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[0004] D1 or ol e TRELE S o RS yilpl d0oc e

Wi rel ess system is disclosed in U.S. Pat. No. 4,901,307, ent1tled "SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR
TERRESTRIAL REPEATERS," and U.S. Pat. No. 5,103,459, entitled "SYSTEM AND
METHOD FOR GENERATING WAVEFORMS IN A CDMA CELLULAR
TELEHANDSET SYSTEM," both assigned to the assignee of the claimed subject
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matter.

[0003] A CDMA system is typically designed to conform to one or more
standards. One such first generation standard is the "TIA/EIA/IS-95 Terminal-Base
Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System,” hereinafter referred to as the IS-95 standard. The IS-95 CDMA systems are
able to transmit voice data and packet data. A newer generation standard that can more
efficiently transmit packet data is offered by a consortium named "3™ Generation
Partnership Project" (3GPP) and embodied in a set of documents including Document
Nos. 3G TS 25.211,3G TS 25.212,3G TS 25.213, and 3G TS 25.214, which are readily
available to the public. The 3GPP standard is hereinafter referred to as the W-CDMA
standard.

[0004] | Digital signal processors (DSPs) are frequently being used in wireless
handsets complying with the above standards. Hardware muIﬁthreéding is becoming a

potentially useful technique in such DSPs. Several multithreaded DSPs have been



handsets conplying with the above standards. Hardware nultithreadi ng
I s becom tially useful technique in such DSPs
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the thread schedul i n%, Jds., the way in which a DSP determ nes how to
switch pr oPESAdIRg live islgidsen broadengtrecentionreqrizes éheyyirplessdfandset roumssme
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processor cycles as possible using the present processing architecture. However,
problems with existing approaches yet exist.

[0007] An important problem to solve in multithreaded DSPs relates to the
thread scheduling, i.e., the way in which a DSP determines how to switch processing
between threads. Unfortunately, it often occurs that different application mixes may be
optimal at different switching intervals. For example, for a DSP with N threads, it may
be optimal to switch every cycle. For another DSP with N/2 threads, switching every
two cycles may be optimal. In some situations, the same application may be optimal
with one switch interval during one part of the application, and a different one during
anothe;r part. There is a need, therefore, for a method and system that solves a variety of
resource use problems associated with thread switching of wireless telecommunications
system multithreaded digital signal processing using DSPs and other processors.
[0008] Attempts to solve many of these problems have been unsuccéssﬁll, due
to traditional DSP architectures being set or established for a specific or inflexible

application. For example, a user orientation application usually tends to benefit more



with one switch interval during one part of the application, and a
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| nprove both the operation of the processor and the efficient use of
energy resources for personal conputers, personal digital

assi st ant sSSUMMARYs handsets, and simlar electronic devices by
assuring that a nmultithreaded processor processes instructions for a

maxi mal  pofodion OfTdchsiqasebatvartibdd thrdat MHocation and switching in a multithreaded
| processor system are disclosed, which techniques improve both the operation of the
processor and the efficient use of energy resources for personal computers, personal
digital assistants, wireless handsets, and similar electronic devices by assuring that a
multithreaded processor processes instructions for a maximal portion of its operational
time.
[0011] An aspect of the disclosed subject matter includes a method for
processing instructions on a multithreaded processor. The multithreaded processor
processes a plurality of threads via a plurality of processor pipelines. The method
includes the step detérmining the operating frequency, F, at which the multithreaded
processor operates. Then, the method determines a variable thread switch timeout state
for triggering the switching of the processing among the plurality of active threads. The
variable thread switch timeout state varies so that each of the plurality of active threads
' operates at a frequency of an allocated portion of the frequency, F. The allocated portion
at which the active threads operate is determined at least in part in order to optimize the

operation of the multithreaded processor. The method further switches the processing
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wherein: [0014] ELGJRE 1 is inplified block diagramof a
conmuni cat Y018 W%@?Wugﬁﬁ%ﬁgmnt the present enbodi ment;
[0015] FI Gdgka2 i1 | uptGBRESL R JRERpBAEBILEE bRt 6f a ShMhibStidRsidlethhe

t eachi ngs . )
that can mmplement the present embodiment;

[0015] FIGURE 2 illustrates a DSP architecture for carrying forth the teachings
of the present embodiment;

[0016] FIGURE:s 3 through 7 show instruction issue vs. processor cycle
diagrams for displaying certain aspects of various embodiments of the claimed subject
matter; and

[0017] FIGURE 8 is a flow diagram depicting an exemplary process flow that

may effect one different embodiments of a variable allocation and interval

multithreaded processor displaying concepts here disclosed.
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mul tiple
P signal processing for the other direction is not shown in FIGURE 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., 2 GSM system), a
frequency division multiple access (FDMA) communications system, or other multiple
access communications system that supports voice and data communication between
users over a terrestrial link. In a specific embodiment, communications system 10 is a
CDMA system that conforms to the W-CDMA standard.

