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TRANSACTI ONS SUPPORTI NG | NTERRUPT DESTWWHMMW | CTI ON AND LEVEL
H'RI GGERED | NVRRET:sSEMANTI CS Rel at ed The presentpcaRRoks Rk ON
and application no. /-,-, entitled "Mechantiesmwst or Perform ng I nterrupt
Destination Redirection” (Docket No. 42390.P4973), which is filed

concurrently with the present application, include overl apping discl osures
but ol ai ms di T RENEH CEIBNS SURRLREINGENTERIBURE TS TG THUN IR IGEHANC 2l
Field of the Invention: r i i | cessor system
and, nore particularl y@ﬂwgmgﬁ@égmmgﬁ%&ﬁ%@sors t hat
provide task priority update transactions and end-of interrupt transactions
oh a processor bus. Background Art: Processors such as the Pentiuns
processor and the Reaied WppREQiRF OORSHFSeniEpUEARhUHeApplycatibh @b. Cor poration
are often used in mufti-processor systens. Various devices including I nput
and/ or out putentitled)‘Miehdarces [@rittriorerg IprecopsBertisatimyRsbektied (DocketNpt  a
processor. To interru?t a processor, an |/ Q device provides a signal to an
i nterrupt cont?GPHER7aiinigd 15 fladirorcyread¥mie the Piest s APRIFRlPBJDEYEE t 0 t he
processor. In_the case. of the Pentiu rocessor d Pentium Pro processor,
the i nterrupto%éﬁf’&‘(‘)‘ﬁ?ésrgloé%%ﬁi%aénesl flge SHPRt ™K or mation to the

r

At er r-up
processors through a three-wire serial bus, called an APIC (Advanced
Programmabl e Interrupt Controller) bus. The APIC serial bus includes two
data conductors and a cl ock si gnBhclgeddidbDthe fhhentRaNt i um processor and
Pentiunm® Pro processor include an internal APIC. The APIC includes a | ocal
mask register cal | dechaicihEieldmfithe Inventisyi HrereseTHRy critioatrelhigs t@a biokssspo
designate up to 256 priority. shgt es, although some of them are reserved.

The contents DF'REHBEE ga%lﬁa EdIOAPPERSFU Y SERANG UdiBh PERCEHOr IR BFOYIEet he
oont (ol eveb For .
tasks being p&glf gggﬁ@ dm%ea&h?an%c?ﬁﬁ?ﬁgc{r end - RIS tRMsg&E)&enBé olnga;[&gé#g{){ t'{u% one

t hat al t hough 0 a particu processor, na re a
processor in a grogaciolidoCe SIHESshe Yiidhths tREPAVBES procbBSTaEUREPSTRRME
(RULE 25) ~ 4 ~'; ~f "c~""2 WD 99/ 307?4=t PCTN898/2§563 priority inits
TPR. The ar bi Progpricosss@rrozresactumay bl Vets! Comppatibngretdien8iséd insmolti-prioeesid?R of
each processor participating in the arbitration. The bits of each processor
are asserted SFEHI-tVatous deyipes inplading iy and/eroutpi (HE3 dedessand otheat bi t
(MsSB), onto thec@PI C bztle ILne tv\,hi gh irs conn%ct.etd i Aan 9$en grf@n vice

arr angenent t 8TOEEERIP #é b? é)rb%ré%p PLOTRE bi SV WRRF A B ?ehe API C
bus line so thafidslhQkMPlotAGRtehAbt EiRrofcLWARENin Rich Yrdskdts bR FiteRuflirBdlest
voltage ( 1 ). First, the NNSB fromthe TPR of each processor participating
in the arbitratimerprocesegserted on the APIC bus line. If any of the
processors asserts.a | ow voltage on the APIC bus [ine) the line is pulled

| ow. A processor assetcasrpidhd Peiug® pegessdr ancblentism® Broeprpecsatiothiger
processor with a | ower @ iority if the APIC hus line is Pulled | ow. . The

processor dr of4CTER! CBPUrAIH SOFUPURIFBF it rHRLIRIMalP® Eelbig BFOCRSRO TN IRE A
priority. The ) : 0 f LAl or is
asserted on tkﬂlge%é\ lrﬁ%%ﬁ@%ﬂf,@ﬁ:{#n gb{)@gfs&d—eusgg%(ra Pégtggwggqh{agﬂgb%ﬁggggaas t he
second MSB, byls.t g APIEsdrial Bt ih€dddsaWo dafa@oR8 @S 8 a BloBPSigRaltcofductor.
consideration. The third MSB and |later the fourth MSB of each remaining
processor are asserfhe®eotmum®erédesorng Peatnen® Rrs procésaor ihalshé amirdgroals®PCor t h
to the least significant bit (LSB). |I f two or_nore processors _have eq
|

ual
priorities aftlég ARIC in¢lydns ajpead msk ecghes faliadka T askdrioripeRpgiseeclddy hatdas & he
| owest | ocal APIC identjficatjon (1.D) nunb i s chos to receiv e
interrupt vectds © RENAlUD 1O g@rﬁgﬂt%ﬁ%ﬁﬁﬁﬁfl%”@ssgpﬁﬁgghcﬂ ASIRETY p&hhfhe
API C serial b ' I [ ' ignals to
't errapt - contP TSR T HAE R SR AP el O BY e b e Tt
bit in an 1/0 geedihesby en grakdseori N the interrupt controller is set when an
interrupt request is sent to a processor. The state bit is reset when the
EQ signal is receiAdéuvdsyptidrityiintceupupbone tiat althdugh dirgdteditd @pasticelai gger ed
interrupt signal is detected at the interrupt contrfol | er input, gq{ﬁt after
the EQ is reddPSASERT FRE OF RACFIGALO & BIPCFBPT @rd warRIel BIRCSSHRIEMP(IpS s IgHaT! o
the processors in response to that interrupt signal. There arc certain
di sadvantages with the APIC serial bus. First, the serial "mmmmﬂmmﬂw
vol tage scaling between the interrupt controller (e.g., 3. t he
processor (e.g., 2.5 or 1.8 volts). It is difficult for provi degéseansi stors
in a processor 2 SUBSTI TUTE SHEESU#SRIrGTRIIHEET (RULE 26)
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~ 4 1~ ,";f ¢~ 12 ( WD 99/3024.1 PCT/ US98l 23563 that interface between such
di sparate voltages. As the voltage of the processor core decreases with new
.gener at i onswofepemeessors, the problemwill be even greater. BebtYa#23¥He
frequency of the processor core (e.g., often nmuch greater than 200 MHz) is
much greater than the frequency of the APIC serial bus (e.g.) | G Miz). As
processor . ol i e the proble i %e. ven.qreat.er. IS
G 1t ourt PHOTRRRe 308 DR bR e R n PO onauR FL SR T e
greater begpes ptct&_s@r?mkﬁmahgmméﬁaﬁmw Tfe BB e Pocestfli 46, the APIC
serial bus is relatively slow. "In sone inplenmentations, it takes roughly 2
to 3 m crosseontsnct ot atel timerbegmningtveitt thptmosAsignificent YiGN BB paioste APDCE | ons
are used, the speed at which the serial bus can deliver interrupts becones
limting. Yheliys sdightis perpepieH dhan epedi draisragangesnany & cash @i thy mypcasedsici ng t he
effect of e or nore the above-recited problens w th APl C serial bus.
Summary of q?’ﬁ@’“f HG AMErSA opfe lﬁﬁ%%ﬁ%ﬁﬁﬁ%ﬁ’( ‘?‘att%lg’s“f WRI@se %}ﬁmﬁ Adv&lEEs an

apparatus | ﬁ%i@é@%‘vﬁggh ol H'}.elfirs?,ytﬁg ‘R}i@ﬁ‘ﬂ h‘?%ﬁgﬁ’@{ ﬁg&gﬁghc@%r The

appar at us ode 10gi € to receive t cessor bus a task

priority upgaicgalifi@nShe bitdatidiChk UsleRed JRtR AR BsaMeatif ¥e &ftha task
priority designation of a processor of the conputer system and to provide
a signal r esgosseisvassdriserletvovolihpeompeak BiOUsusdinspthie ik udmdleddowt & priority
capture logic to receive the signal responsive to the task priority update
transact i oRTERFOUpGaRias edgierlnge fiseonery st eaprhesmregessoaptitiralodsgi ¢ 1 n

response thereto. In het enbodi nent,_.the invention includes an .
apparat us P&’P“[Ys’é‘%/t\ﬁﬂ‘gg‘ﬁofﬁfulfﬁﬁi%‘g@ Verﬁh?&f?ﬁeﬁs%r%?%sc%ﬁé)gfo Ideratigndf

appar at us i I 0QL reeplve. t r an
eﬁg- of int g?@h%?ﬁ?%%%&gr?arllgg%:rthrgoggy 'a(r%I ént’ glcpérgg%g‘stggﬁ%%&g?gﬁg{f ergééiponsi ve

thereto. ThemapPapaddeSsodsasémel dhdas ARICIHOE Bid, Ut pesuebiodhbwrts h Agdhudi ng a
tabl e having a state bit that is set in response to the interrupt

cont rol | er voHagsi asithgyseannd NS, rupthedingnapulleddowethetproassyoe dpamset 0O t he
interrupt controller receiving the EQ .signal. 3 SUHSTI TUT>= SHEET ( RULE
26) 1 ~r congdergtion. JThathigd Mg and latepdhy loggis MTE gBeash irepaipRgdrP§seI%n of t he
Drawi ngs The. i nventiop w be,.under st,0 nore ful fromt he .det.ai | ed
deacr |t of iU Be Eha ofs B e BaBar 1 ‘ald RSetbr s ERb8 ron:

of the inventi8R) W& .or HRNSYRIessSRU de Al plistitlcB AR d10eibhiBids nhepdeRVENt i on
to the specific enbodi nents described) but are for explanation acid

under st andiangred)|tite pfokcEsodwith tize lbhastkochl Ad @ ndangificaseniB) nanbafis ahosen
mufti-processor systemincluding |owest priority logic for directing

i nt errupt s 1@ &caive deisterpipt vedtery dewd AFIC [D number isassigned at power up.

The APIC serial bus is also used to provide end-of-interrupt (EOI) signals to
interrupt controllers. In the case of ievel triggered interrupts, a state bit in an [/O
redirection table in the interrupt controller is set when an interrupt request is sent to a
processor. The state bit is reset when the EOl signal is received by the interrupt
controller. If a level triggered interrupt signal is detected at the interrupt controller
input port after the EO! is received, the interrupt controller sends an interrupt signal to
the processors in response to that interrupt signal.

