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SYSTEM AND METHOD OF CONTROLLI NG POAER I N A MULTI
THREADED PROCESSOR BACKGROUND |. Field [0001] The
w@e@smomsodi scl osure generally relates to di gi t BCT/Ep0ad25299
processors and devices that use such processors. Mre
particularly, the disclosurelrelates to controlling
the power of one or nore resources within a digital
si gnal processor or connected t i.gi tal__signal
SYIEERE AND METHODGF GONTROLIMNCPOGRAN A MULTL-
Advances in t echiPHREADEP PROUESSORsnal [ er and
nore powerful personal conputing devices. For exanple,
there currently exist a variety of portable personal
conputi ng devices, including wreless conmputing
devi ces, such as portable w reless tel ephones,
personal digital assisgAPRGROVND and pagi ng devices
that are small, |ightweight, and easily carried by
I. usdrigld Mbre specifically, portable wireless

tel.gphones, .such _as cel.lul ar tel.e and. | .

o1 TR R e ReiFteBiesof AR BBy BSeshtons pad devices th
use QUET piotERbRS MBRL d}ﬂ@ﬁ&ﬁarlflﬂﬁé tietlosura islast €k comtfllifs the power of

t el ephones include other types of devices that are

one;j QfcBPIsoCARWEeS WEhli # dighigh signalpyoeesser o pumegted to a digital signal
proé elgphone can also include a digital still canera, a

di gital video canmera, a digital recorder, and an audio
file player. Al so, such wirel ess tel ephones can

include a web_interface that can be used to access the
IL | n ﬁ’é’P‘f"’%Pgﬂgf?%“{’ﬁese wi rel ess tel ephones include

Si gRMfah6&Nn GQMRIbED ha%8 R8Ik tih Cnallep ORI @w?s%ﬁm personal
as these devices beconme smaller and nore powerful,

compiuting blsvises | Foor exagiphy | hereegwienty axdtist valigigchf Pytable personal
ex le, .the.sereen size, the anmoupt .of | 1 abl e .

confRBE  Roieer 1AL B Do NG BricSs, U G biiaply wieles

tele@Me@,U?BMBnﬂaﬁ@hl | dssiQ@ntTBPTINGS)| iaKdt pakiby ddveceSiiat are small,

. Size of the device, Further, the battery size, the

lightvieiahis and epriliierarpiecby darrs b Marp spesatieatlyy poriile pirslass fedephones,

sucgfas .tcgﬁulgla{ee\ﬁﬁ% & axgi ﬁ?tél%ﬂﬂﬁ'ohgsd catebfBunfaf vEiPO UHl ddta packets

&ViCe ' Wi ch-a | gi tal” sighal processor is
ovel marzlgee matvastks.s Hurther, shanydingh nicdesaneleploomes dnclddswnther types of

| eakage can occur, at the digital si I ocessor. .In
deviseh R0 fasn peorp e hermly gt SHBR e @%%%f%ﬁ%kpﬁ%e Frngigpelude a
digtdl HBR! cAMRE 5 ARitaPVideOWalieth, LOdikial ﬁb&‘d&f’,‘lana'teﬁlgﬁldio file player.

processor may continue to drain~energy from
Alshatuck mirdl &8 0elpphamen cati inglude ai webwinidrfach éhaiban e agedtesaccess the

Intqtﬁ?ett.ﬁ%(ﬁ)\ég% itlgqrs]f igﬁl e&%é%ﬂqp‘gg]ﬁeggggg%r s_(igrﬂ%iggrlt lcicn%%utri)r?g\@e{pabﬂities.
Typically, as these devices become smaller and more powerful, they become
increasingly resource constrained. For example, the screen size, the amount of available
memory and file system space, and the amount of input and output capabilities may be
limited by the small size of the device. Further, the battery size, the amount of power
provided by the battery, and the life of the battery is also limited. Often, even though a
device in which a digital signal processor is incorporated is in a standby mode and powered
down, leakage can occur at the digital signal processor. In other words, one or more
components within the digital signal processor or coupled to the digital signal processor

may continue to drain energy from the battery.
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SUMVARY [ 0005] A mnultithreaded processor device is
di scl osed and includes a plurality of execution units

wo oenexsat e a plurality of programthreads andP€TTE0€625299
a gl obal | ow power detection,circuit. The gl obal |ow
power detection circuit incl ddes an input that is
responsive to each of the plurality of program

t hr gad di 1
| ovBReqgpERach Uiy B iBERRRs o B A kit metnod of
contiofir pvadr wWiditn R ewsaI Q%ﬁa@@fdc@ﬁoﬁl rcuit furt her

conprises logic to evaluate the activity level of each

of the plurality of programthreads and the |ogic

provi des a power |evel sj ggditionally, the

gl obal | ow power detection circuit includes an out put

t hai\ msltitespied procesdop detiee podierioded\nall isilgdeala. plitatity of execution

output is coupled to one or re. gl obal resources
unifg oifRAotRa RIIRLIY: o REagam regteasd fnclies prglokaliqpower detection
01r | efilel MEA 169 gt)évg %eg?d'i}ogsr%lﬁﬂltt 1&ﬁud€9‘ﬁﬁ‘ﬁnﬂ%& bk ?jsel‘ésﬁcﬁlswe to each

e one or nor rces. [0006]
of tﬂaarptura:lub/axf pmgtmﬂ rthtemis ’H)adinput mﬂnatmqeattm ewtlt/ihy tevel for each

ottt P Bram Erreng e ERo BEas Ho geffos i e
corﬁﬁﬁde&’ Qog'{@(@@evzﬁuité higs acti\ﬂterﬂQ rdf |e@1éﬁ af tRplahliee r&g'i’din threads
output 1s a gl obal power of c%mal t hat turns o
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anghHREPLIE ProVAdes RO RT 1ﬁYﬂ1 élggalo bAdditienadlyy thesslabal dow @ﬁé’ef detectlon
Cll‘%l{i:tg {1 %%_E, %h r%LR sllfh Fe@é&sgjfo{%%epéo%&l le%% es?énaﬁ) r oﬂ{eagﬁtput 18

IS 1n n ano

couypded ﬂoCdmle&ﬂr nﬁﬁ‘b(glijbﬁbfc}:tsourtd?sewitlﬁﬁ e foltitkr@adedqirotdisor and the output
pluralit program t hreads i ndi cates t hat eﬁ%h of

sel%qﬁléfelarceg al%g*mtaﬁwgaa%f Rowveg BTAYifedrip &he ¢e o maap Slabakrepgces.
a nmgfart‘i)gulzﬁléfl%cﬁﬁ%te%ach'\@l ﬁp%{s%()cllafeﬁewﬁlll Ql@k)lulcr)%%r of program

power detection circuit outptts a g powe

threidg madicandsethataeinl assiciatérbpiograpathseaglrie irgoslagp motle ot imean active mode.
sl eep node f nunber of clock

FufligtoBy RRGUR SRODHEEH Jokoupli e FOPaaTER off UG i tums off

thel fwR2do fd bne’ &R %lﬁbélrf@so%kc%@ RIEPHR logicalRMims that each of the
predeterm ned threshold. [0008] In yet another

plupality pEprogranethiserds ifeinta, Slftelnen@b’«vl ce also conprises a

Ur%?‘(ﬁl‘%%gerp?%lp %ui?rﬁa‘ltlh Jdire tls;]hStS{ngc (%nesa{:]if)] Qe tﬁ% @Hmﬂ r‘r% tps “program

thré‘adS dfidienes that Sactp WPtk ptogrimie tHyeadariy . goTﬁgeuﬁ@qth sleep mode for a
fetches the plurality of instructions for each of the
numbefroficlack cyele Moregyier theglgbalilpymopiss defeehnn citgyy outputs a global

po&/%rg&g glénal (&Jﬂﬁlb : lLHfachétt efls er?%[rf#cltnkd)ﬁl% stl&ﬁaﬁlohe,e fotla number of

ality o execu uni t
clop]acyalmjdrﬂmlmtrbddwmnmmbah of thegloek ccwlessim pdiidhsa pegyam thread will

ructi.on rd (V uctions. Also,
renilaﬁn % #’FEH?OQ?I BEPSP\E#F@“PH%B %]E’li‘ier further
SUPRPY&tSanRURE FBBhféﬂla@fenﬁBﬂﬁﬁe%@ Qh@rde%)é@ﬁlso comprises a memory and a
[ nstructl ons.[0009] In a particul ar enbodi nent, at

pluraig tof gnetrustionsh Eomeashadfi the plfiralide pragran threads i3 stoged within the
memory. A sequencer is coupled to the memory. The sequencer fetches the plurality of
instructions for each of the plurality of program threads from the memory and transmits the
plurality of instructions to at least one of the plurality of execution units. In a particular
embodiment, the sequencer supports very long instruction word (VLIW) type instructions.
Also, in a particular embodiment, the sequencer further supports execution of superscalar

type instructions.
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mul tiplication and accunul ati on (MAC) type execution
unit. Additionally, at |least one of the plurality of
WO p®vMOMmsdi on execution units is a data | oad- st PCEUS20PE025299
instruction execution unit. [0010] In another
enbodi nent, a | ow power nultlthreaded processor device
is disclosed and includes a plurality of |ocal
resﬁluﬁ icufar Rl cdtiinE:, 9f 1635 0 de i its i
| ural |Cpt%)§/t of program threa eg @@ac{ﬁ% I%ﬁa% Ioﬁ:‘l%?cqt’f?n dipits 1s a
mu rp:bgatam arfer @admulatmm(k/hﬁ@)alypé exuitiom eniof AlddRidakNy, ak 1da¥¢t one of
cal resoyr ces and at .| east on f the pluralit
the Jporg§50s SRR eBMepr st it ol spgmarbe isivuction exceution
mﬁﬂultlthreaded processor devi ce incl udes a gl obal | ow
ower detection circuit that is coupled to the

pI ulnagriotier simbgidisbent, p devo powes mullitbregtied atockwar peweer is disclosed
lurality

5L EONFLECH bSPTIR ot SRR g gty o

progmwe thré:idst hBagh uf #d plvrdity @F PRSdrameHRIALS @SiNe it ﬁhét one of the
programthreads are 1n a sleep node. [0011] In yet

Plu%ﬁlfat tdpca perources ard atdeast prroef the Phiwality of Eiochel IpsmmeSI Katther, the
t
low P el el irolls 01 8o EIRAEERT, bl erforion ctrcui

thatrie ceuplﬁahg) the pllurphnty dirghobabsesburots. AT gloBdlilby polveP BEBEHRN circuit
the power that is

d t I troll
TR BBl o e pPelsocl BEAs bl hepover o
the Fhﬁfalit? 2] EIO‘)B%JL@&SMM%]I éfgr% terQ@sr ﬁEniﬁ Eglgélgﬁmde
n still another odl nent

conryst ﬂmm@ermmmdlm@ltom methodm:ﬁ rcenmlhhg bowe:stxhar s e@phed to one or
s .di.sc] osed an

r eade Ssor
R G e R e L
an ipputrfadrh teyictobf P phgila ?ndf Ef@?ﬁﬁ titbads dnAVeREMRILy Q@ﬁtﬁﬁhh%ﬁle power

circuit that each o e plurality of programthrea
thatjig a@ﬁi}eﬁg}o e enecmetsiglebahmypires bassidepkthe ynpug fom the plurality of

%?ltnec f@a& ng a m ni num nunber of clock cycles that any
pro Eepurallty of programthreads is to sleep, and

st dnistilj anbéder snbodiutent) wnietho®bf ebRed1ify bWer fo'brd or more global
her , met hod i ncl udes turning the

Ister. Furt th (13]
resoblg%é i @ ntq;gtéthgﬁglge rPIRRSEOT gisoWisclosed pmdc ngludes receiving an
1nd1@a&i6h%ﬂtehélgoiaa ﬁiu?ﬂﬁy SPgﬁgﬁﬁn §rddds P 1dv ?H{?‘/Eﬁget&ﬂ.tlg{‘l Wit that

nunber of clock cycles red 1n the reg
eacly e§ ther Plngihtjh ef pm&atmttbreadsemcgmmg)to sieespsfcgl hahber of clock cycles,

derep B PPl Rl ahPbo 6 Elogk RS dhffoty, of o PHEGHGjof program
threaklis ggﬂs@ andboting -8 afwehudh ﬂlhrh@ér oFiclRRlcyREORES gl’ste‘rs Further,

provi ded and i ncludes placing a device |ncorpora I ng
the tm\"éh%llﬂ?lﬂﬁ‘i’seé@éﬂlgd thisi PQWCISIQ%ﬁ db fheoors swr miore global resources,

t f
ousctethefBien JB el %AMeONbR e ohiREhgn FuditRt ot ek cyctes
storgt imgthemedistere and retoringaherpbwert orhedes oftdid @obal resources prior to

the clock counter reaching zero.

