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WD 2004/ 061686 PCTI US2003/ 038612 MECHANI SM FOR
PROCESSOR PONER STATE AWARE DI STRI BUTI ON OF LOWEST
PRI ORI TY | NTERRUPTS 5 FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates generally to the field
of m croprocessors and conputer systens. More

P 2004406168¢ | v, t he present invention rel at eRCTES2@3/038612

nmet hod and apparatus for a mechani smfor processor
ribution of |lowest priority >>

PP ‘+ r : in
- RIORITY INFERRUPAS, it er s
creased the efficiency and productivity of
Eﬂgggﬁghiqiyigﬁggiggpectrun1of prof essions. As the
and owni ng a conputer continues

%@ ﬂrogb nor e and, nore consunmers have been able to
oL SRTEssRidnveRtigrelafes geporallydfo the Seldiof pigseprepessors and
Furt her nore nany,pe?ple enj oy the use of notebook
CRBRHiTE Seians, dlose ragioglerly, fhe prosent dpyetionmilatesdo a aeihiod ands

al l ow users to easily transport their data and work
apqatatps ey meshanisi)r predeeser ROVeT gate pease distribytion of lowesipgority
.scenario is quite famliar wth marketing staff,
WS at e executives, and even students. [0003] A
phenonenon has occurred with desktop and
SENROUNDORIHE INVENFIGNwer desi gns and features
devel op, the conputational capabilities of processors
1983t i nbemputes sypteowhessepecvanstinca¢abingly Gomgsive dr ol esiagn sTHeor
both the nobile and desktop arena are gradually
Piepagsing ¢apepilitiseaf wmptitre haws dncodasathibhe dffidancp ardirproductivity of
mul ti-threading processors that can perform a nunber
workera pipd Wil specinsn efiptofesaiohs. aits thdw@sts afmurdhbsing anSowring a
systens are also being built with multiple physica
cqupoee estinges (v were, and ereuonsumeisdgvelteen dbfectd €6 ediantage
conmpute 25 power also includes real power costs. In
ofoiewerandfisstismadhines. (FevibermoRaatyipeopidlenjdy thd s of ndl@ehi nes
becones extrenely | arge. Thermal considerations can

coalpstersthecaseofitivieedoat tMobiie cartigferOllchiert &) calilyaRasiPoRt their
with power. 1 WD 2004/061686 PCT/ US2003/038612 BRI EF

dabEn@ R W KINhédr aslitiEy 18R NERe 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 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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[0004] The present invention is illustrated by way of
exanple and not limtations in the figures of the
acconmpanyi ng drawi ngs, in which |like references
indicate simlar elenents, and in which: 5 [0005]
Figure 1 is a block diagramof a nultiprocessor
duhPiesrtsyst em fornmed with a chi pset andegronesssse
that include a nechanismfor power state aware
distribution of |lowest priority interrupts in

e enhodi AE of the present
' NG a bl ock diagramof a

OTT, OUU O
i - e_processor. nodu and sociate hj pset,
b T oA oSt o8 e e s ot n
A Bl PRGBS Rl s
| ti-threadi,ng processor and associated chipset that
%Q@ﬂmﬁﬁﬁggﬁ@?ﬂ%r embodi nent of a power state aware
' rrupt chapismin accordance with the present
ﬂ"ﬁ% nt ﬁ@ﬂferfléeggfk g ef aylfiprgesssor eemaputes aysipitofomaed grith
power states for one enbodi ment of the 15 present
3 CRIpIhnd Prpeessers dhgt inglpdy araechanise far pyweg ptatepware dissibuticnof or
task information table entry for a chipset of one
losvesi PEpTHRY ARterTyDEsGn pgcodanga itk olsyenhodimentraf e pedsent inyention;
il lustrating one enbodi ment of a power state aware
[008¢1h o oFigese 2 3 bloplpdirgrany of amuti-cone processordng@Ole poddsideiated
Figure 7 is a flow chart illustrating another
cipgstibtinchnde ene embedinisnich f power lete aprrsdatssipt mpdiamism of the e
aware distribution of interrupts. 2 WO 2004/ 061686
PRET 1082008/ 038612 DETAI LED DESCRI PTI ON [ 00121 A
nmet hod and apparatus for a nechanism for processor
[86Tler Hewned innbloek diahran of abmilfi-tmeading Ipmosessr apd bsddidted
interrupts is disclosed. The enbodi ments descri bed
clipseighat inchide ambésc enlipdineniofta ipewearatitceatardifiteftuyg et eliagism in
pur pose m croprocessor and chi pset, but are not 5 so
adeondancevith ik presentimvérdtien;f ol | owi ng enbodi nents are
described with reference to a processor and chi pset,
[00@Sher HRimrediilimirites the grocepal povabligted for SeRfibodieR St Ak
integrated circuits and |ogic devices. The sane
presenttimiengioas and t eachi ngs of the present invention can

[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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ti easily be applied to other types of circuits or

sem conduct or devi ces that can benefit from power
nonitoring and i nproved interrupt handling. The
teachings of the present 10 invention are applicable
to any processor or machine that perfornms interrupts.
MEO90061686 t he present invention i s not |inpdragzi0808s12
mul ti - processor systemor nulti-core processor nodule
and can be applied to any m croprocessor and nachi ne

A E - eading or multi-tasking can be
-pe%@%@l n the follow ng description, for
BEP 2 R PAPRARY: pPBoR S iRt LS
er st andi .0f the present i ntion., One o .

il ey ity it e B e v bbsdieein
sl srORISE e U AT DU ET LR Hpoga e no

i Nst anc ﬁﬁg£6|l Fnown el ectrical structures and

S HIpited: r“i the feflowgsinbediments are deseriped Xith referenge it ai |

in order to not necessarily gbscure the present
Popgsens endhipsg optien erabadinmeaés arpapphisable énathe: benefietegreted t o
processor and application parallelism becomng nore
CiEruEs a1 dogic deNigepy %@?Wﬁ@hﬁlﬂ’éﬁs ehdiedchingsof fhecprgsed invartiongry
turning to threading as a way of increasing overall
eagilsheapplindiie ofherdipetof civeuity opgrpti¢ondicton deyidenthat cah bafit from
threaded, split into multiple streans of instructions,
PevesT aritoriag endimprgeedifterrapt hanglling. The trocidngs o the present
~Multi-processing aware operating systens can schedul e
my¢pgioware ppndicable t any 26cegsar et rhashinpthetpedein intarmptss SHowever,
mul tiple processors wthin the system Furthernore,
the pressatiinvedtiohds 2@ Gidited bGS6ul RETcLISR BRBMOR ML E-cotk groetssor
paral l el i smcan al so occur on each processor. Dual -or
mopdwletand cprisepplsil hpog pridromatesonad machihden waliictamuidfthremding
serving, search engines, security, stream ng nedia,
or anidti-tsitisdas bsperfoomed. exanpl e, can take advantage of the
i ncreased processing power of multi-threadi ng and
[00d3] t | -Ipthe cebwing dewtiplivnefor piytpdsenat exfarhiéd] Biméebe shacp® of
mul ti-threadi ng technol ogy, such as Hyper-Threadi ng
detaitcire odt g in oridér t@providen: tbrovpinuldesaeBipsors frésedt ifvRaeinng
technol ogy (SMI) where multiple threads of software
Orpbidinatyi sRillsn ha Brt,/HdWe ek, il baRaRsthit 1R85 PBANPIRER S%GHot
This is achieved by duplicating the architectura

necebdakyein Ofle£® Gricie AR &sert invihtidne ISR iR &n QB SvetBkioRh

processor execution resources. The architectural

eletfiiad] QtriidhA&iaid biRfit! ha¥n@bedh Rf BAK APaRculb HeB A% 0rdBdo hite

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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10 execution resources are the units on the processor
that do the work (i.e., add, multiply, load, etc.).
In some nulti-processor systems, each processor has
its own set of processor execution resources and its
own architectural state. In nmulti-threading capable
WO W06 pBOCcessor systens, the architect ur actassaiosofson
each processor can be duplicated even though each
processor still has one set of execution resources.