There are certain disadvantages with the APIC scrial bus. First, the serial bus is
poor at voltage scaling between the interrupt controller (e.g., 3.3 volts) and the

processor (e.g., 2.5 or 1.8 volts). Itis difficult for provide transistors in a processor
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FIG 2 is a block diagramrepresentation of an exanple of certain dgt aih"s( £
of .one enbodi nent of the processors of the systemof FIG1. FIG 3 is a
bl ock di agremmeptsasentati on of an exanpl e of certain detail SOVUBHBIS6E3
enbodi ment of the renpote priority capture logic and |lowest priority logic

of FIG | . FIG 4 is an illustration of one enbodi nent of a renote task
priority regqgiste PR) in.the renote priority captu | ogic of FIG 3.
FIG 5is &gblnéedﬁ“ég‘dv A YR ‘é%aéﬁ'fé{f’ﬁ‘%y‘ﬁs-ogséﬂ?evoi‘ﬁgeoﬂ"ﬁ%ﬁfocs?rs%core

muf ti - proc i i i rup i i |.C note priority
capture |ogi§°2§“rs‘é%§%§?8 gﬁ%ﬁ%ﬁ%fk’c%?%:sol%hhlgqjlﬁétﬁ gé‘ggct)’lr3 Qg‘%nr%rg{tigrhg interrupts
to a | owest pri8édony, tﬂé@%@@s‘i@?ofﬁie@ro&séo’i corelik gCkfieh ﬁﬂEl@?ﬂeB@P{hﬁﬁQDG ation of
a mufti-processor systemsinmilar to that of FIG 5 with the addition of an
API C seri aMHha)ss mEEIGgredter thansthe &egsenay biheptRiSesesiplemisdk. gy 6 IMHEOrARTPR
update. FIG 8 is_a block diagramrepresentation of systemincluded at

l east one PFASEW8sERAUCAGIES ingeaess therprelipmyvallhs civer eeptapt !t isshifficsltker over the
processor brﬁs ac&ordi ng tho.one e}Jbodi nent...of th i.nventi gn. FIG 9is a
graphi cal FEPFEE BRVEET SHNGHSPERT JEsyaaier e E19 RCERHF 87eRtEE Brarsrght Hoemle
embodi ment jaf; dhe,dddYEPEd-ARuiepcl uded in the interrupt controller of FIG 9.

FIG 10 illustrates an EO transaction to be conducted over the processor
bus. Detail ed Daaird]jtpt APICaEridRE ¢y febdivEIFROA. MR HofmedmPldnZhlalidAE (SKEET (RULE
26 1 ~~a ~E-"12 W 99/302.1.1 PCT/ US98/ 23563 A. Systens | ncl uding

Renot e Pri orughlyCajst imecrbsegpudsandeliomestintPrigr iAsymere i intensive functions
are used, the speed at which the serial bus can deliver interrupts becomes limiting.
The present invention is directed to over coming or reducing the effect of one or

more the above-recited problems with the APIC serial bus.

Summary of the Invention

In one embodiment, the invention includes an apparatus for use with a computer
system having a processor bus. The apparatus includes decode logic to receive through
the processor bus a task priority update transaction including data representative of a
task priority designation of a processor of the computer system, and to provide a signal
responsive thereto. The apparatus also includes remote priority capture logic to receive
the signal responsive to the task priority update transaction and update contents of the
remole priority capture logic in response thereto.

In another embodiment, the invention includes an apparatus for use with a
computer system having a processor bus. The apparatus includes decode logic to
receive through the processor bus an end-of-interrupt (EO1) transactions and to provide
an EOI signal responsive thereto. The apparatus also includes an interrupt controller
including a table having a state bit that is set in response to the interrupt controller
receiving an interrupt signal and reset in response to the interrupt controller receiving

the EOl signal.
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Referring to FIG |, a nulti-processor conputer system 10 included & M\ 2N
processors PO) P 1) P2, and P3 connected through a processor bus &9%7 éé}
some enbodi WEMEY24pr ocessor bus 18 is referred to as a front < dE (185%°The
invention may be used in connection with a system having nore or |ess than
Four processors. Processors PO, Pl, P2, and P3 include interrupt control

| ogi c 22) 24, 26) and 28, respectively, which include a task priority
designation that indicates a task priority, which is the priority |level at
which interrupts are servi cditief/Mesanipexsampltie) Drheidgask priority designation
may be an 8-bit _nunber. Typically, if the priority of the interrupt is

| ower than the Vaguenhon el peyndepttoast mesp frl@gf@met%e g¢tailed desprippasgvan, t hen
the processor will. not act on the |nterrupt. note priority capture |ogic
32" hol ds- t 20 pATUGFIR Yoo P e B iag bR PR P BT AR of ¢ hose
of process ) , P31k ?c%latiol fear riority

i nterrupt glgs%/te?%é%b!%é?]d lg%gf?%g{lit%“h?tﬂb? ﬁ%ém or tgé;%%ﬁllﬁ(ee)en%%ﬁanst priority
data may beletdided, MBBS. (of exphfalids kndoiddefstanding@niygnat i on of one or nore of
processors PO, P 1, P2, and P3. As used herein, the term"renote" means off
a processor di e FlGntera dnek dnbrdi wprsdntatemtf e muliigrodeysos apttem éndlang 32

al so holds task priority data that is indicative of task priorities of
those of proves HPLtYPgpicpondirgsping AWETRRLS {h{0VESEPHRFILY A7l e for LPI DA)

but are operati in.system.10. The task. pri.orit ata ma .assenbled in
renot e pr!oori tyr}ggp?ﬁ?r%aﬁcgbﬁheg@? TSR ﬁ#‘(?&@f a%?ﬁ%%ﬁqgoﬁcecﬁ?é%%ﬁ‘llgto?\‘?ge of the
task priorighyh8fm@er He prBERsdt OE{PECS %gﬂrgzggg,l P11, P2, and P3 are provided

by the processors) to processor e/ decode | ogi ¢ 36 decodes
(these signal s frRIG PisacEissOdiapridt rkSreadhthtidh @Y bl sant)l€ 0Bl cStalrCflpIRDI ¥Be t O t hem
to renote priority capture logic 32 through conductors 38. There is not
necessar i | yembodieent of thegcmoterrempitin captiere ldpee wveklowbsitpsiooity toge &filj@alls on
processor bus 18F conduc@ors 38, and rempte prj Oritéﬁ c%\gé ure logic 32. For
exanpl e, the bitidCcdid 3 BHustralipaof ege crbod meat RATE@OL tsralrarHE IS %y a

| owest pri gkl I rr nessage.i s [ ecej by lowest priority logic 42

t hr ough c03533’?3#QI*‘EéF'%E%YBé‘SO?‘?’E?%P&fﬁ'° ‘?%‘.y‘?iz performs 5 SUBSTI TUTE SHEET
(RULE 26) 1 4 FIG: 5% a biock dia¥¥@nPRbAREmhiRnREbhL /8986 didRRC0 L M- ptekdigort he
task priority data in renote priority capture logic 32 to sel ect one of
processor s spSpmBhclud#ag istecug?dlitctionelogicyentolepriarite capmoe logdc,aadt r al agent 44
i ncl udes encode/ decode | ogic 36, renote priority capture |ogic 32) and

| onest pri GiFpde/despiiclogs inTivsider firdiee et INKIBP PR I INESSRIGIT $TI5EHOMded

t hrough conduct g 8 to, engode/ decode | oqgic. 36...Processors PO, P1) P2) and
P3 have | dent i f (0Gk P ot FPRDAPEFG G g R Jikm USSR T oY B ML O or
exanpl e, syUppliredcat ROWRE 280N of S8b1C LPMESLs Priority logic 42 provides

t he sel ect eg AC\JPI CGI D“ﬁu\r?ﬁe? W%I%Otﬁi |pnterlruptS nmessage. The interrupt
message i s proviged 7tihaaagh aaneasaidgredecyctgios RIPRt epdateocessor bus ( 8 and
the sel ected processor. Encode/decode |ogic of the sel ected processor

f ecogni zes the ARGCSIi{r hivnbdrgmmirgpassastiard systemrindipdedme dassigame The
interrupt nmessage with associated bits (e.g., APIC |ID nunber) nay he passed
in only oneT8FeSFH hiBUEHANEGhE fﬁh%éw@ﬁ Cﬁrewé&qvwﬂwéoewr&w ﬂﬁ%é‘gng
processors have an ua west priority) lowest priority logic 42 may

sel ect the t8r°88§r§‘$8$'ﬂbcgg%tgﬂ%hr}ve (l)?n'exarrpl e) Highest or | owest processor

APIC 1D, or in WI@@@Q%&gi\i@alt}@ﬁée&mﬁi@ﬁ o 8% D "tk YR Ebn Ribleict i ingde@8e NOt
require that there be re than two different priority val ues. For exanpl e,

i f there i sempddymeme f\isd ineemifontiad kdedrih ottd ihyerrdat @ntrbliericd FIGe9.l onest .

Exanpl es of the interrupt nessages or other interrupt signals that nmay be
provi ded over prbBl§ed8atusyats g BQidrangestiontebe eqndueted pre7dhe BIPCaTIAr Wsct or
signals, interrupt acknow edge signals) end-of interrupt (EQ) signals)

i nterprocessor interrupt (I1Pl) nmessages, other control signals or a

conbi nati on of these si |, I not | owest
priority signals and shggﬁél%ﬂol‘?&ggplrlg{(‘j??ggg{éﬁ{mzﬁﬁgﬁgﬁhg}i ority interrupt
nmessage nmay be provided to a processor destination by an interrupt
controller, other circuitry, or the operating system (0OS). In such a case,
| owest priority logic 42 provides a destfnation redirection. However) the
destination selected by |owest priority logic 42 nay be the sane as the
original destination, because the original destination happened to be the
I~0\£/e|st LE“ gr {/\Bygg; ggg_sisgr. ACS%OBrsd‘ll’rrllglrg’SH6EESrU(%%-[EE%TE SHEET ( RULE 26) 1
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PCT/ US98/ ' r 3563 redirection does not nean a different direction, bLt‘* 5“{ i
direction provided at a |ater stage. Alternatively, in the case of | ouwest
. priority i np&PEPI+Hnmessages) the processor destination nmay bgcgflpg\%/dfe)’g&}for
the First time by lowest priority logic 42. The processor nmay provide the
signals that are representative of task priority to processor bus 18 under

