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RERFORMS | NTERRUPT DESCI NATI ON REDI RECTI ON Rel at ed Appl i cdtt on The presén“t°
application and g‘{)pl ication no. !, -) entitled "Transactions Sup orgi 019
I nterrupt DESPPHEPHDn Redirection and Level Triggered Interr 5t Séffeivet cs”

(Docket No. 42390.P4958)) which is Um’“mﬂmmm”mm ently with the present
application, include overl apping di claimdifferent subject

matter. Background of the Invention Teclaphgal Field of the Invention: The
present invention relates to conputers and, nore particularly, to a

mechani smthat may, (118 rUpt I I rection, f,,@ conputer
system Background%%ﬂg%f;&s‘g{éﬂgp{é&gﬁ%\gg?hmgﬁzrr@f%#@&tfsb& and the
PentiunD Pro processor manufactured %@Dﬂﬁggl%r poration are often used in
mul ti - processor systens. Various devices including input and/or out put
(1/0 devices and other processors may seek to interrupt a processor. To
interrupt a processRelateiNapdlfaGei Tk Pt 8651icatisn SMPhpiiRaiddh Adt er r upt
controller) which in turn presents an interrupt request to the processor.
In the case of the Pentiu rocessor d Penti.um Pro_processqr). the

i nterrupt cont%—e{H-eHecﬁQHﬂ]ﬁFcﬁ’t’%%?cil?ﬁs YPRBEI"EIP SR Pgﬁ”’FBOT ﬁéa’ber‘:b‘e@ssors
through a three-wire serial bus, called an API C (Advanced Programmabl e

r EL~2 w0 99138RH3BVeCTtibis98d hig3hat SememicsP{Ddodknt Nol4286).PHRSR), Wiieh isAPI C
serial bus includes two data conductors and a cl ock signal conductor. The

Pent i unD proceggqr, tJ; F p: I I C. The
AP C 1ol udes B oRMh M b B PRS e AOLICE AR L AR oy
that has 8 bits to.des_itgnate up to 256 priority states) although sone of
them are reser Re&laimyiiifersnat whies! BA¢he TPR i s changed to reflect the |evel

of priority of the tasks being perfornmed by the processor. A | owest
priority interrupt is one that Bhtlkdreugh odiicerivedtib® a particul ar

Technical Field of the Invention: The present invention relates to

computers and, more particularly, to a mechanism that may perform interrupt
destination redirection in a computer system.

Background Art: Processors such as the Pentium® processor and the

Pentium® Pro processor manufactured by Intel Corporation are often used in
multi-processor systems. Various devices including input and/or output (1/0)
devices and other processors may seek to interrupt a processor. To interrupt a
processor, an 1/0 device provides a signal to an interrupt controller, which in turn
presents an interrupt request to the processor.

) In the case of the Pentium® processor and Pentium® Pro processor, the

interrupt controller communicates interrupt information to the processors

through a three-wire scrial bus, called an APIC (Advanced Programmable

AR
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processor) may be redirected to a processor in a group of processors[havﬁﬁb Y
the lowest priority inits TPR The.arbitration process involves conparing

~the 8 bitswafydifaesTPR of each processor participating in th&Carusiosrspri on.

The bits of..each processor are asserted one bit at a tinme, beginning with
t he nost significant bit (MSB), onto the APIC bus |i ne, mhich i s connected

in an open drain 0Cessors. bits arc

i nverted onf‘Be’T‘I’% “8 B‘{)Tg’”?it gﬁ{]ﬁ alé ‘UjGF t”écgga‘(‘G?“ 18 28¢ gher
priority that a high voltage ( 1 ). First) the MSB fromthe TPR of each
processor pachtkbigatlicogdicrort he arbitration is asserted on the APIC bus
line. If any of the processors asserts a |ow voltage on the APIC bus |ine)
the line is pull q”@ vers
there is anot her%prggiys%lﬁ@%w%%%§%%a§rrﬁ pri 2?? mnggt %Qi 5{%?@ @E%% ineis
pulled | ow. The ocessor drops out of consideration i f another processor
has a | owerAﬁ(FoEi“E WPIG fichydes pdocgbmastdrensir £rllad 2 hesk FioRrigr Registsr r enai ni ng
processor is asserted on the APIC SUBSTI TUTE SHEET ( RULE 26) WO 99/ 3023

PCTIUSOSr ' _(B&RY-thatis 8 biR&o ldksi zreéq %sm BeSe stAes? alth@llthwehieage as the
second MSB, but” the |ine |s pu ow, e processor drops out of

consi derati The thi rd emai ni ng
processor ﬁ’é mATE LS ERGd0n ﬁ@[ﬂgf %‘a‘%'ﬁ;rph 'ﬁ@?‘%’cgi[ I\@gp 4‘%\2‘% E?'(l’ and so forth
to the least significant bit (LSB). If two or nore processors have equal
priorities pfieraty cdithe eiskshtveing pafdreaddybkeprogssser.t ed, the processor with the
| owest local APIC identification (ID) nunber is chosen to receive the

interrupt vector a [[Qgs gﬁ?fo‘i‘rlty ﬁé&# | B LTRSS u A Bireasho?f ;);mmar up. There

are certain di sadvant ages wi e APIC serial "bus. First) the seri al bus
is poor at voltage scaling between the interrupt controller (e. 3.3
vol ts) and Pr?écsa%@&/st&rre%'écqwd loa pgogessof ia @EPUPL Progessass paving Hisit for
provide transistors in a processor that interface between such disparate

vol tages. Apwvielepvatityagas TPRL NheRFGICRSSOproCesen del CdsersgRring tithe HSwns
generations of pr ocessors the problemw || be even greater. Second. the

reauency. obe SRR RESPS B RRr e Bpin £ P, B3 B B0y 200, 0 L

processor frequencies increase, the problemw || be even greater. It is
di fficult tprocesser#ragesehed arahit slupctimeli bspianingev ith guesst Figsilicaneipr obl em i s
greater because the signals are independent of each other. Third, the APIC

serial bus [NMSBE!dtd HIAPIERWIind, WISEIE doRRd edBiRtaAtdpeR Brair tn&ag%ﬁﬁnr oughly 2
to 3 mcroseconds to deliver an interrupt. As more |/ O intensive
to each of the processors. The bits are inverted onto the APIC bus line so that a
low voltage (0) has a higher priority that a high voltage (1). First, the MSB from
the TPR of each processor participating in the arbitration is asserted on the APIC
bus line. If any of the processors asserts a low voltage on the APIC bus linc, the -
line is pullcd low. A processor asserting a high voltage discovers there is another
processor with a lower priority if the APIC bus line is pulled low. The processor

drops out of consideration if another processor has a lower priority. Then, the

second MSB from the TPR of each remaining processor is asserted on the APIC

™~
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PCT/ US9S/ 23354 functions are used, the speed at which the serial bus can

. deliver imversags beconmes |imting. The present invention PSTHFIESEEd to

over com ng. or reducing the effect of one or nore of the above-recited

problenms with the APIC serial bus. Summary of the Invention One enbodi nent

of the inv ntlon' cl udes an_app us.for use in corne W th conputer

system 'Tﬁo Sé‘ﬁﬁa? A ISRt é@ %ngf %[aﬁ?laﬁ %%‘ic%fbi@}@ﬁeg?‘ 18 FUNEE hold task

priority data indicative of a task priority of each processor in the

conput er sysiledlevhabe psocassar Helpk euff afrconsiderstiopr The thisd MSBeandupter dest i nati on

arbitration (LPIDA). The apparatus also includes lowest priority logic to

per form t hapl RiAndvis8 otehatlenmdticdp rraaaeasa%@asgenea Bﬁtr&%ﬂ@ Bls m¢shemis to

receive an Interrupt nmessage based on contents of the renote priority
capture | ogic, t her ment of the _inv nt| n i ncludes a

muf ti - procéé@ﬂ?ﬁn%?'eﬁ‘?dn%/ﬁ%ﬁb “bﬂ’ﬁé"e”éé%%‘ﬁ&ﬁﬂ EP&ee WP Bt oupl ed to the
processors. The systemincludes renote pri orlty capture logic to hold task

priority dairacdssuds batd ag@aiofricaitieaskeralli eoghttoys biive heenpeseees e s whil e t hey
are available for lowest priority interrupt destination arbitration

(LPLOA) - Theosel Sl 0o G AP ol ONRRHREIIF() 8l G; dRgPELf O L he

LP1DA to sé€l ect wh rocess Ive an 1 n errupt nmessage
based on contents of the renote priorit capture 4 SUHST1TUTH SHEET ( RULE
26) ~ ~ «rccewwhzwzrrm\ggqoaofhelopemg@@wehcn 19 gsstgned e powWeresD: upt
nessage being provided to the processor through the processor bus. Brief