R 35 RS el fbcns

ocess r s a s ate "l ogjcal ocessor,.. Logic
‘EB’B ob S iip Sk Shnes i rear e Jriodg databims. for
|cal processo such as caches, execution_units,
ﬂg & Rendpkediivaniiee of theinereased nrexgssing paver of pukisthreading gnd
physi cal processors, each | ogical processor can
W@%ﬁ@ﬁ@m¥ﬁmmﬁﬁﬁﬁﬁﬁﬁﬁs i ndependently. One |ogica
rocessor can track a first software thread, while

[9H8k hePrt pe efamultithrediag isphnology, sochas Bykerdhepading techmology,
softmare thread simultaneously. Because nultiple
it Hewnefsiamtenspnamilidhrending tepkrolegy (SMEL whiromultipls direasle of
one thread can use resources that would be ot herw se
softivage applicatiens ciyr ge siswianeously amopeprocassgr.oHiis/is ectéevedbead.
As a result, overall performance and system response
derdicating thermhiiecbual sEOON 63ch parcbasers whiteysharing oheret ofprodekser
power consunption and performance of a 25 processor
execefion resourcrse Thearchitectatelstatentidcks th faw off agmogim brtheead, hd the
i nvol ves the handling and 4 WD 2004/ 061686

- eRCTHoB20084 0B 8hhfils srethy protasgpr dfat dathewsrk fite., add) madiidy, by

processors fromdifferent system devices. In sone
logd; sty soine elti-prptessor &Gt teachapracessariag @doday set b p6cksor
| ogic. The chipset logic intercepts these requests
exgtudion edseureds Arbitvdsn@ichpécaea SRl i QuiditbtddidhgabldiBulti-
request to for service. In single processor systens,
piotessor bystefB, e Achikii@alGhitdPHLiach Bidcedsod tahlbe FuplRAGE bven Bitlugh
with systens 5 that include nultiple physical and/or

edclP GoCadsor PALDIEE SEOetof ckddBtidndSbuRbs. Wil sEHdMilink BRHAS tthe
di stribution can becone trickier as the chipset

opRiatiBNPEBmitRaETHe |s%jl9a1¥1% atdhRediiRaftes 04 each Bﬁ)@ésﬁdfﬁﬁ 2 sdphrate
performance. [0017] The advanced progranmabl

“JogidalT, dﬂ'réb@ismc %kfcﬁl'p}dééss&régﬂa@ neflFdll JRE tddbiReeRbh %é’?h)rfsflﬁ at

the delivery of a device interrupt to a processo

prbc@ssOR) 8hchlal BFhA! exEc!hﬁoﬁ NG Hrah El%ﬁl'cfoys, coqlgole}@w Anfoied Of

t ar get DFOCGSSOFS hi's DFOCG sor priorit

LikESH5it1 BRFeskdi@ eﬁéﬂ%gg ﬁg&&r n r Iﬁégn&t? rﬂxﬁﬁs%deb%lggrgg,

regrster for those essors. e1s
O Togithp o086 Bin thadfh ﬁ}sps%ﬂ:ware 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 improved.

[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
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priority that a processor is presently running at
represents the criticality of the task being
performed. The higher the task priority, the |ess
desirable it would be to interrupt that processor as
there can be an undesirabl e inpact on overal

Py Peonmsrce. Furthernore, by 15 directi ng Erw/us608n3ssipt
to the processor operating at the lowest priority in
the systemwould provide a better chance that the
et ' ' i & m ni_mal . amgunt of
SeRhdg df %Crmb%%ufg?b oddsst! IO\I’% %%?r%r&sys&s&n?v regt}_n some

wal t t1ne. rren
' f t at d
PR A R e o BABET BB pPeiioadodh el
] sl 20, 1 [ t hani ,
R B U oIS i PR P0 i Rl B et B ases 1

t e of sle state (i,.e., stop. grant,
szrgg 6)?%0 S0 63?/3%{?% hg{sp IS g35Y 88 tb%é:gqsﬁha:f el reet. Ja gr;tg gystems
whi ch

S ar get t. @ sl eepi ng processor,
4 PR PR oA Cbs Bl srosine. 4 thkRh mesemotreestor
| eep, node . into ap qperational node in order to
‘{’1%2"8&‘5‘ %aﬁ Becopp é‘?ﬁrﬂct?b s the ‘%&?‘3} Geeninie nEnigizsdeedmpagt b p
States ar desi gned to save power, by waking up a
PEEhiong® %cessor to performa task thwarts that
jectjve. As I ti-processor and nulti-threaded 5 WD
[@’3 / o@&%@&@@%&s&m@s%@mm cortealied (AR Qtarabitectise altowe
re, preval ent.'in both nobile and desktop conputer
f%d@ %ﬁdiﬁléﬁe BEprpido ® prepRssor theksis orerating atthe lowest priority
di sturbances of other processor power saving nodes
ARPRE? SEAT GRSt PrRgespoTs. cFhid gyecsssorpriontip datermined viarimoohtanis of
[00191 Enbodi nents of the present invention enable |ow
th taslo priqripy fegistsr fou frosespaessersy This festuteanbmed m thakeacept that the
processor power savings states into account when
PRstethaf ariirgrgssoiie presandly naeing atirepresentaifht crithgligSf the 1Y being
I mpl ementi ng enbodi nents of the present invention, a
Pesiorseass Joe higher thedpbipristitgghe lstsalbgrablh ftwoalitie e IntepupIARS S O
woul d be a less preferable target for a | owest
Pravesssr putyeré eande au ptdesigbledmpasar dveral pOE@BSMeS Fitthefh®E Dy
states can continue to slumber A in their respective
dirgptingpm dttertupbtowhet fraustsot otepifigigttthe 1bwatihrivgint 1 tRakeh would
power savings. 10 [00201 For some enbodi nents, the
proyider aiciterghays thenthe it pRoigRiIbe kavib@r witt hinahd hiud: Bwait
power savings states, also referred to as C- states,
tigehat processors enter into in accordance wth the
ACPI specifications. The operating system or system
{0018 ag €hmait imahiphddl@e {pchanisms 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-threade
5 : o
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choose an appropriate power state dependi ng on how
idle a processor has been. Al though a nunber of ACPI
enabl ed operating systens are avail able, alternative
enbodi nents of the 15 present invention can al so be
i mpl emented to work on so called "l egacy" operating
wopEmeisgend machi nes that may not be ACPI remdistoesiossc:?
Al ternative enbodi ments of the present invention
all ow for capability to perform processor power state
awar e,. | onest riorjity interyupt distribution wth
op e tions PO sl plohf bt bl Seski btiate? Bplians.
This can especi al | esjrable jn ol der ACPlI enabl
P P PR ool i O B PRSP BB PO 11
Referring.now to Figure 1, an exenplary conputer
V@%‘%@Vﬁ EUSTRIPE G FEOmEI)RE ERROTIBH: | ncl udes a conponent,
such as ﬁ)r ocessors 101, 105 and_chi pset, 116, 130 .to
(W03 oy Embodipsnssat &g present peeibion enahle dovanRarsy Blearptidgliferon
of interrupts in accordance with the present
seharpes P fasmproccRoR Pareer payineh eateinle apooRmvhgR deerminies Whsredpn,
System 100 is 25 representative of processing_ systens
S@ﬁ%ﬂéﬂew&t&F@r\nnp!m@m}nglembpdlmamfﬁmrysem,mveeﬂm
2004/ 061686 PCTI US2003/ 038612 |tani unvm and/ or
Piresseer STIGERE &eapsiatscdhangpether pragpiserronldhegress preérable target for
Corporation of Santa Cara, California, although
a lowie prienjts interipl. i Asel reslt ngocPiSers firsléen gtatss eaarcontinue to stumber
m croprocessors, engineering workstations, set-top
inldheterespegiite slbep skatck avithor ntertupolehding o deltter powersavings.
enbodi ment, sanple system 100 may execute a version of
[0020 WINDEWE: copediatentaghe dpemiisg systenisaedpatiitde for controlling the
M crosoft Corporation of Rednond, Washington, although
potehsavingopaesablsargfeayd foant-statdh| that arodeskorn enterfiio insscambdnes) |
enbedded software, and/or graphical wuser interfaces,
wittathe ACDspbéficstion. ThOograting eysfemen eysteni Mm@ pdmadhsofts/are@hn
limted to any specific conbination of hardware
chobse @t hpidpriate gowafstabddependin® 07 Bdw fdles fro@s@ihas bedna At owht
is not limted to conputer systens. Alternative 10

a BV MEBIPI Snabled bP@atiiE SRS atd W EINbiePAltefdtivdenbdsiednts Bf the
ot her devi ces such as handhel d devices and enbedded

présitlinGAlidnQ@aS alsodUTRipRMOATE 18Svofll or B REINAITEgAlOV bR Bing

i nclude cellular phones, Internet Protocol devices,

sy6tergd d0dlmaCHAR RS maP 86t O AAPT EHabled. AhltcdSativ S &rAbtdindnR oAk,
and handhel d PCs. Enbedded applications can include a

- préfeRiReRRRlallO i CapaBilith 18 birflm DrdBERbr poREOERS SPdre, (4RSD -

system on a chip, network conputers (NetPC), set-top

- pridA%SRterni}R HidPbtition with litile or no software modifications in older systems.

