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.M FCHANI SNI S FOR CONVERTI NG | NTERRUPT Rmm "MS ON ADDRESS AND UATA
*LINES TO | NTERR%JPT VESSAGE S| GNALS Back | nvention T §Bpr cgl
Field of the"Privém'ion: The present inventi Ow6lgeE| ates to int er(rTo/ﬁ 2P0 a
conput er system Background Art: A peripheral conponent interconnect (PCl)

Local Bus Speci f.i | Rev] s " [ L.an” S been
devel oped to deri\ilﬁg: Mgfﬂ%ﬂy&@ﬁ%ﬁg &)@Eﬁﬁrtﬁﬁf% lg‘g‘#-r%gg?\'éiaq

| nt erconnect ”Eéha&biiﬁ@ﬁ%\wﬁﬂﬁﬁ%[ LPQEW(S"[N*rEmﬁW’r%?Es@)ﬂc@@rékghs

Addi tions or changes t e PCl specification are occasi onal

However) a guiding principle of the PCl specification is that of backward
conpatibility) wherein newer PCl systens will support ol der PCl peripheral
devices. Various devices includiBarkignputd eitednvautqput (1/ O peri pheral
devices may seek to interrupt a processor in a conputer system Wen
associated with aJechnisgidicldof thednventions The prgeant irpentiverelpicetp IFrapisHEa
agents. To |nterrl[reot q.py ocessor, the PClI agent may send one or nore of
interrupt redQBY¥t"Si%§N&l"s | NTA#, I NTB#, INTC#) or (NTD# to an interrupt

controller. The i rlﬁl%i{;t%[?g 9;{_“)&@ ergl%ﬁtqr?) ﬁt%er@&&’r}& {eﬁtq Egczﬂ B§" rupt

nmessage to a processo t con recelv e I nterrupt
request si gnadpetnimwrtgﬂncmsarnmp)t(“r*opbus Ped1ficatibi®) RRbe&T 4d¥cidpB@ S ddfinds ar e
sonetinmes called interrupt request (IRQ pins, which are connect ed t hrough
| RQ i nes t o lHeuwpCThp GET bihsneeifwatyorbde fmns hmtne:rrcmmt:ctrrmdremsrbemdemnsfthe
peri pheral s and the interrupt controller. There are two types of signaling
semantics forPrPREJPUATVIess §Rahe byse Additeqnsisy chaness luipe P@bﬁ@“rcdiqaéff’%afe( )

edge triggered | ntics ad(2 nt er

semanti cs. Wotcﬁasuélle““l tnﬁ)zidﬁgzlrrg” Fnt EPPUISR, ncﬁ’vee?{/hf ?’Fg%’afﬁq%ag‘&‘ é‘q“d of
positive goi rtﬂc@»d%)coh?paﬂ@ﬂr@ﬁt\ﬁgraﬁ néfer mpgfsgﬁ’{s \lfrr\psH pdtt Bidct PEI pét gfallr'pt
controller triggers an |nterrupt event. A pro mvvrt edge trig ere
interrupts i sctiezas. the interrupt controller nmay mss an edge of a second
interrupt if it occurs before a first interrupt is serviced. Accordingly,
in the case of edg‘éarimisglgeircmjini:lndmgriupnsmd/oycplilplal(l/@)pcﬂigbemiderziets pheseak
device is connected to the interrupt input pin. aoo MAC 2002
WO 99/ 37971 PETHEEYRY RGOS IR qoewrertsrfr!aaer“ébrrr %ﬁeqwrtsrbwh aaf’%labtt% bl ar

o n causes  REVISH B e s e rar 4 5 T pPur TR RIS PURES St P the

case of |evelythiggered dn@to?Holr'Pstrnt eretqt]@grs S1sPRTARNRY b ARMICGE o BY
provi de int errupt rrequest signals to I nput pin. However, the voltage

| evel at the [NTIE tolgi inteifupt c@lr’blllaf.OVlhdjmd:rbb{Jl BadtidiRt esp@rdsrﬂyqrrahdd@\unces is
not different than the voltage |level that is provided by only one

peri pheral deviecmpt mesegdiagpipresshie Thetieterupt cantuollenick@resctan mitrggrequesind
how many peri pheral devjices are providing an interrupt request signal
merely by serﬁéwﬂ;ﬂtrﬁes*\/orﬂtre@émpé erns at hg rrrécrrtrw@rnur BiFe arensouRetisiss caﬁ

response to de ect| artrc voI Ve he
interrupt i npu{e"upnrc%é{%a:(‘ﬁ@?pr u Whrlrcessag necgggﬁﬁouglo lggglrnocteoslé%?bérr? >
state bit is Behke hdydR ah/ifder P LBEE bOebRMeScki ahﬂ”tl?crﬁl\b?rtu ?Qcmtrro@IH er.

Phé#&%
The state bit I1s reSet when an end-of interrup si gnal |s recei ved by

the interrupt contTiwdrt erfe.twoftypds olf@tgaﬁlmgmenﬁhgmbr hweﬂupgs@hﬂsmetvredoyar
voltage level is still detected at tile interrupt input port after the EQ

is received) lawwhmonlmlensrﬂotdmwaged interaphscmanties dd@ pleselrtriggeredr r upt

controllers Dave a limted er of interrupt input, pins. Under the
present t echn§Iayp) seaRANE- ewp';@reﬂgmrg&rreeévrcees SVEY ARt fdpedsCoRPUtY:

system the F%JIE bdgd rg &]etlgc nnﬂ?#%ptr?n %pm)rhe m%%’q B@lléﬂ?\ﬁ?&??ﬁ or

peri pher al es o wai servi

Accordingly, fhhefsl h%rﬁ- me[er@bmrwﬁrmca&nrw@red sstem fsqrmr@ﬁ@m:&mw chiitlcF Upt -
requests from peri pheral devices to processors. Summary of the Invention
may miss an edge of a second interrupt if it occurs before a first interrupt is serviced.

Accordingly, in the case of edge triggered interrupts, typically only one peripheral

devics i omcied 0 he mrup g i INERn
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I n one enbodi nent of the invention, an apparatus includes address and data
ports to receive an interrupt request signal in the formof address signals
-and data signals. The apparatus al so includes decode logic to receive at

| east sone ofYQ ¥W&28Hdress signals and data signals and provi dBCHUSERG™Y
signal at one of several decode output |lines of the decode logic. A

Gecode signal - 375 WGBSR e gy S BB ERfigpTbaRt 0 ThE
Descri ption ofyghRe|lRsav AaSinttR@pl MyeNsih @Busk IHe iﬁ@rrﬂﬁ‘t&%ﬁﬁbﬂ’éMO Ry Rr hl |y
fromthe detailed description given below and fromthe acconpanyl ng
drawi ngs of eirhadiprents. of tiehvasd sfewnd] itoggendd iaterupey@uer thars iaupediphedal be
taken to limt the invention to the specific embodi ments described) but are
for expl ?n?_tu dﬁvramwammd@\r1§Q a\miruw?remm_k:gi.sigm?_SIt@n Lnrx]xus;tnablﬁ_ogwewt@g\mt_ﬁge t
representation of a, conputer systemincluding, 0S ri dge accordj 0
one enbodi nen CVSI a‘ttH%'%E’é%h‘ﬂpL?{WbePi"tﬁiﬁ?i %H@ “aei%“%}‘%ﬁ‘ld@%ca? %i‘gj}"égdfﬁ’gcm
representatio f i . i L S G
B 08 LAROM IBDL 28villLIERY oRE hthcld abliEe SXakFahAL, &b