[0021] FIGURE 2 illustrates DSP 40 architecture that may serve as the
transmit data processor 16 and receive data processor 28 of FIGURE 1. Reco gnize 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 40, therefore, threads TO through T5 (reference numerals 42 through
52), contain sets of instructions from different threads. Circuit 54 represents the
instruction access mechanism and is used for fetching instructions for threads TO
through T5. Instructions for circuit 54 are queued into instruction queue 56. Instructions

in instruction queue 56 are ready to be issued into processor pipeline 66 (see below).
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Thread- swi &iﬁg’rams for displaying certain aspects of the various embodiments of the present

subject matter. In particular, FIGURE 3 presents, as a basis, an instruction issue vs.
processor cycle diagram 70 for IMT operation of DSP 40.

[0025] FIGURE 4 shows diagram 72 relating to dynamic thread frequency
allocation and switching operations of the present embodiment.

[0026] FIGURE 5 shbws diagram 74 for another embodiment of dynamic
thread frequency allocation and switching operation with DSP 40.

[0027] FIGURE 6 further presents diagram 76 to show certain quality of
service aspects of dynamic thread frequency allocation that the disclosed subject matter
makes possible.

[0028] FIGURE 7 illustrates how dynamic thread allocation may operate
within a disclosed embodiment to accommodate interruptions, such electronic
messages.

[0029] In all of FIGURESs 3 through 7, empty issue slots, such as empty slot
78 (FIGURE 3) may be defined as either vertical or horizontal waste. Vertical waste 80

~ . “
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t hrough 7 ' uction issue vs. processor cycle di f

di spl ayi ni@g&t‘sgpi&gaspects of the various enbodi nents of 9?@%"8@@&?5
subject matter. In particular, FIGURE 3 presents, as a basis, an

i nstruction issue vs. processor cycle diagram 70 for | MI operation

of DSP 40. A2l qwsd-lg! Ak 7 [ to.dynam c.

t hr ead freq(lgj%ncy hé; ocat ?ggl'ri]&an SW téﬁ%g ¢ [:();gél’ g%’r gl%rse lgfm 8€1%}’5§1?nt
enbodi ment . st}ilifg GoroftdRivaste 8B @asurs iwhgh DRP74Y filly oridy 8 b fenRP QisBRITthe
of dynamic _thr ea%bléaeguency_a | ocati on and swi tching operation with
DSP 40. [ 0099 2EH L8 FYFLWES- presents di agram 76 to show certain

qual ity of rogse)vi ce aspReriQUNE SMBRELGIHY BR: hGasAh| GG

that the di[scl ()]§ed subj ect matte’?‘t maﬁe%l p%ggll%elriggm_ d2”8[ ﬁ?‘é@ﬁ@

i | | ust r at esoperatiody wheiedhtend switciallS dyastwiitchingulye prpessatdthraadtabeverg cycle,

di scl osed enbadi nen acco ate interruptjons el ectronic
messages. [082 %esﬁ #\g}fleﬁh%fa £t Y $VETH OSERTR: S"@hpﬁsﬁ pgéﬁ?@u@eﬁﬁ@,
such as enphterishd@id amk JURE: j Lt her Gk
or hori zo;ITPallyer wast e. o?}gﬁa{ﬂi cal v?g%)t’ g@%ﬁgb’%@%%ﬂgl%%%%gbﬁlgﬁ C}}éferér ty-

