18*MAR 2005 WO 02/2790 PCT/ US01/:3022 -EVENT VECTOR TABLE OVERRI DE TECHNI CAL
* FIELD This invention relates to pipelined processors, and nore
particularly to overloading interrupts in pipelined procesadrMN?§m5
BACKCROUNDw b #4ed sSi gnal processing is concerned wi th thepcgarsassseyst i on
of signals in digital formand the transformation or processing of such
signal representation wusing nunerical conputation. D gital signal
processing is 1o a widely used technol ogy for nany of today's high

t echnol ogy products i ' I K C ' i , hetwor ki ng,
and nul ti media. One r%&#ﬁrﬁ?ﬁgﬂvggﬁg@%f m@mgal processi ng
technol ogy has been the devel opnent of | ow cost, powerful digital signal

15 processors (DSPs) that provide tHeaNstARFEeMPUting capability to
i npl ement these products cheaply and efficiently. Since the devel opnent of

the first DSPs, BgPs ah¢Bhtechure1andsdes glﬁﬁgag e\?l?’%lr %%sts%ﬁfhe Yy nt

where even sophisticated real-tine proces go-rate 20 sequences
* *
may be perE85P§dpa}tiS9999§y to overloading interrupts in pipelined

processors.

5 BACKGROUND
Digital signal processing is concerned with the

representation of signals in digital form and the
transformation or processing of such signal representation
using numerical computation. Digital signal processing is

10 a widely used technology for many of today's high
technology products in fields such as wireless
communications, networking, and multimedia. One reason for
the prevalence of digital signal procéssing technology has
been the development of low cost, powerful digital signal

15 processors (DSPs) that provide the reliable computing
capability to implement these products cheaply and
efficiently. Since the development of the first DSPs, DSP
architecture and design have evolved to the point where
even sophiéticated real-time processing of video-rate

20 seqﬁences may be performed.
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18 *MAR 2005 WD 02/2790 PCT/ US01/ 30242 DSPs are often used for a variety of
“multinmedia applications such as digital video, imaging, and audi o. DSPs
may mani pul ate the digital signals to create and open such {8l ¥ARHD a
files. 5 NWB®2R7490bt i on Pi cture Expert G oup), MPEG 2, MPEGpéTR0)3d34263
are digital video conpression standards and file formats. These standards
achi eve a high conpression rate of the digital video signals by storing
nostly changes from one video frame to another, instead of storing each
entire lo frane.DIPe ardeoftahonsati 6ormayvhkeathe offukizherim&ppr essed
using a nunber of different techniques. The DSP may be used to perform
various opeimil et donst SecHi B80di gt eaIBYE ABoYUR KRG iGRTPLGREI A Jhese
operations nmay include notion search and spatia interpglation fg

al gorit hns. i ‘ [ [ asyr i.startion,. between bl ocks
Wit hin adj gcs-gr;sf nﬁ%ﬁiﬂlbr %ggéoggreataliéggﬁarggggg%u{t t AT 398 GR§Ve and
may requir i a hro ut. The MPEG fam |y of standards is evolving
to keep pag%ﬂhggmgfgﬁm?%%ai#gigising bandw dt h requirenments of multinedia
applications and files. Each new version of the standard presents nore
sophi sticated al @waWEM?FéPinéEEu\E@eﬁerrt 8rRBR) 2005 EGANS 0 MEEGG:

PCT/ US01/ 3022 greater processing requirenments on the DSPs used in MPEG
conpl i ant ARfed! p? B2 eaEe ndigybiprpnBhdeoVidmprpssdonsistgnequidememd file
manuf acturers often rely on application-specific integrated circuits

(ASI Cs) cusiomatzsl. SThesevstendendsdanhienden hhghMebmpaeddHobate

st andar ds.

of the digital video signals by storing mostly changes from

one video frame to another, instead of storing each entire
10 frame. The video information may then be further
compressed using a number of different techniques.

The DSP may be used to perform various operations on
the video information during compression. These operations
may include motion search and spatial interpolation

15 algoriFhms. The primary intention is to measure distortion
between blocks within adjacent frames. These operations
are computationally intensive and may require high data
throughput.

The MPEG family of standards is evolving to keep pace

20 with the increasing bandwidth requirements of multimedia
applications and files. Each new version of the standard

presents more sophisticated algorithms that place even



However,« ASI Cs are conplex to design, ‘costly to produce and less flexible
“in their application than general -purpose DSPs. DESCRI PTI ON1G MBRAMSNGS 10
These and dY®&82/2148&4t ures and advant ages of the invention w IRCTES00362400r €
apparent upon reading the follow ng detailed description and upon
reference to the acconpanying drawings. FIG 1 is a block diagramof a
nobi |l e video device utilizing a processor according to an enbodi nent. 15
FIG 2 is agbestkrdipdgcasssima requiatenmrdcessi nthes Y3$ BN uSsd of @i MEES 0 an
enbodinent. FIG 3 is a block diagramof an alternative signal processing
syst em accocdmpd ibatavieldodrerdssildCeduigndtsd sy at es exenpl ary pi peline
stages of the 20 processor in FIG 1 according to an enbodinent. FIG 5 is

a bl ock di agram ¥fdaosyrosd Sidgic RBAEESOF b drd | Grrdn aFERGdbRY tO
an enbodinment. 3 1 8 MAR 2005 megg?%7490 PCT/USOl/30242 by
application-specific integrated circuits (ASICs) customized
5 for video encoding under the MPEG and H.263 standards.
However, ASICs are complex to design, costly to produce and

less flexible in their application than general-purpose

DSPs.

DESCRIPTION OF DRAWINGS

10 . These and other features and advantages of the invention
will become more apparent upon reading the following detailed
description and upon reference to the accompanyiﬁg drawings.

FIG. 1 is a block diagram of a mobile video device
utilizing a processor according to an embodiment.

15 FIG. 2 is a block diagram of a signal processing system
according to an embodiment.

FIG. 3 is a block diagram of an alternative signal
processing system according to an embodiment.
FIG. 4 illustrates exemplary pipeline stages of the

20 processor in FIG. 1 according to an embodiment.

