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t he 'specification. The present Invention, however,

bot e 6P d

{ ogal FE il SRS TENR iR cRELIH By p BRSPS Ray bo referre

t her eof best be understood Qy r n
to 3 ey gl éedis cunint BraRb ool setis Pl Trepifs e are not

accorrBa,nyi ng drawi ngs in )
currently being executed by a processor may be referred to as pending threads,
inactive threads, non-executing threads, or non-running threads.

System performance may be varied based on the thread switching

algorithm used in a particular system. System designers are continually searching

for alternate ways to provide thread switching in a multi-threaded computer

system.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The present
invention, however, both as to organization and method of operation, together with
objects, features, and advantages thereof, may best be understood by reference

to the following detailed description when read with the accompanying drawings in
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WD 2005/ 033927 PCT/ US2004/ 032063 which: FIG 1 is a
flow diagramillustrating a nethod to provide thread
wawosobiory in a nulti-threaded conputer systePCT/NS2004/032063
accordance with one enbodi rent of the 5 present
invention; FIG 2 is a block diagramillustrating a
.ocessor pipeline in accordance wth an enbodi nent
Of" the present invention; FIG 3 is a flow diagram
illustrating a nethod to enabl e execution of a non-
executing thread in accordance with an enbodi nent of
the present invention: and 10 FIG 4 is bLock e
di &4 5aﬂn'$ aifloy diggray ilusysting gmethog mrev@@g tRad witghing in
accordance with an enbodi nent of the present
a muliivibneaded compuier Isybtemajmpacasirdanag withone@migodiplent of the
and clarity of illustration, elenents illustrated in
predditt ifveditibAs have not necessari |y been drawn to scal e.
For exanple, the dinensions of some of the elenents

ar ?IGnggﬁrtﬁéﬂgdlbﬁk% i Btrating BstbcdSs gt pis@iesSinfaicordance

clarrty. Fur wher e considered appropri ate,

epeat ed anong the

wity ) 8BS BH Be proa B M dB g "or “anal ogous
el enents. DETAILED DESCRIPTION In the follow ng .
detrdBt dds adisw figoram, Tustining asmead toienahle sﬁﬂ%ﬂwf a non-
set forth 20 in order to provide a thorough

exequtittg threadimacasirdanee with sarembodisrarit of the-presest inveption; and
wi |l be understood by those skilled in the art that
t her|@I asiend blodkedidgaim TRisthaeingPd potticredf Wi wireldsstdwdee in
specific details. In other instances, well-known

accHPJzﬂ\%gzswit% Mpeﬁ%%ﬁﬁrﬂéﬁ%’ 8? tﬁﬂéé@QQﬁ\I/WB

whi

It will be appreciated that for simplicity and clarity of illustration, elements
illustrated in the figures have not necessarily been drawn to scale. For example,
the dimensions of some of the elements are exaggerated relative to other
elements for clarity. Further, where considered appropriate, reference numerals
have been repeated among the figures to indicate corresponding or analogous

elements.

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of the present invention. However, it
will be understood by those skilled in the art that the present invention may be

practiced without these specific details. In other instances, well-known methods,
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procedures, conponents and circuits have not been
described in detail so as not to obscure the present

WO pwsosioon. I n the foll ow ng description and cP@Ei/Is2004/032063
the ternms "include" and "conprise,” along with their
derivati ves, nay be used, and are intended to be 5

proé%cﬁﬁggdﬁ é‘)éﬂa ctren.tgﬁsve ﬁbFSéen Hés&%d inetait 8o as not
ow ng

escri ptl on and al s, terms

ted,"” al ong Wlththell‘
to Ogéngl vaﬁgyégg&rtéﬁ&%g%ﬁsed It shoul d be under st ood that
se ter are not . [nten ass nrsfor
ot Rithe Ffzamﬁ\@rng ?ﬁs%éﬂttqu:ﬁ”‘grc '”C&‘tﬁ?ﬁw LR

may be used to indicate that tvvo or m)re el ements are
"compr'dsiet’éetonmN;iﬁnyt'ahetradieroratedeecmayche used: and ang timteadeti to be
ot her. "Coupl ed" may nean that two or nore elenents

tresE8 dsrsﬁtdn%ts RS FabtHer. Qh%@‘diﬂ&rﬁ'mQﬁBtféﬂbm We¥efiption

‘coupl ed” may al so nean that two or nore elenents are
andc%lgb t 'ert%glfn ?%?&ﬁg q ?M({ cczrirg%:tg{l Ibnaq&tx%ttesu H
flow d| agramillustrati n a met hod 100 to provide

derivativgg My bawsethi Hgsheuld beuyrdersinachthal theapdeens are not

systemin accordance with one enbodinent of the
intepled erst synongmhs Gor. edah athanl tRathbr,eadenttipulac esswodi(renits,
shown), nultiple threads of one or nore prograns may

"coRRe&eB8 Yhe{ nol dwrs toSIrtHrﬁét@"tﬁQtJ%&S &rrm%te @lé‘rﬁ@r‘it‘%ﬂére in direct

points in tinme. For exanp e, one thread may be
exe roces nd,_anot her thr@ad 20 may.
phy§iseE P gleqtiesl Saulipet it eedh SRR e nled & ey MEAnRE two
intime. In another exanple, one set of threads may
or rperecglenmendsl ase mJdtraﬁtegh\s$|9ala¢rdelam5tqaécoataactofHovvlerveads
may be pending. In a nmulti-threaded processor, logic

"coUpiedbanapalsededannhbbewr SCceBseeldrientdesredsothedirdd? contact
i ssue instructions fromthreads that are avail abl e.
Wittl\:‘%cﬁ)fﬁﬂprl,%ut yet still co-operate or interact with each other.

FIG. 1 is a flow diagram illustrating a method 100 to provide thread
switching in a multi-threaded computer system in accordance with one
embodiment of the present invention.

In a multi-threaded processor (not shown), multiple threads of one or more
programs may be executed either simultaneously or at different points in time.
For example, one thread may be executed by the processor and another thread
may be pending, i.e., waiting to be executed at a later point in time. In another
example, one set of threads may be executed simultaneously and another set of
threads may be pending.

