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Processors such as the Pentium processor and the Penti um Pro processor

manuf act ured by I nt oraf | e oft rocessor
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and other processors may seek to interrupt a processor. To interrupt a
processor, an IO devi ¢entjledViTdansactiarisgivpportingdntermiptPestination Redisedtion,
which in turn presents an interrupt request to the processor.

I'n the case of 5§ Fertrighirdd1nfentpPSemaicEeIiddkel Kb 41390PA058), whidhSs

I-F

filed concurrently with the present application, include overlapping disclosures
but claim different subject matter.
Background of the Invention

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 (I/0)
devices and other processors may seek to interrupt a processor. To interrupt a
processor, an I/O 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 serial bus, called an APIC (Advanced Programmable
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interrupt controller comunicates interrupt information to the processors

through a three-wire serial bus, called an API C (Advanced P, PQ{JM?A e
1 VIO WO S¥3uA3 ¢ 4

PCT/ US98/ 23354 Interrupt Controller) bus. The APIC serial bus includes
two data conductors and a clock signal conductor. The Pentiunferr]

processor gagripnComtdIRE) BusPrihe XIICERHAl bitsIREIMESS @ dafd &rdattoARIng  The APIC
i ncludes a | ocal mask register called a Task Priority Register TPR) that «

has 8 bits t esi gnat to 256 priority states, although sone of them
are reserv@acﬁo%féglggfﬂrgﬁﬁgr'of the TPR is changed to reflect the Ievel of

priority of the tasks being perforned by the processor. A | onest
priority interr uitte Rentiom® proa¢sser anddReghiuoki® Bt prdcessordngladd arcimkeanal
processor, may be redirected to a processor in a group of processors having

Lhe | owesiprey I Tie AC Bohites TG ik 12610 CAIGIATARK PRGS RaptELe oS

conparing the 8 bits processor partrcipating in the
arbitration e bits_ of each, rocessor are asserted one bit _at a tine,
begi nni ng \&TPQM %g&% F‘b‘&ﬁsfgné&ﬂp 19 456 prioptpytatespalthougl some of hus | ne,
whi ch is connected in an open drain arrangenent to each of the

pr ocessor s.théh ardyeb&vead. ETheBontenthfahé TPRMeciibetd tefledtiike koeltofat a | ow
voltage (0) has a higher priority that a high voltage (1). First, the M5B

from priority of the tasks being performed by the processor.

A lowest priority interrupt is one that although directed to a particular
processor, may be redirected to a processor in a group of processors having the
lowest priority in its TPR. The arbitration process involves comparing the 8 bits
of the TPR of each processor participating in the arbitration. The bits of each
processor are asserted one bit at a time, beginning with the most significant bit
(MSB), onto the APIC bus line, which is connected in an open drain arrangement
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 line, the
line is pulled 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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the TPR of each processor participating in the arbitration is asserted on
the APIC  upoddppes | f any of the processors asserts a | ow \al1/68s8/20384t he
API C bus line, the line is pulled | ow. A processor asserting a high.

vol t age di scovers there is another processor with a lower priority if the
APIC bus line is pulled | ow. The processor drops out of consideration if
anot her pr ocBusskipe. H48 progessgs asssrts ahighvoltage as thersecondMEBnbutiissling ism t he TPR
of -each renai ning processor is asserted on the APIC

2 bugullédiew, kiie Fropéseerediopy odoFRbhsidératibil NMTNOHIRMSBSntNSes eCONd
MBB, but the line is pulled |low, the processor drops out of consideration.

The third M d the fourth MSB of each repaipin ocessqQr are
asserted on E}?gfgmg&%%gfchﬁée@@m@ W;e{;pcqa&gms&ﬁe%%ﬁﬁ U 4§ IBhe | east
significant bit (LSB). If two or nore processors have equal priorities

after all ei gimildpifashidncand sodenh tsthe ldastsignifieant bitdE.8B3.0If twoton nidre | owest
| ocal APIC identification (ID) nunber is chosen to receive the interrupt

vector. The hacal ARl e! ied iegé}ﬁ : ,%o[yg; There are
certain di sagvantsages \?vief%ﬂ#ﬁgﬁk%él %iégégi %tl}gha | rs?,akb?ﬁtgd’sﬂé?i al bus is
poor at voltage scaling between the interrupt, controller (e.g., 3.3 volts)
and the pro@EXEHOr C’%t.hg-.h? owest loeallARIG igentification ([12) rymber iy ghosemto provi de
transistors in a

receive the interrupt vector. The local APIC ID number is assigned at power up.

There are certain disadvantages with the APIC serial 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). It is difficult for provide transistors in a
proceésor 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 serial bus (e.g., 16
MHz). As processor frequencies 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 1/0 intensive
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processor that interface between such disparate voltages. As the voltage of
the processor core decreases with new generations of process,gz/&)lgmﬁ:fg4
probl em wi MO$980243ven greater. Second, the frequenk$

processor Core (e.g., often nmuch greater than 200 MHz) is much gr.eater
than the frequency of the APIC serial bus (e.g., 16 M1z). As processor

frequenci esfinkfiom@e usdd) thefspeddl A WhIER thelaerigl ko8 ok 8alivet intbrypts difficult to

i nterface between such disparate frequencies.

because the &ﬁggh{sﬁiare i ndependent of each ot her. Third,

serial bus P¥

to 3 mcroseconds to deliver an interrupt. As nore I/O intensive
f unct ITbepresent inveation iskdirested ¢alover caminghont reducing the leffeetofcan

3
del i ver

directed t0,Y& mGRBf UL Hoves

b
above-recited problens wth the Al

seri al S.

Summary of the Invention

One embodiment of the invention includes an apparatus for use in
connection with computer system. The apparatus includes 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 lowest priority interrupt
destination arbitration (LPIDA). The apparatus also includes 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 priority 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
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Summary of the Invention One enbodi ment of the invention includes
an appar at Ugofeghoadge i N connection with conputer system TheCaiSs/2a354

i ncludes renote priority capture logic to hold task priority data
indicative of a task priority of each processor in the conputer system
that i-s avai|aple for lowest priqQrity ipterrupt destinatjion arbitration
(LPI DA) . Thel°a}9p§’red’6“6§"-‘a‘i essAgR PIRG BIOVisiRd e thsrRrassssqr throygh dhe propessetor m t he
LPI DA to sel ect which processor in the conmputer systemis to receive an

i nterrupt nelmgage based on contents of the renote priority capture | ogic.
Anot her enbodi ment of the invention includes a multi-processor system.
havi ng processors and a processor bus coupled to the processors. The system
i ncludes renote priority capture logic to hold task priority data
indicative of a task priority of the processors while they are available
for lowest priority interr Byiefdsscription of the Brawingson (LPI DA). The system
al so includes lowest priority logic to performthe LPIDA to select which

of the processorsThéidkventidwill BluffRrst e EhbihllyBroaPdR deadied deriphBh ent s of
the renote priority capture 4

o e R S e ey i L Sing of DSl 2558 e " OUO" e
invention which, however, should not be taken to limit the invention to the
specific embodiments described, but are for explanation and understanding only.

FIG. 1 is a block diagram representation of a multi-processor system
including lowest priority logic for directing interrupts to a lowest priority
processor.

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 priority logic of
FIG. 1.