PCTI US2006/1b theterme Nypipeling stagendaSPae will usesNisstivertiréadst Iihe FIGURE 3a
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avai | abl e ab-one goirespondenice betwded He risntet 6XiRbelue diabes sh@Mein®hiRr of active

baseline foyf conparison, shows |IMI operations where thread swtch TS
by swi tchi ﬁ%ref‘ processed thread at every cycle, regardless of

whet her a | | at en are

i nterl eave&%ng a %m o¥ Mr%ggjﬁ?ﬁ@%ég?%p?%g%ug ﬂo?%%%t%&g

si ngl e- cycldymgmixally allodating adtivettheends within DR #& | Theefftidg esshalSBe XP 40
will use N,active threads. |I.n._the Fl exanp] e, DSP 40_i ncl udes
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enbodi nent Pikgline stages operating as active threads. Thus, for three clock cycles, sets of

instructions from thread T0 are processed by DSP 40. Then, for a next three cycles,
DSP 40 processes sets of instructions from thread T1. The present embodiment,
therefore, may cause active threads T@ and T1 to operate at a frequency of 300 MHz.
Alternatively, in the event that only three of the threads are active, each active thread,
e.g., T0:T2, may operate at a frequency of 200 MHz, for example. In fact, the present
embodiment may permit a single active thread to operate at a frequency of 600 MHz in
a 600 MHz DSP 40.
[0032] In addition to allowing active threads to operate at their relative

~ proportion of the total DSP 40 frequency, the present embodiment provides varying
switching strategies to achieVe such proportions. Thus, in one embodiment, DSP 40
may switch only the active threads on each clock cycle, for example. As an illustration,
consider diagram 72 of FIGURE 4, wherein the active threads are TO0 and T1, then
switching may be as T0, T0, T0, T1, T1, T1,. ..., at each clocic cycle. With DSP 40
operating at 600 MHz, the active threads T0, and T1, in this example, will see an
effective frequency of 300 MHz. Alternatively, switching may be as shown in diagram
74 of FIGURE 5, which presents a switching pattern of T0, T1, TO0, T1, T0, T1, TO,
T1, . ... Although the switching patterns of FIGUREs 4 and 5 differ, each switching
pattern achieves an effective frequency of 300 MHz. In this example, note that DSP 40

~ ~
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' Ci Ve requency of 300 MHz. Alternatively,
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a swi t chi nglG9a4] er rTiefdiddsed isubjdé®makier ddiRbnshiates EQubstaniial de%re%@i#l&%{ﬁgf
t he svvitchi}rxljg?g tterns of FIGJREs 4 and 5 differ, each swiching
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hr eads T2, g T Ren SelastashoR i el mag fraviios sipatr
i ncrease i ProporsioASPpressperaabirnes thid 6 bBREYetHYf iﬁ&k%ti%ﬁ@&%ﬂh@ﬂ&fe%ﬁé In

[ t] fromactive threads. (0033] As the above exanples
|OT | Lg tS ﬁ ;;J g ‘l*“lg{’]%?&gs &i tb? Bfﬁﬁltﬁmg?aa%ﬁﬂgwyr Ogaje proResser neihﬁlrmscfo?ﬁ fo ; |
overal | freqgenesntHTaRer AbihtoREnAGh k .{’%gd%?%ﬁ?lr\ng"{’fg?‘?@’ﬁ%% Focstd &

switching pattern that may change accordin : '
requir engnlto%h@fthltﬁ‘fﬁ‘és- Tapphaxeesulon &) overall inkjrovenRoP it froo@esadReatiohhe

different t[m)ﬁd sw tl%&%,”c%n@%%% {8 Tastanct of a user viewing a television broadcast on a

wireless handset. Consider further that during such television broadcast viewing the user

receives an eMail message that may include an attachment, such as a text document, an
image document or even another streaming attachment, such as a streaming greeting
card or other active message. Such an interrupting message and attachment will require
the use of one or more threads of DSP 40, which will be executing sets of instructions
relating to the television broadcast. In other instances, a television broadcast may be
accompanied by a scrolling message or information, which message is not part of the
television broadcast, but a separate stream of information requin'ng the use of one or
more threads of DSP 40 for displaying the streaming information. Such information
may be, for example, real time weather information from a weather information service,
flight information from a flight information source, and/or stock market information
from a stock market ticker or information service. .

[0036] In such examples as the above, only two threads, instead of all six
threads may be required to provide information to the user. FIGURE, 6, therefore,
shows diagram 76 as a further example that may allocate to a first thread, TO, five of six

~
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be progranmable in the system software operating DSP 40, so that a
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assuring that the chosen sequence approprgi ately resolves instruction
I ssue dependencies that may arise. [0034] The di scl osed subj ect
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exanpl es adhieRds wBsyES by aritingerosessiagddockioysles dkheqiresaht emsbodimetinaads

b xS ' ' ' t .. FI GURE 6,
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embodiment provides dynamic reallocation of threads during wireless handset

operation.