In a multi-threaded processor, logic may be included in the processor to

decide when to issue instructions from threads that are available. For example,
3
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3 WD 2005/ 033927 PCT/ US2004/ 032063 one thread may run
until some predeterm ned condition occurs and then the
WEe@s®3®eT nmay switch to run another thread. ST/URING032063
bet ween the execution of threads may be referred to
as thread switching. Method 100 of FIG 1 may begin

oneMhir@ad A uRLIAIN sbm@tgre@blepmirtdd GondtidiHoE@Is land then the
executing thread (block 110). The instruction may be

PO M R, A Aol Bl ohing befifébrPfhe otccugion of
. For ex I I t.,.may be.determ ned whet her the
thré‘%&ma}ftbpcfﬁ%ﬁ)e‘fWea%%%%q PW&C'{”Hpead may cause a | ong
| at encqugdi anmond 130). Wiile the predeterm ned
coethashd OResf K&y Mavdbegiarwith feraivag mannstructionaf a
instruction that may require a long latency prior to
curesrebuexesutinay tHread dblosk der@®@d Tiee resteuqicrdeiagr ivé dedoded
condition. The term"long |atency” may nean a tine

(bId?:?i‘(r 1t %’g) . bjﬁtfi’é?edbcﬁ)_%?r?d,ﬁﬁ nfy BE deBStiiHEL \VPRe@ad ae;?r%@\étcérﬂﬂned

0] I nstruction that ‘causes the processor

suf fer _one or re stalls, Stalls, m refer, t cl es
corffiogh g ERaRmEr. EPT PPl 1hIRGbE Gt emBRE HNATEE the
. hot execute an 15 instruction. Thus a |ong | atency
Instseetion ofrdhe ipxegetieg dhreadoney causawylang latemhyettiamohd 130).
cycl es, depending on the ability of the processor to

penivanenthé peedetensinedct odiiohd nid\e vhat BNgiyfepent efhbobfthents,
exanple, a load instruction that requires the

t

on GRIRSHSEE o] LR £t BRI AE IE IG5y B8
con‘é@algéd ?g[pgﬁgglgg tt?aaf)tg]le%gcc{qrj 'gior@.ggllﬁ% tr:etsgpggtgggflg'?emc%" may

associated wth the processor nmay require fewer than
mearen toyelpesiod beteereraiaceipt of an instruction and execution of the
instruction that causes the processor to suffer one or more stalls. Stalls may
refer to cycles in which part or all of the processor pipeline does not execute an
instruction.

Thus a long latency period may be several cycles or may be hundreds
of cycles, depending on the ability of the processor to perform other
instructions in the latency period. For example, a load instruction that
requires the obtaining of information from system memory (e.g., as on a
cache miss) may require hundreds of cycles, while a load instruction that
obtains data from a cache (such as a level 1 (L1) cache) closely associated

with the processor may require fewer than ten cycles. In certain

embodiments, both load instructions may be considered long latency
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enbodi nents, both [oad instructions nay be consi dered
long | atency 4 WO 2005/ 033927 PCT/ US2004/ 032063
WO p®6083927 ons, as a processor nay suffer stallPCYUbm®4/032063
before data is ready for processing. The
predeterm ned conditions may be sel ected based on a
e PR 0P L b (ORI o OTE Rt Rt regay o
stalls. Although the scope of the present invention is
Pro¢&iSiM9nited in this respect, other exanples of
instructions that nay be considered to be a
pr ddhet predieterdnioed donddionsayay i selectadobasddchen rauknowlesige
and certain arithmetic instructions. For exanple, a

thaf tHEaEbRGitiBAL Mhay bitdeedatPAbBhbOEsIaYy beause d fatency that leads
predeterm ned condition . In addition, other

whi ch access a nenory subsystem may be a
to p%aé?etéet%ﬂméned condi tion. Wien a predeterm ned

condltlon is detected, instructions of anot
thpuah the seoneabithigyPiaseabinveRtiPHIE 7 'Eﬁgud dmdhis

execut ed so that few or no stall cycles occur. Thus
respectc ethari exaznplediafenstsuctend tratemey beagormddred to be a
significantly increased in nulti-thread contexts. If

predétehﬁnf&f smaingd rﬁ&‘@'inélﬁ@e sfsreriH&trleloM®¥nA UerfAN @rithmetic
long latency (i.e., a predeterm ned condition has not

o SGS0E S b HER R RO BB ALy

be fetched (block 110). 20 If it is determned that a
predegggminadeseyditiap .r & addition; ogher apesatiaas avhicheagcess a
condi tion has occurred), then the instructions of a
merpendisolsydtesachayaye Bepredetermined condition.

When a predetermined condition is detected, instructions of another
thread, e.g., a pending thread, may be fetched and executed so that few or
no stall cycles occur. Thus in certain embodiments, performance may be
significantly increased in multi-thread contexts.

If it is determined that the instruction may not have a long latency (i.e.,
a predetermined condition has not occurred), the instruction may be executed
(block 140) and a next instruction of the current thread may be fetched (block
110).

If it is determined that a long latency may result, (i.e., a predetermined
condition has occurred), then the instructions of a pending thread may be
examined (block 150). The examining of the pending thread may occur

during executing of the long latency instruction of the currently executing

5
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exam ned (bl ock 150). The exam ning of the pending

thread may occur during executing of the long | atency
wo @587 on of the currently executing 5 WO PCT/US2004/032063

2005/ 033927 PCT/ US2004/ 032063 thread. Next, it may be

determ ned whi ch hardware resources are associ ated

threddt hN(E]QF it Bed y‘étde?é}?niﬂfady?ﬁcﬁqb%%ré RE&ATced ife associated
met ho e

may next conprise term ni ng whet her one or
.hore, hardware sources are or will be available to
witly dlae B}th%'qr}%‘?{ﬁlﬂ PEJP@”S{J‘{ ‘5 pendi ng thread
(dianond 160). For exanple, it may be detern ned
whdtheemethod etdyshext cemgriee determyninigewheshénene pomgere
unit (e.g., multiplier ), an input/output (1/0

hardR¥HE PosoRircés HRITBF Wil BB-S)AbBIR 14 Uise B tA¥ahs@lbtBon of the
the instructions of the non-executing thread. If no

ponBRESIARPE 0. Eo BT b od BB

current executing thread (block 140). If one or nore
regigtard Adtue Uee o idas afynctighahyait) (g1l e MWHPIRT . P ipRyt/output
instructions of the pending thread, then the
(I/Opdecizes or awmenmypsubpsy stdnt wilt be tastailablecmdthe( instreictions of
170). In one enbodi nent, preparation to switch threads

the T%-&HJMEG tH¥&gUting a remai ning one or several
instructions of the current thread prior to 15 the

thread switch. In such nner, .additignal instr i
B8 e PaFarEero fFEn sl BR raaRiels i pppdifb HRdd Hhen
Addi tional ly, because such instructions are alread
exeputigemay gontisupfot s eHrpNhexeGEing Hy aﬁéblﬂ)%ﬂ@i If one
flushed. Thus instructions of a currently executing

or rhbfeciaskdWareaeBbinmee Wil the apaitatis sedusd blyethiehiasgactiods of the
thread is prepared for execution. 20 Next, the threads

pendfg fffeSd IHCthd Bl ReKsdBMNay bd'Bledated tBSVIREAS 8523s (block

170). In one embodiment, preparation to switch threads may include
executing a remaining one or several instructions of the current thread prior to
the thread switch. In such manner, additional instructions may be performed
without a processor stall. Additionally, because such instructions are already
present in the processor pipeline, they need not be flushed. Thus instructions
of a currently executing thread may continue to be processed while the
second thread is prepared for execution.

