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[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 multithreading is becoming a

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



potentially useful technique in such DSPs. Several

mul tithreaded DSPs have beenannounced by industry or
wae@eabxwemdy i nto production in the areas of PCT/US2006/011175

hi gh- performance m croprocessors, nedi a processors,

and network processors. The n@nifestation of

mul tithreadi ng@i n a DSP may occur at different |evels

gmogmced byfipdusiy of aggradisadipimigprodeeiongn sl Areasi affigh-patBinance
i d HREs i ned f nmuliithreading
@%?ﬁé%%{g@d%g&? %sg{)ngUses eIt‘gv\éI@ go%gsroéé't hr eads of
Tlonmanifestatiop af aultéhreading ima DIS® mpapecss avdiffereat letids od e
texts of two or nore threads of control are often
@?%p% PRSP RIUCE BAILHIY regi ster sets. Unused
ruc F [
T e Bl & SR O BRI BSP i postorm
seg b enporedhieadd efrcopirokciegsmlle] withinfthé pededsyr pipeline. The
instructions of other threads within a nmultithreaded .
%Piee%ss@&w St Rurich bAoA ree Skl Thed Prienxaty Wethip mgister
debie UnbscagstaRnbe Kbk, Wirh a2k fibRAFRHiLOdiRE theipeli -
set s. h_gOOSG Wth wrel ess handsglt%gCIEg(iing théipRlififd excoution
hsinele-Hrendad ropsmes by heonemporatieminsemotessayoars dilled by
o ot B T BRR R R Bt e, Ay ol Shits are
wuktiploxed betweki tledbisadasideas thatuir® 1648ed W the rb8ste0REUm ng
i ncreasi ng ampunts of battery or Fower source energy.
1

in
[ﬁgﬁﬁlex anpl eWVith Wirsless daudsgisvgiemmpiidyeaded i SPratere is the need to
L S r : ' .r equi ireless.
e R S e S R U
apeptivedllie is becarsainitlénedip vwitetdss handsets uresand will braaoRElming
two-way call traffic. The nmultithreaded DSP for .
WF%%%@HW&% 2SRRI OUEUPEESe 4 OF A fceilessthandset
b¥iliRieQive ideHSibR BriAQWRE rOMidae llﬁi/esﬁﬁ@ffﬁéfékﬂgandset o consume
instructions for as many pr ocesgor cycles as poss&)Fe
hatteryenetgy qontemuslypaseposedty istenhittertty sich as boneyeith normal

SR M e PORERA R o Bl ook o

thiglcah@sn bPefibRnil 1878 p&% Bedulde8 By plocBssind iNGrG¥ns b
whi ch a DSP det eirﬂrri ngélg how to sw tch Sanogf:]essi ng o asmany

DBRICRI0E §yelpy esessibleringtthentessny pracessiig avphitectue. Haweer,

' 7 ' i i xes.my be optinml at
pg%l%lg% en eg%ﬂb% %ﬁ%&&{ﬂlﬁ%ﬁ%ﬁ? For exanple, for a DSP
[0007) N t hr eadiaportani@yblet BRLIvERh nfultithial &I DSPEfeYates to the

cﬁlle. For apother DSP wiith N 2 threads, sw tching )

tﬁ‘é@ sehedping, Le-ethe ey 1p avhigh 3 RSP determusprhowite switteloprocessing
e SR Pl oy, TP ot WDt Bl Feaflh s may e
ogtifrfebatahifferentssvwdichinggnenadh Eor gantple, Torer BSP svith Neledads, it may
r a neth sol ves a

by pfe] ol Beufiy ERc oo R OIRL RSP Rt S dbeatmerajobing every
tib co&les By b6 bhtitHalofn Wi SRS BodsSHR CAMBURbIRALLP ARy be optimal

with one switch interval during one part of the application, and a different one during

another 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 unsuccessful, 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
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processes a plurality of threads via a plurality of processor pipelines. The method
includes the step determining 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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[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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transmit data processor 16 and receive data processor 28 of FIGURE 1. Recognize 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 T0 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 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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[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 TO and T1, then
switching may be as T0, T0, TO, T1, T1, T1, . ..., at each clock 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



swi tching strategies to achieve such proportions.