In yet still another embodiment, a method of debugging a multithreaded digital
signal processor is provided and includes placing a device incorporating the multithreaded
digital signal processor in a standby mode, monitoring an output from a global low power
detection circuit responsive to a plurality of program threads of the multithreaded digital
signal processor, and monitoring whether a global power off signal is output by the output

of the global low power detection circuit.
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si gnal processor, and nonitoring whether a gl oba
power off signal is output by the output of the gl obal

wo oao7fppaeser detection circuit.[0014] | n anot herPCT/US2006/025299
enbodi nent, a systemfor debggglng a multithreaded
digital signal processor is scl osed and includes a
conputer and a Joint Test Action Goup (JTAGQ

i nt h ute AG.interface a e. )
orr i, R bR P s Ehem 107, ab il o pirpled Afpial signal
proceldsty iscdisglbeed 4@l irfdeudedlat édnfeadad 8ireint AlesSABGH Group JTAG)
processor. Further, the JTAG interface at the conputer

mt?léaceoaﬁfth@ GPERUED rﬁ@eI%Gan@ Rkt Pwermpiter ki gpvgled to a JTAG
R0y 808 2R B 50 L U A b, e

thej Jﬂ‘tAfG ira«mﬁacatat tHee:on:rqmmheconffgumalrtb |rgct¢l\e:ch globalgweiey effasignal from
l.ow. power sta romea the plurality of

o QIS ToNies chrdoctoMaateath WAME (8 Rylaturashl ekl S processor

Al ﬁfehquA@Ehtéﬁ&@CaJt ﬂ{ee&nﬂﬁu‘?&r@%ﬁ u?é&fjto' recéifk ?1 g@ﬁer state signal

node or not in a sleep node. [0 In stil
fromnbesthi e fite, plarqzhby tOémreglamTﬁucad@at "IFhm lcmévpcn@rl state signal indicates
ncl udes a r.oce nd a
WSt R RIE bVt e 24 bBrm ody B S GRGRE ot
su gnalsum ra688s @mbabindniah postable Usngduieatidhe deliied is'ibrowded and
gnal processor. In thi s enbodi nent, the di gi t al

mCB%dsﬁ &l digitad signab procasson @ad azpasipheml device thasrisgkigmal to the digital
s1g1t1§] go sor LAt &l doliefto Eﬂe hl 1%5?1 r&%%'soral?l!]‘fi ttﬁ‘s %Bgtﬂhlent the

pomer etectlon Clrcul rves an
digithlg Bnghalapmousatt dretlwdes ha @Imhhtgf oft bﬁ)grﬂmJ rthdebdsy aofplurahty of global
ro (g)g and ou ut.s a, S|?nal to the plurality
TesQrc 8‘6 F g 2P RV wer CBP% Gieuif that I56518FS Yeingrt figppal associated

w1t?'eﬁ@l¥bit the PluRhlit§ of p%g%gﬁlthﬁgwnd‘)(ﬂtpﬁé §98hal' 8 tﬁé"%ﬂrﬂ%{z of global

he power to the plurality of resour ces base
TGS@WCQSh eThergiQhal img nawer dedectioh e:lrplllltl patipiitsya gldbad pogenafi signal to turn

ot G5 g T abih B ShBHEh  e prri

of pfb@tmﬁam’ea@f I i lettibaliinkent,Ofhe RAAET a'lshfcﬁ@éit‘éh 0¥ th® phurality of
sleeﬁtnode Addi tionally, t'he digital signal processor
1A

proganp threads llégl%‘tt@ﬁﬁhﬁb@@éh obfitie Rluglisy of prograem pmadp lhieinad sleep mode.
AdBELE%, 2050k DelB pRABHDEHBIRE) TRl Bl B b o

power on c a mul
pmgﬂmnédsncels dlsclosed and i ncl udes neans for

ted th h of I I
B 7 et R B Sk Y «

muﬁﬁﬁl’efi&laldl prB&sidies Qfé\éﬁ)"secf"ﬁ’rm in%ﬁldEQ e B ‘?ec%fwﬁ? bt input associated

gl obal resources, based on t I nput r
with leaghadfi a glumht}p@fqugnm threadsignd O Apr $eiecmlwetyhmntrolhng the power

Iob |.ow power .detection.cir
DR IP G, Ot F TP BB PG E s SRSGLcom R iy Ty the pluraity of
mpgﬂ@iﬂﬁﬁgsneans for receiving an indication for each of
a plurality of programthreads at a | ow power
det Woamother embediment, globshlonw pewertdstastion atr¢uiyywishin a multithreaded

pro@ésgcgr i Ig}owded and includes means for receiving an indication for each of a plurality
of program threads at a low power detection circuit that each of the plurality of program
threads is going to sleep for a number of clock cycles. Further, the global low power
detection circuit includes means for determining a minimum number of clock cycles that
any of the plurality of program threads is to sleep, means for storing that minimum number

of clock cycles in a register, and means for turning the power off to the one or more global
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threads is going to sleep for a nunber of clock

cycles. Further, the gl obal | ow power detection
w@200c0280i ncl udes nmeans for determ ning a m ni PEMUS2006/025299

nunber of clock cycles that %ny of the plurality of

programthreads is to sleep, “means for storing that

m ni mum nunber of clock cycles in a register, and

f 1. i th r off t he one or .nor

resFSRS ) ARGHIRILT g Ho i Power Jelspptitedf, iRes means for
dedtementiiganclotk colirter sfgtinkd §SmNMB8 ASinfr@im dasbensiilodkdcyles stored in

cl ock counter starting fromthe m ni rum nunber of '
thedpgister agd meanssios restpring the goweriosthe pne AHMeEgleb3lgesources prior to
thel Gkl 1 AEKRGYEY, tO the one or more gl obal

resources prior-to the clock counter reaching zero.

[ 001Byetlanothet erabaditnent, adbowigiendevie id dulpgédhgnddayludes means for

i s disclosed and incl ydes nmeans for npnitoring. an .
mogiipiveg a1 Pk‘)tﬁP'a&@‘in&oana}lf ng BOWEY 3%?%‘%“@&9“6]%“ EFspeiiiYe to a plurality of
prdefAR WShdLof theBmBltidBAdelYdiSikal R SR ?EBCEL&E)F 3§ n¥ant ?S‘r monitoring

mul tithreaded digital signal processor and neans for
whaihar 2 globalpanrestofiferigral if @itput hycshe putphif ofshe)glabali lewquitwsu tietection
cirg}{t the out put of the gl obal | ow power detection

Cifcuit. [0019] An advantage of one or nore

enbagi aaltagelbS 6he0seRl oftedrab JtliMants idielodstehdemedah Nacl@dd powering

one or nore conponents within a digital signal _

off (yg & JBP CRIPANGRtY Mthinea Higitahsignal tiiecegiagithen asdayigsl in which the
. ' LSl RG i S | dby node. [0020]

dlg%?]%?%ga?sgﬁ\%%ﬁ% {agggéog]?&g{r?gq%ip Sarrétg‘r}hed% é’ﬁ%%d&i ment s di scl osed

her Anntheandvatigedef papeiri mgreobmbodiments diRcleswlohg@einebirs include

Courﬁghef? to a di‘gital si gnal B]grocesso,r when a device in i
POYEHTENO RBC GF GIFQroBPYieal qorpledde ardigiel sigpelmiprestsaviey a device
in WhicB 5 ABER %i FROSrocdsO%ad Incotgordte #130h A&Tandly ARREAGE can

i ncl ude determ ni ng whet her "a gl obal |ow power

det 86Hi another rasiyantagg tchit rincludé gleteainirgingy velietlpr ok exdatmi low power

t put.s obal ,. r off signal duyring.operation.. .
Bl MR A s B St S0P ith ol Geber O rieng) during
opetlginner one or nore programthreads executed by a

mul tithreaded digital signal groces_sor enters a sleep
nodetid APy geardageosan jnobrlg] deferminingt Weathesdenenemgore program
A r. e .
(o0 OGHHE By o Rl SO 8y bRy Bhielif S gpogte auring
opdriteonconponent requires the power to allow a power
capgcitor to_reach a full charge. [0024] O her
as p& et aotheg gdyaniage can yiclpde dumipedhe gpwelen i9qug & more components
o 3BE i) RSB ERRBASS bl SEIEE! phYE o alow &
povBiricepadies tor iepth ofullothatgee Dr awi ngs, Detail ed

Des&ﬂe?talsggc‘ts, aan Vart1t2g6es,oa%|d r?éatures of the present disclosure will become

apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The aspects and the attendant advantages of the embodiments described herein will
become more readily apparent by reference to the following detailed description when
taken in conjunction with the accompanying drawings wherein:

FIG. 1 is a general diagram of an exemplary digital signal processor;
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0025] The aspects

and the attendant advantages of the enbodi nents
wale®cnoidsed herein will beconme nore readily appeCENS2006025299

reference to the foll ow ng dgtai | ed description when

taken in conjunction with the acconpanyi ng draw ngs

wher ei n: [0026] FIG 1is a general di agram of an

exe 7

qeriii? % 8 ePhortl aREARF or B AEEANGL BARE QerdeiBh ol can e
inchidedwiithlrtlhathgliahmgﬁallpmdesmdhdwﬁ hFAG he digital signal
pro{eGss%o owm in FIG 1, [0028] FIG 3 is a flow o
cha 18 sl chay idustatipg @ erthedhak tRotlig Reovesrwithin the digital
s1gﬂ‘élg>%déssb?§1d%r9intﬁb ?1 gnal processor shown in FIG 1;

IG 4 is aflowchart illustrating an
aI t BK}I &t is wdlave tivotlillustrat gt ancilfermag) v oedrodvaf tebhtioltihg power within

di. g FIG 1; [0030] FIG
el Qe b Grs SEGFE I 1 st om of - debuggi ng a
di gFI@I5 i§ b @BAraldi QGRS a; syEt@Ql%HdeEﬁg%mffa ] 1t§1 di %rf%‘f“f)rocessor

chart |IIustrat|ng a neth of debuggi hg a
si ghl- 0ge adlessdhart Jlogrging Flll@thfﬁ ofglehuglinga drgltal signal processor;

il r I r.eadj n eration of .the g
si ghal ﬁ?éog Sl ‘qutsuatmrg %I”%IP%I 3?5@3%?6@?% O%HTesdlﬁﬁal signal
progessershbwdii@@r@m;of a portabl e conmuni cation device

| nc orating a digital signal processor; [0034] FIG
ﬁlr(g Gbnd Banereli digeam of a pertakle rﬁ@nﬁmyn@éﬂpn \flexice incorporating a

dlg;tﬁl %Qp]%%césg&or porating a digital signal processor;
is a general diagram of an exenplary

VVI rEllGe§51s| atgeneret diagoino oflant edeaypiay eellula tgeptvhé gcodporating a
di glg Jrﬂ? naI processor; [0036] FIG 11 is a general
184 r8? 3> exenpl ary portable digital assistant

| nCF’KPQOEIE h%n@raﬁ&ﬁ%ﬁ ofsérgé‘;@mlﬂiﬁ%?e?%s InfeRfbt bp&ggdl telephone

FIG 12 is a general diagram of an exerrp ary audi o
incerppiatipg ayligital signal pocgsiong a di g| tal signal processor.