FIG. 5 is a block diagram of a system including the

processor in FIG. 1 according to an embodiment.



FIG 6 is a block diagramof a circuit for overriding an event vector
" table according to an enbodinent. FIG 7 is a flow chart desgm i RARQIEEN

operation {@5oyP¥sy ri ding an event vector table according t j ment .
5 DETAILED DESCRIPTION FIG 1 illustrates a nobile video de@?@ﬂﬁﬁgg&gk

including a processor according to an enbodi mrent of the invention. The
nobi | e vi deo device 100 nay be a hand-hel d device which 10 displays video

i mages produced m an; £n [ r ecei. V. roman ant.enna 105
or g di gltal Vi dﬁé%@stgrjéég!egogngg?%nﬁﬁjﬁ%ﬂrgnﬁ _ lcfcult%:alg% RECHEADAY or

a nmenory s%l '%é’é@&,? agojuei%ag c?;;o cté cache nmenory 115 which

may store instructions a perations. The
processor 110 M cropyrocessor, a di |taI S|gnal processor (DSP), a
ni cr opr ocessor rm%%(%t r@l ISy By a%%aﬁsﬁe%ﬁrlgﬂm%@@smem‘qwra feoybri d

m cr opr ocessor/ DSP archltecture For the purposes of this application, the
processor PMPHFiIding anferentd vectyr Herdieafdaardisica tSR Nl Hhbolimedd? 110
may perform various operations on the encoded video signal, including, for
exanpl®, analog-to 4 1 8 MAR 2005 WO 02/27490 PCT/USOl/30242

DETAILED DESCRIPTION
FIG. 1 illustrates a mobile video device 100 including
a processor according to an embodiment of the invention.
The mobiie video device 100 may be a hand-held device which
10 displays video images produced from an encoded video signal
received from an antenna 105 or a digital video storage
mediﬁm 120, e.g., a digital video disc (DVD) or a memory
card. A processor 110 communicates with a cache memory 115
which may store instructions and data for the processor
15 operations. The processor 110 may be a microprocessor, a
digital signal processor (DSP), a microprocessor
controlling a slave DSP, or a processor with é hybrid
microprocessor/DSP architecture. For the purposes of this
application, the processor 110 will be referred to‘
20 hereinafter as a DSP 110.
The DSP 110 may perform various operations on the

encoded video signal, including, for example, analog-to-




di gi‘tal conversion, denodul ation,- filtering, data recovery, and decodi ng.

* The DSP 110 may decode the conpressed digital video signal at8dVAR albto
one of var W84 tal video conpression standards such as PCOTEUSVPE®4E amni |y
of 5 standards and the H 263 standard. The decoded video signal may then
be input to a display driver 130 to produce the video imge on a display
125. Hand-hel d, devices generally have limted power supplies. Also, video
decodi ng op€tdtFahs CaRFers icshp demadsdatipn nifundiem ngic bt N aggvery,
processor for use in such a device is advantageously a relatively high
speed, | ow podedecadings. The DSP 110 mey ks de deepldonppadddaed,

| oad/ store architecture. By enploying pipelining; the performance of 15

the DSP rmydbgieahandeeo aliafnale dozoxrdieny RiPandask Rk dustas ©f
fetching a first instruction, executing the first instruction,” and then

fetching a ¢2808dchbhplricdGtig, j iéﬁﬁi 1 he. second
i nstruction concSrrg’Et |y lvﬁﬁtﬁlggﬁon 0 %%s@%sﬁ%@gil} o%‘? 20

t hereby inp i LQas han put. _Further he .clock,cycle of_a
bi pel i Bed DEP*hEH=HE” SR ¥ o 2% Wiiear | He, deifoorins e Tt amn i
the instruction_js fetched .,and executed in the sane clock cycle. 5 1 8
MAR 2005 VPR B2FB9R0B paTRUS0 103G i saiay Agen 1683 G trr ihe in

vi deo cancorders, tel econferencing, PC video cards, and Hi gh-Definition
Tel evi si on YHEAY) impgea@fi 5 6l salisy B8P.110 may al so be used in connection
with other technologies utilizing 5 digital signal processing such as voice
processi ng used Handmbleillde destissisomeneseddoh haaoodninii tosd wowk ot her
appl i cations.
supplies. Also, video decoding operations are
10 computationally intensive. Accordingly, a processor for
use in such a device is advantageously a relatively high
speed, low power device.
The DSP 110 may have a deeply pipelined, load/store
architecture. By employing pipelining, the performance of
15 the DSP may be enhanced relative to a non-pipelined DSP.
Instead of fetching a first instruction, executing the
first instruction, and then fetching a second instruction,
a pipelined DSP 110 may fetch the second instruction
concurrently with execution of the first instruction,
20 thereby improving instruction throughput. Further, the
clock cycle of a pipelined DSP may be shorter than that of

a noanipelined DSP, in which the instruction is fetched

and executed in the same clock cycle.



FIG 2 shows a bl ock diagramof a signal:- processing system 200 including -
" DSP 110 according to an enbodinent is 10 shown. One or nore anal og signals
may be provided by an external source, e.g., antenna 105, to1d MAR)3a0b

condi ti oneWO @2490Si gnal conditioner 202 may perform certai porpi$R388SSi NY
functions upon the anal og signals. Exenplary preprocessing functions may

i nclude m xing several of the 15 anal og signals together, filtering,
anplifying, etc. An analog-to-digital converter (ADC) 204 may be coupl ed
to receive the Puehracosfedlanakbyybei gaalds WitdMmisi ofdleo GOEEd+QOLL 202
and to convert the preprocessed analog signals to digital signals '

consi sting télesaomiesenasingd) @esefidesdcabkene. aHhe Pﬁ.aéﬁﬂt?tefsfir}%ﬁ/tf)&t aken
of ‘the ana

according to a sanpling rate determ ned by the nature | og

signal s receeVedi®yofl gABIrvsoNndirti [ . 1 iS . C led to
receive digital signal g altr tqhe g?}t %E?lgf?lgt%h'egx’%c%g% 11113) MR 2%;%%@