[0038] FIGURE 8 presents flow diagram 90 for depicting an example of the
variable and dynamic multithreaded processor method and system of the present
embodiment. Referring to FIGURE 8, process 90 may be thought of as beginning at
step 92, where DSP 40 multithreaded operations initiate. At step 94, process 90
dynamically determines which are the active threads operating on DSP 40. At step 96,
process flow 90 dynamically determines a thread frequency allocation so as‘to optimize
the overall performance of DSP 40. Step 98 relates to the dynamically determining a
thread switching pattern, such as discussed in connection with FIGURES 4 and 5,
above. } .
[0039] While multithreaded operations occur, process 90 tests, at query 100,
whether a predetermined number of cycles, i.e., whether variable thread switch timeout

state, has been reached for switching. If so, then process ﬂow goes to step 102, at which
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, entitled “Variable Interleaved Multithreaded Processor Method and

System,” by the individuals named in this disclosure and assigned to the assignee of
subject matter here claimed, which patent application discloses techniques for
processing transmissions in a communications (e.g., CDMA) system. In such disclosure,
a multithreaded processor processes a pluraiity of threads operating via a plurality of
processor pipelines associated with the multithreaded processor and predetermines a
triggering event for the multithreaded processor to switch from a first thread to a second
thread. The triggering event is variably and dynamically determined to optimize
multithreaded processor performance. The triggering event may be a dynamically
determined number of processor cycles, the number being determined to optimize the
performance of the multithreaded processor, or a variably and dynamically determined
event, such as a cache or instruction miss. By combining with the subject matter here

disclosed still further synergies and benefits arise.



state, has been reached for switching. If so, then process flow goes
to step 1 t i ch WO 2006/ 102668 PCT/ US200b/ 011175 1 i nt
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thread. Then, process flow goes to step,104 for DSP 40 to process
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[0041] In gﬁdltlon tgﬁﬁﬁgﬁabovg&%ééggfﬁga features, the present
enbodi mrent may conbine wth the disclosed subject matter of U. S
Patent Application Serial No. entitled "Variable Interleaved

Mul tithreaded Processor Method and System ™ by the individuals nanmed
in this disclosure and assigned to the assignee of subject matter
here cl ai ned, which patent application discloses techniques for
processing transm ssions in a comrunications (e.g., CDMA) system 1In
such disclosure, a multithreaded processor processes a plurality of
threads operating via a plurality of processor pipelines associated
with the nultithreaded processor and predetermines a triggering
event for the nultithreaded processor to switch froma first thread
to a second thread. The triggering event is variably and dynam cally
determned to optim ze




mul tithreaded processor performance. The triggering event nmay be a
dynam cally determ ned nunber of processor cycles, the nunber being
determ ned to optimze the performance of the nultithreaded
processor, or a variably and dynam cal ly. detennined event, such as a
cache or instruction mss. By conbining2with the subject matter here
di sclosed still firrther synergies and benefits arise. W 2006/ 102668
PCT/ US2006/ 011175 11 [00421 The proces features and functions
descri bed herein can be inpl enent ed le%gql ous manners. For exanpl e,
not only may DSP 40 performthe above-described operations, but also
the present gmbodi J I I
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skilled in the arassbaammhqhe m@gltmﬂeﬁjeglp%dgmr -subject matter. Various
nodi fications to. these embodjments will be readil y apparent to those

skilled in tR&caHRE . Bhidedepdc glthe mudtithisadedprogessor.gefumped o hercasforraagh plethe
applied to other enREERRIRM ﬁlﬂ%&gﬁ&@c@§%}%¥elﬂ chh oqc}?e?c'tt ggkl;éeads is

faculty. Thus, the clained subject I's not I nten
limited to the ewssoditaemit ag lnppincahiem, evherdiutheinsmber dfcyales ellabattdttieach

wi dest scope COI’ISI e i h al i.nc es an vel features :
di scl osed herei n. i q&fﬁ% a}kle t“ﬁBﬂP?’?)FquV%E‘:é&?#tBe AR RN asgpriated
on a nultit hreadedltpremﬂﬁs;a%thrédae met hod conprising: determ ning, by