Ep; DESGRIPTI 0038] 1 |I ustra
di alé}er_am OEE a%R ener%\l %%Erarﬁoﬁfl i TR aéﬁbg%(?%tdlglfﬁ assistant
incahpotating aﬂi@lﬁﬂélgm‘lmmf 4n@SP) 100. As illustrated in
FIG_1, the DSP 100 includes a nenory 102 that is

coufCed2tls T esrsgiletiaspm o ay iexeraplons audie file player incorporating a
dlgl?grsgglngpé g%ug&bodl ment, the bus 106 is a sixty-four

s and the sequencer 104 is configured to
retrieve instructions having a Iength of thirty-two

(32) bits fromthe ME&I}B%S %ﬁ% uencer

FIG. 1 illustrates a block diagram of an exemplary, non-limiting embodiment of a
digital signal processor (DSP) 100. As illustrated in FIG. 1, the DSP 100 includes a
memory 102 that is coupled to a sequencer 104 via a bus 106. In a particular embodiment,
the bus 106 is a sixty-four (64) bit bus and the sequencer 104 is configured to retrieve
instructions having a length of thirty-two (32) bits from the memory 102. The sequencer
104 is coupled to a first instruction execution unit 108, a second instruction execution unit
110, a third instruction execution unit 112, and a fourth instruction execution unit 114.
FIG. 1 indicates that each instruction execution unit 108, 110, 112, 114 can be coupled to a
general register file 116 via a first bus 118. The general register file 116 can also be

coupled to the sequencer 104 and the memory 102 via a second bus 120.
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104 is coupled to a first instruction execution unit

108, a second instruction execution unit 110, a third
WO p@v0msti on execution unit 112, and a fourth PCT/US2006/025299

instruction execution unit 114. FIG 1 indicates that

each instruction execution unit 108, 110, 112, 114 can

be coupled to a general register file 116 via a first
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instctibn icaehet 180, And ASSiXtHGhétAREAGRBuL 246 it IOMsbRated with the sixth
i nstruction queue 142 that is ‘associated wth the
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cache 1%%. 0041] During operation, the sequencer 10£
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t hdn fj pagticulasemhodimens, theseqenes I bpenesi in welirsf sodbiang 2-way
' uGt | f the instruction gueues 136, 138, )
sopd 351G ' Bl SRRMSHLIPURHSS. 10k pricutr
embedinadit, TeRt sequbfces eioe bp@hied 04 HROERHIEMOIID thatl biiPortsORBy long
. .as.a Z_Q?é gﬁﬁerscalar sequencer that supports
Instigguen wert BYLIsingigedtiophs In pastiewat the sequensar edncertesate as a 4-way
VLIV RQFIARR! *agagn&%fh&‘ %&%%P%aﬁégi%é’ REG Hfticlioh &e2G8S it 108 can

node” t hat supports ver
execute a load instruction, a store instruction, and an arithmetic logic unit (ALU)

instruction. The second instruction execution unit 110 can execute a load instruction and
an ALU instruction. Also, the third instruction execution unit can execute a multiply
instruction, a multiply-accumulate instruction (MAC), an ALU instruction, a program

redirect construct, and a transfer register (CR) instruction. FIG. 1 further indicates that the
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instruction word (VLIW instructions. In particular,
t he sequencer can operate as a 4-way VLI W sequencer.

WO pooad/omeRnt | cul ar enbodi nent, the first instruckCDOS2006/025299
execution unit 108 can execuf,e a |oad instruction, a
store instruction, and an arithnetic logic unit (ALU)

i nstruction. The second instruction execution unit 110
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msmmbatekévmueﬁ uhiﬁ qo@Sﬁol@Pz 119 8hd H@&h@t@ﬁ t@{h% géﬁérﬁlh%glster 116,i.e.,
fromthe menory 102 y the sequencer 104, $ent

to one of Hisamified rﬁgltswuéllqsdﬁiiel)é@e 1.52 dA4ukia, $58.08, 110 112

ructi executio
SRSyl 155h 150 EHCLRBS S e P 160
candeased tocmbntrnl tlhe POBer Within thd DSPID. CayshbemyMhetpo®Rr Edhtrol system
the ener ister 116, i.e., to one of thé unified
160y c4g; e equ ‘? o ¢ 4gemauy0102; ghe seqmancer 64, amB eaghoof4B instruction

eerﬂtfén vhit@188, 110 PRLI§S té%‘xﬂhﬁl b C[B%PGE ég&r&ggftkﬁq &dc%n %e coupled

power control System1 used”’to contt
to ot,hq:e coroperentsi wiithin theh@SP$P0, 1 @oupled shtheid St 108, ﬂﬂv\&fnsume power.

SyS 60 can be c led to the
©h BB 5760 48 oSGy ST SFeUER s Py g frosenerally designated

200e X Faél tgodier Wohtrsl dftbm DO, shbia, mli:fG b %tzl?leéxerﬁr%%a/p Qe rhrmtlng

control system 160 can be coupled to other co
embgdpmpgnd of e pISFer1@Otrobsystanu p6@ descoibehin BBRuMCGON mthaFIG 1. Ina

paSAF RN o SRR TRLSY 0 A Eh i B4 e e

witl20 Q. m'ﬁltetmeatﬂed DSPte.9) thy shuein2OficanosP 100 fHo%n # FRG. 1. As
non-lLimting enbodi nent of the power

depiSilin lsz’rég% Frsien 28R icludsea glabat by perver dsteckipr hirgyid GLPDC)
20211 & Paficular embodiment, the GLPDC 202 includes a first input 204, a second input
206, a third input 208, a fourth input 210, a fifth input 212, and a sixth input 214.
Additionally, in a particular embodiment, the GLPDC 202 includes an output 216.

FIG. 2 indicates that a first program thread state module 218 is coupled to the
GLPDC 202, e.g., to the first input 204 of the GLPDC 202. As shown, the first program

thread state module 218 includes a low power state detector 220 that outputs a state signal
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particul ar enbodi nent, the power control system 200
can be used to control the power within a
woreiovioeashr eaded DSP, e.g., the nulti-threaded BSPUID06/025299
shown in FIG 1. As depicted,n FIG 2, the system 200
i ncl udes a gl obal | ow power 3etection circuit (G.PDC)
202. In a particul ar enbodi nent, the G.PDC 202
S . .a,.
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riilcul ar odi.nent,. the sta ignal 230 indicates
e St R 2 M5 B gt e Bty 260 chvekts e signal
238tthehseTont P00 JharPattiitadniiodifeTDAN k@ite?bhdl §3§ ﬂldt?cﬁlées whether

sl eep mode. Further, in a particul ar enbodi nent,
or nok @dhigd pragiam thredsk asseriated mathrtbel thied pRgrans threadpdtad maglule 234 is

. on al_re 232, ..10049] FEl. 2 al so
in £ 8epf3R04e0T Buldiioln GERRHEAS EnBogiPlt the R sihfpRopread state
modde 283l codpled td itdedst BMXJo2hl Fesovra@ 240t 0 the third input

208, of t he PDC 202.. As shown, the third program
th r‘“é%ﬁlué?ﬁ?‘fﬁh% 2e 2 ath proptaaediread siate prodile X42ds eoupled to the

GLEIStesi0e, 23 t ipgraln238 he
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A T i L b et 8 e
indipated whethéd oﬁﬁb@%mrogfaﬂ?t}ﬁéﬂdrﬁs&ﬁé?&f ®ith ttlfbr foaflh ?%@égm thread

modul e 234 is coupled to at |east one |ocal reso
state mpdujepdddjis ms 2 sleepsmpds. e Further|it a Partiqulfvo embhdiprengrthenfourth

i led to the GLPDG 202,
prof A LR £ 48R UL ol e U5 R0
shalg, 2tindicheutlid PiiahrEoyahl erehdsitakemb@ds|2802¢ Zoupled to the

[ ncludes a | ow power state detector 244 that outputs a
GLIJ’&?‘;@@ SR ULy &Qiéth 15Pehel 2@fthe GIFDC 2A2.4 Asshewouthgrfifth program

thre£d" QI BN 258 hcRIdB! £16W %B@fl&r i detector 252 that outputs a state signal
254 to the GLPDC 202. In a particular embodiment, the state signal 254 indicates whether
or not a fifth program thread associated with the fifth program thread state module 250 is in
a sleep mode. Further, in a particular embodiment, fifth the program thread state module

250 is coupled to at least one local resource 256.
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i ndi cates whether or not a fourth programthread
associated with the fourth programthread state nodul e
wQ2ad7ie28)n a sl eep node. Further, in a parti cuP@r/us2006/025299
enbodi nent, the fourth progrﬂjnthread state nodul e 242
Is coupled to at | east one local resource 248. [0051]

FIG 2 indicates that a fifth programthread state
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sl eep node. Further, in a parti ar enbod
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o R 2 RSl RER 5530 SRRl Al LSS A bl i

distfibated k®eck 688 (sHdfndntdaited 180 e hQAMLH S&wgérpth'e%LPDc 202 and
coupl ed to the GLPDC 202, e.g., to the output of

the EW@a]Cﬂ‘EF‘B@CGZ@Qg ¥R, 37paFer chamie éedfiri distnibyted Ismtglh 8hhis coupled
to BEARKESBA %@éircﬂ@ﬁ ?gt@%e& 4 rE‘tC é‘l?aﬁ 6‘%:@%’%%% @Hg the GLPDC 202,

execu I OoNn uni a cac
the sdcond distritesed stiech 476 1ac<§1qﬂéd t@tth@gecaﬁ@ elbABBSourée 268 between the

centralized switc 72 is installed between
Secqnﬁiegab%braﬁoqr@s%éﬁ ek thze%LPléﬁfozozmd ahrythindedistribped 2@7itch 278 is
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di stri buted
GL@QIZOQ second di strl but ed switch 276, and a thi rd

b PG el e A6 DA diah losc 580 that can

be ds@@ﬁﬂﬂ&@cﬁ vafeR,eall Bf the ogrﬁﬂrth&&a%keemoaﬁles b14 Se 234, 242, 250,
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Tesoyicgh £ #/Be 720 Blermptivg epbedimgnt.dthg | GHRIPC 292 can caitput the

glob%ygvﬁﬁgw&hﬁf signal 282 to each of the distributed switches 274, 276, 278 in order
to de-energize the global resources 266, 268, 270. In an alternative embodiment, the
GLPDC 202 can output a system power off signal 284 to one or more input/output pins
286, 288 in order to turn the power off to one or more selected peripheral components
coupled to the digital signal processor in which the GLPDC 202 is installed. In an

illustrative embodiment, the peripheral components can include a display controller, a



[0055]

[0056]

[0057]

GLPDC 202. [0054] In a particular enbodi nent, the
GLPDC 202 includes detection |ogic 280 that can be
wais@doeasodet ect when each of the program t hr eaPlCHUS1086/025299
nodul es 218, 226, 234, 242, 250, 258 indicate that the
associ ated programthreads are in a sleep node. If al
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d return 0 0
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Proceeding to decision step 314, the global low power detection circuit determines
whether an interrupt request is received for any program thread. If not, the method moves
to block 316 and the global low power detection circuit maintains the power off conditions.
The method then returns to decision step 314. At decision step 314, if an interrupt request
is received for any of the program threads, the method continues to block 318 and the
power to the global resources is turned on. The method then moves to decision step 306

and continues as described above.
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system resources by turning off the power to sel ected

i nput/output pins within the digital signal processor
wao bav/oeesel coupl ed to the sel ected system r esouPCEES2006/025299
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the f)tmlgkaiﬁ\ﬂtﬁlﬁad‘st\e@lsreﬁfaﬁl el §1espBdde Alin Q'pﬁfdéuﬂa? %mb%dﬁ’ﬁéﬁ? Humber of

ower detection circuit within the DSP receives a

Clocgt%ﬁ szhﬁhémdlfqt%ﬁh%&iéfﬁt@fl of Preusla¢n myodef foprétaghmﬁ the threads is

dete W po ?’3‘2 gigl? (},’Hgﬁ%kl ﬁ%‘gﬁg é‘ét epﬁh%hzgg RA%Q ﬁh gllcﬂagf)?ow power

detestiart eirsuiyydetesmineo mhéﬁher ﬂTeOE)IV@Bﬂ hlhB&Cofsdledpeclonld 'éi/(ﬁés 1s greater
ram threads are going t

t hat al
thanbae q}rcﬁs% F@Zﬁ)nﬁég@ EIGF Fsy Ifjnot,rihe methad waERDE blOCk 402
and BoRERBE s HACHB& ﬁérﬂﬂ %rﬁﬁle‘b@l@er%ﬁﬁ?{ edra ﬂ}eﬁb@gﬁlnukﬁ)\é’ﬁ BPAELD clock

detection circuit determ nes evi ce
CYCIQQ)IS egrentar thdn the alrrdsjnpld;rtiubanethbd swyed tocbloak 4idd ends at