02/ 27490 P 0K 4. T SP. 110 nm erformthe desired signal
transfornaﬁ-éoérl@u%rgngtgﬁéeragégpvggtgi Sitgﬁglr gie\éﬁ%oio%eﬁdd%ﬁglz% or nore
out put .di gicﬁal .Es)%fnal S. ﬁ di gi tal -to-analog converter (DAC) 206 is coupled
to recdive ThE ot ptit 9824 BFPSPSSLgFasycty &% Med qSSPIPHES D@ 0bn
converts the output digital signals into output analog signals. The

out put anal®RPilgnaeieragnyheApBechomespan ittd.camotanat otdieggnal condi ti oner
208. The signal conditioner 208 may perform post-processing functions upon

t he out put 2prlbeptibossgnal s . Exenpl ary post-processing functions are
simlar to the preprocessing functions |isted above. Any suitable

arrangenent of thbse fevhers HEplbekCaiRlgedn MO A SidA pAHUESEL LI
system 200 with the DSP 110. Turning next to FIG 3, a si gpnal processi ng

system 300 sy&:afcrodi DEctd2Agt gg'@ B0 LTRIHy iny PWY, elrr[ﬁc}cmni%rét o+ mor e

enbodi nent, a digital receiver 3 may be arranged to recelve

digit si ghyads, @ 0.CO0 received digital signal the DSP 110.

ps i h the e odnt e fCHRY hASLPRSTuNRLs Wy Be Brdisien the i ed 20

signal transformatjon upon the received digital signals to produce one or
: 4o - -

more out putSXF it SPYRSPs. ScBupl @atennar d08ivEa fe danak afingitioneynal s

may be a digital signal transmtter 304. In one exenplary application, the -

. iy, ns .

si gnal . Signal conditioner 202 may perform certain

preprocessing functions upon the analog signals. Exemplafy
preprocessing functions may include mixing several of the

15 ana}og signals together, filtering, amplifying, etc. An
analog-to-digital converter (ADC) 204 may be coupled to
receive the preprocessed analog signals from signal
conditioner 202 and to convert the preprocessed analog
signals to digital signals consisting of samples, as

20 described above. The samples may be taken according to a
sampling rate dete:mined by the nature of the analog
signals received by signal conditioner 202. The DSP 110 is

coupled to receive digital signals at the output of the ADC



7 ¥ 8 MAR 2005 WD 02/27190 PCT/US01/-:302=L2 processing system 300 may be a
 digital audio device in which the digital receiver 302 conve¥§ *ﬁig g DSP
110 digital signals indicative of data stored on the digital'"s
devi ce 120.‘VQ'?Fézq7ﬁ§3 110 may then processes the 5 digital si Q€dVEs0yaeR42onvey
the resulting output digital signals to the digital transmtter 304. The
digital transmtter 304 nmay then cause val ues of the output digital
signals to be transmtted to the display driver 130 to produce a video
i mage on t P4 sphrayPIB5lleomaerpirfermnshel Hesirgdediionall G 4 may i ncl ude
ei ght stages, which may include instruction fetch 402-403, decode 404,
address caltramsformabbonenpont tbe 4€6e408d dddiwailt @gnkdek 43ddicigrRs. An
instruction i may be fetched in one clock cycle and then operated on an

execut ed i rorhdieod nprpedbutputndigtinagqueghatkQCh eMelienicanCANd Yy Wi th
the fetching of new instructions, e.g., i+1 and i+2. Pipelining my

introduce agh¥éerer ¢oncdi Dobi 98 BHABIEAS +aN¢RaZ3%0% 10 sor
performance. Junps in the programflow nay create enpty slots, or

"bubbl gs, " &1 20 tOeRLpe! LELURLIKORS 4t hat ondi tional_.branch
to be taken ic}%l an exc%lgt?gnkgrsmi ?P%r raélgt Qﬁg'bghgee%ér%:t@éc C,?gg}’eaﬁ sertbt%e
sequenti al fl.ow of insé%gctlons Al t er suigu an occurrence,. a new

i nst ruct i or°WeR et et EREdSLEPEL Se 1B OsOUtRUNRNIdOS SAEnEYD 7 IRE

PCT/ US01/ 30242 )
output analog signals may then be conveyed to another

signal conditioner 208. The signal conditioner 208 may
perform post-processing functions upon the output analog

10 signals. Exemplary post-processing funcfions are similar to
the preprocessing functions listed above. Any suitable
arrangement of these devices may be coupled into a signal
processing system 200 with the DSP 110.

Turning next to FIG. 3, a signal processing system 300

15 according to another embodiment is shown. In this
embodiment, a digital receiver 302 may be arranged to
receive one or more digital signals and to convey the
received digital signals to the DSP 110. As with the
embodiment shown in FIG. 2, DSP 110 may perform the desired

20 signal transformation upon the received digital signals to
produce one or more output digital signals. Coupled to
receive the output digital signals may be a digital signal

transmitter 304. In one exemplary application, the signal



the sequential programflow, naking the remai'ning instructions in the

pi peline irrel evant. Methods such as data forwarding, branc gP 5 i on,
and associwnioz@7yel id bits with instruction addresses in th TR& &EE@ may

be 5 enployed to deal with these conplexities. FIG 5 illustrates a system
500 including a system controller 502 that may control the DSP 110 and a
nunber of ~ other devices 505-520 that nmay conmunicate with the DSP 110.