This can especially desirable in older ACPI enable operating systems that cannot be

modified,

C[o021] Referring now to Figure 1, an exemplary computer system 108 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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15 hubs, wi de area network (WAN) sw tches, or any

ot her multiprocessor or nultithreading systemthat
use interrupts. Furthernore, sone architectures have
been inplenmented to reduce power consunption via |ow
power states or sleep nodes. As the formfactors of
&M2B/06k%ec devi ces continue to shrink and RATASPESEILE12
demands of el ectronic conmponents continue to
"increase, additional efforts are needed to -conserve

5 0 RO 8l L AR 3 B
' t t f. d_.with t
e T T

interrupt, handler logic 1 ..107, Jin accordance wth
cteisoie Bk, S ot s ke Ay R RERA O™ <
described i.n the ontext of a.system.i b .
oS, S ot 1of P bk & v L WP WS Shereng
embodi .nent s .can he used with a i.t hreadin
sirpalBl SR brer e of Beedte Hrdebeodote: on
a 7 WO 20 061686 PCT/ US200Q3/ 038612 _ si ngl e physij cal
OpSFRiEE Stsms W@&Mw Oarﬁm&gf& f‘ér%agqﬂ]i Safhacs,nday graphica
present invention can be inplenented with a ]
uysEAnterfaces meay 358 O sehalhuaghsRrpsentinventimde pot dipited-tg apgspecific
packaged together _in a single nodule. System 100 is
combinaiiemefibardypregirpuity #dsefiwasdt ure. The conputer system
100 includes processors 101, 105, to process data
[0822) nal Bre prasent phgrcerien issnof mitediip sompmigs systens. AapaiErg
i nstruction set conputer (CISC) m croprocessors,
erphodimecats of the pregeant inpentiorean be g3egd in othey devipes@)ch as handheld
m croprocessors, very long instruction word (VLI'W
dayices asg ewbesildsbapplicatipnso Sewe enamplesrpl handheld dewices include cellular
conmbi nation.of instruction sets, or any other
phonescletesist Prdtwodl cledges, digieheanmsras, peisgriat dibita nggistahits (PDAs), and
processors, for exanple. [0024] The processors 101,
handifs]d R{ise Embediled epplicetiangun semdos mipuscohtrtllet, aligiabsignal
transmt 10 data signals between the processors 101,
pradeSsor QISH), eyt orcochig netwbrk compitére (SaRI)e e~ Boxes, izevork
el enents of system 100 performtheir conventiona
hubs) mddel aprasietwlosit (VAANE) sieiches kot @iy othed multipacessbiedtintultilireadidgh
the art. In one enbodi nent, the processors 101, 105,
systaa that wse indataip®. Flughétthord, séhd drchidtitfes Rdve GeifplBBMEd/to
102, 106. An interrupt handling nechanism 103, 107,
redics povied Sord@fiptioR via6w P60 SRR b:SsIchP hodekO As tHe@brmPRstors of
enbodi ment, the interrupt handler 15103, 107, provide

eldoRbr¢ dRICkORDNTINGAS ShriR 1AW BCRIRPdenh A S flele¥trshi boRPHRILs
~status. Alternate enbodinents of a interrupt l[ogic

codtthde toliflofeass, ADiBSRPefRs ME RbdbdtoTbiseRe pORL Wil 85 ving

=

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 165, 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 nultithreading processor wherein multiple logical processors exist on a
' 7
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] enbedded processors, graphics devices, DSPs, and
ot her types of logic circuits. System 100 includes a
menory 120. [0025] A systemlogic chip 116 is coupl ed
to the processor bus 110 and nenory 120. 20 The
systemlogic chip 116 in the illustrated enbodi ment is.
doemeisscontrol l er hub (MCH). The pr ocessrwis2mb8dsser2
105, can conmunicate to the MCH 116 via a processor
bus 110. The MCH 116 provides a high bandw dth nenory
h, 118 to memyry. 120 for iLnstryctj.on and. dat.a
Nl AR S A e T
fextures.. The . MCH 1 is.to direct data signa
el i el it gl TetsPl o e opgther
.other copponents_jn the system 100 .and tq _bridge th
PR SvBet 4 an eels o hibgeenlertg, B camBRTaReT
CT1 US2003/ 038612 110, nenory. 120, and system 1/0
1iipciages piegsiEore M oHiSnie mtosess die Sigipli The Pggfistorc il pl0qqgn be
%gﬂ provi de a graphics port for coupling to a graphics
COIEREX BT ughon petxommper (fSG) migsonracessers stused PrUkeRsEy 120
through a nenory interface 118. The graphics card 112
comgputiph(RAP ignicropioprssoviTieTy lopg tqstr'eﬁttglhwaﬁ% FVE) rmicroprogessors,
G aphics Port (AGP) interconnect 114. 5 For one )
PO implemeniingiacpmbigetion ahimptaictionyglscor pnyrothes pedeesgor devices,
located in the MCII 116, as the chipset receives
sych aw digitl siguadjpreesssors; foo raumlel ous syst em devi ces and
di stributes the interrupts to appropriate
[4§24t i nHeiporvessérs 101 A&k ers souplpd téoprosassoe bes/ 0 drbcantiaesmit
chi pset may poll devices for interrupts. The
ditrgignals bpiwvebrote prodessors 191, 1B .eniV/BHerlchBiparfents i the systomdi0fe nt
takes into account the processor priority and the
Therebnests of sysewdi00 perfire theireonwehiitnal fonrtivmghat Greiwell dnowaptos
requi ring processor handling. Gther factors can al so
thbee fagilis veithrtbelart. rin bint eerbodipdent, fhi plocéskars 10101 Beee ticlnde on
the particular inplementation. [00261 System 100 uses
Levelr @) infetmal gacteuheniony 802f e Apusterhii? hindlignni@henidan 803)CH
116 to the I/O controller hub (1CH 130. The I CH 130
197y 2361 relides ¢ theprocee@ ML 108N Borlode &AGAindnt) thedfivin§eBardief a
| ocal 1/0 bus. The local /O bus is a high-speed 1/0
106UH7f @ovidonRaaition g:gdfing @fdci@pabatylaid pdieer FRIEAR I Mteindth,
chi pset, and processors 101, 105. Sone exanples are

entHdgimetd bfa ﬁﬁeﬁ{l}?g@i&ﬂ}ﬁ; 107 ¢28 2 RS Be hise@SRiBlo\BHitrolld,
firmvare hub (flash BICSS 128, legacy UO controller

- enfiRited bitkcE:Gorsl SRIphic i oe 2 DEPK BYNARE Brpbd Y138 iAGR its. Bystem

serial expansion port such’as
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
Siaudts o _
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Uni versal Serial Bus (USB), audio controller, and a
network controller 134. The data storage device 124
can conprise a hard disk drive, a floppy disk drive, a
CD- ROM device, 20 a flash nmenory device, or other mass
storage device. The various aforenentioned devices
MELA9044d16860 bot h t he MCH 116 and | CH 130 carctalskookasss12
capabl e of needing interrupt service. |In addition,
processors can al so issue interrupts to other

AISHRHNED whORH TR A TR e A oo 1
SR BR3P B EEER O 3 Sh AP, TMER R
SRl TR o S TR
SB35 b5 e DSt p s R ! 5P

rocessol. froqma set .of avail abl e target processors in
1B e SEpShusi A nh Bodet PBEAY 6Aos S6etin he B 436, 5 e
jnterrypts. The nechani sns of one hardware based
CRRISHEFPIIEH IntEupLpAue s hisem Xarjops Histemydeviess aod dipihutes theot ween
.processor operating and 5 sleeping states. The_
THEERIRERAS ApRToptHndastinaliensdonnmpogssingy Eorspme pysteansi thephinselapay
state information to the chipset via one or nore bus
el gqvices forrtsrramis. pkhedntergipt bﬁicélgf?bﬁé PMh116 of thigiemfodivesst
to receive the operating/sleep state information and
takes infgeecop hejprfeessererionty 2hd the progesews ppwerd@tats wipn distibuting
Jinterrupt distribution algorithm In one software
IREIpY resHbiog proeqssor handlinge (¥heyfactans ¢ah elsopegoasidered inynserarmpt
al | ow processor sleep state information to be conveyed
disigibitivalidepsodihg ort the panécubin ingdetenttion.he syst em conponent
response for interrupt delivery to the processor.
{0026]h eSpstonli 108 ndes a ploptidiary puteiserfaceibny X2t osupleaie MCH 116 to
operating systemcan ensure that processors in deeper
ths [/Sepntimjlestuh (i€¥) 436 ThedCHpBefevitedliteaicosicstichoto some /0
receiving lower priority interrupts, leading to
ddyizes wa a posk@iOi bug. BladodabEO bis ik high-spred VeImo for aftthedtinkt i -

t hreadi ng configurations. For one enbodinment, this
paniphdrzinioshn Beiord €20 HipseBitp@sbeskdrs P01, 195, 1 $ornd dRahisiehienhe .
Al ternative enbodi ments of the present invention may
daeestora g4 ReRleatrapideiver 126 Yirgfatc b Elavh BIUB) 1281 3¢d¥yew®
changes. Furthernore, some enbodinents nmay use be a

- cobéifek Con€@fi uRaihyRP arfdil ke PVl 1HeAbAR h SerANSkpERidn\Wo Such as

conmponents. In yet another enbodinment, a schene

Uiéitall §4rADB@ (USB)) bitis édolfd:, Nk dUWRE& BREbIRPRUATHhOGhta

system software i s configured wherein the operating

- st RIBRLARA B\ ®mprise 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 intetrupts. In some
T
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20 processor task priority TPR val ues to individua
processors based on the power state of that

processor. For exanple, a | ower power state (i.e., a
hi gher nunbered C state, like C2 and up as in Fig. 4
bel ow) corresponds to a higher TPR val ue and t hat
ProvWeEsses i s  assi gned a hi gher TPR val ue peroszehizngb.
In other words, interrupts are discouraged from being
sent to a processor in a | ow power state through the

