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algorithms performing discrete computations on the samples as they arrive, The

architecture of a digital signal processor (DSP) is optimized to handle such algorithms.
The characteristics of a good signal processing engine include fast, flexible arithmetic
computation units, unconsirained data flow to and from the computation units, extended
precision and dynamic range in the computation units, dual address generators, efficient
program sequencing, and ease of programming.

[6003] One promising application of DSP technology includes commaunications
systems such as a code division multiple access (CIDMA) system that supports voice
and data communication between users over a satellite or terrestrial link. The use of
CDMA techuniques in a multiple access communication system is disclosed in U.S. Pat.
No. 4,901,307, entitled "SPREAD SPECTRUM MULTTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS," and U.8. Pat. No. 5,103,459, entitled *"SYSTEM AND METHOD FOR
GENERATING WAVEFORMS IN A CDMA CELLULAR TELEHANDSET
SYSTEM," both assigned o the assignee of ihe claimed subject matter.

[6004] A CDMA system is typically designed to conform to one or more
telecommunications, and now sireaming video , standards. One such first generation
standard is the "TIA/EIA/IS-93 Terminal-Base Station Compatibility Standard for Dual-
Mode Widebaad Spread Spectrum Cellular System " hereinafter referred to as the IS-95



Mode W deband Spread Spectrum Cel |l ul ar System ™ hereinafter referred to as
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and syst em fatheoptcdty d:(g‘n]aiex algorithms, so the major p.roblems facing developers

attempting to port video-compression standards onto a telecommunications or other
DSP platform involve the restrictive data flow, imiled bandwidth, and excessive
latency of memaory,

[06607} One type of DSP that may provide significant processing capability uses
multithreading of a number of signal processing threads associated with a single
processor core. As these processors gain speed and power, and instruction sets ideal for
video-processing applications complement them, real-time encoding of video sequences
becomes easier. With a fast processor and much data to process, the DSF's memory
architecture may severely limit real-time encoding and related operations, With limited
fast internal memory and limited bandwidth to external memory, a botfleneck often
appears between the processor and the data.

[0608} Accordingly, there is a need for a method and system of overcome
memory latency in a DSP or similar signal processing environment.

[0909} Moreover, a need exists for a method and system for operating a
muliithreaded DSP with reduced load fatency for telecommanications and other

applications.
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background processing mask for agsociating with a processing thread of the multithread
digital signal processor, which associates with at least a subset of said plurality of
processing threads. Upon sensing an event, such as a cache miss, in one of the
processing threads during multithread processing, the interrupt register issues the
background thread interrupt and the digital signal processor initiates background
processing using one of the processing threads having an associated background
processing mask.

[6012] These and other advantages of the disclosed subject matter, as well as
additional novel features, will be apparent from the description provided herein. The
intent of this summary is not to be a comprehensive description of the claimed subject
matter, but rather to provide a short overview of some of the subject matter’s
functionality. Other systems, methods, features and advautages here provided will
become apparent 1o one with skill in the art upon examination of the following
FIGUREs and detailed description, It is intended that all such additional systems,
methods, featares and advantages be included within this description, be within the

scope of the accompanying claims,



become apparent to one with skill in the art upon. exam nation of the
followng FIGUREs and detailed description. It is intended that all such
addi ti onglo AyHEEM, nethods, features and advant ages RCT/HROWBIR t hin
this description, be within t he scope of the acconpanying clainms. WO
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The features, nature, and advantages of the disclosed subject nmatter wll
beconme nore apparent fromthe detail ed description set forth bel ow when
taken in. conjunction with. the drawingg in which |like reference characters
identify correspondingly throughout and wherein: [0014] FIGURE | is a
sinplified g}kggkndg HTIONS GPTHIDDIaAWIDEGSYystem that can i npl errent the
present e
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signal processor provid he t echni cal vant ages of the discl osed subject
rnatter; [ @OBiEhcldGyRE the Jegitio vehicluhibe referahcdthveiciens adpndify of the event.

handling of _the dis GURE 5 shows a mask register format
for use wi tHtHE n%;g&ﬁﬁ%&og&%&iﬂxer ‘ter; [(303.91 FIGURE 6 presents a
pendi ng i nY@et4]pt r eFECERE Dtm&nﬁ)hmﬂlsmw&&gmm& adicmahosiesti sisy sten

matter; and 10020 lGURE@ rOV|d s.an . flowhart of the menory managenent
functions At BRENR eiibger "f’"ﬁ OdiPE8knt di scl osure and with which the

cl ai med suljhgps; Mt t epIGORY 2URKaRIE DGO EGENEr Sadyify fslesh tedopprRar t

of the back%round I nterrupt processing nethod and system of the present
di scl osur e oitETEesEDembodmpent; ON OF THE SPECI FI C EMBODI MENTS 100221 The

di scl osed qURIGCt MAFREUREE 3 s DARKBROUBIE SR IFORE BALBGImdR! hod

and system a nmulti I gital signal processor has application in a
very of a digital signal processor providing the technical advantages of the disclosed subject
matter;
[8017] FIGURE 4 presents a functional block diagram of the event handling of

the disclosure;

[0018] FIGURE % shows a mask register format for use with the disclosed
subject matter;

D019} FIGURE 6 presents a pending interrupt register format for use with the
disclosed subject matter; and

[6020] FIGURE 7 provides an flowchart of the memory management fonctions
of one embodiment of the present disclosure and with which the claimed subjsct matter
operates; and

[3021} FIGURE 8 provides a flowchart of the background interruapt processing

method and system of the present disclosure.

