrmaiptalyiils pwp arehifpstural gates Adathandds 340 l&
isters., The data, settings, etc. of each
utﬂ&*ﬁ iphgssigal pragessor gqre resoucen Birangh  exgouree sharingrlgopithime dnon

on the processor 301.
addition to physical multi-threading logic 323, the operating system (such as Windows,

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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5 [0034] For this enbodinent, the TPR table 362 and
the power state info table 363 track the rel evant
val ues for the |logic processors. For exanple, like the
physi cal processor cores 220, 230, of the previous
v?&(; ﬂ@&as?ss?bove’ each architectural state 33]’?0 32460j 06f ,
g% processors in this exanple has a F&@ﬁ 03/03861
priority value and a power state value. The task
priority value in this case also reflects the relative
inbl0q@ee FdgteSucH aslshfrd] pelsosR fregidhad, conhbbreglistan thdddheéde
tol erance for interruptions. Wereas the power state
pry@hii@sblOhtetrift chitibllerd APKS Felifters, GATEBHIR nG:ohifSlstiRb WBister.
power settings, the power state values for an
THRIdetd] se@idsyétalof Sdch bRhBdeturd! Bh AIRQEAL Iﬂeﬂﬂfycl‘@%i&fﬁoﬂ e
type of thread activity and correspondi ngly, the
préd¥®dndo1of  power consunption. For exanple, a thread
may have a " busy' status to indicate that the thread
[083%) ?‘ﬁtl*}oxvtﬁis BoBnE Und TER a6k 382 IRRADWIRN D BYPtaBle 36411 €

alted' status to indicate 15 that the thread is

tragﬂh_c RIGSE Rhibd f5r-H3oBA pRicecsdis, Flr biAhid, fke @ggﬂtgﬁfsaa@gocessm

imlarly, a threa y have a sl eep

RS20 B AP ABLRSRAB k0 30 gt
TR S S S S
b GYER il BN GBI AU P P PR
oS GRS e e

| V |

B e AT
PPN /5 B A AEHEB LT et of

i nvention. Eor this epbodi ment, fhe processor power
pou PRUnEbie Y DR G aba b iy ocRMRsa e
QEereLn the | ower 25 the suffix nunmber with "C, the
thrgag fsactiverpad siepuiine: OF 2 Hixad mag haye aoiilsy prealiodoviaps tdudirate
in 15 WO 2004/ 061686 PCT/ US2003/038612 order to
thaithe (areadis apt presertlyrupning of ewaiitng fersemething) Steilariy thread
busy state and an idle state, because the processor
may kavp avikier Ftagis to indisafe Fhatthe theead ifcpslieep aail it architortaenl sthta ds
user/kernel code or is ready to execute code.
currspily helhinagtivey Byravelastingalre rivecessior powsier statnmin defexpiuing hioh
idle (looping) idly. The hierarchy of power states in
logicatipgocssgslte seat mteitopt serfvico mquésttonibe chiset dan evoid waking a

O

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 liéu 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 invention. For this embodiment, the
processor power states extend from €0 - 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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5 and requiring the mninmal anmount of power to bring
active, are: CO - BUSY 401, CO - |IDLE 402, O -

HALT/ WAI T 403, C2 - STOP GRANT 404, C3 - DEEP SLEEP
405, and Cn 406. The Cn power state 406 here is an
qibitraré power state at the bottom of the hlerarcgg
VENYOtEKES a large, relative to the other BERUP2LYIHS
anmount of tinme and power before being able to service
an interrupt. The nunber of avail abl e power states can

ordétty sebficedia Rdelipt) K TOUARI iBeiidek Both 8 buspFRRMLIBNdle shRE

terns processor and thread are used interchangeably

bedREEHS F&Beswi‘ atpodvetel b RitholhScastk 8 ik BithePERERIAE Bset/Rerfel code
| ogi cal processor. 100361 For one enbodi mént of the

orfRd RSB edeBUSEdb.OSimilhiE a GREARTEE bel dth& ity (hRF &r idle

eval uates the processor power states received fromthe

(9 hEQHS, RRORGSIRY @fpwelds%e%ﬁﬁmqm emEftdtRh) fin {hbg#ost al:ﬁ’v

I'S enbodi nent,” the CO - 402 state 1s pr erred

ang &F;l?lg{l:lg fhe %m&ﬁnﬁ#@}é ﬂ«%‘er% ﬁﬂ % ﬂﬂn Ef?é oStEGSS 401 @b cate

SsSor or that ca e an I nt erru

itgiz It h
mkElllz /1L B AP 483 RANAOP SIRARY 884, 3 DEEP SLEEP 405, ot

processor usy woul d’have

anfl Eﬁ 46\’(%J g?‘wér%&?eeﬁge% S an%rrh%a\%\? éo%ve?l t%{ é?t:ﬂ% (Eettrg)(rﬁluof tthe

archi sta ore ser
es essor/thread S |dIe ouId
g FANSR *a%f%m e SRS ?%%ﬂ@gw i seitiophdor e Snd B