°L 91, e AR 550058 B0, UL S BodEY

systérﬂ@é&hrdaﬁt i PhitiulaP cRlB6disleAn) 1B %bﬁ%w ﬂ)éwérl'lﬁ:teﬁlgﬁ ‘élrcult turns
ignals indicate that the programthread are to

off %heep%wre@ Hisd eelectesk aystemtiesourcdsebyrguming nffvibs pawvdsl trocbelected

1npu§?ﬁ?tguﬂ>m dg?l‘]éﬁxmtﬁ%gh 1t§aﬂ§1g1%]a)e§ciessnoa om#ouggﬁ%ll gihet jelacted system

resoanys.of Moving to block 416, the global low power detection circuit turns off the

power to one or more global resources. In a particular embodiment, the global low power
detection circuit turns off the power to the global resources by outputting a global power
off signal to a centralized switch that is coupled to each of the global resources. In an
alternative embodiment, the global low power detection circuit turns off the power to the
global resources by outputting a global power off signal to a plurality of distributed
switches that are coupled to respective global resources At block 418, the global low

power detection circuit stores the lowest number of sleep clock cycles in a control register.
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the programthreads will remain in a sleep node. In a
particul ar enbodi nent, nunber of clock cycl es that
w0 pab7oeasel t he duration of the sleep node for eBCHUS$006/025299
the threads is determ ned by,.a programcontrol. Moving
to decision step 412, the gl ¢6bal | ow power detection
circuit determ nes whether the | owest nunber of sleep
clo I o one
hoLyrteotioqeill REIEk: plAg: & e AR Siriny; g Mgest number
of sleee k:laukzcwm C it devisden a&pd@crthbgﬂoﬂm rlewnpovdt Hétection circuit
4 ot her hﬁegﬁlé i f theé\} st nu f sleep clock cycles
etfraniisoBieler, o S N B e BFadhed, WheTpiB N dtia Fiber @Rycles need to
tur® bR kgl dbhttresbB8O BLroft ué%' QPgerG%) s 1 fen&oRakq ! tR g%ﬁ proceeds to
detection circuit turns of he power to séléc
blogk 424 and élyﬁoglpb@slow | powea detectidracir@ntondinteng thetpjosvey Ioﬂbcajndmons

e circuit turns f th
W R NSO et by TR < bioo 154 R Beebabal [ pover
det&ﬂioﬁcélecduﬂ m&u& /18&!t foser Pion theWigldBhn rés'&ﬁrc@é GnldakystdN@bources on.
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Th?ré%f%rtb% methodgpevey te dedision em4€0 andweongnugsads demq@dumem
det t
o ot bele Eidahli R i6bie ANBRRYEGL AR TG ER Moan be any

othey mipaberd mﬁ/\clpdweycldet eRmtman igiar pﬁ'tléulhﬂléﬂ%o&lﬁfeni sy RPMBE on the
reso rces by out putting a_gl obal power

PO%?TFOEW gﬁq f‘?§°&r°8% Pt prerth EermisriTeaches #rap i logis @losr eepacitor to
rea@Pg fu]PEhdr béﬁoﬁ@ﬁile &f‘a@%s%ﬁ&e nkld ?&wee'inqthhg Sthe Jatency due to

enbodi nen the glo [ ow power tion circul
the pawerscaphditar M@Cbmgéull tcbarghs rgdhuzied lor Bldlsmntlaldaﬁelhnmated

out r off s to.a plurality of
ai SRR 16k SRl B hieelisth tiensCuthlapbrpyls shown and
is dgbigitatd 5@ O0NE GRSWAY the s Pém Sb8 indihgesH %ut&%?p OI\P!eJn illustrative

defection circuit stores the | owest number of
embqdiagntcthe|cesippier 302 éneludss ampeesiestos ISOﬂ @o@ z]comwten geadoble medium

b gd
soc 3P 2SS 5 pRRLLE S0k SCHRLLRSPh b i esing
Grosp éﬂ“AﬂG}thdrfBEe gt)s)bak islcowplR@ eethe PedcREIok §04.Ci r CUI t

det W%Pes ﬁ% r zero plus N has been reached
é&%?‘ W jrgF nﬁnaoélrgltél‘ sigyal| RegcerEs dXSF) t34Pne.gn aamulti-threaded
I
DSB 190 IpIEPOE EompaLP3®. B plrio A ARl {8 1 510 includes o
JTAgI; giserface Sd2pbates cdepled to the JTIAE initérfavai J08aifike t@lﬁpﬁt@ﬂ\@(DZ Ina
d tio en ze lus N is reached, th
part ﬁ%s&* 88‘mﬁnﬂ&8§\@f ? sieato 14 Semie 1?%%?8@ 65@@%@%&»@&&% DSP

510detiRctdmputs 50 ele. SR $hd hﬁAG%\@ffa&eO ff‘@f g&l«a%@ 510 to the ITAG
resour ces and syst emresources on. er eafter

inteFfa¢endRf @b hes cemputer 52-odn st pyrtigwar amﬁoah(mmt rthe sugmit 51gnal 514

1nclg§e§%:]fg§lﬁtg:% %Itg]?lg Ogiégplécgth??_%ﬁé:{;!%?m ar ﬁﬁn‘o{gg egﬁ);tate signal, a

fourth iheafadmwnéaagnﬂf a fifth ehice &y sthte Signfly A8 SixtH ﬂhre"&d@f’a‘té klgh‘all AFurther,
enbodi ment turnlng on the power to the glo
the R L) B’emelﬂlée% halobelnerier offsignak sFIEe Salyot ShaWIS @w;mmlt device

5163?%‘%2 sﬁﬁg%bﬁgglﬁ that %%%P@e&% he%har &tgr ?ﬁ%or e the

source needs fu e | atency
duén taoparticular embodiment, the output 81gnal 514 from the DSP 510 can be

processed by the computer 502 to yield a first thread state signal plot 520, a second thread
state signal plot 522, a third thread state signal plot 524, a fourth thread state signal plot
526, a fifth thread state signal plot 528, and a sixth thread state signal plot 530. The output
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t he power capacitor reaching full charge is reduced or

substantially elimnated. [0063] Referring to FIG 5,
w@2@ysexm f or debuggi ng a digital signal proceBSDUS1086/025299

shown and i s designated 500. shown, the system 500

i ncludes a conputer 502. In an illustrative

enbodi nent, the conputer 502 includes a processor 504

. i ' i bl
1 ST 95T 50185y FE YO 0% Ao uF P Py v
poWesiff signabpbat332JTAG interface 508 that is coupled to

BPSP{) ér? ﬁ&sségtg\feS%?' I Ogr%ﬂb@éfgg H’]g%, sit%e_: g{g%a]aglbt gzo includes a first
slee?‘hfohe bbftRAdEA nagﬁpa sdcond QKB Bthde Doktish 9@3&@1‘1@?%1&5&&%

articul ar enbodi ment, the DSP 510 inclu
embeimenta e ®emnd theead sktectgnpll plbt 622 inetndeT AGrstisteep hamie portion 538

h te . Jn a particul ar odi nent , .
oDl {0 AP 8y 395, 1 o BRI SRS RRSHITo R i e
statbrstgal Pt BSPifehiliel @ ﬁrE\tesl&épgf&ﬁ&{ 55D 8nd & s€eond sl doftfon 544. In
JTAG interface 512 of the DSP 510 to the JTAG

an jljstrptivec embediment, tthe fousthpiiresd S signal plopH26iiodludes a first sleep
' , .S I .ineludes .a first .

pority 386 Hhl e sk bl 308 | ARhtion i MR B emppociment,

the tfifihr threadrstaiel sighalt glos52haicludas b dltstt decphyctch S5@0Ed a second sleep

[ , fifth thread state signal, and a sixth
porfi? 4 Mpsgauet iSRS ot e e S GregtaTs ignal plot 530
inclufléd AF1RS siReIp0Bh 59@!‘&{? %cg)né bllg optibh 656.2 2l SO shows

an input device 516 and a disp evice 518 that are
coulpl andillusirative egthogiment, the ZlobaDPGHEr offi signplapldi 538 mcludes a first
Lent , d.he out put .signal 514 fr t he P 510 _can .
oo 3 R b Sl er oHo g Jhb s FIG. 5, in an
illu$thatied @nthodingens, t56 kst Ebﬁ/%r 8 QortRonSHRWBIGhE Efo%lﬂfj%cﬁi&e?togfzsdifgnal plot
o )

S| g](r‘;lal plot 522, a third thread state signa
532-inelydes  firsrstano &k thakoeugnwherpplbthrsabstate Sigral plath 52522, 524,

L P R .
the filrst pober pfigoetsseshsyf the gldb@l’Wéirofﬁ%gré%]q)l?/tinﬂggnéludes a first stop

bal ff si I | ot 532.
564?’1‘“?‘1&%%? Y\‘Afﬁ%l &%@3&%@%@?5 s sgaly l[qdma@adh%ttae@t asseqiggpdprogram
threRd Ahs SGRJIACH] ol fin'HiE. g’lg,tgg BE@?’? 384 rcbhgﬁ)oﬁgsd' 104 e of the
CUEurther, nan

~ second sl eep e portion
first dl¢cpgrortaen 38 dithosticoehthreadrstats signaigldtifizead st at e

[ ..plat 522 | d first slee de portion,
Gty Bt B Bhoditsbts. 3 Strond apuBy ofirpagion 560 of
the globalsidvadr ioffesi &P pIbt FBNinclide® a kétiohd staht fRRAh St R lgrszﬂg:ﬂ%h thread

pl ot 524 includes a first sleep portion 542 an
state siggaloplelse, §a%.t524n 5B@4328) A3Guanter thesterend sleep mode portion 536,

e ' ! e ead, st at e si gnal ot. 52
S40PTRL R0, 558 MRl hDicRPle Bheoff hi3n SBRRS & Byt pover
off pignli wlot 53B inchdids i sebald Stop 1568 aRati ddctStwidn ¥R of the thread state

. eﬂ?'bo inent, the fifth thread state signal plot 528
signaisdndigarss that pp ggsogialedprpgim Breagdns shidechtheadespdnedeedin FIG. 5,

e BEELgSE MRBGNET S A8 ot ot L SRR S50t e i
thread state signal plot 520.

