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*Background of the Invention Technical Field The present inventi ona/dataEx6

to conput er way@essand, in particular to mechanisnms for Eg /b 0%

interrupts in conputer systens that support concurrent exec TERG672

mul tiple threads. Background Art Modern hi gh-perfornmance processors are
designed to execute nultiple instructions on each clock cycle. To this

- end,-they -t yp’NEﬁH&NIWImHé”fEBRﬁiPﬂ"eI{&NDLEXGJ&‘W@MPr{Hfd{EE&”EEMS TeCT i tate
paral | el processi Sﬁﬁgf the instructions. The efficient use of these
resources may be ORY & WTI%QUT@%QEWW&%’@EW% can be
executed in parallel. The availability of instructions for parallel
execution is referred to as instruction |evel parallelism(ILP).

I nstruction dependencies limt td%@kérlaﬁ’mﬁ&%&ﬁhﬁbﬁné;ﬂ a single execution
thread. If only one execution thread can be processed at a tine,

instructi on 15 t hdechpigal FieldsTheauiesent dnvastionatites @rromaptor valeis aral, imcr easi ng
instruction throughput is to design processors that are capable of
execut i ng i ngerigulal omeechamimstfochaodlingonterriptsin compitersysterhs badspmancur rent | y.
Since instructions fromdifferent threads are independent, concurrent
executi on of conayrrost exenutien ofivsdltiple thiraads.t hr eads i ncreases instruction
~throughput. 20 A vari ety of designs have been inplemented to support
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of these resources may be limited by the availability of instructions that can be executed in
parallel. The avaiiability of instructions for parallel execution is referred to as instruction
level parallelism (ILP). Instruction dependencies limit the ILP available in a single
execution thread. If only one execution thread can be ;iroccsscd at a time, instruction

15 throughput is reduced as well.

One approach to increasing instruction throughput is to design processors that are

capable of executing instructions from two or more instructions threads concurrently.

‘\) - Since instructions from different threads are independent, concurrent execution of two or s

more instruction threads increases instruction throughput,

- 20 A variety of designs have been implemented to support concurrent execution of
multiple threads in a single processor package. For example, multi-core processors
include multiple execution cores on a single processor chip. Each execution core can be

aliocated to a different instruction thread, although various resources may be shared to

save die area or to allow some communication among the executing threads. Multiple
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WO 03/021438 PCTI US02124672 processor chips may al so be incorporated in a
mul ti-chip nodule that provides a single interface to the rest of the
system Milti-threaded processors include resources to nanage thesgeetoos
of nul tipl aygighgsisctions threads on a single execution core, Thread
managenent units provide on-chip 5 storage of state data f&CTRN¥RITR

t hreads and update the data as instructions fromdifferent threads are

processed by ol dieesshaHiRtn QB be hGRBlR oL AREChiIMbdde hILERART, Rrggessor

~execut-es-i-nstructions fromon

threa ne, on-. p storage
of state dat ' s reduces the overhead associated with
swi-tching i nzr%t%rg%?wggggleﬁjﬁ%ﬁgﬁét ween the different threads (context 10
switches). Thread switching may be triggered when the currently executing
thread encount er¥luli-thesaded moessors imbgletresp@uned to na@ipe Bveamtculib b miltisleadi ng or
SOCEMT). A fine-grained nmulti-threaded processor allows instructions from
the nul tipl einstréntieasithreaads @veetinglecxeanion corenThigad mofag@ieanili® provisbhighipi ons
may be issued frommultiple threads on each clock cycle, or instructions
may be i s$uestofapoof sité e fonmultipleabdsds@nd didath thé enentinstlQoks 6 dFRrent N bot h
cases, instructions fromnultiple threads may be in-flight in the

executi on cothecadt art peoceBeEbyitheEharel Bogener al , both mul ti-threaded processors
and nmulti-core processors allow nore than one thread' s context-to be
active in the pr%essor at the].sarre éi me. For multi-core  processors, some
or all of the coreSAREyAsEnst N YIi-treaded pragessqnexesutes Bstruckipnsfemeenly p7¢ t he 20
registers tt}gt $tore abthre%d' S arcgitectural state for a particul ar
processor artHft &P PURRFMPRTage 0L pal d213 deraruliiple therady wHlucantie aypheadat i on

regi sters. The perfaormance benefits of these and other processors that
”’s:%port nul taisiﬂ‘:g‘tefjm“g’asd""&'&iﬁ% ERirustipn egrytiop betwesmthe diffepnbibeesdsdeentgxt depend,
in part, on the capacity of these processors to appear as nultiple,

' y of . ]
equi val et GgReREshobscadevidrinpnayste tprmeradSuimn 2ikachprently executing thread

encounters a Jong latency event (Switch-On-Event Multi-Threading or SOEMT).

A fine-grained multi-threaded processor allows instructions from the muitiple
threads to execute concurrently. For example, instructions may be issued from multiple
threads on each clock cycle, or instructions may be-issued from different threads on

15  different clock cycles. In both cases, instructions from multiple threads may be in-flight in

the execution core at the same time.

- 1\) In general, both multi-threaded processors and multi-core processors allow more

than one thread’s context to be active in the processor at the same time. For multi-core
processors, some or all of the co;cs maybe multi-threaded. Here, context refers to the

20 | registers that store a thread’s architectural state for a particular processor architecture, and
may include general, control and application registers. The performance benefits of these
and othér processors that support multiple thread contexts (“multiple-context proccssors")-

depend, in part, on the capacity of these processors to appear as multiple, equivalent




1 ogical processors. This equivalency greatly facilitates the bal anci ng of
wor kl pads anong the | ogical processors, and it sinplifies managenent of the
+threads by the operating system The goal, in effect, is to mkesg02/2006
mul ti pl e- coglgaysiyzAsPcessor appear as a symetric nulti-processor (SWP)
system 5 To incregge symretry anong the multiple threads, REr{HpRI672
resources are replicated for each |ogical processor of the ‘ :
mul tipl e- contigxl.; BloP& : 1.0t . upit is.typically
 assoctated wi gh A BRERTEDT; Sl RNA Ty AN R A Mng APl YRS en e
~logical procg : Level..resources shar resources of the

nul ti ple- cont Eil?élc%?%gé%g%%% Jltﬁgn Rlifle Se'?'g'haﬁ?mcd’ rtn8 th%l{g‘ céu?s yﬁﬁ%om‘??ﬁer an
interrupt is ed d. 10 provides a pointer to the interrupt

handl i ng codéc’%??npf’#e}aqa%ft’ ery G‘E}t 'S%%mg(&aerﬁ@@?c B BT ARRAG® ao*P’mﬂFE@i di ng
an interrupt Lt for | ogi cal processor is that interrupts,

particul arl y"!fj lbétgc%%osrggrﬁgp Efgw th resources shared by the |ogical
processors, are often seen by all |ogical processors. For exanple, a

mul ti ple-&ont ext Trincressaymimetyy anwng\thekultipls (HIGIS, ctritfircEdtidies RieRedlRatt®i Nt ai n
package-level conpatibility with single-threaded 15 designs. Interrupts
~asserted on fdreaqhilogical proseedt obhe Wliipldibdutextiftbeedddr.t For@kanilé, ah RBdrAR!
processors. A fan failure-in the systemmay trigger such an interrupt.

Because of t it is typally ¥3bciawitiRach o ithgrécestbr, Wirbvid M iffelhe bbfiRed BEET I UPL
and its associated | ogical processor executes the interrupt-handler.

| nterrupt s gRpBRAIPREssBYand RPNl 106 1&BiRed F SR TR LRES ofrtﬁcctﬂilll’iﬁ]ﬂ-ceﬁlc gystem or
dedi cated interrupt buses may be seen and processed In a simlar ’20 manner .