Devi ces 50prsk@sming i siesvete, 360rmayappl 8, dagi@ali LERLOERISI¥: Qh @
peri pheral conponent interconnect (PCl) controller. Programflow in the

DSP 110 mawHieH Rites rdﬁf@aPYreééi{réEnBQYEE%ﬁ.veyge%% EheNEITRY o ncl ude

interrupts initiated by the devices 505-520 in"the systemthat require 15

servicing @ﬁdﬂyéﬂxg%] sT@gégcggﬁgésoga&a gsgthgghgg%eg'n?%ﬁ&#ngLLke

events utiliZed by the system suc s “enulati o

system comy.ts. to an event the in uctions in the pipeline may be
killed, eJH?Egiﬁﬁe 4§v*?%t}%%ti@ﬂ§ 5%% iibeWéﬁttQ@PvPé@Cﬁéﬁﬁsnéhéppropriate
20 for_that, event. nay be fetched and introduced into the pipeline. These
event & may HAreadi 1t s rndr cPREBSY ABEorEFHdting antembodiiginial

enul ation may have a higher priority than 9 18 MAR 2005 WO 02/27x90

PCT/ US01/ 36iZnedsetto arie résgitahythanemathegh804pr Chei digtikan i nterrupts
rai sed by the devi ces~505-520. The interrupts nmay include general purpose

i nterrupt s te@Rss)i titeat 304 heyashégneduse veiLiiber et tdavice@pu0ei3AG 410 the
system 500, unlike the
signals to be transmitted to the display driver 130 to
produce a video image on the display 125.
10 The pipeline illustrated in FIG. 4 may include eight
stages, which may include instruction fetch 402-403, decode
404, address calculation 405, execution 406-408, and write-
back 409 stages. An instruction i may be fetched in one
clock cycle and then operated on and executed in the
15 pipeline in .subsequent clock cycles concurrently with the
fetching of new instructions, e.g., i+l and i+2.

Pipelining may introduce additional coordination
problems and hazards to processor performance. Jumps in
the program flow may create empty slots, or “bubbles,” in

20 the pipeline. Situations that cause a conditional brénch
to be taken or an exception or interrupt to be generated
may alter the sequential flow of instructions. After such

an occurrence, a new instruction may be fetched outside of



5 emul atton and reset events, which nay be fixed. The GPIs nay provide
* flexibility in the design of systens utilizing the DSP 110. R?iﬁgﬁk may
al so have different priorities, thus giving certain devi ces 1ot MOFi over

ot her devi ¥Q%H* he system 500. 10 FIG 6 illustrates a ciPCAHI0L3e2
according to an enbodi nent that may handle interrupts in a system500 in
whi ch the sane GPl is assigned to two or nore devices. The DSP 110 may
recogni ze s£ﬁ%e N Guents with different riorities. Events occurring in a
gi ven cycl e“H8y°BIVTE S EanPEPIER hy 12 e MR KL NG, drte kARt from a | atch
602. The txge of eyent nmy be represented by a particular bit in the
16-bi t wor d*REBFUERARPSe 1NeFéSt PdReLing dF srdevrive tN¥rthedomiidh ghest
priority, may be represented by bit one in the event word. According to an
enbodi nent , dafanfosnardd ngay biye nads inyesti atd. otes etnd Evesuesi selen talfdft een,
which may be reserved for GPls, may be represented by bits seven to
fifteen, respestwithy instrutieveriddmersbeslGn hdAR pdline WA PHL7490

PCT/ US01/ 30242 The event word may be input to a masking and priority

det ect on (@ﬁﬁ&oyédcubtd@QQ.wmﬁhIﬂﬂ%g@r&aﬂﬁlé§¥gfgy;nask out certain
interrupts based on system paraneters and resolve priority between

different events CUIT i i %ﬁﬂﬁ ‘ circuit, 604 may
out put a new 16- g?t@ gvérqtguvs\%rr&til%(fe%i Vi negtygén@ounlna@k%g)d&%r? o?ﬁg/elgvent to
a latch 60 tipl.exer 608 connected to an even vector table
(EVT) 610, gﬁagﬁf@;ﬁﬁ Sgéetél . "%%’e CI‘:;\?%]%O%O ThE Q%Iﬁ’o@ %‘?\‘:tsr"i'1 SRR eQEnt s
two to 1o fifteen. The entries may include the address of the first

i nstructi onPFReENAEVERESs 0V OL b Fnath @adoquEpaNgrae tWwith Hele 2SR cul ar
event nunber. The addresses in the entries for events two to fifteen nmay
be written 130t heDEVECES0 50Wrd2 0 mayDSmclitig s fomeseainpls, om, the

addresses in the EVT 610 nay be altered, and hence
10 microprocessor or a peripheral component interconnect (PCI)

controller.

. Program flow in the DSP 110 may be interrupted by
certain events. These events may include interrupts
initiated by the devices 505-520 in the system that require

15 servicing by the DSP 110. These events.may also include
interrupt-like events utilized by the system, such as
emulation and reset. When the system commits to an event,
the instructions in the pipeline may be killed, and a set
of instructions for an event service routine. appropriate

20 for that event may be fetched and introduced into thé
pipeline.

These events may have different priorities. According

to an embodiment, emulation may have a higher priority than



unreliable. Reset may be perforned each tine-the DSP 110 is powered on. To
" ensure that the address for the reset service routine is acfﬁrﬂ%@ZWShe
address for_the first instruction in the reset service routine nmay not be
stored 20 iWOOHE™YUT 610. Rather, the address may be provi deRCT/US01/30242
thirty-two reset vector pins 614 in the DSP 110. The reset service routine
may include witing the event service routine addresses to the EVTI. 11 1
8 MAR 2005 WO _02/27490 PCT/US01/ 30242 As described above, events seven to
fifteen maytH8Ctal PHLEFFHoMap Rave 2 higherpmd o hi by nehaevistervyphg
for DSP 110 resources, the device may be assigned a different GPl. However,
in a systenFsaged by e deiaices IS evi (Be SwherSibss ey ybenazatgned
to nore than one device. These GPls may be consi dered overl oaded.

Accor di ng t gearredbpdinperste iAferniptes(GRIs OViEH4© b&PASsiBYeleto
overridden. Rather than using the address in the entry fof the GPI, an

address fordifi€eeennt qearidae J65L3046 i fie @f{wréa%%ﬁes O &g parLhgul ar
device may be supplied at the reset vector pins by the systemconfroller

S02, Far Sramhacisn et oa S I Ty b, S MECE g Bt e

These devices may require rvice-routin

exanple, th ddr tqrned ., fhe EVI .at entry thirteen may not K be
appropri at eﬁ?gr gé:?%i%agleﬁl\})eﬁblft)f e i ¢ %s’%ﬁs-% SYREEB? arhiylizing
enbodi nent, 6he§ gng %f the devices 505-510 requests an interrupt, the EVT
610 may be 5U&r PPHdertYand T RESmb @i hawrirdkEforent detiopithessyst em
controller 502 at the reset vector pins 614.

thus giving certain devices priority over other devices in

the system 500.