Next, the threads may be switched (block 180). That is, the processor
may switch from running the currently executing thread to running the
pending thread if one or more hardware resources are available, or will be

available to the pending thread.
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may switch fromrunning the currently executing thread

to running the pending thread if one or nore hardware
WO e®s08392% are available, or will be avail abl BCT/OS100€032063

pendi ng thread. 6 WO 2005/ 033927 PCT/ US2004/ 032063

Wiile FIG 1 discusses a nethod for processing a |ong

! at\ﬁﬁ‘ﬁé’Fl@? ?ﬁ%ﬁéﬁbea p?e‘-thgé f&gﬁ%@é’sﬁﬁgéq%hé létgpéyoln%ﬁuctlon

appreﬁla e ' e appl 1'cab

t {

o BB 3 R O, 5 P i
to 5 decide when to switch. between two threads. Thls

appeate do pteredeiRammec@EHONSt hr ead- swi t chi ng

criteria: one based on properties of the currently
exdausidigcussad @have aihe embrdimenbatEHG oh "'Uﬁtfatﬁso%mh@%to

of threads that are not currently executing. This can

declie when & swilch betvegerstwal threadss iThisomietigpd mayauke twadifferent
the running to the pending state and back again. 10

thre'aG SRSt RBNEN@ babd® oh PrEpErties of thd cimémty &xactilg
becones a pending thread when it issues a particular

threl‘ébngn(?fanbﬂfér q‘é%&? v thE%obéﬁEér(‘)? ?nre%g trfﬁaatre %?%urr@ﬁfly

urn a res

ti and al so mh never nd|n thr
exemsts & J5is B phdree g maxofs%%m%@ i%reﬁsﬁ‘%mﬂﬂse
refer to a resource that is not avallable for use
runrlyﬁg,tq) the ren@ieg $tag 62k 3gRIN5 conpl etes. For
exanpl e, a register may be scoreboarded and therefore
unewanemmeodnmenmsfetheunaentumrsarruanir@rthfﬁachb@@omeag pending
thread. A thread that has no resources scoreboarded

threae)wiieh Ridsties@ patidelankindestibstrutieon| festinstahc@ronesihat does
switching to a pending thread with no scoreboarded

not Ef?@@gégﬁ%ﬂ% tﬁ?&?@ tlﬁgég?ﬁﬁnq Tb;?%rgé&f inStr88%oh, And 4180 whenever
a pending thread has no "scoreboarded" resource. A scoreboarded resource may
refer to a resource that is not available for use until some pending operation
completes. For example, a register may be scoreboarded and therefore
unavailable for use to an instruction of a pending thread.

A thread that has no resources scoreboarded may be able to issue at least
one instruction, so switching to a pending thread with no scoreboarded resources
may not decrease the efficiency of the processor compared to other thread
switching methods. For example, a timer or counter may be used to limit the
amount of time an executing thread can run without being switched. However,

using counters or timers may decrease the overall efficiency of the system since

several clock cycles may pass before the counter times out.
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20 swi tching nethods. For exanple, a tinmer or counter
may be used to limt the anpunt of tinme an executing
wo boosasBoean run w t hout bei ng switched. HowevePCT/USEN#032063
counters or timers may decrease the overall efficiency
of the systemsince several clock cycles may pass

P RB03 o060 oY R SRek sidgrdh SR Sblocosgor pipetine

2, shown is a bl ock

|l l. 00
200%%%9@@@ ol 8 s B AETRREor e b Bion™ Rl hesear
CEeSSO |peI|ne 200 includes an u 0 he
p'pei'fg '2U}ingkigeP s nsiUgoRgRshe 218) 2 ey @%@%@( 2g0.'a

230, and a register | ookup 240. In addition, processor
thregidstispateh 2602800 aerggistes] loekur 24t iIB@sidition, progesgor ppeline
and 270. Processor pipeline may be included in a
200maby indindeeichetiopalarets 250, 2680damd 276 Padegrsed pipeline may be
process multiple threads of one or nore software

incld&d redBnuliMthreaded prooaesopfarey mag seaidapied bo Pﬂﬁe@deﬁulﬁple
pi peline in accordance with an enbodi nent o

thre%ﬁg%‘?rc‘)he'&\fﬁtgrfé égﬂvgg%a?\fa%aé, én one enbodi nent the

rocessor l"atively sinple in-order

" SR oSBT e BrBER 'Pc%‘%é@ﬁﬁ%e‘ﬁ"h an

such as an architecture based on an Advan&ed Rl S
embaciment el AFRVPSaRidRYeRiQNMaY VEBY. in 898 AMRO mné#ee processor
enbodi nent a 32-bit version of an | NTEL ) XSCALETM
maybe @erstativelyssimnplealni-erder progasser. Doenseavodimedatheaprocessor
Clara, California nmay be used. However, 15 in other
maehhesianreduced imstrpctioresetocomputinge(RISQ) fakehitatture, such as an
processor. In one enbodi nent, instruction cache 210
arctiisctie B=denl ffah %d&@ﬁ@éd’ﬁlscmﬁééﬂméé gmlvlf) raqam.@cla% For

interface unit of the processor (not sh OMM

exahﬂaﬁé, |ﬁ%tn'e°é}nb8&ﬁ{§ éjé)z H@Oe&%ﬁj ?Qnﬁmﬁtﬁzﬁ(%%lr%w processor

ctions Ing 1 ns 1ons O

available from Intel Corporation, Santa Clara, California may be used. However,
in other embodiments the processor may be a different processor.

In one embodiment, instruction cache 210 may be coupled to receive
instructions from a bus interface unit of the processor (not shown). Instruction
cache 210 may be used to store instructions, including instructions of multiple
threads. Instruction cache 210 may be coupled to provide instructions to
instruction decoder 220.