[0022] The disclosed subject matter for a shared background thread processing
method and system for a multithread digital signal processor has application in a very
wide variety of digital signal processing applications involving muli-thread processing.
One such application appears in telecommunications and, in particular, in wireless
handsets that employ one or more digital signal processing circuits.

{0023} For the purpose of explaining how such a wireless handset may be vsed,
FIGURE 1 provides a simplified block diagram of a communications system 10 that

can implement the presented embodiments of the disclosed interrupt processing method
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the transmggnal processing for the other direction is not shown in FEGURE 1. for simplicity.

Communications system 10 can be a code division multiple access (CDMA) system, a
time division multiple access (TDMA) communications system (e.g., 8 GSM system), &
frequency diviston multiple access (FDMA) communications system, ot other multiple
access communications system that supports voice and data communication between
users over a terrestrial link. 1n a specific embodiment, communications system 10 is a
CDMA system that conforms to the W-CDMA standard.

(0026} FIGURE 2 illustrates DSP 40 grchitecture that may serve as the transmit
data processor 16 and receive data processor 28 of FIGURE 1. One more, emphasis is
made that DSP 40 only represents one embodiment among a great many of possible
digital signal processor embodiments that may effectively use the teachings and
concepts here presented. In DSP 49, therefore, threads TS (reference numerals 42
through 52), contain sets of instructions from different threads. Cirouit $4 represents the
instruction access mechanism and is used for feiching instructions for threads T0:TS.
Instructions for circuit 54 are queuned into instruction queue 56. Instructions in
instruction queue 86 are ready to be issued into processor pipeline 66 (see below), From

instruction queue 56, a single thread, e.g., thread T0, may be selected by issue logic
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associ at ed DiRpe §6¢ ashp mechamivom thas Biggers 4 dreasiiawitch. Thread-switch overhead
varies from zero to only a few cycles.

[6029} DSP 46, therefore, provides a general-purpose digital signal processor
designed for high-performance and low-power acrogs a wide variety of signal, image,
and video processing applications. FEGURE 3 provides a brief overview of the DSP 40
architecture, including some aspects of the associated insiruction set architecture for one
manifestation of the disclosed subject matter. Implementations of the DSP 40
architecture support interleaved multithreading (IMT). Tn this execution model, the
hardware supports concurrent execution of multiple bardware threads TO:TS by
interleaving instructions from different threads in the pipeline. This feature allows DSP
48 to include an aggressive clock frequency while still maintaining high core and
memory utilization. IMT provides high throughput without the need for expensive
compensation mechanisms such as out-of-order execution, extensive forwarding
netwaorks, and so on, Moreover, the DSP 40 may include variations of IMT, such as
those variations and novel approaches disclosed in the commonly-assigned U.S. Patent

Applications by M. Ahmed, et al, and entitled “Fariable Interleaved Multithreaded

Processor Method and System” and “Method and Svstem for Fariable Thread

Allocation and Switching in g Madithreaded Processor. *
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shared data cach LD ST instructions to threads TOT,,. Wth external DVA
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bl ock di agryagisets idﬁccﬁﬁ/ﬁ&hwb@@%ﬁtﬁﬂ rOfistel Tirobthslsasit Greddd TOCESL handl er
ar chi tecture 110, M SM sBem fic blocks 1, Bﬁﬂl nclude interru troller

t. c
bl ock . 114,1988Bug andFPebRd; fareseniagirraionst Wk fipgram ofithe grier *sh‘mdﬂ“& y of

the disclosure. In event handler architecture 1168, MSM specific blocks 112 include

interrupt coniroller block 114, debug and performance monitor block 116, and fimers
block 118. MSM specific blocks 110 provides sixteen (¥6) general interrupts 128 to
global control register 122 and non-maskable interrupts (NMI) 124 to event haadling
register 126. Global control register 122 includes IPEND register ¥28, vector base
register 130, mode confrol register 132. From IPEND Register 128, 16 interrupt types
129 may go to event handling register 126. Vector base regisier 130 may send 20
interrupts 131 10 event handling register 126, while mode controf register 132 may
provide a Ix6 reset interript 133 to event handling register 126.

9032} Event handling register 126 includes interrupt mask IMASK) register
134, which provides masks data to process event register 136. Process event register
136 also receives internal exception requests, including TLB miss, ervor, and trap
instruction requests. From global controt registers 122 communications ocour with
general instructions registers (R0-R31) 90 and supervisor control register 86,

j0033] Therefore, imerrupt processing with the disclosed subject matter includes
three types of external interrupts, which include the soft reset intersupt £33, general

maskable interrupts 120, 129, and 131, and the non-maskable interrupt 124, There are



bl ock 118. MSM specific bl ocks .210 provides sixteen (16) general interrupts
120 to global control register 1.22 and non-naskable interrupts (NM4) 124
to event woazod/D48g32 r egi ster 126. d obal control registefC 195200000t es 1 PEND
regi ster 128, vector base register 130, node control register 132. From

| PFND Regi ster 128. 16 interrupt types 129 may go to event handling

regi ster 126. Vector base register 130 nay send 20 interrupts 131 to event
handl i ng regi ster 126, while node control register 132 nay provide a 1x6
reset interrupt 1.33 to event handling régister 126. [00321 Event handling
register 1.26 includes interrupt mask (1 MASK) register 134, which provides
masks dat a téanaqkabbq&se@aﬂ@numgﬂmmsh&@d betvopsdl téeém:adae@’me of 38 al so
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[B035] In operation, if a thread T8:TS (a) has inferrupts enabled (IE=1) and (b)

is not in an exception handler (EX=0), and (c) the result of (IPEND & IMASK) is non-

zero, then an interrupt can be taken by that thread. The thread is then to be qualified to

take the interrupt. In the case that more than one interrupt is pending, the priotity is
interrupt O (bighest priority) to interrapt 15 (lowest priority). When a global interrupt
comtes in and is marked in the IPEND register, any of the six hardware threads may
potentially service the interrupt. Of the set of hardware threads that are qualified for the
interrupt, only one in the set will take the interrupt,

