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PCT/ US98/MG 3088346 EMULATI ON OF | NTERRUPT CONTRCeCIVESHSANMrEM | N A
MULTI PROCESSOR SYSTEM FI ELD OF THE | NVENTI ON The present
i nvention relates generally to the field of m croprocessor based -
conput er systens. More specifically, the invention relates to an

I mproved nul tiprocessor system for handling of the interrupt requests.
BACKGROUND OF THE | NVENTI ON In the field of mcroprocessors,
interruptions are events that occur during instruction processing,

causing the fl amGank Rt HRANRASSALSP BBNTROL THREHRKISH Y | no

routine. In the proctess, certain processor ion“ls saved
automatical ly by the hardwaddUUTIPROCESSOR r SYSTEM on the sane
integrated circuit as the central processing unit (CPU). Upon

conpletion of interrupt processing, a "return frominterruption" is

execut ed, FIEMDIOh THESINVERTIOR saved processor state, an execution
proceeds fromthe Interruption instruction. Every conplex conputer

system i ncl udes sdme present mventien relatpsoensrally teidhe fidld ofi th i nterrupti ons.

In the past, é’é’%&‘t p

m croprocessors tFJypl ca b%{]ég no neggg?ﬁbﬁg C@%&?Eggﬁgﬂ)ﬁ@ﬁe ihtion

i nterpr ocessoelateﬁt’@rampﬂpmﬂmuﬁl@mmorwwm fyrdrandiingef ¢hé imterrdptl t o
communi cat e vi a\f%tgystem bus, but the system bus could not be used for
interprocess&? ' Trupt communi cations because the bus architecture

needed to maintain backvvard conpatibility with the older x86 platform

This situatig e devel opnment of a separate bus,

dedi cat ed bugigess L dQRCtion of inter processor interrupt
communi cations W flﬁ'%’é f:g!aséf%%@&ob%s&é' ﬁﬁéﬁﬂ@ptmr%tér‘éréﬂé?ﬁs tHHtIdcBFi ng Wi th

backward conpatibility. By way of exanple, this approach is disclosed in
during instruction processmg, causing the flow control to be passed to an

interruption handling routine. In the process, certain processor state
information is saved automatically by the hardware which normally resides
on the same integrated circuit as the central processing unit (CPU). Upon
completion of interrupt processing, a "return from interruption” is executed,
which restores the saved processor state, an execution proceeds from the
interruption instruction. Every complex computer system includes some
sort of mechanism for dealing with interruptions.

in the past, small computers based upon the popular i386 and i486
microprocessors typically had no need to be concerned with
interprocessor interrupt communications. These systems were intended to
communicate via a system bus, but the system bus could not be used for
interprocessor interrupt communications because the bus architecture
needed to maintain backward compatibility with the older x86 platform.
This situation, for example, led to the development of a separate bus,
dedicated bus desighed to handle the function of interprocessor interrupt
communications without disturbing the existing platform or interfering with
backward compatibility. By way of example, this approach is disclosed in
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PCT/ US98/ a4 4883346 U S. Patent No. 5,511,200 which psrassigdagd to

t he assi gnee of the present application. Q her approaches
to the problemof interrupt handling include U S. Pat ent No. :
4,495,569, which teaches a multiprocessor systemw th an I nterrupt
controller for applying an interrupt to a destination processor. A bus
interface interrupt arrangenent which provides separate interrupt
controllers for each bus in a nulti-bus conmputer systemis disclosed in

U S. Patent No. 5,134, 706. Yet another approach to the problemis taught

in U S Pat e -Snbatentie, 5531,200cKhighds aspgsedrioithe assigpeedibe ol | er

i ntegrated wi trgséhtccig?@ﬁc'ghgnj nterrupt controller unit responds to interrupt
request si gngl S an tarts an interrupt handling routine. In

mul ti processor sy<Dibes appseathepdn thaeroblest ohintdirtptchandipgringludete. S. use

of a dedi cat LOGESS Ol rr contro . bus qgai ped pgopul arity.
Consequent 1y IR ENG ey aioB kT, aHEh e rhlrorgiCosaT s T He

oper ati on of inteerubt Cobwslierfor applyiranar integuphiona fdestinatm prRicessseaned in

t he mul ti pr.ocessor. system environnent, ﬁ'hi ch were quickly adopted by
sof tware dev ”5;18%??%@?%0% qﬂ'@ﬁgﬂ‘ée%‘@h'f’ PraYiges sep E?ﬁedB réﬁ?ﬁ of a

| owest pri oricbﬁzreﬁéﬁslfeab_aeﬁ_bhb?ﬁ)a- mﬁfi%ﬁ@bﬂ&ﬁu@eﬂé‘,@téﬁ% dideidderf inon schene,

an interrupt generated within e nmul tiprocessor systemgets transferred to
t he | east buégspP@&ﬁsNﬁ- & 134,706t héet asvaiher approarh yo fheprabiem)is taught