Instruction decoder 220 may decode instructions by breaking more
complex instructions into smaller instructions that may be processed faster. For
example, in one embodiment instructions may be decoded into micro-operations

(uops). However, in other embodiments other types of instructions may be

8
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threads. Instruction cache 210 may be coupled to
provide instructions to 20 instruction decoder 220.

w0 n®s088927 on decoder 220 may decode instructi oPST/D§2004/032063
breaking nore conplex instructions into snmaller
instructions that nmay be processed faster. For

dedRIPsAech BE rRa@oIPReSidHRGr éﬁbﬁﬁéw@mmsnsm)etiaﬁé?afo@mﬁ%uy, it

into mcro-operations (uops). However, in ot A
R Ry N S S
insREHH SREPFPutRS (RESel MUt & GoGrdnsuption et

instruction sets may be used, such as Reduced )
Compeiting &1%fp) igstruetinmsut FyitherRNSEe embodinentdnstregtion decoder
Conpl ex I nstruction Set Conputing (ClSC) instructions.
22 mayrdacoderCIGteinstrbotivnsetat RISG instreictions.decoder 5 220
may decode CI SC instructions to RI SC instructions.

St i $ill reféeingito 160 2FHécodhd idetackshs, ruding bAndentification of
including an identification of registers to be

regﬁﬁét%st%% aé&%sﬁ&,z@gwg _vitd@dgw‘ﬁé%d‘ﬁiédé%ﬁbs 30.

Thr ead spat c Include circuitry or lTogic to
en j f . [ ed | east
on R38R e BLER R0 EER Bhetle oG on of 2
a . 9., .functional units 250-270, are ayailable, or
periing isEad pased gt ea5hoBEIneT RS of inore Batdwiare Tepouices. such
non-executing thread. In one _enbodi ment, thread
as, g phtnstionalpunitee’db 087§ cargavailaireauwik be Auailabie s ese or more
whi ch of the pending thread(s) may issue instructions

instavctimngi ofdghé aonkexebutieg threae. treene eotxdinent tiaidaaldispatch 230
and may do this every clock cycle. In addition, in

ma§ 8BB/eca adicRBAGIBT tHal chBEsed Wﬁﬁih%f,tﬁé%eﬁﬁhg?tﬁr@élﬂ?* fay issue

execution of a thread if the requisite registers from
inst?tll&faﬁszadcgof‘d?ﬁ‘ 0 Ahicl q;hrWa're ﬁégbtu%éb %rtel Qvé?l‘és%?%n\d%éf{?ﬁo this
or the 1 nstruction. e techniques describe
every clock cycle. In addition, in some embodiments, thread dispatch 230 may
enable execution of a thread if the requisite registers from block 240 contain, or
will contain, the needed values for the instruction. The techniques described
herein for enabling execution of a thread may be used in simultaneous multi-
threading (SMT) systems or time division multi-threading (TDM) systems. In one
example, an SMT system may refer to a system that can issue some number of
instructions from different threads simultaneously. Thread dispatch 230 may be
referred to as a scheduler, thread dispatch circuit or a thread dispatch device.
Register lookup 240 may be used to provide a physical register

identification of a register in a register file unit. In such manner, registers may be

assigned to each instruction.
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herein for enabling execution of a thread may be used
in sinmultaneous nulti- threading (SMI) systens or tine
wa@leaws®soe7 mul ti -t hreading (TDM systenms. | n OnBCT/US2004/032063
exanple, an SMI systemmay refer to a systemthat can
i ssue sonme nunber of 20 instructions fromdifferent
t hr - S : T i ;
e ignp S ESE S0P 2FE Fiavhe BanGad pBite Rstructions
t hr ead, di spat ch device. ..Regi ster | ooku 40 na ,
andimiel 44 B 5oRtecop eiceulios dgtt, Tn SR dnsoqialiie, fqgtonal
.aregister in aregister_ file unit. In such manner,
unitsgyay beradapigd Bbperg@'m grikinetic antlPgigQRergHeN AT toexgsute
2005/ 033927 PCT/ US2004/ 032063 Functional units 250,
loa@ @0d staredistructionise Iacapoes embogitaentse funedionalaanitenzbth 20,
may al so be referred to as execution units. In sone
anE2 @ aayens multiplieed, iaadets, dividers, mggdrearittmetiedogio units (ALU),
performarithnmetic and | ogi c operations or to execute

AR LR OB RS 15, gt B ey

Lol ar ; Ty Har . e . _

mafb B G5 (D, o Sl bR S R roraniic
units (AL registers, load/store units, nenor

conkESehb AR RREEoP RS Rischip Uilha Rop HRGRESrs external to
security and cryptographic coprocessors, other

the H5@eESSOT )z 84F-copr ocessors (i ncl udi ng coprocessors
external to the processor), etc. 10 Pipeline
pr Ripslity paifesgay 200 radgtecaddpted ripliemEenestsenar oabll of the
of the operations of nmethod 100 of FIG 1. For

opFABIRS Bf nh&ARLEUEED BF FIGCadeto2thmpR iﬁé”cﬁhd’tgﬁwlgecoder 220

circurtry to performthe operations 10 an 0 of
e 53 R P R 350 Shafo b b P2 kA 100
thr(—:r‘Ta‘\Edt Qi?s%atlcoho’23%nr?1al;biqugltuidgnc?rlculijt?yi/ ttg pzefrsf%-rr?ﬁ?gpgraaééioingC‘II éj(()j,e1 50,
160, 170, and 180 of method 100, and functional units 250-270 may include
circuitry to perform operation 140 of method 100.

As discussed above, thread dispatch 230 may be adapted to enable
execution of one or more pending threads based at least on whether one or more
hardware resources will be available to the pending threads. In one embodiment,
thread dispatch 230 may be adapted to examine instructions of multiple
threads to determine which threads are executed and which threads remain in
a pending state. Thread dispatch 230 may be adapted to determine which
hardware resources, e.g., functional units, are associated with the

instructions of the multiple threads. Further, thread dispatch 230 may be

coupled to functional units 250-270 to determine if functional units 250-270
10
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15 circuitry to performoperation 140 of method 100.