1. FIG 3 is a block di"fagramrepresen 1 on odiment o

interrupt conifi@rbricohirblidrREnsy I@FMMRE hoWenanl- peFibferaldeviceakl Rekdidbagr am
representation of one enbodi nent of send pending bits and related circuitry
in the I/0O reditergptirequasadgml afcrd?y G.scasigmnitic JoltdgdeCevet at the antbiromknplit pgr.am
representation of an exenplary peripheral device. FIG 6 is a block diagram
represent at i oh® BEPRFCAP deleritig a/chaaas dherparticelnr voligs fevst atdbeintgsruphBpyy st em
of FIG 1. Detailed Descri%tsi on of g referred rg{r‘bodi gent Referll'/i ng,to Fl G
1, a conput er PEYAE ENFTHPY MeTiffes SH P B PECETPr antl 2 atg s BTy gR 96‘% gediosn
I/ O bus 20, [+eh: : ' e [ i Fod '

Processor 12 Pt bask /A8 ARG TEC ALRGR] P R5l0 il s BRELELEAHIRIEOD e
progr ammabl e isiphel ik detcivearmny nied inerrupAB dol e 1068 f8@upl dighsl HaOWBliRdpdraciast
bridge 16 through a processor bus 26 and a serial bus 58, whi ch may be an
API C seri al busltagenevgnestdhtmetitedbattts inoatpt bipudpet dfferitbe ESf eveemvady as a
North Bridge and processor bus 26 is referred to as a front side bus or
paral | el bus. 3BPELHINGSHPt DESRAS 175DV IOFEPTOPESETr upt nessages from an

i nt t troll 34 | t i d 16 .to inter. t troll 4.

It errupt cont ol | Speapl iy Rlers Byt B pmbeTinishr AP Ty e e

two dat d , ' avide gi.gnal

[ rom pr ocessol T3 e Tl B irrCreakPPRP ERVS g T SR AER 85930071

r cTms9sn_bs oo niufiber 6 titerfulbOnbuSpiaN IS neddno B krickcaBéP&8=BiIBhera Y Edvaids ma§ it &
bus 2S nmay al so be used in |owest priority interrupt destination
arbitration accendilmget forlsaovee dfesterrupises. Host bridge 1 G incl udes

dedi cated interrupt (e.g., IRQ ports 3S through which interrupt request
signals (e.g., IRQAquQngmgiyv there iy e peqdloran eprpyest ystenplor peyiftiag INgrHPS 40,
Interrupt ports 38 be.pi ng other structure) or sinply conductors.

| nt errupt cont"F%‘Icftég'a%‘h"?'é@@fﬁéiﬁv??ﬁemipﬁ??rs?oﬂii)t request signals fromports
38. In one enbodi nent, interrupt r idered part of interrupt
controller 34 (and, therefore) al g&%%‘g?ﬁggﬁlﬁ(}gg rulﬂﬁge 1G5 . In another
enbodi ment, i nterr yplbonpembsdidiEntsPhe AREhERT, 8 apsiiituPinciass addidsdgad datés but
not interrupt controller 34. The difference is not inportant so |ong as

i nterrupt contpouk kercc8i@e artaeves requesrsigrat inrtbe frestofsiddread $gnals and data

signals. The apparatus also includes decode logic to receive at least some of the address
signals and data signals and provide a decoded signal at one of several decode output
lines of the decode logic. A redircction tablc includes a send pending bit that is set

responsive to the decode signal.

o



)-lost bridge | G also includes address, data & other ports 42 throuzg% MAY 2002
whi ch address, data, and other signals are received fromor provided to
-address, data & other lines 4=1. Ports 42 nay be pins) other structureﬁ or

any ot her coW@P&B#Y! Ports 38 and 42 may be sinply continuati®$Té&USF=P P hes

40 and 44. Interrupt controller 34 receives at |east sone of the address,
data, and/or other signals pas&i ng . through &prt 42. Some or all of the
address, data, and ot her signaP5cF DEESRHPILET thawinesir e used in host
bridge 1 G and el I Viar )t t ol - . LI nes
30 and 44, as el 1oy EuloBlu 3L RSB RASERIG G VAR LB BT B o
conventional weRdEsd B6mtthae&DnfPanyidh dAkkn@t JTRMbbaIER st tkOMJetaiod Which,
Dependi ng on the enbodi nent of the rnvention, lines 40 and 44 naybe
consi der ed pdraweykr,chowddpar it mkérr oriinhit theABvenBys tetine SPedificérabedmpets i pher al
devices that may interrupt processor 12 through providing interrupt request
si gnal s to i ritesfnikeg btdng Fasickplanaion apst apgaraandye ey pheral devi ces and
related int erconneﬁ%qns % e illustrated in FI fG 1. Peri ?her.all %evi (Sie 50 is
coupl ed to 170 bus'15b ARSI GH6FEP FERECTHER 9! el apic Mg ACIHEE 208 dat a
& other line Lt f 10 al device-50 provides
an interrupt Sbr@%’ﬁé%%rg? ?1{';1PH%%mg&ﬁﬁﬁﬂ'sloiﬁ?c]%ﬁscﬁﬁ?gwS)E)lt lines) &Q. The
interrupt request Bli@nak aibfocRA%Hsh rdpreSRiBHST AR etMdintin@ bl WPhodtibRage A0 t O
interrupt ports 38 Interrupt controller 34 responds to the interrupt
request si gnathcebystpmefildGng. an appropriate interrupt nessage to processor
12 or anot her processaqr. (not showmn in FIG 1 ). 4 2 3 MAY 2002 WO
991 32971 PCT/ US98/ Pi6i-Go's pdiqchiistesam aerrrscataon poneqimpadimeny of tho ipigerupo
t hrough addre _dat ot her Li.pes, GB) but not through interrupt Iine(s).
To interrupt (is)o?%'(?ggr's@rtﬁ‘ii)fs%%lpl&'Eﬂ‘g‘rlal device 52 provides an interrupt
request signal on pglgss bidRidagarR tfEschialifiSofShe chiboBRe®BPAL FBMin@bird he
i nvention, discussed in greater detail below, the interrupt request Signal
i nvol ves a PGindwelated qipcahsy. inThel/Oredirectipn tabRMSFSGSS2 gigd. |s passed t hrough
bus 20 acid address, data & other lines 44. Interrupt controller 34
responds to the inflér.dupt biestjdirprars repnesentoyorpo foani edemglagnpeapberpdd vates
i nterrupt nessage éo processor-12 or another processor, (in the case of a
mul ti - processor sy&te® padlasksiineram representptign olgnadicriatys smberieniftiadet | G
may provide interr.upt sa processor 12 or another processor in
response to itﬁoércr'ﬁ@fe Sngééma fﬁg ghal s fromtw types of peripheral devices.
A first type of peri pherabcﬂﬁ%ﬂ%séﬁpﬂo% oPBHPARH A mBEYihfcht0) provides
interrupt request signals (e.g., INTA#) through dedicated interrupt
l'ine(s). The interRefetringeqUaSt | 5d nspuscraly &emeaOdhaledksyprocessirriQps hesobtidgd | er
34 through interrupt /ports 38. A second type of peripheral device (e.g.,
peri pheral deld.@ad 82}/ Qobup30d svbidhrmnast beuiptplereaniessacceidingap £ Gl epggificatiors. udi ng a
PClL wite cycle) through, for exanple, address and data |ipes. The
interrupt reqli@Sesseq fhicludgs an ‘r"é“é’%ﬁ%%“@@e’i Hb ahihgpax Bt VPRTE 34 t hr ough
addr ess, dat ther,,Lines 44. Pari | devices, 54 . trate
ot her possi bﬁ’er%ﬁﬁ menr’{‘;tfe{%lerge%u 4&83‘5‘%%?)3%{@? glrocgsés\?f ?%és Cgﬁﬁegggg%%.%"%% r‘fiher al
device 54 i s GAUMNGLrbEesBoHIR96kLhE QUeal R0s 2SIARTET ma7 be ANAIPIE serfa? bIRYIn
conduct interrupt signals through |ines) 74 and address, data & other
si gnal s t hr ougimd ¢mbsdiments) indsebridiet | 6rie aefeséd 1iagnd ostit Bradgeaand ppocessod Bak 261
conductors 74 are passed by bus 20 to interrupt lines 40. Peripheral device
54 is |ike pebirpisaedllo gy freet ki hus or paralipltbusr ovi des interrupt request
signal s through address, ta and .ot her signals ot through an interrupt
lines) 74. Therefo %’,‘aﬁﬁwsgﬁg’a&ﬁg‘“ T“‘bﬁﬁ%ﬁ‘é?%‘ﬁésd{g?ﬂ](?@ ‘@ﬁ?g‘flﬁ@t 01%’241%
interrupt req S| . [ i i r al
dovi ce i ke g SrbaT8 S el 24, NSkl ol BARY S ol cBBRLAMELEL |,
case) adapt er Sddalwasbel Wikeh HEA ihdM®RI 1k RiataSdoBMah&rs QR 4 LIBEK Siknal 4onductor, may
Alternatively, sone adapters could include only lines 7G and not |ines) 74.
Peri pher al deulisc@sovade sipoklSBomrmoassypll@do traerbus c@irdiler ddigiucinaderndeefe 82.
Interrupt request signals are conducted 5 2 3 MAY 2002 WD 99/32971
| ~cT/ us9s/z6sao through lines 94, 90) and 8=1. Address, data & other
signals are conducted through lilies 98, 96, 92, and 86. PIG 2 shows
details of one enbodi nent of host bridge 16. Address) data &