Description of therOiRWeALS dif8vintseliBhAPIC baidinder Bteade g fully
fromthe detail ed descri pt| on gi ven bel ow and fromthe accorrpanyl ng

d f, enbodi nent t whi ch t b
aen Lo |1 HEE D108 F RO SoHl Repe T en et BT BBl &> SASHBRa, but are

for explanation and understanding only. FIG 1 is a bl ock di agram
r epr esent atthoprogtssar (ag.f 2.5 pr ddesdio). Isyssdiéfmult for provide transistors in a

processor that interface between such disparate voltages. As the voltage of the
processor core decreases with new generations of processors, the problem will be
even greater.
Second. the frequency of the processor core (e.g., often much greater than
200 MHz) is much greater than the frequency of the APIC senal bus (e.g., 16
MHz). As processor frequencics increase, the problem will be even greater. It is
difficult to interface between such disparate frequencies. The problem is greater -
because the signals are independent of each other.
Third, the APIC serial bus is relatively slow. In some implementations. it

takes roughly 2 to 3 microseconds to deliver an interrupt. As more 1/O intensive

vl
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including lowest priority logic for directing interrupts to a Iowest[” 1
priority processor. FIG 2 is a block diagramrepresentation of an exanple
“of certain eei®aidosizof one enbodi nent of the processors of th®CIMEPRINDE FIG
1. FIG 3 is-a block diagramrepresentati on of an exanple of certain
details of one enbodi nent of the renote priority capture |logic and | owest
priority | ogi Fl G | S, L t.rati of _one enbodi nent of a
renot e task Sﬁcgg?{%%uééq’s”%eesrpef%%?%ﬁﬁmetJr?g’ar%uzr%t)cf’glaf)lr"(%rl| Fglmggpt ure logic
of FIG 3. FIG 5 is a block diagramrepresentation of one enbodi nent of a
mul ti procesderomeydiemmg.ncl udi ng interrupt direction logic remote priority
capture logic, SUHSTIi TUTE SHEET (RULE 2ti) ~ ~ ~~w L~~"Z WD 991 30?-13
PCTI US98/ 23354 an@h@%?é%@ﬂ/iﬁ'%@i@ﬁ id Qg ctedith oaertbrohﬂﬁlforf&ﬂuéihé gleleffeer gt ercepts
to a lowest priority processor. FIG 6 is a block diagran representation of
a nmulti-processor systemsimlar to that of F| G with the addition of an
API C ser | al BEROT BPEg ofns PtPCD’§th%Ef“é’st8&FW6Wp‘lk?éé‘é*‘\é’g‘éé?%q ®¥§cle for RTPR
update. Dctail ed Description of Preferred Enbodi enent Referring to F1G |,
a nmulti-processor computer system 10 includes processors PO, P 1. P2) and
P3 connected through a processor bus 18. In sone enbodi nents) processor bus
18 is referred to as a front Sbﬁﬁn}?h'?y ole%IWé/rﬁmni on may be used in
connection with a system having nore “or less than four processors.
Processors PO) P 1, P2) and P3 include interrupt control logic 22, 24) 2G
and 2S, respecti vEIng emigdienent o€ thgdeveption dnelysies 8p pPRATES fagvse ifon t hat
indicates a task priority which is the priority level at which interrupts
are servi cedcom@ciddn QXAMRIHutdrROsteMs KTHrdpglidatug if@ed@NambRpritiiy be an S-bit
nunber. Typically) if the priority of the interrupt is |ower than the val ue

in the task priority register of th rocessor, then the ocessor wll not
act on the igipélr”rcdf)%/‘.“ gﬂ@tléskp?ri‘odp?'?@l%dﬁ FRVE of 84t %’é’”ﬁfo%‘s’c ask priority
data that are indicative of task priorities of those of processors PO, P 1,
P3, and P3 t heocessoeimathaichaipiuter fspsteinaneiss ayailablei foy lovwesepnangy intestpnat i on

arbitration (LPIDA). For exanple, the task priority data may be the 4 MSBs

of the task BEiRhiidY afbirdddR (LPDBA) Stike adpdrdfid-Rsd fludes lowest priority

logic to perform the LPIDA to select which processor in the computer system is
to receive an interrupt message based on contents of the remote priority capture
logic.
Another embodiment of the invention includes a multi-processor system
having processors and a processor bus coupled to the processors. The system
includes remote priority capture logic to hold task priority data indicative of a -
task prio;ity of the processors while they are available for lowest priority
interrupt destination arbitration (LPIDA). The system also includes lowest
priority logic to perform the LPIDA to select which of the processors is to

receive an interrupt message based on contents of the remote priority capture

SUBSTITUTE SHEET (RULE 26)



1J~d~~""2 1~ 0 991302-13 PCT/ US98r 2335~ desi gnati on of one or nnﬁé'dgﬂ "l
processors PO, P 1, P2, and P3. .4s .used herein) the term"renote" neans
-of f a procesgsapsghse. Under one enbodinent, renote priority cREUVHEBSPEYi c 32
al so holds task priority data that is indicative of task priorities of
t hose of processors PO, PI) P2) and P3 that are not avail able for LPI DA
but are operating i.n system 10. The task priority data be assenbl ed in
renote pri or?’ﬂ?’ @ﬁﬁPﬁFépﬁ ‘Bgﬁsﬂg%}f‘ﬁ%P’fodlalegg%l.heﬁr ETR tk}r8g?'ﬂgg’8r’i‘f%[ztcf‘s\?é of the
task priority of one or nore of processors PO) P 1, P?) and P3 are provided
by the procemsors) to processor bus 1 E. Encode/ decode | ogi c 36 decodes
these signals from processor bus 1 S and provides signhals responsive to
themto renote priority capture logic 3? through conductors 3S. There is
not necessarily a one-to-one correspondence between bits of the signals on
processor bus | 8) conductors 38, and renpte priority capture logic 3?. For
exanpl e, the bits could be Briséeseriptionpf the 69’1:‘1'@2& gnal including a
| owest priority interrupt nessage is received by |lowest priority |logic 42
t hr ough conduct orBhedimvedtivnesil! tr ir@eistasdIntge Cul B2 rpanhiodasilddRieRAipiishng t he
task priority data in renote priority capture logic 32 to sel ect one of
processors P 0 i i r tral agent 44
i ncl udes enc 1&%/%5e1%»§§8d ?’ggﬁ t@ggéc,onﬁpgﬁ ‘t“)é(aﬁ‘w@‘%si%ﬁ{é’é’g%er“éf?@gﬂ 32, and
| owest priority logic 42. The redirected interrupt nmessage is provided
t hr ough condagendios igch,dosvererd shatdd pelebellgigindo Bt the hreador v o, P1) P2, and
P3 have identification nunbers, e.s., APIC IDs. The APIC ID nmay be for
exanpl e, supietife efboRRNEIs SR Pbed! BSEre fok ¥R Edatién 2kBEddcHd it BT (RULE
26) ~ ~1~"?21 ~~""2 ~'099/302.i3 PCTIUS9Sr333~4 priority logic ~2
provi des the sel ect AP D.nunber with the.interrupt nessage. The
i nterrupt rressageﬁicquFB\?ﬁl‘f 'cf"?%?@dﬁwegﬁ%a‘épﬁ‘%Wﬁépf‘%ﬁ?%’r%S“'t processor
bus I 8 and the sel ected processor. Encode/ decode |ogic of the selected
processor r enolgdinzdsweheridRhyAokD foudiveningimepergs esa tdveesi pi@ityupt nessage.
The interrupt nmessage with associated bits (e.b.) APIC ID nunber) may be
passed in on;g%c&ggr or in nore than one phase or packet. Were two or nore
processors have an equal |owest priority, lowest priority logic 4? may

sel ect the processor based on) for exanple) hjighest or , .
FIG. 2 is a block diagram representation of an example of certain details of

one embodiment of the processors of the system of FIG 1.
FIG. 3 is a block diagram representation of an example of certain details of
one embodiment of the remote priority capture logic and lowest pniority logic of
FIG. 1.
FIG'. 4 is an illustration of one embodiment of a remote task priority -
register (IiTPR) in the remote priority capture logic of FIG. 3.
FIG. 5 is a block diagram representation of one embodiment of a multi-

processor system including interrupt direction logic, remote priority capture logic,
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| owest processor APIC ID) or in a round robin basis. The ternt"low@ézeu~ "
priority" does not require that there be nore than two different priority
- val ues. Forveyagwple) if there is only one value of task pri GETIUSSEAI3AT it
is the | owest. Exanples of the interrupt nessages or other interrupt
signals that may be provided over processor bus 1 S include interrupt
destination and vector signals,, interrupt achnow edge signals,
end- of -i nt eﬁ?%ﬁqcoéﬁéf‘)"d&l%%ﬂ”sa b“‘i"&eét%ﬁ“&ﬁ?é‘g%HFCW‘%‘Pradﬁt‘e{tIPPIOP“hessages
ot her control signals or a conmbination of these signals. Sonme interrupt
nmessages ar ergregsorowest priority signals and should not be redirected. A
| owest priority interrupt nessage nay be provided to a processor
destination by a ng err o er. Clr r the operating
System (C8). In"ugrd B LBk SRBECtbhen oS aTh b hos b
destination redirection. However, the destrnatron sel ected by | owest
priority | ogimilagm fayobllG. Revisathe agdition QURSAPIUTEIHEST (RULE 26) ~ ~
~"y "c~~2 CVO 991 30243 PCT/ US9S/ 23354 the original destination, because
the ori gi nal destrigat {1ARIhRPRNE PhhR sBecihiNG cledwERITPRMpARIL Y Processor.
Accordingly, redirection does not nean a different direction, but a
direction provided at a |later stage. Alternatively) in the case of | owest
priority interrupt nessages, the processor destination nay be provided for
the first time by lowest priority logic 42. The processor nay provide the
signal s that are reprdsenial Dvergftionadil’ efdroed Embodirppemsessor bus 1 S under
the initiative of the processor providing the signal or under the request
of external |ogi . le ors PO, P I
22, “and P3. provi asreiion & B 15 shiBriael St cHPRE! SR | PIBREEETY
desrgnatrons to processor_bus | S each tine the task prrorrty desrgnatron
i s changed. PIa§es50seRbAd- BApediFReronneqysobisrighapregsssap bys 1§o1n samee P3 provi de
signals representative of their task priority designations in response to a
request frosmbod@sinisppiodtdsbybbsOlP i€ referred 1023 al fidr kidd plis.CTRd inekhdn | N
response to their receiving a lowest priority interrupt nmessage. In a third
enbodi nent) re t riorit fyu 00{.C .32 err aII requests an
updat e of t fig prgr%oug%és)lsnocrogne%io h“(gyhsg“rr{g}smrr\%n rcbor ffé %}’] updating the
task priority data in renote prrorrty capture | ogic 32. The operating
system or obteessoos tRiagassaraPOdh b8t andS instiele eerr®efcentroldgeic @2FR6G. 2, as an
exanpl e, processor PO includes a local APIC 52 which includes a Iocal TPR