rh § h 2
be%o? gbﬁ“ﬁ‘ SFoes%dvécgﬁp E{gemlgg g %?% hej'ﬁ a: I?a tox;%tgstates catcl) vakl)’y
ective t he ssor/thread wou ve to be
denHARE %ﬁ Bﬂf?‘%“éar SFbfbaE, D phpesatd frad e can
U|r ti.me. Furthernore, waking
mtﬁfﬁh%a e K e et e ol o G BREHE . b ¢
to restart or activate the necessary
[‘"ﬁﬁl{ Qukiprone grghadimenh el the Rypsent ipysationg g chipsef iplorpppogic
rocessor the greater_the cost in terns of tine and
fheiprpogsseraPweRatesAeceived e dis ariqus pigecsse inydeterminga
service an interrupt. Thus the chipset interrupt |ogic
relatixe liff o Indhis pmbaditaent.ttep Gt BUIE 403 stateisproirediont the €886
PCTI US2003/ 038612 optimal processor to handl e an
BUSK 481 ptais es batlygieier indieatewiprosesser edhistd thaticemhanfilefan éntesrupt
i ncl udi ng the processor power state and processor task
with fittlg of naovethemts HovevegLa rrod@ssortheeadithatys busy efoull haveioes s or
task information table entry 500 for a chipset of one
intesqubicdl qwerently riiningsadkaindpossioly seaithdrechittaurelttdtabedore ar i et y

of nmenory
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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5 locations including registers, |latches, etc. For
this enbodi nent, each entry is conposed of five
fields across three bytes of data and stores

information as to a processor task priority and
ntr

power state. The first field of the e

V@(B%)&ﬁ(%%ﬁ?%l s exanple is a physi cal Advancé’cT"Usz{m""z’g/612
Progranmmabl e Interrupt Controller (XAPIC) identifier
501. The physical xAPIC ID 501 of this enbodi nent
optul@hpriofds®s ta Haedlp myisicnapt r@uest Bssdon £ @mbiatiehoftthkdgs ent ry

is 10 associated. This first field of one enbodi nent
incladiegthle pyoecksantperer statl dnd plocespir @l psdits or nultiple

processor cores are physically present in the system
[003'H e c OFiguriei5ad #ldigdrar® aLdprédetdoy tasibidfdrhfion tAbRGnfR50060F] C

I D 502. The | ogical xAPIC ID 502 of this enbodi nent

chigbesvf biid cadboditdett. ITRGbAs 5D0 BRDE S@Fed M a YdieBAE nleRloryWhi Ch
this entry is associated. This logical ID field 502

lotatiofly ifgEdBeEsthY, 1itbiRs, QRE Fat thid SmBY &) dakh énlﬂ‘}r% composed of
i npl emrentation. 15 [0038] The third field of the TPR

fiveIHeld a6 bt Hybds 5f @RDRE SRR tnfdrfalid a'al@d Sprdles@pabl fiority ;

flag indicating whether this particular entry 1s vali

. . Y i cat
an&ﬁro@é&%or poR& sRRA A fifst B0 oA enRY 360 fiﬁiﬁ g}é%?:lehg% glﬁfigiﬁég:la €

et her "the processor/thread 15 capa

AdvahRPrdpPntnablel inRrruR CORERRE 1% S bndiffer 8O, 'ﬁﬁ?}g%s?c% )E{ﬁé
processor may not be available’or is not active. For
i R T

power state
LR 5 SRR B Sl L B
w55 TS B sh  B A RERL Dbl b

sof 3345 o 'S TRBCHR 4 O3 e

ri.ority at the esen rocessor.. The_al gori th Qr
tae i phobosb ot B Ko R ol R Bt DetcaPiiohiaga
. to not jnterrupt. a task having a hjigher 25 priority
15 IRt ‘?‘fia':fy % OPPREng System AR s plgwetstoling (o search for

ot h 0ssi bl rocessor. But 17 WO 2004/ 061686

(00B8?) (EhesBF Beigeind I Simon inthi erprdimen s hollas el

ri_orjt\év?reat_er than the present task, the task can
flag indicating Whptherthis partioulas pRfryde valider not; The engble fild cpmalsoche

interrupt having a priority |level equal to that of
useq fpindicate whather theprocesser/thigad i@ capalile pirhandling fnterrupts. dfesk i f

anot her processor with a lower priority task is not
Droggss(r PRy imnot 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
17
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5[0039] In an alternative enbodinment, the TPR field
505 can be configured to hold an overall power and
task priority value fromwhich the interrupt
distribution |logic can evaluate when searching for a
r. Although the fields of this exanple in Fig.