I nterrupt : nel.k Ng. , t; r in the
systemis !n L’P%eﬁtla ﬁ}.ﬁeNdA arsd2%!??Fﬁ%%ﬁt%eteslaﬁ%gg@ﬁg%g%é%gﬂﬁﬁgéppr ocessor
i s then gi veintegrated vétht as<kPldf Thandtarrgpticontrollepusit rédpoadshatinteriupti ty in

Sueh & SISt oL ieqs siond WM b Bl ro R RS RRT 0 e X el busy
The success of then Hiprioebbt@tdystemb &askd upon thedhtes AechiigRture™ the
mul ti processor syst . based upon the Pentium Penti um Pro[ err]
mul ti process&ise rﬁ)aga‘FaEe;F’sPr@ﬁE.ss‘Ederﬁﬂ@c@é‘é@? ?‘E‘Q\Pé‘sb%ﬂe@ YHEay- to
tz)e_ conpat i bl ggMseuantt) thd¥dSdeveloped an entire protocol for governing the -
operation of the PIC bus. For instance, certain features were created in the
multiprocessor system environment which were quickly adopted by
software developers. One such feature was the arbitration concept of a
lowest priority destination (LPD). According to the LPD arbitration scheme,
an interrupt generated within the multiprocessor system gets transferred to
the least busy processor (i.e., the lowest priority processor) for interrupt
handling. In other words, the least busy processor in the system is
identified according to the LPD scheme, and that processor is then given
the task of handﬁng interrupts. Note that priority in such a system is
dynamic, that is, a processor may be extremely busy at one moment (i.e.,
highest priority) and idle the next moment.
The success of the PIC architecture ied to its inclusion in
multiprocessor systems based upon the Pentium® and Pentium® Pro™
multiprocessor computer systems. Both processors have beén designed

to be compatible with a PIC bus.
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PCT/ US98y 9dMd346 One of the problens that magusrpetgped as
CPU frequency continues to increase and power supply potentials
decrease, is that the limtations inherent in the PIC bus architecture
have becone evident. To be specific, the PIC bus architecture has
certain electrical requirenents for vol t age swi ngs, operating
frequenci es, voltage potentials, etc., that are not conpatible with
nore advanced, hi gh frequency, | ow power mul ti processor systens. As

studi ed anot her eI ec cal tu t PIC bus is imted by
its dependence u V’ev%r [fé@ Fféé}gl gevelq;é%ﬂjpﬁé}'gl‘.l fleQuaeH are not
conpati bl e %éhtuﬁ@é@tdmféeééser%a p@m%&gpry potenti@S IRICAES |19 MFat t ﬁ

chal  enge facing system desjgners is how t i ncor por ate hardware

enhancenent sligitetieds itharent indhad® lgob@%f@ltecturemahqunne gyidenth Tes | owest
priority pro ty. In
bt her vor ds. SERECeE YR PIChU e RURFREE Conain cloBckE RIS )
future mecr opob&@ssmingwﬂpenaimgainelammies, voltagpa:rdteméiealé,rem,tthat alreadmt i onal
PI C bus architect t_at t sa t ut ure processor
proliferati oﬁef"}ﬂi‘gf”aeswﬁﬁ&?f%? P&ﬂ”ﬁggyﬁ'?%)f 'PH;RQW% such as
targeting | ownat n@beggcbrtsysmmgemmdte@ Qﬁhhéﬂﬂzaﬁﬂihé eﬂbd‘!ﬁéaﬂ nature of

conmpati bilit W|th EXISTIH? sof { wa will be seen, the

present i nveHi8 B husvs disytes ‘Pbééﬁé#?P?ﬁf’FB‘Fe upon camwaitaaﬂ lyel| owest
priority pr Omﬁméms%%htdrﬁrﬁ%%%atﬂém maré/"ﬂ'kdﬁém multhFSc?ers%Pcessor

interrupts are communi cated across a hi gh speed system
BRI EF DESCRI ystere desighe. Dievehatisnge facmg systerhlasigrneans ihowitbl be

under st ood “&%hﬁn?r%(?é R b Erd Qllﬂl\%errlfq%nts wittd5i it Pl §S§ Jepidon n

conj unction raw ngs Ure T i's a high
| evel bl ock doagpeadibiliof sachtmkstlo\pestmm;r Fysésgnr targetlagemalt:hng needadcor dance

Wi th the pregentsd gc\alne'lgahbiﬂfy. In other words, the added enhancements in "3 -
hardware and software for future microprocessor systems mandates
departure from the traditional PIC bus architecture. But at the same time,
future processor proliferations must support PIC bus architectural features,
such as targeting lowest priority processor, to achieve full binary
compatibility with existing software.
As will be seen, the present invention provides a mechanism for
emulation of lowest priority processor in a multiprocessor system in which
interprocessor interrupts are communicated across a high speed system
bus.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be understood upon reading the following

detailed description in conjunction with the drawings in which:

Figure 1 is a high level block diagram of a multiprocessor system

operating in accordance with the present invention.
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PCT/ US98/ Figure 2 is an architec bl ock
97(7 §ag346 tp%&ﬁggb,ﬁ%@&

di agram of one enbodi ment of a processor which incorpora

present invention. Figure 3 is a detailed bl ock diagram af

t he emul ati on mechani sm i npl enented in one enbodi nent of a

m cr oprocessor in accordance with the present invention.