FIG. 4 is an illustration of one embodiment of a remote task priority
register (RTPR) 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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bus. Brief Description of the Draw ngs The
invention will be understood nore fully fromthe detail ed dreGidoRbiRE

gi ven bel VP 8M¥2¢43 om t he acconpanyi ng drawi ngs of enbodi nents 0%99{2?&

i nvention which, however, should not be taken to limt the inventi-on to the
speci fic enbodi nents described, but are for explanation and understandi ng

only. . and ehddde/dicddR 18giB iP% briddePfF AR IREAIHME D #Ibvkt fH ti-processor
system including lowest priority logic for directing interrupts to a -
| owest priori t\s/ processor. FIG 2 is a block diagram

repr esent aPfYS¥- an exanpl e of certain details of one enmbodi ment of the
processors of the systemof FIG 1. FIG 3 is a block diagram
represent ati on @lGaé isxblopk diagfanc spresenmtatien of 4 muitf-prosessoesystedi nent of t he
remote priority capture logic and |lowest priority logic of FIG 1.

register (Mg T4 REPRE SRk SRR R AR QebFiRLE LTS BTt
FIG 5 is a block diagramrepresentation of one _enbodi ment of a nulti-
processor syst erilGnalilentiatesiatvernhagn speriabexgle for|FokfiR updatot e priority
capture | ogic, 5
Detailed Description of Preferred Embodiments
Referring to FIG. 1, a multi-processor computer system 10 includes
processors PO, P1, P2, and P3 connected through a processor bus 18. In some
embodiments, processor bus 18 is referred to as a front side bus. The invention
may be used in connection with a system having more or less than four
processors. Processors PO, P1, P2, and P3 include interrupt control logic 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 serviced. As an
example, the task priority designation may be an 8-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 interrupt destination arbitration (LPIDA). For

example, the task priority data may be the 4 MSBs of the task priority
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and encode/ decode logic in a bridge for directing interrupts to a | owest

priority pyre%sseas. FIG 6 is a block diagramrepreB6hUSI#SHf a
mul ti-processor system simlar to that of FIG 5 with the addition of an
API C serial bus. FIG 7 illustrates a two phase speci al cycl e for
RTPR updat e. Det ai | ed Description of Preferred

Enbodi nent s designation pfenerqrimeye of pracessors PO, B P2, angh Bk cAswsed hergimitthe syst em
10- i ncl udes processors PO, P1, P2, and P3 connected through a processor

bus 18. In_ seim “r&iﬁl@dmemtoff aﬁfoﬁéﬁéﬁaﬁé iRler 8nd Emb&fiREAtCnidle as a front
side bus. The invention be used in connection W|th a system havi ng

nore or |less than four sSor Cessor P3 i ncl ude

i nterrupt COWE‘?"%V I"‘B‘b‘feclogf%afjso h‘%? anggty 8@&91 ‘9@‘1"?/“" ita¥k i ncl ude a
task priority designation that indicates a task priority, WhICh is the
priority | evptioritieswifithdse iofiprocessptssP(yiPd, B2yandRYthatare ot availabiplfer t he t ask
priority designation may be an 8-bit number. Typically, if the priority of

the interru mA'mezé@g@ixglﬁ.sﬁLfﬁgd gmsﬁ &u@r ?Jﬁm%%?éﬁ%ieﬁfb?éd of the

processor, then the pro e rn

Renote priority capture logic 32 holds task grl ority data that are
in remote priority capture logic 32 as follows. Signals representative of the task

priority of one or more of processors P0, P1, P2, and P3 are provided by the
processor(s) to processor bus 18. Encode/decode logic 36 decodes these signals
from processor bus 18 and provides signals responsive to them to remote priority
capture logic 32 through conductors 38. There is not necessarily a one-to-one
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 lowest 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

7
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i ndicative of task priorities of those of processors PO, P1, P2, and P3
that are _avaj e for lowest priority interrupt destinati tion
(LPI DA) . ﬂ#%@ l e, the task priority data may be the 41%gléﬁggg?ytsﬁe t ask
priority desi gnati on
of one or nore of processors PO, Pl, P2, and P3. As used herein, the term
"rendte" npriostydbgicat2providestk selieeted WRIETDomanissriveich the titterrapot e priority
capture logic 32 also holds task priority data that is indicative of task -
priorities 0 r£ not avail abl e
for LPIDA, sa%@a?‘ge g%eerﬁ{tl n édgé §Ss€8¥ld€&%g&*lhe%@%{%cw@foﬁfct3)% taat a may be
assenbled in renpte r|or|ty capture logic 32 as follows. Signals

r epr esent aPragesseF buskS anddhe sqleqtes progesser. dinsode/deode lagic pfithe seleateds PO, P1,
P2, and P3 are provided by the processor(s) to processor bus 18.

Encode/ dec plRessd8 retogiizeloto APICIDaR e dRd bassed the ThtBFrRsaRER g Urhel 8 and
provi des signals responsive to themto renote priority capture | ogi c 32

cor reSpondUHEE R SRorsety ‘iRt &R B fof oARR: I B0 BiSsed inconduct or s

38, and rermte priority capture logic 32. For exanple, the bits could be
i nvert ed. only one oriAmerd then ope phaseiogpadket.ncl udi ng a | owest priority
i nterrupt nessage is

Where two or more processors have an equal lowest priority, lowest

priority logic 42 may select the processor based on, for example, highest or
lowest processor APIC ID, or in a round robin basis. The term “lowest priority”
does not require that there be more than two different priority values. For
example, if there is only one value of task priority data, it is the lowest.

Examples of the interrupt messages or other interrupt signals that may be
provided over processor bus 18 include interrupt destination and vector signals,
interrupt acknowledge signals, end-of-interrupt (EOI) signals, interprocessor
interrupt (IPI) 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
(OS). 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
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received by lowest priority logic 42 through conductors 46. Lowest priority
| ogi c 42 paidfernemsLPl DA using the task priority data in remRCI/YHBEISEy

capture logi.c 32 to select one of processors PO, Pl, P2, and P3 to _receive
the interrupt. A central agent 44 includes encode/ decode | ogic 36, renote

priority capture.l.ogic 32.. agnd |owest.pri,ority ogic 42. The_ redirected
interrupt nedEgfsn dﬁ%ﬂlg@ﬁ)ecﬁw‘éfpg?pﬁgﬂdﬁﬁ%pgn pReged ﬁ%gﬂwgﬁfﬁsﬁe | ogi ¢
36. Processors PO, P1, P2, and P3 have identification nunbers,
e.g., APIC IpberityTprecessorC Adoordipglperediretionxdarphet meanpdiffecenadirgation; on or
reset. Lowest 7

priority | ogi : i : | I nterrupt
nessage. Thebﬁhéglf%t%?#eg@gégg ﬁslg{egg%ggdégét #?&gﬁﬁgﬁ% e}) gle&(%tgte | ogic 36
to processor bys 18 and the sel ected orogﬁes,sor,. Encode/ decgfe | ogi c of the
sel ected pr GEEEELINGTRIS FHFS5a88S.11he PIASPISOT Aestination may e pseyded fasdhe nt er r upt
nmessage. The interrupt nessage with associated bits (e.g., APIC ID nunber)
may be passedirsttim©by Yowddepfidrityrlogier42. t han one phase or packet.