[6036} An imporiant aspect of the disclosed subject matter benefits from the
randomness of the qualified threads and maskable interrupts. That is, it cannot be
determined which of the qualified threads will service the interrupt, because the process
and the arrival of any given type of interrupt is random. The hardware will choose a
thread from the qualified set, that thread will be interrupted, and the interrupt will then
be cleared trom IPEND register 128 so that no further threads will service that interrupt.
[6037} The software may direct particalar interrupts to particular hardware
threads with appropriate IMASK register 134 programming. For example, if only
hardware thread T1:TS has the IMASK bit for interrupt 6 set, then only hardware thread



within the contenplation of the disclosed subject matter. [#1035] In
operation, if a thread TO: T5 (a} has interrupts enabl ed IE =1) @ﬁ? (b) is
not in awoewerm@sizan handl er (EX=0), and (c) the result & 6 MASK) is
non- zero, then an interrupt can be taken by that thread. The thread is then
to be qualified to take the interrupt. In the case that nore than one
interrupt is pending” the priority is interrupt O (highest. priority) to
interrupt |15 (lowest priority). Wien a global interrupt cones in and is
marked in the | PEND regi ster, any of the®six hardware threads may
potentially service the interrupt. O the set of hardware threads that are
qual i fi ed fRIETS heay teodies thapinterouptyWhee ab intbirepise bomiphdd tak thred thent er r upt .
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register bil field 154 for containing the general interrupt type bits. In IPEND register bit
field 134, bit 0 assumes a 1 value designating the highest priority intermupt type. The
lowest priority interrupt type may be designated by bit 15 assuming the value 1. There
may be other ways 1o designate different general interrupt types, all of which are
consistent with the teaching of the claimed subject matier.

[06640] In one embodiment of the claimed subject matter, a background
processing interrupt, e.g., a background prefetch processing interrupt may be retrieved
and provided to intermupt controller 114 as part of the memory management process.
That is during the background processing, “prefetcl” instructions may be executed on
behalf of the foreground process. Accordingly, FIGURE 7 provides a flowchart for
memory management process 160 ilfustrating the various memory access steps in the
use of a translation lovkaside buffer (TLB) for making available a background
processing inferrupt and performing certain actions of the disclosed background
processing method and system. Memory management process 160 provides for address
translation and protection, using a fiat virtual address space that is iransiated 1o physical

addresses via a translation lookaside buffer (TLB), the TLRB supports both instruction



I's enabled and will be accepted by this thread. Alternatively, if the bit is

clear, then that corresponding interrupt wll not be 391
FI GURE 6W§209%P48332an exanpl e of the | PEND regi ster forﬁg&ﬁgég?/%dpgﬂone

enbodi ment of the disclosed subject matter. In particular, TREND register
format 150 includes reserved .field 152, which may be filled in later
versions and IPEND register bit field 154 for containing the general
interrupt type bits. In IPEND register bit field.154, bit 0 assunes a |

val ue designating the highest priority i ferrupt type. The |owest priority
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[6042} In flowchart 160, upon receiving an ASID virtual address at step 162,
step 164 initiates a TLB search 10 determine the present of a TLB match. In the case a
TLB match occurs, the VPN from the load or store instruction is replaced by the
physical page namber from the matching entry in the TLB. The page offset portion does
not pass through the TLB. If no match occurs, then memory management process 160
issues a TLB miss exception at step 166, That is, if there is no match condition, a
precise TLB miss exception is taken. This enables the software 1o tookup the missing
{ranslation from. a page table in memory and insert the missing entry in the TLB. When
returning from the TLB miss exception, the instruction or packet that caused the
exception is then executed again, this time with the correct translation available.
0043} I a match does oceur, processing continues fo G-bit or ASID mateh step
168 at which such test occurs. The TLB is a shared resource between all DSP 46
threads. There are a set of global control registers for manipulating the TLB, and a set of
instractions that threads can use to query and modify the TLB. When the memory
management process enables the MMU and the data cache is also enabled, then the C-

bits in the TLB define how load/store operations should behave. There are different



region is programmble. This .region contains nenory mapped registers that
allow for progranm ng speC|f| ¢ bl ocks which include the interru h

control | wo 200e@803er and performance nonitor, and ti nehr (st W%“E 2 MW i s
enabl ed, each address produced by a |oad or store |ntstnrrt|on is referred
to as a virtual address. This address is conpared in parallel to all
programmed entries in the TIM A match happens when the virtual page nunber
(VPN) of the |l oad or store address matches an entry in the TLB, and either
the global bitis set for that entry, orlthe ASTD for that entry nmatches the
ASI L) oftbe current thread. [0042] in flowhart 160, upon receiving an ASID
virtual adayggfatensirhs tﬂﬁZ)SP 80 en Adéss, sadh Btoasha 1iphBy seapleth memalgt er mi ne
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tightly cowa:k:éqstumrmry (TC 1), 1/O etc. Each type of menory has defi ned
behavi or a ssibly ranm ng. rules associ ate accessi n he
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m ss exception issues. herw se, processing continues to step 172, which

tests whet HS{rytR® bysdto H?&M Frograro Fehos pod L0agf0TR PPESAEEpS M%féi e afoweEx =