I'ny many casegocekdde Tffbtiﬁl'éfrb'ﬂﬁmﬁQélérﬁl_irt@m{:t?%ﬁiﬂéﬁlaﬂﬁég% By haﬂPEd ofg the logical

% ocessors, but the symetric configura |'ogi cal processors

obl i ges RACHrbAdes@}SHk: % hiRutdrRbETRM § R 03/ 021438

PCTI US02/ 2- tit)672 c‘f’h)g present | rﬁvgntalﬁoﬁ;ggg&)re%hscgﬁé teégg‘geﬁt ot her issues

associated with interrupt handling in processors that support concurrent
execution of nul OrpHisadvartagedd progidingfanirtsrrurit puit foneash lagive! Poeasion rghat

interrupts, particularly those associated with resources shared by the logical processors,

are often seen by all logical processors. For example, a multiple-context processor may

provide a single interrupt pin to maintain package-level compatibility with single-threaded

I5  designs. Interrupts asserted on the pin are seen by the interrupt units of all logical

processors, A fan failure in the system may trigger such an interrupt. Because of their

equivalence, each interrupt unit registers the interrupt and its associated logical processor

executes the interrupt-handler. Intérrupts generated by shared on-chip resources or

received on system or dedicated interrupt buses may be seen and processed in a similar
20 manner. In many cases, the interrupt could have been handled by one of the logical
processors, but the symmetric configuration of the logical processors obliges each to

execute the interrupt code.




5 The present invention may be understood with reference to the follow ng
drawings, in which like elenents are indicated by |ike nunbers. These
.drawings are provided to illustrate selected enbodi nents of theopresenboe
invention apd gyt intended to linmt the scope of the invention. Fig. |
is a block diagramof a conmputer systemin which the presediCT{HdMETDN may
10 be inplenented. Fig. 2 is a block diagramof a multi-core processor in
accordance with t -] ' ' ' di,agram.a

mul ti-threaded pr?%e@é%?ﬁﬁ%ng%ﬁg%@ﬁ%%g@ e\S}\)lézdt"ﬁ D%hﬁrefs%re %%Sgdr?% i;eiai"‘r'fit/he]n SrdR. 15 Fi g.
4 is a flow : [ Lient of t hod for handling
interrupts i ﬁ%ﬂlgéﬁﬂgﬁ%ggﬁ t’? ﬂ S%R)gn%?E@g%ﬁfeﬁe/@oﬁ]toﬁénguﬁ'pll—el ‘gf"“%-i s a flowchart
representing anot her enbodi nent of a method for handling interrupts in
‘accordance with the present invention. 20 Detail ed Description of the

| nvention The foll ow ng di scu?j B se.tﬁ fofrbh numer ous specific details to
provi de a thorough understan H‘EE SFTPHY PTHOERIIEAES However, those of
ordinary gkill i };the havi ng .t he f i S closure, wll

rt benefit . th di
appreci ate that the " T \%’étrll'fvicB‘ho"rfﬁ bﬁé’"ﬂ?’ﬁﬁ‘fqe%'gbfe ?“ﬁfo’ﬁt‘h"tflﬁﬁg‘%‘"g digwEesi ¢
details. In addi.tiqgn,, various | | - kngwn t hads, procedures, conponents,
~and 08/ 02/ 205'6"%@ 'g‘ﬁﬁ&zfﬁﬁs,gf%ﬁ%‘mq 8YBOLS TGP wawagsATs Blovidebis descri bed
in detail i n."order fgo focus attentjon on the features of the present '
i nvention. R §etafe selecigd gmbpdimenisofitha presepipnentinn 39g atsimet mienees terlimit thsr - a
conmput er syst emOJfOO . in which the present invention may be inplenented.
Conput er sysTERHAHS P¥ElHes a 5 nul tipl e-context processor 110 to execute
instructions stored in a nepory 160. Data and
-, J | Fig. 1 is a block diagram of a computer system in which the present invention may

10 be implemented.
Fig. 2 is a block diagram of a multi-core processor in accordance with the present
invention.
Fig. 3 is a block diagram a multi-threaded processor in accordance with the present
- invention. |
i5 _ Fig. 4 is a flowchart fcpresenting one embodiment of a method for handling
| interrupts in accordance with the present invention.
Fig. 5 is a flowchart representing another embodiment of a method for handling -

interrupts in accordance with the present invention.

20 _ Detailed Description of the Invention
| The following discussion sets forth numerous specific details to provide a thorough
understanding of the invention. HOWC\.fBr, those of ordinary skill in the art, having the
benefit of '.this disclosure, will appreciate that the invention may be practiced w_itfmut these

specific details. In addition, various well-known methods, procedures, components, and




instructions are coupled between processor 110 and nenory 160 through a
channel 180. Channel 180 may include one or nore buses under control of a
.chipset or systemlogic (not shown). For system 100, menory 160 0St/@n2' 06
interrupt;h@@qb$5L&go that is executed by 10 resources on nultipl e-context
processor 110, In response to an interrupt. Menory 160 mayP¢Epesddnit
vol atil e nmenory structures, such as caches and nain nenory, as well as

d soft drives

non-vol atile ny. structures uch as flash.nmenor har,d

and the | i ke. PO pRyen been defctibedm dptalt n ordied Yo ps ffention g e glirsrot he
i nterrupt- hant;lelzsergt EI%L'VYOimaty be inmplenented in firmvare, while other portions
may be stored' PR A ﬁﬁﬁ?{"rrermry. I5 The logic of nultiple-context processor

110 is represented. as.l aqgi cal. processor.s 120(1). - 120(n enerically,

| ogi cal pPocessor g¥2g}s,aoqq?fi‘lc{'ﬂﬁ?%m{"t‘?éﬁ"f‘“ga%(?&g&%’@amic%Pé?r%"ﬂ'é £ systim f@ y
130(1)-130(n).,, respectivel enerically, interrupt unit 130 and shared
r esf)uz ces ( 121'5)‘.”['15@ °é3(%\ﬁ/'ﬂ|"§°$"g°£dw: Q&g@@émcfb?do@g;gw g}’éé"‘rﬂeﬂo "l)“nl,‘HF%%ent

resources that are allocated to a particular thread, and shared resources
140 may r épr dudinle-conberioess i bl exsoutsipriusians storgd impmemeny 140 Datrand abl e to
threads on all |ogical processors 120. For the disclosed enbodi nent of
syst.em 100, - $KHPEQNT € seHpleddetvrron prgeqstpn d! Gand memasy Fifthropghns ehapnei &k er (1 CR)
150 that is accessible to each |ogical processor 120. As discussed in
great er det alChangel B maydpeludsenp promerg busesundeceeatpisfe chipsstighsysim degione

| ogi cal processor 120 signals the remaining |ogical processors that it wll
handl e an 08(rebseROB WO 03/ 021438 PCTI US02124672 interrupt. Shared
resources 140 may al so include a higher-level cache or bus logic used to
ggmuni cat e wit h Feesysten I0memoyd6f phaes arl intheuptelaad|¢mIsN0 tisih vaxgcuted by er r upt
Mt 130 represents a functional block associated with |ogical processor
120 t o pibcessouraet en mupipte-cobiext @odessont MY intpdpdnsaiy arbiatehramd IMxshoby 160ny  of

| ogi cal processors 5 120. For exanple, certain interrupts that originate
in shared ressuepreseni ddatiiimemoryBiroQ&ss eucha thchissshe Mat mh@y 081t hevel
interrupts that are generated by resources off the

non-volatile memory structures, such as flash memory, hard and éoﬁ drives and the like.
For one embodiment of the invention, a portion of interrupt-handler 170 may be
implemented in firmware, while other portions may be stored in a main memory.