the initiative of the,geacasaRindk axbENAHICa L8N A UNARE, PG CqueS!
of external logic. FOF exanple, Tn aftirs ) 0, P I,
P2, and P31pgievi de signals representative of their task priority
designations to processor bus 18 each time the task priority designation is
changed. In a s&eGmdngtbiddi. rentmultppocessoceniRer spbtemAP, inalndesRBoqmssocs de
signals representative of their task priority designations in response to a
request fr g’ﬁw Podestndif i epanesieqd Bigpushvoprgpesssr buatl &r Fuspmecssmadine®s, i n
response to their,recgeivi | o t priority interrupt ssage. In a third
enbodi ment Pr5EnSt guspﬁfléffl?f}le‘g?pﬁs\gﬁoqt3511633‘%2%(5%V‘ivf)raloé‘éﬁ“}y&ecr‘?a%é’bt s an

updat e of _tcb@m@n&&%ﬁqrs%temaerngrm&b%némma/urgﬁo&%sﬂs. f@ﬁcaaﬂébbnﬁ,t he
task priority data in rénote priority capture logic 32. e operating
system or @2haid BoinkWdé tieraypt dotet lodih22, 2pozd, @ad 2Retpesivey, Waidhlikiude as an
exanpl e) processor PO includes a local APIC 52 which includes a | ocal TPR
(LTPR) 54. aAmk@rBRity desgnatira tipt ndafatestartagt pricgitwi witictnisithe prieritptiewebat r ol

| ogi c 22. Ir],on,e enbodi ment) LTPR 54 holds an 8 hit task priority

desi gnat i onVhighhitaruptyarg sopped: ofs fihe PRI RS gk RBOTHY devigrajoe maydisan | n

ot her enbodi t LTPR 54 couyl d _have reater .or | esser, nunber of bits,
ool L STor B BTE R Rnerl. 1YRicRly SR e bR Qi iSlowsE AR he MilieinaRes™ | ° )
'and 3, encoslg/ %@@dﬁaghs@glo@tl@prb%wﬁén%g@eeslsmm dol 8l ANROHRSrufitOr
exanpl e, the MSBs of LTPR 54 onto a signal for processor bus 18 to be
decoded by encodenttec prierity @gptarc36yic\iimoldspadnprtbesy gatgrhat sredmdicandwdt ors 38
to renote priority capture logic 32. Referring to FIGS. 2 and 3, one

enbodi ment 5 RriRBEEO pPEYfiROuAITLPS 1 o§Rcari3 thel aieieilnblaercopasi
priority registers (RTPRs) 62, 64) 66, 6 RTPR 62 hol ds task priority
data i ndi c&¥ 1% wfcrﬁmf&gﬁ&?nawfb?f t@fﬂ%é&?ﬁ?@ﬁ% EAPRIChe Gk prigEBC Lt po. 7
SUBSTI TUTE ~ P f ~= ] ~ 99/ - 08l 23~63
RTPRs 4, 6 an%l‘(:%{k Eggg}%hgs‘%k&r{ggﬁ ?{/S‘%‘é‘%‘%n ?%eccztnfb%%?;otc%gg{s?r% forities
speci fied im, PTPRY HONAK s SROWEEinQtheRe OF B8 ERke"RheanP3(f adheteBr URS Ntdel Vel Y.
Referring to FIG 4, as an exanple, RTPR & includes four bits (e.g., bits
0 - 3) thatorhehdedirask, rpmberrrioyitydedpeurt hegic B3 alsndpldatash eriofityalataatbkt ipri ority
specified in LTPR 54 of processor PO) if processor PO.is available for

LPI DA. ThedBdifdiie ofitass AripriePr BoseRf mgtesieaBO+I0» Bé: anddntthatare i t he four

MSBs of th TPRR, ~Far. ampl e, they c. i r . Lso

i ncl udes aez't\)"lkil-fb(l eefogr.ci’,m@?‘t’ g&)a,re %ﬁr?zlf{n% ’ﬁ%&%ﬁ leo ' mgttésgﬁnﬁrf@;@st%? 9&% is

avai | abl e f@Eerbdh rdmibid PRomakhpiaiel [B5ic STROHITRAL SigRIRRSkntad@ opthd 68
each also include four bits that hold task priority data that is indicative

Of task pritesk prieegy spond 61 madreiof pkdeRer{ POtP Is Rdvand Hlrerpposekdbyshd®l ) P2, and
P3) respectively, if processors Pl , P2, and P3 are available for LPIDA
RTPRs G4) GOpcessri(se® poswssqrhes e Easrdefisends/\agis 46 Hecodes thewatenalsdrerat es

whet her processorsg P P2, and P3 ace avai.lable for LPIDA.. The
enabl e/d?sa‘?fP‘éeSB‘?rﬁ’”isiméﬁ B SRiStEn? rﬁplpg{nvg/gq ﬁﬁ’é‘e‘olr%cé? PERTY P ogi cal

hi gh vol t agg%i’c 3i2quioi§1g(11 %I X éxgllog‘.m.e[ﬁ'ﬁpé isingt ﬁéﬁ@gsgﬂmaeonfcgf-ok? lLQfeéP%_r@)%nce

enabl e/ di s e bit second vol'tage [eve a | ogi cal
| ow vol t ageyekwedihigaifithdsi@nddd O HDSEs0l BusNG, condatlondd e addrenlod poritfhe t ask
priority data in the RTPR is indicative of the task priority designation of
the LTPR evewpturtmgifhd2. Heor RIPRIt Abk bty ¢oontd beyingdertesl. i s not identical to the
task priority designation in the LTPR For exanple, in an enbodi.nent

descri bed above) AtHECRIPRSBHARC EHBE A IS5 PUITIT ARISEURL MCSTA8E IS rﬁ?‘i'?ﬁ“r‘{]?yy

desi gnation, of _a correspopdin TPR ef r i

i nventi on) %OWeeStAferé%%%&fc %{hécgﬁlhtwﬂ%u ter¥\m<';§1'r é‘bé‘%ﬁ |r§g£y2§§x?g"2 éxf}bﬁh?cati ve of
the entire 8 bit nunber. The 4 MSBs are conprehensive enough to achi eve

| owest priority semantics. In other words, the 4 LSBs of an 8-bit task
priority designation are not significantdenough to matter for purposes of
this invention. O course) the task priority data in the RTPR could include
all the bits of the LTPR Further) depending on the inplenentation, there
is sone chance that the task priority data in ta renmote priority capture
logic 32 wll sonetines not FTYUTEfPREET R 1TUTE SHEET (RULE 26)
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desi gnations of the processors avail able for LPIDA, because the task7 _
priority dedQP¥i%éons change with tinme. |-iowever) the task pPFr&PPY2H4t a
is still indicative of the task priorities of the processors available for

LPIDA, even if the indication is not always perfect or LPIDA does not

al ways sel @piphhgiRr Qs &St QFiov L4y : LOL L IV no ik Ro se.ip which
a processor is no'é Tavai la Ilgyl\%’vz)r t{{gﬁﬁk%\t{)%%godggctgé%peelﬁat%pé}tg?ggﬁloge Bi?t is
set to di sabcessorsP®HPe, BrGMiPTROTJcelvRRNE afkrupti A dehitaldabd danintinads RTPR is
updated just as if the enable/disablc bit were set to enable. In another
enbodi ment gnedge/deeasle lpgic §bi remottatrivrity captreupgiad 2tindriewest phieritgriadit é2.di sabl e
bit wll bj_ set .to gnabl e. In that |last nentioned enbodi nent, the task
priority dat'dFAGRE AYETHR MeTeRecds PRryidse tarougfsRonsIFISFS 48yt0 sncadsidecode
correspondii?rég g ocessor, although it does not master because it is not used
in LPIDA. IT § hat enbodi ment, the contents of the four bits is not updated.
O course) in ! Heokanes bl MNbEMA MG IRANinERIAUrALR, b ADIAPIEGDs L THEA
because the processor is not active or mssing fromthe System fhe
contents ofARIGADf muy bé,aBKeyafipdé, istiyplibdtad pbiveSoDbr febg. CotveqpRRE RGICRTPR Wil |
be neaningless. If one of the processors of a nulti-processor systemis not
present i nprévadesyibe eglgcted ABIGIN emmApr iththe intreruph aiskwpdi Shbingerbipt i s

di sabled in the correspondi ng RTPR. Under one enbodi nent, enabl e/ disable
bi t of t he TEFPICRRALIARE UsRd ‘e“t“cf’%dqch%[ogt‘i%e‘otﬂ‘i%“ﬁ?P § & apddag sed
(updated b i s . t i unti |
2 ool r ackpEe BRREADE BhBaPLRERARY o A P R I g LV RN R 01
levent typesp nlibePhind PRsROKS il RUR RS, aheinterrhp)mdsiRchiBlQRiAcgeSS to
the RTPR or (2) a RTPR update special cycle transaction (an exanple of

whi ch descrbityéelgi, APt@hDettiber) mayt be faséad if)onbyortehe ic aroredpondé pirsagent ,
controls the state of the enabl e/ disable bit. An upgrade/ downgrade of the
RTPR may od@ffclas a result of PowerOn Self Test (POST) bef ore an I/0

interrupt enter ile system The prqcessor also.raise its priority to
Lhe hi ghest | eval 75 406 8 AR PIOREBPIA VS B ROVRAC 1S AUPH e DY SoRBIE of Fi &
4) RTPR 62_|b£l€'4§9‘r%§ fd| Ehk%%kssﬁ%&z%cé%ngfor c@rﬁp’icﬁﬁ@estdrﬁo»@&@p%@é&g} ment  of

the invention, the additional bits are not used and are reserved. In

anot her enboRIQENtor & a thrandirabiariasion The memoiowest @riofityl’ eedndt Sequivg the used 9
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for vari oushgrabpowess thanqwediffarenspoickisr vawisodionerampleHethereds enlyeonadaivei onal

bits in the fRTFfIR’s. .Thg enabl ?lgi sabl e function may be acconplished with two
bits ratherot#KPTORLY I3 LIS PAPYSLFI G 3, as an exanple, |owest priority

|l ogic 42 may in ViZi C: ihg logic 76
has access to tﬂ% gﬁ’r‘l%eégg FS\J g‘gcr{\%teﬂ‘g%ﬁ%?‘%rhcﬁ%ﬁgwk%g@g}ﬁ%ﬂ?gr‘@%%&naI yzi ng
logic 76 perb@iePotePhRRetRr 8 BY HeNBe Wik & ot dkstta@oRand véetd?atdnal, RTPRs has
the I owest priority (which may include resolving any ties in | owest
priority). iArmoptaichnalicdpd fienalyndwyf-iftotrdptt(BOI) opesds, ipeiparcesser indremtupt
nmessage until LPIDA is conpleted. A signal. on conductor 86 indicates the
API C | D nurfbdp msssagesather piitohsgods of 2 piabigaanidbess si@adls sopme i EIP s