0). 1T not, i Nakte AbmSatRe méthorP aléSherred to as cached accesses. Cacheabie instraction
fetches are handled by an instruction cache (Ieache). There are six 4 Kbyte instruction
caches in one embodiment of DSP 40 that are private to each thread. Data loads and
stores are held in a shared 32 Kbyte data cache. Thus, at step 170, menory management
process 160 determines that a cacheable instraction does not exist, then processing goes
1o step 182 which tests whether TCM access may occur. If so, processing goes to step
184 for accessing TCM. Otherwise, process flow goes to step 186 whereupon memory
management process 160 bypasses cache inemory {0 access external memory.
(0046} If a cache miss or other predetermined event of similar type oceurs, the
present embodiment provides for background processing using an idie thread. Such
process may preferably accomplish a prefetch operation, for example, to reduce memory
latency. Therefore, FIGURE 8 provides background processing flow diagram 190 for
Hlustrating certain novel functions of the disclosed subject matter for background
processing using one of threads T0:TS in response to background processing interrupt
wpe. Flow diagram 190 beging as step 192, at which point background processing
senses for a cache miss or other predetermined event for which background processing

would be advantageous. At query 194, if a cache miss ocours, processing continues 1o



of whether a cacheable instruction exits. If so, then, at step ] 76 a cache
access occurs. Oherw se, processing continues to step 178, at which a test
of whether necessary fetch, |oad, and witer perm ssi j so, then
processi WP 8184 E t o step 174 to deternine whet her thgﬁfsrr{g roﬁ%?ﬁoé)% i s
cacheabl e, O herw se, processing continues to step 180 whereupon nenory
managenent process 160 issues a privilege violation exception. [00451 DSP
40 supports tightly-coupled nenory (TCM for data accesses. To indicate
that a load or store is intended for W the cache attribute bits in the
MW entry may be set to TCM Program fetthes and | oad/ store operations

which are allowed to gpera e fromcache nenory a referred to,as cached
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corresponding to the particular mask. If the tests of any of queries 202, 204, or 206 fails,

2

then processing goes to step 214 at which process flow 160 determines that the thread
cannot process the interrupt(s} being examined. Otherwise, as stated, background thread
processing may occur. This may continue until, as query 210 indicates, until 2 higher
priovity interrupt for which a processing thread TO: TS may be useful arises. If such an
interrupt arises, then process flow goes to step 212, at which foreground processing
using the particular thread may resume.

[0048] Background processing flow diagram 198, therefore, provides a method
and system for operation in association with DSP 40 for processing interrupts that
includes a background thread interrupt for operation as one of a plurality of interrupt
types. The background thread interrupt initiates a background process using one of a
plurality of processing threads of a maltithread DSP 46. The IPEND interrupt register
128 may store the background thread {nterrupt. A background processing mask
assoctates with one of processing threads T0:'TS of DSP 40, IMASK register 134
associates the background processing mask with at feast a subset of the plurality of
processing threads. Event sensing instructions #92 sense the presence of a

predetermined event in one of the plurality of processing threads during multithread



regi ster 134 may store the background processing interrupt for associating
with the various threads TOIS of DSP 40. Thus, with I PEND co fL’ i njng the
backgr ouno 2097/0488%i ng regi ster and | MASK regi ster . 134P Wéﬂﬁ @Jlollé} storing
a correspondi ng background processi ng mask, flow diagram 190 first

determ nes whether an idle thread exists at query 200. If so, then process
190 determ nes whether thread interrupt processing is enabled for the
particular idle thread at query 202. Then, at query 204, the process
deternines that the particular thread is Aot operating as an exception
handier. 100471 At query 206, after taking the |ogical AND of 1PEND

regi ster 12@oessding[afASIP 4@ ditermpt B3dng instructiofs 2fcshregiate gt BEND register
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b ocessi ng. PLRuEIRE PeR Tl e SylR e RE ML pIARRRREROM
mask of [ MABK49T egi st BaclgidueX pobsssinyf ciguitpninibnes bekytdund peatressing ttieg | ow
continues to step 2Q8 at_ which the particular thread processes,an.interyupt
cor r espondi fif ‘_?fotgf’ 56%1‘?&%\@3 ’ﬁ"’r‘h%ﬁ Ig_n-oqepsqxg,@r? favige wsca:ﬁataﬁgﬁkgg@ ,
204, or 206pdRédsSmask! ’ﬂﬁx‘&a@E:ﬁ@ﬁﬁﬁt‘w&;&?%ﬁs&t@tiéﬁﬁ&r%]tﬂe Bhekihbsid Mragess flow
160 determhes that the thread cannot process the interrupt(s)_being

exani ned. Crferupit sea dats clenaerd obf aliaerlglon pkeside heTernssedasd mathna§P 48cTive
7:11is ma L s, < dulfli ' riorit
Mterrupt SRkt bR ohs Shindeit A Shem b InReliith P O
an i nt err ujpbkadi dsiesfertdsesrdirgpioessyih opergthes droths TP £0.i THeadadelavfion h

f oreground processi usi ng the particul ar .thread, may, resune. (00481,
Backor ound. BREELend Py el aelter B idlsgrohun £ ures T Hot PR rire ROt Orand
system for pageafund@hrodelsiagsoci ation with DSP 40 for processing interrupts
that includes a background thread interrupt .for operation as_one of a