@%’?g&?ﬁ%ﬂ ustrated with exanple field | en&?:‘ﬁ@s%?%ossﬂ?
field | ocations, the entries and structure of the
task priority table depend on the particul ar

if theptermpticaicsitias Ppridrifezriite San theipiasa tisk nhe tddkeardtt t abl e
entry shown in Fig. 5 has been described in the

infeRiitddao Beiice ME indhRp(C As Breh ilt@8ipChavingla WevieH level dghd] & that
types of structures can reside with each I ndividual -

of HeQeR&as Qisk aloMit tA intbrift B BERif af@hdd YrotBartwathtanéeds t he
task priority values and power state values of each

priditySask & noddi1sMle. | Ogi cal processor available. [0040]
Figures 6A-D are flow charts illustrating one

[0839P o d BN 1teRfitive RPWRRet! B BPR fisld 3088 bEBSHREed R'hold an
distributing interrupts.. The flow chart of Fig. 6A

ovbrbll PSiber 3hPRskt ﬂ'ﬂfon%‘ vahle frbiR Wiikch TR iRR Gt Qfstrﬁﬁﬂﬁrlo$$ E}&Alte

aware interrupt distribution of one enbodi nen

vl REKhenQBchitd or SHSlesidt. | AdhH the feliofis £xERHle in F2SS are

system conponents exit reset and are initiralize a
. | ; ' :
B B oD 2, B 10 S BIPEI S
kA P RS PR B ER g
1l G S OB B P 8 e A 0L e B hlbPro i
yst €m devices Tor proper operation: |n°one

R SRR SR S R ERER G i
o VB S BEAEEME c f

e threads on %@ unber of |ogical processors or

mul ti
Phﬁﬁ%%’f logical prasesseray ores, if available. At bl ock

5, the systementers nor mal operation. Durin
0080 e IgQres 2 &5 EPy el ,%ﬁlé%aﬂﬂis (e qyhodine fogaaper st
appl i c %ions,and_ 18 WO 2004/ 061686 PCT/ US2003/ 038612
awary Wethad fog disteibyting iferruntsy Fhetleyy chaieor Figs 64 ilustraies thohigh
priority and power state of each processor is tracked
levelmegod £9¢ peper. stafqvsvars ipterenm gisimtion f pugsnbedimeat iAd glock
i nformatjon about task priority, power state, and/or
6025 the sxstenyis steredaupa regelr o gystem pernpanients el teset andgreinitialized
rocessors. At block 630, a check is nmade to
at bipsk 610yi Exemplaef sish system compenents fite. procpsenss. shibwt cetieynl/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
18
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5 received. If no interrupt requests are detected at
bl ock 630, the system continues normal operations at
615. [0041] If an interrupt request is detected at
block 630, chipset interrupt logic handles the
qyest and determ nes where to send the re? uest to
‘Wﬁ 040150 ci ng. Based on an anal ysis of f&EE/HPN03/038612
i ncluding, but not limted to, the task priority
val ues and power state 10 val ues for the

syktef it AR PPy Rt by Med9 868 0Tl task ol bd fowat sthio 6f dach
sel ects an appropriate processor and conmuni cates the

prbd¥hsRf & etBdked SBHIRE 620. TikS trh@SipRb@ Rtlups QERHEROMIHAAIh GBSt
the interrupt request and then resunmes its prior

tadkGhioMiy! poRer s'ﬁte, Rh@6HachiS stalIF MBIous MSERMan@BEbAE hioBssors.

continue at block 615 until another interrupt request

Aﬂ biocﬁ B® e lchlk ls[xﬁliaé?d defehnfline RBethes afy ﬁl{eﬁ%ﬁ&ﬁ&&s ﬁa% sées r

ustratlng t he operations happeni ng during

reéeWe | b B &?&5 FetQkedit ﬂﬁﬁ( 380he @Eteﬁll cgﬁthlugs‘]ﬁbnnatl he

tas prl orit gl ster or eac pr ocessor

bididds 2 d1&€d- The chi pset interrupt handl er Ioglc i's
0pIlg'so |n|t|aI|zed at bl ock 612. Each processor

[o(fﬁ]lm"; 'Tfa?ﬁ%ggl?ug‘t kﬁm%f’ﬁ T(t&?éél%gblﬁé#h h@;@c!el’zxgt%lf'&p?fog.kh&diéée
ol B ohd RS %ﬁ?‘%%é og%i%eﬁtf&?*%ﬁ or"lﬁﬁ%-“ﬁﬁ%e it er
g'; erf?acf S \Mc]&ﬂn Bﬁt%% Cth %%%Esﬁ( ri 1%?%211;1 er sta{éed

s

p r | ower s O r rm | on are
wh th t | |
Va*é%gka@%%1°§1°5§’5§$°33@§%6559&” V%E%ﬁup?lﬂ 23 ‘T%fw il Sfft*ﬁ%fe ool

Cill strates [ reat er det .
progfaspand BirRiniirn Fhs HoFeatests dbp o mERt BPRT seigs the
bl ock 620. At bl ock .621, the.tas ister in
mf?rﬁ@t S mtseod fen s TERS 8 PRty AP 4 Rl ohy Mol SR
and a pome val.ue. For one 25 e odlnent t he
OPGrafioRs eAnfigye;af ﬁloa‘eéﬁé‘?@ran%ﬂf‘% reTpbieauestF tRiscted) b anot her
errbodl rrent the 19 WD 2004/ 061686 PCT/ US2003/ 038612
[0042) o Figa§Reis aiflopeckart furthgrilfusirating theogerations sapppping dyring the

anot her enbodi nent, the task priority register stores

initipliggiion progess of tlecki$4 ot Werkiobt. thaaskpeiarity Tegiston Sy cadis k
priority and fomer state information is comunicated

progegsar ifaniginlized eThechippit igruptiandlatlogi¢ ts@kso ithlizedns blopk Plet
| ogic saves the task priority information into an