i ded through / decode. | ogi ¢, 3Gt 8. The APIC ID nunb
ot hor 1 nali CHE GRS Aty Be BT o0t tr TaRcl VAPTRey RS IR bus 1S, and may

be in the same of l@\N&&é?i@ﬁ%rﬁ\tem@?ﬁegag@%g%Te A8 LN rod I R da®Bn Of the
i nterrupt nmessage. Lowest priority logrc 4 mgy use any of various known
techni ques Byoarfigteefut fshiilie€ iRk clrbdtrpaditthe bpaitinpgsySERRO A tivh o cavest
value (or highest value if a logical 1 value is a Lower priority that a

| ogi cal 0).loFwest micaityplogjc 4opresidepa degtingijon wgirectR. dtayatce HierdestinasioRTPRs
having a logic 1 value in the MSB, and then elininate. Rs having bits
havi ng a | ofisctad Rrdpyestipgiofifvelogis g VRBlNg syme 8s g origina fg“xﬁ)é%fttmﬁr‘?fg?ﬁey

| ogic 42 coul d subtract values t i i S: S et her the
result is pt(g’giotr lig\l/néJ %?S%H%té%l"t}fa\?gﬁn%rtg%getp{%gﬂggﬁmg{tﬁE{O%%%?ﬁofg(%.opﬁ%wbst) if
not all of the techniques, | owest
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priority logic 42 will select the processor nmuch faster than in thé %'éé éfl
API.C serial bus arbitration. There nmay be circuitry (not shown in FIG 1)
. bet ween enc@ép@desdde | ogic 36 and renote priority capture IS&Fﬂﬁﬁﬁ?l%%d
bet ween encode/ decode | ogic 36 and | owest priority logic 42. Renote
priority capture logic 32 and |lowest priority logic 42 are not required to
be in the 0 j j [ i S J alled the
North bri gy oEroet 3| ARt Rl AR RATERERM NS A BFEAER, T4 1
betueen an 110 bue. L 08 and To SCBRTTIT G fess g prgitsdot 12023
et ween an us an ~, i i~ :
WO 9913024 ddstiral¢rlUBag b2 predBiedebr (hadirstitend byl RAveanpridritd Xyicdhnect ed t hereto
(which may interface according to a well known Peripheral Conponent
| nt er connect ( PERY PERCEFRABFAEY PTPadq (b Sieapls that ppe nepsgsentativexs tadppriasignto a
vari ety of conponents, i ncl udi.ng I nt upt controllers or. bridges to other
busses. Br Pgoé:gpsf’ ' glﬁs '}a‘f/"c%é%ﬁéglg%‘g’ao%%c REFSSPHIOY e [Peyeng! of ﬂggeﬁlﬂéesent
i nvention I AN j r; ; rati t of t war e.
et 1 s U o T e e need
not know waed RBhravidy sigessebrdatifatdle ARhdr Gek pabriffUisighRiddekdIProd&sek t 0
comuni cate between the processors and bridge. FIG 5 illustrates one of
t he vari et pudi8 pachgingd the tgsk @nrenityi degighatiatige ciiged Alm d JeGrdralradirpentcont r ol | er
| 14 may be constructed _according to a well known nmanner or be especially
desi gned f 8FOEFsOfs Bt ddeRt: andEmiPyAe sigRels reniptentabine polesrask peietigay i ncl ude
an |/O redidras‘%grﬁ]zh%ﬁs LARES kO P %ﬁb%ﬁ fr%prl%'w%ttisog%%{@i Rachféz‘“(frf%iL(egu%zm errupt
requests an e destinatron o e targe request . redirection
table may REAYHIRE il ALEEAHRS INKBGERNEnd #10vA8Nbidrity ifErr@Rtdksd Rt on RuiRb! e
whi ch desi gnates the appropriate interrupt service routine.” An i nbound
queue | 20 lolbddinant,atmopt priogituestse tayid 3 hgericlidelysentests an apgatocftisor . An
optional outbound queue 126 hol ds signals comuni cated froma processor.
Syst em | 00 pefceroG. Bthgpaschintsmsrotvbeusd farirdageg theltaskupsioriRefld i ng to FI G
6, a system 170 includes a bridge 174 that includes renpte priority capture
| ogi ¢ and F%‘BPPé’éPf‘&hC?Pé‘ﬁFé"?é%ggrEﬁ%@l"’tf?}‘%?yé‘r"rﬁb%ﬁ HRH OB AR ESE Nt
invention.lﬁggggg | 74 all ows interrupt nmessages to pass on processor bus
8 between bridge 174 and processors PO, Pl, P2, and P3. System 170 al so
incl udes an APl Qef@tingho PIB 21dBani dxainp®, bReEssePRY Alcludisa lobatARICs 2pefiithr med
by APIC serial busses of the prior art. Bridge 174 may therefore be used by
processor s indadesarider FAPRNATIPRY) &¢ r WRC FBdsayesimmie pf soessowithinsinteguphd by
processors that understand interrupt nessages on APIC serial bus 178.
Dependi ng GAMAOBE Sdeds BRC eq‘?oq‘r‘ﬁ?mbET??\éﬁ%lofpé agi & RISk PRAKY JEESROR t he

processor w h 0 pbe different) b ri ° d by
Do Sons i A 4Th0 PRy 6 Yoy SOATRGREL B ARUA s

PCT/ US98/ 233563 hERE 2 §dak Q¥ 1eRéek Ao Ber dflbits idr e didndirele s a8@tlonmy i nclude a
vari ety of conponents that are well known in the art, but which are not

it hust r at edsignifitades Quseeidg eF & D echuad 3 sancbde/ddeoidd Ibgit i58 nchnids enc®deissi on are
not necessary to understand the present invention. Lowest priority |logic 42
may be usedogin thes anensies.dor saiatripld, e 4iSBs 96 TPRoY4 onto a signal for processor bus

18 to be decoded by encodc/decode logic 36, which provides signals on conductors 38 to

1
~

remote priority capture logic 32.
Referring to FIGS. 2 and 3, one embodiment of remote priority capture logic 32
includes remote task priority registers (RTPRs) 62, 64, 66, and 68. RTPR 62 holds

task priority data indicative of a task priority specified in LTPR 54 of processor PO.
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exanple, the IPlI signal fromthe directing processor PO, P ( , P2, c]rt*IkS‘(i 5‘5"')2
forwarded to bridge 104 or 170. Ivlercly as an exanple, the I Pl nessage may
be forward wo 990bus | 08 and then directed through bridge (POBWUB2IS¢D0
the processor selected by |lowest priority logic 42. Alternatively) the IPI
signal may be forwarded directly to the inbound queue |20. When the IPlI is

first prowrglquz S ress bi t #) i.n.the | st phase
oftthe IFI be lsggt t\({ﬁi@ﬁ@fi?%sg p;8b[y [%;:ga %"gj %“3’0 A‘até )p‘il;‘?'fffi‘eézi?i%éfb‘{‘ﬁat |
interrup mqqu@ i $holh Mol I $ ut is to be consune
by the bridle. Vs(\tb‘rllgn to e)l PIp re%&gstl rjet ugrll)g ?‘{I%?ﬁ I’ll dge, the bit w II be

set to a second Reftitiageo FEG O, as doWampsq R 61 heluged Rt i (El@rnes)- 3
processor will consune the IPI. The follow ng table sumrari zes the effect

of the stat”éalcbplcbé?%kaﬁfmfsfb’glmaltbatowqdmcessba tdsklanStympe@ﬁed enbBRR fertf of
the invention "t .care; AGH# re in the second

phase of tﬁéo%efi?ﬁzj@ct(ééﬁ%cssﬁfg ‘ﬁ@vaﬁkaﬁléJoﬂ%Pﬁ%rgh?ﬁﬁdﬂ%‘” ‘G\NégtTpBr‘?%fﬂQty

Logic 42 d t r I .0 i ected el i ver de,

I oaest pri gr%??{/% tg% a%%lbgsﬂpﬁou?or m-L l%’Iy LIFFEBZ Ao (i %#l?eﬁt%md[%t
Transact i ofinveyRe( ﬁxwa:( %2&)@@955%&? DE‘t'7?’Q'Ulﬁclmq{%arcgmﬁﬂhg%ro%&‘ nation
ModeOOl1Fi xed Del i very Mdc -Logi cal Sstination

ModeOl XRes @viedv@Redior E€i2d. Delhiearticulpdebolhieai, GAIPRRDEE! 66)ahd 69 eddpde 12
SUBSTI TUTE SHEET éRULE 26) WD 99/3024.1 PCT/US98123563 | 01Redi rect ed
Del i very M€ ipgly %éﬂur@éﬁﬁharﬁé@iddmskl\mwemdmm«wsemmmmjofdﬁsumtoemmpt (EQ)

Fndi cat o wiBtABra (oo AR st ot SDdupreiessar P o epi {r?s%‘eftgfesfﬁ or r upt
(ms.ssage’ r cgéoq']'?‘?l qu tatz?g’ P?,ta?et 11:9ch Vé&%ﬁﬂ%blr?gq{ssé%bk tG% alsgdp g@c[ i on

priority capture logic'3 e cal ther

bit, may ban@ﬁﬂt’ﬂuﬁdeﬁbllaaﬁﬂdatqndkh@s mm&tpr@éclswrspv reneRAPNEL: abiiladlelfod O: 8]
(e.g., 001 ), of an 1/0 redirection table iii interrupt controller 1 14.

Lowest pri d{HIDy\ | Digi cmadlz/disablelbit isieredcid witonfscedlape levélife.phy sigial high
destination de and | ogical destination node. Under one enbodi nent, under

physi cal deStRERt NGIFaHRER Processeias ab?‘@é@ggbﬁa%l% elkenableipablgditds on uni que

bascd on i (oRAAR! Rise R bt BEMBies 87000 1 HERPhiRan P et Bige: "

processors ,@[gvas@bg%ggpm_ed on a | ogi cal | D val ue programmed i nto each
API C. Since a logical IDis programmed, and therefore not necessarily
uni que to a gi verhgusdcpdsdy,dataneyh«RMPRAe Hdidayivao Dihe upk eriofityodsizsatien t 0 be

of the LTPR even though the RTPR task priority data is not identical to the task
priority designation in the LTPR. For example, in an embodiment described above, the
RTPR holds the 4 MSBs of the 8 bit task priority dcsignation of a corresponding
LTPR. However, for purposes of this invention, the 4 MSBs of an 8-bit number are
considered to be indicative of the entire 8 bit number. The 4 MSBs are comprehensive
enough to achieve lowest priority semantics. In other words, the 4 LSBs of an 8-bit
task priority designation are not significant enough to matter for purposes of this
invention. Of course, the task priority data in the RTPR could include all the bits of the
LTPR.