plurality of0O8RE er r upt bepyRressing fratuar st GrmirafcegiPedhessip et bPniti ates a
backgr ound i DG onR ik Va0 F PRI SaPge0f a
mal 't b ead SRERG e ) 26 QR T inefs, FBE UAME IR ol AEF RO batERERCD
background slmveatestnihadrapepttions, i elogribupigsent sobodinmenisk beanpburantedkion t h

one of processi 2 h T af 1) SP MVASK. 1 eqi 1 , ocl ates
the backar ouhirabel ERicileartles bl (i LRl bERRRF i ap BDERR bE
processi ng tiheeddarory entuineiRsigngd inpdrfarei the fisnclions devesibed herely. dhence of a
predeterm ned event in gne of the plurality of processing threads durin
mul tithr eaq?%czﬁ%é?smméﬁéﬁ ROESEH $oedimEnty. E‘i%?@&%é%gwg}%ﬁ p3pabipam
Interrupt i s&YbNekiliOBf $16bHID akBCr ASS BRI Al Redishi} e iRENR T CHHiStLr

modifications to these embodiments wilt be readily apparent to those skilled in the art,

and the generic principles defined herein may be applied 10 vther embodiments without

the use of the innovative faculty. Thus, the claimed subject matter is not intended to be

{imited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



for issuing the background thread interrupt in response to the predeterm ned
event. (00491 Background processing circuitry initiates background
processi ng using one of the subset of the plurality of processing threads
havi ng an associ at ed background process mask. Thread interrupt formng
instructions formthe background threagql interrupt as a data el enent of a
transl ati on | ookasi de buffer associated with :DS. P 40. The thread interrupt
form ng instructions change the data el ement of the translation | ookaside
buffer according to varying operati©bAIMS t he: DSP 40. Thread sel ecti on.
circuitry and instructions select the idle processing threads as the
processing threads for background processing. 100501 The processing
features wiHAPIS CIIMEP3S! i bed herein can be inplenented in various
manners. For exanple, not only nmay DSP 40 performthe above-described
operations, but also the present enbodi mrents nay be inplenented.in an

appl i cation spech methodof pepiferming backarourd praceseing ina m%trntg@a%filrgeiﬁh signal 5

m croproc t .actronic circuits designed to performthe.
function§§§%§%¥ﬂgégw 8?2?W$h$ﬁ' foregoi ng description of the preferred
enbodi nent s, tfbeiieg abeackgraundrtireadliaceriupt, erechaklegramyd thppad serngkiobéreblei n t he art
to make or use the cl ained, subject matter, VariQus di;icatipns to these
enbodi ment's wil | bdO Fatale ppackgrpand Riocess usigoae gkd Plustlity A RIGESSHPE,  and the

generic principles;ge dsﬁ%mﬁﬁiﬁeéw%i%?figﬂﬁl Fsdsdop ot her enbodi nents

wi thout the use of the Innovative us, the claimed subject natter
i s not i ntendetbring thebackgmouhd thréad intherugi e internips registesn herein but is to be

accorded the w dest %cge l_wéonsistent %{hh.the ri nciples and novel features
di scl osed her PHNING 2 DAGHBRQUHE Pregapstng Mass AFINARSSPQated WItA aRaftdtfr of per f or ni ng

background pr OcefSSip%beisd?n hF@éHToiﬁHérrﬁﬁﬁthFEagidlﬁﬂal §%1§H]‘?}oce§%69%§?e%thet he net hod
conprising: form ng a background thread interrupt, the background thread

i nterrupt oper abl e backgroundtpreessing magkigersiies thermadissiar dueatpsable tof a
plurality of processi ngso tclhr eads of tthe mul tithread digital signal
processor; storing FHESHAKGrYGAY YW 'ead interrupt in an interrupt register;

form ng a back@isimdg m&ﬁeﬁ%&bm pre&dssihdatasit WitRaslesst akebet\biithe pluRdity | cul ar
processing thread of the nultithread digital signal processor, wherein the
of processing threads, wherein the subset includes the particular
processing thread and wherein all threads of the subset are idle;
sensing a presence of a predetermined event in one of the plurality of processing
threads during multithread processing of the digital signal processor;
issuing the background thread interrupt from the interrupt register in response to
the sensed presence of the predetermined event; and
in response to the issued background thread interrupt, initiating background
processing via the particular processing thread, wherein the particular
processing thread is selected from the subset at least partially based on the

background processing mask.

2. The method of claim 1, further comprising:

storing the background thread interrupt as a background prefetch interrupt;

forming the background processing mask as a background prefetch processing
mask; and

initiating the background processing as background prefetch processing.



background processing nmask identifies the particular thread as able to
process at |east one interrupt; associating the background processing nask
with at | east a subset of the plurality of processing threads, wherein the
subset includes the particular processing thread and wherein all threads of
t he subset are idle; sensing a presendé of a predeterm ned event in one of
the plurality of processing threads during nultithread processing of the
digital signal processor; issuing the background thread interrupt fromthe
i nterrupt regiXtBre methodksfdaisel,tfatheheompnsiegi presence of the predeternined

t; di ) tp the, | back d.th d i t, initiati
backor ound | prioERBE e ReropL R Fitemin s b Rteuerl §REM BERRbAer oi h the
particular pr OCGSScjp@ﬁibte%@é‘l%ﬂrﬁlo%ﬁbﬁﬁhﬁﬁad}fgw_}@lﬁﬂ BRocesssAlsilthe aasét partially

based on the background processing nmas e nmethod of claim1, further
conpri sing: st ori nfitheeplbrabivipieuengssing theeads; @nér rupt as a background prefetch