Thus, in one enbodi nent, DSP 40 may switch only the
waewbaeesthr eads on each cl ock cycle, for exanpP@r/usmoao 1175
illustration, consider diagram 72 of FIGURE 4, wherein

the active threads are T Cand §1 then switching maybe

as TO  TO .TO, S | B |l I at each_clock cycle. Wth
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pattern that may change actording
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te The dif.ferent thread sw tching patterns may
E@% ogrsgi‘ﬁw‘g%‘il‘ésefl SURIRE maaser demnanales esubssential flegregiHlexibility
$hen S Vafidhs thréa8 bSh ulidthreall ' hGifQL ol s
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dem%\r;st[ tes a substantial degree of Tl exi blﬁlty when
Prigantyolaeser ppawof dimedo thy mpretienndugghmedtimnis allocated to
SBEePMeadi ' s f processor resources. Thus,
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(4085} er prNper tomsilenthefnnarsd0h us@SMWWIAES tE1BAGiH Broadcast on a
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1eigtag {he fslevdnian brasdeast de otheninstanyes atdlevddombroadcast may be

ALSACHERN t ext . docunent,. an i nage docunent

or r_g@ en a ot %cg@‘ﬁg ? ?%eg?ﬁgﬁ gt H%ic’)%‘éagﬁﬁnwhm (Ra§sags 1ynot part of the
televismmibnopdgast, it B @eparate stream of information requiring 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



card or other active message. Such an interrupting

nmessage and attachnent will require the use of one or
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of instructions relating to the tel evision broadcast.
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e

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



i mage docunent, or stream ng greeting card, for

exanpl e. Therefore, the present enbodi nent provides
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handset operation. [0038] FIGURE 8 presents flow

di agram 90 for depicting an dRanple of the variable

and nam c nultithreaded processor nethod and system
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continues to step 104 for continuing to process t
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processor pipelines as 001at 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.



to the needs of a specific application or conbination
of applications operating on the w rel ess handset.

WO 0®4ad26b addition to the above descri bed feaPCiF/E82006/011175
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subject matter of U.S. PatentllApplication Serial No.
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arise.[0042J The processing features and functions
descri bed herein can be inplenented in various
manners. For exanple, not only nmay DSP 40 performthe
above-descri bed operations, but also the present
enbodi nents may be inplenented in an application
specific integrated circuit (ASIC), a mcrocontroller,
a m croprocessor, or other electronic circuits
designed to performthe functions described herein.
The foregoing description of the preferred

enbodi ments, therefore, is provided to enabl e any
person skilled in the art to make or use the clai ned
subject matter. Various nodifications to these

enbodi ments will be readily apparent to those skilled
in the art, and the generic principles defined herein
may be applied to other enbodi ments wi thout the use of
the creative faculty. Thus, the clainmed subject matter
is not intended to be [imted to the enbodi nents shown
herein but is to be accorded the w dest scope

consi stent with the principles and novel features

di scl osed herein. CLAIMS WHAT IS CLAIMED IS: 1. A

met hod for processing instructions on a nultithreaded
processor, the



mul tithreaded processor for processing a plurality of

threads operating via a plurality of processor
w@Rel102ses associated with the nultithreaded pPOTES®O06/011175

the net hod conprising the sbﬁps of : determ ning the

operating frequency, F, at ich said nultithreaded

processor operates; deter{ﬂ‘ i a variable thread

switch timeout state for %&&ingthe swit chi ng of

t he processing anong said plurality of active threads,

said variable thread switch timeout state being

WHAT IS ICLAIMED It each of said plurality of active
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PrpeassarPipaliges pssnsiated withithe maltghreadgdpracassarethe pretheskscomprising
hé Qggqu,one of said active threads upon the occurrence