Where two or nore processors have an equal |owest priority, |owest

pri‘ority 10gi ¢ 42 fy, Sl eetndi5roRl RS Hhall BT I Mpre s Qe L, 1 ISt

priority to processor bus 18 under the initiative of the processor providing the
signal or under the request of external logic. For example, in a first embodiment,
processors PO, P1, P2, and P3 provide signals representative of their task priority
designations to processor bus 18 each time the task priority designation is
changed. In a second embodiment, processors PO, P1, P2, and P3 provide signals
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.
Referring to FIG. 2, as an example, processor PO includes a local APIC 52
which includes 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.
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| owest processor APIC ID, or in a round robin basis. The term"| owest
riority" does not require that there be nore than two dif Lority

ealues.yF6Y09%%§ﬁble, if there is only one value of task p#%gﬁﬁﬁénggfa, it
is the | owest. Exanpl es of the interrupt nessages or other -

I nterrupt signals that may be provided over processor bus 18 include

i ntefrupt desthenembodiments, VEPR 64 couldiials a gréanir o ldsgir nasibepud Wigger si gnal s,

end-of -interrupt (EQ) signals, interprocessor interrupt (IPl) nmessages,

th t ' Qi nat 4 f [ | s. I nt errupt
gesgggggna?)gk H@%h%%gtf&g?ﬁ@?ﬁ%l&;@%%gf% %é\%ﬁgﬁcﬁ W%’oﬁ zbﬁnsao ’ed: rect egl.o

A lowest priorjty interrupt nmessage nmay be provided to a processor
dest i nat i osnegdeldscodetlagie ég@nc&shs ersiode logicthatancedascior examplerthe he operati ng
system (OS). In such a case, lowest priority logic 42 provides a

desti nat i oMSB¢lof ETPR34.ontd ®¥igHAl for protesdonbisHY ot deebRagd by | owest
priority logic 42 may be the sane as

happened t ShERidREOIRIngE e, whEh pRNges el Emesnaiktart af IO eal v et on
does not nean a different direction, but a direction provided at a |l ater
stage. Al t @riowty caphuyre logic 3he case of | owest
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 P0. RTPRs 64, '66, and 68 hold task priority data indicative of
task priorities specified in LTPRs (not shown) of processor P1, P2, and P3
respectively.
Referring to FIG. 4, as an example, RTPR 62 includes four bits (e.g., bits 0
- 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
embodiment, 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 P1, P2, and P3 are
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priority interrupt nessages, the processor destination nmay be provided for
the first woossgMs!l owest priority logic 42. The pr oBETRAISHS/ 23354

provide the_signals that are representative of task priority to processor
bus 18 under the initiative of the processor providing the signal or under

pr cosSor o BURIADE FORRHIRAG HEPRs oy FRbiah hicne g Sl ARPIGRN 8 1 t ask

priority designations to processor bus 18 each tinme the task priority

desi gnat i on indicatesrehethek processors ©4 pP2| andiPddireravdilablerfocERHM S TR®, P1, P2, and
P3 provide signals representative of their task priority designations - in

response {0 BgANGRL bliOMableA Vs £ %gxlebg%g%%oga EEOLP!

controller inresponse t receivin y 1 nterrupt
nmessage. In a thlrd enbodi nent, renote priority ture Ioglc 32
peri odi cal | yindieafingst progassarisiavailable fereP &c@b@mable ab&blt isslisabledsns may be

used for updating the task priority data in renote priority capture | ogi c

32. The operyiit #8ecous vsiHge ne\et{reeg]r SlegicHEAb® VM%% lhsﬁanﬁ xﬁ@é}@é

Referring to FIG 2, as an exa pr ocessor i nclu a Iocal "API C 52
whi ch includes a. {flgfﬁa‘lf’ f; LTPR) 54 APIC 52 is an exarrpl e of structure
b

W t hin |nteﬁ¥5 ic 22. In one enbodi ment, LTPR 54 holds an 8
bit task pr|or|ty designation, the first 4 MSBs of which specify 16
priority classes.The task priority data in the RTPR is indicative of the task priorityd
SUBSTI TUTE SHEET (RULE 26)
designation 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
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 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 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 priorities of the processors
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I n other enbodi nents, LTPR 54 could have a greater or |esser nunber of
bits, or bits with different or additional significance. bgP83440
FIGS. 1, 2WO234"3 encode/ decode | ogi ¢ 58 includes encodel?é'gﬁbé“z%a%
encodes, for exanple, the 4 MsSBs of LTPR 54 onto a signal for processor
bus 18 to be decoded by encode/decode |ogic 36, which provides signals on

conduct or s B&ilable farkPIDA, pvewifithe/ indivation & dovgiveays erfect or LPIDR&IogE i NG t O
FIGS. 2 and 3, one enbodiment of renote priority capture 1logic 32 includes

e i 2. .64 66, and 68, R 62 hol d
ack. pri or 119 e sHchle préficteol VIRTE Iiest Btov - Ip3RY oeim whichror 54 of

processor PO. RTPRs 64, 66, and 68 hold task priority data indicative of .
task pri oriProgassejssptavedable fortMEDA brsaussitbewenable/disaie bisésmet 81, P2, and P3
respectively. Referring to FIG 4, as an exanple, RTPR 62 includes

four bits (disdble, iRohseMbodimdht, tadhsipli sty (RBKnRAMGETR sﬂtgmx ihadaks
I ndicative of a task priority spec?flﬁﬂégﬁlyn LI'II'IPR 54 of 1p Oceesggs&tak)o’ | f

Rave to be & ERAEBlebitNers S treaebiey I sodier SROORGIETE.ABap o. ¢ hey coul d
be inverted. RTPR 62 also includes a bit (e.g., bit 7), which indicates
whet her pr qurégydat@ls nat updatietl abtikthe enatiléZdisable bit wilichesat foi shblar In enbodi ment ,
RTPRs 64, 66, and 68 each also include four bits that hold task

that last mentioned embodiment, the task priority data might not be indicative of

a task priority of the corresponding processor, although it does not matter

because it is not used in LPIDA. In that embodiment, the contents of the four

bits is not updated. Of course, in the case in which a processor is not available

for LPIDA because the processor is not active or missing from the system, the

contents of the four task priority data bits of the corresponding RTPR will be

meaningless.

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 example of which described in connection with FIG. 7) by the corresponding

12
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priority data that is indicative of task priorities specified in LTPRs (not
shown) in wopoegemers P1, P2, and P3, respectively, if procePEaUS$RISP2
and P3 are _. 10 avai l abl e
for LPIDA. RTPRs 64, 66, and 68 al so include an enabl e/ di sable bit that

I ndi cates whet her pro sors Rl P2 ad .are avail.ahl e for LPLDA The
enabl e/ di sabP&MY; %kgﬁgﬁ%ﬁ?t&?f %Wﬂ‘ﬂ?@@%&@&%@%ﬂt’%ﬁa@? ?F'Qel ogi cal
high voltage), indicating a processor is available for LPIDA. The

enabl e/ di sabRIPR may scelirasbireshlt ofiPoiwea-OreSaifiliest (POSTp beforecdn /0. 9., a

| ogical | ow voltage), indicating a processor is not available for LPIDA

The task pri el ' RT- LS LJ3di i : Lority

desi gnati on %tél:rﬁ%t%ﬁme}v n %r ﬁo%blt%ﬁéeﬁWtagsgkﬁ%ﬁgﬁr%oﬁgﬁbi S not
identical to ,the task priority designation in the LTPR For exanple, in an
enbodi nent  &ighest Igvel toygepid an {HQTYPEPR hol ds the 4 MBBs of the 8 bit task
priority designation of a corresponding LTPR However, for purposes of

this invention, tfhekilliSiBteddxadiplSoFIG. ARTER 62 Rckidosadigicl bigs be
indicative of the entire 8 bit nunber. The 4 MSBs are conprehensi ve enough

to achieve | owest. pri Qrit ) atics...J n. ot her r . 1 .4 LSBs of an
8-bit task p??'gv h@“'c?ishb%ﬁ?%&m (HC(SI?C lgivaﬂ}o,nr ﬁ%rﬁ%ag’r?glé:@ﬁtst%e P ter for
pur poses of this invention. O course, the

used and are reserved. In another embodiment of the invention, one or more of

the bits may be used for various purposes. In still another embodiment, there are
no additional bits in the RTPRs. The enable/disable function may be
accomplished with two bits rather than one.