J



other ports 42 includes address ports 104) data ports |106) and other ports
108. Address, data) and other lines 44 include address lines 114) data
-lines 1 16) and other lines 1 1 E, which conduct address signals) data
signals, andVYOB@r%%dignals (e.g., enable signals), respectivel§UaRF~s300
interrupt request signal on interrupt lines 40 is provided through pons 38
and conductors, 120 /O redirectjon table 128 ar .ot he rocessi ng:
Py ER HEQTRAE of il e St o 28 RS g 5

circuitry. Inres

redirection tphles ;%?c?rit%lf?ﬁ@%h E&s%tiﬁﬂta%iﬁﬂmn &%ﬁn%%gzetotkfho@/nl% GGRer . The

i nterrupt nessage nmay be proVvided through serial bus 28 through serial bus
controller 144 or HoeOspeNGAREIESRIdcBdSed hudhiRyep., ERQPpeHITTdeighagiich | 48.
| n the case of sending the interrupt nessage over processor bus 26)
processor 12 wtartuptiremicsidegndbsdede 1B Qrsegniats) gretrecetieddmm imerimreyuesiincsé@sage
and interrupt controller 24 wuld understand the nessage. In response to
recei ving an IMEEYRASISPEJURSPC Bingn@th§r SICIUER OF SHNRBCOPBHFLYE: WMEEHPY s i n
flit formof ad re s3§i nal s i.nlt rrupt contr er 34 i des i.nt errupt
1‘0 er % [+

|
RS eab b PSR kS adta ol RS R

message to serial bus p)
bridge 16 Canixﬁér’f'ﬁﬁtpohg_@@am EskiRfcd RRAN Pl S RBhtb I BUGEn S §hdrBlord dfo28 OF
processor bus 26 depending on a bit in control logic 1'30. The I nterrupt
message over pa0eEESNIbridps 186 lauibtiet eitbddt@eNindatelip® ports SIS bitel doyisideret part
processor to receive the interrupt. Host bridge 1 G could include | owest
priority redi pebest bndge #&iut ngt intsriupti¢andretlet e Thmtdiffengpec saot inepgrtantes sor
havi ng t he Ior,est priority in t23§‘5 case of a nufti-processor system The
circuitry couleiasdperppidonypligraddireesiyegAntemunt requeptsdenals i ous processors in

a mufti-processor o Interrunt .cont.roller 34.or hey..circui t.ry in
host bridge 16 coulﬂtgﬁgjgrtr'raegé:_t l%y\:ﬁ% 'ﬁglrUd(gsraggéc : cc)ira[alg thﬁépg‘éseg %h (r”i'gg]I Wll’)lﬁps{

capabi I ities aadteqs dhiRean@lithdris¥nbR aRCEEREed AR OF H%id@@ﬁé@&ﬁéssb&atﬁ&‘)&ﬁésor
bus 26. In the case where processor 12 does not [nclude an 1nterrupt
control |l er antneee¢hdRorts 4T hhay by pifsabthondeksird e an@bthecnt@idudpt. Nessagendver
processor bus 26, interrupt controller 34 6 2 3 MAY 2002 WO 991 32971

PCT/ US98/ 265082 eyl it stinpbrogontineations ef hingstd0mpd $Agéntovent corirplidr jusced@saat her
t han over processor b 2 f loss brjd | .G may i.nclude queue ot
shown) to hol a§ta59m§%h%e6@?%§p a‘avs"f‘e/ﬁég‘gefa’iﬂ%f‘a&%?m%F‘b’ﬂ‘éﬂ“s‘?°r}5n4t%eg‘|{rﬁt°r
controller 34 i ncl eye hol d i nterr [ i ; trol
| ogic 130 ass?gﬁgll}cpa%\c}geg?‘ggg" U n%lglf?rosiﬁ%nagsfr.c?eﬁ\fegra?E%)rt(s %‘g%r'? rﬁ%‘qulélrgn%glfnd&ngqg

i nterrupt reqyestisshadtalionBYiols R8s 38t ifantiRerhat M tes a04Re 98, Andeidat a
signals (and perhaps other signals) through ports 42 and captured by

i nterrupt contifeotdri®ns dther lifessigcdiibad Gagd) mde bodbm@nliogll coddiRicieaostas al | or
part of the-address and data signal bits as being an interrupt request
signal . | n oneasatsgdherdnims efeesadieiors| Bgpendimpoptheembedimengethadnvestighal on

conductors 124. In one enbodi nent) the decode sigpal nmay be an assertion or
a deasserti on!'8FyRhrnd 4h@ayhs %Qr}slf%fedrpéEfLPZQf SepaEly rP'@rﬁ”ﬁésterti on signals

on conductors 124 he the i.nt upt., i

on Sonduct ot s 128 Rkehe1d D ARl Bl A SRl ROARE R b ABE LEp Ry
signal s 1 dent ipegibtng iREfBh!eaGst QofdiCto iRernift RGAINANITRRIplesUIGRAPRGal 001 ©
122 incl udes gn addgess decoder 1%8 and a data decoder 1 G(? If a

particul ar addeegss £1d reaqiddicedanydtions fre dhpahted QUFES. 11 deipheral dovieiSdasl,
address decoder 1S8 provides a signal to control logic 130 on conductors)

| 62 i ndi cat i ngouplad taHO iseOrthiouch edereunt ling(gh®d andsthpnigh gdgresssidaadk paher
interrupt controller_34 through address and data Iipes 1, S2 and 1 4 ich
are connect ed 168 p?'ngg "_‘Lte‘irﬁp'aﬁﬂ‘:%ic’rd%’ Pﬁ‘%ﬁ@?gﬁ’ﬂﬁﬁ%&Bmv,'dcéﬁ“éﬁlﬁwgtsreaue\g@