Figure 4A is an address format for external interrupt nessages in
accordance with one enbodi nent of the present invention.

Figure 4B illustrates the data format for external interrupt nmessages
i n accordance with one enbodi nent of the present invention.

Figure 5 shows the c 0 | ocal identjfjcation,register
utilized in one enb%%i#%e?ﬁggfn %ﬁ?bﬂg?‘@é%ﬂ{svseﬁ%ﬁ%#mfam of oN€suvvARY OF THE
| NVENTI ON embodimemhef proreesdsar widoh iiftbrpSratesthd pRIseReFRRNhtiIsANPUL er

system t hat includes an enul ation feature for |lowest priority
processor software conpatibility while providing fault tol erance.

I n one enbodi ment, FidereS¥St AHsRaLY SiScK Bfa%}‘arﬁﬁﬁ tﬁ@lfé?ﬂﬁilation rﬂé&ﬁ%’ﬁl‘ﬁr S

coupled to a systembus that handles transm ssion of  Interr ron
nessages wi t hiriPlemeniod ir enegisbodimant af raurigronrdossgercidactordands withe fir st

processor, anghé BPésein'f'ﬁ\fe‘ﬁ?ibhon specifies an interrupt feature,
m crocode in the first processor causes a trap to occur. In response to the

trap, mcrocode reads IDinformation froma register of the first
processor. This.lD ipformation serves the firs rocessor's physi cal
name. The first ﬁl%‘g(?cgéslﬁrantﬂgweﬁf’éa'%%@§ eéf?ﬂ“ﬁ('@%? liTHRS$RA’SGe on

t he system buaccordance with one embodiment of the present invention.

Figure 4B illustrates the data format for external interrupt
messages in accordance with one embodiment of the present invention.

Figure 5 shows the structure of the local identification register
utilized in one embodiment of the present invention.

SUMMARY OF THE INVENTION

The present invention is a multiprocessor computer system that

includes an emulation feature for lowest priority processor software
compatibility while providing fault tolerance.

In one embodiment, the system includes first and second
processors coupled to a system bus that handles transmission of
interruption messages within the system. When an instruction is decoded
by the first processor, and that instruction specifies an interrupt feature,
microcode in the first processor causes a trap to occur. In response to the
trap, microcode reads ID information from a register of the first processor.
This ID information serves as the first processor's physical name. The first

processor then broadcasts an interruption message on the system bus.
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PCT/ US98 MT 7888346 The interrupti on nessage i ncl udeBCT/iis9sii2708
information read fromthe 1D register. This ID information is included
in a target processor IDfield of the nmessage. After being
broadcast onto the system bus, the first processor eventual |y accepts
the interruption nessage, since the target processor ID field mat ches
the first processors physical nane. The first processor is t her eby

designated as the processor in the MP system which handl es the

I nterruption: ; 195} : . | ereis
shown a generT g\e ll{)‘lt%c ﬁt@r@asm ad?%-%%lﬂeep mformast;/%r{ ébn%:dltg%gr}%rl sing four
processors ( €t [This dadtfoohatibim ehinckideolipl @thrget processorcionfied oftséem bus
12. In one enbodinent of the present invention, system bus 12
conprises a PRPIMCSEC or hi gher systembus that also is utilized for

i nter processor i ntAgtdrifding OrERHYagRbhIRe dydtathhRls, Y8 fst processsy St em bus 12
i s designed such that interrupt nmessages are sent over the syst em bus.

For pur poses SYENtHANYAACERER T INHITURICSIREssadR rtinem theyiargel precessor IRY| asses
that may occ It okd st i 3 Lipg A UG8y, RS,
nterrapt s, ng Hiaes O AEbIcRBRORS BRRDA idlfic: TP fréfblctpstor®

i nst ruct i ons theiebyidesignaled @i theipiecessstriin thew R Isysiequedich bandiesitba t hat
cannot or sh lefiruﬁ%nbe carried out, or systemintervention is otherw se
required before the i'hstruction is executed. Faults are synchronous wth

respect to tDETARBDUDHIODRRATIENN The processor conpl etes state changes
t hat have occurreg i1 ins{]g{mti,onﬁ pri or to@ﬁh? faulting instruction. The
faul ting and subsdqdiddH e hiGEdE PBAYN & 8RRG* ,b%kv@aa &f BRIMRIE! he
machi ne st at @ystBh@R® IrRpAdiAG FOXMSREEBENS (GRUY feenesiof WhidtR ddigfisdiction
stream and occur when the instruction just executed requires system

i nt er vent i on 10 AROTEM@BENRLTIHRIS At INoanasmbadimentof hespresent inventors, ar e
conpl eted.  SuPSRANBQL 1'2“8&5&!&&&2%5'66\%?/@@0%“rﬁgﬁe%sﬁf&%d}emﬁ als¥ is

utilized for interprocessor interrupt communications. In other words,

system bus 12 is designed such that interrupt messages are sent over the
system bus.