TPR,.val ..40 2004/ 686 PCT/ US20Q3/ 03861 .
SRR ER shibses ke om0 e £ BT B0 o Sia JHOFPioR o

rocessor dul.e 201 an assogi g chi pset 240 1 hat
P FRER B Destoreme’ fm 5%, Ol b st ipkpeechs m he
i nterrypt, .. mechani sm of the present invention.
SKRTS for (g F%‘Wﬁ%*? WY Pripgiy dntarupisq Thymedhanisms ab gag hagdirare
in Iuﬂg& two individual physical processor cores, A
bassg emgppsiingenbestablisnes 3 pjostyaelaissip besweas Pepcesspicaperating and 30,
re identical. Each core 220, 230, includes: execution
slegpingstages The pupghanisy compurigates this iee efnperating/flespsialins: an
Jdnternal on-die cache 222, 232, to store data and
infprationde the shipsehwia prfy @ mpoupltus cyigsc Thochipsetdior, thin awberdiment is
task priority register (TPR) 224, 234. In sone
desigmedivorrecaive the ppasatingfsleerr sighe infaymition 20Bto take She information into
associ ated TPRs 224, 234, may be located in the
agppwt duréngrtherinignmin diggibutidnalgorthin. Thenesofteae BROJ erdi3Mliment,
front side bus (FSB) 10 unit 235 bridges the
exiension i thaericrting $ystemaow proeessayisleep 22Oinfe@dtioandbadonheyede
outside world (i.e., external bus and cache) is also
indisestly écthewhipsétror ths systentiecngpofid resphnsi foaghterrag delésery 1588
unit 235 is coupled to serve both processor core A 220
pracmsopr Biatk ssbodingitsnf Bied@erit invedtioh sn@phattigrsesém cdnensure
alternative enbodi nents, each core nmay have its own
thiSBocassbrs in deSparblbapidpystatds Bredes plafree e iforaedeivig 16Wag| €
interrupt logic unit can be share by nultiple 15
priritciaesopts, taadiag to belkehewering sTRigs eRlIGipedcefbr £ tnutti-f Or
each core is maintained in that interrupt |ogic
thiehdifik confipnirdtidug [Fok B dniboiiettDihis| R@hahisAPoan be Bbleridntad
illustrated as separate blocks in the exanple of Fig.
priparityhifl hirdivae, ARémAtRE bbdiRyen® T hepRYs: GRtANM Gy SE as
one logic block but duplicated logically. [0029] In

in@lbehite@prith @il HBwheOviMbRTIHHAfe BRHES HARbmardlson® Cache
210 is resident within 20 the processor nodul e 201.

enlioiniRh10 6RAF 8R1be G AYRT éaﬂina%%fb&ﬁﬂarhfaﬁe 9@&%%“%&0 ar e

coupl ed together via a bus internal to the nodul e

coglg%n’en@ HYearoabs éi’rﬁw%di*&%hf"% Shehd) ﬁlcﬁﬁﬁg?% gﬁﬁ&ﬁaﬁoﬁ oPhardrdle

i nsi'de the nodul'e 201 and ext evi ces are

anbl BRHBE sPteRHDAlYe ¥ doffSiréBPherein 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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For this enbodi nent, the bus 250 is coupled to chipset
| ogi ¢ 240. The chi pset 240 of this enbodi nent

i ncludes interrupt |ogic 241 having a TPR table 242
and a state info table 25 243. The TPR table 242 and
state info table 243 can be generic nenory storage
WEL2804/061986 11 WO 2004/ 061686 PCTI US2003/ 038G R 2003088612
as registers to retain data or information. The term
"registers” is used herein to refer to the on-board

essor or .ocatlons that are used a t of
I8 o= Plee 17 PR PG PAIRe M- csptatiRet RSt anS
r.ds; .the registers referred tq herein are those that
o5 it 2 B oh imien Gntt a PR siscwe ozt
C one froma progranmrer's perspective), 5 )
FORBOB P be hissRbiyrabr Sriee pitretamars 20hH t embodiment
. ml enented. by circuitry within a conponent using. any
ing o BRvopay S PIPRSEiORFaiited 220 B 2. dthisexarae, both
hysical registers, dynam cally allocated physica
°Ffé%ﬁ§{2e"f3ssaf%@?%ﬂr Eanhepie 229, 23 frckiges: e@ﬁwonéqal%%é, B, o
dedi cat ed and dynam cally allocated physica
e¥esyP ¢qds pud ingtrugtions; o Fermabow-is gachy 32% 9(5)?0 presteze flgmanddat a
.I's comunj cated anong the processors 220, 10 230, the
Ingtctens andintermpt logie223 N33 having 4 oisk prigritshesgistor @PR) 224, 234. In
chi pset 240 propagates interrupt requests from
SemREreeoEmenss; therdnigeuit bgis 223 28%h enpasswitsiGiPRe 324 23R 2@y be
230, for processing as needed. For ‘this enbodi nent,
lopgted ia Fhie pensesseranasiyle2A2, butaiibe vores 28, 200.04 dosiidebos FSB)
state, in addition to the processor priority when
urdh 236 bridpgs the gornmurdeationstbstweEibhicqpes 220,230 andwitleth? 2fdside
230, of this nodule 201 stores its priority |level and
wiid(i.p owiernabbustaed eachd) fssilso dopied tvithie thERR diife 2044 sAglé shafdde
processor priority value indicates the priority of
Fipeit285 Greunidd ta sapeteill pracesspr @ees 300 andipockdier dogd B2 €
of the processor for interruptions. Furthernore, the
thipembetisent. Inpiternsiive ymbalinkatsCauch tarelinapheve it 6wh FEB asichy
of inmportance and control relative to other avail able
Sipilolypinsastiericmbbdifes ysssiB inth@ipt YRR 8an F BiE 6L ESRIHIOT
priority 0" can be the master processor in the
precgsbesttesWilgFeind TR kdbidtel GHeBiy PLRA Sot6 s rAdntAinsd 0 ®at
interrupt or a non 20 maskable interrupt (NM) are

inte@upt Rictbibck NAIHGAEE B ik REE6S0223, I13¢ 8d iRk NEINeparate
interrupts may al so be designated for a specify

' blRKOE ERRImpl Ao PRI BE %en%ﬂbgiaxrnﬁj( ﬂgbkﬁ@ﬁiléalﬁzg | %E %s&)(% logic, _

val ue may indicate a processo a at

bkw@bﬁmhgnﬁ@gkgﬁghnexanple, if.a processor is executing
a systemcritical function, the processor can set its

[0029F K Bf dd@ftibh Yo thé& @Jﬁg)?ocfzs‘go%re@ Py, Qﬂ];iaﬁcrtcge ng V\?g ?esEdgnt%ﬁjnd

i nterruptions. r processors$ havin
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
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12 WD 2004/ 061686 PCTI US2003/ 038612 priority val ue
may be performng less critical functions and al so
nore anenable to being interrupted to handle | ow
priority interrupt requests. [0031] Simlarly, the
ower state value indicates which power region the
S’&r%"?"@mﬁ% processor core i s operating. MREA/USHANSBE?
a processor can be “~powered on and busy', 5 " powered
on and idle', "halted' , "stop grant', " deep sleep',

suchSE RS ste 1S BRin Bz or RONBLES. zﬂgeegﬁ “rg uggpg L6 nOinh feh

power Sstate a processor 1S In, re to service an
B SOA IR AL 800 Rl PSSR
ok i DR e BB e 552
R 4Rl 8288 e et L B s 5
R RSO0 B PR B9l B SRSl
Bl 7 sy B oAl St

rocess riori.ty values and the processor, power
clraipyegit;alfopnted phyvicalreBiblrs apipe TR lERTARE, CHBDIEHIOBSY
inter rgl}ljfﬁi I o_?i c 241 is deciding which processor to
dediatgd ang dypguairaliy gilocatsd physicalregisterp ficor i ty and state info
in the 15 respective tables 242, 243, are eval uated
1993 ¢ ey epsebh data Pepemamieredamong the prcpssera22bn
al gorithmof the particular enbodi nent, an interrupt
23“5‘%5 &3vhe 19, apddheechippat 240. Jiugbesmarsy the ¢hipseid0 srapagntesinierrupt
interrupts are handled primarily by processors having
reguests Homeaweps systeardgvicen te the @roceswmueé%&o%ﬂaﬁm Piogesying as
state', as sleeping’ or ~powered down' cores have
nagerde Spr this kabgslragnt, thernblipsed tabesdito iaeqonid tlee, progessongower state, in
enbodi nent, each piece of 20 information for each
addition tostBeprogessos pripriowlien distribuingintemigy Sarkepriosdssar corp 2B 2]
Figure 3 is a block diagram 300 of a nulti-threading
230y o s modul W1 stared its présitclead] extl ispoperctatditGis rdspéctivaTERRIde
anot her enbodi nent of a power state aware interrupt
224234 a Mhsprodessope oitychaiue dndidateh the bdorjty eSaetatibmof a speoific
The processor nodul e 301 of this enbodi ment includes
pracessongid ehepolerame 9bthe prcess@ 26 isterehptosa Fhehenmone) thie békssor
This core 320 25 is conprised of an on-chip cache 321
priorityesatue pin ihdigitecthSerarchpibitinpérinheanmd bagioCreBlivde tofottet 13
WD 2004/ 061686 PCTI US2003/ 038612