As described in detail below, the system 500 can be used to debug a DSP. For
example, if the global power off signal plot 532 remains flat, indicating that the global
power off signal is not output by the digital signal processor, a user can review the thread

state signal plots 520, 522, 524, 526, 528, 530 in order to determine if any of the
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includes a first sleep portion 554 and a second sl eep

portion 556. [0067] In an illustrative enbodi nent, the
w@bkmbab2spower of f signal plot 532 includes a fPeCBHUS2006/025299

power off portion 558 and a f,;cond power off portion

560. As shown in FIG 5, in a@n illustrative

enbodi nent, the first power off portion 558 of the

corgésggﬁdm%gﬁg rafdf {hrée{dg nﬁL: rR)lt Uy ﬁﬁéh{hgc%&gt a O%Cf ! gﬁ%sl the user can

at occurs when a rea
detphmns vi2¢h prog2m M2} ne&Pw, beaREJifibB 6o ehat ﬂrwﬁll'l@ccfasmﬁilly, enter sleep

e ortiqgn 534, 538, 542, 546, 550,
m‘%ﬁ "@ﬁ\? g?‘ﬁ@’“ﬂ‘i %‘tlcepgmé%nc%}lfplor%%sr TthFd‘hgl‘E?é@lé’@fﬂ Plﬁ)éessor 510isina
stafid bdepower off signal plot 532 includes a first stop
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th | d the f t to
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ally, inan illustrative enbodi nent,
an Qgﬁéhﬁorpmwaéﬂw POWET dateation ciotuit Wetth bbISH oMelvmgftcb block 604,

the%o %Og%tog 3% st, %Cl %? ?I'f)lg][ eagﬁ ?rng{nrgfug 6€%IB%PZ 2At block 606,

theazzmpuﬁ:z @eteldfhes h3® (ﬁt&henrglém pseepmﬂ siEnelEiR olgAle b @id 316bal lower
536, 540, 544 520 554, 558. Moreover, the second
PORsiecHPR chBwE dRessaltetont blpgk 60%Khe commer datermaneshaw often the
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ds to
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of b ogB EAh e PR et PBes SeBrenioRE of 14 Hi 4t the global
poﬁér&lfﬁmghaﬂ H@but@h@tMéaﬁg tcf) Q&ﬁﬁ])n &%p @?§ Gthé Q&ﬁpﬁt@r Q&&%ﬂles whether

bel ow, the system 500 can be used to debug a
theé)gg:,%qage of fotalHest ginahat tb@\mbabpbwsn @iﬁ aignpll lgtouﬁﬁlz is greater than a

thrésﬁgﬁﬂ' mssof Itl?et etjhg{lj 081? nrlJlegiio bgocclﬁ eaélglt (HEIF qﬁﬁ,l&élgé@%? successful

test&eslﬂierﬂmaﬁeth&l/tlﬁWChﬂlfattsfbpfﬁad st ate si gnal pl ots 520,
522, 524, 526, 528, 530 in order to determne if any

of RAEEERG B fesiaphatepraddr Hithe Resarase Pk totdttes iirae tlwg the global
povh P& fF ng]ﬁiﬂ 198 d6ut KR réeﬁ]& JH?f?fhgctﬁfés%ﬂ ﬁlglrﬂe%hwbl%ceeds to block

program may need to
618 and sho mwatpyter endleateslaempt faihbee. WHT hegedRr,ehie dédisioh Gtep 620, the

o g R DG AL S e o
sigrfh] PRSPt 195(%@1‘? W%b ngr 1ﬁ‘)t hd Fﬂeﬁﬂ&ﬁ%ﬂ@@gt P66 @)BQH@olﬂ&dhand if

commences bl ock ‘At bl ock 600, a conputer
the przcggant éqt@lctﬁﬁ?tdﬁn@ tftﬁé‘l‘/hecgobﬁ Frowenoff peuatiesutput is not equal to

s ORI G50 A g2 DRy LK S0 e

per@&t@etolf@cﬂabﬂeﬁtcmhé that tHel staté BignaII6r eV \irBstainOthRa@ G#di6fé&s that the
the computer nmonitors a state signal from each program

assqoedhprogram Headapin the siepa0dg0s,

Continuing to decision step 624, the computer determines whether the percentage
of total test time that the state signal for any program thread indicates that the associated
program thread is in sleep mode is equal to zero. If not, the method ends at state 616. On
the other hand, the method proceeds to block 626 and the computer indicates that the
associated program thread is not sleeping. Thereafter, at block 628, the computer indicates

that the program thread that is not sleeping should be modified. In a particular
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the conmputer determ nes how often a gl obal power off

signal is output by the global |ower power detection
w@reoch02801 Thereafter, at bl ock 608, the conputBCT/US2006/025299

det erm nes how often the sta signal for each program

thread indicates that the as OCI ated programthread is

in a sleep node. [0071] At block 610, the conputer

. i [C t.ot [ hat the

emBi et 152 aoBfk BRLANEnAl (& HoclHed (B, b Bhehiikatly seeps.
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f ed th d th | de.
ins Yo Ol B G o T Liton The Gprtdpstructing Coltp diend program
thr&ﬁtm%ﬁﬁ&svﬁf&kbﬁi st&]]?I b é?:t:ests% I7 eﬁtf §t qucutmn step

that the state signal for aRy programth di cates
73Q; ageconk exgsyibon atlepd7 3§r adhisdrexdoution siep 134, shcéameUm:kl sep 736.

Zero. Ihe net h S
Fr e SRRt of el PR R e BLaR fishiS derizl swep 736, a
regRtdl fild1gcce Ry B40, hmﬂkt(bﬁéﬁﬁloh@ ahea 85908 bRdRHoR %t‘é? 788 a third
thread is not_ sleep mg . Thereafter, at bl ock 628 he
@e

cXegRifpLtet /10 antavaichahstep Ad8.pr ogram thread that is not

sl egp '

par T & BBAAELALARAIRE e Bfks ihliBrion, of the fopgh mgpsgam thread 706
alsanindluideed dsade bep 750, avdgistatiile atdeys sibeRPE a first execunon step 754, a

cgasn onallé v%léle the el ectroni c device |s in
secQpd, CHBRMUNBANCP [087 A et SKequsignt Hemr 138, Andaa g‘éﬁ@béﬂk step 760.
Addﬁﬁbm Q I r
e e g R Bt AR bR or W i BrcppiThcead 708

lnclilldﬁ:Ssa dcmeratml V@Th wfegistor filndepsn deept 764 agiimtetdvndadstep 766, a

and the. sec str ct on of. the figyst program
seoff SR e (168 0 itk Reecbiiof e 170, opfir € Wilieback step 772,
Motddsér, dd fi@inSuctiohiof Shie kO GrasteinhthRad 710 @ncl@defs'ard%Eode step 774,
instruction of a second programthread 702, a first

a regisarfile tacenss stepal 7oh R idstpvregwiion sty 848 @7eeond ekdaution step 780, a
third execution step 782, and a writeback step 784. Finally, as depicted in FIG. 7, the

second instruction of the first thread 712 includes a decode step 786, a register file access
step 788, a first execution step 790, a second execution step 792, a third execution step
794, and a writeback step 796.

In a particular embodiment, as indicated in FIG. 7, the decode step 726 of the first

instruction of the second program thread 702 is performed concurrently with the register
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instruction of a fourth programthread 706, a first
instruction of a fifth programthread 708, a first

w0 p®vomsdi on of a sixth programthread 710, anPCEHUS2006/025299
second instruction of the f|7{/st programthread 712.
[0075] As depicted in FIG the first instruction of
the first programthread 700 includes a decode step

file ebfoss 3teh &b Dt &le ﬁIlS{ fsiiction of ﬁ{eefﬂstzlgrggraﬁl t{hlké'a%§98 The decode step

execution step 718, a second exec
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prognamgmmadtmﬁeaﬂe tRiZd arecutiog diép 46 FEGY BN irkir8Btiohl 8f Qlfle third
instruction of the first programthread 70

Progﬁ%ﬂnttﬁ %% 2pe dBe avrielask mtep 436 1o dhg it inbmestioncef tbn second
progggmttlt}@acfmt h programthread 706 is

In a particular embodiment, the decode step, the register file access, step, the first
execution step, the second execution step, the third execution step, and the write back step
for each of the instructions of the program threads establish instruction pipelines for the
program threads. Each pipeline utilizes a number of clock cycles, e.g., six clock cycles,

that is less than an instruction issue rate, seven clock cycles, for each program thread
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performed concurrently with the register file access

step 740 of the first instruction of the third program
wo boogaeksin4, the first execution step 730 of tPeT//52086/025299

i nstruction of the second prﬁgran1thread 702, and the

second execution step 720 of the first instruction of

the first programthread 700. [0078] FIG 7 further
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register file access, step, t i Fst “execution step,
perfptie thesfwoetibnelitycandi aperativeppeddae by hiier chrizwe coporenss &the portable
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signpls TPRIgEeN{iAG theawser B stoiagceandis Sents toethe ZRDESeRBdntodieommcoded. The

diciGY SLES: hreadl stared withi e
o185 oo P50 A AL AR TR SOBE i ncce
electromist sigralyy firwm tthe eadraphond. S SEEthaf,! Bicodihd RBhAMClebQPed Yia the
: ilssued fog si xth program t hr ead.

wireless antenna 842 can be sent to the CODEC 834 by the wireless controller 840 to be
decoded and sent to the speaker 836. The digital signal processor 824 can also perform the
data processing for the CODEC 834 when decoding the signal received via the wireless
antenna 842,

Further, before, during, or after the wireless communication session, the digital

signal processor 824 can process inputs that are received from the input device 830. For

example, during the wireless communication session, a user may be using the input device
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[0081] FIG 8 illustrates an exenplary, non-limting

enbodi nent of a portable comunication device that is
w@enanadshy desi gnated 820. As illustrated in FP@/US006/025299

t he portabl e conmuni cation dgyice includes an on-chip

system 822 that includes a di'gital signal processor

824. In a particular enbodi nent, the digital signal
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. conponent” of the on-ch system
is shewn iand isagensrdlydienignated t986. disgshioan, tHegreiililap rade#®860920 includes
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basehapd quoepsspr Y 1ser aigitad, siged precemtore b gs sthe aligitahi sital grocessor

i i S i .via the wirele tenna a user
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be encoded. The digital signal processor 824

834 t )C . -
tum, 3 fousBieream ALt 1 GEEsal REhs or-ChiRGyCEDIE eapupind to the display
con@HFR D08 LAE 11 16 EdHQRES c el §3d.F Om the mi crophone.
Further, 1ncomng signals recelved via the wirel ess
antlBm& Budec anlidaessthnt atvdddohendSABEI3B3g.by pHage alternating line

AR EREE 238 Mepflel st A Sr LN edisron on 2 aaonsl Sievision
systa(s) Qomntiftee AITSCPEASRIRE 8 BohREd td e CHRES $3dbati&Rocessor 924.

decodi ng the signal received via the wirel ess ant'enna
Furthery a yidersapplifien % is ¢nupledeto thiaiidey, enspdexfQ3dr artchthe touchscreen

displly e Ss5 o el BB 03RS ERBIl oh Figho FrbftFieSety o depiced in
FIGf Bom urtieersal petialdbys (8SBBBontfoder 940 is coupled to the digital baseband
processor 924. Also, a USB port 942 is coupled to the USB controller 940. A memory
944 and a subscriber identity module (SIM) card 946 can also be coupled to the digital
baseband processor 924. Further, as shown in FIG. 9, a digital camera 948 can be coupled
to the digital baseband processor 924. In an exemplary embodiment, the digital camera
948 is a charge-coupled device (CCD) camera or a complementary metal-oxide

semiconductor (CMOS) camera.
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exanpl e, during the wireless comuni cati on session, a

user may be using the input device830 and the display
w@2®7maessurf the Internet via a web browser the€T/US2006/025299

enbedded within the nenory 8 of the portable

conmuni cati on device 820. The digital signal processor

824 can interleave various programthreads that are

use ' t ' 0. the.di ntroller
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the eryee @B 6 UL PR it eteapbuinsevediaent relitst sicremspgaker 954 and
a st ﬁd'sgf?&f E’é‘etak%@ﬁg %8%@%&% Wet dIchEmeﬁ?f‘iér%a. R0 ows that a
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to thecanaings basgbynl procpssey Seem Ap RE [yitch 97D igasbeaceinitd &0 the RF
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924 is_a digital signal proc or .g., the digital
coup e&nﬁsthﬁr%"é&ésg?seﬁ%qc Sp &20-1 et ecs EbFRiRR 0P 078 can be
couPfed! tb S Adad hsbBhunk! Hebcedsor 8261 it &Y al@? g%&?éoﬂh?{]% P68ty 980

a touchscreen controller 930 are coup
canchegéaquplediiadbd amahipr systess222. 9lva partictlar embaditeni tiscpeest supply

P PR ] SN0  FRL 5o comporns
of the ¢elng s @RPh&RNOIMIHNLFeqBRE polvei0 8BlriHel, Gn aPpdrtiddifi&mbodiment, the

|
i ndicates that a video encoder 934, e.g., a phase
povgrisuppiytis AgeshargeableAPE batierydura DE pravpnsnpilnitha ou Herivedefrom an

¢ . | tol evisi
e b cisCiho PREAHRFocrf ke Abh ARG hh A 8P sppse
di gﬁntfﬁmhﬂS&bﬁﬁbbdﬂh@ﬁtFSﬁ dffpi&f’(ﬁin Flﬂ:jtg,‘l €te, toﬁ%héblféglg Ziisplaél 932, the
..,a | er | S COouU e 0 e V] deo encoder an
vidgiyport §9biae LSBpert Shnale ommers Mg dhe fry sifee p6rkcr 956 the second
‘ . Oz : :
o 1 SR A e s 0

RF switph 930, the (R agtegna 912, bizeskdypad 934 oihe ssaro B2dset A7 ptheavibrator
USB,port 942 is.c led to the USB controller 94Q. A i
ITSaib Ay BadciseRly Sithar: vaepal g dht ophb B pad, otcover, in a
parG@ildt Hdboanfert] Sfie D@iFANPbRELAA Phsetiod! DA BASERRNnterleaved

rocessor 924. Further, as showmn'in FIG 9, a digital

multisreading 4descHhed eheseinplivdorder ttheprdiggst te bas@tsapbgram threads
assc%ia?ﬁ%cf Zﬁﬁlr ogg%'r A18rea8f %egi@%ezr"ern)( c%rrhtf)%lqienqg r%ltssoc}art]e% gviit%i tthz@:II cellular
telephone 920. Further, using one or more of the method described above global resources
within the digital signal processor can be powered off when the portable communication
device goes into a standby mode. Thus, power leakage is reduced.