(LTPR) ~4. ARlfad 3R, IS @etwepgfarmlc% retru&rar té@r‘E Hr,@n@tdte, Fﬁhtloﬂttﬁ‘{tﬁh‘(ﬂ%m@?@t rol
| ogic 22. 1n one errbodr ment, LTPR ~4 ds an task priority

designati OntasU;‘:?rofnlnr S\i&htc[L r%%spr?c]:nt cvepat \Bhrcitfr}/tcrrupt?zrarle%[:rl'vtr%dd asses 9

example, the task priority designation may be an §-bit number. Typically, if the

priority of the interrupt is lower than the value in the task priority register of the

processor, then the processor will not act on the interrupt. -
Remote priority capture logic 32 holds task priority data that are

indicative of task priorities of those of processors PO, P1, P2, and P3 that are

available for lowest priority intcrrupt destination arbitration (LPIDA). For

example, the task priority data may be the 4 MSBs of the task priority

6
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98! "' 3354 In other enbodi nents) LTPR ~4:could have a greater or |esser
nunmber of bjvbbseserizbits with different or additional signifiREHYEI823354
Referring ta. FIGS. |1, 2, and 3) encode/ decode | ogic ~S includes encode

| ogi c that encodes) for exanple, the 4 MSBs of LTPR 64 onto a signal for
processor bus 1 S to be decoded by encode/ decode | ogic 36) which provides
si gnal s on c@aneiier 8f 8% ergneEPbPecePBriG ¥ 1 cBptand &5 dgiusedheremethsrring to
FIGS. ? and 3, one enbodinent of renote priority capture logic 32 includes
renote task @uhOFrdridteT 8QSET & ploddRRsdic 6 2nd&donetdrbodite®IemBEPR 62 hol ds
task priority data indicative of a task priority specified in LTPR ~4 oC
processor PO. .RTPRs 6=!) 6 nd hol d .t ask, priority,.data i.ndjicative of
Dok priori cPETLRaRtrs a3 SHERO S PundiarRhmels stuclef obiskin)  and pa
respectively. Referring to FIG 4) as an exanple, RTPR 67? includes four
bits (e.s.) miargied of i®scohatocksbes’d B3kPhrand PBtthatdat sottabafablsfarndi cat i ve of
a task priority specified in LTPR 54 of processor PO, if processor POis
avai | abl e fof pirFA DAy addh ) ' ion TRIRR G jdentica
to the four MSBs of the&%$%§%qégghgiégpF§Flgﬁgﬁuggﬂ?ﬁggg@ﬁﬁfégie é!RTPR 62
al so includes a bit %gg bit 7) ,ﬂ,)vx/ni ch ingdi cat es whet her_processor PO

i s avai | abl e'™f BMQBPHRITY) [3PKElogier 3% AP U™ ndig R PSR SsCabrssofghc tag, and 68
each also include four bits that hold task priority data that is indicative
of task pri ophdritgofspeot giotd efdproteskorPRS, P NA2, ahd Rk hrel propidedbgsirs P |, P2)
and P3, respectively, if processors P 1, P2, and P3 arc 10 SUBSTI TUTE
SH~~I" (RUL ~ oot alil =2 e ¥ J3 5d _avail abl e
For LpiD: 1 GRbREE S picesitud s Estiertbie hhl S Bl eidia-f T oy

i ndi cates whet her processors P 1, P2, and P3 are available for LPIDA The
enabl e/ di sabfrempirpcassording B aad mravides sfanakstrespoinsiag o themep r¢molg.priogity ogi call

hi gh voltage), indicating a processor is available for LPIDA The

enabl e/ di sabtmpulk lodis 3irrakdhecbniidibrs 38 S ahERs HOH Hed&Bari |9 \WIne 16-08e, a | 0gi cal
| ow vol tage), indicating a processor is not available tor LPIDA

correspondence between bits of the signals on processor bus 18, conductors 38,
and remote priority capture logic 32. For example, the bits could be inverted.
A write cycle signal including a fowest priority interrupt message is
received by lowest priority logic 42 through conductors 46. Lowest priority logic
42 performs LPIDA using the task priority data in remote priority capture logic
32 to select one of processors PO, P1, P2, and P3 to receive the interrupt. A
central agent 44 includes encode/decode logic 36, remote priority capture logic 32, -
and lowest priority logic 42. The redirected interrupt message is provided
through conductors 48 to encode/decode logic 36.
Processors PO, P1, P2, and P3 have identification numbers, e.g., APIC

IDs. The APIC ID may be, for example, supplied at power on or reset. Lowest
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The task priority data in the RTPRis indicative of the task priori?;z 1N 2%
desi gnation of the LTPR even though the RTPR task priority d&a qs go{

videntical wo¥€28Bask priority desisnation in the LTPR For P @Jﬁ% n@,’ n an
enbodi nent descri bed above, the RTPR holds the 4 MSBs of the S bit task
priority designation of a corresponding LTPR However, for purposes of this
i nvention) the. S I i.der.ed i ndi cative of
the entire S f1§lgn§§ﬁ%%°\$ﬂ%$apk%7§%rﬂec %%&gﬁi\ﬁgﬁ\}kgedg%ou E to achi eve
| owest priority semantics. In other words) the 4 LSBs of an S-bit task
priority deSEHAst i D BIETURLTCSA IS Prvaded tarpgl pncede/fegade loRo P 6 pur poses of
this invention. O course, the task priority data in the RTPR coul d incl ude
all the bitgroadssédusl BRRd thecldaed prétepRAJER deetdtR IbgibloeRNERLic@N, there
is sone chance that the task priority data in task renote priority capture
logic 32 will sonetinmes_ not reflect the actual task prigrity
desi gnat i ongrOS?SS?rhréc?)%%eég]%cogg@%%F@ﬁf%ﬁr@oﬁ;sfﬁ“ﬁ@ F%%’@Siﬁ‘gésagﬁe%%sk
priority designations chance with tine. However, the task priority data is
still indi cetdrugt ofessage witisissqoratet bitsi (eg., APICHS pimokresmoy be SAINST IMTUTE SHEET
(RULI = 25) Piii It W 99130343 PCT/ US98r 33354 avail abl e for LPI DA, even
if the indi i i Lly\@%sp .Qr LPI DA does not always sel ect the
processor w&tﬂ%bﬁﬁg} oragietlﬂprl orl})?;ggéfﬁr?klfﬁ'e case in which a processor is not
avai | abl e for LP{ A because the enabl e/ di sabl eHbit is set to disable, in
one enbodi nent, re WQOTIPPTEMIPSFSTPat BAvERNEANR! IBYBRPIOTp WS just as i f
the enabl e/disable bit were set to enable. In another enbodi nent) the task
priority dapmoritg lowt 42 pohatseldciuht plocésser enabbre/foi cabiphe, highesvidrl be set to
enable. In that [ast nentioned enbodi nent, the task priority data m ght not

be indicati f K, pfA G4 f - [ vl th h
't does not PRstsPe R BIC Yt oo R R TR A e REF BB ont) 't he

contents of the four bits is not updated. O course, in the case in which a
processor | @oasap! waaire disit érctobe mpreDpabbeadisisranhangnyoatussr Fps not active or
m ssing fromthe system the contents of the four task priority data bits

of the correogRYMingeRTEBW dnk VAR BB PEbASSdatd, fit MR 18lvetthe processors of
a multi-processor systemis not present in the system at a given APIC ID,

t he enabl e/ di sablLe bi]t if disabled in the clﬁr r.egc%%ngi.ng%R'EgR. Under one
enbodi nent, enabFEFBRIESHT B e MeTeReT PRORE AL THR HETULIN2 WY PEr st ti e
the RTPR i s accessed (updated by the appropriate processor) and, once set,

must remai npoetdedioved pracesewltas | B ésdtdeswenupiotnsunagioning VRIPRigaals,be updat ed
based on a nunber of event types. Two of the possible options are: (1)

direct Bl O5a0688 el widc RERRs Ufnd(AinR BIRB AP ahAs SReFrédessorc! €
transaction N
interrupt (IPl) messages, other control signals or a combination of these signals.
Some interrupt messages are not lowest priority signals and should not be
redirected. -
A lowest priority interrupt message may be provided to a processor
destination by an interrupt controller, other circuitry, or the operating system

(0S). In such a case, lowest priority logic 42 provides a destination redirection.