6 “B57d variable thread switch timeout state. 2. The

met hdeternfinifty dheopkrating iftegeency PRt mdiichosaidwauRitlepsdedfprocessor

determ ning the nunber of active threads, T5
ORgEdSi ated with said multithreaded processor; and

det e&e@e}}rﬂﬁﬁﬂ%§ajﬁﬂ?ﬁié‘ Fref KvilcB R ub Waic3: o FBRMY thg S@ttéhing of

such that each of said plurality of active threads
the percassem anorg saidpjustityofoictivs teerds adald/vaElable tBread bwitch

.met hod, of .d ai , further.c riSi the steps of:
G P o VR e obach o PO PR g8 acdprc eall perates a
a ﬂé(?&ﬁb)abﬁﬁl Mdchred ool aill FifegaeiRY, PrsaiieAReited poifion
determ ning said variable thread switch ti meout state
detergtinadrrd deastinipagiioseptanigingropeiation of sad pyultethreopdediprecessor; and
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ope SRRy hEEAERGNaR} pRRBATH LA Mk s aggatovof
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of : determ ning the nunber of active threads, T,
associated with said nmultithreaded processor;

anddet 0 | ' | .t i meout
ot a5 L b Py YRR o BT Ot v
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PIYEFSETy ng the sequence of switching said

mul t&&&iﬁﬁﬁggaiﬁwﬁ%ié BlreRIRAEL IR DuGihic\et taLaRE of faid
The nmethod of Caim1, further conprising the steps

plofality of active threads operates at a frequency of essentially F/T.

3. The method of Claim 1, further comprising the steps of:

determining the number of active threads, T, associated with said multithreaded
processor; and

determining said variable thread switch timeout state such that each of said
plurality of active threads operates at a frequency of essentially F/T; and

executing instructions only from said active threads.

4. The method of Claim 1, further comprising the steps of:
determining the number of active threads, T, associated with said multithreaded

processor; and



determ ni ng the nunber of active threads, T,

associated with said nultithreaded processor; and
waledoennens ng sai d variable thread switch ti mneoRPCT/E8ENE011175

such that each of said pl urglity of active threads

operates at a frequency of Ssent | ally F/ T, and
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mul tithreaded processor; and determning said variable
thread swtch tineout state such that each of said

pl ur 2/ Theynethodef ¢lpim d pfushecoppaisinedhe gePeok r equency of
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pattern tor-determning the sequehce of sw tching sal a
provdskort midcaded processor anpong sai d active threads,
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frequency, F, at which said nmultithreaded processor
operates; issue logic for determ ning a variable

thre | | kI . 0Qe t he

swi tErlgr o GG, BAAbCod Bl AORBPOE LT | o

act i deerarlifiag dse b of asthvahh@ads) Teadosiuted ohitht saideultithreaded

state bejng variable such that each of said plurality
PIgeessRs A¥E t hr eads operates at a frequency of an
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portion det8rmned at least Tn part for optimzing
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issue logic further fqr. switching said.processing from

o 11 SepBe grtvead eviching BAtiof? BA deieB NG % FoBECRAT
switdhth2Gtd MEIHRESRADrHRIEDr bRnE SHHLE@RCEBrdals, $8ddhread switching
vari able thread switch timeout state. 8. The system of

padieai aliopatinghepkurality af uhtérlogvesl proegss cyales aveongopidndtiye threads.
active thread determning logic for determning the
nunber of active threads, T,