Referring to FIG. 10, an exemplary, non-limiting embodiment of a wireless Internet

protocol (IP) telephone is shown and is generally designated 1000. As shown, the wireless
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948 is a charge-coupl ed device (CCD) canera or a
conpl enentary net al - oxi de sem conduct or ( CMOS)

w@ a00e0ee8p0087] As further illustrated in FI G BCT/EHS2006/025299
stereo audi o CODEC 950 can g coupl ed to the anal og
baseband processor 926. More Ver, an audio anmplifier
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e
TP ol B AP S LT e Bl Mhae IR BB g processor

(DsPidiL@04ani & fpagticu®dZembbddineist, ﬂi’bODSPtH)@ﬂ ia the @[g}@h@igﬁal processor
anplifier 958 can he also coupled to the stereo au

sheyapied165d. anddleperitsAdeian. As mietaisAdhE1Gel). ctisnley Conteoller 1006
is &)QPQH ¢8iHeDIB P00l HIWPHY ?Oeﬁc?ulgnc‘)%{h@gﬁfle hﬂgﬁy (:E)'%roller 1006. In

[ cu ar enbodi ment,
an eadnplatwelabocﬁﬁ@nk;ahe ﬁrsplap upoeds adiquite costat daphydiLCD). FIG. 10

t 964 led to th
%&YS&QW@?‘ @Sﬂp E@B}%‘Bﬁ%agozﬁoﬁes 866 ian
be agupheg deglctt&ﬁmsf?ﬁ} eR) augse RR6- ca[l%eiﬂupfehq‘o the DSP

9 further indicates that "a radio fréqguency
1044- answyerwenowgedynenc radomugsicess mcrnoﬂye(sb)MMg 1634.6h suatic random

ocessor R tch 970. n be .cou edto
o RIRE RRAMEAOTE 34 P RAReER) 75958 RoBEnisfepy fead onty
mefrosy (EEPRONB P88l c&Als& Bé chipl&ieRh€DSPa 0ble Fem al (P&so shows that a
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lnchgips herncr0phpna particul ar enbodl ment, the power supply
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t nenb PrEEes Pondienh AL e SHEL BLiet o R 158 166E e reypaa
1010ptiee DED heodithd &foRBls geg{wqogatﬁleaﬁm héidet vaish tﬁe,hRF antenna
cel | ul ar tele hone 92 Further, using one or nore of

10%@%1%&9%@9@@%&%%%@/&5@ obdl 10d8s angd dwespower supply 1042 are

external to the on-chip system 1002. However, each of these components is coupled to one
or more components of the on-chip system. Further, in a particular embodiment, the digital
signal processor 1004 can use interleaved multithreading, as described herein, in order to
process the various program threads associated with one or more of the different

components associated with the IP telephone 1000.
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within the digital signal processor can be powered off

when the portabl e conmmuni cati on device goes into a
waee@ndmgonode. Thus, power | eakage i s reduced. P¢D0SDP6/025299

Referring to FIG 10, an ex lary, non-limting

enbodi nent of a wireless Intéfnet protocol (IP)

tel ephone is shown and is generally designated 1000.
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be gaupleditg the DSH 11Q4st Adisbstetearanzplifier 128 san be abupled o the stereo
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1104 h50 { L

$A B e A AEHERR, ke PR P Moo,
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gnd t he POEE% supply 1042 are
can be coupled to the Bluetooth controller 1146. As depicted in FIG. 11, a USB controller
1150 can be coupled to the DSP 1104 and a USB port 1152 can be coupled to the USB
controller 1150. Additionally, a smart card 1154, e.g., a multimedia card (MMC) or a
secure digital card (SD) can be coupled to the DSP 1104. Further, as shown in FIG. 11, a

power supply 1156 can be coupled to the on-chip system 1102 and can provide power to

the various components of the PDA 1100 via the on-chip system 1102.
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external to the on-chip system 1002. However, each of

t hese conponents is coupled to one or nore conponents
wo@Roovhe2son- chip system Further, in a parti cul B€T/US2006/025299

enbodi nment, the digital signﬁl processor 1004 can use

interleaved nmultithreading, as described herein, in

order to process the various programthreads

ass : [

comon Burultt LoRahat, MahGeRed I, LhEhlay 1110, the keypad
1112000e I8 4jort-Il 22, Ithe idigits tonatees 1424, etkefpb@astyreo speaker 1130, the

g8 T o (Bsgeon, stereessegn n 1P yReraregridaihonanbldoaghe 802.11
antSRRAT 44 16 BRAodth %lteinﬁfi h y@h%%hef‘ﬁsﬁgfom 1%2?%@8 tﬁgp%%rgﬁsupply 1150

that includes a digital signal processor

are|epteanah &0 thecmt-chip eystamiil #@ht HowbeerDgieh df Gisé sormpments is coupled to
digital signal, pracessor. shown i,n,,El G ..1 .and descri bed _.

ong b cofup8ide B B Hip &7, ‘ARCiSRaNE P dawticutar embodiment,

thecdigitdl @lgner pribt@RoRNNBcH 8R! dered BbltRlreddPS RE&ibed herein, in

coupled to the DSP 1104. Further, a touchscreen
ordgy toypragess shee warsus programifbreads asseeinted withoone o inere dflthé different

- d [ 1. El 1 also.
coBfeh 05 R SRR o 1R Ty BB g o
of the GdethddABbiibAatfove tolietral espirceedithin the Qigitl siilﬂalfﬂr@é‘é@sor can be

menpry. 1114 can be coupled to the DSP 1104. SO, a
POV o1 ooy D IRCPIgsticR Syieangess ilad Hiadisemede. Thus
powd Ok od I9RAdced 118, and an electrically erasable
progranmmabl e read only nenory (EEPROM) 1120 can be
couRéfedtingotot HEG.DER anl edemplasg, nbh-lahisiog smawelirhdratofaam audio file
i nf data associatign (LrDA),. port can be )
olayd) AP0 iV SRRBR Fon™ ainb bRy 3 VPR R e stoggn and i
generillg tdegipAhted a1 20091 ARIsh6RAEHR AHits fi@@@la?@r ¢900PkRHude® an on-chip
the DSP 1104. [0096] As shown in FIG 11, in a
systsar t128% | that &npbedes nerdigital sigeal eprogerdpio (BSPEG204.26 Ig am particular

~ - 04 . A first st ammli f i _
emUGAPIEIDI 130T staRf sighal bBisedHl FoRRARTNG, 4R dgscrived
hereinf iAssHusstaexidn F@ebkerdidpl30ceanllbe] T06Up besblédtolthe DSP 1204 and

R e N
. i . i h
U TGl 800 GO0, 1 BRI, P

candioespleditnt tha DSPCIR0d. st ereo anplifier 1136 can be
d.to the C 112 d second

ooony SOYBL S 05 1 LSRG P e 555 Shy ey

[00101]

(RONIRIER @mdd ddupledkdIfe DISP ﬁzmarA&&ﬁ%&ﬁlyeﬁb@?%rﬂtEﬂér embodiment,

stereo head&hones 1140 can al so be coupl ed
an 3pdie £OREdI P216amEcba toepled 009K DSPGI20M  ainsamplifier 1218 can be

' tyates. t .11 controller 1 can, be
conblel 45 48 F%ich GO 1208 A f BrcorpeTieralBu il s vl to the
ampliifiec 0208. eFIC. A 2tthah&GBditites eHat b @hib@phddedidputMIO WA st@eo input
| uetooth controller 1146 can be coupled to the DSP
122% £ alsq de Loppled to Hhenausiie EQHEG 1286. In a particular embodiment, stereo

headphones 1226 can also be coupled to the audio CODEC 1216.

FIG. 12 also indicates that a USB port 1228 and a smart card 1230 can be coupled
to the DSP 1204. Additionally, a power supply 1232 can be coupled to the on-chip system
1202 and can provide power to the various components of the audio file player 1200 via

the on-chip system 1202.



[00102]

[00103]

[00104]

can be coupled to the Bluetooth controller 1146. As

depicted in FIG 11, a USB controller 1150 can be
w@owphextot o t he DSP 1104 and a USB port 1152 cR@I/D82006/025299

coupled to the USB controlle , 1150. Additionally, a

smart card 1154, e.g., a mnul |ned|a card (MMC) or a

secure digital card (SD) can be coupled to the DSP

110g. ;

[1op & PHURARE cnBiuBentte UGt imf10. AP BCEn 4P Rl dtg keypad
1219y theindenopapaeirer {1320, ke miurbphome dopgp d B2tk StEreb MepudP@DA04, the stereo

R S e P oS00 H gm0 o
chilisggremy 140010, Hé& ek eyRBdofl Ide doifohsdtd 1?%0‘1?111%}2%00%?1 r more

digital canmera 1124, the first stereo speake
COMppECHE Ondhh Ghechipl gystem he\ls@dordpatienlenembeatitnent, 113 8igital signal

prok B850 B8, IERNENGY ol BB ML s
vanpoweprrogruﬂp lthreddbSBssatiatedX wvithNahe t? o AR- GBI BiffeYst eéBmponents
However, each of these conponents is coupled

assqﬁl\aéecgm%tfhg @é*ppg}eeﬁ]lageromq%el? Bitherh ppjngyglpem more of the method
desMthbBU@ idbal Hgo'%f%{}vhh&u %rd1§'t%tf gngxgg%d&essor S ghta powered off

gnal pr cessor can use
whenmhe poftatdadomgunitetion dbeck Hisantd,a dtinddydBsdel OTHISOFOHS leakage
is ret he various programthreads associated with one or
r‘?ﬁeéi of the different conponents associated with the

porwah|tBe Goftfifidhtics 8F §&§&ﬁrelé1gﬁoseﬁuﬁsfr€5§a heuélss%%} %g& Method of

nore of the nethod descri bed ove ¢
coniipHipg powee ingp gulaithishdpdapropessareprovides arwdyetopedreegbvas fieakage

whe\é@an 5%4%% 1éha$ﬁ 1'1%1,(1:18— K}?EI & It%rlggegsé%el\ﬁ/ I%l”(l:(.‘.?) o%g‘a I1sn1EngaO§§lg]dby mode.