' ; form. b . [ Kk ! f h
orocess ng  maehEb P ag it R RRERE A AT FesREeCrRBrARRR P oo

prefetch processi ngvedt®> 3. The nmethod of claim1, further conprising:
form ng the background thread interrupt as a lowpriority thread interrupt
operable to performlowpriority background processing using the subset of

the plurality ?fTPJB&%&%P&M@LW&Fc):%grei%i@gﬁm ng the lowpriority thread

i nterrupt upon ‘an oCCurrence o m ned event. 4. The nethod of
claim1, furthensia@apidhsintigs assenpricdgertinsiciventrin 86 afstht pblirglitgdft er mi ned event
in one of the plurality ,of processing threads duyrin [tifhread processing
of the digital si grpapceswg)%%aééfiyrlwﬁt@gmdﬁgoeq%%n&agﬁbgﬁtﬁatﬁ ‘gfri‘? ead
interrupt fromthe ér@ée@%&r“ﬁd register in response to the cache mss. 5. The
met hod of claim 1, further conprising form ng the background thread

issuing the background thread interrupt from the interrupt register in response to

the cache miss.

5. The method of claim 1, further comprising forming the background thread
interrupt as a data element of a translation lookaside buffer associated with

the multithread digital signal processor.

6. The method of claim 5, further comprising changing the data element of the
translation lookaside buffer according to varying operations on the digital

signal processor.

7. The method of claim 1, wherein each processing thread of the subset of the

plurality of processing threads is idle.

8. The method of claim 1, further comprising performing the background
processing during an interleaved multithreaded operation of the plurality

of processing threads.

9. The method of claim 1, further comprising terminating the background
processing upon the interrupt register issuing an interrupt having a higher

priority than the background processing interrupt.



interrupt as a data elenent of a translation |ookaside buffer associ ated
with the multithread digital signal processor. 6. The nethod of claimb5,
further conprising changing the data el ement of the translation |ookaside
buffer according to varying operations on the digital signal processor. 7.
The nethod of claim1, wherein each prnécessing thread of the subset of the
plurality of processing threads is idle. 8 The nmethod of claim1l, further
conprising perform ng the background processing during an interleaved

mul tithreaded operation of the plurality of processing threads. 9. The

met hod of cl ai , further conprising.termnating t backgr ound rocessi ng
upon the int erwué‘tsyﬁtgﬁ‘itgf’é‘?"e?sg&ﬁfr%ts HSIF%Pearmﬁfﬁ'fqgﬁaéeﬁHbocgssﬁf’glheesrym%ri ority
than the backgroundopipisiggsi ng interrupt. 16 10. A systemto process

interrupts arisi ng ina miltithreaded processor, the system conprising: a
background t hraekagkgraved thiged inprsvpiioperable to initiatene backgtoanit grosewdipescdss vi a

f I i f [ ds. of | ti.1. i di . Si I
o ocessor: " an i nt AR R graena BrERET A R R b B A B bt o

a background pndsREGpITPgiBREH stdiathel taciazowdi thiegd intriupt;a particul ar processing
thread of the nultithread digital signal processor; a mask register that
associ at es t hea brgksrgraslipracessioe awsk Hygt irmsieciatednvith a pastigularprocespagt of t he

plurality of prOce%ﬁxieg(ggftﬂé%%hre%ﬂ{gﬁ%l&,{ién@ﬁgx%?&§&t i ncludes the particular

processi ng thread; ‘event sensing INns O sénse a presence of a
predet er m ned £mesk registepthat Sbocidtbsethp bavkgtduhy peicepingarsskiwith dtlidasteds duri ng

mul tithread processing of the digital si grﬁal roces,sog; i nterrupt issuing

i nstructions associs#PEgohihe RIuraly PhpreFsssipe t réﬁgs‘f"}é?‘e‘fld ¢ Wbt Inglides hackgr ound

thread interrupt frtﬁ%&rﬂ&lﬁiﬁg@é&éﬂﬁ%%@aﬁi ster in response to the sensed
A .

presence of the pre ermn event; and background processing circuitry to
initiate backgventnenpnpmsssitiogs i sendeleepreseacd ofapredetgpmirmdssentgn b efad of the
subset of the plur atLé I)l%ra?ifty gtr ﬁgfeséﬁ'ng 81reads during multithread processing of the
digital signal processor;
interrupt issuing instructions associated with the interrupt register to issue the
background thread interrupt from the interrupt register in response to the
sensed presence of the predetermined event; and
background processing circuitry to initiate background processing via the
particular processing thread of the subset of the plurality of processing
threads in response to the issued background thread interrupt, wherein the
particular processing thread is selected from the subset at least partially

based on the background processing mask.