However, the destination selected by lowest priority logic 42 may be the same as

SUBSTITUTE SHEET (RULE 26)
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(an exanpl e of which described in connection with FIG 7) by the O7 1 2%
correspondi ng |2 SUBSTI TUTE SH) _~T (RULE 26) ~ 7 !~ ~ ~~""2 w0 9913023
t' CT/ US981' wo3856ezk3 agent, controls the state of the enabl e/ FSHBFEHY. An
upgr ade/ dowagr ade of the RTPR may occur as a result of Power-On Self Test
(POST) before an I/Ointerrupt enters the system The processor nmay al so

raise its pripQrd. he - 0 : ' Lat.er n_the

Tl ustrated et Gpiafich 3R nE E0kin Lo RLREARob R L) BBle bPeh %) ¢
4-6). In one enbodi ment of the invention, the additional bits are not used
and are resePUHY PIoFeasdst MEEOTd BHH irerbieetiQff dagk @0t meahe Huferersdireetionsor e of
the bits may be used for various purposes. In still another enbodi nent)
there are nobaddiitdcO@provided at B IdibrestdgE PRI iernbkiOci9Nmlhe take 9@ veest unct i on may
be acconplished with two bits rather than one. Referring to FIG 3, as an
exanple, lowest .priority logic 42 may include.a buffer 74 and anpal yzing
Togi e 7. Angroupiberbh me gt 1t itee A RS B R et s e P

t hrough conductors 72. Analyzing logic 76 perforns LPIDA to determ ne which
of the parti Grspétmerhy IRVPRprivady tdges 4bwest priority (which may include
resolving any ties in lowest priority). An optional buffer 74 may hold the
| owest priority i ; b le; I ) i gnal on
conductor 86 i ndi nggi&?%gpﬁéfgglﬁb%ﬁgegbﬂg%éﬁ Eeeﬁsfgr%gﬁ%g%iogﬁa%f t he

sel ected processor, which |s ovj ded t hraough_encode/ decode | ogic 36 to bus
15. The APl CPRBUHBERCHPT B bt URGRa TRe IS RS B @roreoitr BV A8 dMar f ety of
forms to bus 18, and may be in the sane or a different phase or packet than
ot her i nf or neth@dr ofidetr e requicar ¢flgxterma $ophg e or le SarbpIBS hla stk nt¥ddter({ RULE 26)
Ul '~ ."~a Li;"!'Z w0 99, ~30za3 PCT~US9&r! 33s~ Lowest priority logic 42 may

-a L 30233 Lowest o
par 10 pat i e CRTRRE ot 't b SR B0t Bl FflsSRalle ek et hroriy oy

value is a lower priority that a |ogical 0). For exanple, |lowest priority
| ogi ¢ 42 couf%RHAPNQREORTIRYUR A #rd tirae thedask Priogiay designgliphés MSB, and t hen
elimnate RTPRs having bits having a logic 1 value in the second MSB and so

forth. Lowesthaabédrlintayseb&r@ emibbdieont] stosashdrk ROL PN PRUSK PDpORICWHER IS
greater based on whether the result Is positive or negative, or use various

other nethods. In . . . G
representative of their task priority designations in response to a request from

lowest priority logic 42 or an interrupt controller in response to their receiving a
lowest priority interrupt message. In a third embodiment, remote priority
capture logic 32 periodically requests an update of the processors. Other
mechanisms may be used for updating the task priority data in remote priority
capture logic 32. The operating system or other software may direct the updates.
Refernng to FIG. 2, as an example, processor PO includes a local APIC 52
which incl_udes a local TPR (LTPR) 54. APIC 52 is an example of structure
within interrupt control logic 22. In one embodiment, LTPR 54 holds an 8 bit

task priority designation, the first 4 MSBs of which specify 16 priority classes.

SUBSTITUTE SHEET (RULE 26)
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nost, if not all of the techniques, lowest priority logic =1? wll ngl d{ L2

the processor nuch faster than in the case of APIC serial bus arbifration.

- There may bB®© 0iB3pAitry (not shown in FIG 1 ) between encodEFG&S8Y fogi ¢

36 and renpte priority capture logic 32, and between encode/ decode | ogic 36

and lowest priority logic 42. Renote priority capture logic 32 and | owest

priority Iogj GindiZerRdihGs, 19N 5@901}1@}1%al&gét@foﬂé%%?ﬁ%ﬂlﬁr%‘?%itgro'rdge (whi ch

in sone enbodinents is called the North brTdge). | ustrates a

system 100 wherein central agent 44 is included in rocessoqr bridge (or
chi pset) 108IS iR atﬁcr%ar pd oL gri fisarcRe &5 IIANG JOF Biss 110da@indRd peri pheral s
| 12A and 1 12B connected thereto (which nmay interface according to a well
known Peri paeodt/désndp aeis inaludescmpodacibgic et ensddandar ekhmpRethepheral s | 12A
and | 12B represent a variety of conmponents including interrupt controllers
o bri dges | qtiarrgesss, Fik Aok 105 By b 1955 honed st hat the features
of the present invention are t¥ansparen O periphéeral’s and/ or operating
system softvvarg./dTh%tEis) éndﬁ&%ew&%mntwm SU*I-ETTTUTE SHEBT ( RULE
2fi) 0 7 encode/decode PO v $ o3 soHuctees Pretoirpmereal and/ or
operating system need not know whet her a processor bus or APIC serial bus
are bei ng uggskid/ QapRrMMRIcCAL € between the processors and bridge. FIG -~
illustrates one of the variety of ways of inplenenting bridge 104. An 1/0O
interrupt controller. .1 1 y.be constructed according ta a well known
nmanner or be espéﬁﬁ&??gy‘oﬁ:é@g%éﬂdgo‘?“ﬁﬁ‘ﬂ’%"@%’é‘ "?'H?/‘é??f'f’ﬂﬁ.caPH{’%rrupt
controller 114 may include an 1/0 redirection table to provide a
rel ati onshi ppgeiwmeiudey @miont @sk priority eegiststs RARRs) b2 6debb,iandiBon of the
_tgrgte_tfed {ﬁquesz. /O redirecti O{/]m'tabl e may prrsow gg i nterrupt vec_to;s to t
identify Y a_t & £Sri interrup
service rougﬁ'ﬁg.gA}F]d]% (s)ku%'g@rg%e&e ngaﬁﬁggpﬁnt gpru%tﬁrg@gg@ﬁ g{rg\%i ting to
be sent to a processor. An OE\“ onal outbound queue 126 hol ds signals
Zglmguni cat lea‘l‘)Pbeﬁgﬁisﬁ?%Q:efg? .Sliﬁyéﬁl . vg{)ﬁ‘ﬁ@dw@{m ?;:)‘H}'d‘é}as‘;ﬁ'é%“‘i A !gde i%
serial bus. Referring to a system i ncludes a bridge
that incl udesk peonties petided iy LTARE ¢ict sheé@hLoBprdcedsest e @R| & PPgi ¢ accor di ng
to an enb;)dl ment of the presen'lt3 |nYegt |bo[1. Bri gg_ed174l$l4l OWZ i nt errupt 00
nmessages to . processor bus et ween bridge and processors :
P 1, P2, anf]égg%?wg{%tem 170 al so includes an APIC serial bus |78 that
all ows operations that are perforned by APIC serial busses of the prior
art. Bridge 174 Relemidgeiodiior €, dsangsenplsy REPBoEsigeludest fhun bitsr{der Sitafd

- 3) that holds task priority data that is indicative of a task priority specified in

LTPR 54 of processor PO, if processor PO is available for LPIDA. These four

bits in RTPR 62 do not have to be identical to the four MSBs of the LTPR. For

example, they could be inverted. RTPR 62 also includes a bit (e.g., bit 7), which -
indicates whether processor PO is available for LPIDA. In the particular

embodimcm_, RTPRs 64, 66, and 68 each also include four bits that hold task

priority data that is indicative of task priorities specified in LTPRs (not shown)

in processors P1, P2, and P3, respectively, if processors P, P2, and P3J are

10
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interrupt messages on processor bus 1 S and by processors that und8rktlaid it
interrupt nmessages on APIC serial bus 175. Depending on tile _processor) it
- may 1~ SUSSTIM3IFE SHST (RULS 25) G~ |~ ~~.d ~~'"~ WD 99?%’8@%%23%4
PCT/ U59SI A" 3354 be that the direct interface with the processor will have
to be different, but a common bridge could be used by both. The various
bridges illust di i nclude a . variety of conponents that
are wel | kn%)%llﬂigllﬂ%? rh@%f}')ﬁﬁﬁggﬁiégﬁ%gréyﬁamlcﬁlfj%%? F%z{bg.(/jm%aﬁ lgp@‘@hssed her e
because such illustration and di scussion are not necessary to understand
t he presentindispeatiheher pogessersgtl 82i and A3yt evailzbledfyr bBIDsedhé n connecti on
with I Pl nessages. For exanple, the IPl signal fromthe directing processor

PO, P 1, PZenaBle/dishbieshif i9enwbled With HFitsd 08ab@4ever (clo’ @-lodved 8loy v3Eagy, exanpl e,
the I Pl nessage may be forward to I1/0O bus 10S and then directed t hr ough

bridge 10:4. hack to the pr.oces e ed I t priority |logic 42.