For purposes of understanding the present invention, different
classes that may occur during instruction processing include: faults, traps,
interrupts, and aborts. A fauit occurs when the current bundie of
instructions contains a certain instruction which requests an action that
cannot or should not be carried out, or system intervention is otherwise
required before the instruction is executed. Faults are synchronous with
respect to the instruction stream. The processor completes state changes
that have occurred in instructions prior to the faulting instruction. The
faulting and subsequent instructions, however, have not effect on the
machine state. Traps are also synchronous with respect to the instruction
stream and occur when the instruction just executed requires system
intervention. The trapping instruction and are previous instructions are
completed. Subsequent instructions have no effect on machine state.

-5-
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PCT/ US98/ @iy 658346 Interrupts occur when an exter nalpgiydoRdeigndent
entity, e.g., an i nput/output (1/0O device, tiner, event, etc.,
requires attention. Interrupts are asynchronous with respect to the

I nstruction stream Al previous I nstructions appear to have

conpl eted. The current and subsequent I nstructions have no effect on
machi ne state. Finally, an abort occurs when the processor detects an
i nternal mal function or a reset event. Aborts can be either
synchronous or asxnchronous wth respect to the jnstruction stream
and may causelHfE B%@%thrbagﬁé‘fﬁ'ﬁﬁl PhiddeRendent glY. €.9. &t ream at an

unpr edi ct abl e; e[t H - ; Fd [ |20
inRA/UYAR - (1/0) device, timer, ?\gé;ﬁ,eet@., r%g@re@ Qt’f’é‘ntgiéﬁi Irr;p?ef'ﬂe'll{%ts

illustrating the basic architecture o ) rocessor nted in
accor dance w are sagnehpodisriafith reppecido the ingrustientstiaamnéliprevite

architecture i i Lbiljties between
a core logic E&éﬂcﬁﬁﬁ%%ﬁ? ﬁé?“’zﬁé‘(%{% 8@?{)?’%85. %ea%%ré%'fta% |Eo§l§¢/§%4%‘leiﬁf i rst
i nstructi on satstactibns daveme, efferd oa machinerstte. tifinally, an aleoribaters a

ermboa mont , - S BETGRSRrOSRe eI FruBlBaLPHRs o B # FRReLA by

i nstructions. ABoHE daPObE cRBREL syHENENRUPYF ERYNEMDHOUS Wit fespRchfifBedance
with a first instruction set architecture, as well as data, execution

resour ces inshivigtian sHgREt @ndyBay GaNserthe fresrssesipauskend the MstrHetiomt el

Architecture] Q{rélam ?{gn unpre@@t‘éﬁ%e%c'hﬂoﬁ.e‘:t ion 21, which al so generates a
sequence of interna m crolnstructions that are translated into a set

of syllables that &igureslisealblock diagragwilkistreting thaebasiorareitecthesef are t hen

m cr oarchi | ecPIHE P pPamplamprish R 4Pt b Sher FEPOATAR i, 1

macr oi nst r uct pegseninvenioar otedarchitectuse @i pnoesssoh 20 esplitsn@keditionn of t he
macr oi nstructi ons cg?np [ core | ogic section 22,

al ong with adffIRVFH! ’tgéssgetﬁi%d@%cﬁaf’efﬁ fo(?@ér?géé{‘fbgrgﬁgég‘%]‘i WPLBIRS B signals. It
shoul d be undgsségiaion hath 4 fist instruclibh IYet agdHiteetné, MdaeEabn20 that bi nary,
code conpati bl e but not necessari Icy_ .backward PIN conpatible. In other
wor ds, proces8Biatgs@difigrend, second instruction set architecture. In one particular
-6 - embodiment, section 21 specifically decodes Intel Architecture™
instructions. Core logic section 22 provides instructions in accordance
with a first instruction set architecture, as well as data, execution resources
and a register set. Instructions compatible with the Intel Architecture™, are
decoded in section 21, which also generates a sequence of internal
microinstructions that are translated into a set of syllables that are issued
to core logic section 22. These are then executed by the core logic
execution units in section 22. Thus, the microarchitecture of processor 20
implements Intel Architecture™ macroinstructions with microcode
sequences where a majority of the macroinstructions comprise code
compatible with core logic section 22, along with additional
microarchitectural specific control signals. It should be understood that the
architecture of processor 20 is binary, code compatible but not necessarily

backward PIN compatible. In other words, processor 20 could be
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PCT/ US98WO 288346 i mpl enented such that it is not PORMS¥GTTPALt i bl e
wi th ol der conputer systens. In this respect, processor 20 does not