Referring to 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.

13
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task priority data in the RTPR could include all the bits of the LTPR
Furt her, depending on the inplenentation, there is sone ch he
task pri or"Y‘Si’/w%Pg(fg in task remote priority capture |ogic 3%%99@%3%“ nmes
not exactly reflect the actual task priority designations of the.
processors available for LPIDA because the task priority designations

change with ti miowedsvioeity dghed2 naghis®anyobl Fa¢iodskAows tethhiqhed 11 cat i ve of

the task priorities of the processors

perfector SPENEREQHHidh SfHhe bankiRput RT2Rs b e i Bl Yo Hgbedhe | owoc

priority. In the case in which a processor is not available for LPIDA
because t h¥alupifia legigalslavales isiatlower privrity that allogial @), Fom examplejibwéitnent , t he
task priority data in that RTPR is updated just as if the enabl e/ disable

bit were sgﬁoﬁ@_lsglahh@oulhmiﬁfm@ﬁirpﬁg‘ﬂeﬂhgfﬁgacbi D&iut Apthe L?é%,l%g,ht y data is

not updated until the enabl e/ disable bit e set to ena In that

| ast nenti gned..enbodj t, the task priorjity data mght not be indicative
of a task5PihmHR Wﬁﬁ@a‘mm #Eﬁ%l?gﬁr%%%%’@@e scopdYEIB and spoes not

matter because it is not used in LPIDA. In that enbodi nent, t_he contents
of the foufortthikevdsspriarity dpgle 2 doul@isubipact 9slues 1 sebwhichsie gieatembhseld a

processor is not avail able

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 1/0 bus 108 and peripherals 112A and 112B connected
thereto (which may interface according to a well known Peripheral Component
Interconnect (PCI) standard). Peripherals 112A 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,
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for LPIDA because the processor is not active or mssing fromthe system
the contentwo®fsoddze four task priority data bits of the cor (REJFSIEZBAF4RTPR
wi |l be neaningless. I f one of the processors of a nulti-processor
systemis not present in the system at a given APICID, the

bl e/ di sable bit,is disabled in the corresponding RTPR Under one
enbodi ent ,  SHFARFBPGRL AT fHeFatisg Y Hempags iAKW CYheer arocesioE IR PEL ¢ e

the RTPR is accessed (updated by the appropriate processor) and, once set,
must remai n AUCsatiallbus atechwling used setommenicatedetween the prosedshsead be updat ed
based on a nunber of event types. Two of the possible options are: (1)
direct BICS ggggss.to the RTPR or (2) a RTPR update-special cycle
transaction (an exanple of which described in connection with FIG 7) by

t he correspondi ng ) . . . (12

agent, controls tf&Gs? Hiustrates ongofthe maretyiof svays obinplemantingdrridge/1@duwngr ade
of the RTPR may occur as a result of Power-On Self Test (POST) before an

|/ O i nterrupin KOtistesuptoenayliéraid nldicbéseasied afryding $9a wailkBowhS Priority
to the highest level to avoid an interrupt. n the illustrated

exanpl e of Fl &, & or%%&e%%alf-yn&g#gggé foall'qgcia gtni-eg@n%limpeiniign. Interrupt controller

114 may include an I/O redirection table to provide a relationship between I/O
interrupt requests and the destination of the targeted request. I/O redirection
table may provide interrupt vectors to identify the entry into a table which
designates the appropriate interrupt service routine. An inbound queue 120 holds
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 P0, 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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(e.g., bits 4-6). In one enbodinent of the invention, the additional bits
are not are reserved. |In another embodi ment of the n, one
or nore o%wsgﬁg&g?ts may be used for various purposes. In quflpg%%é%saer
enbodi nent, there are no additional bits in the RTPRs. The enabl e/ di sabl e
function may be acconplished with two bits rather than one.

Referring tie thitGhe dire@$ntafacRifiPthR préRWsy twil had td de (iiﬁfglleﬁt 4gt goy include a
buffer 74 and analyzing logic 76. Analyzing logic 76 has dccess to the .

contents of Rs_t hr.ough, copductors 72. Analyzing logic 76 perforns
LPIDA to derf ar&'n1 E\g&ﬂ'ﬁ%ﬁb&f‘gﬁgy B%\tﬁt i ci pating RTPRs has the | owest
priority (which may include resolving any ties in |lowest priority). An
optional buffer The vasipusbiidges fitustratedand discussed gy imlederapirietyasfsage unt i |
LPIDA is conpleted. A signal on conductor 86 indicates the APIC I D nunber

or other inRgj b i ' ovi ded through
encode/ decggg@gg?gﬂ%%a%gﬁ t%ﬁlgddivglt ﬁ%%%%ﬁ? éﬁ’?gg aﬁé\ﬁgg{rgugﬁatgim | nﬂl cation
may be provj.ded in a variety of forns to bus 18, and may be in the sane or
a éi ffePent li‘f'ﬂﬁt%eérf"ﬁ? begayse sushiiysteation and dissuspian asp nogtecessaryitat er r upt
nmessage. 13

understand the present invention.

Lowest priority logic 42 may be used in connection with IPI messages.
For example, the IPI signal from the directing processor PO, P1, P2, or P3 is
forwarded to bridge 104 or 170. Merely as an example, the IPI message may be
forward to I/O bus 108 and then directed through bridge 104 back to the
processor selected by lowest priority logic 42. Alternatively, the IPI signal may
be forwarded directly to the inbound queue 120. When the IPI is first provided to
bus 18, an address bit (e.g., Aa3#) in the first phase of the IPI 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 IPI 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 certain 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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Lowest priority logic 42 may use any of various known techniques to

det er m ne \Wb%},@ﬁ_«,the participating RTPRs has the | owest vaPOBUS#23BI4ghest
value if a logical 1 value is a |lower priority that a |ogical 0). For-
exanple, lowest priority logic 42 could elimnate RTPRs having a |ogic |
value.in the M5B, and  then elimnate RTPRs having bits having a logic 1
val ue in t hanedss bnveshmiorittidogie 42 Hees not pexorse LPHPApand guringgedirested: ol d
subtract values to see which is greater based on whether the result is
posi tive or defigelinéde, Fwdsbpriority il6ais 421dbey pefirhoUBIDAN  nost, if not all of
the techniques, lowest priority logic 42 wll select the processor nuch

faster tha err=istt=t=rom Hrer-e—rmy
iAPEF G 1) Dbe M encode/ hiRtetmpt Tragsaction Typg
| GKE3#32.  and] GXEWAn_encobe/ decode | ogic 36 ard

be ci rcuitry‘_\

remote pri

| owest priqrg .0Renpte pri of gt y capture | Paied eliveRdMogyest _
priority ldgic 42 are ngt required to| be in the pr D ﬁ&l%ﬁngd&d%dévwlch
In sone e L:‘F‘bliﬁgﬁ. —¢s trst tesS—=&
system 100 pherein centlral agent 44 i ncl uded | 11: eﬂ:?)"é’é@.‘é}'ol}_’k $rdge (lor
chi pset) 1 Bridge 104 interfaces between an |/ plogicalBestinadorModpheral s