FurtRef, elhél $ygtelrD anll Gnethdd pidvRIES P IvAdyY to %ﬂtrb] 'ﬁ'lé mgﬁ%er to multiple
enbodi ment of an audio file playér, such

compppanty wihighe puli-fireadsd atasessor gy@upkd(twld@ mpltlagheeaded; processor
1

n S S0 PR 0 B s

Addumuy,rmb ugmemaandu gethad dasogmaﬂ hBfedE pESAdes (DPR %t&%@ﬂug a multi-

h %{1 artic odiment, the DSP 1204 is t

threggied;ragessgry har e’ﬁﬂﬁeslééhe @Hkﬁ\mrqaﬁeqtp@ce@oawsa@é onipbea global

powBEs e 'sf%nalAﬁn iddidhsibh @hSHe Pﬂ)gfde@ to ]a%xs (a‘% ﬁ%ncge Jprogram threads

control l er 1206 is couple
withgf %q@lnalgiltlﬂ.tmdadspmmsp liseuottsteeping. d‘k&ptchiygly otht Heddrem thread that is

o g Dy P RS Vi oS b s

t hThos dﬂ”eslmdvohﬁﬂﬂm%ﬁ S8
[OOl(C))O] As further dep?lgtﬁgd Pﬁh%d{lg inﬁéh% Eﬁ?ﬁﬁgﬁne% ieal blocks,

configpagiog,madyles FirsHitss andniegrithROMeps destribed ubeommapbledwth the
bbd BS 0 ddi.t i.on particu
e rr‘tj)ﬂte gﬁrre n@oé'eﬁlnﬁlearﬁlﬁ fil %E@@%Tgmggnasbge@ﬁ%‘f 361%%? hgPmputer
softvRBe, dr20mbinttioanl bdth.eTo LRh8y GRustiag tﬁﬁqﬁﬂeﬁ%aﬁéeabﬂ‘ﬁy of hardware
%ﬂlo CODEC 1, ﬁlG and a nono speaker 1220 can
and SYEptEd Ve S H ustrative components, blocks, configurations, modules circuits,
and steps have been described above generally in terms of their functionality. Whether
such functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application, but

such implementation decisions should not be interpreted as causing a departure from the

scope of the present disclosure.
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[00106]

anplifier 1218. FIG 12 further indicates that a

m crophone i nput 1222 and a stereo input 1224 can al so
wheoocomshed to the audi o CODEC 1216. | n a par t PCTIU82006/025299

enbodi nent, stereo headphongi 1226 can al so be coupl ed

to the audi o CODEC 1216. [001D1] FIG 12 al so

i ndicates that a USB port 1228 and a smart card 1230

can e 2 Addi tional.l . ower .
Cupals 6888 Eincd Ao el bRy s B Sbodimens
diselskdcteemeip munsi isteerpboied digectllydn Yardwaus i€ QRBARER So@le ERRuted by
audio file player 1200 via the on-chip system
3 PIOGSSSqQroBn P qonbingsion: ofcihe £Woe nBotnftvesse megdyly maycaside in RAM
[ I i a ,1h
e e e o8 2R Rt PR AR T RpSON iy, mEPROM
mestoey, gogistersy haiaidk, at temositde dskhe APROM sorlaRGothérfer/DB storage

ort. 1228 nd the power supply 1232 are external to
el 31 I ©F eitehn BSOS P M AR, MEAER 1 FORNRALI the processor such
that QR YPRSIRESOr | &inC R%Pl #orhAtiON SRR, TR Svi%e g@g(g]ﬁ%gg? otgt trt]lgbe storage

on-chip system Also, in a particular e
mediugl-t &t the gteanativeothestongd aGdivmamaysiee intégrall teathe gprocessor. The

(th di.n described hergi.n, in d t ocess . .
profesbl B BRCUBae P PE e i B e BB e BSR' B9 TRsice in «
corfiputihgOdevideeodh fuser RfninaD MIRNBN bReABERS tRS PEbAsoh ahd8he storage

audio file player 1200. Further, using one or nore of

megigg Ray FRsHleds SECraiRermpRpeats ¢h 8 semprigrtdavicerwiertipminae
di gi ' : . f.f _when t.he
por D PR HesRiERRTE . BROONE BRUELEEN', oA’ S enabic any
persadskilléhinsthe povwer mbhleabage ths prasentcdistlofudd) 1 §3toW iddifietions to
theconf'é%#uation.og strﬁgture di scl.osed, herein, the )
% SPRAmeats it By TeAdlY mPRISHY o §rogeikilled rin ghe art, and the generic
rifBipled d i ' i -
D R R (R SRR LU TR BithSl tefiting from the
spit o1t Scopechplethd elibcpsurce SBwis, the prasentrdisnlesiedisinet imeraled to be limited
ndby node, Further, the syste d t hod provides .
to % 0O m R Rp b bt by il B HE eeh CEm SR Foustont with the
printipley ahdtdeseNfehtutestah demsirichythe ¢81fhg BlikOUP! ed to the
mul ti-threaded processor i'n response to state signals
associ ated with each thread of the multi-threaded
processor. Additionally, the system and net hod
descri bed herein provides a way to debug a multi
t hreaded processor. For exanple, if the nulti-threaded
processor does not output a gl obal power off signal,
an indication can be provided to a user that one or
nore programthreads within the nmulti-threaded process
is not sleeping. Accordingly, the programthread that
I's not sleeping can be nodified so that it does sleep
while the device is in standby node. [00104] Those of
skill would further appreciate that the various
illustrative |ogical blocks, configurations, nodules,
circuits, and algorithm steps described in connection
with the




enbodi nents di scl osed herein may be inplenented as
el ectroni c hardware, conputer software, or

w@ ooonioeesdi ons of both. To clearly illustrate tPCBHUS2006/025299
i nterchangeability of hard and software, various
illustrative conmponents, blocCks, configurations,
nodul es, circuits, and steps have been descri bed above
generally in terns of thekﬁdiﬁﬁgtionality. Whet her
such functionality is inplenented as hardware or

WHAM BaCEAIMEINES: upon the particul ar application and

desi,gn nstraints i ngosed on the overall system
L gy fRY e d REOCRT HRprorARISHE descri bed
funeti . g : ' . .
§ piuRA1RY bf dxeloBti s YR égmrawg: e@?%@t As:

appl 1 cation, but such inplenentati on
not a plebaldpwmomet detectioncasitneprapridéqgart ure fromt he

scope of the tpresen.t isc:ho re.[loglOS The steps of a
net hod of™ BPYIFFRMMYGEL S 6’33"‘9?} RIR AR egds, e input
enbipdicaBnd sn ENeBGliASRAVIIG IRINfFRY IS tﬁ@PﬂP‘%ﬁg gfjgrroﬁfa'iﬂ threads;

in hardware, in a software nodul e execute
pr ocessologicdp eyyuzie Hnexeputidnostivity tavel afwech of the ptunelity of

no [ [ nor flash. menory, ROM
eGSR e ERTR R 1R aRT Aelor .

regi st era othputdesposikive & the powableeel dighkl, whefdih RMutRf is
an r formof storage nediumknown in the art. An

y ot m | .

ex eTIPEAO SRGPLIgereglahal fyspurcey withathe sultiibregdestpreaaspor and

suc t ' ' nd
| P REaRAl oIt FEEmb B FEN b ol 8o Al8ne or
al tmprecglobagresptreest or age medi um may be integral to the
processor. The processor and the storage nmedi um nmay
reside in an ASIC. The ASIC may reside in a conputing

2. deviketdedicedf Rh 11 @hBlefiPdach hfput BR1iGldsSIMAldr YR asdoBBited program
processor and the storage nmedium may reside as

th“@dé%¥kﬁ%?ﬁ@@#ﬁ@nents in a conputing device or user
termnal. [00106] The previous description of the
di scl osed enbodi nents is provided to enabl e any person

3. skiTHeadtvice of blira Rt whereirbdke offputiBe dibil Eb@éle&‘f signal that turns off
di scl osure. Various npdifications to these enbodi nents

the fipy'er tBdhe e rors glokrbissourerstatiss hedngir detgrmines Het each of the
pludlid dfggo%}%ﬂ?ﬁﬂeﬁds% #g% %j]jg%]{gﬁ]toggf i ned herein may be

appl i o other e S Wi thout departing from
the spirit or scope of the disclosure. Thus, the

preseni disglosure |s not intended to be limted to
4. P haHE Hstie REAAE LrsbireRabe P acicye i Bheal dor ogramidhroads

is g¥ihElaRb HRCIRY HRYLS S BRbY JitIddReyPicl.NCi pl es and novel
gfegtures as defined by the follo% ng cl ai ns. CLAI M5

WHAT IS CLAIMED IS: 1. A multithreaded processor

dew 1S4 ng: | yr al j of execytion units to
5. SOERORTHE AT, o Pl Ll B SSRE L s
glotabpewerds €igiidl Shef iall ©f tHe, th@BP4re Pofi: into the sleep mode for a number

of clock cycles and when a lowest number of the clock cycles for which a program thread

will remain in the sleep mode is above a predetermined threshold.

6. The device of claim 4, wherein the number of clock cycles that indicate a duration

of the sleep mode for each of the threads is determined by program control.

7. The device of claim 1, further comprising:



an input responsive to each of the plurality of

program t hreads, the input indicating an execution
w@eao7woasyl | evel for each of the plurality of prOOUS2UNG6/025299

threads; logic to evaluate t execution activity

| evel of each of the plurality of programthreads, the

|l ogic to provide a power |evel signal; and an out put

res ' : i Qi

ot O HoLS s pRBAEE of BKEHCBUHIR! cocOP HE bl of program
threads tsi storedh evitinin thie inremerargtershdpr ocessor and wherei n the

outgut sel ectliﬂﬁeJO% ﬁontrols n ampunt of power )

pr o% PEEERGEE COFRLCLIRENGEIOF . YieEHR Fherssgumeaidsiches thyplurality of
instEh@tioR e ffealll &1 L HlurdMiG bEHILAR bR gfon’l ﬂl@'rﬁéﬁ(ﬁ? and transmits the

whet her an associated programthread Is 1n a steep
pluratigheof iBstriktionsitovit deastodneaif dhaplaralihef exiecutidnainitet put i s

a gl obal power off signal that turns off the power to

the one or nore global resources after the logic
8. detEhdlddV@se dfitbdimeR Gherdin ﬂﬁ%e?le‘ﬂl’:éﬂ subporf vePy RAE#Wtruction word

threads is in a sleep node. 4. The device of Cclaim1,
(VIR typpinsiactionput s i ndi cate that each of the prograns

threads is going into the sleep node for a nunber of

clock cycles. 5. The device of claim4, wherein the
9. gl obiad ddvixw qfeluin 8)etherin tB sequentdrtfunbdrRubsortt cgbaliah of

EOV\%r off.sig&nal when all of the threads are going
SUPPLSEYa% BB WSERHIMSde for a number of clock cycles and

when a | owest nunber of the clock cycles for which a
programthread will remain in the sleep node is above
10.a prheddavigerdfcbaimtlh mhetedd at.let offthef the plucalitp bf edeaitiordynits is a
rein the nunmher o ck cycles that indicate a

mul@%ﬁ%\%%r?ngfac?%nagtﬂ@e@m&bg@'pF8¥e%‘§8ﬂ UBK- the threads is
determ ned by programcontrol. 7. The device of claim
1, further conprising:a nenory, wherein a plurality of
11.j nsthadevicersd clayn lewbbrett attlenst phapfthe pharaity pf ingiraation execution
AR ' or 1 thin the nory; and a sequencer
um%%%?%gléazlt?é]eemrs}tgur%\fr()@,ex%lel%iunﬁt he sequencer fetches
the plurality of instructions for each of the
plurality of programthreads fromthe nenory and
12.¢ ra%iWPQWFWUE!t@P%ieﬁWOC@ﬁSOF feYieeeampiigng o at | east

one, Qfilifeo Wl%sfoﬁ%e f execution units. 8. The device
of claim7, erein the sequencer supports very |ong
i nstplucdicyoof globad résvlucdy; t ype i nstructions. 9. The

IR AN LT T .
utilizes at least one of the plurality of local resources and at least one of the plurality of
global resources; and

a global low power detection circuit coupled to the plurality of global resources, the
global low power detection circuit responsive to the plurality of program threads in order to
selectively turn off the power to the plurality of global resources when all of the plurality

program threads are in a sleep mode.