Further, depending on the implementation, there is some chance that the task

priority data in task remote priority capture logic 32 will sometimes not exactly reflect
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targeted. Interrupt nessage bits (e.g., AbSn and A66#) may indicate mhether
a physical or logical destination node is used. in physical destl

. nhode, | owesWOPBBHity | ogic 42 may sel ect any of the processcﬁc’smgﬁ%%?g51
cluster as the processor to receive the interrupt (assumng the
enabl e/ di sable bit in rempte priority capture logic 32 is set to enable for
that proceggqtdal bk g?:@&w déﬁgﬁaaa)ﬂ; bOfe PREEGIsof R afYSE P (PR AOBECALE 13
follows. Lowest priority logrc 42 or other circuitry chec ogical ID
to det erm rask phertld?efesx@hﬁldnlhﬁdiﬂglép.hth smé Hookesr, te t@skﬁirﬂﬁ@ﬁaﬂﬁ igMttihi n the

| ogical cluster. if the interrupt nessage is di r ect to one of the

pr ocessor singivaproelss sk prsriliesf thopestssprsiagrilable foo PO A2evenyf thet er mi ne t he
destination gFocessor Iromtﬂ_e group _of processors indicated in the |ogical

ID. The di MAEREEA ISTOLAMAYE PE ﬁﬂéé@é%rdoswotlaéwm%el%ét@mceﬁwrtvﬁ@

processor t UBST UIE SHEET. ( LE

CVO 99/ 302Wf l&%} b@@g/ﬁéé@? erruptp“’p)crelssé’Ffst;l\//l‘J Y%‘ﬁ%% erfgr b?@dﬁ bS‘fausc
pr ocessor sirenrdhsiaiiadolewidisget! L@gls&'@l: ihBne E%o&mwu% taSURRARE dhi@YH that
processors are in a systemat the |ogical node cluster address of OOxxh

(hex). |f BAPR/iOupditet juspds ibtheieuatde/disablhdithast sdano egdlard ahahet he | ogi cal
ID of “000001 I I', and is tagged to be redirected, LPIDA nmay be deterni ned
for P2 to FrobOWml tfr sk préaritidels lﬁmttquyﬁéeétslstm eraple/digablc Nt wéll hasttvel y)

central agent used, i n_connect ' %gis ngl e

processor . aPHht"@E% SQVﬁngﬂﬁggﬁﬁﬁgWH@ﬁfheV%VBE?“%ra@ﬂpi 'PYgCc 42 al ways
sends i nt eHd‘rH&‘in%§§?agE§rlBﬂtg $1he P eréﬁ?@ﬁ%prg[?%%r QFPl?ouﬁﬁﬁ’tr&%‘s?Hot iRt €

priority capture logic I nactive ere 1s only~one processor. Under
@anot her appénasdit iy @k merDA.ylnqa@terb@dlmxgnQhésaomsmasftuhwourwts i§ he RTPR
corresponding to the processor is the only enabled RTPR The only processor
in the sysnermpsatedoOlayrse.iditherasy indehish gmadcsssoe prres evitiablevier bPIDA s t ask
priority. Under one enbodinment) if only e enabl e/disable bit_is set in
renote pri 8PP @‘éﬂ%ﬁéﬁ%ﬁg’i‘% aS‘?"“FdU\E%PgB lFtSXF‘?‘Bg‘f‘%CQmeW pithgifewct the

T Sr Dt LR LBk PLOPERR ! ERLALERS: RTPING) deSnl s, TPR 1 ol 0

Al ternativ rrority c oglc cou dg#nclude sone ot her

i ndication a_5 txportehﬁftﬁc BRlcBGoRMY A AN - ;95&%%559§temv\bﬁ5tepr&§aﬁfﬁ,mé only one
processor) the priority captured by renpte priority capture | ogic 32 may

nmerely be sys¢matprapeesspiC D5 teveaiablblisablednt is disebled pt he cdeospontiimg t 0o one
enbodi nent of the i nventi-on, interrupt nmessages are assigned a nenpr

address wi RHRR- mféonﬁg@syél@c@me@blwsﬁ%ﬁwfthcd@&n@sd@%w ! il the

byt. b The
oot ooy} G Be Bl s G2 erat CPUNES B e P IR P et B o St
embodi ment )rerﬁéxﬁggtstﬁﬂ'fﬁ ‘& rEsclev?r@oc&?éj i R BPY c%ﬂ&?ﬁiﬁfaﬁﬁ%% dnogi ¢ 36, and

(optionally) the operating systemare designed so that processors PO, P | |,
P2, or P3 eambéf oft&eRtPRedpliasd o5 tdipostbie yptionsRIERS) 6iZsct B4OS @6jesoto th8,
respectlvely In this enbodi nent, the RTPRs may be treated as I/ O space. In
anot her enffddiReni2) a;BrTcP@emressp@@al Prle tPasacting (Pacxampoeferideitdaseribaslyi ¢ 36)
and (optionally) the operating system do not allow that lity for

i A% kel e

processor s peenreciion wih FiHq7)my 1 coprsspandingagant, 5981e's ¢ et 0" RTPRs 62)
64) &) andn?oq):/dbgtt)le bt mn up%?z%e%ownggdgggﬁtte%lﬁiﬁ% ?occ]UAr'as a result of Power-

On Self Test (POST) before an 1/0 interrupt enters the system. The processor may
also raise its priority to the highest level to avoid an interrupt.

In the illustrated example of FIG. 4, RTPR 62 includes additional bits (e.g., bits
4-6). In one embodiment of the invention, the additional bits are not used and are

reserved. In another embodiment of the invention, one or more of the bits may be used
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cycle transaction over processor bus | S to update the RTPRs. Processors of

. this ot her YeorBBdi2#ent are particularly suited for currently ﬂ%ﬂﬂs%ﬁb‘éf i ng
systens and interrupt semantics. B. RTPR Update Special Cycle Transaction

Referring to FIG 7, one enbodi nent of a RTPR update special cycle

transacti gpr @rdmwg@ﬁ;ogé@o [RO&S 8%o1HE 2nRdindB 1hEBRREIBRIIag] Bides & comand
field (e.g., 5 LSBs) and an address field (e.g., 26 MSBs). As an exanpl e,

bits "010G0rPRsn ThHeenablefitsadlcf fudiidni mai teadceomphighed ivalh topdit rathér thite case of
a special cycle, the address bits nmay be don't care. Phase |84 includes a
byte enabl@¢field (e.g., 00001000 or 08h) that indicates an RTPR update

| e; 1D fi t hat i ndi cat whi ch pr [ i di th
pdate; an onaBlYTNEsbF > (EPDYR BITAR Fl Batey WA FEPot S GBS s

i | abl ' RAbitS: - [ V5B
of "t he cort CeaaRr ABC TR 1 At EnE SETE R R e SRR Bk KPR Bo

pl aced i n thidugh Bordivateds TheARAIRziRE lophBYs RefdaePUDANL Bblerdin@whidhoRIPR  The
E/D bit and TPR bits may be provided within what is otherw se the 8-bit

attri but e farediphtinEriXIORRY lhsc ozl® westgiror 86 (wigsip orag Sndladet asol ciogaanded inel d of
phase | 82 and the byte enable field of phase 184 by providing an update to
t he RTPR de¥ryraredy )by 1 pRtigiabblss gt may hqldthe fomveslaworiey eroipt mesegst ur e

| ogic 32. Th | dat Mth bit ti th bi d/ th

TR bi ts. WHCFEIRG: BITRBRE. Pt pReoTHEChes cRue 1 AR e te rrer
t: I | : L | t) wh

the &0 b eafe Rt MO TR s iR P fed b BREnBRIRRLIRE. ot ©

provi de neapicgiitlbus 8SKTRE APIC 1Y nddbar dridiited ehdlEdRoRintay - belpio Al iRQr
enbodi nent, the processor provides current TPR bits regardl ess of the state

of the EI Dasicty. of Tbuoughbushié, sidymay be of thekdene 7) a piffscms ploase POpadRet thR®, or P3
and encode/gec,o e logic.36 provide a hardware assist nmechanismto alias
RTPR 62, 6%craBlorgptigBoline MEEmURRESHSEr ati ng syst em bei ng aware of the

spdate: (Ao noh k6,80 09 Y SE A SEALIL PRCBURLE. ) AARERS o1

si gnal arrangenents y ose |
For exanpl ghiclok tHeRtidIb QBB TPRR 129 tedoREst REIRY HeBt VAR iPA 115
iclo 2% 1;561)n§ﬁ¥1 4 ~I_-e19 Igﬂf}%c i ﬁ)%‘%‘ca
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value is a lower priority that a logical 0). For example, lowest priority logic 42 could
eliminate RTPRs having a logic 1 value in the MSB, and then eliminaie RTPRs having
bits having a logic | value in the second MSB and so forth. Lowest priority logic 42
could subtract values to see which is greater based on whether the result is positive or
negative, or use various other methods. In most, if not all of the techniques, lowest

( priority logic 42 will select the processor much faster than in the case of APIC serial
bus arbitration.

There may be circuitry (not shown in FIG. 1) between encode/decode logic 36
and remote priority capture logic 32, and between encode/decode logic 36 and lowest
priority logic 42. Remote priority capture logic 32 and lowest priority logic 42 are not
required to be in the processor bus bridge (which in some embodiments is called the
North bridge). FIG. 5 illustrates a system 100 wherein central agent 44 is included in a

processor bridge (or chipset) 104. Bridge 104 interfaces between an I/0 bus 108 and

10
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As another exanple, phase | S4 could provide an update for nore thad bie oftd"2
RTPR 62, 64, 66, and G3 at a tine. In the illustrated and descri bed