indicating an intefrup uest ' sij NG| S : . As
an exampl o, 1 RO BLLE PRI AAET buth B st AR TnRrbRSEy et R A PR
be 201i. The hagRsA®usbe anaqgéﬁlémommsm@yo ﬁn_h:?m%f g@@ss§sn_r;n1@aqmbmm@e§ystern
or other hardware or software. ntrol |ogic 130 provides an enabling

si gnal on condegionds)o the@tetrapetgesdsignddy ptovidinglan appwpenteadiement mestaga
decoder 1 GO decodes the 8 | east significant bits %LSBS) of the data signal
and asserts orle psfcexsatd@a@nethepprocesserc@ol showndaddtdi hg on the state of the
data bits. If there are 8 data bits, there nay be up to 25G decode out put
lines 124. Holding registers 170 include a register for each one of decode
output lines |124. Each of the holding regisger holds the voltage state on a
correspondi ng one of decode output lines 124. In tuna, lines 172 provide
signals representing the voltage state held in 7 2 3 MAY 2002



1V0 991 32971 PCT/Lf S98 ~6~00 hol di ng regi sters 170. A hol di ng regi52e3 MA! 2002
set (e.g., has a logic high voltage) through an assertion signal on the
.correspondinﬁ,onevof lines 124 and is reset through a deasserg}g& shgq@l on
the correspoR@ifg*Bhe of fines |24. The difference between tHeAYFEPI N
and deassertion signals may be nerely opposite polarity. In one enbodi nent,

a different addresg. o, Landyct 95 $ cgﬁagélgg‘?@bborhé 2@"?}%[?@{ zicgﬁes‘i‘sc?a% & Qe Qlnes

deassertion signal 1's provided on e output Iine 1 n anot her
embodi ment, di§ firi @bt thedigh iRlefpd Sned¥). TRNAUELN SroddadorClANhEMbhcrh @t hee 5an
assertion or deassertion signal is provided on a particular one of decode
out put |ines p@4ideReh emteiryy requeR 3hal 8n addiess) ddta feshdrdihes A8l Udend i nes

| 72-0) 172-1) ..ga.l72-x-l, each connected to a different one of hol ding
regi sters 170¢mppdigicptiphihe pygauomgiscrssed HeerpHeredetaibelew tthe mterppt cquesio- 1,
120-2, ...) 120-N-.l1, each nnect e a different one of interrupt, pords
38 I ihe ensBaMHBIITET RrCIRE ek Thedm P Fhdtere! Sagtit TR RUBL B0
entries) whic i.n ) p Lng" i4t I al |l ed
2 el very st artaRpets S pREafer REIAPIREHDR cohiTBler e relntilir b RBIGRUGE ot
to a processokequékl shifabbP providtihg &k EpEpridt€inderrupt Medsap®@ Srobesgbr- VDO RGEHer
when the output of a corresponding OR-gate 190) 192, 194, ..., 19Gis
asserted. Thep@Ressat &9 thavase iofipumigdti gprowe®r sfstém nesshd2@ iaddGohe of | i nes
17?. Accordingly) an interrupt signal to either one of ports 38 or tQ
decodi ng | ogi ¢ 122 Atagrdnghsdiogiisider [&may; pravige iNerunt giopeeseto, PIRERSSUXZRI e)
SP bit 0is s L “erer}oe(j_sggre% rLntogarruptlel iune IZOEO or ki nelwlo712-0S ifs Set. gThe
OR-gat es coul ot rpepicacedl RSt ReP froﬁ'i NP §f5n°57‘ 9Me '¢BY ?I‘Pr&'@é%raa

| ow vol tage. § oo | BN - t S orted OR
gates.) b bi ta o R R g Pl U ic PO o PR e

| 72-X-1 i s assejueadignals (&ly, INTaW,) tiirbegteddtiisiddan@rrgpeiafedy). Tuabhatrrgit r&fiebt t s
than interrupt ports 38. (Note that in the sone enbodinents and in certain
ci r cunst ances signhle ast wreigedby imerBPcoitradled 34 thixough inyrubepatsnts: oh sergndy
signals other than those fromlines |20 or L72é$ InLerrugt controller 34
may support s&RCAIPCTIPNErplgeviEssdeLs PeeRlErad deYing e rnipyidesdqisaRpt Katsshpignals
the case of edge trjggereg-~int.erru on,lines 152 an ) d der
&0 assserts ogegz"()?‘c‘ul%ﬂ"é"’sa f4‘f‘m N c'(%i)tr%f%u ht)rcl)(r:ii:’?lag?1 po?ie‘lg%'? ssr]?g\?l cﬂag'lghr%sé'g?g%)ers I
70 is set, Ca%ﬁéﬁ&t@c@@%iﬁ%ﬁ@dr@%c@%d Qgirftl:r%ﬁ car?t?oltc93bﬁu@§%?£cfd’?&s, data &
Assertion of one of |ines 2 3 MAY 2002 991 32971 PCT/US98126500 172
causes the cowntiespmsdang one of SP bits is set. Wen the SP bit is set, the
particular one of holding registers 70 is reset through conductors 178.
This 1/ 0 redirecti Garipheralydeveogs bé Sohand Ehillesteade pthepaskiblciintceipeasetwreni very
rotation schenme to be delivered at the appropriate tinpe. There .is no need
to initiate aRcTiPRsERgyices %’&{J%tzodé’%%‘??li Mice é@ilss@éﬂpgg;s%m% GRTHEEF" he

i nterrupt eve IS e ecause the activati of { I f may
i ndi cate that qg?‘f)éera‘{lfan;g%pggro@em?yn‘foélp pr’Pt%g\L/’%tnst'gnvE\'n ﬁqpmt‘fé%‘ “&%k%%@ Ac@&l\?\j sh
the input pindgaNether 53RalSthBidh Hes8. 1RERIH Y&{uetaidARAhAEHBOIdel logger ed
may be reset when the interrupt has been successfully delivered on the
associ at ed nessadietdreghard sassed By tasl20itpliredript ¢ihesd0. Periphieat dadees4 isdike

regi ster operations arc received to the same |/0 redirection table entry
before the i ntperipbgal deaicei@an tiae it prevides inlsrmuperegesst sipeals dioun agdenss data

i nterrupt event y be detected. This behayior _is_consistent with.the

dedi cated pin a§éE@Wé?'gw‘tswa&fﬁ\é&éta"t*8*6%!9@@629i7égéff‘éf6?‘1fﬁt‘8rr"‘?%??9%?f when a
devi ce signal [t err |1 E ' I i devi ces,
t hat device @%ﬁgﬁgﬁgﬁﬁfgﬁ%uﬁfné3@3@@?3%%§%§ﬂ?%ﬁqgﬁx$ﬁﬁb§?@%?4-
activation of HdiGeJePtaBieripRiral JNER kB PeiitcRal lduPike SO B6Ad b&EGmetRAL ddsplert he
device may issue an interrupt request deassertion nessage to interrupt
control |l er 34.72 rheliat apde, cdupter Gk lveoulBihchmEe itterdruys sighels aatine@d 7 &nAdermahecly,
correspondi ng nol ding register bit until the deassertion nmessage is

recei ved. The soowsdepters)copld inplude ek iaes Enanddot Hea(s)hit Peripbergledgvicss 56 and
coll ecting the jnput events d, the ipterryupt controller .are cognizant, t hat
the interrupt %Beﬁgég‘ﬂp%‘gtoctﬂﬁ%i%dww@‘% rlggq ‘éf“cf‘?’P‘grﬁglr‘eébls'F‘ﬁﬁ%w%ﬁ?g‘&e&nt.
For these events, the interrupt request deassertion register transactions
may be required for correct operation. Signals on lines | 16 or 11$ may

i ndi cated whet her an edge or level triggered interrupt signal is involved.
lii the enbodinment of FIG 4, I/Oredirection table |28 also includes
interrupt request register (IRR) bits 0, 1, ..., X-1, which are used in the
case of level triggered interrupts. The SP bit is reset when the IRR bit is
set. The IRR bit is set when an interrupt nmessage is accepted by the
processor. Either a | evel assert nmessage is issued and not retried on