15 The logic of multipie-context processor 110 is represented as logical processors
12001) - léﬁ(n) {generically, logical processor 120), including their associated interrupt
units 130(1)-130(n), respectively. (gencricélly, interrupt unit 130}, and shared resources

‘\) - 140. For example, each logical processor 120 may rcbresent resources that are allocated
| to a particular thread, and shared resources 140 may represent those resources of processor
20 110 that are available t6 threads on all logical processors 120.
For the disclosed embodiment of system 100, shared resources 140 include an
‘tnterrupt claim register (ICR) 150 that is accessible to each logical processor 120. As
discussed in greater detail below, ICR 150 provides a mechanism through which one

logical processor 120 signals the remaining logical processors that it will handle an




processor package typically may be handled by any |ogical processor 120.
They may be conmmunicated through an external pin 104 on the processor
.package, a bus, or through circuitry internal to processor 110. olgw o006
fol | ow ng dﬁﬁﬁ%§$L§§1 interrupts such as these 10 are referred to as conmmon
interrupts, to distinguish themfrominterrupts that are tafge¥¥d24¢7g a
specific logical processor. Interrupt units 130(1)-130(n) register common

| nterrupts f heeh SlrePeORS Mloinay ARddack i dk 1ol ASRAE L ¥k 08 oo

exanpl e, each i nt'errupt uni esses the priority g 0 an

i nterrupt aIQggnwthc§?§{§%ﬁ§%gﬁfﬁggﬂgéépgﬁﬁﬁ%ﬁgeﬁternine whet her the 15

interrupt nerits 1 me ?ﬁ@'event that triggered
the interrupt sh ake .priorit ver t urrently.executing thread. |f
interrupt unit 138“%&‘?%?% lr%@sfepr?sﬁ'g%/af%@t‘ci”ﬁplg?‘:&‘&ﬁ"c'ﬁ‘gg%ﬂﬁi]‘iﬁ’?ai RIS di rect s

its associ at ogi cal. processor.120 to an ropriate i nterrupt-handling

routi ne. ThquﬁJ g’s’%ﬂ‘fcs ﬁ@gﬂlﬁtf-oﬁﬁ Foficgus g%ﬁ%‘%@ﬂﬁcgﬁw}s@f logé‘la[ﬁfﬁ\‘/g“??ﬁe

| ogi cal procq?iOE 120 to execute the full, inIerrggp-handling routine for an

20 i nterrOpt EhatoricEapRlGicetal WiFypts 12t onigipate i shassdyesauesst K40aghe | t does so

Wi t hout i nposin asynmetrie n | ogical processors 120, such as

arbitrarily agag?sg?m SrﬁthTb?fr%{%g" feyel iptgirents thatarogeaeratsd By nesourcesoff thme

enbodi ment of system 100, jnterrupt units 130(1)-130(n) register a conmmon

interrupt f on%%‘@?chéfkag? weisalbgray beapdisd by fogicaj progassor il?.-ﬂ-gThcn pray heis

priority, 08/ 02/2006 WO 03/021438 PCT1US02/ 24672 interrupt units

130( | ) - 130( nyordfirgrecated thigiahaan asicnabpig d P4 o the propesspasipge, pbupecthionghy, to

interrupt-handl er 170. Each of Logi cal processors 120(1)-120(n) executes a

'LHQSt code SEyhurictewp! toprosesserpt! Ohbibie fallowing dispission, interents sich #s theseaccess

' 150. The first of logical processors 120 that successfully accesses

| CR 150 btbnpareraferedrioawesginng infrrafts td distmguisipthem Sroavidierrepraihai angtatgegidc al

processors 120 resune execution of their threads. For one enbodi nent of the

i nvention, ItCRspEfid legicaliptacesdsorzed to a first value and reset to the first

value after a common interrupt. The initial code segnent of interrupt
Interrupt units 130(1)-130(n) register common interrupts for logical processors

120(1)-120(n), respectively. For example, cach interrupt unit 130 assesses the priority
assigned to an interrupt along with any masking conditions, to determine whether the
15 intcnfupt merits immediaic handling, e.g. whether the event that triggered the interrupt
should take priority over the currently executing thread. If interruﬁt unit 130 determines
that the interrupt has priority, it directs its associated logical processor 120 to an

_ appropriate interrupt-handling routine. The present invention provides a mechanism that

allows one logical processor 120 to execute the full interrupt-handling routine for an
20 interrupt that is rcgistcrgd by all logical processors 120. It does so without imposing
ésyrr;metrics on logical processors 120, such as arbitrarilyl assigning interrupts to logical
processors 120.
For one embodiment of sysfem 100, interrupt units 130(1)-130(n) register a

common interrupt for logical processors 120(1)-120(r). 1f the interrupt has priority,




handl er 160 directs each | ogical processor 120 to read the value currently
in ICR 150 and to wite a second value to ICR 150. Provided the second
.vValue differs fromthe first value, 10 the first |ogical processag/2 2006
read | CR 158( sees the first value. Al other |ogical processors 120 see
the second V% 44%e | ogi cal processor that reads the firSRCTHES0R4672
conti nues executing the interrupt-handler. The renmai ning | ogical processors
read the second vaI.ueI mlﬁﬂ sJ_rgne}ls 1ihemto return fromthe interrupt,
e.g. to resudBEREEHHS IREN HumdiFerlegisal BERIsah I 05HE 200 ressestevells Br ocessor s
120 do not necessagil respond to a comon int errugt in lock step. The
type of thr e dUSTEPEOGIERd 7t pHePE T3 IPFSSISrs BOH 0(n) gxgcytesiafirstiopdeyr  even
the type of instructions currently in flight, may determ ne how quickly

| ogi cal pr oc TGPt AHerTuptbandiad 74, cthichstirectpr freasersa i ASS: Hihe i ofllogisalt | ,
interrupt-handler 170 may be _executable bg/ only one processor at a tine,
in which cas&0°tsHus {34 Gat spesgistudly apresselPotScgmplptes peasessiagiohthe interpipt, hand| er
170 will be the first to access ICR 150. Different. enbodi nents of

mul ti pl e- é onfEMpining degiesf pregeasarniAOaerme exesyiiqnadf theprtbreedssor s 120 in -
different ways. For a multi-core enbodi mnent of nultiple-context processor
110, each | ogi calFoppercesshpdimenpef thoinvetipn 408 160isamtigiced totd first vabie@nd A

mul ti-core enbodi ment of multiple-context processor 110 is discussed in
conj unct i on ket ke e §rst PalucaflieBd @RIRG OGPt ThORitiblS e BRGhicSifAneriipl2 For a
mul ti-threaded enbodi nent of multiple-context processor 110, each | ogi cal
processor 12@ndler rédsiirectssach dogicakbproeswu i 20ete rafi tie wilueghieeralyes ICR D50 01 e t hat
are allocated to a particular thread. A nulti-threaded enbodi nent of

my ti pl e- conbexite pscomelsabe tdICR [30i Provitles tiesecid vilucdiftersTidkd e fimt tdud™i 9. 3.
Qher enbodi ments of nultiple-context processor 110 may include, for
exanpl e, 10multhd fselogical @roce SONR0 @ read ICROf 50vBsahe fidsEvaliel tilk-diker @aded.  The
present invention does not depend on the particular manner in which the
logi cal  pr geesorsd20EeR thddetRTRELE ATheNodib pRECSESRA reads the first value

continues executing the interrupt-handter. The remaining logical processors read the

second value, which signals them to return from the interrupt, e.g. to resume executing

their intcrrupted threads.