i mpl enent the traditional dedi cated interrupt control bus associ ated
with prior art PIC architectures. Rat her, processor 20 is designed to
operate in a system such as that shown in Figure 1 in which interrupt
nessages are communi cated over system bus 12. Code conpatibility to
support architectural features such as | owest priority processor
arbitration i ' t t W t t he use of
m cr ocode, m}}nﬁ@%ﬁ%rﬁé@% gEﬁﬁgé?] 'g\?lxse'g(?te@rgpocroint]@/awié]wﬂaélggg E?@Bp ﬁ% CPU runni ng

t he sof t war esydtetrise Inithis reBpectyipcocessoe 20 doesavatdspizmantihectraditi@it

i dentificatign,(CPU, | regi ster.and obtain | D alue. Fromthere
it then tar ga?é'ggf%dein?gﬁwe*gﬁméP”B@F&PF?\F%Wg‘@‘é%%"draf{ gllééztrghltectureg nce the
| owest pri or Rayhdrabesdessér 0 apsigaBt tb @peeiteVialLsystéinssuch as tHagl enment at i on
ensures x86 software_conpati bili t%ﬁtwhi | e providi ggﬁ faul t tol erance in

a mul ti proceS8aeWndydiigwie BETUah Inerdrlonessadesn 8 eorppynicated oveyer y
nat ur e, COheé)‘?&Béﬁ\eb§§ H??t@éé’e QQMEJ%PEMW b §l§ﬁ9drf‘%¥hltﬁﬁi9§ﬁ§|5@5tdreé gLEHPL

communi cati on” schene of the pres Invention. point, 1t should be
appr eci at ed 8y Ipwvest priordy @recessor ggbitiation isiachigved ifiore the presemd an

| mport ant . i that dt.] : - ity .CE
requiring nomveﬁ%ﬁg@@ﬁgat FoJr% ?foﬁw{*éc&;@&gﬁ@%ﬂ é%@gwgﬁegoglg#%gﬁwon | ayer
(HAL) with ntarget to thaédCPUomahiriypthévenfievaresdt thd line. nEaa snithoabdet nmay

i ncorporated into mul 1] CESSar_sys it hout reqguiring additi onal
support by O@ﬁ%e?ssesasBp%i@i Qgﬁf g:@g?lﬁ%t&%h%(gﬁ@r{ﬂg_regl&er an%obtau%egré?{:)i ng now
to Figure 3, vilel &Frotn gioum thchltagiets itaglf foniohedasidtlip processot tHrgenal
functional units of processor 20 which are relevant to the present

i nvention. Be¥EsEedpuiest PHEY\RTaahs HRNRBREY &Y PRI thifve i ncl uded
features Sucﬁnﬁ%%é?%ﬁén RhEOfd YBPLOR[BRO Lo taasmt Ahfle I8P ARt

processor may exeg:ute software an any gl ven noment, encount er
an i nstolexanicerinwg multiproesasor systesni Becadde sysiasgdadsatepiechy ited. | n
this respe h ' | 0QiiCid | .

conj unct i on \v’\ﬁg&hﬁ‘li%éé &)ﬁerr@ﬁ'&} %tsb8£' ar@ Yevidtdd ?r?mé %@el%?’oc\!&rslé? |ﬂt3rrupf7 )

communication scheme of the present invention. At this point, it should be
appreciated by practitioners in the art that this invention has an important
advantage in that it is encapsulated within the CPU requiring no
modifications to the system's hardware application layer (HAL) with no
additional hardware cost. This means that it may incorporated into
multiprocessor systems without requiring additional support by other
platform system components.

Referring now to Figure 3, there is shown a block diagram of various
internal functional units of processor 20 which are relevant to the present
invention. Because operating system software developers have included
features such as lowest priority processor target into their code, processor
20 may execute software and at any given moment, encounter an
instruction with a lowest priority addressing mode specified. ‘In this
respect, the translation logic in section 21 works in conjunction with the

-7-
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PCT/ USO8 4y #8346 core logic section 22 of the pquggﬁgE@yﬂsfetch
and decode instructions that are conpatible with the Intel instruction
set architecture, which has |ow priority addressing node specifi ed.
The decodi ng and translation occurs in section 21 for this code. Wen
an instruction is encountered wth | owest priority addressing node
specified, translation logic in section 21 signals t he decode and trap
logic 45 via a signal transmitted on line 33. In response to
encountering an structlo h Iomest riorit ddr ess node