Al ternati ve‘l"?‘,cmf’??ea PrlgFesﬁgrglﬁﬁYa'ﬁg(f ‘Ebﬁ@%?@%ﬁ‘a%ﬁw%}"vé dtsﬁkélcﬁ?nbound
gueue 120. When the IPlI is first provided to bus 1 S, an address bit (e.g.,
Aa3~~) in twehfsendphbae lofl (e, d BEicadywbeltsg), indicatinfiarsocevolr fsage (e. g.)
high) indicating that interrupt request is to be ignored by the processors)
but is to 0 e bridge. Wien the IPl request returns from

bri de, theblgrit'(ta %%%F?%éﬁglel%nto a second voltage (e.a., low), so that the

sel ected (t rget,} processor wil|l consune the IPI. The follow ng table
summari zes the elPe@ek priotiplaiy igithe &I Pleis ingirptye phdstagnprigtdessor bus 18

i n one enbodi nent of the invention) where ;~ neans don't care; Ab5# and
Ab6n are i nddsh@asecoftie MITRReeveh thdightth@RTBRthsknNioridp da ¢ dduieeigal | very 16
SUHSTI TUTE SHEET (RULE 25) f~~~;d t~~2"' W 99/303a3 PCTNS98123359

node, | owes jority.logic 4?2 d performLP.D A, and during
redi rected téetﬁ"{ l\?@? ;‘?r‘érfr%Jéfe‘gS@BéEs“t‘gg'?‘i gﬁ[t{y%%%\la(r:n Pﬁ"z ’%%’é%mg%qq?’(%?(m LPI DA:

Aa3#Ab6n (EXF3n) Ab~# (EXF2#)Interrupt Transaction TypeO ~00Fi xed Delivery
NMode described above, the RTPR holds the 4 MSBs of the § bit task priority

designation 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 entirc 8 bit
number. The 4 MSBs are comprehensive enough 10 achicve 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 the actual task priority designations of the processors available for
LPIDA, because the task priority designations change with time. However, the

task priority data is still indicative of the task prionties of the processors

g
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M

Physi cal Destinati on MbdeOO1Fi xed Delivery Mdde - Loeical Destination
ModcOl XReser ved100Redi rected Delivery Mdde - Physical Destination )
- Mbde101RedivoewssesksDel i very Mode - Lot:ical Destination Model$BRe¥ETN¥d11ENd
of Interrupt (EO) A Dbit (e.g., Aa3ri) in the address field of the
i nterrupt nessage may indicate whether LPIDA should occur at all for a

particul ar |nt. t age. - ardl ess. of the states o

enabl e/ di sab ae”%éfl’et@r {‘ﬁﬁf%r%?%1%??8}%‘?@0%&&0&ral;wqyaﬁfrée%f.r L‘]"L[?'S 99F% , Which
may be called the redirection bit) nay be conputed based on the | owest
priority encodilwgys feldcsthe pro@sSr With e 100Gk phiprif lamhd ¢ade iredthichcat i on t abl e
ininterrupt controller 1 14 Lowest priority logic 42 may be used in
connect i 0N RickbssBIKSoEAlai) 8918 b, BTN BRYBseARE ch W/ GiddbIdES s Aptd on node.
Under one enbodi nment) under physical destination node) target processors
are sel ect egi. based on unique APIC | Ds. Accordi ngl y‘m ach inter-upt can be
directed to 'aa@w@r?nﬁmée insnt s ek BHOT Y daimind i i5)4ypdgigH uest 2 der

| ogi ¢ destination node, target processors are 17 SUBSTI TUTE SHE) =T ( RULE
26) ~ | 1ifithd emable/dsable 10V 8@2atioRGablk.] 50inotix3dbbodieleactietaklased on a

| ogical 1D value programmed into each APIC. Since a logical IDis

br ogr amed pAG RN E1er Halth ABFARSAMMLMIUDE WG e louRl Ry ofessor, . they
can |dent|f9 a group o rocessors to be fargeted. nferrup nessage bits
(e.g., Ab~~ and Ab6#) may indicate whether a physical or | ogical

desti nat i onthgblast mentipsediembpedipiens iteeataskiprdariti deiagnichbrens pe linfiestvemfi ori ty

| ogic 42 may sel ect any of the processors on the cluster as the processor

to receive §hekiphbaEy dthe tAP&HTRAIEg bR caBARIIB6GHISRBbE Mt fnanBr F eNDte
priority capture logic 32 is set to enable For that processor). In logic

destination_nonde,. t he syst.e erate . as. follpws. Lowe riority logic
27 or ot her PRRPRAL {550 BHACR L FI A | Bar e smEPB D By SOUTRR O Uetr the o
interrupt is directed to a processor within the logical cluster. If the

i nterrupt negsiage! isdathidr éXftcedrsepindhecast in wbichraqmesssorss o apaitabdssor bus 18,
| owest priority logic 42 may detetm ne the destination processor fromthe

croup of pr g epSdctt 6 Bclslof B0l SBERL rliRingTiisn e Sterel hart er rupt on

processor bus 18 w sent to the processor w owest | nterrupt
priority fromthe group of processors . indicated by the logical ID For
exanpl e) sufpeEEs phiie Ipnrdadsrrmrty drie i °£1*§y%°r’@ﬁ9°é@ftgr¥§ﬁ’fgngp nmode
cluster address of OOxxh (hex). If an I/Ointerrupt arrives at the host
bridge and fmasnihdless| ogi cal 1D of “000001 1 1', and is tagged to be

If one of the processors of a multi-processor system is not present in the
system, at a given APIC ID, the enable/disable bit is disabled in the corresponding
RTPR. Under one embodiment, enable/disable bit of the RTPR needs to be set
the first time the RTPR is accessed (updated by the appropriate processor) and, -
once set, must remain set until a ‘cold’ reset event occurs. The RTPR can be
updated based on a number of event types. Two of the possible options are: (1)
direct BIOS access to the RTPR or (2) a RTPR update special cycle transaction

(an examp'lc of which described in connection with FIG. 7) by the corresponding

12

SUBSTITUTE SHEET (RULE 26)



- [N nn
redirected) LPIDA nmay be determned for P2 to PO. FIGS. 1 iIIusterze\sr"»:\'l whl
mul ti-processor systens. Alternatively) central agent 44 or bridge 100 may
. be used i nweonnerki on with a single processor. In that casePCTYSEIBBIFITUT>
SHEET ( RULE.26) ~ | ~"~~~ c~~2 - WD 99/302-13 PCTNS9El Zz335~1 in one
enbodi ment, |lowest priority logic 42 always sends interrupt nessages to
t hat processor.. Un ne_appr.oach,, re priorit ture logic 3?7 is
inactive if atg?"lnet‘rctegn?rgrséﬁ §a[8?1)éI{}bCrﬁgrélg@bslrgBlte%ﬁtdéAFn ?ﬁ{%@dﬁop%ardgaog ¥ renote
priority capture logic 32 is active, but the RTPR corresponding to the
processor | KTERRemeyloycisnablresa!tRfPRwWeTRe Sehl TesptRieeBdnfore andfe syst em may or
may not provide signals representative of its task priority. Under one
embodi ment) jhikrrQBt et QD hea R/ THeSRBEGsd thay 818 @4isd fis pRoMLQoRid Ori ty
capture logic 32) lowest priority logic 42 will direct thé interrupt to
t hat processor, regardl ess of what is in the TPR field. Alternatively)
renote prio '&H‘/’s@ Wt {7 &V9ihef BteBIPoul d i ncl ude sonme ot her indication as to
there being only one processor. Wiere there is only one processor) the
priority capturednlhe itlesmates! qxnmpid ¢fyFIGapt RIFRR 168 gnadud? addiviondibitky be that a
processor is available for interrupts. According to one enbodi nent of the

| nvention, ik ChRuR MRSSRAG R AR D HRGHVAUBE TR YANIREER: el N @ one
nmegabyte spacé’of nefory. In a gabyt e space, the one negabyte |ocation
can be between FEEOOOOCh and FEEFFFFFh. The menpry | ocation nay be used to
identify a p&sdandiararesered i IRANPHIST eMhodimEntfBbrIinyBRion. preRiaBe8PS PO, Pl
P2, and P3) and encode/ decode | ogic 36, and (optionally) the operating

system ar e dgsbiggasy BOudcddbr Rire paGosesPOn sl indtRYr coboBin&theidre RTPR
updates directly to RTPRs 6?) 64) 66, or 68) respectively. In this

enbodi ment, the RTPRs.may b ated a |5/0 ce.. In 19 SUHST1TUT>= SHEET
(RULE 26) "8 aiond BB g RIPIE" 0B 555l Rl Swob B b ot e
embodi ment, processors PO, P 1, P2) and P3, encode/decode |ogic 36, and
(opti onal | y)ctdmeploped atthngo dysraherdbamente. al | ow t hat capability for
processors PO, P 1, P?) and P3 to wite a RTPR update directly to RTPRs 62,
64) 66, and 6S, Bierring 10 FIG. 3, as an example, lowest priority logic 42 may include a

buffer 74 and analyzing logic 76. Analyzing logic 76 has access to the contents of

the RTPRs through conductors 72. Analyzing logic 76 performs LPIDA to

determine which of the participating RTPRs has the lowest priority (which may

include resolving any ties in lowest priority). An optional buffer 74 may hold the