15 Logical processors 120 do not necessarily respond to a common interrupt in lock
step. The type of thread executing when the interrupt occurs, its priority or even the type

~ of instructions currently in flight, may determine how quickly logical proccssdr 120

accesses [CR 150. Depending on the embodiment, interrupt-handier 170 may be

executable by only one processor at a time, in which case, the first logical processor to

20  execute interrupt-handler 170 wiil be the first to access ICR 150.

Different embodiments of mu!tiple;contcxt processor 110 implement logical
processors 120 in different ways. For a multi-core embodiment of multiple-context
‘processor |10, each logical processor 120 corresponds to an execution core. A multi-core
embodiment of multiple-context processor 110 is discussed in conjunction with Fig. 2,

7




Fig. 2 is a block diagramrepresenting a nulti-core enbodinent 2 10 of a
mul tiple- context processor 11 0. Multi-core processor 210 provides
.execution cores 220(1)-220(n) 10 and their corresponding interrumsANEAR06
230(1) - 230(wHo3hsspectively, to support concurrent execution of up to
n-threads. Al'so shown are shared resources 240, which incl J&d7@92/24642 er r upt
claimregister (ICR) 250. For the disclosed enbodi nent of nulti-core

2 ' 2 : 220 1) - 220
i ougn a bt o ARR A ASARRIE U RAHI A0S0 R0 BRRRGEZTD)
230 deter m NER. MG 38 LolllBoncl o hEhSAIMRLE AR LB NE AN LE Ruarcto O FeCtS

its correspohdi ng execution core n errupt-ﬁ
control of a,fjl: i O .Lhe ., interrupt-handler xecuti on res 220
vie for acceggﬁlg‘}li‘%&e%og "%Et’é&ffiaf’%dtqenfebgdléngzgteogémﬁ AT EERPEL ég Phe

interrupt- hgndl er.. The remaini ution cores.resu their interrupted
threadsl.o Foralzsinug “dp conél%g%ﬂ ‘H’én%ﬁgbfxcﬁ‘ﬁfrte bediments PheR 'QE;OQ‘E’G,PVQ%%%r nor e
of execution,gores. 220(1)-220(n) 20 nmay al so be | ti-threaded, in which
case, each thi%&a¥ ‘8%'"‘2%8%{ EYp c’é‘!‘ﬁ‘&’r‘&ﬁ St“i?“}fc%éggp whighare gyylti-thregded. For  one
enbodi nent of, the invention, the first code segnent causes each | ogical
processor 220"GR5CSERUAVERERPD dags ot depynd gp ths pagsicyarmanser inxthichabedesigalf i rst val ue
in ICR 250, it roceeds to execute the remai nder of the interrupt-handler.
If 1o0gical proEevsHA yoRjePedsdn Bie@mcesPr006 WD 031021438 PCT1US02/ 24672 a
second value in | CR 250, it may resune executing the instructions of the
thread it was ex&PiTRPIBes dagsar Frorasenties p myiti-core crabnsiiment 2 Hhef aomilgjplone
| ogi cal processor 220 reads the first value, the initial code segnent may
enpl oy an atc8MF¥ precassonblll iuliircprepraspespr 10 provides exshutits care$ 220t )-220¢h)set ™
eggration. For exanple, if the first value in ICR 250 is zero,
i nt er r up@- handitheir caTGpomdjng ietrduptiueits230018-286(n), BRpREGeIgndsupport orumeme t o | CR
250 atomically. That is, the read-nodify-wite operations are executed
wi t hout r el exeguiighéfiiug to h-@Re&B0ALls0 skovot neshated gésoalcesP40o@sdDincluffodn t hi s
enbodi nent, only the first | ogical

interrupt claim register (ICR) 250. For the disclosed embodiment of multi-core processor

210, ICR 250 is accessed by execution cores 220(1)-220(n) through a bus 254.
_ In response to a common interrupt, cach interrupt unit 230 determines whether the
15 ~ interrupt has priority and if so, it directs its corresponding execution core 220 to an
‘interrupt-handler. Under control of a first portion of the i_nzerrupt-handicr, execution cores
- 220 vie for access to ICR 250. The first to access ICR 250 co.mpletcs the interrupt-

handler. The remaining execution cores resume their interrupted threads. For another

embodiment of multi-core processor 210, one or more of execution cores 220(1)-220(n)
20 may also be multi-threaded, in which case, each thread on each core attempts to access

ICR 250 first.

For one embodiment of the invention, the first code segment causes each logical
processor 220 to read ICR 250. If logical processor 220 reads a first value in ICR 250, it

proceeds to execute the remainder of the interrupt-handler. [f logical processor 220 reads

8




processor to reach I CR 250 reads the zero value. Al other |ogical
processors Will read the one witten to ICR 250 by the first |ogical
-processor that accessed |ICR 250. 10 The enbodi nent descri bed abows/0 /2006

exanpl e of Q,T Eﬁd&?ﬁ%o'f | ag” nechanismfor determ ning which | ogical
processor W ? andl’e a common interrupt. The flag may be BORUAI2EE2i n a

register, a lock variable or simlarly stored bit(s), which can be accessed

DY | o2ach | 001 ealoft ARESE RER IR LSAUNE LSRR SONGEILEG, st 2, (120

al | ow each | ogical processor, i g 1 ndeper

bl ock i agr ardFannBeeate e el o e ng GarRentcesorgptpacs e © 'S °
executi o cortiet 2l BN Fids SEEneSh G FEEY 91 GUBE SR RO MGt B PBNS 1 1 om
R whi o var e HEE GG opf iy Fa paEREC TS Oy tGE 1R RGO hr oads |

(bl ocks 324(1.)-324(n), 3 1)-326(n), 328(1)-328(n), 330(1)- 330(n)) or

shared anvng '%tﬁg"‘ﬁg‘?%ﬂjgéég%%r@éﬁ"Sh’ec%é% @8Y WHis@ oner IFB@S0 For exanpl e,

bl ocks 340(a) 3%13%,%_ and 340(c) nmmy represent a shared instruction cache,

a shared rediotiealyr dhalie thatrad-medily-writs Ragrasionsiare sxceutedhwithagt cebikguishing

324(1)-324(n Ié)cks tZ}ZG(I,)- 326(n), blocks 328(1)-328(n) and bl ocks

330(i ) - 330( n%‘cﬂg& tocsPiberlpgical pracesers Far this embedimen, @dy be fizdbgicelD 03/ 021438

PCTf US02/ 24672 unit, a decode unit, an execution . unit and an interrupt

unit, respecPTOFess,toaash IGh T04rads thetzewd valug. AHodwtliogital procTisers mil oad des

al l ocated to a given |ogical processor are shown in vertical alignnent

iﬂ ely to si A ViYenito ek 858Dy the fistlogiga! preresotbat atwssedtCR 2502 any orderi ng of
e resources allocated to a thread. 5 For the disclosed enbodi nent of

0310, | ogj ' ent ed-by, al ted
esour con” 324 1) isSRPPTRASERPPeRE S s B B SP BR AN sREE " 320 v

's represent gferihifl WRERIERal FSULE R BARE DeomBtOhlthupd 10L Alg @25 pS30(N) -

contained in a register, a lock variable or similarly stored bit(s), which can be accessed by
cach logical processor. The read/write rules governing such a flag allow each logical |
procéssor, acting independently, to determine whether or not it is responsible for handling
15 the common interrupt,
Fig. 3 is a block diagram representing a multi-threaded embodiment 310 of
- multiple-context pracessor |10. Multi-threaded processor 310 includes an execution core
x) _ | 304 that allows concurrent processing of instructions from up to n-different threads.
Execution core 304 is represented as a pipeline in which various stages are either al Ioﬁatcd
20 to one of the n-threads (blocks 324(1)-324(n), 326(1)-326(n), 328(1)-328(n), 330(1)-
330(n)) or shared among the n-threads (blocks 340(a)-340(c) and 1CR 350). For example,
blocks 340(a), 340(b) and 340(c) may represent a shared instruction cache, a shared
register rename unit, and a shared data cache. Blocks 324(1)-324(n), blocks 326(1)-