11. The system of claim 10, further comprising: ‘

interrupt register circuitry associated with the interrupt register, the interrupt
register circuitry to store the background thread interrupt as a background
prefetch interrupt;

mask register circuitry associated with the mask register, the mask register
circuitry to form the background processing mask as a background
prefetch processing mask; and

background processing circuitry to initiate the background processing as a

background prefetch processing.



threads in response to the issued background thread interrupt, wherein the
particul ar processing thread is selected fromthe subset at |east partially
based on t he background processing nmask. 11. The system of claim 10, further
conprising: interrupt register circuitry associated with the interrupt
register, the interrupt register cirdlitry to store the background thread
interrupt as a background prefetch interrupt; mask register circuitry
associated with the mask register, the mask register circuitry to formthe
background processi ng nmask as a background prefetch processing nask; and

background pr q@gq%g@gst&hgp%ﬁﬁyO,tfgrﬂi,épicg,h%tiﬁné:he background processing as a
background prefetch processing. 17 12. The systemof claim 10, further

conpri sing: proo@ssaggjravitrictoi fomy thedatkgronndiireadnteyruptiacia tow-praatity nt er r upt  as
a lowpriority thread interrupt, .wherein.the Jowpriority th d interrupt
is operable to pegﬁrg?qﬂnaerqu%g&efe&%}o 'QE'%‘ryéhWﬁc_i BV%@%%%/ 9%’5”\_5?@% he subset
of the plurality %rf@fn%?&ﬁ?ﬂ&iﬁymaa@%ﬂ&ind%&ebss&w_a@hd fubkdt ueteOns associ at ed
with the interrupt register to iSsue the lowpriority thread interrupt upon

an occurrence of t Ipdurplitydépeacpisingdhugedsnend 13. The system of clai m 10,
further conpri.sing:. event sensing, cirgcui.try to sense.the predeter.;m ned event
conprising a c'_ﬁ%'ﬂ% ‘Hﬁ%ﬁ"“%&?&%ﬁtﬁ’ Yﬁ%%#@&%‘t‘%f?ﬁ'ﬁ%rcfoévg?'n.{h%ilgw?gﬁg d in one
of said plurality Qhreadin@ERPSUHH dnlice@eihcel bf the @rddbRrimkd b¥dhk.ead processing
of the digital signal processor; and interrupt issuing circuitry to issue

t he background thread interrupt fromthe interrupt register in response to

the cache m SSp3. %e.sgs?%m%}‘?l%ﬁﬁnleffuﬁ#e?ic %ﬁsein .urther conprising thread

interrupt form™ng i ructrons to form jackground thread interrupt as a

data el enent ofved sefidi@sitonitiyo skixekigspredetdrihidedrevansompatiag awhdhe misgi t al
signal processor. 15. The systemof claim 14, wherein the thread interrupt
form ng instructi orvéhergin thersedetesmyied sxent istepsedtin epeok widcHuigey efthe dat a

el enent of the tr arb%é%&éir?é"threads during the multithread processing of the digital signal
processor; and
interrupt issuing circuitry to issue the background thread interrupt from the

interrupt register in response to the cache miss.

14. The system of claim 10, further comprising thread interrupt forming
instructions to form the background thread interrupt as a data element of a

translation lookaside buffer associated with digital signal processor.

15. The system of claim 14, wherein the thread interrupt forming instructions
further comprise instructions to change the data element of the translation
lookaside buffer according to varying operations on the digital signal

processor.

16. The system of claim 15, further comprising thread selection circuitry to select
the subset of the plurality of processing threads, wherein each processing

thread of the subset is idle.



| ookasi de buffer according to varying operations on the digital signal
processor. 16. The systemof claim 15, further conprising thread sel ection
circuitry to select the subset of the plurality of processing threads,
wherein each processing thread of the subset is idle. 18 17, The system of
claim 10, further conprising processing instructions to performthe
background processing during interleaved nmultithreaded operation of the
plurality of processing threads. 18. The system of claim 10, further
conpri si ng pr ocjesSkhensgster o ulaim Y01 fartherrcompetieg plyaedsgigdnsinhcfiorsaaessi ng upon t he

interrupt register issuing .an interrupt  having a higher priority than the
backgr ound processiREoImt l}aa'ﬁmuw&?ro sgngfyrie ategRd ﬂF‘B@@Ee@S?J conpri si ng:

means for forming a,0ackeLPHE GG 3fploBSiE WRkadst he background t hr ead
e a Da &

interrupt operable'to initra ckground process via one of a plurality
of processing threads of a nultithread digital signal processor; neans for

storing the b ound thread interrupt in.an interrupt register; means for
formng a forﬁféflgﬁ’& S%%{E‘P?é’rfS@HH 1&@9@%‘5“?%“?1‘3%??%5@ “‘ttrﬁg(’%eﬁ‘é‘ei?ber ound mask
i s associated w th pcRablddptb@dssiRg AF&GSHE Mlerhupi RRt@fisshiMg anfiibirhgthr ead
digital signal processor; nmeans for associating said background processing
mask with at |east havingmdugheppriostaitbangheibatkigtopndprogessmggnierryptt hr eads,
wherein the subset includes the particular processing thread; nmeans for
sensing a presence of a predeterm ned event in one of the plurality of

processing thr pads dibial dighalptocedsbr @athriingcessi ng of the digital signa
processor; neans for issui ngﬁt he background thread interrupt fromthe
i nterrupt regi®eans forformiag pdackereundithisag et the bhaskigrevedhthread pferenins f or

R A T e N
associ at ed backgr ouwtdceRsing grcadsBS X muRtfhredd@ighal@idnal prot@pa@l processor of
claim19, further conpri sing; ) ) ) )
means for storing the background thread interrupt in an interrupt register;
means for forming a forming a background processing mask, wherein the
background mask is associated with a particular processing thread of the
multithread digital signal processor;
means for associating said background processing mask with at least a subset of
said plurality of processing threads, wherein the subset includes the
particular processing thread;
means for sensing a presence of a predetermined event in one of the plurality of
processing threads during multithread processing of the digital signal
processor;
means for issuing the background thread interrupt from the interrupt register in
response to the predetermined event; and
means for initiating, in response to the issued background thread interrupt,
background processing via the particular processing thread having the

associated background process mask.