lowest priority interrupt message until LPIDA is completed. A signal on

conductor 86 indicates the APIC ID number or other indication of the selected

processor, which is provided through encode/decode logic 36 to bus 18. The

APIC ID number or other indication may be provided in a variety of forms to bus

18, and may be in the same or a different phase or packet than other information

of the interrupt message.
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rat her use a RTPR update special cycle transaction over processor bus 18 to
update the RTPRs. Processors of this other enbodinent arc particularly
. suited for wopwmatld y used operating systenms and interrupt s&frriSoe333
Referring to FIG 7, one enbodi nent of a RTPR update special cycle
transaction includes two phases 1 S2 and 184. Phase | 82 includes a command
field (e.g., 6 LSBs) .and an, address field .g., 26 MSBs).. As an exanpl e)
bits "01000" in ?ﬁ\e‘)e%@r‘}lr%’ﬁydloﬁce %mfl?‘lercﬂ}yeéfg'agﬁgiﬁéqw’bVéﬁ%'guﬁsr}ot he case of
a special cycle, the address bits nay be don't care. Phase |84 includes a
byt e enabl edéteshide (ridh of tBOPTLOPE iy RTBR} hasht lawdi eaueforaniglEPR updat e
cycle; a processor IDfield that indicates which processor is providing the
update; an ¢ hisabl it I pdi £k et . ssor is
avai |l abl e fo?aﬁg?/[l)%é?ﬁdﬁ'}%g/sEi)l?\gérrpé{gﬁgs@gﬂtaicﬁﬁﬁa%f ﬁgﬁg%ﬁ@?,ﬁéﬁgﬁf our
ivlSBs of the correspondi LTPR t he exanpple of FIG 4) the TPR bits
may be pl acBdoi'¥ l?ﬁ‘fggﬁg‘ﬁgghﬁ"’i%RtF%s E?Vt‘“% Sife! b‘fl%éb‘h?ﬁ%%ﬁ’tmqi of the
RTPR. The E/D bit and TPR bits nay be provided within what is othenvise the
8-bit attri bithelifiretaR TERs balenglsicadeidgagliogic36val ®sipahnsscood M8 smanssand fi el d
of phase 182 and the byte enable field of phase 184 by providing an update

to the RTPR.dgsi . t eld .l enot iority capture
to :ic 32. ‘Fﬂ@ ﬁ‘%@%@%ﬂ@%&%@ﬂ?%@cg&%m& ‘%b‘{?@ﬁi?{%{cb S98! 73354
RTPR is updated with bits representing the E/D bit and/or the TPR bits.

Where the EpDwhcther thgiresatllas peHBvRroteasis s of usedvasighs edrer migthoBTPIR may or may
not be al so updated with the TRP bits. In one enbodi nent, where the E/D bit

i ndi cat es t hRsPIRESE OF tHeSedhnkfleb 88wed BeioAOBERSAN WilDRSchHe RREQYIAE
meani ngful task priority data in the TPR bits. | n another enbodi nent) the

processor provides curr.ent TPR pi re dl ess of the state of the EID bit.
Thr ough the"g‘lcé;gaéfcé 'li'ltl'ﬁca??ogé‘gi%éegg‘?gbbﬁrgwaf?“'PZ) or P3 and

encode/ decode | ogic 36 provide a hardware assist nmechanismto alias RTPR
62) 64, 66, or 63hevemmuite diteaitop@eastiong isyFdGeh trewvern encededabde he updat e.
(Al'ternatively, the operating systemcould be aware.) Various other signal

arr angenent gy, P A8 Aoy @a%@éegoegw%%n& laJ(:j;kléEﬁ @ﬁc%geﬁﬁgcoﬁk%gu 36 For

exanpl e, al e i nfornmat’l on ‘cou provi ded in one phase. anot her
exanpl e) phase 184 cou| d provide an update for nore_than one of RTPR 6?,
64, 66, and2BSORCSPriqrifelogindd-nBempleREionst PR HRIEAMbESkanpl €) the
RTPRs hold only four bits to represent the processor task priority. The TPR
bits in phapsgoriy3dgioay arceio espiived mobeinahe passssbhiaus brivee fetiich MoBsmef t he
correspondi ng LTPR, where the RTPRs

embodiments is called the North bridge). FIG. 5 tllustrates a system 100 wherein

central agent 44 1s included in a processor bridge (or chipset) 104. Bridge 104

interfaces between an /0 bus 108 and peripherals 112A and 112B connected

thereto (which may interface according to a well known Peripheral Component -

Interconnect (PCI) standard). Peripherals [ 12A and 112B represent a variety of

components including interrupt controllers or bridges to other busses. Bridge 104

may be designed so that the features of the present invention are transparent to

peripherals and/or operating system software. That is, under one embodiment,

14
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hol ds nore or less than four bits, respectively) to represent the task
priority. Additional Information and Enbodi nents The-specification does not
- descri be oxgdd3ostsrate various well known conponents, feat uPE@FMSHRI3SA
conductors)..a di scussion of which is not necessary to understand the

i nvention and inclusion of which would tend to obscure the 21 SUSST1TUTE
SHEET ( RULE,;26). - ~7d 2~ 1.2 . 99] 30243 PCT/ 1] S981 2335~ i nventi on,
Furt her nor e }?al r}rfﬂgg%é{ ar]nud(/:?]rio CRR-Uk é%\{%?ainﬁ%d:,?&éf'of\h\é elldr\?/rélrﬁrf’ﬁﬁsorttﬁléroé woul d be
vari ous design tradeoffs and choices, which would vary from enbodi nent to
enmbodi nent . APhdeerk! buharedemgaised twaromanynicrte betyserofheipngressmendridng t he
illustrated and unillustrated conponents. The borders of the boxes in the
figures arepfigge. illustrative purposes and do not restrict the boundaries of
t he conponents, which may overlap. The relative size of the illustrative
conmponent s does syggest actuyal relative sizes. Arrows show principle
data flow in one?gcﬁ‘rﬁo’gl?‘g‘ém%O%L?#%Pfo‘fa“é{)'e?fy“'@isé’i&P?'CE’GBH“%E“‘F?é’q sts for
data flow. As used herein "'logic" does not nmean that software control
cannot be i Andl@ ederrdtheottesiter | tomey bt cofistivsted ntandiad 16 o wadl inotar pr et ed
broadly and incl udes devices that conduct although they al so have sone

i nsul ati ng aﬁqg.r [ i I o] t conductors
bet ween thephlr ué’%?g'?sep(fzggzggn netdggéﬁgtpg‘%%ﬂ@%ﬁgﬁ %&ﬁg%pﬂrcggg&'lﬁrn one
enbodi nent” neans that the particular feature) structure, or characteristic
fol | owi ng t hE* PAY isdudeqni (2 radireetiqndable 1o preyidedrialademsbin basweerok/Ot he

i nvention, and may be included in nore than one enbodi nent of the

i nvention. #Mh&fupt tdiReappRAMRAEAMa0bn bhic RAtEASE requBstOn® faRedigent” in
various places in the specification are not necessarily all fererring to

t he sane on S);jime‘n . Lowest priority. ic =12 ma ﬁir ct (or redirect)
interrupts z%gﬁzg%g Pﬁ?lvfcl}cdplé"HBtd‘ees?&rs %Uggall(féf?ﬁ%e%ﬁéﬁﬁg iy é@ %WE‘%E' 071"~
"z~"'2 WD 991 30243 PCT/ US981" ' 33~~ A processor could have nore than one
priority fofesiinfestemappndptiite oferiuasiesyicaraiitinhe Angnpquadpyueey 1 20/haldpt ur e
|l ogic and |l owest priority logic could take

interrupt requests waiting to be sent to a processor. An optional outbound queue

126 holds signals communicated from a processor.

System 100 of FIG. 5 does not include an APIC serial bus. Referring to

FIG. 6, a system 170 includes a bridge 174 that includes remote priority capture

logic and redirection logic according to an embodiment of the present invention.