326(n), blocks 328(1)-328(n) and blocks 330(1)-330(n) may represent portions of a fetch

9




This is done for purposes of illustration. O her representati ons may

i nclude portions of shared resources 340(a)- 340(c) currently in use by
.the corresponding thread. 10 Interrupt units 330, |ike other all cstey2006
resources i y@hHRgsgor 310, need not be physically distinct units. For
exanpl e, they may represent portions of a single interrupt PGHUBYYHER is
allocated to individual threads executing on processor 3 10. In response to
a common i nt effiuRtecolOhEl L Blecilntuit 3 e b SLEr I hnterr upt
and, deterrn'neI mhg?her Ftygﬁ%uphl@g§%$%%é§§§%gn%{&ﬁ%%%%ﬁfgygﬁﬁymﬁgg
priority, intgrgbp (ypi i.rect | ogical processor
320(1)-320(n) £ 0 exefcutﬂéa"%gl%n%%?'rg%g"tg?%]%%‘gi“?!r‘?ggg' PRy g st i vertica

i nterrupt-hangj, Q0 ssor. 320 execytes a first code
segment of ' e &dely i8Skt GerL AERRORC{R (G &Y Foobhehugess | ox

350. The fir I sspr_, 320 to access | CR 350 executes the
r emai nder of Srtgﬁg%lg%] golrggrtggﬁ-aﬁgrﬁ%q‘i ng routine. The other |ogic processors

320 returnc to theix interrupted t.hreads. 20 configurations of

mul ti - (_:org5 pr oces§8rrtlh§5{6°]85r?§CWE?‘{'F‘F'Pﬁf%@&%ﬁ?’gp‘g&%@[ﬁgﬁsﬂ3%;”6'5 provi ded
for purposes of illustration only. O her_ enbodi ments of mnultiple-context
procgssgrs sdf"tr%?tgyg%?'?%?éé}(ﬁ‘?%geﬁH%“HP S8 h 33860 ard 339RDnany legisal oy di f fer ent
configurations. For X% | e, the threads of a nulti-threaded processor nay
share a frontpmcﬁsﬁﬂﬂmfﬁﬂ‘ EREIEP(SA by llasefrd esoussed 36K nl 32660, 3%84m)and a3 (=) er
files. Persog; skilled in the art of 10 08/02/2006 WD 03/021438

PCTI US02/ 2467 1S bt e fx gurmgessiof Hiugtrgiom aQthaeprmeniglions may iesfudeiwosions efcl osur e
wi Il recognize other configurations of nultiple-context processors that
may be used PRrEEdRIoUTTES 3496R)WHOkE) eureentlp freuse hy thegoraspording tieed. 4 is a flow
chart representing one enbodi ment of method 400 executed by 5 each | ogical

rocessor®in a minterpptaninitdelike gshaseboratsd respurcasdm proressor 380, meaiomonbe
P ; . .
interrupt. A conmon interrupt is detected 410, and the | ogical processor
det er mi nes 4ptosigkibtdigiinct néss. Fortesampig theymoaylreprézentipanivheof a shagle iecaopml e, an
interrupt unit of the | ogical processor may

unit that is allocated to individual threads executing on processor 310. In response to a
‘common interrupt, interrupt units 330(1)-330(n) register the interrupt and, determine
- ‘whether it should be processed. If the interrupt has priority, interrupt units 330(1)-330(n)

15 direct logical processors 320(1)-320(n) to execute an interrupt-handling routine, e.g.
interrupt-handier 170. Each logic processor 320 executes a first code segment of the
interrupt-handling routine, which causes it to access ICR 350. The first logic processor

J 320 to access ICR 350 executes the remainder of the interrupt-handling routine. The other
logic processors 320 return to their interrupted threads.
20 The configurations of muiti-core processor 210 and multi-threaded processor 310
are provided for purposes of illustration only. Other embodiments of multiple-context
processors suitable for use with the present invention may employ different

configurations. For example, the threads of a multi-threaded processor may share a front

- end and execution resources and only replicate register files. Persons skilled in the art of

i0




examne priority and masking bits to determ ne whether the detected
interrupt takes precedence over the currently executing instruction
.t'hread. |If the interrupt does not have 10 priority, method 400 t exgyigrteds
470. |If the“;' N rjr_ig%)t has priority 420, certain state information is saved
430 at an ap|5’r 3&'{ e point in the currently executing thred/usndidrhe

| ogi cal processor is directed 440 to the interrupt-handling routine at an

i ndi cated addr S80r ), [ nyerrupt @ni,'tl tfﬁﬁidcal I Y RL vi des the

i nt errupt - harfat &t addre8dad 13V 1&g ey et Al el re v Feogsize RE€T priority. 15
The state information saved prior to transferring control to an

i nterrupt - hancgpg'r%r"}t'éms ?é'ﬁ"ﬁf”?' ~oppiE g??ﬁ‘fsls‘é%fs“a'dﬂﬁﬁﬁusfﬁ in gpryynstiomp ik et i on t hat

can return the Iq ical. processor to the interrupted instruction thread
upon. conpl et B g'?vc?tl’f@“i nterrupt-handl er. This reduces the overhead
associated wth executi the interrupt-handler. On entering the
interrupt-handling'gr (73 {08 Chap sepresenting e ehod daet ofanathodidfl exectited bt 20
segnment of, code that directs it to access 450 an interrupt claimregister
(1CR) and Jcofpdrlesical grpcessrdn aandliplreastextpredsesor, GResdonse ta a tomeon ingdrwpt. | f ¢ he
read value equals the first value, the |ogical processor proceeds 470 with
t he i nt er r upt™ $PHIRAN IRGTERS i etrsted 10, apdthe {ogicabprocsseedetdmass #20 wistheathet he
first value, the |ogical processor returns 480 fromthe interrupt. ii

08/ 02/-2006 WDOGBIPshould e pamiadsFor exasplR, andntemeptueit ofthe loginal\pramssopmacessor
accesses the ICR at any tine, enbodinents of the present invention may
protect the $XBRirsrpriority anddwsiiegbitsito deisednetwhestee ths detbdial ihRuptltakes t he fir st
case, the interrupt-handier may enploy an atom c read-nodify-wite

oper ati on t opresedefick pveritie duButlyFexecutihg msewctiodinrenl if thé intd@pd dogé fiahawr ocessor
reads a first value inthe 5 1CR it then wites a second value in the ICR

wi t hout @l i pripuitys hiethgd d0Mierrdinates 4 100 @f thOterragtt Hae Briorft820; EadirPoRde Wi t e
operations. Provided the ICRis reset to the first val ue between

interrupts, infoemdtionss sav@d30ak aiPApPERH boihOin HRAAEMNE ekéeBiiNg thteali @R HeNe first
value in the ICR and replace it wi.th the second value. Any | ogical
processor t Hagicdl pRdessér1editdeBdalt & thé MR rrupt-handling routine at an indicated address.

An interrupt unit typically provides the interrupt-handler address if it determines the

interrupt has priority.