- 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
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side bus logic 325, integer execution |ogic 326, and
floating point execution logic 327. Wthin the
interrupt logic is a TPR 324 as descri bed above with

t he exanple of Fig. 2. The processor core 320 and
cache 310 are coupled together with chipset |ogic 360
¥ Wo8168@n ext ernal bus 350. The chi pset BAQUs2Mahissies
interrupt logic 361 that maintains a TPR 5 table 362
and a power state info table 363. Although the TPR

ﬁrﬁuﬁhﬁv&ﬁ@ 2129 B foﬂﬁlﬁ‘ &fcﬁtlcai ﬁﬁl&%né” gl% afth (ral}orc'e@%%gabzi‘es t\x/eblcing

separate e e pr OCGSSO::I pri orh
%%ﬁﬁsf?dfg%?@? ?ﬂ“’“éf “Fﬁfg’q5°reané? Pt 2&0'03. rent
(0038 " DR, Bl ke SRR RS Pif bRt %1')38%‘&

80P @ofe?asﬁsoﬁﬁr“’ 'ﬁs' ot e Eal Y
i s enpodlnent

L£ses S . , ndI| .1 0033
&@g%g %ﬁ@§|%§?d ¢%B%@m%s § O O |
i -thr Io |c 323 aIJoms nmul tipl.e
st r‘é?i’?‘}da’ﬁ oF ﬁ@g oy afafgé PHICBERLS B PAPeFAP saryien andpterrypt
singl e..set. of architecture resources through resource
BHF ﬁij‘sef e PO eHLCopTRIIeR 6Bt Thegwgh L2038, of hishe

s capabl e of processing two threads, A and B,

S Tl g T B eh ey Y o e A ot BHS 224

23¥n rchitectural states A 330 and B 340, but utilize

&lfgwg‘? iptgrrups jogicddd 333. CEhegriptity Galbessad powas algles are
resoyrce sharing algorithm In addition to physica

c?ﬂﬁ‘?‘?’iwaltqqrﬁé’ﬁﬁflﬁi?qu 86‘? @3 sgthe intrerupidegia241red thoywhipeatr24G Lidie
as Wndows, . UNI X, or Linux, as described earlier) is
GIBP%UHQHHIHII‘&F 24} of this gmbodimert giclidesa BRdsblo 242md e power state

si mul t aneous grams. In some multi-processor
infQ,table 443 torsiere Igmiﬂlmrmgsosmghmtm,ehe ao@§sot priveiit values and
priority interrupt delivery as the default al gorithm
fhP BYOCRBIr paw e stage Viaﬁtf!?e respeptiwly. Aihonwizen thesobipsatdernpelogicizdl
syst em perspective, the system 300 appears to have
is fedidingywaich praessdonto serivias ingecupploethe lasigprivripy mmd @Bsdifotmihe S.
Architectural states A 330 and B 340 are shown here
refpgetivieltdbles 242 243 erepurlptedesd akeh itho atotmtr Bpf@gRF b Gt UAl
hysical |ogic blocks on the processor nodule 301.

allptrsion lgbrittmof the pirticilanbrebodAn@ig An anehBt i3 4t @fa spblific
exanpl e include the 25 respective processor registers

prodessench ohdengmdimepintenagts &H’th@lﬁildﬂ?ﬁh‘nan AlcEdbrk BakinY Al
state 14 r. WD 2004/061686 PCT Uszogn? 38612 i

‘powcédictemmd idhg)ios powaredsiCahd BEsyGEREL 28 F sl P QS SR BldThehS |
control registers, advanced

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 js a block diagram 300 of a multi-threading processor 301 and

associated chipset 360 that include another embodiment of a power state aware interrupt

mf;chanism in accordance with the present invention. The processor module 301 of thig

embodiment includes a single processor core 320 and a cache memory 310, This core 320

is compnscd of an on-chip cache 321 interrupt logic 322, multi-thread logic 323 front
13
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programmabl e interrupt controller (APIC) registers,
and sone nmachi ne state registers. The data, settings,
etc. of each architectural state can be stored in a
menory region on the processor 301. 5 [00341 For this
enbodi nent, the TPR table 362 and the power state info
Wabloer/8B8 track the rel evant val ues for therigso3se2
processors. For exanple, |ike the physical processor
cores 220, 230, of the previous exanpl e above, each

el b e C 33t el S Pl o ool S Bl
0 B et o8t e B e R %@%?e%a% il 3y

hat t hread d. 10 .the tol eranc erruptio
Biogsssor £978 3ptAd cache éf”eaf‘?/%ﬂuﬁé‘gt‘%‘?t aset lgg Qé’ﬂ%i‘%‘gh
hysi cal r.setti ngs the power state

conmmuni. c
aoaﬁa%@ hP%$5% c ot 68 pudss ek oge 361 fhighakiss HEbt
indicates the type of thread activity and )
%béf-'r%ﬁ é%@nkﬂ“f?@we nﬁm@blaﬁ% rtithgeh talgle A g stetsrinfo For
exang a thread may have a "busy' status to indicate
tabie303 prses OWé%raresen 1o %praw&soemwm gnd goweystate ipforraatign
may have a "idle'" or "halted status to indicate 15
oprgrstarddogethering cpasolidsted dpta ststursyin pugiher Agbaskinens. wai t i ng
for sonething. Simlarly, a thread may have a sl eep’
Fyrthermpeye toiofity dpdpaver sthia infarmationiearalsh iesombinedintosarsingle s
architectural state is currently held inactive. By
represniedive veduet fieeagh preeswoto ipshnaterrelativaerabitityced/er prianitnig
which |ogical processor to sent a interrupt service
thealgstribution of interhpisdthprossstorsdfarhapdlimgd waki ng a sl eepi ng
t hread, which can be costly in tine and power, if the
[(93¥er btihit emlpfdingant b lsinple phystchlrpeaessbseotd islpesent, Tievever, the
chi pset can also interrupt a thread with a " busy’
mettiatheading logic 82 T@loan multipledistrigion thicalls © e pfocessdd in pirhited o
nore costly thread. [0035] Figure 4 illustrates the
a pingle &3 sfurclilesme r3biated thrdugh sds@ir@Sharthg! Bér sA&iRble, the processor
speci fications) for one enbodi nent of the present
miodl€301i of the ekentipld 18 cspaBlo BORIIBRHp twb Pheeads) AQEE B3 AthdRWe T
states extend from CO - BUSY 401 through Cn 406,
timbleTiRéads ARed B @xeimaZRaih ReovaddréHiticitblnReds AFofind € 340, the
| oner the anpbunt of additional overhead power needed

utilize th phydRa 304 4s06cbe3BsoRfedd W%&@@&m PRIG6Hth#O In
eve

service an interrupt. The CO i ncl udes both a

addHidN t5hetiea! ﬁﬂ&-tﬂféa&ﬁ’%l@g@ 58, e opBREBUFEnt REHYs WFERIHAL

is powered on in bo ¢ases and i s elthef executing

UN§§ rof Kﬁfvf‘ a dé%&ﬂ)%d eaﬁ’ﬁerj S alkEaEYed Q 1&%@1‘?&1‘1‘1@6 GRS or execute

Simlarly, a thread can be either runni busy) or
sitnfitaBeous programs. In some multi-processor systems, the operating system uses a

lowest priority interrupt delivery as the default algorithm for all device interrupts. Froma

- 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

respeotive processor registers of each thread, For one embodiment, the architectural state
' 14 ' '
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(looping) idly. The hierarchy of power states in this
i npl emrentation, fromthe nost active 5 and requiring
the m nimal anount of power to bring active, are: CO -
BUSY 401, CO - IDLE 402, d- HALT/WAIT 403, C2 - STOP
GRANT 404, C3 - DEEP SLEEP 405, and Cn 406. The Cn
pYep4/05tc8 e 406 here is an arbitrary power PGLES2603038612
the bottom of the hierarchy and takes a | arge,

relative to the other power states, amount of time and
i_nt t. The

J re being,able to. service. an rr
RENES reo 30 Gerpl et BBt iet M5 B e nd ng
AR LRl T D5 b PR e ™
hread i.s al.so.in reference to | .ogi,cal processor.
TR et o4 of et e Sree e P ip mPRGE ekegngn the
the chjpset interrupt logic evaluates the processor