7. A system for processing instructions on a multithreaded processor, the

multithreaded processor for processing a plurality of threads operating via a plurality of
processor pipelines associated with the multithreaded processor, the system comprising:

control circuitry for determining the operating frequency, F, at which said
multithreaded processor operates;

issue logic for determining a variable thread switch timeout state for triggering
the switching of the processing among said plurality of active threads, said variable
thread switch timeout state being variable such that each of said plurality of active
threads operates at a frequency of an allocated portion of said frequency, F, said
allocated portion determined at least in part for optimizing operation of said

multithreaded processor; and



associated with said nmultithreaded processor; and
thread switch tinmeout state logic for determning said
wQ a006abdees t hread switch tineout state such thapCPaswo@H11175
said plurality of active threads operates at a
frequency of essentially F/'I1 9. The systemof Caim
7, V\he ein sai elo further conprises: active.
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processor; and thread switch tinmeout state logic for

thd@ﬂ@mﬁch‘tlngos%ﬁtﬁevarl able thread switch tineout state
such that each of said plurality of active threads
operates at a frequency of essentially F/T; and issue
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active threads. 10. Thes stemof Claim?7, wherein
sai daqtiys gereaddaternyining fegic iy dsteraming the mpnber pfrackye threads, T,
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switching sajd nmul.tithreade cess r ai.d

et Ve R et R SE B AR BaE e gD e p Rt hroads. T,
as%@éﬂteﬂ%ﬁiﬂh%aid}ﬁhl@ltﬁréﬁdeh Fode@ydprdnges: active thread

determ ning logic for determ ning the nunber of active

t hr ethgend switch sissenthstetd logie fprsiateanmng saidhyatebtethread switch

[
e OESRE et M8 ek Sl S GO S bEerk B0 hlfugncy of
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operates at a fre uency of essentlai FI T, andthre(?
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swtching pattern for determ ning the sequence of
switching said nultithreaded processor anong said
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o OGRS B0 SIS B 088 Y e, 7,

as8bGhRH WidhAhfl theBiHEeddRd 'p?oJekH’oUh%ﬁ conpri ses:

thread switch timeout state logic for determining said variable thread switch
timeout state such that each of said plurality of active threads operates at a frequency of
essentially F/T; and

thread sequence switching logic for determining a thread switching pattern for
determining the sequence of switching said multithreaded processor among said active
threads.

11. The system of Claim 7, wherein said issue logic further comprises:

active thread determining logic for determining the number of active threads, T,
associated with said multithreaded processor; and

thread switch timeout state logic for determining said variable thread switch
timeout state such that each of said plurality of active threads operates at a frequency of

essentially F/T; and
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switching of the processing among said plurality of active threads, said variable thread
switch timeout state being variable such that each of said plurality of active threads
operates at a frequency of an allocated portion of said frequency, F, said allocated
portion determined at least in part for optimizing operation of said multithreaded
processor; and

means for switching said processing from a first one of said active threads to a
next one of said active threads upon the occurrence of said variable thread switch

timeout state.

14. The digital signal processor of Claim 13, further comprising:
means for determining the number of active threads, T, associated with said

multithreaded processor; and
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determining a thread switching pattern for determining the sequence of

switching said multithreaded processor among said active threads, said thread switching

pattern allocating a plurality of sequential process cycles among said active threads.

18. The digital signal processor of Claim 13, further comprising:

means for determining the number of active threads, T, associated with said
multithreaded processor; and

means for determining said variable thread switch timeout state such that each of
said plurality of active threads operates at a frequency of essentially F/T; and

means for determining a thread switching pattern for determining the sequence

of switching said multithreaded processor among said active threads, said thread
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said plurality of active threads operates at a frequency of an allocated portion of said
frequency, F, said allocated portion determined at least in part for optimizing operation
of said multithreaded processor; and

computer readable program means for switching said processing from a first one
of said active threads to a next one of said active threads upon the occurrence of said

variable thread switch timeout state.

20. The article of manufacture of Claim 19, further comprising:

computer readable program means for determining the number of active threads,
T, associated with said multithreaded processor; and

computer readable program means for determining said variable thread switch
timeout state such that each of said plurality of active threads operates at a frequency of

essentially F/T.