Speci T1 ed. | EeBIbMnEETIoR A B i SCaaner i Blshnd S00R5 i sdiens fnat
section 21 18l dhpaNiBld AHA thé fRE! ﬁ@ﬁubﬂ‘@l’i SUCAIcPREciGl whizhiHa BY hand! | ng
of the trap in trap control unit . The m crocode uses existing PIC

| ogi ¢ c privttyneddriessingi moge smctfuedal'éhs deoedisgtarel TRusRION DoouBPU r eads

the ID

netructi on U PR3P TRl MR8 st b iTBRbSneRd Wi Tyes

:_2: gL ; gpz1 il?zpnz;rtghadtlsrielsfsln@mioﬁéatpec:ﬂr?dcg?:':ﬁlaelggtlbgnctmapzctnon 2; %ngnals trap
Fogi ¢ unit_ aderioteanddian BRICAENA EStnal TapRe e eBire Thols ¢ he
request inf orgggdree tb%nmmmmanﬁMrmdnlﬁtmWéétq:sndw%aréﬂs%d ogic unit
50. Reading and writing information fromto PIC | O?IC unit 50 occurs via

| at ches 42 aﬁwdﬁaquw&fednde&@dgt@%aaﬁ@g!@dlr&wneraaaj at@p. | Miaroeass in
[ nformation kg ﬁgggwggaaasgvéﬁoﬁé @fbﬁsaéhd)nnét%.sngwﬁé}'.ﬂma?e% h&ing ¥ 2 2 e

Si gnal i nes respective Cont r ol regi ster access IS
via line 36. the trap in trap cqrttrql SnBgor eﬂﬁ%lm@ophde usep egitingd3iCalogiri ated with

It a nunber r | t exi st
I/ O register g;ntamed ’?r\e‘f'm{; gbr ehg S e?sﬁoﬁe%%%e(?rgpﬁlb P@%gﬂef fﬁ%]i ﬁﬁn@s
whi ch the reglstramadtthenqilad@s@harlmhnfc&n*tarm mastmas'suaibreétewhtso I'n the
enbodi nent of he PI C st.e are i I enent e nt r ol
registers wif t}ﬂtﬁhe Pl anrﬂmgd}anrger et'ﬁéﬂ"‘f%@f‘és eéaH’@egPﬁg r\E’r?ansl ate
the menmory agdnems the trap. -8 -

Latches 41-43 are utilized for communicating between decode and

trap logic unit 45 and PIC logic unit 50. For example, latch 41 holds the
request information for accessing the CPU ID register within PIC logic unit
50. Reading and writing of information from/to PIC logic unit 50 occurs via
latches 42 and 43. Microtrap status and control register 1D number
information is communicated to transiation logic within section 21 via
signal lines 34 and 35, respectively. Control register access is signaled
via line 36.

It is appreciated that any CPU has associated with it a number of
control registers. Qutside of the CPU, there may exist I/O registers,
memory registers, and memory-mapped l/O registers, of which the
conyentional PIC architecture was one such element. In the embodiment
of Figure 3, the PIC registers are implemented as control registers within
unit 50. This means that there is a need to translate the memory address
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PCT/ US98/ W0 A8R8346 of the PIC registers to the cont palr/usegpzoORr
nunber associated with core | ogi ¢ section 22. Wth
reference now to Figure 4A, there is shown an address format for
external interrupt nessages in accordance with one enbodi nent of the
present invention. Figure 4B illustrates the data format for external

i nterrupt messages. The address processor identifier fields EID and I1D
specify the target processor and they are defined in Table 1, bel ow.
Table 1 Fl ' PT

€D a1 1 B ssqisomte MReniolspusisr guutess e T AP

i nterrupt useldgidsettibrd PRed, along with the

LIDid field, to determ ne whet her ?__’ not

accept the interrupYith Bfpencedy iQ Qﬂr?l‘*frvltE%@ isgshown an address format

Zero on reset jorldyis@iaf lrftéﬁhﬁt ﬁ@sé@%@@ﬂﬂﬁcé&dance with one embodiment of the

physi cal address bits {1 e interru

nmessage. present mvemrbon igure 48 illustrateg tﬂ&@atﬁlf@rmaﬁom@ecwaab recei ving
an interrupt | ¥ng wth
11D i d finl gntergupt messages. The address processolMRfenti éQ' 1‘1&'%@ r'mizb\%n é:f‘L o hot
to accept thespecify the target processor and they are definetddnrigiie 1Thelw.i el d i's

initialized to sone i npl ement ati on
dependent val ue upon processor reset.
LID.id field corresponds to physi cal
address bits {19:12} of the interrupt
FIELD BITS DESCRIPTION
EID 23:16 Extended identifier: Processors receiving an

interrupt use LID.eid filed, along with the
LID.id field, to determine whether or not to
accept the interrupt. This field is initialized to
zero on reset. LID.eid field corresponds to
physical address bits {11:4} of the interrupt
message.

D 31:24 Identifier: Processors receiving an interrupt
use LID.id field, along with LID.eid field, to
determine whether or not to accept the
interrupt. This field is initialized to some
implementation dependent value upon
processor reset. LID.id field corresponds to
physical address bits {19:12} of the interrupt
message.
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PCT/ US98/ 4038346 Note that if the EID field cont a'i,e§m§%n%m%§ and
the IDfieldis all 1's, the interrupt is broadcasted to a

processors in the nultiprocessor system Stores to the physica
address range 0X0000 0000 FFEX XXXX t hat are unaligned not 8-bytes, or
are mapped through cacheabl e nenory, are il1legal and may result in
ei t her unpredictabl e behavior or a machi ne check abort.