Eachproogssersomgrvaicgevitsdesk prionity and poavskstite fotherehipsehiogic at block

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
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5 table. The chipset of this enbodi nent can track task
informati on for a nunber of physical/l ogical
processors in the system Each entry in the table is
mapped to a specific processor. For this enbodi nent,

t he chipset |ogic also maps the processor task

W84 t 0 a correspondi ng power state ACTVNFERUEIY.
The power state infornmation received fromthe
processor for that task is saved into the task

valuBd & §5red BQiffeAll Buistdld. [HORAfothkl @nbolifidehs the tdsk pMorgar t

illustrating the activities at the chlpset | ogi ¢ and

re t&%ﬁf’é Qe IR badel bf bt REC THE S thsk PrRARI ME Povidr state
| ock 630 and serviced at block 640 for one

infSR R0 ﬂ%Sﬁmﬁlﬂcaﬁé&% 1 SRIFRE at bR B2, %blo@@ﬁ?ﬂt fe Shipset logic
enbodi nent, bl ocks 641-645 and 651- oécur

saRE et F rﬁ§ infdGatfol S i enhﬁ'ffblj the ﬂ%o%gslﬁr iﬁ%@asﬁ %ﬁ'ormatl%n

genera appen at a procéssor.” At block 641

tabfd) T ‘é‘ﬁl{} et G i odin%ﬂ 1:%1.‘{’%61@%? :&a‘&ﬁ‘?ﬁ)&%ﬁﬁﬂe&‘ Bf

priorit priority for

ph%?c% Eﬁﬁf’olﬁés% 3B {kh&%ﬁ gsﬂ:ﬂ en%{‘ﬁ g%‘%%ﬁéxs%’ggée% a& Qgpegﬁﬁh
%“qu’g? f:lﬁgodn%e%g%e c;h &]@g?% uﬁ] g[ﬁ% ocg oerrta?sfdllp)ﬁ t%i[o

eve[ pse
rvice.the.re uest at

a°%§°ﬁf§*&%8§g‘ﬁ% SEERLSbok B, %P"Wsaﬂaet%inf%l PdessPsd Efglei‘%e
ngffsg%fﬂ%ﬁ?@??éwggﬁoctgéﬁﬁf B EHry o note 20 the
[mvarer péqgrl rl%%bﬁ%ﬁ“@%%&?%&%Fﬁ%%ﬁfsgor gf.hagdllng
PO e SR SO b ree B Bos s%’rb% %ﬁ ok w'}or

there is a task currently in process.
ong ggbogigept 05 fhie Bresqny, Nyt ¥%rth1§ erakodisnegh é@gl@rﬁ‘*ilsﬁ“% ﬁﬂﬂiaﬁséu
with a new r|or|t val ue. For one enbodi nent, the
653 qegW gsmqr%%a e @msmzwmc e fr6-65%ecnaralinhappensit 2 progessarer
| ocation on 25 the processor and at the chipset. In
At blpek G4dy theghingefiiniermipt logis determires he inteirepy paerity.y Thelogic 20
WO 2004/ 061686 PCT/ U52003/038612 nenory structure
cheplsithet tagkypeigrity Jortepah pogressen 4t hipck ¢4 dhe pewan pldtgtfercbachat
bl ock 649, the processor services the interrupt. The
progassoe issiéso chagloadi af blogk G483 Badsil ps an algaritiph thektalgs dntefccoynt the
conpl etion of the interrupt service request and
taskypidatydsvel dnd tierpowessae, theablpsqp intaript lpgiv sdlects a mwocesshaty of
the interrupted task. The chi pset receives the
servigetisy request aCldoghl 6 amdsendstihd inteatipt @equest th 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
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5 the restored task priority value at block 651. The
processor info table is updated with the task
priority. The processor resunes the task that was in
process before the interrupt and the chi pset
VQ?@@hﬁﬁﬁf its operations at block 652. The chipset
fies the requestor of the coanSFPH 0830386k
interrupt service request at block 653. [0046] Figure
7 is a flow chart illustrating another enbodi nent of a
mémdri stehicfued miitginedly thy dpeREROIysPR Mpdstd AC blavio649, the
distribution of interrupts. The nethod of this
préveksotdervigel the Sntertup I TREProt&Sbr Wbiiffes the @hipRestdldch §5KByITheE M
and operates via various control signals and
colnPRESrsTitheGSrrupk Fer@8red¥RtlaBdBIHaRS 11O Procdsior PSR poritH vahsead
to translate or comunicate the control signals

th4d 6f the Biferfupied REL 'THE ERpRN@cdiaE dﬁ%&r@p&m@hﬁeﬁ fotifithtidalafd K

702, the operating systemis started up or reset. The

the @i PlablOFriokiy vRIE bl stk i681. TR pRIEGES AR ablets bRl WRhiRN
table that is nmaintained by the operating systemis