S o A~ o o S ~es " o —— 1 N~ I " -

7



the IRR bit is reset with a wite to the corresponding EO regi ster,2 M@AY 2002
vector of which matches the vector field of the redirection entry. Wen an
-interrupt i ryj.ced, a deassertion signal is provided by t i pher al
device to d cogﬁés\é%ﬁgi c t22. If after the IRR Dbit is reset, tEgTREEé/R”EJ
correspondi ng holding register is set, then there is another interrupt
waiting to b Th j (R otEl: 5
Tl Ustrat s et o e b ok et Of STy agt Sty Whuahits
data & ot her 9§ iaes2 G8digacl ude address |ines 180, data |lines 182, and other
lines 184. An interrupt controller |74 provides interrupt request signals
to at | east some DbIG.thshopistdstagls ofdok esbodimentas hd8ChridEhe 6i Widdrassiplata &quest
signal may al so include bits on data |lines 182 and/or other lilies 184. In
one enbodi meAET Pofiets lstudesAddress rarts 194, date porde 0k agdoer egitsi®t-s) the

f i,ch h i ph | i 2 i
otueet * st gniprels SRR 4R el RRLRIEHRE: AR F e BRSNS BHIREET ¢ Lo
pore or in thgesfiagmuaich 288i R824 R0 s%%l@,tcﬁile;gs?@aﬁ a&ﬂ&lha‘asriﬂérkgst{l:]%r, cﬁf&@i I's

regardi ng the signals. An advantage 0 ventiron I's eve
triggered intignhalsiptSpedlivelyt errupt |ines 40 may be replaced by wite cycle
nmessages or other address signal based nessages. In one enbodi nent, the
write cycle nessade ingyruptequest yignhleoroiniegiupt bficst4fas pravideduptougk goss B8
Further, the nunber of send pending.bits may be easily jincreased w thout

t he addi ng dé’&‘r%"é’tdéﬂl°f%'t7é)r‘f3d§? rqdifgekion ‘PWPé?gBbP“’Ebﬁ’fPF‘&F‘I"éIC‘VSH“W&yI“support
multiple int eguest signal i .mechani ..._However) ,iHh order to
avoi d any ragc{esl;%(%rrclélﬁ??[('éh'sn cirhuéj'? C%ﬁtglmfégg'{*}r",@}lér}'n%%@%%%ﬁﬁoﬁéﬁil% 1%%%50‘8&%5
mechani Sm pehy ik @idt Wssd8AY o @k @RaThE SuSHR Hds&de Rayibediryled iBughne
interaction of the various arrival tinmes and rates nmay "be i dentical gto t he
dedi cat ed posérial 6us28§ thpouph sepprnscbhntrdild: tl 4pbethadigh\yaddessds bos 2athreygnt from
a device will elicit the interrupt request assertion/deassertion signal

whi ch may pr exdode/dacadsdesic d dhsinsthe pascwil s4ndingahe pesratpit owswie p¥re pdestswat ed

Gont i gur abi 1 PLS 2 iRPmpr dotasdl it RO e g E4T dpAEET o U B SESBEceRd
initiating r r i nal tination. As an exanple) if a
system cont aﬁﬁ%ﬁp\(ff\gOW@%égg‘é uwﬁ'_égcfgl??nsdtlggg]ﬁ%%ﬁﬁs_ the 10 Z 3 MAY 2002 wO
991 32971 PCT/ US98} 26:300hsk 1§ RIcE MR ﬂﬁn@ﬁ%k%g@d@@'sibhdl%lﬁ@&ﬁ&?qr@i@ﬁfoﬁwm&hﬁ?e

interrupting controller. The interruptinb dévice, throug il e unique
address of t hetht @i 6L@idresd sp@als| dkdreipt cdo!be3 £ pidaidesa® fntchue eidstige an
i nterrupt request assertion signal to the interrupting controller. Note

that this nesyaybuy2sehereesdordsisét In evpemeodamesy biest hndgepk ¢anfdirect theer r upt s
that is different than the path to main ry. Signali t he.interyupt
request asseftFoPtSHegrRac eh‘ﬁg‘ th%ﬁ?églsﬁé‘“l@f‘gg pr B’PC?SIS‘UB’(HSRB%&H‘EP%W%?H% EMyrite
transacti ons, al Information and Enbodi nents The specification

: di.-ti
does not desé?'?tg)@gotﬁjcli ‘ustrate various well known conponents) features,

and conductors, aTgk$aEse)iMesd eWcPPr kSssHBusPBCBaRANNubOat Rilpésst and the
Whi ¢h woul d

i nvention and inclusion o tend to obscure the invention.

Pur t | ~cni ~or ¢dentifyig@Heiprocessdido adteRaltiRdinteitpt. Oflodt BEdp V@ BdUIO inclidedb®ear e
design tradeoffs and choi ces, which would vary depending on the enbodi nent.
There are a waptietigdiséctigayarcgitryi wpkdimshtherigletrbpt toltheprocessethaymg the lowest

uni | lustrated.canponents. 1' he horders of the,rtf_‘oxes in the figures farc f or
illustrative pﬂapg}éngé € £35§ 94 @ RY¢i-processor system. The circuitry could ke::fgJ track of task

prioritics of the various processors in a multi-processor system. Interrupt controller 34
or other circuitry in host bridge 16 could detect whether processor 12 includes serial bus
capabilities and/or the ability to accept interrupt messages by processor bus 26. In the
case where processor 12 does not include an interrupt controller and decode circuitry

that understands an interrupt message over processor bus 26, interrupt controller 34
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restrict the boundaries of the components) which may overlap. The relative
size of the illustrative conponents does not to suggest actual relative

- sizes. Arrows show principle data flow in one enbodi nent, but_ not gy&;g
signal, suchY88%?¥qliests for data flow. As used herein Iogrfcnﬂgg/ g
mean that software control cannot be involved. The term "conductor" is

i ntended to bgudbfERRE RbrRpPRLsNA@PekrisBG WdeSs qzﬁf‘{érq h & ngroggﬁgpsés 26.