ates received fromthe various processors to

termne a elative list. In this enbodi ment, the CO
050 i embdens i ERGe Sk ine ppreic 8 (U401
st atﬁle s both states indicate _a processor or thread
Aigte peliand xalbns dorbe logie miopsssprs: R example likedhegphysignl processor
over head. However, a processor/thread that is busy
Qisei Pl B0y ef thegprevigps exanpla abpyrecach prekitpetural stata A3th 44, agl@gwal
and possjbly save the architectural state before '
PEQEES5Pre fnrhis expepiediees faskmrioribiialus fud aewepstefe value. The task
processor/thread that is idle could take on the
Pripwity velupin thiseisealto reflavis dhearelative impartanes\of theltesk of thetethieadand
Wth a processor/thread that is 20 stopped or
thet telenghagdor inferniptions? WiGreasthe B8ves ate velesspé theiRis 2yexariiie
processor/thread would have to be awoken and its
coinphicagsdphysidal powat settings; thepevter swhe valvecfanan srchitecteral state of
varyi ng amounts of tinme. Furthernore, waking up a
thad emghpilimgnigndicass dertyichul taetd edivitphmiconrespondiezly thei smoodt of
power to restart or activate the necessary hardware
pbog icensudiption e Faregampliye threglomaydiavess blidyestpnondsdiais thattliee
greater the cost in terns of tinme and power in order
thiread istdotite apd @cegmgr O othbad ragByve b CidRSorS @l Catasto indicate
interrupt. Thus the chipset interrupt |ogic can be
thaicthd thepad B Got presitly@Ginidghe is Wetind@r204hi6 1 §#@iarly, a thread
PCT/ US2003/ 038612 optimal processor to handl e an

mby ke b Cddep T sepisas indfoats Gt 100 theead RAbbdUH @5 ahitcbAEA SES is
i ncluding the processor power state and processor task

cupfoiithy lild/inacki) 3] eviiughi SheprocSssar fowakiA i cBmhils RERR'

task information table entry 500 for a chipset of one

- logikl PEdcBREYto sehhEinRYupt sGiFice Riudztid, thSchilsel @f atdid @al&hﬁg dety

of menory 5 |locations including registers, |atches,

sl@pag tHred, WiibiScal BE OGHT R time 8 oWt NF ¥ pbwer SRIRFSESALT
thread is ‘idle’. The chipset can also interrupt a thread with a “busy’ state to service an

interrupt in lien 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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five fields across three bytes of data and stores
information as to a processor task priority and
processor power state. The first field of the entry
500 in this exanple is a physical F Advance
Programmabl e Interrupt Controller (xAPIC) identifier
»@104Pesphysi cal xAPIC | D 501 of this ertaydiSemese3se12
identifies the physical processor for which this entry
is 10 associated. This first field of one enbodi nment

I LRSS G TS feel BP0, M B 40,

r Ocessor cores are

HepshE B Pradeny %'a?‘%%{e et f%e%@g gt oA e Bt Rl oe

Y iE i Seoud e RIS PR e %&gf:@%ﬂ%%&ﬂfyg tidtg o
t t

(opghe ﬁ@h%ﬁm%%? pojess g@%ﬁgﬁf AR AR S

entrx in.this enbgmjnent Is to hold an_enabl e
& Hine] apwt A %’i@%@% great0 e RUSY 408, %r i d
IﬁL Hﬁ% The enable field can used to_ indicate
E FirWWééE 405 £2 nSdaR Wa‘&éb%— BEER SREEF 415,
|nterrupts rocessor entry is not enabled, the
apg G dlos gihe ﬁéayomtstagéﬂ@m is b rbitieRy Howerrite 2 dheibptiom phihe
this enmbodinment, a fourth field is for holding the
hiseekly and takes adaee, esfativioghethse paveso statesiomenns of timeanidpower
alternative enbodi nents, this field may be reserved or
bigre being gllpto saxyice Areintermipty Thpruniberifavailsbly powergtates ban vaty
power state values and the processor priority val ues
dependingon the paréailay erhlbadiment [Rhe tarmg proesek endghreadhare used
enbodi nent is to store a TPR value 505 for this
interewagesly herd hush R thiead iselse & rerencedd o &gical frecebsas k
priority at the present processor. The algorithmfor
[60AE | Farene emitodinegt of tefprésit snvertioagheehiiset istetgr fagpur ed
“to not interrupt a task having a higher 25 priority
etahaies the atocesbortpo@er stite paceipdd fForaiie sdricanptotedsosera detmiing a
anot her possible processor. But 17 WD 2004/ 061686
relive 1iiB20:08i 88 Rent, itfe QREIDLBI4OR Ebip s prefoisdvetBS CA~
priority greater than the present task, the task can
BUSY 40hiter asfpiiedatésindi@ked f6vedsborititbRIthdd Bin hafdle hteRilpt
interrupt having a priority |level equal to that of

withBttlp bessverhb s Eowe e, ol paatedtofiBidad BAt9$ BudPivolid Pateask i f
anot her processor with a | ower priority task is not

ingviapt! tRddutrently sk il fRsiRY ERE 'ﬂﬁtai‘dﬁﬁem%&'tmﬂie the
TPR field 505 can be configured to hold an overal

seRAOMES th@ﬂl%nﬁlﬁﬁléqlﬁﬁ' »Q’Jﬁle%ﬁrdé@ésbiﬁh&iﬁﬁ%t%ﬁﬂﬁ Rotil uck B ﬁE rupt

di stribution |logic can  eval uate when searching for a

. m%&glftg&ﬁi@{t i diIQY Oh ERA 1dsd SleRad fwitD) SrobesetRlEad'chht ' 9

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 mterrupt Thus the chipset interrupt logic can be configured to select the
' 16
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illustrated with exanple field lengths and field

| ocations, the entries and structure of the task
priority table depend on the particul ar inplenentation
of the present invention. The 10 table entry shown in
Fig. 5 has been described in the environnent of the
MO PeEIBOgi c.  However, sinmilar types of Bimusésmnmss:2
can reside with each individual processor and with
the operating systemto track the task priority val ues

i %?9@‘%%‘%*82*%%%3@%@@5@%&8%@3%Séq% o Shfrsy, o
'%19#@?@1‘026&%8&?%%%“” A errupts,
eve

h f !
08 o0 WS baflectidh p%%g%sar t%‘a%%z%f&%%ﬁ# e PR 54 o
602
Rt saﬁaﬂﬁvﬁ% SR el L eTIHRY ar e

1i ni.tialized at b??‘% 610, Exanpl e of such system
o5 RsaE reiters e e ofes B sibodinent, pashewy is oraposed of
ev. e found in Fig. | above. The operatin
fg’ﬁ ?F‘@ﬁ?‘?r%gs gﬁ@g’yﬁeﬁ?ﬁfﬁa@}l@ %ere%lﬁ@nn%i@a a4ko aPEPopEet thfl pnn:gty
1(i1art up rocess t he operating systemcan configure
o4, Brogesi o BURCTa et b e elia horeoy Hl0gpis copaplaisechysicah
e errbodl ment, the operation systemis capabl e of
“Hﬁ pircp Progeagymaple hﬁ?ralpb‘f?mmﬂw(ﬁg?lﬁ%id@ﬂﬁﬁmeﬁﬂtlh Teephysical xAPIC
concurrent|y. Depending on the particul ar
P31 %ﬁfb’ﬁ@a’ﬁqd@mﬂt ldpnilﬁe ¢ Blvisiag) psopessenformedyichr this enthyeis
multiple threads on a nunber of |ogical processors or
agsAciptp; sThislirstieldod srpombp dimentds enyfloyad whéra blulipleAirodsbsorsior
615, the systementers 25 normal operation. During
DR DIETO0s A0t eorns efshysidabiyipreseat i tiesydtenp 4 sbnd s of each entry
plications and 18 WO 2004/061686 PCT/ US2003/038612
Sﬂfﬁlgtaétmqab:s%gc &P 802 it bopivelcc APYC 1D 80250 Shiieembolitgent siltifies
priority and power state of each processor is tracked
tbaﬂogmabnrhcesm)or thirsel for witibdi thiy estaynis hncdissele ThatbEEI TYfield 502
i nformati on about task priority, power state, and/or
isgoagranibegd bytiiztoperating\sgstérn insthip hysématatiand/ or | ogi ¢
processors. At bl ock 630, a check is nmade to
[0838]er nTheahivhiddefthedIPR dnfty 800 il filis &eddRShSis AR DOBRLIS
received. If no interrupt requests are detected at
fldy) indikatio B Ghethdd ehispanicaliy &@H 4 AHE 8t RO THRlena PRI REIARS LAt
615. [0041] If an interrupt request is detected at

usbd ahdiGlOwhetiat @6 Blocdsti/@iréad i cab M of hARIEY BferrubRerf 2
request and determ nes where to send the request to

prbcsso eftiyiiEndd %abﬁ@&ﬁé%r@%ss@ﬁmaﬁfb%é’ S fab® or ik chtﬁe For this
including, but not I'imted to, the task priorit

enVdliiuft, @ RkreR B¥IR s 64 1Rliding 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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10 val ues for the |ogical/physical processors, the
interrupt logic selects an appropriate processor and
comuni cates the interrupt request. The recipient
processor services the interrupt request and then
resunmes its prior activities at block 660. Nornal
KNA30e4M6168per at i ons continue at bl ock 615 urQT/US2@Bv0d8bIR T
interrupt request is detected. [0042] Fig. 6B is a
flow chart further illustrating the operations