task Bibritdt] THSHoRlsobQGs H10 hsk thld:ﬁ\'rasiilgl%rﬁce%ﬁ% e ﬁ}fterg.?t and

mappi ng between task priority s es and power ates

the cRips& Shiftithds 38 Sﬁ’erﬁ‘fi}n@% Blokk §$30 Thd DipskOunds ngfi]ﬁégrtﬁet%%uestor of
entries of thi's enbodi nent 1 ncorporate the processor
I ' it : t at I

toleBiolbl ikttt W M BUACAUIELTT o Bl ok 708,

OR8] SORSKA RS ROA D cfRSAARR; 1 bR AR

tracks priori
i Mels] . j L he. t {
prof e B e B R i AR el b1 BbefiT b
. t o whet I nt { L h .b
g S e e v it el Q58 i wpRRape g
. .| t. ti ti t bl ock 708. Us
RN T T
confsigns PR e iR and Bafvsorbinsady, 435000k 20 Mot on.
At. bl ock 716, the operating system anal yzes the task
opefating systetyt is ffried ypar e -aa@f Prigigty spitiey 1p e presessor _
mfPCT[US%@g%/03861Z val ues stored in the informtion
EmpIo 130k thet xmaippisedhydbe operpting systemds initiglized ot lpskat04.
bl.ock 718 selects a processor with the appropriate
For this epbodimenh 3 mapripg bebyegp éask priasily statesand pewerisigtes s upt
request. For one enbodi ment, the appropriate processor
estaplishedt bipgl 70y Tihi task priguify entrigsiobihistepbpdimpntanpgrpotate the

hi ghest priority state. In other words, the processor
proGgEson takpsiority value and processor power state value into a single reference value.

[0047]  Atblock 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
cont—inues at block 708, User applications and system tasks continue running, But ifan
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
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5 mninmumtime |atency and m ni nrum over head power
requi renent before a request can be serviced is
chosen. [00481 I n one enbodi nment, critical tasks or
high priority tasks are typically not interrupted to

' | ower priority interrupt. Simlar| a
vﬁf@@é@i%? that is sonme type of sleep md@crf%@"{%’ﬁgﬁz
undesirabl e candi date to service an interrupt request
because 10 waki ng up the processor can be cost in
vifues sered in thoinforpatumriatdnidr éacinprocetdor.bTleaiperd@i}; syftérm at block
interrupt request is comunicated to the sel ected
Ti8rsele@ssmoedsar wik theiapopribitribaty landpivaer btk to RAtidelthd or
that processor is updated to reflect the priority of
intebreptirstjuedt.r Bgytond @ahodbient the Apeitiate plabessdie oheHadiah the lowest

processor receives and handl es the request. At bl ock

pribzify; tadk@d D @lghést PioritFatat. EMother Werts, kie@rbcedsod With thequest
conpl etion. The task priority entry is restored for

minfurd BmP eaSs6E midinull Rekead pOwerTOiuireeht BHBR QI rBRAd: canttRe

i
processor -at bl ock 728 resunes operation with the

sebvell istcheden.Was at hand when the recent interrupt
request was received. [0049] Although the above

RSP Ao, e BEGLS TSR B0
kB9 e Byl SARGE SRS, Bk Do RSB e
SRR 48 G 00 SRS
s Bk Oy RIS GRSRE B e

ance, a co rogrdi
R VR o S e S A
ent b oo R BB BIR = BRORY aF R Rl fn o ek or
' f dabl e b ' o er).
T2 i SR RS P e A R
d 22 2004/ 061686 PCT/ US2003/ 038612
syl o eqlise Sl herRRy o e FSngd i e
roisorrabBOS G Bt Pmdieng i eisocit blagk TIFBES of her
forms of propagated signals (e.g., carrier waves,
OPﬁfﬁPPérfﬂfgahest?Sgﬁaf was g hadpvden e gepantdntergipt refuest weseseIved.
Further nore, enbodi ments of integrated circuit designs
[0049 5 cAlhaysh the abgve gxammples describe the inferrupts handling and distribution

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
Ithrough a computer readable medium such as a floppy disk or a CD ROM, oreven a
fransmission 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., 2

computer). For example, a machine-readable medium can include a read only memory
2
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5 present inventions can be conmuni cated or
transferred in electronic form For exanple, the

el ectronic formof an integrated circuit design of a
processor in one enbodi nent can be processed or

‘v@ﬂ) red via a fab to obtain a conput n
n gﬁ%&%ir i nstance, an integrated circu??nggﬁﬁﬁQ?%
el ectronic formcan be processed by a nachine to

simul ate a conputer conponent. Thus the circuit |ayout

(R0 sanderd Aevessaeesiogn@® AM), mh@enpiicdiskstwags nediasapieal storage
enbodi nents can be distributed via nmachi ne readabl e

medizl iflashememory dewtices)iaadleledrioak optichlogcofistioalioe athérdomispf 0 a
circuit or for sinmulation of an integrated circuit

prapagetad sighals(e.g;, e sedeshiyfraedsgialsndigita siphilsatiey a
processor. A machine readable nedium is also capable