10 FIG. 6 illuetrates a circuit 600 according to an
embodiment that may handle interrupts in a system 500 in
which the same GPI is assigned to two or more devices. The
DSP 110 may recognize sixteen events with different
priorities. Events occurring in a given cycle may be

15 identified by a 16-bit event word output from a latch 602.
The type of event may be represented by a particular bit in
the 16-bit word. For example, event one, which may have
the second highest priority, may be represented by bit one
in the event word. According to an embodiment, event one

20 may be assigned to reset. Events seven to fifteen, which
may be reserved for GPIs, may be represented by bits seven

to fifteen, respectively, in the event word.

10




I f 'nmore than one of these devices 505-510 requests an interrupt in a

* cycle, e.g., 505 and 506, a device priority 12 18 MAR 2005 WO 02/27490
PCT/ USO1/ 30242 handl er 504 may resolve priority between the t&dMABedixes
505, 506 awddsyApsyrit the result to the systemcontroller Bp2usélisozzystem
controller 502 may then provide the address corresponding to the device
that wins priority at 5 the reset vector pins 614. Overl oaded GPls nay be
identified by an n-bit override word in an EVT override register 616. The

value of n may Tiosrespandwbedt heynsabensat €8I & m‘é,'é‘icihi_?t Snld" pi1S AR
word may correspond to a particul ar even? nunber. Bits 70 corFEspon I“ng to

| oaded b b d ' t,.L Bot h _t he EVT
010 and the EVE S0t (Eo) ot Srare B1° oy o oEoRe ERF Y S O Aol SYere (is)

In an MVR St et all a, given address nmay nmap.directly to 15
register(s)§%r1é%é?%ﬁgz%g%%ggu#ﬁgnbgsﬁgnBPySVﬁ%&FiBéFaﬁPéPr? APCustrates a
fl owchart desg%ibin an operation 700 for overriding an EVI entry
accordi ng t'TH %%b%ﬁ%ﬂﬁh Yy behreep| dbfifagentseveptisonccyreiimyl yrorde
enbodi nent of inplenenting the operation 700. In other enbodinents, 20
st at es® may TR KEYPEE- or Ther MBPnedrenit 60#f megnbutpdér a nEwe 1@périati on i s
described using the circuit 600 of FIG 6, however, the operation 700 nmay
be perf or neaiverst ngoxrdrtdentifgtngr dhngnhasketer patierenodiveritt o a
latch 606, a multiplexer (MUX) 608 connected to an event
vector table (EVT) 610, and an AND gate 612.
The EVT 610 may include entries for events two to
10 fifteen. The entries may include the address of the first
instruction in an event service routine corresponding to
that particular event number.
The addresses in the entries for events two to fifteen
may be written to the EVT 610. When the DSP 110 is powered
15 on, the addresses in the EVT 610 may be altered, and hence
unreliable. Reset may be performed each time the DSP 110
is powered on. To ensure that the address for the reset
service routine is accurate, the address for the first
instruction in the reset service routine may not be stored
20 in the EVT 610. Rather, the address may be provided via
thirty-two reset vector pins 614 in the DSP 110. The reset

service routine may include writing the event service

routine addresses to the EVT.

11



13- 18 MAR 2005 WO 02/27490 PCT/ US01/ 30242 The n-bit event word out put
fromthe latch 606 may identify the occurrence of event(s) in a given
cycle in state 702. The MPD circuit 604 nay nmask out certai h8eN&hi285i n
state 704 AYRI0%/294%80 ve priority between nultiple events 5 irpcityes@m/3606. The
MPD circuit 604 may out put the new orthogonal event word, i.e., having one
or none of its bits set HGH to EVI MJX 608. The EVT MJX 608 may sel ect
the entry in the event vector table 610 that corresponds to the priority
event identifiedABydelseribedoriivogonaventantseverd. td Of e e @yt Bagona
event word may al so be input to the AND gate 612. The AND gate 612 may

produce an albbtawerd fbrompIishe hirt -amMsSAs Humd dcELs ﬂ&nérﬁb6¥%%9r§9gﬂgna
event word from the MPD circuit 604 and the n-bit override word fromthe

EVT overri deofepspt e 0616 siotredt e tw'degﬁ%@[f@ét%%&qrﬁé‘& pyit fromthe

AND gate 614 may have a HI GH value in a e event nunber
correspondi §gckQ Lhat Rt rred i.n that cl d the event nunber
‘corresponds t0 —an ove? oadglg%éylre%’Aﬁ'%OQ %-é{tsgé/eérigsﬂgw:pt} dBRES atR32Bi t sum
fromthe sixiggn g%ts in the mg? and output a single bit 20 in state 710.
The oufput BHEE 8§ VHi&Eeafe™h H3Ye SEHNSA SHO MK DetbyRr PREden
This bit may be input to a MUX 620. The MJX 620 may select 32-bit the
address at YPBLEST FDORSE0S§PIS Fex de7rpnsiderediqvenitqadedsom the OR gate
618 is 18 MAR 2005 WO 02/27490 PCT/ USO01/ 30242 has a LOWval ue. The MJX
620 may sel ect aAgGeobdingi ot ruc emoddddmass BUb@ntetidy foe systiaded
controller 502 'at the reset vector pins 614 in state 714 if the bit has a
HI GH val ue.GFhe meyebeedvaddiesienTay RR@&helordthrd i A@the address in
the EVT entry for the GPI, an address for the event service
10 routine appropriate for the particular device may be
supplied at the reset vector pins by the system controller
502.
For example, six devices 505-510 may be assigned to
event thirteen. These devices may require a different
15 event service routine. In this example, the address stored
in the EVT at entry thirteen may not be appropriate for at
least five of the devices 505-510. According to an
embodiment, when one of the devices 505-510 requests an
interrupt, the EVT 610 may be overridden and the
20 appropriaté address provided by the system controller 502
at the reset vector pins 614.