As di scussed above, thread dispatch 230 may be adapted
wWo 0008038922 execution of one or nore pendi ng tPCEESR04/032063

based at | east on whether one or nore hardware

resources wll be available to the pending threads. In

are AU8iISBROEF Wilbe a\khl%ﬁ%dtdjﬂfeoﬁ‘fs@rlmc%%gsrﬁ%ya gsna%pﬁh%*ad.o In

exam ne’ 1 nstructions of rrutlpe2 hr ea

o B o 05256 ST AR P8

adapt ed to determ ne which hardware resources, e.g.
sigrialg Etdne functional sinitsr 5@/ pad segisterHopkep 240, wherein the
instructions of the nultiple threads. Further, thread

ready SigiafinddhteByhdher @it @He tfanE oGl oie alteﬂé\Trﬁlable or
250-270 to determne if functional units 250-270 10 WD

33927 PCT/ US2004/ 032063 are available, or wll
unaggﬁ)agcé/lgl | able to the instructions of a pend| ng thread.

I n, one enbod] t hr ea IS be coupl ed

{ o1p 386 Sbagments fiyeadisnBihr 238 FanBY afianred to Switch

250- 270 and register Iookup 240, wherein the ready
exesugonlfeom rediuratieg Whreabeo the pm‘tdim@ehrfaanlct iTdwead wispasch 230

are available or 5 unavail able. I n another enbodi nent,

may BE QRfApte S P& leXBride inBYudiR radePiHRr drdisyAeRd to determine if

execution froma running thread to the pending thread.

o ere Rk it S REGRr oo Ry 1F PRFEAE 1Sl MR 290 mav

predeterm ned conditi on occurs. For exanple, thread
'nclu@l% iedie foe3@mMiRg INStrusiignrief theyrunning dkegsdnte determine if a
instructions of the running thread to determne if a
lond ngnéwyirestnyctiomsdeeoti on occurs. Al t hough the scope of
the present invention is not limted in this
Although the scope of the present invention is not limited in this
respect, in one embodiment, thread dispatch 230 may include a lookup table
that includes a list of predetermined conditions. In this manner, when an
instruction is received by thread dispatch 230, it may be analyzed against
entries in the lookup table to determine whether the instruction corresponds
to one of the predetermined conditions. Alternately, logic in thread dispatch
230 may be used to detect the presence or occurrence of a predetermined
condition. In still other embodiments, microcode in thread dispatch 230 may
determine the presence or occurrence of a predetermined condition.
If a predetermined condition is detected by examining a running thread,

then, examination of pending threads and the availability of hardware

resources associated with the pending threads may be performed by thread

11
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respect, in one enbodi nent, thread di spatch 230 may

include a | ookup table that includes a |ist of
w@emdesmwem ned conditions. In this manner, whePCEOSH54/032063

instruction is received by thread dispatch 230, it nmay

be anal yzed against entries in the |ookup table to

disg&ichr 280 (Hhfich@ibbBRnémS tthiedld @Bp&@H 230378y swifgrone
of the predeterm ned condi tions. Alternatel y, logic in

th S
exdsP BN ol Y8 15 SaebBiaRd rtslranding thread
In still other enbodi ments m crocode in thread
basgdsyleast QBGhW”?@efd@%deFYﬁ%@ hﬂ@ivbar@s@ﬁeervcﬁs unavailable to
occurrence of a predeterm ned condition. If a
thepfirst peadimgnddteadndi tion is detected by examining a
running thread, then, exam nation of pending threads
anolnté?ﬁtﬁyrae.ln%bhhém %réw ewgafch DBAHEY LDMSHRC Cﬂh ted
h the pending threads may be perfornmed by t
V\D 2005/ 033927 PCT/ US2004/ 032 63 ., di s atch 2 on
AR RRaN o8 Avalp B TE AN ROBSH O ke SR - tﬁm% em?
froma first executing thread to execution of a first
threachBi nd hrmcbdwpawtél@%amavﬁerrowetm mumber ohhardvypee
of hardware resources unavailable to the first
respends iy allbbledad. thredds anatd\ @, adalbxbehmasy swibdlea@®m executing a
di spatch 230 may conpare the hardware resources
f“”f*“?e%@%@ f#%rx*sa G AP ATE B Runfhed of dTHVERRLE llgrare
of hard res urces avail able tg threads A and B,
resquiges e ﬁ%ﬁf’ &ders mwf&eemeﬁ@?&nawaﬂﬁb Igrardiesg
to executing thread A if the nunber of unavail abl e
resouncéedoghignd Bs olr siesplypthriend atispatch 213G snayhanableeexecution
nunber of unavail able hardware resources to thread B.

of thfedd AP he INUnFst 6 SPRIHIRLRINA®YareNabbErcREOUIHI®A A is

har

less than the number of unavailable hardware resources to thread B.

As discussed, in some embodiments a thread switching system is
provided that enables, or basis the selection of , the execution of a pending
thread based at least, in whole or part ,on the number and type of hardware
resources unavailable to that pending thread or other pending threads, land
possibly taking into account the unavailable resources needed by other
pending threads. In one example, the present invention provides a method
and apparatus to enable threads based on what could be happening, i.e.,
examining the non-running threads and enabling execution of a thread based

on the availability of hardware resources to the non-running threads.

12
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of thread A if the nunber of unavail abl e hardware
resources to thread Ais |ess than the nunber of
wap@sasdoabl e hardware resources to thread B. ABCT/US2004/032063
di scussed, in sone enbodi nents a thread sw tching
systemis 15 provided that enables, or basis the
Se'ﬁﬁﬁnhgftime 3t El%\ﬁ%@é?é'tﬂb%:@éra% Mes; fﬂaﬂgg atrﬁé%@ 300 to

based east whol e or part on t he nunber and

\, t
ena&le"%xeﬁ%uﬂ?ﬁ 32@‘02} e%? HBregtg 4ch BEise" itk aR spnbodjment of
t aki i nt ount t e nav i1 abl e resour eeded
the BJess EIvengieRiTh gne RAMEN, fan-Exafing thizs mavdie
i nvention provides a nethod 20 and apparatus to enabl e
enabladsbaredyideastorn whathes anardyare sseicets, available, or will be
exam ni ng the non-runni ng threads and enabli ng
avadalsle uo isorinstructionhofdhe nbasaacuting thready altadigh the sxope of the
har dware resources to the non-running threads. 12 WO

pre@é}ﬂ%\ﬁ@ﬁ%ﬁ'fs Fi@ﬂ'ﬁrHﬁé’@Wer@?égp%ct B AdMGré Pesdurce Pnay be a

shown is a flow di agramlllustratl ng a nmet hod 300 to
regggablraa%tgééjgecvl# bﬁﬂg eﬂ{)&g[bn% Ht 'aﬂqﬂé@fg B'g)dtn(l/O) device, or a

i nvention. In one enbodi nent, a non- executi ng thread
memgyy Sub-sysiaMe dnHreampodinagrt, execHEeRRfra ROR A @RIERY

resource is available, or will be 5 available to an
thrdausinaydie based ohhehetter exkardiwarg reboa@e. sudlht Asuigh eddaenple, a

scope of the present inventionis not limted in this

reg:s?egrp‘?é:gﬁor"ébt}?l‘djé@re resource may be a register, a
queue, a buf a functional unit, an input/output

L AFhE 508 B BB PP aeropayroe '

be based on whether a hardware resource such as, for
avadablepoean instnmtiongpkthe non-exeeutind saregddblogk B8d).3dMe

may i nclude determ ning whether a hardware resource is
operation of determining may include examining an instruction stream of the
non-executing thread; identifying an instruction in the instruction stream; and
identifying hardware resources associated with the instruction. If it is
determined that the hardware resource is available to the instruction of the
non-executing thread, then execution of the non-executing thread may be
enabled (block 330). In other words, the non-executing thread may be
selected for execution. Otherwise, execution of the non-executing thread
may not be enabled if the hardware resource is unavailable to the instruction
of the non-executing thread (block 340).