[0650] st diurthgndat embodinieas@ninteg@ied cREART dREipRsR sechbidhtt Wih She
in accordance with the present invention in other

presehydnkientivnk 8an beombRbidated of trhideerle@ QRO c SRAC Foisatilgn,
the invention has been described with reference to

th glextiohic Eorfxe® i tnbigyatcedEREOM JIEIBY F alpA@e 6 in ohd erd¥oliiment can
however, be evident that various nodifications and

be@RRBGESorTRuRe B IR atelbab 8Rhin Websuidr ¢ htl Barofi@im t he

broader spirit and scope of the invention as set
inft@id, Bin infegt Rl ABREASRA inCledirdife forh SanRGrdckdsGPly ARaching to
drawi ngs are, accordingly, to be regarded in an
irhd] ' r . bGEAd 3 WO
sl LN S THU S ARl fpifoffisnd? 1O
précdssors in HIERIBOHAMERIRN be lﬁ@@butéc?ﬁ? gt r%cfaﬁg gﬁfﬁw or
state information froma ftirst conmponent and second
enOAE] therorhafrida bRl dr b fhu iR B RIRRA AL
receiving first task priority information om sa

- i . ~ k . . f .
o

secona“conp ;
o S P S B B PRy e

nd.. 10 opents to determ ne which conmponent
pﬁ%%gﬁW%“% ?%éﬁé&%ﬁﬁ%#@*ﬁerrupt request ;

[0051]  Inthe 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 iltustrative rather than a restrictive sense.

23




sel ecting either said first conmponent or said second
conponent to be a destination conponent to service
said interrupt request based on said power state and
task priority information; and communi cating said
' t request to said destination conmponent. 15 2.
v%ﬂgﬁﬁéﬁﬁgd of claiml further conprising §F3WFW&MQQ?H
first power state information in a first nenory
| ocati on and said second power state information in a
second nenory | ocation.CIAIMS e net hod of claim?2
further conprising storing said first task priority
Whatiselameddn in a third nmenory location and said second
task priority information in a 20 fourth nenory
1 oc & meihoed dompFsiegmet hod of claim 3 further conprising
checking devices for interrupt requests. 5. The
met hewivirg frbtpbwerdtafelinfolietion foMm&ifed: BempoRca bhd\@cd@ Yoker
state and task priority information for said

5  deisteiinfarimation fronpeseeid colorieif; | ect a task priority of
said interrupt request. 25 6. The nethod of claim5
f ur trdveiving dig kss prigity Bfohation GoRQhidiind 3bhReR find RbEHLP!
24 WD 2004/ 061686 PCTI US2003/ 038612 conpl etion from
spiidtitgiReh sddbdcont coppRRAent . 7. The nethod of claimé6
further conprising restoring said power state and task

Pr i evckibig bt @ipHrt s kol 4Rk doflESibt AkdigY component to

val ues that existed prior to serviclng idinterrupt

" e ueRlatindpdiver #8 alhR Yoy i beflalldelfol %5& ﬂgtgaf.rg QIBId S1ng

i nform ng said device of said interru
R e
EERSMESAE, S47 rRRER T o e PR SRR,
HIRPLAhLS S&ngak(ﬁh{ég’ﬁpt request based on said power state and task priority
informaﬁon; and
communicating said inferrupt 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
- 2 ' |
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interrupt handling logic coupled to a first set of
signal lines to receive an interrupt request, said
first set of signal lines coupled to one or nore
devi ces that can generate interrupt requests; a bus
i@terface to interact with a bus coupled to a first
VEOHBEEE and a second 15 conponent, whefSTASVLY8612
interrupt handling logic is coupled to said first bus
through said bus interface to receive power state
corpifigdionfivingaiddestingtim lcoppdnenti ty i nformation for each of
said first and second conponents; evaluation |logic
Tcouplhethethadl df laitnes fontipt compriging RGtotingiatd poResRE BN
said interrupt handling |ogic receives said interrupt
priesitiermativaifet seid dbstiadtion Bordygb® td walded thaMeatsiathiorkd s RYR
state and task priority information for said first an
sagboemaptemogsnent s to  det erm ne whi ch conponent shoul d
service said interrupt request; and selection |ogic
8.coufihethethod Sfaildim 7 \dthéAdonpRsih®Bdming <28 U&kde oF lsr%@ﬁferrﬁﬁtj d
first conponent or said second component to be a
coghpitiomat i on conponent to service said interrupt
request based on said power state and task priority
9.i nf ChemEth&Tof cBiin § JherbiGaid BRAKAT H&n&&oﬂ?ﬁoﬁ&:{ﬁ alrg‘arr dLther
conprising nenory to store sai d power ‘state 5 '
10200#h O R&of / j [ nd said
t ask prioritEﬁgﬁ?ﬁéﬂggfgﬁﬁ?%%“@%@ﬁﬁ%QaggggmﬁF?%¥yand