al though they al so have sone i nsul ating properties. ere y be

i nter medi at e Hosyoiigatis ndy iaoindeGiicues (ddesivear) td heldldahusi hedregt SigRoReNt S
and conductors. The interrupt nessage provided by interrupt controller 34
to interrupt edatygrdlerinfruphgonelisoidwhastincideequsdes 1 Hodbintdoripd raues,

processor bus ZG a d/or serr bus 28 prior to il being receive
interrupt contBoi!-ef-ontiol lpgje | zéé?ﬁﬁl‘%'j‘ "Bf‘f"és @PC‘E‘H’é of Ht“’e‘?%ﬁ?"‘ﬁ‘ﬁ?égée

provi ded by int err RE; ode Addr ess
bits could be adde 69‘%2'%{3 ES' l l%% é”gvr'd% nér‘egqrplccﬂr ress?nd da

enmbodi ment,  heghaip(didgRis $aRs sin'%ls) ﬂﬂgddgﬂ%ortba2%ﬁ@€pﬁthreﬁ3by 19tc§'§61d

interrupt nessages over processor bus - I'n that enbodi ment, conductors
m ght not concmmtollh{ . rlechunleatasanddcadhhgloLZcBlzmdceadmdae/dﬂemdémcmgd:essmﬂ. As
showmn in PIG S 2 3 MAY 2002 WO 991 32971 PCT/ US981 26500 anot her

enmbodi ment, heas S'Iﬁﬂi‘ldg@ a3 beingee ¢nleroipt reeriidigntlhén eaperbbadiment deceding logic
interr Upt nmes 9.1 es over ,serj embodi

control l er 14 ‘a?rr8V51§§BéFﬁd§§5‘§8ﬂd’ﬂcﬁ°8‘?L§‘%F E%OIt“ q“ﬁer‘rﬁ’a@a’ﬁ"h “Pf'o%i‘ g? F1gRp
1G In one enpﬂQ b@%ﬂ%ssc@l@% a?&rl%&%ﬁ?%h?%?cr%? l't:%;u&%@lss% ?o%?de?%/sgg?o:n's In

the first phase; erru t'ransaction

fixed (directegdhalsonkohdRtA3H Rla} bk thelsamlch tHeYiRR riupt Jcéﬁ’ésﬁﬁ?ﬁﬁgoﬁ)_r EQ. In
t he second phase, A65# and Ab6# bits of 00 indicate physical destination

node, and AbS5#oraiudtofh 0. Hinttsat@kseOl/Oi madirecaib e tdbdg] 28adouttbisdat natsigmalsnode. AGS#
and AbG# bits of 1 1 indicate an EO. Aa3# and AbG# bits of 0 and 1 and
Aa3#, Ab5#, aifgnigdl¥. bits of 1 10 arc reserved. The hol di ng regi sters and

SP bit b e duct 1 t

control 1 er 34 does AEHER 0o o SBF LR PRBSEeeBR e (6 MUY 5e an

| LErTUDL MUt B! YRS PRI {r%a' UGS GBI SRR 20RS, O PO
t he (0] Cc

devi ces) and Interrupt controller ode lTogic e outside

i nterrupt conpifbhier radde is'redteR NSRS dédddONSIOAGE s Enal {B&.Q)ﬂﬁoltlbgﬁc itbe
particul ar feature, structure) or characteristic follow ng the please is

i ncl uded i n abn (eakictoofse | €2rbwdianenthaodn inkeeruphregntst signalanticinpyrdyadednel uded
in mor e t han one enbodi nent of the invention. Al so, the appearances of the
phrase "in ond\erimsapmEater 3¢ througll asidsesppruddaia lines e angddf £ Wiigh mrpoamtwot

necessarily all .referrin the s one e di me The term "connect ed"
e coupl o liteS g apdd 1§ Qi are PO I8 SA e B ) Db AR o ¢

not necessari Ly, hi;fih&d { sl ﬁ&% EﬁSFfseg09\@%8%&%9%8B&Q'cwﬂ-bc'ﬁea‘éﬂa@om

specr fication States a corrpo eature
‘m ght” be i nghhkied =Ofex)aThe affsdiab@abeR0R!t The basaazraymrﬁrbg:ruinarabreoamﬂeent or

feature is not required to be included or have the characteristic. The term
"responsi ve" pnrckssdepeatin syaty, arotipahbtidadre or efiyans i Qentrol logic 130 provides
an cnabling signal on conductor(s) 164 to data deccoder 160. In one embodiment, data
decoder 160 decodes the 8 least significant bits (LSBs) of the data signal and asserts one
of X decode output lines 124, depending on the state of the data bits. If there are 8 data
bits, thcre may be up to 256 decode output lines 124.
Holding registers 170 include a register for cach one of decode output lines 124.

Each of the holding register holds the voltage state on a corresponding one of decode

output lines 124. In turn, lines 172 provide signals representing the voltage state held in



Those skilled in the art having the benefit of this disclosure wl I2 3 MAY 2002
appreci ate that many other variations fromthe foregoing description and
- drawi ngs nay_be made within the scope of the present inventi s

Accor di ngl y,YPP??¥ 7t he fol | owi ng cl ai ms incl uding any arrendneQJr%iTéuﬁgﬁ’é?’eOPo

t hat define the scope of the invention. 12 2 3 hl AY 200. Wat is clained
is: 1. An appal@hpl$egi@ENN0.SANGIdiRIRERES iARH(cdatas PRIIShiER vEIREE) HPo AR an

i nterrupt request signal in the formof address signals and data signals;
decode | ogi c dsecrtieneigual attht ears¢spsimdieg ofic dfimeaded asbis sésgndtaighndiedstaion
signals and to provi de a decoded signal at one of several decode out put

lines of the Y&baB theogAresperingoneadlings i34 n! heabiferengsdetmronghemassetign gaddi ng

bit that i t ' to.th de .si . 2. Th t f clai

L further | G HERT BPRGC PRt Soaporpapiare Gt opRBRthetdpgrent * T

asser ti on of ihieed8eatht 35488 Lon s TENBPRALASH B dabakBlsighIRy ei n t he
th the addr RS

interrupt request signal isin the formo ess sl gnal's, the data

signals, and gpiohRicd eh@eadde oudput Ties BRP Ahahstheidmisddaheat 1diffehar @it sikhfls on
apparatus is a bridge. 5. An apparatus, conprising: dedicated interrupt

ports to recetangugiors Hidevontipt whetficresitassargorabr, deaskdrtensigpiatisgadadqoort &
capabl e of receiiving an interrupt request signal in the formof address
signal s and dearHcwpgera of degedeoriBrtdgre 134 provi de a decode signal at one of

sever al decode out Rl IESER, S GRRE0E: Yo ERRYA Al 2l 1 PSR

redirection takheohfichdddb A% feBRUhcRE RGN RhikiclsO 788 1R up ink EPRPRSRAL O

either the interrupt
interrupt lines 120-0, 120-1, 120-2, ..., 120-N-1, each connccted to a different one of
interrupt ports 38. In the embodiment of FIG. 4, I/O redirection table 128 includes X
cntries, which each include a “send pending” (SP) bit (which may be called a delivery
status bit). When an SP bit s sct, an interrupt message is sent to a processor. SP bits 0
- N-1 arc set (e.g., to a logic high voltage) when the output of a corresponding OR-gate
190, 192, 194, ..., 196 is asserted. The OR-gates have inputs of one of lines 120 and
one of lines 172. Accordingly, an interrupt signal to either one of ports 38 or to
decoding logic 122 may causc one of SP bits 0 -N-1 to be set. For example, SP bit 0 is
sct when either interrupt line 120-0 or line 172-0 is set. (The OR-gates could be
replaced with other logic if SP bits are set through a low voltage. Therc could be
inverters bctween interrupt ports 38 and the OR gates.) SP bits N - X-1 are set when a
corresponding one of lines 172-N - 172-X-1 is asserted. In this way, there may be a
greater number of SP bits than interrupt ports 38. (Note that in the some cmbodiments
and in certain circumstances, the states of the SP bits 0 - X-1 may be controlled by
signals other than those from lines 120 or 172.)