Bridge 174 allows interrupt messages to pass on processor bus 18 between bridge

174 and processors PO, P1, P2, and P3. System 170 also includes an APIC serial

bus 178 that allows operations that are performed by APIC serial busses of the

prior art. Bridge 174 may therefore be used by processors that understand

interrupt messages on processor bus 18 and by processors that understand

interrupt messages on APIC serial bus 178. Depending on the processor, it may
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: 67 ey &
the different priorities into account. The encode and decode | ogic of7 &
encode/ decode |l ogic 36 may be physically connected or separated. The encode
. and decodevboegsm+of encode/ decode | ogi c 58 may be physi cal | BCEERPESEd or
separated. .For a nmultiprocessor systemw thin a single chip) there could be
interrupt capture logic and |lowest priority logic wwthin that chip. The
term "connected" and "coupl ed". and related terns are uysed in an operational
sense and at?cetﬁ?fdpe HEE“éé%‘S‘&?qey“"lﬂi‘ et%ﬂ%%?ra*'lhﬁ\aéefoa*&%ﬁﬁém,&Ht6r coupl i ng.
If the specification states a conponent or feature "may") "can") "could")
or is "prefemmee! btidpeleuidtel usdedy bothhave a characteristic, that particul ar
conponent or feature is not required to be included or have the
characteristic. e, " Ve e rtially
Feaponsi ve.  Thosm el e GS PALEIR aph BUAES LA TRIGIE! YRy 2T 1 Sl Ysure
wi || appreciate that many other variations fromthe foregoing description
and dr awi ng®maEepens thaae wilt kaawn ethe avphut arhieharemoe distratedorcht i on.
Accordingly, it is the following clains including any amendnents thereto
that defi nedifduescaaRpeo@budeR8ch NNEREH AN end UdscOEHST drEWbrneelsiry(BULE 26) G ~
~~~~ L~"12 -24 CLAIMS: 1. An apparatus for use in connection wth a
conputer system t appar at us .conpri sing: a processor bus to connect to
the processBFeHR, qﬁ? 8‘%8%6?vcﬂﬂgn'bei ng the primary bus for carrying data to
the processor, centralized renote priority capture logie to hold task
priority data i ndiwest puerityflogic #ashaypre wsed incaneaarhwiph Rlesseages.n t he
conputer systemthat is available for lowest priority interrupt destination
ar bi t rati onedrlesaipR) ihe3PCsi SR Hof ihe @l MIBRbedAEAF0, PY, POGE p3§0 perform the
LPInA to sel ect I ch ptncessor in the conputer systemis to receive an
i nterrupt ssage, t hrough the ptvcessor bus based on contents of the renote
priority cgfgf‘h’?r ¢4 g gip“?hé%ap'ﬂéf Y B2t ag] ?’%e’ﬂgl\ﬂﬁé?&? M2 P&re this is
only one processor in the conputer system 3. The apparatus of claim1l)
wher ei n t hefbevatco MD busAl08 apd deasieteditirotflebsyst Khtaokitdthe avail ability of
t he processors for LP117A vanes with tima_ 4. The apparatus of claim 1,
wherein the rj.qnit r i6 hoi i
i ndi cative %rF §J§P¢Er§s§ %Cg(raibgrllg‘tv‘g/&%%'ldéglciﬁ)g%r%ée/g]s[%rﬁmlg"ﬁc%klltgerllcpgg' ﬁ%l(ejrﬁg)gyst em t hat
is not available, but the |owest priority |ogic onIP/ considers the
i ndicative @afpawgégﬁégmlmdpﬁg: mnpoyrsausue 120. en the IPI is first provided to

bus 18, an address bit (e.g., Aa3#) in the {irst phase of the IP] may be set to a

first voltage (e.g., high) indicating that interrupt request is to be ignored by the

processors, but is to be consumed by the bridge. When the IP] request returns

from bridge, the bit will be set to a second voltage (e.g., low), so that the selected

(target) processor will consume the IPI. -
The following table summarizes the effect of the state of ccrtain signals on

processor bus 18 in one embodiment of the invention, where X means don’t care;

Ab5# and Ab6# are in the second phase of the transactions; during fixed delivery
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processors that are available for
wherein the renote priority capture |ogic includes an

67 UM 27
LP>DA. 5. The apparatus of clain11,7 o 8%

enabl el di sabl e bit

. to indicatgowhgier a processor is available for the x.PmA PGI/UTHEIIS
apparatus Qf claiml1l, wherein the renote priority capture |logic includes an

enabl e/ di s

able bit.

7. The apparatus of claim®6, wherein the renote

paority capture logic  is capable of holding task priority data, but does
not act ual | SOoFolRvEsaBROPYilgf 'y dask 2ot RedeE LRED domfsldwinggsditesttdhas only one
and wherein the lowest priority logic is capable of performng

processor,
| onest 0

delidery,mo

de, tovbedt pRSriprbLE U iosaperformd BEl/2Cct s t he processor based

on the state of "the enabl el di sable bit. 8. The apparatus of claimx,

wherein t

thggpafafus—f
| owest pri " logic u
The apparatus of claim

provi des t
processor;

5867 he LPmA
UEXHFD her i n

o

rformin

[EddiZ¥y an interrupt controller th

- n the
SR Lrarfarien i gpe QO.

h@ | nterrupt
a processor

nessage. 11.
bus to connec

/0 conput er sysF@si DefivgyiModig. a
t to the procepsical DRGSR ISR"

bei ng t he
remote pri
task prior

priority i
priority |
i nterrupt
priority c
pr ocessor
and the lo
i nterrupt
priority c
pr ocessor

with a processor,
t he processor,

nation arbitr

N chupt dest i

aXi on (LPD-A)}

ey bus—for—TarTyrT g dgta to tiTe priogeEs —TentrdatTzed
pority capture ?ogic to holdftask pri oar fa&?ﬁkPﬁavéﬁ?ﬁae of A
ty of the prlocessor whilel the processol LO&C Sp st

Raszevedent ral i zed | ow

pgi ¢ to perF
hessage t hrou

a¥el N ool o

ren the LP~7A
gh the proces
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! \II l’\f\ lalal

bus based

| aof

SOr

Ay o LG ol

50 Sel eCt T PRk EASSHiieh, MEREL V
PRSP DED Pidh NG "
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gLulC oYt~

L N me

®cessor asso
| ogi ¢ al ways

r

U AT UO \an AV |

lated with t
sel ects the

B

Ly TVMITCT CT 1T CITC

tDelpvesr Moge + ofyi

Loged Smstinmionddedey e

the only p
TESsage.

The appar at us

of claim 11,

rRbeRedn the renote

IPCIUGGS an e

st priority
13.
ture rogic

f or tha L Dnan

pre/ dr sabl e
4

Ao annar

l~

er a
tion

3 oF B FApE, Whet

rI

AVAUATl T AVT O

LB >4 CIilte T TIT %

= Sian iy

T\l WPPMI

O C T IT - CUTITrc

t he apparatus conprising: a processor bus to connect to
t he processor bus being the primary bus for carrying data to

the processor; camMir@lg 2004y RAE eddredsaidld ¥f GaRhbRepl A@kizetrRayhol d an

i ndication that a processor is available to receive an interrupt;
centralized | ,ewest

interrupt nPg8&aeY

priority capture |ogic.

TNt

cto

et fl i

ct the

r

and

ocessor isS to receive an

PUEORCEYRY BIY88%f t he renpte

15. The apparatus of claim 14, wherein the
i ndi cati on icgardiess sbthtisagesof therenable/disable bits in remote priority capture logic

32. This bit, which may be called the redirection bit, may be computed based on

the lowest priority encoding, bits {10:8] (e.g., 001), of an /0 redirection table in

interrupt controller 114.

Lowest priority logic 42 may be used in connection with physical

destination'mode and logical destination mode. Under one embodiment, under

physical destination mode, target processors are seiected based on unique APIC

IDs. Accordingly, each interrupt can be directed to a given processor based on its

unique APIC ID value. Under logic destination modec, target processors are
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- 0 n
enabl el di sabl e bit corresponding to the processor. 07 J~~J EC~20-724‘~¥6.“"}2
Aa apparatus for use in connection wth processors of a nufti-processor

. systen) theoappaeatus conprising: a processor bus to connec‘fc?’gs%sﬁé”“‘

processors,. the processor bus being the primary bus for carrying data to

the processors; centralized renote priority capture logic to hold task

priority data_indicative of sk, priorities. of t of..t he pr.ocessors that
e ava 1 ant B PEl R oy oP Ty B b bRt ke A For e SR | on
(LP117A), the centralized zenote priority capture |ogic having one register
to hol d t héDuaptogmmmed.tapd diztrefof onot@gedssagdy enigualo pgivce pmoessdn thdye syst em
and centralized | owest priority logic to performthe LPIDA to sel ect which
of the pro i I i i t ; he processor
bus. based on Honn 3§ a/oBp of pRcr Rl bR EHELLE) IHFERRRAR S SO S
mufti-processor system conprising. processors; a processor bus coupled to
t he grocess"t?r’g,a“w{é}éga ﬁ‘at'h’(gg?fﬂ‘%&’@%‘@érraW@‘i‘l%o’tlﬁé‘cﬁrqewobﬁ’@dfiéfr carrying
data to the processors; centralized renpte priority capture logic to hold
task pri oriussd. datphysiosl dzatinai@nahode, toagkt gidrivy ildgic 61 niapeelpelamgsgor s whil e
they are available for Iowest priority interrupt destination arbitration
(LP1DA), t rall i orl i I .0one register
o hol o t na R ieshiifs R B B Rt el D e Ryt erm
and centralized | owest priority logic to performthe LPMA to sel ect which
of the prodieseple/disablabit scempée pHPTI T CentrgPeLife S safé hensbls fontheont ent s of
the renote paority capture logic, the interrupt nessage being provided to

t he processgedcelddrpugh the processor bus. 18. The system of claim1?)
further including an interrupt controller that provides the interrupt
nmessage and v\,herleil n.the |owest Eri or i té Iogi ¢ I Vi ge]i i nt en~upt
destination rediP Q5 oACSINEHILMGRS theSYSEMNMAY 8PS JOUPem IAWVest ai m 17,
wherein at | east one of the processors nay be available for LP1DA during a
time that @nohwalsgicailairiveirersmeuiof chéaks phredogssldDstoidstammineavizithealitee f or

LPI 17A. 20. The systemof clairza 17, wherein the renpote priority capture

| ogi ¢ incly In Qs h L Y i the task

pr or i 1y da e e BB o B e o' Rros
exceeds the nunber of the 07 ~~."~l ~~~2 -27 procegsors. 22.. A

mufti - pr océ’ﬁﬁﬂgcﬂ/gtrmd @Oqﬁgrqféhq]@qoc%sfsgré@g%ﬁ)%c,ssor bus 18, lowest priority

logic 42 may determine the destination processor from the group of processors
indicated in the logical ID. The directed interrupt on processor bus 18 will be
sent to the processor with the lowest interrupt priority from the group of
processors indicated by the logical ID. For example, suppose four processors are
in a system at the logical mode cluster address of 00xxh (hex). 1f an I/O interrupt -