| ogi ¢ of the nultithreade proc ssor, a nunber of active threads

associ at ed WAFHMIREERY F ﬁ”‘b‘}ttﬁ@éé@érﬂoc&ﬁqo{)@éﬁieﬁ@ switgying pastern for
logic of the multipt Iﬁﬁﬁé’iﬂ?@f g*d?@se@ﬁ@[rem ﬁle@M@&?{WI&i’l ngrpﬁtt% if Qéseggtclt@%sg

the active threads over urality of cycles, el n each
active threads i sparh@stdﬂemamé@r @/ﬁOtvhlea&dlcaptpﬂ faraatton thakaiveithreadse Wharﬂher

of cycl es al | ocat eq?r ?mﬁgﬁ{%lthl% Is%ﬁ’chtuggr.ﬁa%g{n cd)mpns%shde?ermhmg%?n or@elpm which

on requirenents o I on as
thread ; deternm ndanlgpf thy attiee thagicwilf bd diecaed to dabli epdedls ths pRESBO6E cydles;
thread swi tching gE%ttern for
switching, by the logic of the multithreaded processor, the processing from a first one of
the active threads to a next one of the active threads in accordance with the thread
switching pattern;
wherein determining the order in which each of the active threads is to be allocated to
each cycle comprises:
allocating all of the cycles into groups such that each group includes
cycles associated with a single active thread, wherein the cycles are
ordered by group such that all of the cycles in a group are processed
consecutively; or
alternating cycles associated with the active threads such that at least one

active thread has two non-consecutive cycles.

2. The method of claim 1, wherein the same number of cycles are allocated for each

of the active threads.



the plurality of cycles, wherein the thread switching pattern is
based at least in part on the nunber of cycles allocated for each of
the active threads, wherein determning the thread switching pattern
conprises determ ning an order in which each of the active threads
will be allocated to each cycle of thelplurality of cycles; and
switching, by the logic of the multithreaded processor, the
processing froma first one of the active threads to a next one of
the active threads in accordance with the thread sw tching pattern;
wherei n detesm ni Mge mdoBodMRirh M, W6 agR6thupfbet HiecyRRE hN(?caEelarfglaéjﬁrsl &tive
to be allocated to each cycle conprises: allocatin t

cycles into group§“§@dﬁdﬁﬁémtéﬁﬁhiﬁﬁ@ﬁbﬂmﬁ@rgﬂ@§k5@8@m5§fésgﬁﬁpaiémwe
with a single act{&g,thread wherein the cycles are ordered by group
such that all of the cycles in a group are processed consecutively;
or alternating cycles associated with the active threads such that at
| east one a tlveTﬁhreﬁ ?ﬁ t op- consecutive cycles. 2. The

net hod of claim1 ff 1T IR SAHENS SRBRFSIBE cycles are al | ocat ed
for each of dekRemmeid ¥@visbd @aehs.swliBhing patldie dimi@e pRfcesslmi dNtHe active
wherein a first nunber of cycles allocated for a first active thread
is different fronihadet0isePaRsii9ertrefuchyLpliasney flicél(‘,’éfféﬁﬁdfw inglusled émide

active thread. 4“[hrégtf!%wnf@ltl h%gat@m GlLIRE the rE\HEédh Ireaﬁ;méliﬁé %Qtem includes

determining a revised thread swtching pattern during t rocessi ng
of the active twmead@aphWﬂéspénse to introduction of a new active
thread not included in the thread switching pattern, wherein the
revised thread switching pattern includes the new active thread. 5.

The nmethod of. cl allma rhethbdibf dieim CoNPIheiSioAghriSiglstlcig g tHierPdeesifs FbMahe first
fromthe first one of the active threads to the next one of the
active threat afahe acdiye Hueads & the agytipme of the actiypfregds i kespgen o a cache miss

executing t h@af dcedls vaRA eRbcutifg tRAbRe b fiRAESve Rrcadl’® Mt hod of claim
1, further conpri sing:
6. The method of claim 1, further comprising:
processing a first active thread for a first set of cycles in accordance with the thread
switching pattern; and

determining whether the processing of the first set of cycles has been completed.

7. The method of claim 6, further comprising:
determining whether a revised thread switching pattern is needed in response to

determining that the processing of the first set of cycles has not been completed.

8. The method of claim 7, further comprising:

receiving a new active thread; and

determining a revised thread switching pattern in response to the received new active
thread, wherein the revised thread switching pattern includes the new active

thread.