112A and 1 ; connected [ thereto (whifK may interf pRes@oedrding to a wel

known Per i ra npongn nterconngt (PC) st anganfl. &jﬁreiip%}?'i\%fe-l 12A
and 1 12B rfpresent a varrety of conponents incl uding 1 fr.u o Mode
| | VAL > hat

control | er sfper—bri-dges—tio—other—busses—Bri-dge—1041 —Hav g SienaiSannad
the featuresl of the presk®t invention|&re transpar ¢iedirectedBeliygmnMods -

and/ or operfating systemfoftware. Thal is, under ondogitdabDestination Mode
1 1 0 Reserved
1 1 1 End of Interrupt (EOI)

A bit (e.g., Aa3#) in the address field of the interrupt message may
indicate whether LPIDA should occur at all for a particular interrupt message,
regardless of the states of the enable/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 I/O 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 selected 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 mode, target processors are
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14 t he peripheral and/or operating system need not know whether a
processor S AP|I C serial bus are being used to comruni en t he
processors&§ﬁag52f)'?i dge. FIG 5 illustrates one of t g@gﬁ% y of
ways of inplenenting bridge 104. An I/Ointerrupt controller 114 may be
constructed according to a well known nanner or be especially designed for
t he pr esentselected basedon allogicsl IDFaIUE PRograhingd intd S4thEDIC, Bihdddhogigall / O
redirection table to provide a relationship between 1/O intefrupt requests
and the desty: | t raeted request. 1/ O redirection table may
provi de i n? fejlrlrgE%dﬁg%g@%%raggtﬂgg?%g%?&frvcﬁ ﬁaéﬁé Kpjdpe o, glvgntpé‘lﬂe%s%ﬁ%

desi gnates the aE ropriate interrupt service routine. An inbound queue 120 .
hol ds i nt &ARifsn FYeagr@ypgfmcwan tobeltargetedt Interraptmessagedits (e.8; opt i onal

out bound queue 126 hol ds signals conmuni cated from a processor.

Syst em 100 AHS#h@GABE4ARS ilfiats WhbMELCa BYysRB] 6r 1B8{chPdeshbksi fging to
FIG 6, a system 170 ?nc lIJdesaa bri dgeagymat hatgicnﬂejﬁﬁlopgﬁn%%elgpri ority

capture | ogi nd rediyection | ogi¢c according to an enbodi ment_ of the
pr esent in\?g?‘fﬁi %‘H,p?lys Cki ‘i?@%nai*?ﬁ n&‘?‘ﬁ"@\%é”qwré‘?mﬁg?glﬁézéwﬁleﬁ’bmﬁa%fs on
processor bus 18 between bridge 174 and processors PO, P 1, P2, and P3.

Syst em 170 tiad processaiswdabe elnstéPhshe procebsor laifecdivg thdiaterilpt QissurRBgr at i ons
that are perforned by APIC serial busses of the

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. If 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 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). If 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 PO0.

FIGS. 1 illustrates multi-processor systems. Alternatively, central agent

44 or bridge 100 méy be used in connection with a single processor. In that case,
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prior art. Bridge 174 may therefore be used by processors that understand
i nterrupt RRE9HY@E3 on processor bus 18 and by processors t haPCTHVERY2BBEhd
i nterrupt messages on APIC serial bus 178. Depending on the processor; it
may

15
SUBSTI. TUTE SHEET (RULE 26 . .. pe.that the direct interface with the
processor V\A‘PI°nﬁ§\$?g’°If-iBn%’)18WF?té’rrW R&ﬁ@”@ﬁﬁ?ﬂ&&‘?@ﬂ@@’ﬁ?ﬁﬁ?sﬁ% used by

bot h. The various bridges illustrated and di scussed may include a
vari ety of thahprooesstrs Winder one epprohdh, kemota priorityheapaure logdici82 whinadtiver e not
Il lustrated and discussed here because such illustration and di scussion

are not nec : ' L . owest
i ori ty | oo s it by $RERRELRRE UAclrRRP bpbBka sl prioriy captyre!
exanple, the IPl_signal fromthe directing processor PO, Pl1, P2, or P3 is
f or war ded t oloBic yis active, but @?@TRPes@rgspaatgaat%&ﬁmt@,ssqrh%ﬂmpnlyrressage nay
be forward to I/O bus 108 and then directed through bridge 104 back to the

processor seémbleRilRPFR| QW8 Bhlydproe¢ssét/inl the kfsteht mafy 6&ﬁ£}aﬁétgﬁbvidet he Pl
signal may be forwarded directly to the inbound queue 120. Wen the IPl is

first provi dselgnattlgrepresentative of its task priority. Under one 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 proceséor. ‘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. Ina 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 I/O space. In

19

SUBSTITUTE SHEET (RULE 26)



bus 18, an address bit (e.g., Aa3#) in the first phase of the IPl may be
set to a first voltage(eg hi gh) indicating that interr et IS
to be |gn(ﬂ"éa he processors, but is to be consuned by '%kﬁ‘t’”%'rn‘fi?gsg When
the I Pl request returns frombridge, the bit will be set to a second
voltage (e.g., low), so that the selected (target) processor wll consune
the I'Pl.

certain si
where X ne
transactio
16

LPI DA:  Aa3# Ab6# | nt errupt
'(I)'r ansact i oRath¥Pse a Il{:'ll"l;lé ézp%%te Isp\;/%c#a;} cMIW£§Qctlgn over processor bus 1840

Physi cal Dest | n

Fi iz Id Del i \}1@ g?’PHb Srocessors of this other embodlment are particularly sulted

Logi cal Desti nat I on Mode O 1 X

Reserved 1

Redi r ect ed

another erib&difnehd, pitcegoisF), B1.SROTARA P2 Séncbigd&blieieifs, bhe state of

ghal s on processor bus 18 |n one enbodi ment of the invention,

n th cond

ﬁg?tu%ﬂaﬂyi&%%p%@&ng 8Y§ %r‘f}j’ no a ow tgat capablﬁty f%r procegv,orsSI?O of the

node, lowest priority logic 42 does not perform LPIDA; and
during r ediBlePReand Ricto writeya REDR updateaitecty tQ)RTPRs 62064; 66 2amb@8; boer f or m

for currently used operatihg systems and interrupt §&mantics. Redirected
Del i very Mde -

Physi cal Destin
\a}ieéf&?iﬁ%/gg?lé 7, one embodiment of £RTPR update special cycle

Del i

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 speci.al cycle. In the case of a special
cycle, the address bits may be don’t care. Phase 184 includes a byte enable field
(e.g., 00001000 or 08h) that indicates an RTPR update cycle; a processor ID 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 be 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 field 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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Logi cal Destination Mde 1 1 0
Reserved 1 WO 99/30243 1 1 PCT/HR2B/23p54
Interrupt (EQ) A bit (e.g., Aa3#) in the address field of the
i nterrupt nmessage may indicate whether LPIDA should occur at all for a
particular interrupt nessage, regardless_of the states of the

enabl e/ di sal PR isupdaied vehobits tspresenting the 5{1 bt andfer ¢he TBR bitsj Where | whi ch

may be called the redirection bit, nmay be conputed based on the | owest

priority engrsiE/MYbithidicatéslifle §}océ§sogw difdblad, R REPR Inhdy drash ! f6ieilsd abl e in
interrupt controller 114. Lowest priority logic 4 may be used in

cannection w th | esti.nation | dest.i nat I on node.
Under one eWG@FM@tﬁﬁm&’ fcépﬂg}grleambg@gqqnﬁaﬂr%ﬁﬂﬁ@b bif indjcates t¢ cessor s
are sel ected based on unique APIC 1Ds. Accordingly, each interrupt can be

di rect ed t o proggssarns gisatded; she pivasszdr doesinos provideqmeandigifil fak prbtity. Under
| ogi ¢ destination node, target processors are

17 ?41?1% %?Piiao?ﬁd IRQn&h%fO&h&ginphefe Gedss QI Jrﬂeltn? each APl C.