arrives at the host bridge and has the logical ID of *00000111°, and is tagged to be
redirected, LPIDA may be determined for P2 to PO.
FIGS. 1 illustrates multi-processor systems. Alternatively, central agent

44 or bridge 100 may be used in connection with a single processor. In that case,
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a processor bus coupled to the processors, wherein the processor busn stq.'heﬁu'!z

primary bus for carrying data to the processors; encode/ decode Iogi C.

. coupl ed towhespretessor bus; centralized remote priority cApt(He¥Hgic to

hold task priority data indicative of a task priority of the processors

while they arc available for lowest priority interrupt destination

arbitration . (LP> 1.zed r.engt iQrity capture | ogic having

one regi st er’gtcgek?ﬁ?bgd%ﬁ%['ﬁg\g%glfllbérgiq?%/l%ggtagw osrsglégg'c'ﬁmggﬁlerﬁ 75 esg?ocessor in

the system and centralized | owest priority logic to performthe LP1DA to

sel ect whi cHhe}fPreeRssqsy dénsissenesappyaich aBMmets RFforitpeamueilagic 82 ieineftine an

i ntenxpt nmessage based on contents of the renote priority capture | ogic,

tt~e interrupthei®ESAOE oREpdbesBEOViktRE ahdth@UGRrdabe, remeRIRRE 8slRul0gi C to
the sel ected processor through the processor bus. 23. The systemof claim

22, wherein the l.owest priori ogic prqgvides a signal. to the interrupt
message to i REICCALS AEHE é%@%f‘i&hﬁggﬁ‘g’&g% t%i’.e pfﬂ%"%g%}'ést o8 cl ai m 22,
further including an interrupt controller that provides the interrupt
message and emiablediRl Rhe Thowas tpromessor irt Yrelspgjero mayowi dasnitiprevidept
destination r~dincction through the LPIDA. . AN. A3y. A . Al .A39. A . A

. A3[. A5. An. éﬂﬁrﬁls r@gics fﬁivc’%’fﬁ}s'ﬁsﬁgﬁioﬁw. -Urer ke éﬂbftﬁﬁ?ht if’AOn'l)j naf“ 16
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for currently used operating systems and interrupt semantics.

Referring to FIG. 7, one embodiment of a RTPR update special cycle
transaction includes two phases 182 and 184. Phase 182 includes a command
field (e.g., 5 LSBs) and an address field (e.g., 26 MSBs). As an example, bits
“01000" in the command field indicate a special cycle. In the case of a special
cycle, the address bits may be don’t care. Phase 184 includes a byte enable ficld
(e.g., 00001000 or 08h) that indicates an RTPR update cycle; a processor D field
that indicates which processor is providing the update; an enable/disable (E/D) bit
to indicate whether the processor is available for LPIDA; and TPR bits
representing, for example, the four MSBs of the corresponding LTPR. In the
example of FIG. 4, the TPR bits may be placed in bits 0-3 and the E/D bit may be
placed in bit 7 of the RTPR. The E/D bit and TPR bits may bc provided within
what is otherwise the 8-bit attribute field.

Encode/decode logic 36 responds to the command field of phase 182 and
the byte enable ficld of phase 184 by providing an update to the RTPR

designated by the processor ID field in remote priority capture logic 32. The
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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. As another example, phase 184
could provide an update for more than one of RTPR 62, 64, 66, and 68 at a time.
In the illustrated and described example, the RTPRs hold only four bits to
represent the processor task priority. The TPR bits in phase 184 may represent
more or less than the four MSBs of the corresponding LTPR, where the RTPRs
holds more or less than four bits, respectively, to represent the task priority.

Additional Information and Embodiments

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

21

SUBSTITUTE SHEET (RULE 26)



S Y

10% U&' ()- 10% U& ()-, Y10% U& ()-&10% U&' ()-! DM 10%JU& ()-' 10% 07 4N 2%
U& ()-173331 444<5dEYNC 10y @ 10% U&' () -10% U&' ()-Y10% U& () - 10% U& (35&10%
. U& () - f L1OMOWS/3(33<555, 6V667dEYNC 10y @ 10% U&' ()-)y10% U&' (FSTUERA R () -

%4.0% U&' ()-"10% U& ()-S S10% U& ()-7_777G81 8h8i 8j 8dE:/ 10 U 10 U; 10%
U& ()-59510% U& ()-f510% U& ()-3-10% U& ()-0Y10% U& ()-yl.10%
U& () - 8k8{B8888<99xY: / 10 ULOYs& () - 109%& %%,11 m%ﬁ' ()-, #10%& ()-9
109%& () - nLIMYBOKAR- (Hurthegneiggin£opsTucyas An §LPRHMERLRIINE JrivenoR. dhers -
10%<& () - & 10%<& ()-310%& ()-1 10%& ()-; h;;; <d<<dE:/

would be various design tradeoffs and choices, which would vary from

embodiment to embodiment. Indeed, there are 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 pla.ccs 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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may be physically connected or separated.

Fora multiprocessor system within a single chip, there could be interrupt
capture logic and lowest priority logic within that chip.

The term “connected” and “coupled” and related terms are used in an
operational sense and are not necessarily limited to a direct connection or
coupling. If the specification states a component or feature “may”, “can”,
“could”, or is “preferred” to be included or have a charactenistic, that particular
component or feature is not required to be included or have the characteristic.

The term “responsive™ includes completely or partially responsive.

Those skilled in the art having the benefit of this disclosure will appreciate

that many other variations from the foregoing description and drawings may be

made within the scope of the present invention. Accordingly, it is the following -

claims including any amendments thereto that define the scope of the invention.
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a processor bus to connect to the processor, the processor bus being the primary bus for

carrying data to the processor;

centralized remote priority capture logic to hold task priority data indicative of a task
priority of each processor in the computer system that is available for lJowest priority interrupt
destination arbitration (LPIDA); and

centralized lowest priority logic to perform the LPIDA to select which processor in the
computer system is to receive an interrupt message through the processor bus based on contents
of the remote priority capture logic.

2. The apparatus of claim 1, wherein there this is only one processor in the computer
system.

3. The apparatus of claim 1, wherein there are multiple processors in the system and
the availability of the processors for LPIDA varies with time.

4, The apparatus of claim 1, wherein the remote priority capture logic holds task
priority data indicative of a task priority of each processor in the computer system that is not
available, but the lowest priority logic only considers the indicative data corresponding to those
processors that are available for LPIDA.

5. The apparatus of claim 1, wherein the remote priority capture logic includes an -
enable/disable bit te indicate whether a processor is available for the LPIDA.

6. The apparatus of claim 1, wherein the remote priority capture logic includes an
enable/disable bit. ~
7. The apparatus of claim 6, wherein the remote priority capture logic is capable of

holding task priority data, but does not actually hold task priority data where the computer system

has only one processor, and wherein the lowest priority Jogic is capable of performing lowest
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carrying data to the processor;

centralized Temote priority capture logic to hold an indication that a processor is available
to receive an interrupt; and

centralized lowest priority logic to select the processor is to receive an interrupt message
through the processor bus based on contents of the remote priority capture logic.

15.  The apparatus of claim 14, wherein the indication is the setting of an

enable/disable bit corresponding to the processor.
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Processors;
a processor bus coupled to the processors, wherein the processor bus is the primary bus
for carrying data to the processors;
centralized remote priority capture logic to hold task priority data indicative of a task
priority of the processors while they are available for lowest priority interrupt destination
arbitration (LPIDA), the centralized remote priority capture logic having one register to hold the
task priority data for each potential processor in the system; and
centralized lowest priority logic to perform the LPIDA to select which of the processors is
to receive an interrupt message based on contents of the remote priority capture logic, the
interrupt message being provided to the processor through the processor bus.
18.  The system of claim 17, further including an interrupt controller that provides the
interrupt message and wherein the lowest priority logic provides interrupt destination redirection -
through the LPIDA.
19.  The system of claim 17, wherein at least one of the processors may be available
for LPIDA during a time that at least another one of the processors is not available for LPIDA.
20. The system of claim 17, wherein the remote priority capture logic includes remote
task priority registers (RTPRs) to hold the task priority data.
21.  The system of claim 17, wherein the number of RTPRs exceeds the number of the
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arbitration (LPIDA), the centralized remote priority capture logic having one register to hold the
task priority data for each potential processor in the system; and

centralized lowest priority logic to perform the LPIDA to select which of the processors
available for LPIDA is to receive an interrupt message based on contents of the remote priority
capture logic, the interrupt message being provided through the encode/decode logic to the
selected processor through the processor bus.

23.  The system of claim 22, wherein the lowest priority logic provides a signal to the
interrupt message to indicate the selected processor.

24.  The system of claim 22, further including an interrupt controller that provides the
interrupt message and wherein the lowest priority logic provides interrupt destination redirection
through the LPIDA.