The LID register is contained within PIC logic unit 50 and stores the
processor's | ocal iden&ifi r.fields. Thﬁse fields service the processor's

physi cal namgNpie taaf ifd E(ﬁl dield peavainmall Rssa gkelDrﬁ%'dl_iS@“r\é@it €er is

| oaded at po {e-rH@:thy bhoddMRIE RASPArUESBR: BY PG ab'r&ce%xﬁggagm

| ocation. A data serialization operation can be used to ensur& the LID
regi ster has been Sindes éelteophysicairaddiess vange DX0200 OP0S.FREX X Xidhatr e of

he LID ' 1S. 311l ' ' d L RLI f the EID
and 1D 116 walsres IEbes Beal? e AP S o8y il rabi o
1. It shoul d illegal dred mederesuiand eithat uhpeeditBbleebelsdvor bnaPh&chingioheghi t 50

Is aread-wite regi ster than can only be accessed at privileged |evel
0, otherw se,a%o"t' privileged operation fault is generated.

As di scussed previpysliyD rbgigtc?as cohtaiied WithfOPEC Uit CAk &b Ard 8foré®the
bus, the nultiprocessor s?fdstem of the present invention sends interrupt
S

messages acr d¥ocenrorgylocahidsptfiertividsi SThassl fisidn serriessthegpiaeessms s
25 111 ust rat iy sicdLnen e, a0 oA B U mERERRED T LT [P IE ™ Ve
i nterrupt nedeaded at owaragdbpnditmesnre bagetean thesprbzessanta poysicdlogi ¢ uni t
22 VLR b! 00 ORealdh ASBLANISRIAL LS RERSEN L KEIN Ml pRPECSSOT
processors i neghteshas eaemiupdateghior éuure andving inetrupeoEhdartictuee 6PU 20
R s IR S s
i_ nfl 8r mat i on 11D OB WILISE Rstal MdnfiBef Aslfster ahd deXEMHER PAbIBMOCKRH8LI0.

be understood that the LID register in PIC logic unit 50 is a read-write

register than can only be accessed at privileged level 0, otherwise, a

privileged operation fault is generated.

As discussed previously, instead of utilizing a dedicated interrupt

bus, the multiprocessor system of the present invention sends interrupt

messages across the system bus. This is implemented using the CPU's

bus request path for sending the interrupt message out onto system bus 12

as illustrated in Figure 3. A bus request queue 60 is utilized to stack

interrupt messages for broadcast onto system bus 12 from core logic unit

22 via line 61. In accordance with the present invention, when processor

20 sends an interprocessor interrupt message onto bus 12, all of the other

processors in the system will ignore it and it will come back to CPU 20

where it originated from. This means that CPU 20 will handle the interrupt

request which it broadcast onto system bus 12. So when lowest priority

information is encountered in the code being executed on processor 20,

-10 -
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PCT/ US98hPa 68938346 processor 20 will autonmatical ly berdses/gned ed as
the lowest priority processor. It should be understood, however, that
when the sane software code is executed by a different CPU in the

mul ti processor system the interrupt generated fromthe instruction
containing the lowest priority information will go to that CPU.
Practitioners in the art will appreciate that this solution is

scal able to any nunber of CPU s w thout any issues of coherency

mai nt enance ari si ng. .. VO 98/48346 . _
PCT/ US98/ 077@gocess%r 20 will gytap cal?y be\gesignated as; the Joyest priority 1

I'n a mul tiprecess@orC MNEREIAE be)FIRIIRtOBHC Rowaoer diegt Whés thaBame second
processors, in a systembus for information_transfer between the

processors, &OftERGEOGE iR RAPGHIEAPYM diffrrent UpU BriharBultiperaessor sxstare
specified | ntﬂé’jﬁtgﬁ%gpkhQ&é’é fnanpfrfégrr@m;eﬁmoﬁfawgqﬁe %W%%‘?i%ﬁ%h i ng

processor, the in Ion causing an | nt errupt_l on, he et
t he steps of information will go(ta)thate@BUi. nigractitionerstinube iashwilinapgreciate that

processor; . .. (Db ing a.tr t ur.in the first processor;
(c) responsi G’%’sts(?“ﬂtf‘fg‘ Fr%‘?&‘%%i‘a?ﬂa r]“(ﬁ%ﬁ ﬁ?f%gpfsownk'?ﬂ)aﬁ]ws&f’%ﬁt on from
an | D regi st gpheterdienidintehantoeesieg., the 1D information serving as the
first processors physical nane;

-11 -



(d) broadcasting, on the system bus, an interrupt nessage which

I ncl udes knformation; (e) accepting they}

nmessage b‘?B?ﬁ}g%“Frst processor. 2. The ne%)gglggg%@gésdi ng to
claim1l further conprising the step of : (f) bhandling the
interruption by the first processor. 3. The et hod
according to claim2 wherein the ID information I ncl uded in the

i nterrupt nmessage is contained in a target processor i dentification
field. 4, The net hod according to claim1l further
conprising the step, after step (d), of: I gnoring the

i nterrupt mes€hA8MBy t he second processor.