.exanpl e) thé’Q?&PFJIQ%‘HhoI d only four bits to represent the procé’sC§6VS9t88§Té3
priority. The TPR bits in phase 184 may represent nore or |ess than the

four MSBs of the corresponding LTPR where the RTPRs holds nore or |CSS

Lhal | four pbiibiferalt ¢ SP&GhH veiyzo&@ct@@meeﬁ@pbm&mﬁm} ?xﬁl‘rf&'é'a@édr&%g t&a we)St ens

and Transactions to Provide EO Signal Referring to 8, a system 200

i ncl udes prkacesSeriphd?dl, Cédthporfea Imdomcta(ﬁdl)astiﬁdmdlgeP&%crz&/stm@cﬂo

provi des an EQ signal over Processor bus 18 to an interrupt controller

214 or perﬂ;m%rr@mesenh@vwrme eFmprnenisdideding atEmpt sorjrrdlersi o bmldgeitlependent

ol pr oOUELBIes <PRAFY SIFTERY Bramarcia i i deubbe! &5 elgmrdaventon o °
| I ustrat e‘if dehd !n’ék?xro od%‘?ﬁ; @takg)fh‘éhar%g;e&?%np fl) J”F'ﬁa‘i’ id) o ?{r ge 204 or

el sewhere nter upt C to or erent than
interrupt GaiHodRhdrRIthd pdidpheB iaf@S: 8&%&@%&9@%&@3&%{0@@9&@“'aogI c 236 and
ot her conponents (not shown). The other conponents could include, but are
not requi r edodessor iba$ od&PIC exviat bugpare deing ysedlaptomauhegiebeavmdnltioavest priority
logic as illustrated in FIGS. | or ~ Interrupt controller 214 detects

i nterrupt $resatoss arbbHdsr i pherals on 1/0 bus 10S, which may i ncI ude

peripherals 1 |2 r heral s .hayi.n Pl Cs such
as peripherals %@QA éi‘if"?'fﬁ@f‘c \()\E'?‘Ehaf ﬁytog?‘vﬁyﬁw%@ Leé‘é‘i”\}Eg }rgﬂ?fgeri' from
addi tional et ARes, 8 b s are
concurrently udsled é?bitggggllé F@Wﬁgﬂ@&‘gg &&Pﬁé@%ﬁzwﬁmgﬁﬁ%?b?
Interrupt sisgavadlly dedighed fortiMdpresnemvehtidl gﬁnahh?; t CHEMBINi1GS ma@dgauaerargger ed
and level triggered. Interrupt controller 214 has interrupt input ports 216
to detect ilf@ ecrdmsrpti@ fablenio peovii gshe reddtmneivip between HOsinkO@pt deqouasty andtthe nput

ports 216 r@y be, p| Wth edge t“é(s gered.interrupts) each edge is a
different i ﬁléfraﬁlaﬁto %Fe‘ﬁ'{gc“’wff‘lﬂmé‘ L éﬁrdlfﬁ?tfwé?léepfﬁymf%w%mtcmt ¥eGtESer 1 upt

signal is e d.., actiy h n interrupt 16 SUBSTI TUTE
S ( RoL OB plentty inB YR M tesBing S B P A RS  Foput por ¢
216. One redags. vmulb%\ﬁﬁa Lédegqerh%mslﬁz&ﬁﬁ;s:u&s@cs@r“emtufgetd beSedthgh nul tiple
interrupts froma periph era s) can be concurrently supplied to a single

i nterrupt iprpedssgorAn oplionel dutticend yptucsigrieldsmpais pondegakidtfeom adi cat i ng
whether it is an edge triggered or level triggered interrupt. In response
to recei vi jOeESF¥vel triggered int errupt at the i nput port i nterrupt

controller 214 d per 0 Iovvest |or i-ch i i.onal
cause an int err% “IR‘E) @nggﬁérd&gﬁ“? A%Préo ce L%urss &mﬁ§ @g} %r P )
A vector ldaeglyziemmmmﬁeéwl 19 tﬁaﬂ%dhﬁe@?:{rﬁm& Fhém%%ﬁﬂh%qu ‘fexmanterrupt

controller to the selected processor. After the processor services the
interrupt, rebieedpien ilgfiesidbrdify loangeaibodppdnt efthe pasenpatvientianl. Bridgevd# tri ggered
intenrpt signal to the input port of intemrpt controller 214, although the
dame or ancillesys ipleriuphmessheaseg phasvas rroerssar bani § Yetwpen budpedidtandr | evel

tsre'r?.gﬁreﬁdtL&to?%%%pkapb?”%n%%c%g Adh RS oeludshat GRS AT RO R )
si gnal over, QLG %?a‘?fon?%h%t%r% o'mrx‘éaeé HPic ol B%sésegftgéé'ér%qf% g’&gnkhe

interrupt has n service ose o sendi ng an si gna

interrupt cggy m:lréfsrc teldsell %y%&@é&pm untR Bk d TR¥ RS MBk&ck f@arprmesor
interrupt signal applied to a given interrupt input port of interrupt
control | er RisAl8 Alkiely protessonspltat coddrstahd ewterﬁlpvfmeesagq:smsAa}C pamtaébuupi8. si gnal
it sets a state bit (e.g., to a logic | that corresponds to that

i nterrupt i RpRandpran thF@FOCé’XSé?ﬁﬁF By e e Fher?gre’E‘O‘“FFfG’c yith {heerragests Wit may
be in1/Or dlregtlo table 240 in | dfgerr gto co tr%ller 2 f 4. The state
bit coul d bB% P BRditlereRpPBiRcopEey 5 PSSPV ty to the 1/0
redirection table). Alternatively) the state bit may be el sewhere. 1/0
redirection table 240 contains a state bit corresponding to each interrupt
i nput port and vector. (I/Oredirection table 240 may contai n numerous
other bits regarding details of the interrupt.) Wile the state bit is set,
there may be nore than one interrupt si glrial asserted at one of input ports
216. Interrupt controller 214 can only recogni ze one interrupt signal at a
time. Once it receives tire EQ signal, interrupt controller 214 resets or

clears (e.g.) to alogic 0) the_ sta it rrespondi ng vector.
Interrupt controller 214 then59?5§®§#§ﬁﬁ%%9 ULE 25)



on
~'~~~i1 WD 991302.t-1 PCTI US98l 23563 observes whether there is an |nt err pf 1
signal asserted at the interrupt input port. If there is) then mterrug)
.control l er vO®ang perhaps | owest priority logic direct an i REEHEIRR3SO3
signal to one of the processors for that interrupt signal asserted on that
interrupt input port. Peripherals 230A and 230B havi ng /0 APICs can al so

include an 1/0 rﬁlgl rre&k bofai esaxlli)lu(atravt\'g:& andsc}tscusse Ima nc u g L&y estetgl n response
to issuing an intérrupt sig t Processor a f'%°¥ 8 ponse to

recei ving aBnfpthendd @RGre w@]@\ng%hﬂkl%t foQFwaEQ‘é}Qﬁd?glleltﬂaIed%gd d?s'cg{}@!i to
interrupt controller 214 or another control ler, such as peripheral 230A or
230B, is tmep:rtmzauiesacftmlammhlaamdmuqaromcaeessaxrnebecsﬁrsz&ohh@drstnﬁd ihat er pr et ed
by encode/ decodc | ogic 236 to be an interrupt EQ signal. For exanple,
referring tRoesENGnvVeErQiong transactl on to communi cate an EAQ signal could

i ncludes a requ ghase i cIu g Ei rst phase 244 % ﬁ a second phase
246) and a dat aeLﬁPﬁ TRy g %h § &sesian capREcHRR i [h @gésaaﬁﬁe tach

g anC a0 AApEr R 3 ol RAHERL i Bl PNaRE pBY) PACLHEPE Bronamay T1e!

and an address e requés e’bits
01001 to i nfidgatedoammol rux@farylmtaél%%mpmhﬁcaﬁﬂwﬁﬁ RNy B@fcﬁ&@&w@rﬁbuﬁxcept
that, for exanple) bit Aa3# may be a "1" to indi cate what follows is a
directed i rﬂt%mmdptenrMsstagéuoagh ttr@d gentdd bageto toe paamwsntmlmqmtbyr leguestst t hat
requires interrupt redirection. If bit Aa3# is a "I", processors ignore the

transact i orPrERdy ﬁ@d@e/ﬂ?@@fdé’elmﬁi@%@'ga@é@%ﬂ@ fioﬁ‘éafﬁ?fé%%?éb’lt@rﬂm igbewndd

AR RO B R T G R T ERcneh RO T A or il
interrupt Vf?rgltrﬂ{ascgthgﬂﬂrn?@ﬂ bé‘&émPH%t%lk}%E (éggn@h%@m% ﬂ@mtémg;?e shown

in FIG 10 coul d be use communi cat e i gnal ov I processor bus

18. Under tregueanigaslbériinbredesyant pede &by ButiifitcCordtRcirhebyebridb&Swinand 10,
the EO signal may be broadcast to each of the interrupt controllers. In

anot her enﬂb@lﬁﬂfﬁmuesumm@rsrmpn badenttlse brayllb@e Fi Wensespetvdliage (¢.0., pace and
t he processp dléu‘fde t he capalcﬂzlC to direct interrupt signals to
the agents. TS“‘% getsppeepsspRyEcoyme the IPLy, 1 — 1 | Ltr WO
991 302-1 2 PCT! USAY/ RR507, 1. LARSASLAN3Ral o mggmofgpgmm R o

transparent to t eoera eman {Er nat |vePy, t he
operating systamordue P&l b&*h@ﬁl%d%n@ﬂ)bf% lﬁmw Wwhdrk X desisanad cher Abbe
transactions of FIG 7 and 10. Additional Information and Embodi nments
and Ab6# are in the second phase of the transactions; during fixed delivery mode,
fowest priority logic 42 does not perform LPIDA; and during redirected delivery mode,

lowest priority logic 42 does perform LPIDA:

Aal# Abb6# AbS# Interrupt Transaction Type
‘ (EXF3#) (EXF2#)
0 0 0 Fixed Delivery Mode -

Physical Destination Mode

0 0 1 Fixed Delivery Mode -

Logical Destination Mode

0 | X Reserved

l 0 0 Redirected Delivery Mode -

Physical Destination Mode
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The specification does not describe or illustrate various well hrtown
conponents, features) and conductors, a discussion of which is not
. necessary twoussesst and the i nvention and inclusion of whi chPGEMSEIERY to
obscure the invention. Furthernlore) in constructing an enbodi nent of the
i nvention, there would be various design tradeoffs and choi ces, which would
vary fro T T o—ther ways of

S

. e a4l —d 1T Uy~ Ul
i mpl ementj hg the illustfated and unji}lustrated d&@ﬁjﬁéﬁéithﬁﬁfHB?%ér of
the boxes|in the figurles are for ilflustrative pur R resgrict
t he boundgri es of the [conponents) ich may overlgﬁiégﬁggggﬁg P@%esi e of
the illustrative conponents does nojtgsuggest act|updseqehative sizes. Arrows
show principle data fllow in one enbodi nment, but |not every signal, such as
requests fbr data flow 1As used herjein "l ogic" ﬁm&&iﬂbhnMﬂQM(Emgt sofft war e
control cl i ved The terim"conductor"ti is intended to be
interpreted broadly and includes devices that conduct although they al so
| eave sone insul ating properties. There may be internedi ate conponents or
conduct or s bet wAdnt (eige Ad3F UL thapddiesdpibakine stermept erpashee moysnditie phrase