In another embodiment, a processor may switch from executing at

least two running threads to executing at least two pending threads if

13
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avai l able to an instruction of the non-executing
thread (bl ock 320). The operation of determ ning nay
WO ps082EXam ni ng an i nstruction stream of t hBCT/US2004/032063
non- executing thread; identifying an instruction in
the instruction stream and 15 identifying hardware

nar QY665 BES 4Fb AL Bk 1D hBSIBELY HES kBRdd pirbabis,

etermne ware resource s av

the_instruction of the  k non-exegutin hread, then. .
e x SRUTIS IO FI G, HOANE,E ALRS G99@Rt ofdy VB elessriafisrywith
(bl ock 330). In other words, the non-executing thread

whitiyernbodaetrist @fdtHeoinvertiontmay besed: wAs shoaxe dufl@nd, in
of the non-executing thread 20 may not be enabled if

ond BRDRRNHBAE HiffSRUAEACE SO0 MERIdetd Prédedsbe 510, which may
instruction of the non-executing thread (bl ock 340).

incl el Bk PURRSLS toactoORRERDS Bho dbe” LR AT

~at |least two pending threads if 13 WD 2005/033927 |
MiqPERTAgSS80%/MITPOEENrollar dARPUC atirosRRbC e grated) cliuit tASIC),
the at |least two pending threads. Turning to FIG 4,
a psdyrammable ddteckrali (RBAMaid thenikesl ess device with
whi ch enbodi ments of the invention may be used. As

sShoWpddefibBdirfient, bro8&s &t Ied nWFnch@bRﬁ:%SQSNBgﬁgne 200

[
500 i ncludes a processor 510, which nmay 5 inclu

ener al - pur pose,_ or eci a| - pose essor such as a
as fRersgc Bael iehreBbenie 1o PIL P BEER: v ands 7

integrated circuit (ASIC), a progranmable gate arra
embpdinyentangradesspr ROO maydrcadapiedi teemplement sagthods

may i nclude processor pipeline 200 as discussed above
(FI® 1) of ehéthed 300 OFIB. B) disdusseddibdven, in various 10

enbodi nents, processor 500 may be adapted to i npl enent

rret\W?l%le’l!s.(.l)odevice 500 may be a personal digital assistant (PDA), a laptop
or portable computer with wireless capability, a web tablet, a wireless
telephone (e.g., cordless or cellular phone), a pager, an instant messaging
device, a digital music player, a digital camera, or other devices that may be
adapted to transmit and/or receive information wirelessly. Wireless device
500 may be used in any of the following systems: a wireless personal area
network (WPAN) system, a wireless local area network (WLAN) system, a
wireless metropolitan area network (WMAN) system, or a wireless wide area
network (WWAN) system such as, for example, a cellular system.

An example of a WLAN system includes a system substantially based on

an Industrial Electrical and Electronics Engineers (IEEE) 802.11 standard. An

example of a WMAN system includes a system substantially based on an

14
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(FIG 1) or nethod 300 (FIG 3) discussed above.
Wrel ess device 500 nay be a personal digital
was®wsssaet (PDA), a |aptop or portabl e conputBCT/vE1004/032063
wirel ess capability, a web tablet, a wreless
tel ephone (e.g., cordless or cellular phone), a pager,

Indg{,}rlbf‘éfe%mc F‘Sﬁéﬁiééiﬂ)n]r& Eﬁ%lh@@ﬁs @EEEZ'BUEHG’%& h8ard. An

|g| caner a vices that may be

A

thefollovvln stens: aWI[ ess sona
IUﬁm&aJMkstev@ar%) (Blyaroat sz Horlpeddradarae aqféﬁeﬁiv%epw SPGC'a'
(WLAN) system a wireless netro olltan area network
IntereskBioup)s howthesrexamale of sy PANIsysie@anclugen & system
(WMN) system such as, for exanple, a cellular system
subétar&baﬂyrbbse@bn&amustrbatﬂﬁutdicat landeEectraniss E&mgineers (IEEE)
substantially based on an Industrial Electrical and

80H @@ferr@@w suémak e esambl e #O2E Bb2stmBa@pdcifiéation using
exanpl e of a WMAN system i ncl udes a system

ot BB ML BRSNS 21 B eciri cal anc

El ectroni cs En |neers (1 EE 02,16 st.andard.
exdnfAnerlgs of aRPENIrSyStems|i m@vﬁaegoaebyﬁm Mutple Access
substantially based on the Bl uetoothTM standard
(CONBA) eeldahradiotalepbgine comeaunicatitmeykems, GiebabiSysterofor
Special Interest Goup). Another exanple of a WPAN
MobBijs Comrmuonsitatiess @GSM3 cealar sidistbphbat sy steass Enranaed data
Industrial Electrical and El ectroni cs Engi neers (| EEE)

for %@%\A RolttREDGE ) &jktéms, N@Hh%ﬁ@ﬁééﬁ D éj"@l Celiar UWgNADC

15.3a specification using ['traw

cellttfq(/i; I?g{f 8ﬁ§%ﬁpc§f§ gp&]t%iﬁg% CE P@&ﬁ ﬁélg'ﬁcdegg l(*I"BRAA)%?emS,
Ext% ec? tl'%l\ﬁRQE“FDM%\ ce bl%?trallcp otefeyp to(?mlg‘ssystem ba(IBP%Stth P&

generation (3G) systems like Wide-band CDMA (WCDMA), CDMA-2000,

Universal Mobile Telecommunications System (UMTS), or the like.

As shown in FIG. 4, processor 510 may be coupled to a digital signal
processor (DSP) 530 via an internal bus 520. In turn, DSP 5630 may be
coupled to a flash memory 540. As further shown in FIG. 4, flash memory
540 may also be coupled to microprocessor 510, internal bus 520, and
peripheral bus 560.