Since a |ogica I'S progranmme e no necessarily unique to

a given processor, @){ can identify a %roup of processors to be targeted.
Interrupt medhl ’éS’iﬁgP ¢s8 ofjthe 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. 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
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Ab5# and Ab6#) may indicate whether a physical or |ogical destination node
Is used. In physical destination node, |lowest priority |ogj sel ect
any of tﬁﬁoﬁﬂgé%ésors on the cluster as the processor to 9@%@?§§H?%%
interrupt (assumng the enable/disable bit in renote priority capture
logic 32 is set to enable for that processor). In | ogic

destinati on A Cority 1o
estinati oninyBifdn, FIRhEHTIrE Th CBYsuReRE enl';}%odtn@leia ein%\‘?t\faﬁ]xépﬁﬁeér ority togic

42 or other circuitry checks the |ogitca eterm ne t he
interrupt is diirected tp a prqcessor \ﬁ/ielhin t,g}eloical cluster. If the
interrupt WewWdbgyariqusfesigniade fees, pyehic wewdyarsfrem processor bus

18, lowest priority logic 42 nay determ ne the destination processor from.

the group oémiwdimensttoembodintnt alndeed, thekrdrarela0gties! ofvidys SR Enplimestimd
i nterrupt on processor bus 18 will be sent to the processor with the

| owest int %E‘i’lﬂfsug{eh%hh)ﬁllfuét?ﬁkﬁ Q§mgg&lﬁps of processors indicated by the

| ogi cal 1 D. For exanple, suppose four processors are in a systemat the

| ogi cal node cluster address of 00xxh (hex). If an I/Ointerrupt arrives
at the host bri dhe borders aftherhoxenigithefigumes ate fonidlusative purpasesiandsda agged t o
be redirected, LPIDA may be determ ned for P2 to PO. FIGS. 1

i |1 ust rat esndiuisirict IHOBAMARNesSFThe BBmpdeht! WRidh\BhYoverRP! MRE rdGIGY 44 or
bri dge 100 may be used in connection with a singl’e processor. In that case,

18 size of the illustrative c%%%%ggrﬂ%gessrﬁ%gggg(eﬁualb%u Ersgla‘cive 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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I n one enbodi nent, |owest priority logic 42 always sends interrupt nessages
to that prpeasseys Under one approach, renote priority capt BCE/USORIISSB2 is
inactive if_there is-only one processor. Under another approach, renote
priority capture logic 32 is active, but the RTPR corresponding to the
processor is the only enabled RTPR The only processor in, the system may
or may not provi dePrasegARcanld byemarn then gre prionity Jor different kindsof . * Under one
embodi ment, if only one enable/disable bit is set in renpte priority

capt ur e | ogitasksZand theRaiote ptioritytcaptue@logic kil Mowlebt pHorizg logidieold taker upt to

t hat processor regardless of what is in the TPR field. Aternatively,
reote priorgty. re.l.oglec 32 cquld include sone -other indication as to
t here being ‘h%f‘\/fﬁ’ge?{'ﬁfﬁ{%@%%&ﬁ’r?"" c{re there is only one processor, the
priority captured by renote priority capture logic 32 may nerely be that a
processor is availhgsngodemsndidecaderlogic of encode/decode Apgio 36imay bephysicalbirbodi ment
of the invention, interrupt nmessages are assigned a nenory address within

a one megabydofnERardt separfBACTHe erlcBdéart ddebeiRyicCoreRasdR/deb b 18§ sgegabyt e
| ocation can be between FEEOOOOCh and FEEFFFFFh. The nenory Tocation may

be used to idenéfiifl){ a ﬂarticul r destiaation. I n one enbodi nent,
processors PB2Y pA physically cangocted of sepHatede/ decode | ogic 36, and
(optionally) the operating system are designed so that processors

For a 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 characteristic, 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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PO, P1, P2, or P3 can wite RTPR updates directly to RTPRs 62, 64, 66, or
68, respectively. In this enbodinment, the RTPRs nmay be tr (@]
space. | n WO 9/30243 19 %ﬁgsg%%&?h

enbodi ment ;- processors PO, P1, P2, and P3, encode/decode |ogic- 36,-and
(optionally) the operating systemdo not allow that N f or
procéssors PO, P1, P2, and P3 to WELAEMS RTPR updat’mgaaﬂgﬂ ﬂers 62,
64, 66, and 68, but rather use a RTPR update speci alx M\ on -
over pr oceswﬂgtip&lghﬂe%i%:o update the RTPRs. Processors of this other

enbodi ment are particularly suited for currently used operating systens
and interrupt semantics. Referring to FIG 7, one enbodi nent of a .
RTPR updat e spedi-al cYipRparatpgios ase irospningetiangwith compplensystem.ghe and 184.
Phase 182 includes a command field (e.g., 5 LSBs) and an address field
(e.g., 26 MpParhtusAdmprisigganple, bits "01000" in the conmand field indicate
a special cycle. In the case of a special <cycle, the address bits nay be
don't care. Phase 184 incl udes byt e ble fiel .e,.0.. 00001000 or 08h)
that indicates ﬁmgﬁﬁﬁl%@}agquurg?%glé?o B&B??fi(é’é'g%ﬁy gﬁaﬁl?déﬁrgaa“’eﬁ 21a%ndi cat es
whi ch processor is providing the update; an enable/disable (E/D) bit to

i ndi cat e wipsionigy of ¢ash pressesos in thesomputer aydtemitiaat is #railableforlower bi t s

priority interrupt destination arbitration (LPIDA); and

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.

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.
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representing, for exanple, the f rresponding LTPR In the
exanpl e of %?}Bﬁ“ the TPR bi tlemﬁlg&!m{rﬁmﬁl ts 0-3 arRCEHESRAP; t
may be placed in bit 7 of the . clhe D it and TPR bits may be
provided within what is otherwise the 8-bit attribute field.

Encode/ decode | ogj c 36, _responds to.t.he command, fiel d of. phase 182 and the
byte enable fi el oé'of S'H?fs"é’%ﬁﬁ“ claigy, 1, %eléﬁh%ffd%?tgpf@gfyh‘@l’ﬁf@l?
designated by the processor ID field in renote priority capture |ogic 32.
The logic includes an enable/disable bit to indicate whetBRét a processor ifavaitabls forpdat ed
with bits representing the E/D bit and/or the TPR bits. Were the E/D bit
indi cates thg Q‘magsor I's disabled, the RTPR may or may not be al so
updated with fhe bits. In one enbodi ment, where the E/D bit indicates
the processor is disabled, the processor does not provide neaningful task
priority data infthe Tianparaus ofclainpl hahereingberemete priorty ¢apbuessor
provides current TPR bits regardless of the state of the E/D bit.