"ii1 one enbodi ! ans that articular feature) strugture, or
characteri Q’BF 1 nﬁﬂb&\fﬁ@‘ﬂf%ubﬁr@ge r ? Eari“ﬁ‘éllah‘é‘&ﬁmiphmﬁfsaé%égﬁar fS %L fSodi nent
of the inv i i LI r ORG I (TRF t he
"nventi on. RS arhe REEITRKADE o ORI SHRE by ek B39, SRR WAl
various pl geeslicdihd Reir&Raibh fAY ibedoRAp el Bhseld RRARS Riekyprevkity Bl Ng to
t he sanme one enbodi nent. Lowest priority logic 42 nmay direct (or redirect)
i nt errupt sbactldsH (evgl 60 Pl ef anolde sedikoti GUBSIEIi T UtEnGHEETLr I RULE.26) 1~ ~:
& ~~~2 WD 99/ 307?4-1 PCT/ US98/ 23~63 A pracessor .could gave nore than one
priority for di FPEFEMIIORINREICH. PRERS USeAHE COMECHhiytB PHY$ieA! idestnaben ur e

09T andLavesh BEIT Ayl ofl S ol Al e LA GLenty RILOLLL S8, Nt 0

O
account . TWe enco n ecode 1 oglc en €co

physi cal |y peRRNgGLesoOEssGS RAY Rletldd biha SNGRR And 183C A8l e8dh
encode/ decode 10gi ¢ 58 may be physically connected or separated. For a

mul ti procesaedruR st Bendintdidd 10 avgisengbeesedt Hased dreiteumiqud APKRID miles.r upt
capture logic and |owest priority logic within that chip. The term
" connect ed'Undadlotic dapination awede.rtergettpseceserigre aelected baged an atogigré FAvalynal

sonse a0 ook Aeteasnrlly: LML LS, col COPRELLan. 2Locouel 70
O ety BB o BEt B oS B hatnc rphg by ekt cul o
charact eri sdriéted Th@rhk Mesda@s PANE. & €AbS N&ldUdes#) may indicate whether a physical

or logical destination mode is used. In physical destination mode, lowest priority logic

42 may select any of the processors on the cluster as the processor to receive the

interrupt (assuming the enable/disable bit in remote priority capture logic 32 is set to

enable for that processor).

In logic destination mode, the system may operate as follows. Lowest priority

logic 42 or other circuitry checks the logical ID to determine whether the interrupt is

directed to a processor within the logical cluster. [f the interrupt message is directed to

one of the processors on processor bus 18, lowest priority logic 42 may determine the

destination processor from the group of processors indicated in the logical [D. The

directed interrupt on processor bus 18 will be sent to the processor with the lowest
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conpletely or partially responsive. Those skilled in the art having the
benefit of this disclosure will appreciate that many other variations from

.the foregoiWigo8éRe+fi pti on and drawi ngs may be nmade within thécg@éﬁgz"’d?:’ t he
present invention. Accordingly, it is the follow ng clains including any
anendnents thereto that define the scope of the invention. 20 SUBSTI TUTE

SHEET'  (RURErR) priodity TRoriterbSh 6 SolBor Srdidu= Ay FRAKAHYD FQF use with a

h Foast o
conputer system having a processor bus and at east one processor,

conpri si ngExadgdndepgosd felr berce 06 A€ id NEBughat the 1Y QL RS8O EIuBYSdA rdsa DK
priority update transaction including data representative of a task
priority &%’bﬁ%ﬁﬁ)oﬁa@ﬂ/%”mmgsmcs afthe hest bodputnst has yetlegiraldBaft o provi de

i lr, [ her et q; d tralized t lorit t | ogi c,
havi o at PRUGI 1 . pat e dae BRerFERbH -t Fk oy Pa g Pab o aIa BPRTPRS) - Lo

[ th [ ' : t i Qri . te t ti d
updat o cont ent o o1 onaeape kS AR AL P R 2 T

conput er - sprig@nobaghyl s@saaiﬁxkcdah&aroint\wm‘eﬁhgegd&wm&%%&& Q¢ the data
in the task priority update transaction. 2. The apparatus of claiml,

wher ei n t henbdigmeotrpuwaat psordy éogic AZ hbetys sandsyinerepphasars o thand t he renote
priority capture |ogic includes four RTPRs of which the first and second
RTPRs are PRe$ssered/ndsn@nsrnredol. mmaje pnerityicapties IREPAS ihmectéwsnif dntesiswhi ch i s
updated in rlesRonse t he 6i§;nal responsiye to the task Bri or.i %,upd,ate
transact i offlY 87 PHSC0pal AU ANGPCEFRATPACT, reROLT BRI aPLHEdREIHAE Y 3%y updat e

transacti og,i\ne hﬁ?ﬁc&@g{c&;&sﬁﬁgﬁﬁgﬁﬁf9[%595581’ S96C00y RAAS& RIER! H’%% ﬁgltya

representative o ( _ esignation s 1n one of phases. 4.
The appar aplésesabr @l thk By slam WRSIRInMayt iR pRAREY AEMEs FPraeRid QAT its2askA conmput er

system conpri sing:
priority. Under onc embodiment, if only one enable/disable bit is set in remote priority
capture logic 32, lowest priority logic 42 will direct the interrupt to that processor
regardless of what is in the TPR field. Alternatively, remote priority capture logic 32
could include some other indication as to there being only one processor. Where there is
only one processor, the priority captured by remote priority capture logic 32 may
merely be that a processor is available for interrupts.

According to one embodiment of the invention, interrupt messages are assigned a
memory address within a one megabyte space of memory. In a 4 Gigabyte space, the
one megabyte location can be between FEE00000h and FEEFFFFFh. The memory
location may be used to identify a particular destination.

In one embodiment, processors PO, P1, P2, and P3, and encode/decode logic 36,
and (optionally) the operating system are designed so that processors PO, P1, P2, or P3
can write RTPR updates directly to RTPRs 62, 64, 66, or 68, respectively. In this
embodiment, the RTPRs may be treated as [/O space. In another embodiment,
processors PO, P1, P2, and P3, encode/decode logic 36, and (optionally) the operating
system do not allow that capability for processors PO, P1, P2, and P3 1o write a RTPR
update directly to RTPRs 62, 64, 66, and 68, but rather use a RTPR update special

14
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at least first and second processors to selectively provide task priority
update transactions including data representative of a task priority_

. desi gnat i onvo®yanzeor r espondi ng one of the first and second p?6€%§%%¥%§3
processor bus coupled to the first and second processors to receive the
task priority update transactions; and centralized renote priority capture

| ogi ¢ havi %léattrar{sg&%n det ?{:%f%%g Pang Jp%%ttﬁe F%%Fﬁa?l]ocess%rs 0 aFls(]joth%r '

cC~. 2 priority registers avi ng ‘conten
response aerhB&kmpfid Q€ phyicUREAREitdd RASRFE I sk 6tk H g@@h@ ahERHeSERt ati ve
of a task priority designation of the first and secon processors,
respectwwﬁqmmmhe renote priority capture logic to receive signals
responsive to the taskpcrrorrt update transacti ons and update contents of

t he correspondi Bg RT. 2 (elegkransagtionThe syst em of cl ai m 5,
wherein the conguter furth r co hird and.fourth processors,
and mherein tthF% Sﬁﬁn?VFV BFWF@ PE@?@P AasreaicYdeand fourth
RTPRs. 7. t yhey r

transact oﬁ%‘t‘sﬁﬁtﬁuﬁ“é‘hg& iR R B S e LI

i ncludi ng an.S@paideart dddnsaatidqe gt ppeSBs). Raneeaapd, 1Raseoiorch udi ng dat a

identifying one of the RTPRs and task priority data. 8. The systemof claim
5, wher ei nceheandgrldprdiens @ypqstpxﬂarcée t Ingthe ase iobaspaciad bxrde tiee dddress bighase and

he. secondBREEEOT REFdT HEFt GRSt Gy e PTG Gertha) RRG" BPBbBsor | s
avai | abl e aninc llcgvﬁ%{ﬂq{ Pgd’até gycltptasnrééég orqbrlfe% !hgprngirc eg C\f?t 'hgﬂoécl’sg)rpﬁ) 9. A
met hod of ating reno ding a

task prior towldmgiarzeptra[arbs@&rabemrtaerel (wtbmt Qﬁh@rcﬁt@%@ﬁt@mh@tp'rdé%ss%f‘ ist ask
priority desrgnatrons of a processor to a processor bus; receiving the task

priority uquataetctfbahsm;rm TRt deprebersingnidr pxmv;ildim@foar 5 IBsalf the
representative there and selecting one of nultiple renote task arrorrty

registers ewrrsrzgw IP&LEB& rlaltIrCZer@rrrpmﬁ%Gpm e TR Riggrarrke plergrdn biw
dat t lected RTPR | t at f th
tPansacti ot T8 RHE wgd bepleBrd BT AR Erefiall: FAeRD v LRRL EPEBIShat fecapt ur e

logic is i r@r@d'vd%n wh%?rs otherwrse the 8-bit attribute field.
Al AL AF! CACACAL Y. AH. Al . AYn. A. A35. AF. A[ . AY. A A An. A[ . A2; u(

#1 \]_~}xsni d ZU]Eeaddea:]ceec]a:logt]cd:ﬁ]re@]oﬁdas] toaﬂuccairma]nmat]etm]af:pﬂasa]sﬂ and the
a] ca] cTa] ca] ca] ca] ca] c*a] ca] c*a] ca] ca] c”a] ca] cal] c ca] c"al Shl bC2g ]

3111 R ) fogtsicdabip dig %eﬁrtt@fcch% ) s aa] erdatsapd %ET’&&F@& e balhea] cal C" a
] 3?! ?a} g?!] %g (t::gjl o(r:?é%aldci% rgr% te rtorgty c ptu eﬁgé > %#ﬁ%ﬁ?{ 1S upga%qfwuﬁ%%)s #( -
representing the E/D bit and/or the TPR bits. Where the E/D bit indicates the processor
is disabled, the RTPR may or may not be also updated with the TRP bits. In one
r embodiment, where the E/D bit indicates the processor is disabled, the processor does
not provide meaningful task priority data in the TPR bits. [n another embodiment, the
processor provides current TPR bits regardless of the state of the E/D bit.