Interrupt controller 34 may support scalability for edge triggered interrupt

request signals. In the case of edge triggered interrupts on lines 152 and 154, data

decoder 160 assserts one of lines 124. The corresponding one of holding registers 170 is

sct, causing a correponding one of lines 172 to be asserted. Assertion of one of lines



request signal at the dedicated interrupt ports or in response to th?e3 MAY 2002
decode signal. 6. The apparatus of claim5, wherein OR gates are positioned

- between the interrupt ports, sonme of the decode lines, and the redirection
table. 7. AWAPPE¥At us, comprising: -13 2 3 MAY 2Q02 dedi cAAFIHESPE upt
ports to receive an interrupt request signal frominterrupt request |ines;

address and 4ol &.00LBch LRSI EnA0MERR: A0 4910, Bl 403y sdlegede | ogie to

receive at | east sone o ess and datasi 0 decode an

interrupt regyasilaSé@FhofdiebRem | ANd rdRAFREhIORI RN ¢PNt TRk 1@ reuitry
coupled to the dedicated interrupt request ports and the decode logic to

recei ve the redtrectranpntnyeoaielsd then gniatedfinorthé heertupt @€livept rqumidnsscasrde tdies

i nterrupt request si %nal fromthe decode logic and in response thereto to

provi de an i #tlberadpt lifeappaqpaiatgtimyhdherg papainess tofinigatgiamimerryptaeayest t he

I nterrupt reguest I gnal provi.de e decode logic is jdentical to the
re

) ded by th
i nt errupt e(i’é%':tr“é'lf ﬁ&#ﬂﬁ%@f'awhﬁé ther{BleFUR} YSPEa TS PRYEA RRSRUSSSPE s. 9. The
: L D Y PP el ud
apparatus o a&’\/ﬁllm df tg}%\g%%%lol&egfﬁga)éggﬂcgtg(fl]ia(?%n ngq (gnﬁﬂ]g{}t? ’n\}ﬁ%"}e{p&wetnrt Will gg uaes

an 110 redirection ta aratus o n the décode

logic is inchigpaed.i As ¥ithithd RpLUpth eI, A SIF bit fan INRMRABPARHHSs e rising:
dedicated interrupt ports to receive an interrupt request signal Trom

i nterrupt regigestedimayels; resad dvles sheaindrnaiat laspheed Suckessfudigalcliecradids ¢gs and dat a
signal s; decode | ogi c to receive at | east some of the address and data
signal s and R§OHAEBMEessAgeinchanspt meltielstingmyptaeqiesiorssartiemregistat

operations are received to the same 1/0 redirection table entry before the interrupt has
been delivered to the destination only onc intcrrupt event may be detected. This
behavior is consistent with the dedicated pin scheme.

With respect to level triggered interrupts, when a device signals an interrupt for
a linc that is shared by muitiple devices, that device may issue an interrupt request
operation on the first activation of the interrupt. When the interrupt signal goes
inactive, the device may issue an interrupt request deassertion message to interrupt
controller 34. Interrupt controller 34 maintains the activation of the corresponding
holding register bit untii the deassertion message is received. The constraint of this
mechanism is that both the device collecting the input events and the interrupt
controller are cognizant that the interrupt request is configured as a level triggered
interrupt event. For these events, the interrupt request dcassertion register transactions
may be required for correct operation. Signals on lines 116 or 118 may indicated
whether an edge or level triggered interrupt signal is involved.

In the embodiment of FIG. 4, 1/O redirection table 128 also includes interrupt
request register (IRR) bits 0, 1, ..., X-1, which are used in the case of level triggered
interrupts. The SP bit is reset when the IRR bit is set. The IRR bit is set when an
interrupt message is accepted by the processor. Either a level assert message is issued
and not retried on processor bus 16 or a message on scrial bus 28 is accepted. The IRR

bit is reset when an EOIl message is received. For both serial and parallel bus delivery,



an I/Oredirection table coupled to the dedicated interrupt
and the decode logic to receive the interrupt request signal

is identical $@kR&l ;@trgge% %Yzlr\etqfé35%_hescjo%?donefnq\’ﬁ(glerggQ%’er,zlpg

interrupt ports. -14 2002 13. The apparatus~o
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request ports
fromthe
“interrupt ports and the interrupt request signal fromthe decode | ogic and
in response MePEEYto provide an interrupt nessage. 12. The BppYP¥Y1§5000f
claim11l, wherein the interrupt request signal provided by the decode |ogic

yQ& | &fa&'}%gh

Im

1, wherein

t he decode | oghrhtsthenetise aeldial tieretinéction dptry.control l er. 14. A conputer
system conprising: a processor; an |I/O bus; peripheral devices connected
to the I/0 bus; andVhenmilggeruphieserdicad,:a dtessetwnedenahtsareviged pothegpetipheral

ceive

[ [ . t Y |, ad .and dat ts t
ddr ess and dSrASPaERE Sadadan i BeTREe et B toBRSETdBREOBH ho
address and Al g8a] heRlild 8 5RO AIp! DLELE HOL: LaAHRRLg] ol from
8 contro rcthy cou ede (0}

them and redirfection an cl

e f8edi cat ed

interrupt requ&sdspBRdihs SPN ik iendecode [ ogic to receive the interrupt
request signal fromthe interrupt ports and the interrupt request signal

fromthe decode | o§iG. 2ilsirfles ésgppndent babedimehOo Micoiphetal davidd/I2erAdttss,
message. 15. The systemof claim 14, wherein at |east one of the peripheral
devi ces provi deaiénpider ipes 68dneleda adsraghlines 118Ar datg hneshid2derdi @berdhes m84r Anpt

ports and at | east one &:‘lqrtlgg er.i pheral devices provi d(?s interr
t

1 1
Sastisams of U6 PriS o 16,

signal's in thE'$EHhCgRr FRIES PIRFBRIFAIYHRESIBRATF K0

The system of ,gf 8lsM k41 s¥heheinterlp: LRa8h QAR Lfy 4BSiRRNLLRNEER L AFHLE RS, can

provi de

and/or other lines 184. In one embodiment, interrupt controller 174 includes a data

register(s) the contents of which control whether peripheral device 52 sends interrupt

request signals in the form of an interrupt signal to a dedicated interrupt port or in the

form of address and data signals, and particular details regarding the signals.

An advantage of the invention is that level triggered interrupts on interrupt lines

40 may be replaced by write cycle messages or other address signal based messages. In

onec embodiment, the write cycle message may identify the origin of the interrupt

request. Further, the number of send pending bits may be easily increascd without the

adding dedicated interrupt lines.

Interrupt controller 34 may support muitiple interrupt request signal input

mechanisms. However, in order to avoid any race conditions that may occur, in one

embodiment, only one mechanism per interrupt request signal is supported at a given

timc. The intcraction of the various arrival times and rates may be identical to the

dedicated port (e.g., pin) approach. Multiple activations of an event from a device will

elicit the interrupt request assertion/deassertion signal which may provide a model

consistent with the operation of the dedicated port.