Ioﬁﬁ@@aﬂ1mﬁgﬁmgﬂﬁghﬁmﬁg iof ef erence by said eval uation
l ogic. 13. The apparatfus of claim 12 wherein said

115€! &k bRl Q@hfriskg. t© further communi cate said
interrupt request to said destination conponent for

et . f i m13 wherei
oo Hieflyianding fogic FGIBRPRER} 7 o3t Rt sscstings iiepat o
n for said .destination

. Lty i :
Q&ﬁcgf,asﬁﬂﬁ fidt 5& rofé %%nea!ﬁnegcr:c{{lg I ?opc}nle &F 111913; degfesgl:g; ¢an generate

_C omponent to r .
igbfideavest. 1o The apparatus of claim 14

octtnd By 0Bl £ bueyouged thein spapatentgnit oo m

é‘cﬁnﬁ%@wﬁ&,%h&re%? éa‘ljd hsit%}rgpci:: Lzlm%ﬂngl I%giic c1':s ciogpltec? tofsgitr:l tﬁlljs? Ir)usrﬂ?rzltlg?lr ©

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 ¢laim 11 further comiprising memory to store said power state

25
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power state and task priority information for said
destination conponent to values that existed prior to
servicing said interrupt request. 17. The apparatus of
claim 16 wherein interrupt handling logic is to
further informsaid device of said interrupt
EOIPI%I®On. 15 18. The apparatus of cl aj W?E%Um@(“é’f“hz
said first and second conponents are processors. 19.
The apparatus of claim 17 wherein said first and
infrmpatiod andsapiadiisrigidoinatiaafdseath of RidTwthhd debsRadi ng
environnent. 20. The apparatus of claim 19 wherein

componbnsfpratiatetic bySaid ceiaf&tlogic. 20 21. A system
conprising: a bus; a first processor and a second

131 0q8s §Phrafi dIAmLIQ vhalefh sﬂﬁ%éledﬁﬁ@lo?fc 1§18 Ry nfiinicate
devi ces that can generate interrupl requests, wherein

- safiidhtSrupt RGeSt dRAid HQARRIDA SorfrRBM: fR sk Cce from either

said first or second processor; 25 a Chipset to handle

14521 dhi ppRERYBLCIHRIYIRESin 3@ sdechb BRgs tggg@@%dgggﬁgégg

systens 26 WO 2004/ 061686 PCI/ US2 .
stad vd bRk Sddrfly FkdrBboA st SR SR RR Qﬁﬁeﬁ@ t%0 re ?gﬁésg%%&i

chipset ' is to recelve power sta ntor ma

of bASHteR{HiQkduby, | Nformation for each of said first and
second processors, said chipset to evaluate said

. For i i .
15P ot T G A0k 8 i 818 e B R e o
I n | it . dai I nt t t , d
o AR Alon SR S hblei T R ST e Bl popri, = "
' d. 1 ' |
167 P or Rt 1o PRI PR EIn l Biherios
I.0f i.gn..22.. Th t f .claim2l wh [ id
po e e o i s S P prdionrid q toes Bt o
exigt%d' vggr.stat. .nformati on and said task priority
PR S PRET S MeS P SUTHPHEI%st d first 10 and second

conponents far. reference by said_evaluation |ogic.
17, e appara%us o? claim {66 where?n mtc¥rupt handling logic is to further 1%form said

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
26
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23. The system of claim 22 wherein said chipset
further conprises logic to update power state and
task priority information for said destination
conmponent to reflect a task priority of said

' request. 24. The system of claim_22 wherein
v@g%@h%ﬁgéset further conprises logic to t PSE Sﬂ%@g¥“2
15 state and task priority information for each of
said first and second processors. 25. The system of

C |davicns 21 taksaid i sharklaband lopsets, WReEh a8 cligdet & tdddven of
conpletion of said interrupt request froma processor
s gbeatsatt ihformeion htFtaskdiickity MG At fof QENEShid f28 andld36ond
system of claim 25 wherein said chipset further

C Qrooeske€ Saill Olgipset fo @val@d @id@owar sthie AQAWRE pSdrRy BifdRGtidn3Hén
priority information for said processor selected to

S efi integrptaeudst 2 edeVe® bkdURtenhi8AE QAlch ?Pbc&s@&rléﬁéﬂﬁ lice saig
existed prior to servicing sard interrupt request. 27.

Theer@ysrt @@t Odnd Gl st HPRE Sldbts %@ie@ sdid fi¥ praQsor @r%gfgd

processors are each nulti- threadi ng processors.