DERRAG- i iy pte) %%é*&f%‘ﬁ%%ﬁ‘l? GEERBe e
SR Bl R o b b Ffvg o BB B e g

rrup S

= rocessor., co nicates its task priority
R prsstrR it B RS R e i Betotore 351 il B
The prpcessor.task priority and processor power state
Ppﬂ?tg?aﬁglsinfﬁ%vgl}%%saved with the chipset logic at block

3, S IO A SR T
PR L S Sab e SaL L nol Y heeer e ok

chart of Fig, 6Cillustrates in greater detail sone of
eyaliteFhen SArehe forgprqepsgor, idthoneh dhedicks of this exampleirifigy Sgre
.plock 620. At block 621, the task priority register in
iltugzated, v theample fidd isngths asd figidiepations fhaengsies aid stryctygiofithe
and a power state value. For one 25 enbodinent, the
taglopnioribt table fepgnd enghespagticulsy imlemeniation of ghepeasent inyertivnt B
enbodi nent, the 19 WO 2004/061686 PCT/ US2003/ 038612
talgieptesshawe ingig, Sches basn despriksd dimthe enyirpumant of the ohippestlogic.
anot her enbodi nent, the task priority register stores
Hawegisr, sindlgr typas o stingieed caprretidstwithyeath iedividih proneseer and with
priority and power state -information is comunicated
the @pardting eystepsletrack thblagkgiioB B Y alust andlpowde sBR3alubhaf eadhi pset
logic saves the task priority information into an
plysical ynd/arlogitabppcasmesedablé.n a task i nformation 5 table.
The chi pset of this enbodi ment can track task
[0D4fH] or nEigirentA-Braraflovachass illoftratiphytsiemaddiheag bfapower state
processors in the system Each entry in the table is
avwrsgppebbod for distsipeing fteerupter Dlocefbmothart bORigtdAl iSustiates thie lEnht |
the chipset | ogic also maps the processor task
leyal method for power atate@ivire didanght digriRaion bf @ik ainbodithed) AcKo&R24.
The power state information received fromthe
600y the 9sBaIis ft@tedtup 8t refel SKuelsPstérny@Ehohdhts®xit k@etland e initialized
information table. 10 100441 Fig. 6D is a flow chart
at blobkiGI0r @ichiigle bMACbtbd bbh@medt (ik!ﬁo&ﬁbﬁ?&lpsét,%brﬁo?fﬂb
‘processor when an interrupt request is received a

debicerd ban®3 Gordd ¢h Bigr Vibe R Tk ol sHfth if Do 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. Atblock 015, the system enters -

normal operation. During normal system operation, various types of user applications and
' 18
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one enbodi nent of the present invention. For this
enbodi nent, bl ocks 641-645 and 651- 653 occur
generally at the chipset, while bl ock 646-650
general |y happen at a processor. At block 641, the
chipset interrupt logic determ nes the interrupt

PO 20940614686 The | ogi ¢ 15 checks the task primImusyoes/esss12
each processor at block 642. The power state for each
processor is al so checked at bl ock 643. Based on an

RO A bl B8 e RS B0 pove Bpie iR ¢
R - SRS ERE S, s vﬁ%ﬁ %%Elafi"?f tﬁ%ﬁiﬁfg%eb' &
kg °fﬂb§’3¥’§f§gmn%&rs@z@x Je pEB Syl Srafp gt et
}}t Eﬂ’ﬁ{i#'f‘é?]ﬁ” Oori a%*ﬁﬁgd t. hatq th I ocessoa@ét?hgvgrggelnl ng

rece d at the sel ect t block 646. The
rwweéﬁgmmﬁméeu?wrﬁge@ﬁﬁt%fogéﬁ 30, the systrakcagsinues pgrmal
there is task currently in process. At block 648,
OPW"F% el %r iority entry for that processor is updated
new priority value. For one enbodi nent, the
[Q"&élk p%fu%m’prféﬁw';ﬁ i5 detegigdaiblogk 630, shipsetistemrapt loziciandles
| ocation on 25 the processor and at the chipset. In
the sequprs Andedeisppinerathere to prad thegaqupst foder sexvicing: Basedtonan 20
WD 2004/ 061686 PCT/ US2003/ 038612 nenory structure
anplsisiobfapiers insjudingebus petrisnitedhiy, by skepriority abwandpowpystate
bl ock 649, the processor services the interrupt. The
vilves é@g@dpglwplilyfslcels’.)rftchem,ﬁhqugtetrumlogbl seledts BHPppristh e
conpl etion of the interrupt service request and
Pigprdsor and qovaupiceiestbs termipigkqupst.i Dieireojpiems broeestar servieestthao f
the interrupted task. The chi pset receives the
infermpirequett awithes resuner itsyortor Adtiviits 20 hloain@605 Nohmalsgstdnor ed
task priority value at block 651. The processor info
opegrtibes dostinup aldieell 688 titil adother inskpt pequent istdgtectddhe
processor resunes the task that was in process before
[004®8 | rFigroBlpa flawn dhart finthee Hinggeig hooyctativ@shapfeding during the
operations at bl ock 652. The chipset also notifies the
inttialipatiat @ocesfof bidale 61000 Mlbick 611, b taklbgridrint REiktePior &€k Vi ce
request at block 653. [0046] Figure 7 is a flow chart
prodebsosis idialingl. ame thipdet oSt hafnk: loglc idalftihiiakkel e blddR@12.,
10 processor power state aware distribution of

Edch pRedst tmnieatd¥eis ReElprdrityt £l poveerAi i B ChibSet logic at block
i mpl emented with the operating system and operates via

618 AThOW Sceso sl rioBitycna pEoc@BH powdd SlafeUftbin®ifiSn arlk Bav@A &iith the
i mpl ementation, firmvare is used to translate or

chfREMILY o Blosk 61"4?01‘ 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,

25

- [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
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control signals between the software and hardware
conponents. At block 702, the operating systemis
started up or reset. The task priority entries in the
processor 15 information table that is maintained by
the operating systemis initialized at block 704. For
W 2004806158@i nent, a nappi ng between task prromis2y03/638612
states and power states is established at block 706.
The task priority entries of this enbodi nent

' f.e .l . t ask ' it l.ue, d
BSOER i BRSPS LR,
o B LS S R R B 0
BT Y Fob e KPR b s

bl ot%k 712, the operating system queries as to whether
sayfg the fslepriogibt infoppatien ik anyeaiye fop the Brocessetiiy & sk informglion
I nterrupt requests are outstanding, normal system
t3hl5e Ths chipset gmbgdigenicairask fasly pormesica foraspmiverafi ons
and system tasks continue running. But if an )
physicalflpgienl Progssavesin thesysinan dlashyentrytinthe tableds mpnped (oot spepific
receives the request at block 714 for 25 distribution.
pragesgir oRov thig gmbodineent fhechipsen lpgis pise mapstheprocessor taflepriogitykto
priority and power state 21 WD 20041061686
3 FOEAYBHI0Y BYVE:S 6ie 2t black|624 sThstpowendtaterinformaation faoeimet franmthe
table for each processor. The operating system at
Protessok for bBtaskas sayedsinty thr taskdsfomration tblet he appropri at e
priority and power state to service the interrupt
(094 u e SKig. GPois a ore clarbithaimtintthe dctidtiappthe phipsat legipamt essor
is one having the lowest priority task and the
prhdegive gherpmiimtennipy regticat ierecéivedat blotk 680 aakbsertided apilokeds it
with the 5 mninumtine | atency and m ni mum over head
orpembodimentof the prstint edndoe For espndsdimeablbeks 648645 e d51-S
chosen. [00481 In one enbodi nent, critical tasks or
633i0pdur pericoilly biythd AgISE, Wi tlocR 64RE30)en@illy bhpithef 4 phdesdr.t O
service a lower priority interrupt. Simlarly, a
AfHl @R €3 K dlie chipadt itGrupOEic HotatimE the i@ RPt FARGIEY. K 1dpe an
undesirabl e candi date to service an I nterrupt request

chbBee 438k dorivpFdr Bth PRocEBE aPF1OSkaIS OThCAVePRat6 8 bachN
terms of both power and tine. At block 720, the

prodatsef & WG cHe6ltd 888lodk %48, OBINENb LA aRbritith thilQalSEInGCdcbfint the
processor for service. The task priority entry for

tadkcDAbrit) 1 REEHE He pbwerdRARIE ShibQt @@&L}gggi&r%gw@ gipg%%s%& tQf

the interrupt request at bloc

- solBRY kst bk 88 ardiEndd aﬁ%ﬁ%uﬁg {alsﬁtggg lﬁgef%?CﬁéLré%faak

20
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the operating systemis e request