If more than one of these devices 505-510 requests an

interrupt in a cycle, e.g., 505 and 506, a device priority

12



5 622. This address may be used t'o fetch an instruction for the

* appropriate event service routine in state 716. A nunber of enbodi nents of
the invention have been described. Nevertheless, it wll bef & 20bod
that vari owsoexmod9d i cati ons may be made without departing frefnidag/364abrit
10 and scope of the invention. For exanple, the widths of the event and
override words and instruction address are not |imted to those described
above. Accordingly, other enbodinents are within the scope of the

fol | owi ng changier15§041ay\Re2@I5ClpdildE ity Adamidwd {105 Ve dd¢H agsan
event entry in an event vector table in a processor including a plurality

of pins, cboPyi506gant itdemsrfii RheA QW r@{leﬁq@fsﬁk&{e&%ﬁtf&fp&i ng an
event nunber corresponding to the event to one or nore overl oaded event

numbers in tbe. evenk ¥oetln Joit:B11RACEY ) hiuerdoaded. quent numbers

being associated with nore than one event,; i n response

b t L I . f .th ) | oaded, event
nunbers. sel aaf 8 89cBlr BUnaiE <8 ert RIRR T I et fRRt NoRE he to

event nunbe hfrgn1tpe event vector_ table; and in response to the event
number *nmat chf Rg=8ESFed§E 6Te P1S &l4he one or nmore overl oaded event
nunbers, overriding the  event entry corresponding to the event nunber in

the event vectoPVEEBPEdSE &hlsciiayy be setantd SR duy 41 omrlbite override

word in an EVT override register 616. The value of n may
correspond to the number of GPIs. The bits in the n-bit
word may correspond to a particular event number. Bits

10 corresponding to overloaded GPIs may be set HIGH and the
other bits set LOW.

Both the EVT 610 and the EVT override register 616 may
be memory map registers (MMRs). In an MMR, a store
operation to a given address may map directly to

15 register(s)'in the MMR rather than a memory location.

FIG. 7 illustrates a flowchart describing an operation
700 for overriding.an EVT entry according to an embodiment.
The following description is simply one embodiment of
implementing the operation 700. In other embodiments,

20 states may be skipped or performed in a different order.
The operation is described using the circuit 600 of FIG. 6,
however, the operation 700 may be performed using circuits

according to alternate embodiments.
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plurality of pins in the processor. 20 2. The nethod of claim1l, further
- conprising: fetching a first instruction for an event SerVICﬁi&ﬁHt e at
the first address in response to selecting the first addres$; chi ng

a first inglorgambisgn for an event service 16 18 MAR 2005 ropgir)@ Po2lide
second address in response to selecting the second address. 3. Re met hod

of claim1, wherein said plurality of 5 pins conprise reset vector pins. 4.
The met hod of claim 1, wherein the event vector
The n-bit event word output from the latch 606 may

identify the occurrence of event(s) in a given cycle in
state 702. The MPD circuit 604 may mask out certain events
in state 704 and resolve priority between multiple events

5 in state 706. The MPD circuit 604 may output the new
orthogonal event word, i.e., having one or none of its bits
set HIGH, to EVT MUX 608. The EVT MUX 608 may select the |
entry in the event vector table 610 that corresponds to the
priority event identified by the new orthogonal event word.

10 The new orthogonal eveﬁt word may also be input to the AND
gate 612. The AND gate 612 may produce an n-bit word from
the bit—wisé products of the new orthogonal evént word from
the MPD circuit 604 and the n-bit override word from the
EVT override register 616 in state 708. The n-bit word

15 output from the AND gate 614 may have a HIGH value in a bit
location if the event number corresponding to that bit
occurred in that cycle and the event number corresponds to
an overloaded GPI. An OR gate 618 may produce a l-bit sum
from the sixteen bits in the word and output a single bit

20 in state 710. The output bit may indicate whether the EVT
entry should be overridden. This bit may be input to a MUX

620. The MUX 620 may select 32-bit the address at the EVT

MUX 608 in state 712 if the bit output from the OR gate 618

14



tabl'e i ncludes sixteen event entries. ‘10 /5. The nethod of claim1, wherein
the one or nore overloaded event nunber% correspond to one or % ener al
purpose interrupts. 6. A conputer-readable medi um storing in&@rﬁg{iw s 15
for overri WOn@R/2A%kvent entry in an event vector table in apprawsessnu?
including a plurality of pins, said instructions causing the machine to:
identify an occurrence of an event; conpare an event nunber correspondi ng
to the event to 20 one or nore overloaded event numbers in the event
vector tabtas 2ak®Wovasued ofbel YHded28veay sedbetsabéirpitassoci ated with
nore than one event; in response to the event nunber not matching at |east
one of the imstouctbor addrksadsdpplent bymbaessysekecCtoatkd11:§ MR 2005
first address in an event entry corresponding to the event nunber fromthe
event vect oit tihd ere8€ vBcEBSPENES bQ4t BE G¥8RE HYRbEK gﬂtecg'i@_g s |past
one of the one or nore overl oaded event nunbers, override the 5 event

entry corr aspandiag.d o tfﬁe?ggﬂécﬁgﬁbﬁﬁdﬁ@sghﬁa?@gt stb2et0lint APhaddh
g a second address fromthe
5 622. This address may be used to fetch an instruction for
the appropriate event service routine in state 716.