15 The state information saved prior to transferring control to an interrupt-handler is
usually the sma!lest amount of state information that can return the logical processor to the
interrupted instruction thread upon completion of the interrupt-handier. This reduces the

D ~overhead associated with executing the interrupt-handler.
On entering the interrupt-handling routine, the logical processor executes a first
20 §egment of code that directs it to access 450 an interrupt claim register (ICR) and compare
460 a value stored in the ICR with a first value. If the read value equals the first value, the

logical processor proceeds 470 with the interrupt-handling routine. If the stored value

does not equal the first value, the logical processor returns 480 from the interrupt.




first logical processor, responsive to the sane interrupt, will read the
second value and 10 resune its pre-interruption activities. For the second
-case, access to the first code segnment of the interrupt-handler 08/0gat2ade
by a criticalo@geisen bit. The first |ogical processor to reach the first
code segment, performs an atonmic read-nodify-wite of a cri®¥ER/248¢ti on
bit, reading the value of the bit and witing a second value to the bit

wi thout relinqui shioRgsudiaidinly HELMRERoIRE IS A 18RY: u%{(%@ogﬁﬁeﬁlétoifof‘s- I

the read value indicates thefirst code segnent 1 s uhloc e 1 ogi cal

processor exqpabesnt Rce Ln t . .Lhe, second val ue
witten to the Bcrintli cé‘ﬁggg‘%% SF?g@ﬂ% I‘%‘ﬁ%ﬁ@e&s&gtﬁ h‘%{n eﬂ?%ﬁg?e sgléﬁ ‘%' T
processor canpeRLcute [k in the nti.me. |f the read
val ue indicates that ’tﬂﬁgﬁf%drpis? g%dgegg‘%gééﬁgg? p%tgml'cor&dg'aggsh“émf85‘?%‘57‘ 1o
processor ma 0 Lhr it..nad been executin Since gnly one 20
| ogi cal proc)éré(go H%g%kéégﬁ{sgn}bﬁgﬁfewr g{ﬁleg%%a?ggam%{eagiggrs{ Yalgg in ﬁ'éadi ng and
witing ofc t - requir at om c operation. Pers skilled
in the arIS an Rﬁta{%n"g ttgiae&g%"éinvé‘ﬁ'ﬂ" %F ﬁ‘](:bh?"gg(ﬂ‘\téeé‘lng‘gﬂ'r“@ Qpyqt o @Eg(g'ii ze

vari ous ot he ( S or. ensuting_that, on .one | ogi cal processor

cl ai ms owner éﬁ%gﬂtgg Qﬁ%g%'&o r?p?r?‘HOé'F'rﬁ’Bf'aedl‘g‘:% GZ?SQUB@G\M‘GS'E’BQ%HS%’

PCT/ US02/ 246 Once.the fla | CR, |l ock varijable, etc.) has been accessed
by all the |§‘3‘f“&”§i€5' ‘hﬁrfl‘&ék’&g'réc"‘icﬁ%@g ﬁ%fg‘%w'é! readriirolirst valusrin ipICR t he 1 ag
shoul d be reset to the, first Vcﬂl l]Je for the next Common interrupt. For one
embodi ment  of "4 HEAGEt B 6 secopdivalyes Any iogisalpocesir Sektsadsithe ISR afigtthe he f1 ag
in response fLo g,;common interrupt, resets it to the first value. 5 For
expnpl e, t hel'Fl 'QgcHRIPBEOH EFpanse todhe saciriermupLiyyitl read thesersnd valyt ol

| ocesso[ supported by the nultiple-context processor. As each | ogical
processol? adEu¥%ds prriteugen actitiess the corresponding flag bit. The |ast

| ogi cal processor sets its corresponding flag bit, and it resets all the
bits in the flagFeothesreond gase, agegssue thefost cedecefreent eftho thtenept-hantikeeisi ni ti al
code segnent of the interrupt handier may

gated by a critical-section bit. The first logical processor to reach the first code segment,
.pcrforms an atomic read-modify-write of a critical-section bit, reading the value of the bit
and writing a second value to the bit without relinquishing the bit between the read and

15 write operations. If the read value indicates the first code segment is unlocked, the logical

processor executes the code to read the value in the ICR. The second value written to the

critical section bit ensures that no other logical processor can execute the first code

= :) ~ segment in the meantime. If the read value indicates that the first code segment is locked

the logical processor may return to the thread it had been executing. Since only one

20  logical processor can execute the first code segment at a time, reading and writing of the
ICR does not require an atomic operation. Persons skilled in the art and having the
benefit of this disclosure wi!l.recognizc various other mechanisms for ensuring that only

one logical processor claims ownership of the common interrupt.
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10 .instruct a |ogical processor to increnment a count value (i.e. flag) and
read the incremented count value. If the increnented count val ue equal s

-t he nunber of |ogical processors currently active on the proces9d®/,02/2006
| ogi cal proeesmapsesets the count value to the first value. If the

i ncrenented count value is |ess than the nunber of |ogical FTEEWIRHS t hat
are -currently active, the logical processor returns fromthe interrupt. 15

These mechani sms Oate he Hgd Elcngoémrﬁaﬂﬂ@gﬁé}%%@%nTa&@&seé aikt’hm%ol% tween conmon
interrupts is typically greater than the tinme necessar " of the

| ogi cal pr oCeseREsdrstiPresfor&CidL@ohiSn d{gflgrg,rp{ H{%tﬂapi’%‘a Ale Q[ i orftr%jg,g@&hor}er eof )

and access the flag. Persons skille n the a proce and

havi ng the beﬁteffe'xicoﬂ'fm&nhh@rr@dtSﬁér%ﬁ&'?ﬁb&ﬂrhémBF‘tﬁQI 78, %e[]feﬁé%ga%éham sms for

resetting the flag once ownership o erru en 20

doter m ned. Bidhess h o ofd BYRRGon B SRR gpteﬁg%ggg%gegﬂ%&vg{.%gpggt hod

500 i n accordance |nven Ion
ZFEQE%S’OQFSF"?&E“%* ﬁ@W*héé%gé cLadeaS"S‘? 5 PoBigi a¥PRsrBhessor o
dt h heck 13 08/ 02/ 2006
V0 031 021438 BT TR S Pbirsfitatts B5b e fap ce wesesasraotedt sebaharon
interrupts t a rocessors to respond, duplicate
handl i ng of Ftﬂ{ eﬂr %hgﬁfr@y B'ﬁq%hg?ﬁicé "REFGLYH s &passeondEeBebitiang@H  (enabl e
comon handl | Ilthhf)% h a.lmai/ B set for selected conmmon interrupts when
t he systemls I'rs 0'68 Otﬁg YWe ater to custom ze a particular
syst em envi ronrre?. h khg 500 |s | nitiated 510 in response to detection
\7;} a comon inte ?'haﬂ'tf’t CRemicghithegpieleedoiesmens ok e pagnuat bindiet waylet er i ne
et her ﬁgup sgate l| nterrupt handling is enabled. If it is enabled, the
| ogi cal prod% W Ingieal eRgessy 9 ingepsnk atsuntyalye (ipflag andlieat the icegmnetbess of

what ot her lg? a processors are doing. If the bit indicates 520 that
duplicate |r‘ff’ PRI K Hisdnarereenied caunt aplieequals e nvogersdliogimbpreeswors checks 540

the IR to currently active on the processor, the logical processor resets the count value 1o the first
“value. If the incremented count value is less than the number of logical processors that are
currently active, the logical processor returns from the interrupt,
5 These mechanisms for resetting the flag assume that the time between common

interrupts is fypically greater than the time necessary for all of the logical processors to
. execute the interrupt handler (or portions thereof) and access the flag. Persons skilled in
‘\) | the art of processor design and having the benefit of this disclosure will recognize other -
mechanisms for resctting the flag once ownership of a common interrupt has been
20 . determined.