-64?.‘&’2‘1&' s Togic'dMehid Aol upafhe, prhc%sgo?aglgénﬁg td Qe

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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15 processor at bl ock 726. For one enbodi nent, the
processor at block 728 resunes operation with the
task that was at hand when the recent interrupt

request was received. 100491 Although the above
exanpl es describe the interrupts handling and
BOS094/06184 on i n the context of executi on roTvUs00mEE612
logic circuits, other enbodi ments of the present

i nvention can be acconplished by way of software. Such

e b S i) %%P%%IE st %%p@%@\?’b&%?&%ﬁa a
P%%%*?%%?%%%@? gt %ﬁceﬁs@aﬁq _“ﬁ%ﬁés%aagﬁgffﬁéﬁ?bé"
oot GRS o e B gh aer Be to

i ne-readabpl e nedi .can .incl ude

ﬂ"&ﬂﬁ?ﬁ@%@@%ﬁ 3}16”@19%% PRSI the uieFps compladon noificatian andn

in formreadabl e chine (e.g., 25 conputer).
s IO VAU HOISE S Thn ot e FifhisBla e WP B
read only menor 22 2004/ 061686 PCT/ US2003/ 038612
LY. rﬁqﬁd’&?ﬁ% YRS G B8 that paRjn proggssheforedhejinterrupt and
storage nmedia, optical storage nedia, flash nmenory
tg sypeed eontigues it propafipns@hblocki§i g chinsetelse notifies the requestas of
forms of propagated signals (e.g., carrier waves,
the ReTriiptian of the/nieraint sgrvige goguest a@mkg,ﬂ- etc.). [0050]
Further nore, enbodi ments of integrated circuit designs
[0046] o c cBigwee s fipw phagtildustrging erotlesn emboviment piarmetioudrfotshe
communi cated or transferred in electronic form For
Presesses pewer stafsawaledistribatinnef intermptsf Themethaden thag ebodinreniuis t
_design of a processor in one enbodi nent can be
implesreated adth dhe operatinizaptan ad opérafesivif sdviouocontrolaignalaand
_conmputer conponent. In another instance, an
injtracensalneehe dipleréntatioe Sirmgwark s ueédeto trenmsiutcoor bammudedte the
processed by a machine to sinulate a conputer
cogisehsignalmbetwiinuiee softeare anddhatdwateapmpbnepis AASbladkdi00,rthe
desi gns of 10 processors in sonme enbodi ments can be
opeliating sybtamegistarted uprerarbder) The eakl pdidrity emils ilie proceseurbodi ed
thereon for fabrication into a circuit or for '
infoimatioa tabierthan fs medintainddeg tiRtopetating s9stér is ii1a1EBd at MIVRR 704.
processed by a machine, simulates a processor. A
Fonthixrimbediea) ablspingrdinesn ta&lépriﬂ;hg@tdfe%ﬂﬁ@ﬂxﬁve@&at@g igring
data representing predeterm ned functions in
estalslishedtablock 06! Thé fask pridfi§eRifes N8 BhbdiimdnPinddrh&hte the
enbodi ments. 15 [0051] I'n the foregoing specification,

prdcBsor koY Vall@dndPRRBssEleNEed R valtelifto Et‘é‘ﬁl?l% S ence VRlue,
speci fic exenplary enbodinents thereof. IT wll,

[00391V @it bloBIe 708y hAHRR sy ddhbpeYaibhsBéSin. 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

- continues 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

distﬂ_bution. At block 716, the operating system analyzes the task priority and power state
21
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nodi fi cati ons and changes nmay be nade thereof w thout
departing fromthe broader spirit and scope of the
invention as set forth in the appended cl ai nms. The
speci fication and draw ngs are, accordingly, to be
regarded in an illustrative rather than a restrictive
hHe/06586 24 \What is clainmed is: 1. A netiowds2003/038612
conprising: receiving first power state informtion
froma first conponent, said first power state

Walel ” nt i I
NP O3 L AR soh BT odo R0, SR Bherie LRPPLB

T et P R R R RBR AR oo i 0 3ERET s e

state |

PR A Cn one g T B PR ropeondr e Bayohep s
t ' ity f [ d 1 t;

ARRDGRIRT ok Rl of B i P ARG co

seLvigjng; evaluatin wer state and task
i e it sp P pEoPcE popver e pedase pguest can be
£ nents to determ ne which conponent shoul d service
S A& r upt request; selecting either said first
@@ onzﬁt or .said second conponent to be a destination
‘#Eo preegbadiment, qaitical fagks; o igh prigsity fasks gesdypissllx aef on
.sai d power st aite and task priorjty information; and
‘E%Wfﬂﬁ%oﬁ‘if%%eﬂl??ga UG ATIPTY Etoriet Simdarlyst proesssonthat is some type of
estination conponent. 2. The nmethod of claim]l
&R PAdsmayhien nadesiggbls cendidaty ta sarviceranrimferrypbieaiesidieenuse
information in a first menor | ocation and said
kg M ths ginspssa et ke cortfmiermmafbpihippwer andiiion dAtrhdoek 730, the
Jocation. 3. The method of claim2 further conprising
Idergpt Feguestds eprimunippted tocthe gstecied progesion fayservice. oFheitask griority
third nenory |ocation and said second task priority
eptpf foF Weftrasesspris wpdpiod rotriflavbtire pryjoritpefibe ivterrupt reqiéseatrbbdck od
of claim3 further conprising checking devices for
T2ht Ehefangat progesene saceivessind Mindlesthe hegdesof Atdilak 124} telwpérhigry
conpri sing updati ng power state and task priority
systehoig petified nf thereqeeai @mphitet. | Tha tdsh pricityanmyénkstéred foefheect
a ask priority of said interrupt request. 6. The
preeesbrpdt lWdéckRai For 5nd enrtiodienent; thapracsssdrgt bleken28 kdagnes
notification of interrupt conpletion fromsaid
opbesion with iterask drapessenhand Wherd the reveit gl re@letivak feceived.
further conprising restoring said power state and task
[0049]or | Alhougi ihe ke @ambRE desSiiieGhdioirhgictan Mo GAIMSRBH on
to values that existed prior to servicing said
ini i @BCXHE excRGHbAThits Md IopidEtsRkr @fnbedién® of e Prdsbfr
conprising informng said device of said interrupt

130

il

- in0eNtiph Qinibe BccomPBlishdd By WBL ITQskvedre. Cdudh S80Saitted 64 florSfbifthin a
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first and second conponents are processors.
memory int the system. Similarly, the code can be distributed via a network or by way of

other computer readable media. For instance, a computer pro gram 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

22




10. The nmethod of claim9 wherein said first, second,
third, and fourth nenory |l ocations are located wthin
chi pset logic. 11. An apparatus conprising: interrupt
handl ing | ogic coupled to a first set of signal lines
to receive an interrupt request, said first set of
HYNW06{Bthes coupl ed to one or nore devi ceRCTHUFAM03/036I2
generate interrupt requests; a bus interface to
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18. The apparatus of claim 17 wherein said first and

second conponents are processors. 19. The apparatus of

claim 17 wherein said first®and second component s

execute threads of a nulti- threading environnment. 20.
Whatgg,gm%g%ar atus of claim 19 wherein said apparatus is a

pset. 21. A systemconprising: a bus; a first
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 12.The apparatus of claim 11 further comprising memory to store said power state information and
said task priority information for each of Sald first and second components for reference by said
evaluation logic.

13. The apparatus of claim 12 wherein said selection logic is to further communicate said interrupt
request to said destination component for servicing.

114. The apparatus of claim 13 wherein said selection logic is to further update power state and task
priority information for said destination component to reflect a task priority of said interrupt request.

15.The apparatus of claim 14 wherein said interrupt handling logic is to further receive notifi catlon of
:nterrupt completion from said destination component. :




28. The system of claim 26 wherein said first and
second conponents are eacrrlé%rocessi ng cores of a
mul ti-core nodule. 29. A hod conpri sing: receiving
first power state information froma first conponent,
said first power state information being information
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for refejenie by saittevaluptipndadicpower state val ue corresponds to a
her task r|or|ty val ue. 34. The nethod of claim 33

hi
2. The Syismat He pel{utloRr ppBas 'c\}%p ﬁ‘%‘i‘ gle and
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Pt o service said interrupt request than another
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28. The system of claim 26 wherein said first and second components are each processing cores of a
. multi-core module.

29, A method comprising: receiving first power state information from a first component, said first
power state information being information representing the power state of said first component, and
second power state information from a second component, said second power state information being
information representing the power state of said second component; assigning a first task priority value
- o said first component based on said first power state information; assigning a second task priority
value to said second component based on 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 o determine which component should service said interrupt request; selecting either said
first component or said second component {0 be a destination component to service said interrupt
- request based on said task priority values; and communicating said mterrupt request to sald
destination component.




a second conponent; receiving first task priority
information fromsaid first conponent and second task
priority fromsaid second %%nponent; recei ving an
interrupt request froma first device for servicing;
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conponent shoul d service said interrupt request;
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38. The machine readable medium of claim 37 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.

39. The machine readable medium of claim 38 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.

. 40. The machine readable medium of claim 37 wherein said method further comprises checking
devices for interrupt requests.

41. The machine readable medium of claim 37 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.

42. The machine readable medium of claim 41 wherein said method further comprises receiving
notification of interrupt compietion from said destination component.

43. The machine readable medium of claim 42 wherein said method further comprises restoring said
. power state and task priority information for said destination component to values that existed prior to
servicing said interrupt request.

44, The machine readable medium of claim 43 wherein said first and second components are
Processors. '