A number of embodiments of the invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit

10 and scope of the invention. For example, the widths of the
event and override words and instruction address are not

limited to those described above. Accordingly, other

embodiments are within the sche of the following claims.
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plurality of pins. 7. The mediumof claim®6, further conprising 10

I nstructions causing the machine to: fetch a first instruction for an event
service routine at the first address in response to selecting the first
address; and fetch a first instruction for an event service routine 15 at
t he second address in response to selecting the second addrfeSisR 2805 The
medi um of claim 6, wherein said plurality of pins conprise reset vector
pins. 20 9. The nedium of claim6, wherein the event vector table includes
si xteen eveREAIMS ies. 18 18 MAR 2005

1. A method for overriding an event entry in an
event vector table in a processor including a plurality of
pins, comprising:

5 identifying an occurrence of an event;

comparing an event number corresponding to the event
to one or more overloaded event numbers in the event vector
table, each of said overloaded event numbers being
associated with more than one event;

10 in response to the event number not matching at least
one of the one or more overloaded event numbers, selecting
a first address in an event entry corresponding the to
event number from the event vector table; and

in response to the event number matching at least one

15 of the one or more overloaded event numbers, overriding the
event entry corresponding to the event number in the event
vector table by selecting a second address from the

plurality of pins in the processor.

20 2. The method of claim 1, further comprising:
fetching a first instruction for an event service
routine at the first address in response to selecting the

first address; and

fetching a first instruction for an event service

16



10. The medi um of claim®6, wherein the one or nore overloaded event
nunbers correspond to one or nore general purpose interrupts. 5 11. A
processor conprising: an event vector table including a plurality of
entries, each entry including an address for an event servi cke8 MRt 005
instruction corresponding to a particular event nunber; 10 a plurality of
pi ns adapted to receive an address; an override circuit to output an

override signal in response to an input event number matching at |east one
over | oaded &P¥RENFuRbeles FCFBFePIG%GES é@eﬁ@sﬁ9ﬁ5§rt@eﬁﬁée§g§@@iéﬁ@d with
a plurality of events; and 15 a selection circuit connected to the override
circuit, thecenehedggessr table, and the plurality of pins, said

selection circuit operative to select an address at the plurality of pins
in response to the override signal. 20 12. The processor of claim 11,
wherein the address at the plurality of pins conprises an address for a
first instructicn inTae avehiodSerfvicdeinout,i ndeterinespardipn@riaQ iay ogvent
havi ng an overl oaded event nunber. 19 18 MAR 2005 13. The processor of

claim1ls fuyrthReccaRiseSirGetr QRVWE Hig@ register to store the at |east
one overloaded event nunber. 5 14. The processor of claim 12, wherein the

over | oaded

4. The method of claim 1, wherein the event vector

table includes sixteen event entries.

10 5. The method of claim 1, wherein the one or more
overloaded event numbers correspond to one or more general

purpose interrupts.

6. A computer-readable medium storing instructions
15 for overriding an event entry in an event vector table in a
processor including a plurality of pins, said instructions
causing the machine to:
identify an occurrence of an event;
compare an event number corresponding to the event to
20 one or more overloaded event numbers in the event vector
table, each of said overloaded event numbers being
assoclated with more than one event;
in response to the event number not matching at least

one of the one or more overloaded event numbers, select a

17



event nunber corresponds to a general purpose interrupt. 15. The processor
of claim13, wherein the override register is adapted to store a plurality
of overl oaded 10 event nunbers, and wherein the override circuit is adapted
to conpare the input event nunber to each of the plurality 4of Marejhpaded
event nunbers. 16. The processor of claim 13, wherein the override 15
register is adapted to output a first n-bit word identifying said at | east
one overl oaded event nunber, and wherein the override circuit conprises:

an AND gat e t&S5eREFZEESa 10e@BnE VAT TG COFSRSPREAIRIG TR $8<pradidt s of

the first n-bit word and an n-bit 20 event word; and an OR gate to generate

t he over ri daugpgralf rorombieh e vesiimveic tolve tigibtle /i mndhe second n-bit overri de

word. 20 ~ 8 MAR 2005 17. The processor of claim1ll, wherein the plurality
in response to the event number matching at least one

of the one or more overloaded event numbers, override the
5 event entry corresponding to the event number in the event
vector table by selecting a second address from the

plurality of pins.

7. The medium of claim 6, further comprising
10 instructions causing the machine to:
fetch a first instruction for an event service routine
at the first address in response to selecting the first
address; and
fetch a first instruction for an event service routine
15 at the second address in response to selecting the second

address.

8. The medium of claim 6, wherein said plurality of
pins comprise reset vector pins.
20
9. The medium of claim 6, wherein the event vector

table includes sixteen event entries.
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of 'pins conprise a plurality of reset vector pins. 18. The processor of
claim 13, wherein the override 5 register conprises a nmenory nmap register.
19. A systemconprising: a systemcontroller; a plurality of devices
connected to the system 10 controller; and a processor connedt&MARQMI5he
system control |l er, said processor conprising: an event vector table
including a plurality of entries, each entry including an address for an
event 15 service_routine instruction correspondin% to a particul ar event

nunber: a plural itfy off g ASHFEPCEd LG iMefai VECER1RIGESONEr OF fRESsyst em

controller; an override circuit to output an override signal 20 in response
to an i nput CEF¢EALANEDEN St ERIPG LEt ClogaSPeRE &PePNGad@&d "eV et eREHser
sai d overl oaded event nunber being associated with a plurality of events;
and a sel ecpiugposier duitiercopiect ed to the override circuit, the event vector
table, and the plurality of pins, 21
5 11. A processor comprising:
an event vector table including a plurality of
entries, each entry including an address for an event
service routine instruction corresponding to a particular
event number;
10 a plurality of pins adapted to receive an address;
an override circuit to output an override signal in
response to an input event number matching at least one
overloaded event number, said overloaded event number being
associated with a plurality of events; and
15 a selection circuit connected to the override circuit,
the event vector table, and the plurality of pins, said

selection circuit operative to select an address at the

plurality of pins in response to the override signal.

20 12. The processor of claim 11, wherein the address at
the plurality of pins comprises an address for a first
instruction in an event service routine corresponding to an

event having an overloaded event number.

19



18 MAR 2005 said selection circuit operative to select an address at the
plurality of pins in response to the override signal. 20. The system of
claim19, further conprising: 5 a device priority handler connected to the
systemcontrol ler, said device priority handl er adapted to re®MarRess
priority between a plurality of devices having the sane event nunber. 10
21. The systemof claim 19, further conprising: an override register to
store at |east one overloaded event nunber. 22. The apparatus of claim 19,
wherein the addréss Thef PaRceiss oy Sfemldnt tdlr I Enriberh&opPEFisingy of pins
conprises a first address for an event service routine corresponding to an
event having an eveoveadddieevent steumtber st2Te23heAagyde@mtcomsri sing: a
static random access nenory; and

overloaded event number.