Through the signals of FIG. 7, processor PO, P1, P2, or P3 and encode/decode
logic 36 provide a hardware assist mechanism to alias RTPR 62, 64, 66, or 68 without
the operating system being aware of the update. (Alternatively, the operating system
could be aware.) Various other signal arrangements may be used in place of those

illustrated in FIG. 7. For example, all the information could be provided in one phase.
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| 66#636

3U446zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

al ca] ca] ca] ca] ca] ca] ca] ca] c*a] c”a] ca] ca] caV]c"a]ca] ca] calcalca ]
. @BP666H77: KQ3URHL>> PET/USH87E3563
?b???0 DG GEEEEGGE xsni dMY] ] ] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc

cal] cal cal Sa] Cal CaMEaT EaPea] ca] cu] oy et o BaTcal ool exf ey Eaf R Phy cal ca

ca] ca] ca] el 66]#malosal 6 dineZ TANilubbhobaiicsdpet kaggbi dhk RTPRIsihold only

kkk}xsni d_Z]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] cal ca] ca] ca] ca] ca]

ca] ca] ca] daick}ca]rcerkeai tla] pafcadcajicerddcdy ﬂ‘hm"ﬁmblmquhakdpmmq;qqqqqusst w

wxxxxz| wmmhc”Y]]]] ca] ca] ca] ca] ca] cal cal.ca] ca] ca]calc cal ca]ca]ca] ca]ca]c

a] ca] ca] cAFREIEAOL Efa]eé%l henfhedpen 5@5}*&9&9"?2%{‘{“51{“{3{1{? Ry wdvere s | wr | gb] X ]
calca]ca

L] o] ol oL ERite BYEEIBR BEIoGan foumy ity esmeenig tdp caesspt decaskatiociy.

a] ca] ca! BEctR

t+.f }xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lcalcalcalc

aJca]ca]calcalcalca]calcalc aJca]calca]cal " $*. ;

J!I H8!' ] NY} xsni d_ZU] ca] ca] ca] caj ca] ca] ca] c ‘aU] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] c*a] ca] ca] cafca] e 2) 2 @RI | #( <[ P$_)i } xsni d_Z] ca]

caJca]calca]ca caJcalcalca ca ca ca)ca]ca]calcalca calJca]ca]ca]ca

ca] ca] ca] ca] ca] @a]r-ea}sda% Fil ﬁl!ag ] 9(] ‘}R‘Eﬁ]iﬁsd’]r%]e]é%ﬂrég? h’al] %8] z%:’Q]*%ai]f\]éia?] I:a] I:a] 1:

Z]U]Cg]ai:g]af?la E%L] Cafggflgn]n]c%cal afJ f’éﬂ mg‘rla(fa]/ a]‘:]roccssor bus 18 to an interrupt

uzXx9z 10%&:0@1‘0!lgflﬂw&eﬁl?)hcrilogﬁ\& vadue!of o/ggeg%g‘n%( the'EOL si nal 1s not dependent on

+10%* & () -! 9O+10%ZZ& ()-(5 zX99S/ 10%Z& ()-1& 10%J & 10%Z2Z2& () - &

109%&Zk &' () -thert@gRE&N Gk thdn driRohfdaR's{oy- Abcordingly, HES&HOYE c(o)rld acs/&ng& 1OZ 10Z

10Z=10%Z&" () -#Y: 109%&Z& ()-9S/ 10%& ()-#j\dELCF4@0%&' ()- 2109%& ()-

109& () - | @q_@w temy @d%tf(ﬂ)mmempr(oyesFor{www1@9%@9« )U®1mmurqt) F 10 10

103=10%& 9 6710% SOERCY 1 109&
10% () - f (1%*» 2/'“51%%7&*’9( 5“%“5‘64)@ 9] S ente b ey mmé%we jerfdden) - |
- 109%& () - sgd t{c)a] e e e N interrupt controller 114. Bridge 204 includes

encode/decode logic 236 and other components (not shown). The other components

could include, but are not required to inciude, remote priority capture logic and lowest
priority logic as illustrated in FIGS. | or 5. Interrupt controller 214 detects interrupt
signals from peripherals on I/O bus 108, which may include peripherals 1124, 112B,
and one or more peripherals having /O APICs such as peripherals 230A and 230B,

( which in turn may receive interrupts from additional peripherals (not shown). The
peripherals may be the same as are concurrently used or especially designed for the
present invention.

[/0 interrupt signals include two types of signally scmantics: edge triggered and
level triggered. Interrupt controller 214 has interrupt input ports 216 to detect
interrupts from peripherals over [/O bus 108. Interrupt input ports 216 may be pins.
With edge triggered interrupts, each edge is a different interrupt event. With a level

triggered interrupt, the interrupt signal is asserted (e.g., active high) at one of interrupt
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port. The interrupt signal may includes bits indicating whether it is an edge triggered or

level triggered interrupt.

In response to receiving a level triggered interrupt at the input port, interrupt
controller 214 and perhaps also lowest priority logic (which is optional) cause an
interrupt to be forwarded to one of processors PO, P1, P2, or P3. A vector identifying
the source of the interrupt is supplied by interrupt controlier 214 to the selected
processor. After the processor services the interrupt, the peripheral no longer applies
that particular level triggered interrupt signal to the input port of interrupt controller
214, although the same or another peripheral may have concurrently applied another
level triggered interrupt signal to that input port. After the processor has serviced the
interrupt, the processor sends an end-of-interrupt (EQI) signal over processor bus 18 to
interrupt controller 214 indicating the interrupt has been serviced.

The purpose of sending an EOI signal to interrupt controller 214 is as follows.
There may be more than one interrupt signal applied to a given interrupt input port of
interrupt controller 214. When interrupt controller 214 receives an interrupt signal it
sets a state bit (e.g., to a logic 1) that corresponds to that interrupt input port. For
example, referring to FIG. 9, the state bit may be in I/O redirection table 240 in
interrupt controller 214. The state bit could be a remote IRR bit (e.g., bit 14 in an entry
to the [/O redirection table). Alternatively, the state bit may be elsewhere. /O
redirection table 240 contains a state bit corresponding to each interrupt input port and
vector. (I/O redirection table 240 may contain numerous other bits regarding details of
the interrupt.)

While the state bit is set, there may be more than one interrupt signal asserted at
one of input ports 216. Interrupt controller 214 can only recognize one interrupt signal
at a time. Once it receives the EOI signal, interrupt controller 214 resets or clears (e.g.,

to a logic 0) the state bit of the corresponding vector. Interrupt controtler 214 then
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interrupt input port.

Peripherals 230A and 230B having [/O APICs can also include an I/0 redirection
table with state bits that are sct in response to issuing an interrupt signal to a processor
and reset in response to receiving an EOI signal.

One technique for providing the EOI signal to interrupt controller 214 or another
controller, such as periphcral 230A or 230B, is to provide a transaction on processor
bus 18 that is interpreted by encode/decode logic 236 to be an interrupt EOI signal.

For example, referring to FIG. 10, a transaction to communicate an EOI signal
could includes a request phase including a first phase 244 and a second phasc 246, and a
data phase 248. First phase 244 and second phase 246 each include an address and a
request. First phase 244 includes a command field and an address field. The command
field in the request may include bits 01001 to indicated an [nterrupt/EOI. The address
may be FEEXXXXX, except that, for example, bit Aa3# may be a “1” to indicate what
follows is a directed interrupt message, an EOl message, or an interrupt request that
requires interrupt redirection. [f bit Aa3# isa 1", processors ignore the transaction
and encode/decode logic 36 accepts the transaction. Second phase 246 may include a
byte enable of 00001111 (OFh) and bits Ab6# and Ab5# (EXF 4 to 0; Ab7:3) each equal

o 1. Data phase 248 may provide the interrupt vector. Of course, numerous other
signals other than those shown in FIG. 10 could be used to communicate the EOI signal
over processor bus 18.

Under the embodiment described above in connection with FIGS. 9 and 10, the
EOI signal may be broadcast to each of the interrupt controllers. In another
embodiment, interrupt agents may be given specific 1/0 space and the processors may

include the capability to direct interrupt signals to the agents.
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The specification does not describe or illustrate various well known
components, features, and conductors, a discussion of which is not necessary to
understand the invention and inclusion of which would tend to obscure the invention.
Furthermore, in constructing an embodiment of the invention, there would be various
design tradeoffs and choices, which would vary from embodiment to embodiment.
Indeed, there arc a variety of ways of implementing the illustrated and unillustrated
components.

The borders of the boxes in the figures are for illustrative purposes and do not
restrict the boundaries of the components, which may overlap. The relative size of the
illustrative components does not suggest actual relative sizes. Arrows show principle
data flow in one embodiment, but not every signal, such as requests for data flow. As
used herein “logic” does not mean that software control cannot be involved. The term
“conductor” is intended to be interpreted broadly and includes devices that conduct
although they also have some insulating properties. There may be intermediate
components or conductors between the illustrated components and conductors.

The phrase “in one embodiment” means that the particular feature, structure, or

( characteristic following the phrase is included in at least one embodiment of the
invention, and may be included in more than one embodiment of the invention. Also,
the appearances of the phrase “in one embodiment” in various places in the
specification are not necessarily all referring to the same one embodiment.

Lowest priority logic 42 may direct (or redirect) interrupts across multiple

nodes.
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centralized remote priority capture logic, having at least first and second remote task
priority registers (RTPRs), to receive the signal responsive to the task priority update transaction
and update contents of one of the RTPRs depending on which processor in the computer system

had its task priority designation represented by the data in the task priority update transaction.

2. The apparatus of claim 1, wherein the the computer system includes only one processor
and the remote priority capture logic includes four RTPRs of which the first and second RTPRs
are included, and wherein only one of the RTPRs has contents which is updated in response the

signal responsive to the task priority update transaction.

3. The apparatus of claim 1, wherein the task priority update transaction includes a first

phase and a second phase and the data representative of the task priority designation is in one of

the phases.
4. The apparatus of claim 1, wherein the apparatus is a bridge.
5. A computer system, comprising:

at least first and second processors to selectively provide task priority update transactions
including data representative of a task priority designation of a corresponding one of the first and
second processors;
a processor bus coupled to the first and second processors to receive the task priority
update transactions; and
centralized remote priority capture logic having at least first and second remote task
-21-
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processors, and wherein the remote priority capture logic includes third and fourth RTPRs.

7. The system of claim 5, wherein the task priority update transactions include a first phase
and a second phase, the first phase including an update transaction type and the second phase

including data identifying one of the RTPRs and task priority data.

8. The system of claim 5, wherein the task priority update transactions include a first phase
and a second phase, the first phase including an update transaction type and the second phase
including information regarding whether the processor is available for lowest priority interrupt

direction arbitration (LPIDA).

9. A method of updating remote priority capture logic, comprising:

providing a task priority update transaction including data representative of task priority
designations of a processor to a processor bus;

receiving the task priority update transaction from the bus and providing a signal
representative thereof; and

selecting one of multiple remote task priority registers (RTPRs) in centralized remote
priority capture logic; and

updating the selected RTPR in response to the signal representative of the transaction.

10.  The system of claim 5, wherein the remote priority capture logic is in a bridge.
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