13. The device of claim 12, wherein the global low power detection circuit comprises:

an input responsive to each of the plurality program threads; and



10. The device of claim1l, wherein at |east one of the

plurality of execution units is a nultiplication and
wa@e@amdsat i on (MAC) type execution unit. 11. TPET/US00¢625299

of claim1, wherein at |east,pne of the plurality of

i nstruction execution units Ts a data | oad type

i nstruction execution unit. 12. A | ow power

mul t i ’ ' N Yok Luralit

o PhospRAdEe PROSRPSPLRGR ORG-S aE ¢ Bul bty
detpdtiomadisctiiy selbctprebgeammoisithe pokwer tohier guraliepehelobal ré®urces based on

plurality of programthreads utilizes at |east one of
thedBRNt| yrality of |ocal resources and at |east one of

the plurality of global resources; and a global |ow

power detection circuit coupled to the plurality of
149l obh¢ devesoefradas, 12, fiathg otxaprisingva pionge, celetagieéd onitch, wherein the

g SRR b S SRS ST S e

theRluhu klohYtheo1dbla PR pdvRs AefcE8Sn YRR 18lsk
epluﬁ al i tyt prgograam t%r eads ear ein a tslselggivr%}ggm cifsf.theT%oewer fo

theqwriality offglablabiesourges. wher ei n t he gl obal | ow power
detection circuit conprises: an input responsive to
each of the plurality programthreads; andan output to
15t heTht Lovapowet mibltighreddall pfReQWF 888ce WR4ifI 12, Flihed cOBBtising a
ower_detection circuit selectivel %, controls the

I
pluisr fairibhisd shie s Wersin bk neniuralipical disuer ppitches is
co tbAPHLS ond Bt thylﬁmgfglé) ({f‘:gé al Qg@%@méstl%ﬁ \Illilljér]é? glﬁ%h ?fhtlée plurality

onpri sing a single, n Ize
of distiplied swiohasas rezpahsbini to alglotml powel effisibral tiiven tewiedal tow

resources and is res ive to the output

of gl obal on (
POYGIAHIAEHER G ighpt Vb iodbe PwAIy pE glopalgsources.
sel ectively turn off the power to the plurality of
gl obal resources. 15. The | ow power nultithreaded
16.pr odanethed ofescntrelliog powar applRd té one dremoreggiphal sésnyreas within a

Lurabity of distributed switches, wherein each of the
mugftﬁl}e%%leldtféo%efsoﬁi til? & cgcé’%s{n(,gh es i s coupled to at
| eagkei0ng afludallgy olikpiab tHayindfcatt] MoRtivite RALr FRAcRBFa plurality of
wherein each of the plurality of distributed swtches

progen fugsdisAnde to a gl obal power off signal fromthe
glo . . [ PrGULt. to turn. o he
T M T R —

on exhldthedhpatont rol 1 i ng power applied to one or nore
gl obal resources wthin a nultithreaded processor, the
nmet hod conprising: receiving a plurality of inputs

17.;? athd REhe@be i 361 Widbik chaY st the ﬁnp%f’sclp eftfierdraRlofkatd ty

18.  The method of claim 17, further comprising turning off the power to the one or
more global resources when the inputs responsive to each of the plurality of program

threads is true indicating that all of the program threads have entered a sleep mode.

19.  The method of claim 16, wherein at least one of the inputs is an indication of a

number of clock cycles that an associated program thread is to sleep.

20.  The device of claim 16, wherein the number of clock cycles that indicate a duration

of the sleep mode for each of the threads is determined by program control.



programthreads; and selectively controlling the power
applied to the one or nore gl obal resources, based on
weawh/oaf8ot he i nputs. 17. The net hod of cl ai m 1BCT/US2006/025299
wherein each of the inputs i29either true or false.
18. The nmethod of claim 17, Turther conprising turning
off the power to the one or nore gl obal resources when
the inputs responsive to each of the plurality of
programthreads is true indicating that all of the
programthreads have entered a sleep node. 19. The

method of claiml rein at .| east one of the inputs
2Li's ﬂﬁé gt e 4P fgqﬁﬁmprbﬁfngctpmg el dhcrovras 4@ thgrpne or
moRSEIeBdI 3tRArdes 9GeaRR fnlﬁﬁﬁqulbﬁt% bpat 5%&1??'th ura ﬁ?f%ﬁﬁég@ﬁls

claim 16, wherein the nunber o ock™ cycle
threadsliscgeing @ sdkepani efiendeterienisf dep anodest hambeafltlak cytles for

threads is determned rogramcontrol .2 1, Th
whiceR 5P gt TG e s Y B aRES SPegSemArh groReld: ne

power to the one or nore gl obal resources after the

inputs indicate that each of the plurality of prograns
22.t hr Agaethed olgsingrglling powee pn tmeneadrtnaore ghabal resolirpes witkin aa

o) cl for which any of the

ngﬁ%g%%ﬁ&#ﬁ?%%gnggk@%%%%égggﬁg'above a predeterm ned

t hr es¢iving. an2ddicaionetdm daddf of aqpttitality dfigo@emEhreads 4tQ 18WHower
d or. nore gl obal %Esources within a multithreaded
eteqlion SUEWF thaf gach of theglurab e Rspgrgm thecads i5igaieda sleep for a number
Of&@g&g@kkpn fromeach of a plurality of programthreads

at a’l ow power detection circuit that each of the

pl udei¢rintigingfa lpwesy namberofedatk dysleg diangnyt of the pkpalftp bf rogram
thmpﬁgbﬁg f clock cycles; determning a | owest nunber of

EPOERC&F&P%s that any of the plurality of program

t hr f@s ihs 16Wessh@ABsr oFCRICkRYCIENS, d RVREL; nunber of

clock cycles in a register; "turning the power off to

t helugHeg the pewieeolfito tiglone @5 more globaldesnueseent i ng a cl ock

co arti f |l owest  nunber of . cl oc

ey em@bAE Y M hAM Fup IR R R o @ Shistsyetes
storod irt thetrégistenandr nore gl obal resources prior to the

cl ock counter reaching zero. 23. The nmethod of claim

22, TR B ROMREOH B OR® 0% mereggiabad respiices piieaithe clock counter
readi ges is turned on a nunber of clock cycles before

the cl ock counter reaches zero in order to allow a

capacitor of a power supply to reach steady voltage.

23.  The method of claim 22, wherein the power to the one or more global resources is
turned on a number of clock cycles before the clock counter reaches zero in order to allow

a capacitor of a power supply to reach steady voltage.

24.  The method of claim 22, wherein the power to the one or more global resources is

turned on a predetermined number of clock cycles before the clock counter reaches zero.

25. The method of claim 22, wherein the number of clock cycles that indicate a

duration of the sleep mode for each of the threads is determined by program control.

26. A method of debugging a multithreaded digital signal processor, the method

comprising:



24. The nethod of claim 22, wherein the power to the
one or nore gl obal resources is turned on a
w@e@deoxsrm ned nunber of clock cycl es before tPer/tbmo&025299
counter reaches zero. 25. Thg, nethod of claim 22,
wherei n the nunber of clock cycles that indicate a
duration of the sleep node for each of the threads is
det ' 2 . . .
dophoanEa et HORATUEAN ARlinE el ERN alrocessorina
standby medehod conpri si ng: pl aci ng a devi ce incorporating

the nul.tithreaded digital signal processor. in a ]
St SRASTRRIE SR 10K F BPaHIoB ROHE dPFGHEC P Datponse to 2
PluRGVEST HBERET thddds bf G infuliBFRABS HERall Pordl thogfzﬁbf;ta}{d of

program threads of the nultithreaded dig si'gha
pr o@esisering whethersrglokal ipayenwié sigeal is ogtipobizy the oweput of the global

' I, j.s.:Qut.put. by the output of the global | ow power
lowso%(?)&ekgtd#gﬁu%} élgculﬁlstt . 27. The method of claim26, further
conprising nonitoring a state signal fromeach of the

plurality of programthreads, the state signal
27.i ndFeeapethgd ohelaine 26 durthersonipiising menigriagatstate signal §ranneach of

o Jr-Y 7. further.
the BIERS B BRiEa Bead Ve WRICAEP el yREtnet Hiihhintsg program
threal gmial a sleepanogrut by t he gl obal | ow power detection
circuit. 29. The nmethod of claim 28, further
conprising determ ning how often the state signals
28.f r OReERA6IR0@bI ¢ Lt i - Lid)
St R R e
Povyes OHadznet isciugpuinby the glabal hesw powepddteitiog citetier mi ni ng a
percentage of a total test tine that the gl obal power
off signal is output. 31. The nethod of claim 29,

29. f urTHeanhethodpf ¢lainn@s i fadh&abipésig WeERAMdhow Bfbn eIk signals
after determ ning that the percentage of total test
from pagh qfithe Plugadity, pghr@gragbtmad@mdl@ﬁegmu an asseuiatpdiprogsam thread is
Slee?{g,%ye a predeterm ned threshold. 32. The nethod of
I'm 31, further conprising indicating a test failure
~after determining that the total test tinme that the

gl qhal r.qQff signal is output is below a
30 pr Sﬁa@&ﬁ?ﬁ@@fim & teer cmPrIYiAg dRiETRN LT Pureitac a total test
timd Wad G EIGEATRUI S oMki B0 & Gllind whether a per cent age of
t ot al tgest i me that any the plurality of program
threads is sleeping is zero after determ ning that the
er¢cent age, of .t.ot test ti that the gl obal power
31. g f fﬁlginéfﬁg?d ?tfsclzgm %‘,{“fugher cmln{)rgsmg ?ndlca?mg% successflﬁ)l test result after
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is above a predetermined threshold.

32.  The method of claim 31, further comprising indicating a test failure after
determining that the total test time that the global power off signal is output is below a

predetermined threshold.

33.  The method of claim 31, further comprising determining whether a percentage of
total test time that any of the plurality of program threads is sleeping is zero after
determining that the percentage of total test time that the global power off signal is output

is zero.
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debugging a nultithreaded digital signal processor,
the system conprising: a coﬁ%uter and a Joint Test
Action Goup (JTAG interface at the conputer, wherein
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signal is output by the output of the gI obal | ow power
detection circuit. 37. The system of claim 36, wherein
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fu rélpC%Et v%ﬁlnﬁ){ﬂesn?tfltithreaded digital signal processor while a device
incorporating the multithreaded digital signal processor is in a standby mode,
wherein the global low power detection circuit is responsive to the plurality of
program threads of the multithreaded digital signal processor; and

instructions to monitor whether a global power off signal is output by the

output of the global low power detection circuit.

37.  The system of claim 36, wherein the debugger program further comprises
instructions to monitor a state signal corresponding to each of the plurality of program

threads, the state signal indicating whether an associated program thread is in a sleep mode.
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wherei n t he debugger program further conprises
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off signal is output is zero. 44. The systemof claim
outp®. wherein the debugger program further conprises
instructions to indicate that a particular program
thread is not sleeping and needs to be nodified. 45. A
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inst CtlIO s to (?eterm?ﬁ/el whether a percentage of total test time that any of the plurality of
program threads is sleeping is zero after determining that the percentage of total test time

that the global power off signal is output is zero.

44.  The system of claim 43, wherein the debugger program further comprises
instructions to indicate that a particular program thread is not sleeping and needs to be

modified.

45. A portable communication device, comprising:
a digital signal processor;
a peripheral device external to and coupled to the digital signal processor;

wherein the digital signal processor includes:



46. The device of claim45, wherein the system power
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49.  The device of claim 48, wherein the peripheral device is coupled to the digital

signal processor via the at least one input/output pin.

50. A global low power detection circuit within a multithreaded processor, comprising:

means for receiving an input associated with each of a plurality of program threads;

?

and

means for selectively controlling the power applied to the one or more global

resources, based on the input associated with the plurality of program threads.

51. A global low power detection circuit within a multithreaded processor, comprising:



and neans for nonitoring whether a global power off
signal is output by the output of the global |ow power
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means for receiving an indication for each of a plurality of program threads at a low
power detection circuit that each of the plurality of program threads is going to sleep for a
number of clock cycles;

means for determining a lowest number of clock cycles that any of the plurality of
program threads is to sleep;

means for storing the lowest number of clock cycles in a register;

means for turning the power off to the one or more global resources;

means for decrementing a clock counter starting from the lowest number of clock
cycles stored in the register; and

means for turning the power on to the one or more global resources prior to the

clock counter reaching zero.

52. A debugging device, comprising:

means for monitoring an output of a global low power detection circuit that is
responsive to a plurality of program threads of the multithreaded digital signal processor;
and

means for monitoring whether a global power off signal is output by the output of

the global low power detection circuit.