Each interrupt controller may have a unique address for configurability and any

access to this address space, regardless of the initiating resource may reach the final

destination. As an example, if a system contains two I/0 buses, the first contains the

10
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address and data signals to the decode |ogic for decoding an interrupt
request signal fron1then1 -15

- . AS. AOy. A@ Ay! A+ AN AQAY. A LAY AUuL.A _ AL 5
, _N pj glt " P{ 5&6&%&\;\? aU] ca] ca] ca] (r:]a] caj >c/ Y PCT/USIB26300
a]J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c
A ""G%_%W % 9L c(F, +omn . :
T4/ | 0t 1253 BB HIOT 6 i{t@é%c‘sremtm}ceaacgama cco&féairc;ﬁhe interrupting
(el G099<X<C
%%%g%ﬁi%&?kﬁ%%ﬁ%%f@} fgﬁ%%%bgmﬂTT %gkﬁgh%ﬁh? ca gmﬁf%% ?ﬂ ca cajc

a] ca] ca] ca) cadiemliaahs ajicalmat@akicasedriod sighalad aa]xﬁta]rcpx}m;addh&bnal Qagte &t
a] ca! TT+U} UUKVEVWXKY] ZZ\\:]1]1]1]]1]__" abQdde- fffffgvar mhc”Y] [ cal cal c
a] ca] ca] ca] calpsapesapeiap @%{]em;] ap@la}e@la]ecza]scdecar path for interrupts that is different

' gVgggl knkl |
2%182%)82%2\315‘53 a%n S bSPE ey Poaphay ﬁ%}é%%rﬁ&]r%%}%%%]s%ilngg‘r‘s% ﬁiz?ca] c
aJca]calcalc ca] cal bsss uuuuu
VVPVVV*\AMMI)(ya%/a)Q//g)} %ﬁ@&?ﬁ] ﬂr?ﬁa% rggljw %%Jgfga] cal ca] ca] ca] ca] cal ca]

ca] ca] ca] ca] ca] ca] Ré]ii@l@]\ﬂ%fbﬁ]&ﬁdr\cﬁh%mboduments
a] ca] ca] ca] ca] ca] ca] ca]caJ cal ql t[[1]D]}F4~_~—~ex6Qv$z{zzz] {{| | gl }xsni d_Y] U]

ca] ca] ca] ca] ca] ca] Th¢ smkifchia] dadstal datdled ord]lcalacaledicaklt &héwhca] ca] ca] ca]
calcalca]calcalcajc ajJca <! '10%& ()-! !10%& ()-! !'109%& ()-109%& () -
KS9! 109 f & () CanAQTRLS( 5eatqr\p5} PWg_onggggrslgggcqs@@yc(f which is not necessary to

%3@5}; & () - OO aton wdpt ol ¥ atbeiead o ost By ewiuene:
Tost e (- e 2P Tl A i e @3‘8}8 S i s
s10% & ()-9- AP 81&idel, iHER QUL aty @pchdi3R @e embodiment. There are a variety of

ways of implementing the illustrated and unillustrated components.

The borders of the boxes in the figures arc for illustrative purposes and do not
restrict the boundaries of the components, which may overlap. The relative size of the
illustrative components does not to suggest actual relative sizes. Arrows show
principle data flow in onc embodiment, but not every signal, such as requests for data
flow. As used herein “logic™ does not mean that softwarc 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 intcrmediate
components or conductors between the illustrated components and conductors.

The interrupt message provided by interrupt controller 34 to interrupt controller
24 may be somewhat altered in host bridge 16, processor bus 26, and/or serial bus 28
prior to it being received by interrupt controller 24. For example, bits of the interrupt
message provided by interrupt controller 34 could be inverted or encoded. Address bits
could be added by encode/decode logic or other circuitry.

In one embodiment, host bridge 16 does not include the capability to send
intcrrupt messages over processor bus 26. In that embodiment, conductors might not

connect I/0 redirection table 128 to encode/decode logic 148. As shown in FIG. 5, in
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l In onc cmbodiment, a signal on processor bus 26 is two phasc signal. In the first
phase, if an Aa3# bit is 0, the interrupt transaction type is fixed (dirccted); if the Aa3#
bit is 1, the type is redirected or EOL. In the second phase, Ab5# and Ab6# bits of 00
indicate physical destination mode, and Ab5# and Ab6# bits of 01 indicate logical
destination mode. Ab5# and AbG# bits of 11 indicate an EOl. Aa3# and AbG# bits of 0
and | and Aa3#, Ab5#, and AbG# bits of 110 arc reserved.

The holding registers and SP bits may be in parallel with respect to conductors
124,

Interrupt controller 34 does not have to be part of host bridge 16. There may be
an interrupt router between the peripheral devices (interrupting agents or PCI devices)
and the interrupt controller. Decode logic 122 may be outside interrupt controller 34.

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
mvention, and may be included in more than onc embodiment of the invention. Also,
the appearances of the phrase “in one embodiment” in various places in the
specification arc not necessarily all referring to the same one embodiment.

The term “connected” and “coupled” and related terms are used in an
operational sensc and are not necessarily limited to a dircct connection or coupling. If
the specification states a component or fcature “may”, “can”, “could”, or “might” 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 forcgoing description and drawings may be made within
the scope of the present invention. Accordingly, it is the following claims including any

amecndments thereto that define the scope of the invention.
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decode logic to receive at least some of the address signals and data signals and to
provide a decoded signal at one of several decode output lines of the decode logic; and

a redirection table including a send pending bit that is set responsive to the decode signal.

2. The apparatus of claim 1, further including a holding register that are set in response to

assertion of the decoding signal.

3. The apparatus of claim 1, wherein the interrupt request signal is in the form of the

address signals, the data signals, and other signals.
4, The apparatus of claim 1, wherein the apparatus is a bridge.

5. An apparatus, comprising:

dedicated interrupt ports to receive an interrupt request signal;

address and data ports capable of receiving an interrupt request signal in the form of
address signals and data signals;

decode logic to provide a decode signal at one of several decode output lines in response
to reception of the interrupt request signal in the form of address signals and data signals; and

a redirection table including a send pending bit to be set in response to either the interrupt

request signal at the dedicated interrupt ports or in response to the decode signal.

6. The apparatus of claim 5, wherein OR gates are positioned between the interrupt ports,

some of the decode lines, and the redirection table.

7. An apparatus, comprising:
-13-
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redirection and control circuitry coupled to the dedicated interrupt request ports and the
decode logic to receive the interrupt request signal from the interrupt ports and the interrupt

request signal from the decode logic and in response thereto to provide an interrupt message.

8. The apparatus of claim 7, wherein the interrupt request signal provided by the decode

logic is identical to the interrupt request signal provided by the dedicated interrupt ports.

9. The apparatus of claim 7, wherein the redirecton and control circuitry includes an I/O

redirection table.
10.  The apparatus of claim 7, wherein the decode logic is included in an interrupt controller.

11.  An apparatus, comprising:

dedicated interrupt ports to receive an interrupt request signal from interrupt request
lines;

address and data ports to receive address and data signals;

decode logic to receive at least some of the address and data signals and to decode an
interrupt request signal from them; and

an I/O redirection table coupled to the dedicated interrupt request ports and the decode
logic to receive the interrupt request signal from the interrupt ports and the interrupt request

signal from the decode logic and in response thereto to provide an interrupt message.

12.  The apparatus of claim 11, wherein the interrupt request signal provided by the decode
logic is identical to the interrupt request signal provided by the dedicated interrupt ports.
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dedicated interrupt ports to receive an interrupt request signal;
address and data ports to receive address and data signals;
decode logic to receive at least some of the address and data signals and to decode
an interrupt request signal from them; and
redirection and control circuitry coupled to the dedicated interrupt request ports
and the decode logic to receive the interrupt request signal from the interrupt ports and
the interrupt request signal from the decode logic and in response thereto to provide an

interrupt message.
15.  The system of claim 14, wherein at least one of the peripheral devices provide interrupt
request signals through the dedicated interrupt ports and at least one of the peripheral devices

provides interrupt request signals in the form of write cycles through the address and data ports.

16.  The system of claim 14, wherein at least one of the peripheral devices can provide

address and data signals to the decode logic for decoding an interrupt request signal from them.
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