5 14. The processor of claim 12, wherein the overloaded

event number corresponds to a general purpose interrupt.

15. The processor of claim 13, wherein the override
register is adapted to store a plurality of overloaded
10 event numbers, and wherein the override circuit is adapted
to compare the input event number to each of the plurality

of overloaded event numbers.

16. The processor of claim 13, wherein the override
15 register is adapted to output a first n-bit word
identifying said at least one overloaded event number, and
wherein the override circuit comprises:
an AND gate to generate a second n-bit word from the
bit-wise products of the first n-bit word and an n-bit
20 event word; and
an OR gate to generate the override signal from the

sum of the bits in the second n-bit override word.

20




a processor coupled to the static random access nenory, said processor

i ncludi ng: an event vector table including a plurality of event 22 18 MAR
2005 entries, each entry being associated with an event and i ncluding an
address; a plurality of pins; an event vector table overrideg &iMABLEES t O
output an 5 override signal in response to an input event nunber matching
at | east one overl oaded event nunber, said overloaded event nunber being
associated with a pIur%Iity of even el ection circuit connected to

ts; and a
the override circdit, T fopﬁﬁgeé§8ﬁt°¢e€ﬁ89mt& e "DERG 10N ENG Brlardy to
pins, said selection circuit operative to select an address at the
plurality oPIpPA8&s| ROPPSPERse P8 urRe 1§Verdi dessitgVaictoZ. #inPhe processor of
claim1l, wherein the selection 15 circuit conprises a multiplexer.
18. The processor of claim 13, wherein the override

5 register comprises a memory map register.

19. A system comprising:
a system controller;
a plurality of devices connected to the system
10 controller; and
a processor connected to the system controller, said
processor comprising:
an event vector table including a plurality of
entries, each entry including an address for an event
15 service routine instruction corresponding to a particular
event number;
a plurality of pins adapted to receive an address
from the system controller;
an override circuit to output an override signal
20 in response to an input event number matching at least one
overloaded event number, said overloaded event number being
associated with a plurality of events; and
a selection circuit connected to the override

circuit, the event vector table, and the plurality of pins,
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25" A nmethod conprising: identifying an occurrence of an event; conparing
an event nunber corresponding to the event 20 to one or nore overl oaded
event nunbers, each of said overloaded event nunbers being associated with
nore than one event; in response to the event nunber not {rgapMaRinEg at | east
one of the one or nore overl oaded event nunbers, selecting 23 18 MAR 2005
a first address in an event entry correspondi ng the event nunber from an
event vector table; and in respgnse to the event qunber natchin% at | east

t
one of theSBn8 SFLRGILECHyELEGHIEd OBFERE LG Selseltedli RGXeSSsédond
address supplied by a controller. 26. An apparatus conprising: a controller
operative t&heupplyadn tad@fes Mo na reEPPESES {6t tiet PFR rird dgn séwaatl -ser vi ce
routi ne corresponding 10 to an event having an overl oaded event nunber,
sai d overl oaded event nunber being associated with a plurality of events;

20. The system of claim 19, further comprising:
5 a device priority handler connected to the system
controller, said device priority handler adapted to resolve

priority between a plurality of devices having the same

event number.

10 21. The system of claim 19, further comprising:
an override register to store at least one overloaded

event number.

22. The apparatus of claim 19, wherein the address
15 from the system contrcller at the plurality of pins
comprises a first address for an event service routine
corresponding to an event having an overloaded event

number.

20 23. A system comprising:
a static random access memory; and
a processor coupled to the static random access
memory, saild processor including:

an event vector table including a plurality of event

22



a processor connected to the controller, said processor conprising: 15 an
event vector table including a plurality of entries, each entry including
an address for an event service routine instruction corresponding to a
particular event nunber; an override circuit to output an ﬁée@%igﬁ si gnal
20 in response to an input event nunber matching the overl bad @nt
nunber; and a selection circuit connected to the override circuit, said
selection circuit operative to select the 24 %? NM# 2005 address supplied
by the cont fRH%ERSn SALhHEF Y PIHE RRFIFIRES d’h‘a% ary evigRt #Mr at us of

claim26, wherein the selection 5 circuit is operative to select an
address in dmcdmding pn RAERSHR/ vector table in response to not receiving
the override signal. 25

a plurality of pins;

an event vector table override circuit to output an
5 override signal in response to an input event number
matching at least one overloaded event number, said
overloaded event number being associated with a plurality
of events; and
a selection circuit connected to the override circuit,
10 the event vector table, and the plurality of pins, said
selection circuit operative to select an address at the

plurality of pins in response to the override signal.

24. The processor of claim 11, wherein the selection

15 circuit comprises a multiplexer.

25. A method comprising:
identifying an occurrence of an event;
comparing an event number corresponding to the event
20 to one or more overloaded event numbers, each of said
overloaded event numbers being associated with more than
one event;
in response to the event number not matching at least

one of the one or more overloaded event numbers, selecting
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15

20

18 MAR 2005

a first address in an event entry corresponding the event
number from an event vector table; and

in response to the event number matching at least one
of the one or more overloaded event numbers, selecting a

second address supplied by a controller,

26. An apparatus comprising:

a controller operative to supply an address for a
first instruction in an event service routine corresponding
to an event having an overloaded event number, said
overloaded event number being associated with a plurality
of events;

a processor connected to the controller, said
processor comprising:

an event vector table including a plurality of
entries, each entry including an address for an event
service routine instruction corresponding to a particular
event number;

an override circuit to output an override signal
in response to an input event number matching the
overloaded event number; and

a selection circuit connected to the override

circuit, said selection circuit operative to select the
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18 MAR 2005

address supplied by the controller in response to the

override signal.

27. The apparatus of claim 26, wherein the selection
circuit is operative to select an address in an entry in
the event vector table in response to not receiving the

override signal.
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