Processor 510 may also be coupled to a peripheral bus interface 550
and a peripheral bus 560. While many devices may be coupled to peripheral
bus 560, shown in FIG. 4 is a wireless interface 570 which is in turn coupled

to an antenna 580. In various embodiments, antenna 580 may be a dipole
15
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10 Mobil e Comruni cations (GSM cel lul ar radi otel ephone

systens, Enhanced data for GSM Evol uti on ( EDCGE)
weywses27 Nort h American Digital Cellul ar (NADET/US2004/032063

cel lul ar radi ot el ephone systens, Tine Division

Mul ti pl e Access (TDMA) systens, Extended- TDVA

antbfnd, %l:af:&kt%ébé%r LAY %'nwgd é& ?@ere@sgmwﬁncate

generation systens |1 ke Wd

0 5.Un T ns
nfcelof  Chielsts Bler ke 0&@%@ ﬁ’g&ﬁe%'s“”%sé%?
processor 510 may .be coupl ed %o a d|8|tal si gnal
pr RBaugh G'EEF*PSS@@“Q/”H‘ Si RIRIERSE tBRPESHIE Compogents of
DSP 530 may be coupled to a flash nmenory 540. As
device 60, issoventemffated that fnuasdromemoogificBtionsmndalamtioms of
coupl ed to m croprocessor 510, internal bus 520, and

the&@b&eﬂbbefhﬁfoaiuubﬂétéﬁ@mb%ﬂﬁ%ﬁ%a?l& BBY¥siBles0O be
coupled to a peripheral bus interface 550 and a

Aol A BT

i,nterface 570 whic turn cou n_ant enn
devigioi 1se SaBPAIRO BT AT T data Rt Sgeregl pEIoN. Tn

di pol e 15 WD 2005/ 033927 PCT/ US2004/ 032063 ant enna,
alteeatecembegimantia PErcesror Pioeling 260 malbe ysed in pon-wireless

wi rel essly communi cate information. Wrel ess
devicgsesdchcas, 330exayplec asenwere b elesktapaos aniensivedddd denicg not

the description nmakes reference to specific conponents

adéifted tewirer saRdcorhinunfcated HiGmmatined t hat numer ous
difications and variations of 5 the described and

;,:g»;@éz%ﬂa PERRLGESEY BB, AT M A poro
herp|qvm\qr15qf{}ye%ﬁdglpaf ' is, §§@Wﬁ°?§1 Eggtanig'qﬁlva?en?s Wilfhow occur

to those skilled in the art. Itis, therefore, to be understood that the appended
claims are intended to cover all such modifications and changes as fall within the

true spirit of the invention.
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al ternate enbodi nents processor pipeline 200 my be

used in non-wreless devices such as, for exanple, a
weenses392a desktop, or an enbedded devi ce not HOI/US2004/032063

adapted to wirelessly communicate information. Wile

certain features of the invention have been

i lysigat ed and described herein, many nodifications

substitutions, changes, and equivalents will now occur

to those skihl dinthe art. It is, therefore, to be

under st So8GHRE. FROPLSAhded claims are intended to

cover all such nodifications and changes as fal

wi teimiahlingexecotion g asppniexeppting shieaddmseshat legsyon whether

2005/ 033927 PCT/ US2004/ 032063 d ains 1. A nethod,

a h&renreSebgurcenadri wil isxacailae tofandinsticeinawft thegnon-
thread based at | east on whether a hardware resource
.S+ j be available to an instruction of the non 5

eerﬁg@égﬁh%k%hread_ 2. The nmethod of claim11, further
conprising switching fromthe execution of a thread
executing an instruction with long or potentially |ong
| at ency, to the execution of the non-executing thread
i f 2.he Hdredmetleod of claivel 1furtheroromprisinges witahingbirem: the
the instruction of the non-executing thread. 3. The

excBBLiBRGFY trirkal BxkcufiHg ldreihsErabEbh SAitB |60 e HotentidiRMong
the execution of an executing thread to the execution

ol 0B ESEOA S e O RSy A o

15 execut i_r;g)é hread. 4. The nethod of claim3, further
is of yWHrhesaydy! &9 Hheinsrugtiomet the non-executing thread.

3. The method of claim 1, further comprising switching from the
execution of an executing thread to the execution of the non-executing thread
if the hardware resource is or will be available to the instruction of the non-

executing thread.

4, The method of claim 3, further comprising determining whether
the hardware resource is or will be available to the instruction of the non-

executing thread.

5. The method of claim 4, wherein determining comprises:
examining an instruction stream of the non-executing thread;

identifying the instruction in the instruction stream; and
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the hardware resource is or will be available to the
instruction of the non- executing thread. 20 5. The

woredososBoet cl ai m 4, wherein determ ni ng conpriBEBUS2004/032063
exam ning an instruction stream of the non-executing
thread; identifying the instruction in the

in
pCl T BEERT el ﬁ&#f.@%@%?%&i‘?‘i*5%&%8&{%6&?“ wherein
associated with the |nstruc i on, wherein xam ni ng
exagURIgOGRHTS SYIrERRIRGUBRNAT 18BN KYe?tr ead. 6.
The nmethod of claim 1, wherein enabling conprises
enabling 5 execution of the non-executing thread
based on whether the hardware resource is

sc@, eboaiieshetiod HRRIdIBL NoWheteifl stiablihg odMepEsds enabling
enabllng conprlses enabllng execution of the

exeaﬂﬂg "}fq})%? iﬁfﬁggd %%3(\-’3\@ %tnh\?/rhe@l'\é'retg\'esltifr"dwa%

anctronal” uni t,
|nput/out put (I/O) deV| ce, or a nenory sub system:
resQusge de srereioafified. be available to the instruction of
the non-executing thread. 8. The nmethod of claiml,
further conprising: 15 enabling execution of the
non- executing thread if the hardware resource is

avai | ablyg, (ftﬁmew?@d bﬁﬂ%ﬁJ.Hm I %e?élntéi*%b'ﬁﬁ? MRSt Bnabling
thread and not enabling execution of

oo 7 e LA DE S B AR TR b g vove.

thread. 20 9. The nmethod of claim1, further
a beffepra Binggicnakunithgnareduenmutdl/O) device, or a memory sub-

system device is or will be available to the instruction of the non-executing

thread.