ThRoiS3caifotb s6vidé (iPRquthiBhel Bn d forlek bh oA HISRRART

processors are each processing cores o
MReiHn&ion2S 29. A machi ne readabl e medi um havi ng
enbodi ed thereon a conputer program said 27 WO

G e

stdf?@ém o .fe%te fnﬁff&lidt\f’cjn%g? gaiiac{ tggk éﬁ@%ﬁéﬂiﬁﬁ%&i?ﬂ }‘02 ff%{l g)?ga%do kst

roma ftirst conponen n powe

anli Elafc@{dm&'g?:{é%s"f@g}f&eﬁc%% g%d ﬁ%%ﬁ@@%b receiving first

task pri or nat first conponent

d Sopriority. f id d
738 onBRraaRH of 83 27 Bl st S Ratmaes Sbfeamentit

vi.ce for. servici.ng; .eval uagting power state and task
PRl B P e it PR SSepnedermiecta ok
ﬂéqggpne ts to determ ne which conponent should service
PHIgY A SR BT U *%PShuest ;. sel ecting either said first

conponent or _sai econd conmponent to be a destination
24-10%&?5%% clgig 22 ShereReaid shiget Rirthercomprisee [paisde tragk pever

on sai.d power_state and_task priorit
state andq task pri%nty information for each of said first and sec?)/nd Pprocessors.

25.  The system of claim 22 wherein said chipset receives notification of compietion 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 fask priority iﬁformation 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 corputer program, said
' 27
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i nformati on; and communi cating said interrupt request
to said destination conmponent. 30. The nmachi ne
readabl e nedi um of claim?29 wherein said nethod
further conprises storing said first power state
i@fornation ina first menory |ocation and said second
VHOttEYIPe st ate information in a second mEfbl§R003/038612

| ocation. 31. The machi ne readabl e nedi um of cl ai m 30
wherein said nethod further conprises storing said

corhputek plogi@lh Hefnlg@kdclible BY £ MARkine M pdfora a hittHod cORIRng:

| ocat1 on and said second task priority i nformation in

a f Qweivﬁhgflﬁﬁ%bweﬂ sBEAhfoRRhtion Fom &8st BRAIHNGR 2 FREHM pEwer

medi um of” cl aim29 wherein said nethod further

C QiR i SE Mo forh BS&khd\@nfiE¥eht es for interrupt requests.
33. The machi ne readabl & nedi um of claim 29 wherein

Sl QedRi At badk bittly GRIFRAoR Fom AR OIpRONRRY SbiHaTask

and task priority information for sai nat1on

CRARRPRB s4if secbfif dofifpbndiy L aSK PrIOTITY of said

_interrupt request. he machi ne readabl e nmedi um of
| ai m.: ' ' { f [ 25
Feocyteltg th ietp el B i P BBBR P07 Fom

[ ' [ N . 2004106168
e UL B s SR Rl e R B B astpitn of
al.d_net hod ther c

L34 B0 B TR B SRIBE e
L B 63 o i ERSOTRRRER e by b

request,, 36.. The chi ne readabl e di um of cJ aim.35
PG o 3yicr PRd IRea Temb Ao o BRSNS a el prioniy
prga%(flasso_r s., 37. A nmethod conprising: receiving first
pBIREPAUORAE | nformation froma first conponent and
second power state information froma second

co catingsajdpfermupt seapsst g said deskination spmpopertal ue t o

said first conponent based on said first 10 power
30gt gihe m g Fp&tiqbgﬁf’nedlum of claim 29 wherein said method further comprises

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 locétion 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.
28
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assigning a second task priority value to said second
conponent based on said second power state

i nformation; receiving an interrupt request froma
first device for servicing; evaluating task priority

r said first and second conponents_to
%@%@ﬁ‘fﬁl%g 15 whi ch conponent should ser vitcHUsppsse12
interrupt request; selecting either said first
conmponent or said second conponent to be a destination
3& onXhi @dathikeresRAbNY iR SiuMmal flainl B4OK et safEERGE fuliRs S Ries
said task priority values; and communicating sai
rebiotigy saldPowsragikemtl tdsR pSctitflinebsktion 364 s0id dERIARAABhpondit to
The nmethod of claim 37 further conprising storing said

vifhiek that EXDEbd PEEOD BertioM)s sai@BicRlhtQéqubs, val ues to a first
and second registers. 39. The nethod of claim 38

360 eIt hafiietelame fneﬁﬁlﬁtoﬁcléiﬁlfsgfvmaiéirpﬁim&%& seGongd Power
state value. 40. The nethod of claim 39 ereln each

coRPhRntsStdifeed@lsUe corresponds to a task priority
value. 25 41. The nethod of claim40 wherein a higher

37pomrm§5@t0%méggiﬁ% corresponds to lower 29 [ WD
2004/ 061686 PCT/'US2003/ 038612 task priority val ue and

I . : Lah t ask
| BB e L EPREO Bl Ao

g%?%hwﬂ %?Selé@l‘ﬁ’t%gm Ask. priority value is nore
to :

y sel ect € sai d destination conponent
' LNt t th 5 t.
corBamting & Pl kiRl R ymper pariy B e .

%Péiaté’ilfo%ln%c{al 42 wherein said first and second
onponents are a first processor and a second

tively., 44. Th thod of claim43
oF SRR sk SBRE Pttt o ppidsetpirEeonpou i e dar i o
1Bl Sowerr%%{eslﬁfgrrzﬁaﬁgg;

receiving an interrupt request from a first device for servicing;

evaluating task priority values for said first and second components to deterntine
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
sfate value.

40, The method of claim 39 wherein each power state value corresponds to a task
priority value,

4l.  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 fo 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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