9. The method of claim 8, further comprising:



processing a first active thread for a first set of cycles in
accordance with the thread sw tching pattern; and determ ning

whet her the processing of the first set of cycles has been conpl eted,
7. The nethod of claim®6, further conprising: determ ning whether a
revised thread switching pattern i sneedéd in response to deternining
that the processing of the first set of cycles has not been
conpleted. 8., The nmethod of claim 7, further conprising: receiving a
new active t FRASGAS theyneRet 8£?ﬁCFﬁsﬁ octqddy pdeY ahyedesad it f?’éﬁ‘?"rﬁ-‘tjdﬁlﬁﬁ‘cgr n
in response to theyi@Ge ¥Rd@MAR Y ehe duiRAGS cyMR8 L8O AdING tHeSHsSRHve
thread switching pattern includes the new activéeé thread. 9. The

met hod of cl ai m 8thr¢adrie Heerthgadrpwitdiimgpatiesh. reduci ng t he number of
cycles allocated to a first active thread in the revised thread
switching pattern conpared to the nunber of cycles allocated to the
first activel0.t hr €sdmethot béclaim eaftrtsanicbaiprisiggpatt ern. 10. The net hod

of claim®6, further conpr, si.ng; pracessing, a second. active thread for
a second set P'GFCEYEIAeEC W‘?aﬁﬁ‘é‘%@&%ﬂg‘g WCEHG Ot HF ERHN 2csRidpRasi g the thread

pattern in r@osRONSLydt@roiRtpBhddi thdetehdihinkMRat kil Bt RELF Qb1es ¥&d &Sn has
been conpleted. 11. A systemfor processing instructions on a

mul tit hreade%Pr‘ﬁf'l%té@ssor, the system conprising: active thread
determning logic for determ ning a nunber of active threads
associated wth the nmultithreaded processor; control circuitry for
det er mi ni ng &l.numdeysteh feymbessiag instatteds boa eadtfithehdddyeoasidrvbe system

threadscgrﬁ/ergsina‘pl urality of cycles, wherein each of the active
threads 75" ad%vciated with an application, wherein the nunber of

cycl es al | ocatied tHreadeRedtmaing Weid OF @askmihisig BasLBedf Ac@ASthrdalls RRbdiated
requi renents of the application associated with each active thread;
and issue | ogic fHith HereHHihasaded Broeess@ad switching pattern for the

plurality of.gygl @ﬁ)uit}r’]yh%'f szt@rmihﬂg atrﬂﬁﬁ)%poisé’}%fteg bii GRS LR R Rased

at least in part on tHe nunber of cycles
threads over a plurality of cycles, wherein each of the active threads is associated

with an application, wherein the number of cycles allocated to each active thread
is based at least in part on requirements of the application associated with each
active thread; and
issue logic for determining a thread switching pattern for the plurality of cycles, wherein
the thread switching pattern is based at least in part on the number of cycles
allocated for each of the active threads, wherein determining the thread switching
pattern comprises determining an order in which each of the active threads is to
be allocated to each cycle of the plurality of cycles, and the issue logic for
switching the processing from a first one of the active threads to a next one of the
active threads in accordance with the thread switching pattern;
wherein determining the order in which each of the active threads is to be allocated to
each cycle comprises:
allocating all of the cycles into groups such that each group includes
cycles associated with a single active thread, wherein the cycles are
ordered by group such that all of the cycles in a group are processed

consecutively; or



al l ocated for each of the active threads, wherein determ ning the
thread switching pattern conprises determ ning an order in which
each of the active threads is to be allocated to each cycle of the
plurality of cycles, and the issue logic for switching the
processing froma first one of the actil¥e threads to a next one of
the active threads in accordance with the thread switching pattern;
wher ei n determ ni ng tﬁg order in which %P QF?% the active threads is
to be allocated to W”EVEE@Y ofsPqcLied W @alyerfgreafly sush thapat least one
cycles into groups such thalctieathehasiRvd MHl-48Suti by &R, associ at ed
with a single active thread, wherein the cycles are ‘ordered by group
such that all of the cycles in a group are processed consecutively;
or 15 alterpati nﬂqecskﬁﬁteﬁrsofa&aﬁﬂg'Ia%ﬁgreWtEQsamenu%%et XfC};CwSed?E o%rytgjl]g)r each
that at | east one ac hread has two non-consecutive ¢ c