-12 - V?Qﬁ'u%/t dhbned is:

PCT/ US98/ 077 5. The met hod according to claim1

wherein steps (b) &nd (k)a multipmcessomtempotee dybiermabicicipdiides firbeafhdr st

processor. net Bod ac.c?rdi ng to claim.1 further
ormatﬁg

6. . Th
conprising t REGANGRrEessors, g‘t?éﬁSe’%tF.r“ Us forin AERNREeT PRIWeBN 1BEi st er s

of the first pdesesend REPRAISSIOSBUREREGN interruiRtih AMStrafdrsicadlire! ocati ons
of the first and second processors. 7 The net hod accordi ng

to claimb5 wrasTied Wean tiusgogd g program being executed on the first
processor, the instruction causing an interruption, the method comprising

the steps of:

(a) decoding the instruction in the first processor;

(b) causing a trap to occur in the first processor;

(c) responsive to the trap, reading identification (ID) information from
an 1D register of the first processor, the ID information serving as the first
processors physical name;

(d) broadcasting, on the system bus, an interrupt message which
includes the ID information;

(e) accepting the interrupt message by the first processor.

2. The method according to claim 1 further comprising the step
of.
(f) handling the interruption by the first processor.

3. The method according to claim 2 wherein the D information
included in the interrupt message is contained in a target processor
identification field.

4, The method according to claim 1 further comprising the step,

after step (d), of :
ignoring the interrupt message by the second processor.

-12 -
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occurs at power up or reset of the nultiprocessor conputer system

8. A mYQP¥i8dessor (MP) conputer system which enul at es BRIUSISNO7708
interruption arbitration feature, the MP system conpri si ng:

a system bus; a plurality of processors, at least a first
processor in the MP system i ncl udi ng: a
decoder that decodes instructions of a program

trap logic that causes a trap to occur responsive to decodi ng an

i nstruction which specifies a |lowest priority addressi ng node, t he

instruction causing an f#yd &{dNed beFording to claim 1 wherein steps {bﬁ aﬂ&i {
S the filtst

regi ster which contains I D information that serves

processor's pifgdmpégmantas: by microcode in the first processorni cro code whi ch
responds to the trap by reading the IDinformation fromthe ID

regi ster; a bus request queue that hol ds nmessages
transmtted \6.a t hEns yredtieoal Busordamglto claim 1 funrther comprising the irtitggle

| ogi ¢ that broadcasts an interruption nessage on the system bus via
the bus requéd®P Qlieue, the interruption nessage

-13 - WO 98/ 488dibg the ID registers of the first and second processors based
PCT/ US98/ 07708 including the IDinformation read fromthe ID

regi ster by tUReMiNerRhysiRe jocationgmd the first and second processors. wherein t he
core logic accepts back the interruption nmessage so that the first
processor is designated to handle the I nterruption. 9.
The MP system of dl.ai mBhavhretedd acberding & claimi Dwhereindbenoadingstem

I nterpr ocess%rcchpst &l {Jé\%f up or reset of the multiprocessor computer system.

8. A multiprocessor (MP) computer system which emulates an
interruption arbitration feature, the MP system comprising:
a system bus;
a plurality of processors, at least a first processor in the MP
system including:
a decoder that decodes instructions of a program;
trap logic that causes a trap to occur responsive to
decoding an instruction which specifies a lowest priority addressing mode,
the instruction causing an interruption;
an ID register which contains ID information that
serves as the first processor's physical name;
micro code which responds to the trap by reading the
ID information from the 1D register;
a bus request queue that holds messages transmitted
via the system bus; and
f core logic that broadcasts an interruption message on
the system bus via the bus request queue, the interruption message

-13 -
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10.

The MP systemof claim8 wherein the first processor further
conpri seswensussder r upt handl i ng routi ne whi ch handl es the Pot/esysurrason

foll owi ng acceptance of the interruption by the core |ogic.

The MP systemof claim8 further conprising latch logic for

and witing IDinformation to the ID register.

14-

including the ID information read from the |D register by the micro code;
and

wherein the core logic accepts back the interruption
message so that the first processor is designated to handie the

interruption.

9. The MP system of claim 8 wherein the interruption
comprising an interprocessor interrupt.

10.  The MP system of claim 8 wherein the first processor further
comprises an interrupt handling routine which handles the interruption
following acceptance of the interruption by the core logic.

11.  The MP system of claim 8 further comprising latch logic for
reading and writing ID information to the ID register.

-14 -

T

11.

readi ng