Through the Ippignadladesan Bhdble/disatié Bigessor PO, P1, P2, or P3 and
encode/ decode | ogic 36 provide a hardware assist nmechanismto alias RTPR

62, 64, 66, 6 it t th ti § bei f th dat e.
(Al ternativel gr t?reWIopggeg?ﬁméﬁg§§f‘g%&%g&%§‘e@ﬁém‘.? p?}'\g?i gﬁ?%t‘(ffhgr ugi Sngl

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 logic is capable of performing lowest priority data and selects the
processor based on the state of the enable/disable bit.

8. The apparatus of claim 1, wherein the apparatus is a bridge.

9. The apparatus of claim 1, wherein the lowest priority logic uses
the LPIDA to perform interrupt redirection.

10.  The apparatus of claim 1, further including an interrupt controller
that provides the interrupt message.

11.  An apparatus for use in connection with a processor, the
apparatus comprising:

remote priority capture logic to hold task priority data indicative of a task
priority of the processor while the processor is available for lowest priority

interrupt destination arbitration (LPIDA); and
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e G

arrangenments may be used in pl azﬂ’@wt hose illustrated in FIG 7. For

exanple, all the information ¢ /ilm ) i n one phagerudwnassat her
exanpl e, WD29802484 coul d provi de M nore t han one of RIPR 62,

64, 66, and 68 at a time. In the illustrate d descri bed exanple, the
RTPRs hold only four bits to represent the processor task priority. The

TPRbits in phaselo®@ privyity bygictoeperformuthe LBIDAas selettathe phedsotito MSBs of t he
correspondi ng LTPR, where the RTPRs holds nore or less than four bits,

Vel _ i : an I
IrﬁfS 8re(r:ntalt ?/gnyrg‘r:\%QeE%“gg‘mgb?E&%e%g&ﬁ %ggég%%%fiqﬁ & ?tgﬁngig‘g!sctah%?@descr | be or

illustrate varjious well known conponents, features, and conductors, a
di scussi on dP8i&hich is not necessary to understand the invention and
i ncl usion of which would tend to obscure the

21 _ i nvents, on. THedppaitussflaiinl I Whetdin el frocadbora§iRAnkent of the
I nvention, there would be various design tradeoffs and choi ces, which

ey of 1 pl BRSO 1ith G PRCEUTIANY AT P e dreer ORI lekRs,
The borders of the boxes in the figures are for illustrative purposes and
do always selects the processor to receive the interrupt message.
13.  The apparatus of claim 11, wherein the remote priority capture
logic includes an enable/disable bit to indicate whether a processor is available for
the LPIDA.
14.  An apparatus for use in connection a processor, the apparatus
comprising:
remote priority capture logic to hold an indication that a processor is
available to receive an interrupt; and
lowest priority logic to select the processor is to receive an interrupt
message 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 coﬁesponding to the processor.

16.  An apparatus for use in connection with processors of a multi-

processor system, the apparatus comprising:
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relative sizes. Arrows show pr| s| OW i n one enbodi nent, but not
every signal, such as requests for dat a flow As used herein "logic" does
not nean that software control cannot be involved. The term "conductor” is
i ntended to be i rempterpricsity capturedobgicdo doldtaskupricrity dataciedicative oftaskiuct

al t hough they al so have sonme insulating properties. There may be

. di
| nt er medi at ?rﬁﬂﬁﬂé@ BEtHoSe Qf th%‘b?&ééﬁid?.‘, &a?ﬁﬁe%%ﬂaﬁl@?or lb%é%oﬁ%ﬁ?ﬁ&ﬂiﬂ%o”em S

and conduct he phrase "in one enbodi nent™ at ‘the
particular feature, Struct r characteristic followng the phrase is

i ncl uded in ‘&F“?aé‘ggta'@ﬁénmbﬁ'ﬁﬁgi‘qgemdhof the invention, and may be incl uded
in nore than one enbodi nent of the invention. Al so, the appearances of the
phrase "in one erlbedstprivtity logic tooperfoms the APEBAItO stlbet whiek bf theat i on are not
necessarily all referring to the sane one enbodi nent. Lowest

priority | ogl 8o Wiotedeiid ad Blerfupf eSGh blaéé‘ii%rnr@g{eitsaoct*tﬂﬁexﬁ@iét 'ple

nodes.

not restrict the boundaries of the co |ch may overlap. The
rel ative Si@Qo/s243 he 111 ust ratl F@aj s not SuggeBCT/AISIARIBSA

priority capture logic.

17. A multi-processor system, comprising:

processors;

a processor bus coupled to the processors;

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); and

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.
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A processor could have nore than one priority for different kinds of

tasks, and the renote priority ] d | owest pri gL ,C
coul d t akeVOPHR024} f ferent pri olllﬁmmllmllgﬁimumnt %’fe/ﬁ%r?}czg%é‘ and
decode | ogit of encode/ decode | 6gi € 36 raysSbe*physically connected or
separated. The encode and decode | ogic of encode/ decode |ogic 58 nmay be
physical | y conndét ed The sgstpraroficBain 17, wherein &ideast oneibf thp posessoes Syst em
within a single chip, there could be interrupt capture |logic and | owest

priority | 'Cbe"!v%ﬁéﬂie%&%&)lﬁﬂ&ningatnne%hairgkﬁlfés‘?aﬁ'atﬂ&%g%ﬂh%d" and " coupl ed"
and rel ate erns are uséd In an -operational sensé and are not necessarily
limted to a direct connection or coupling. If the specification states a.
conponent @rodegsprsisaot avajlableferlaPIDA coul d*, or is "preferred" to be

i ncluded or have a characteristic, that particular conponent or feature is

not required to2pe i MHeWYSEMWT clidvidl 7t Wherehthe GerBiblePriogity capfgre 16N
"responsive" includes conpletely or partially responsive. Those

Chat  many dRSISIeSyBmP B PO oty s (B BRSY Il e AR P gy awi noe ey
be made within the scope of the present invention. Accordingly, it is the
fol l owi ng cl ai . i ndThediystgmaniglaimdddwherein thih anmber Qﬁ'&TPMXCHGXSt he scope of
t he i nvention.
the number of the processors.
22. A multi-processor system, comprising:
processors;
a processor bus coupled to the processors;
encode/decode logic coupled to the processor bus;
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); and
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.
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23 SUBS E 26)
CLAI M5 Whayologagzsti ned i s: ﬂ ,!ﬂmlimg m\ﬁ! paratus for BE®/USHB23354

connection wth conputer system =« conpri si ng: renote
priority capture logic to hold task priority data indicative of a task
priori.ty of each ocessor int ofput e mthat is available for

| owest “priority f‘{\t er %ﬁysﬁ&?ﬁt}ﬁ%} gﬁh‘?‘%‘?"ﬂ%@?&&ﬁ ap penppt-coptgeller

| owest priority logic to performthe LPIDA to sel ect which processor in

t he conput erthstybexdes ﬂuetlmerraptanussawandWHeremphe hescssagdotitgdegicon contents of
the renote priority capture | ogi c. . The apparatus of claiml,
wher ei n ther &f’lﬂﬂ { uter system