8. The method of claim 1, further comprising:

enabling execution of the non-executing thread if the hardware
resource is available to the instruction of the non-executing thread and not
enabling execution of the non-executing thread if the hardware resource is

unavailable to the instruction of the non-executing thread.
9. The method of claim 1, further comprising enabling execution of

a second non-executing thread if the hardware resource is available to the

instruction of the non-executing thread.
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a second non-executing thread if the hardware resource
is available to the instruction of the non-executing
w0 boosaso218 WO 2005/ 033927 PCT/ US2004/ 032063  BOT/US1064/032063
method of claim11, further conprising switching from
executing at |least two executing threads to executing
th on e t
non Gcod it s HP of SHIFFE At cORBRbiG LR from
avai l abl e to the |nstruct| of the non-executin .
exepHRBAMT IBS TWOEKEPRULD TSags i HFCuBRB DR PRGNS
first executing thread to a first pending thread based
threstd drechat lemsttome otlneb evonedxdeartivgatheeadt Fdilneckardware resource is
unavail able to the first pending thread. 10 12. The
avallBblaad Pe .ﬁbﬁumxéﬂ druhkhfin-estuting fraed@t er ni ning the
nunber of hardware resources unavailable to a second
pendi ng thread and wherein switching conprises
switching fromthe first executing thread to the
first pending thread jf the nunber of unavail able
hafHMaré\ﬂ§§89ﬁcégnﬁﬁwﬂﬁh 15 first pending thread is
| ess than the nunber of unavail abl e hardware resources
t 0 siwiectimg dra peficitrexeichtiegdhrda}l toha fast pehding thread based
conprising a storage nedi um having stored thereon
at lé (?ﬁj?ﬁé ﬂ[l?nbetr RAthartie ?éﬁﬂﬂ:@g uﬁ%véléﬂ?gﬁb’tthg%rst pending
orm result in: 20 enabling execution of
-executing thread based at | east on mhether a
dmare resource is or will be available to an
instruction of the non-

thr

12. The method of claim 11 further comprising determining the
number of hardware resources unavailable to a second pending thread and
wherein switching comprises switching from the first executing thread to the
first pending thread if the number of unavailable hardware resources to the
first pending thread is less than the number of unavailable hardware resources

to the second pending thread.

13. An article comprising a storage medium having stored thereon
instructions, that, when executed by a computing platform, result in:

enabling execution of a non-executing thread based at least on whether
a hardware resource is or will be available to an instruction of the non-

executing thread.
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executing thread. 19 WO 2005/ 033927 PCT/ US2004/ 032063

14. The article of claim 13, wherein the instructions,
wobes/ogwerut ed, further result in: swtching fronmusive4/032063

execution of a long latency executing thread to the

execution of the non-executing thread if the hardware

gfesftlﬁ.r Cernd artiile Wr |c||ai9ﬁ1 QY&%}H%QiTgtHe_qrﬁﬁﬂﬁc{iBﬁ%,r Hﬁh}einoékecuted,

_ enon-exec_utlngt_rea. . . e article o
i R S Borb T R SRRt AR g

resource is or will be available to the instruction
thregd thehereneewtsen of e Neneaxecutiogitbreathifahgdrardueare resource
conprising: a hardware resource; and a thread

is ollieilaie By silattelitd the isstaldtiorest e non-execatipngnthrea.
thread based at |east on whether the hardware
resource is or will be available to an instruction of
t he non-executing thread. 15 17. The apparat us of

clajm1l wherein_the thread dispatch cirguit i
adatfed The BXisie A& GIAIaY | e s nge nstTUGTians nBsgeeasuted.
determ ne which threads are executed and which

furthier eesidt iremdieteriminiagpehdthey thedtasdwage t@sourne is or will be
apparatus of claim 16, wherein the hardware resource

avdilsbR td tHCinsei@kioH i ft thadadi-eded @imptiread ari thnetic
and | ogic operations or to execute |oad and store

i nstructi ons. 20

16. An apparatus, comprising:

a hardware resource; and

a thread dispatch circuit to enable execution of a pending thread based
at least on whether the hardware resource is or will be available to an

instruction of the non-executing thread.

17. The apparatus of claim 16, wherein the thread dispatch circuit is
adapted to examine instructions of multiple threads to determine which

threads are executed and which threads remain in a pending state.
18. The apparatus of claim 16, wherein the hardware resource is a

functional unit adapted to perform arithmetic and logic operations or to

execute load and store instructions.
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WD 2005/ 033927 PCT/ US2004/ 032063 19. The apparatus of
claim 16, wherein the hardware resource is a

worosiopdoeer, adder, a divider, an integer aritPeEUSI04/032063
logic unit (ALU), a floating point arithnmetic |ogic
unit (ALU), a register, a load/store unit, a nmenory

mManfgenenhe %Bbbra(t%/ld)f,clélrrﬂmbt Wb ﬁf‘ecﬁér%'i/@ér@rresaurce is a
security coprocessor, or a 5 cryptographic

c 0,,.Th lai.m 16
il S & Gl RBERE S AGHE IR it (AN fleating
whi ch hardware resources are associated with the
poinh gfithmpetiedegisfuni(ALY). @ fagitan S Iead/stredai anmmamary
the hardware resources 10 are available to the
managémeant unih MMU ) benuitintedid acddiemtors a seturifiheoprocessor, or a
apparatus of claim 16, further conprising: an

crypfa)@tfaipmé coprocasssr.t o store instructions of nultiple
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di spatch circuit is

t

21. The apparatus of claim 16, further comprising:

an instruction cache to store instructions of multiple threads;

an instruction decoder coupled to the thread dispatch; and

a register lookup to provide a physical register identification of a

register in a register file unit and assign registers to each instruction.

22. The apparatus of claim 16, wherein the thread dispatch circuit is

adapted to switch execution from a running thread to the pending thread.

23. The apparatus of claim 22, wherein the thread dispatch circuit is
adapted to examine instructions of the running thread to determine if a

predetermined condition occurs.
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adapted to exam ne instructions of the running thread

to determine if a long |latency instruction occurs. 5
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coupled to the antenna, wherein the processor

conprises: a hardware resource; and 10 a thread

di spatch circuit to enabl e execution of a pending

thread based at |east on whether the hardware
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to execute |load and store instructions. 27. The
latencyt iestrottiohaiooues, wherein the system conprises a
W rel ess phone, wherein the wrel ess phone conpri ses:
20 the antenna; and the processor coupled to the
antenna. 22

25. A system, comprising:

an antenna;

a processor coupled to the antenna, wherein the processor comprises:

a hardware resource; and

a thread dispatch circuit to enable execution of a pending thread based
at least on whether the hardware resource is or will be available to an

instruction of the non-executing thread.

26. The system of claim 25, wherein the hardware resource is a
functional unit adapted to perform arithmetic and logic operations or to

execute load and store instructions.

27. The system of claim 25, wherein the system comprises a
wireless phone, wherein the wireless phone comprises:
the antenna; and

the processor coupled to the antenna.
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