20. The digital signal processor of claim 19, further comprising:
means for storing the background thread interrupt as a background prefetch

interrupt;



means for storing the background thread interrupt as a background prefetch
interrupt; 19 neans for form ng the background processing mask as a
background prefetch processing mask; and neans for initiating the
background processing step as a background prefetch processing step. 21.
The digital signal processor of claimg9, further conprising: nmeans for
formng the background thread interrupt as a lowpriority thread interrupt
to performlowpriority background processing via the subset of the
plurality of pheasefsifoenihditheddskeraund praassing sk a3 atbaokgrownel prefetchr i ority
thread interrupt upon an occurrence of the predeterm ned event. 22. The
digital signal prod®Bsssingmaskyaiem of claim 19, further conprising means

for forming thﬁahéfdggﬁi%t;}g th&b&adrouRd g@egmbg@ﬁ%gpaasq?%ag&wéfe@ﬁ a

transl ati on | ookas er assocl at gita gnal® processor. 23.
The digital signal ppscesstgsaep.of system of claim 19, further conprising neans
for selecting one or nore processing threads to be included in the subset of
the plurality of processing threads, wherein each sel ected processing

thread is idl &) Z4e qidyal dbghi ?ﬁiceéb%laiﬂﬁ@cﬁﬁﬁ@h&rﬁprﬁl&? em of claim 19,
further conpri'sing neans fof performng the background processing during an

interl eaved modans fdrfemdeg thepeckgrowd tfead iderpiptiassd fowypridritpthoeasssi ng t hr eads.
25. The digital signal processor, of syst of claim19, further c rising
neans for term nat ?‘ﬁﬁuﬁﬁgpﬂi%fﬂb‘f)&m@ E{ngg}luﬂ PIRSER8ne? {hﬁtsil?sfbﬁmr egi st er
i ssuing an interrupke MaMliRGofpridesdi®s thifad®ahdy than the background
processing interrupt. 26. "A conputer usable nmedi um havi ng conput er readabl e
progr am code trheans fashssningsteelovepridity thrgadgoiegspirupos an sesuirtehee ¢irtheessor to: 20
forma background thread interrupt, the background thread interrupt to
proseBmuer g

initiate backgroun ia one of a plurality of processing threads
of a

22. The digital signal processor of system of claim 19, further comprising means
for forming the background thread interrupt as a data element of a

translation lookaside buffer associated with digital signal processor.

23. The digital signal processor of system of claim 19, further comprising means
for selecting one or more processing threads to be included in the subset of
the plurality of processing threads, wherein each selected processing

thread is idle.

24. The digital signal processor of system of claim 19, further comprising means
for performing the background processing during an interleaved

multithreaded operation of the plurality of processing threads.

25. The digital signal processor of system of claim 19, further comprising means
for terminating the background processing upon the interrupt register
issuing an interrupt having a higher priority than the background

processing interrupt.

26. A computer usable medium having computer readable program code that

when executed by a processor, causes the processor to:



mul tithread digital signal processor; store the background thread interrupt
in an interrupt register; forma background processing nask that is
associated with a particular processing thread of the nmultithread digital
signal processor; associate the background processing nask with at |east a
subset of the plurality of processing0threads, wherein the subset includes
the particular processing thread; and in response to a received background
thread interrupt, initiate the background processing via the particular one
of the subset fofmshackgobundahricad intdrrupp thecteskgrngnd thread digetmaptitmipitidte associ at ed

background process K wherei.n the paprticular one is selected for the
backgr ound processiqr‘:ir‘gﬁgé?u“dl1?58%615515%1?”??3?9?/3 Ieal %‘?PfP?FéS‘B&ﬁugardBB 4 processing
mask. 27. The Com%ﬁfitw&%mi@m’ﬂﬁghﬁfﬂ%&:@ss@};ai m 26, further conprising.
conput er readable program code to: store the background thread interrupt as

a background pitert shechackgroend thysad iftenrynt irhan intestugt wels®rpr ocessi ng mask as a
background prefetc rocessi ng nmask; d initiate.the background.processing
ne backgr ound STRAbRR SRR EE Masksl bR H bR PR LR o

conpri sing: storinghteh® obie kanourdd argqgmgiangme@gg&;i n an interrupt mask
register; prior to initiating the background processing via the particul ar

processing t hrassefiate Hetbaekaroindpredeating Meskpuith atdeashp sphseicdska plaratinrafad i s
abl e to accept the pr{)(,se%{ﬁg%h?@a%ls( %ﬁ%ﬁ*‘&ﬁ tHe’lhE{eLHxQﬁxdFthhE’gﬁxfti%ﬁlﬁ} e sihggi cal  AND
operation of the imnterr register wt e Interrupt nask regi Ster.

thread; and

in response to a received background thread interrupt, initiate the background

processing via the particular one of the subset of said plurality of

processing threads having the associated background process mask,

wherein the particular one is selected for the background processing at

least partially based on the background processing mask.

27. The computer usable medium of claim 26, further comprising: computer
readable program code to:

store the background thread interrupt as a background prefetch interrupt;

form the background processing mask as a background prefetch processing mask;
and

initiate the background processing as background prefetch processing.

28.  The method of claim 1, further comprising:

storing the background processing mask in an interrupt mask register;

prior to initiating the background processing via the particular processing thread,
determining that the particular processing thread is able to accept the
issued background interrupt by performing a logical AND operation of the

interrupt register with the interrupt mask register.