The system of cl adfithddctivetieesisn t he sanme nunber of cycles are
allocated for each of the active threads. 13. The systemof claim
11, wherein a first nunber of cycles allocated for a first active

thread is dif3¥ ereTHe dysem o cee@andwheolerfirof nugel 66cyalds agadaed H01 figt
second active thread. 14. The sgstentof claim 1ll, wherein the issue

logic is further &BNE ihgeaddedifisrembframm sseondanumber elecyclen pberatesipt & srcpry!
pattern during th@upgggggsrng of the active threads in response to an
introduction of a new active thread, wherein the revised thread

swi tching pattern includes the neM/actrve thread. 15. The systentof

claim1d, wherel e oneligh & 'reﬁ’létaegllﬁ%gﬁt 5 s Pk sabtnfbhdrise

thread in the revise read Swit e

t he nunbewrised theaadlsestchiak lpacah edrifOtht |pﬁ>c%$sirf‘gtofal€d dcYi€e tHIERIGh teBpdnb&to an

thread switchin attern a sul.t of the jntroduction of the new
active WH?C&:“&HO“ aﬁg??—:}?’ ﬁCttWéﬁréoqtt"Y reig fhe aeizedyihiead switqhpng Pasisiiringludesdha o

nodi fy debeactivetwédgenents of a first application associated with the
first active thread in response to the reduced nunber of cycles
allocated to the first active thread. 16. A digital signal processor

for processi 139 | AGLL ?ﬁér‘n%lﬁéla% 12 v{}%lrtl: hth I’neu"ra‘ncé)er ofc%/IcPe(s: Sated o a%rs% active

the digital srgnal ocessor conpri
thread in the rev1sed thread switching pattern is reduced compared to the number of cycles

allocated to the first active thread in the thread switching pattern as a result of the introduction of
the new active thread, wherein the control circuitry is further configured to modify the
requirements of a first application associated with the first active thread in response to the

reduced number of cycles allocated to the first active thread.

16. A digital signal processor for processing instructions on a multithreaded

processor, wherein the digital signal processor comprises:
logic to determine a number of active threads associated with the multithreaded
processor;
logic to allocate a number of cycles for each of the active threads over a plurality of
cycles, wherein each of the active threads is associated with an application,
wherein the number of cycles allocated to each active thread is based at least in

part on requirements of the application associated with each active thread;



logic to determ ne a nunber of active threads associated with the

mul tithreaded processor; logic to allocate a nunber of cycles for
each of the active threads over a plurality of cycles, wherein each
of the active threads is associated with an application, wherein the
nunber of cycles allocated to each actilfe thread is based at least in
part on reqU|renents of the application associated with each active

blurar ty of 'S defer LT s Bt bERRBdor BBl §vles Shptstiehea

| east |nhpar'(tj on tHn&dehﬁfngqfatt@tMGi &Sﬁcﬁéﬂ %@atn rtd‘nqneh e@fberf ¢y allocated
active threads, wherein determining the thread swtching pattern

conpri ses determ rﬁ@"fhﬁlﬂg? a‘é’r"elﬂi‘fe%% Y!herélﬁtfiﬁteéﬁll“t”rﬁethéétrP%ﬂé“t‘Wh@ﬁ%tt?r@

to be allocated pangdeh deye@llnﬁn@% aﬁ&@elﬂhw@,ﬂ dayth Of thE MRS pea@sgg‘td &9‘ c

to switch the processing froma first one of the active t
next one of the aldadated te hachadsleion thepdwridtsind eyakést;nthe t hr ead

SW t chi ng paké?(”&SV&M&ﬁEheeﬁ?&% ﬁ%g‘ r[W n st h% o?lih%earctlve hpm@ahgg) a next 01(1)e ofttpe

active threa 1S'to oca 8aeh cycle co
all ocating all of adtive tiogadsds acdmtrdmngerwupshe&bl@hd t\hiadhigasdegr; oup

i ncludes cycles. associ.ate h.a singl cifive thread, wherein the
cycles are ~OPHSIE'BPIYPS Hn Y"ﬁg‘ggeé‘ﬁl gfd#‘e #9hire dyeads ds fopeligeasidgo
are processed coaﬁﬁgy&bwg&Fnﬁgr alternating cycles associated with

the active threads such that at | east one active thread has two
non- consecutive cycl es allocating all of the cycles into groups such that each group includes

cycles associated with a single active thread, wherein the cycles are
ordered by group such that all of the cycles in a group are processed
consecutively; or

alternating cycles associated with the active threads such that at least one active thread

has two non-consecutive cycles.