Fig. 5 is a flowchart representing one embodiment of a2 method 500 in accordance

with the preserit invention for handling interrupts. Method 500 allows duplicate handling
of common interrupts to be enabled or disabled. For example, it may be necessary to have

all logical processors respond to a common interrupt, such as a machine check or a




10 determ ne whet her ownership of the interrupt has been clained. If the
interrupt has not been clained 550, the |ogical processor proceeds 530
-With the interrupt-handler. Mechanisns di scussed above for cont nal/020@c06
access to tWe dsRiage applicable to nmethod 500. If the int errugot has been
clai med 550, the |ogical processor deternines 560 if it is ¥HEUSP24472¢ hr ead
to respond to the conmmon interrupt. If it is, the |ogical processor resets

570 the 15 | GRern@l dviRt. fFbF BibscUAd 81RerRBMmbE i F st 239 1 qﬁ?{glf‘lggcal rocessors to, .
interrupt-handler to resune execution of the thread it had Been handl | ng

when the i nt qespbfY, dSIRHE heiing Bfiht%rrigﬁsrﬂssl betJ?qul!s@ﬁlFou%mc‘?&%cE? bif €ERONd to
f upt and!

the conmon interrupt, it returns 580 fromthe inter er wthout
the 1 ogi cal | aroesohRRRhaAE. TS B MY B8 (3 SRR AR Sy Bla g ™ 10
ot hod 500 Thar e s PpLE hinefa el Aafte AR Rl et B BB g cer t ai
The- 1 ogl o2l pr ocenehPd SUR¥IHAE: (D3 hebiia b sBa fuan Bl Kcoos t.

~The | ogi cal processors on-a Mmu 0 dccess to a
shared regis nsi v .common. interr . The first of the
| ogi cal pr oc?a0 gcglr'gsrg%gg)égf(':cé:gssgz?ﬁz'tg?lgf’?&%ﬁ"rlﬁé’a]':@’?’é‘wpﬁféﬁﬁ1"@5“?“@“‘5&‘30%/ 02/ 2006

WO 03/021438 LUS02/ 2- 1,672 interrupt. The r i ni.ng .| ogical processors
detect that f'ﬁgg F‘nﬁgﬁf ﬁ?ﬂtp? o e@ﬁ'@ﬂ pé&ésisﬂ’e'?iméﬁ%ngpéff'wafi‘ﬁf‘ BHpichapdier,

i nt errupt-handl glr. I?.or ong ggoodi ment of the invention, the interrupt-
handi er i ncl [TE¥E'e3 ¢f;what othes fngicabrpsesiorsanedoings 15the bitdnsdiratsy 52 that ogi cal
processors on }he _Fackage,.res_onsive to the common interrugt. The shared
éﬁgl ster is JURfiEatintesrupt hapdlipefs disabled, thedogisal pegrasseneheekisiS40 thed@B teect i on
directs gach |ogical processor to read the shared register. The first

| ogi cal [ oclsigBinemetieeyasrshipef tigdnteseipt bagibsererlaitnetl) Blierigteaups basven
interrupt reads the first value, wites a second val ue, and conti nues
executing t Hsen ¢eiged 3p0: thedpgitab procesyorgraceers 530 wigh thregitemipthamaibeessor s read the
second val ue, which directs themto exit the interrupt-handler.

' - Mechanisms discussed above for controlling access to the ICR are applicable to method

500. If the interrupt has been claimed 550, the logical processor determines 560 if it is the
last thread to respond to the common interrupt. If it is, the logical processor resets 570 the
I5  ICR to the first value and returns 580 from the interrupt-handler to resume execution of
the thread it had been handling when the interrupt occurred. If it is not the {ast thread to
respond to the common interrupt, it returns 580 from the interrupt handler without
3 resetting the ICR. Method 400 mechanisms discussed above for determining if the logical
| processor is fhe last thread to respond to the common interrupt and reset the ICR (i.e. flag)

20 accordingly are applicable to method 500.

There has thus been disclosed a mechanism for handling certain interrupts in
computer systems that include multiple-context processors. The logical processors on a
multiple-context processor vie for access to a shared register, responsive to a common

interrupt. The first of the logical processors to access the shared register handles the

14




10 .For anot her enbodi nent of the invention, an enable/disable bit is
provided to signal whether or not common interrupts will be processed
.redundantly. |If the bit is the disable state, the interrupt is @8I0d®onNs
the first |@gGabiypsocessor to access the shared register by executing a
first segment of an interrupt-handling routine. If the bit AQ/{592/24a2
enable state, the first code segnent is bypassed, and all | ogi cal
processors expeyt® ThCremifidNbELF bLeshansy ine conpletion. .The
di scl osed enbodi rrzgnts ﬁrgve"tgzeeﬁw ap{glrgveisgﬂg tt%IE ihfrﬂﬁ}d%sltn{rgg?get%\a}% ?rggﬁ@m?eeé‘w%r es of
the present i Qu&HdaPMe intdiEinR te 108 ind use in conputers and
ot her processor - basegms?g"tpgfr'r@%\%i%%B}é%%o%mrfﬁl %{ﬁJfﬁ'g‘-’cé'ﬁﬂT’é 'mﬁﬁr@éssors.
Per sons skil | ' V] the benefit .of this disclosure wll
h%lérr?natl&% Qﬁ?st %:PJ? secnﬁn hads %:?ec¥tﬁag byzadll '8#'%3& P’(S’g%sa"fé%@‘

recogni ze vari ations and no icatlons 8i nent s,

whi ch none t LI within the spirit,and scope of. the a nded
claims. 15 S?S?k%%gcs{)@sgfﬁéﬁ’?c .\ 'Bfég'ﬁ‘étsg"gf R‘@'&?ﬁﬁ‘?ﬁ‘l?%‘irffdf“_t'al"fcpl“gg E‘ishterrupt
unit to dire i | 0gj cal. processqar, to an interrupt-handler, in
response § 0 g‘jll’llu%rzl‘ He{h? E'bstl ?(?Hg Secélggg'ﬁ?f“i eﬁ%b!f’g'ﬁﬂtp“{ﬂ:ﬁs?r P Bzagfhrcéé%"‘-daf egiE€bnd
| ogi cal process Lo S tlhe interrucpt-pandl r,. in response to the interrupt;
and an int er?ﬁcpﬁrs &Y RIIPEHPSP Ageetsd "sﬁhﬁrreg r%S’%E%@WE%étCOWﬁm"GI&FE@Hf one of

the first and: ﬁef:ond Iogi,cal processors is to handle the interrupt. 2.
The processolF2HrPe it YalUE, Wiiles p sicpnd Yaler andsontinyes exeeusngithe dgereupt-handissessor s
read a value_.in the interrupt claimregister under control of the

i nt er r upt - haH§iTeMainigg logiral prgcessoassresst the secendiyafnepwhioihdiresisthenhie ekitthet | ogi cal
processor handles the interrupt if it reads the interrupt claimregister
fiyst. 4. THREERR@Ed®r of claim 3, wherein the second | ogical processor
exXits the interrupt-handler if the first |ogical processor handles the

i nterrupo. 5. TheoPiafessiodtient@hdhienitheh ehdbiddiBnt 870 lagl 63
| ogi cal processor ha qr'es’ The

processor determnes that the first
interrupt byheaiedlr & nbRldtEmbdinte ol B L ai m 1 eqi rothat is
witten by t ﬁe £lrst ?fongi Céaifi" pPoce%EOIE’I.FEJM&t-CSS%d ?edunc{an(%'. St e bit 19he
disable state, the interrupt is claimed by the first logical processor to access the shared
- register by executing a first segment of an interrupt-handling routine. If the bit is in the

enab!c state, the first code segment is bypassed, and all logical processors execute the

15  interrupt-handler routine to completion.