3. The ap%gﬁaatbilsdto dgﬂ%ﬁm?mﬁg{r%gﬁﬁ{ hﬁbﬁheh tgrgé“ i pl e processors in
the systemand the availability of the processors for LPIDA varies with
tinme. 4. The apparatus of claim1l, wherein the renote priority
capture logic holds task priority data indicative of a task priority of
each processor in the
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(57) Abstract
One embodiment of the invention in- B bt F2 —

cludes an apparatus (10), such as a bridge, for INTER INTER INTER INTER

use in connection with computer system. The LOGIC LOGIC LOGIC LOGIC

apparatus includes remote priority capture logic T 22 - 24 \. 26 \. 28

(32) to hold task priority data indicative of a

task priority of each processor PO in the com- 100 ~18 \ PROCESSOR BUS

puter system that is available for lowest priority -

interrupt destination arbitration (LPIDA). The 44

apparatus also includes lowest priority logic 3 38 /

(42) to perform the LPIDA to select processor ENCODE/ —L-l 104

in the computer system is to receive an interrupt DECOgeE REMOTE

message based on contents of the remote pri- — PRIORITY N

ority capture logic (32). Another embodiment 126 I CAPTURE BRIDGE

of the invention includes a multi-processor sys- ™~ ™S LOGIC

tem having processors and a processor bus (18) OUTBOUND 48 72 - 32

coupled to the processors (PO, P1, P2, P3). The QUEUE LOWEST

system includes remote priority capture logic PRIORITY

(32) to hold task priority data indicative of a 1 Loeic 42

task priority of the processors while they are T" 45

available for lowest priority interrupt destina- I [

tion arbitration (LPIDA). The system also in- INTERRUPT I——a INBOUND

cludes lowest priority logic (42) to perform the CONTROLLER [* QUEVE

LPIDA to select processors (PO, P1, P2, P3) is 114 Tt ~120

to receive an interrupt message based on con- —

tents of the remote priority capture logic (32),

the interrupt message being provided to the pro- .

cessor through the processor bus (18). 41 O BUS .j 108 ~ I 1128
PERIPHERAL 112 PERIPHERAL |




9. The apparatus of claim1l, wherein the |owest priority logic uses the
LPIDA to performinterrupt redirection. 10. The appar at us of
claimi1, fuMh®30243cl uding an interrupt controller that provP@BUSER3354

i nterrupt nessage. 11. An apparatus for use in connection with a
processor, the apparatus conprising: renmote priority capture
logic to hold task priority data indicative of a task priority of the
processor while the processor is a/8i | abl e for | owest priority interrupt
destination arbitration (LPIDA); and

25 ~ lowest priority logic to performthe LPIDA to select the
processor to receive an interrupt nessage based on contents of the renpte
priority capture |ogic. 12. The apparatus of claim1l 1, wherein

the processor is the only processor associated with the |owest priority
logic and the lowest priority logic always selects the processor to

receive the ifqierrupt neg$sage.
PO P1 P2 P3
INTER INTER INTER INTER
LoGgIc | LOGIC LOGIC LOGIC
A F 3 F s
< 22 \C 24 o 26 \. 28
N
18 \ PROCESSOR BUS
— T N s
10 i ENCODE/ 4 |
i DECODE 4 :
: 36 REMOTE !
E % PRIORITY i
CAPTURE
| §
s ~
i 48 LOGIC | 3, E
| I
— ! 5
44 | LOWES |
{ PRIORITY !
! Logic 42 !
] A {
I {
b e e e e A
_'\ .
46




13. The apparatus of claim 11, wherein the renpte priority capture 1logic
I ncl udes anwgy®@Bogssdi sable bit to indicate whether a processacTgsossdskabl e

for the LPIDA 14. An apparatus for use in connection a .
processor, the apparatus conprising: renmote priority capture |logic
to hold an indication that a processor is available to receive an .
i nterrupt; and | owest priority logic to select the processor is to
receive an interrupt nessage base?/én contents of the renote priority
capture | ogic. 15. The apparatus of claim 14, wherein the
indication is the setting of an enable/disable bit corresponding to the
precessor. 16. An apparatus for use in connection with
processors of a nulti- processor system the apparatus conprising:
26 renote prq-oty—capturelogic—to-hoeld task priority data
I ndi cative of task 22
LTPR 54
(8 BITS) =
LOCAL
APIC 52

F y
v

ENCODE/ | 58 PO
DECODE |

-

FIG. 2
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priorities of those of the processors that are avail able for | owest

priority interrupt

priority IYﬂ%%?B

0243

destination arbitration (LPIDA),;
performthe LPIDA to select which of the

and

peT/USos &St
processors 1s

to receivean interrupt nessage based on contents of the renbote priority
A mul ti-processor system conprising:
a processor Eﬁf coupled to the processors;

ol d

capture | ogic.
processors;

renote priority capture logic to

17.

task priority data indicative of a

task priority of the processors while they are avail able for | owest

priority interrupt

destination arbitration (LPIDA);
priority logic to performthe LPIDA to select which of the

and

| owest
processors is

to receive an interrupt nessage based on contents of the renote priority
the interrupt message being provided to the processor
18. The system of claim 17, further

capture | ogic,

t hrough the processor bus.

including an interrupt controller
wherein the | owest priority logic

redirection through the LPIDA
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SUBSTI TUTE SHEET (RULE 26) 19. The system of claim 17,
wherei n at Wweensopze of the processors may be avail abl e for PcRIEXsAsssKNg a
time that at..l east another one of the processors is not available for

LPI DA. 20. The system of claim 17, wherein the renote priority
capture logic includes renote task priority registers (RTPRs) to hold the
task priority data. 21. The system of claim 17, wherein the
nuitber of RTPRs exceeds the nunbe#/6of the processors. 22. A

mul ti - processor system conpri sing: processors; a processor
bus coupled to the processors; encode/ decode | ogic coupled to the
processor bus; renote priority capture logic to hold task priority

data indicative of a task priority of the processors while they are
avail able for lowest priority interrupt destination arbitration (LPIDA);

and | quest _priority logic to performtheLPIDA t g—select—which of
the processors avahé—ble for| LPI Is tlo receiv n ihterfrupt ssage
based on contgnts the|renpte 1 ritly captur ogi g, tlhe i rrupt
message being
INTER INTER INTER INTER
LOGIC LOGIC LOGIC LOGIC
A A A F §
\\~ 22 \\~ 24 \\~ 26 \\~ 28
100 N
= 18 \ PROCESSOR BUS
44
h A 38
eNcooE/ | /™
DECODE Y 104
36 REMOTE
— PRIORITY R
126 CAPTURE BRIDGE
~N [ B LOGIC
OUTBOUND 48 72— - 32
QUEUE LOWES
PRIORITY
LOGIC 42
1~ 46
Y Y
INTERRUPT g l%iﬁgg?
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114 ~~ 120
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y /0 BUS / 108 T 112B
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provi ded t hrough the encode/ decode logic to the sel ected processor through

the processor bus. 23. The system of claim 22, | e
| owest priWﬁSlgﬁ?o?"agi c provides a signal to the interrupt nggglggée%i%g

i ndi cate tHe sel ected processor. -
28 SUBSTI TUTE SHEET (RULE 26) 24.
The system of claim 22, further igféuding an interrupt controller that
provi des the interrupt nessage and wherein the |owest priority logic
provi des interrupt destination redirection through the LPIDA

PO P1 P2 P3
INTER INTER INTER INTER
LOGIC LOGIC LOGIC LOGIC
s T e 11 N2 \< 28
4 \\\ PROCESSOR
APIC SERIAL ./ o BUS.
BUS 178
h 4 v
170/
BRIDGE
174
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