The disclosed embodiments have been provided to illustrate various features of the

present invention. The present invention may find use in computers and other processor-

based systems which employ multiple-context processors. Persons skilled in the art and
having the benefit of this disclosure will recognize variations and modifications of the
20 disclosed embodiments, which none the less fail within the spirit and scope of the

appended claims.
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6. A system conprising: a processor including an interrupt claimregister

and a plurality of thread resources to process instructions for a

correspondi ng plurality of -i nstruction threads, respectivel and a nmenory

to  store an interrupt-handl er including instructions that é?é”@kecutable

by each of the plurality of thread resources, responsive to an interrupt,
q&ﬁ& avalue in the |nterrupt clalnrregrster and process t he

.|nLerr ons ve to d va
il 1 Hq:;[roc% of & i3in %%F erru E é:rect aq'r ti rqQc s
. The. g E.? gj?ﬁf@ %sec rH:eh' to irtd &%l? p ﬁ? S 'ﬁ?eé ses
-a p'%iésbédéeﬁa‘th@m%%u t! 4HQ af i mirélfstéttd Che tm
V\/nerein&sé&wdnigldéi@rdcbséo@frstbmé&ﬂéithéﬂﬁé?#&bf?es COWD“ se a IO ura ' resources
of an execution core that are allocated to a plurality of |nstruct|on

t hr e@d¥he proceshre obglan d nwigdreic thaifirst Snd sshaiddbgicat frecdssdreread pvati@ndhesnteirig| udes
-i nst rclaire register tidet canire! of e irttesrupehemdiet.abl e by each of the thread resources
to wwrte a second value to the interrupt claimregi ster after reading the
val ué: (e P ésqrﬁﬂft(‘éﬁ"i" dptheEtiihefifsbigoied! erocesserhandiprthe iariaih iof readsdherinrumiher ei n
the RIS aimregister is initialized to store a first value and the

f f he f I I h
 Secofgrrbtec f &R g A B8 SecoRy RN lopfesol el e ualfpb UL Re 5 "hor o n

a remain er of the plura |ty of thread resources execute a return from the

| Nt 6 TelprécesqePOrTiaine 4, \vhefcRtfle BikohdBgis GRIBEs YAl iPminBs thiGhd b6 JiddPbro&dsddrM

r.egi sareifes thelinterture Ppicadme o vaNid it tHagntermupl BB iégistér (Nl isGAtittes bpthe fik€iogital

I nt epocgssohandl er; and a processor including an interrupt claimregister

and execution resources to. support a plurality of |ogical processors, each

 of t@ré"SYIS@ ‘@ﬁ‘lf’”%igoéé@ﬁ‘%ﬁs@r incido@nfiderupt deimsedistertane a pluragityrof fhread Iresownces S

' regr E?’“H t'%g@rPﬁ?’ {9 RIS '"SW%?}UH@P%*'GLSEPC“W iapd e megry t&i gnal .
res nswe mte"EPé t’t“é"o ?tcgg %{? Bfl ab'@\ﬁef@f‘rﬁf ‘f"ﬂ?'“{?&'t{@u?‘f%ﬁ resour ces

tO S;H@F}Bﬁt r mé‘rn% zt'l éf; ‘ﬁ cul r?.’e sive %esggv%o PRE GERST APPSR Iy o

executl on cores he ofve \%her ei n each execution core

| ncl 1 4RS s@fent &%%Fn‘i BR%h o the

| Nt e odeBeR res*ﬁé”nt‘;? %’Efaﬁ*%‘”f‘ﬁ‘:a? ﬁ%%r?%;?@%ﬁap%?w TRAEIE I

claim13, mhereln each of the execution cores processes instructions of the

| Nt e Thesys@nPof 20066, haninghe pl(iralit¢aﬂhrteb@relsdillr&rsrddrlabrrsé|a&ildi@ality8@|r§do@ffce§6f@nt 0

c ontexpeutiorsese thel angalichated totaenlurality oftirestradtion thoeads.et urn from t he

i nterrupt-handi er responsive to value read in the interrupt clalnrregrster
- S-The system of claim 6, wherein the interrupt-handler includes instructions that are further executable by
-each-of the thread resources to write a second value to the interrupt claim register after reading the value in
~ the interrupt claim register.

“10: The system qf claim 9, wherein the interrupt claim register is initialized to store a first value and the first
of the thread resources to read the first value replaces it with a second value and handies the interrupt.

11. The system of claim 10, wherein a remainder of the plurality of thread resources execute a return from
the i'nterrupt responsive to reading the second value in the interrupt claim register.

-12. A system comprlsmg a memory in which is stored an rnterrupt-handfer and a processor including an

- interrupt claim register and execution resources to.support a plurality of logical processors, each of the
logical processors to vie for access to the mterrupt claim register, using the interrupt-handler, responsive to
an interrupt signal. :

13. The system of claim device of claim 12, wherein the execution resources fo support a plurality of logical
processors includes a piurality of execution cores.

- 14. The system of claim 13, wherein each execution core includes an interrupt unit to direct control of the
- .execution core to the interrupt-handler, responsive to the interrupt signal.

15. The system of claim 13, wherein each of the execution cores processes instructions of the interrupt-

16




16. The system of claim 15, wherein a first of the execution cores to read
the interrupt claim register, responsive to the interrupt signal,

conpl etes execution of the interrupt-handi er and-ot her  of th% execution
cores exit the interrupt-handier. 17. The systemof claim 15', 'Zmr ein a

o N b s iy

e
wherel i th 0qi ¢ SB“re(t)oc"'easl"seors {4t S T errupt. claimregister.

af t er g, e syblefidr chiRsCAherdth 8GRESMe exBXibn E6s th MR PeriR tdnflgists®: The .. .

syst agymhsitd @It8 iderupbigHzE cbmblBRs BxR6H6h bPfe NRFABHEASIcl DaDHIPSH e ckedliblt @l 1 LY. .-

of | agrezalxit e at@Sptiaadied Ncl ude a plurality of execution cores, . at l.east one -

of which supports nulti-threading. 20. A method i-npl enented by each thread |

cur r efit The syslemof ¢laiyy 18rwhereini b fiishdfdhed agitabprocessws @SB Crss tedstproups theie redisteran L

i nt ergelpletes ergeuinstohhe intesvpt-handiely: accessing an i nteerrupt-handier at -an - P

i ndi c%t d mem)r}/ | ocation; executing the interrupt-handier to read a val ue

in an’ Sitﬁlﬁ%srﬁ?‘ggﬂf’ @?"&i?ﬁ}ﬂ'@@"&?}ﬁé’ﬁfﬁ’@%ﬁ?ﬁ B3t S RECTRTURHCIY reqisiy atter the L

i nter FupPRanarer FF PRESTYPTEM¥ad fromthe interrupt claimregister is a

f' I StgVileUstert bf clJMQz,%Fé%ﬂhQE>é§L€dn% Qrce%ﬁa%[lr?doﬂ aﬁﬂﬁ&hﬂ%f%&ic&lﬂaﬁces ors"

| Nt ehifcliab 2 PRAMYRF exXeBITBR LGES af BEAY biofWhieh Y@lpdRs mlitikktEadig 't €T T Upt "cllaim

register and witing a second value to the register w thout relinquishing

-cont 20l A methbdienplemeatics béach 2Readldifrent tekardtirgfonGl rAultPl2bntdxtifrbesor GOSMAdIG N -

t er miaatintagupgtiecnéthacoolprisitge acaeseng argbtetnandhreiter bf artibdicatad mie@mory Bedliofi;r om t he

i nt eexagptingdheineirvttandies to nead a vaesio ad intemluptecaint Yegister; and completing execution of .
the interrupt-handler if the value read from the interrupt claim register is a first value.

21. The method of claim 20, wherein executing the interrupt-handler comprises reading the value in the
interrupt claim register and writing a second value to the register without relinquishing control of the
register. _ g

22. The method of claim 20, further comprising terminating execution of the interrupt-handler if the value
read from the interrupt claim register is a second value. : : :
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