DUAL THREAD PROCESSOR BACKGROUND [0001] The following
disclosure relates to processing circuits and systems. [0002]
Conventional operating systems typically ,support multitasking, which is a
scheduling scheme that permits more than one processor thread to share
common processing resources. A processor thread represer]:ts an]c
architectural state within a essor that tracks execution of a software
program. In the case of a c%{r%%ufgr Eﬁﬁnﬁ%%ﬁ\@?@ﬁrocessor, iny one
processor thread is processed at anﬁlg%iven point in time, meaning t‘hat
the processor is actively executin%‘ni §8H8Rs associated with a single

PEeg§ssorthread, of.re-assigning a Q[%)cessor from one processor
{threaqd tog%t$§ ig%%% adclés'nct%(taqsl\J/:v?tcﬁ(.e 063] fr-a RERGERTRE circuits

afpipeling pracessor, a context switch typically occurs through a hard_vvare
interrupt and interrupt service routine. Interrupt service routines typically

[PRe@lan gssoeiatetbexecutivn-timengr igteraipt overhead, thabmayore
consume valuable processor time. Additionally, in a conv_entlonal pipeline

Tt 5EEESHYL BECorteXESWiteh By pieid Wotes e atfixethintervats (e guore
every 100 s), as determined by, e.g., vendors of an operating system. 1

t?ﬁnﬁﬁ‘iﬁ?) 06041 JEHEAT ihDrid adBeCOTRISSHRERIEAR6R HestritRserces .

A processor thread represents an architectural state within a
processor that tracks execution of a software program. In the
case of a computer having a single processor, only one processor
thread is processed at any givén point in time, meaning that the
processor is actively executing instructions associated with a
single processor thread.. The act of re-assigning a processor
from one processor thread to another is called a context switch.
{0003} In a conventional pipeline processor, a context switch
typically occurs through a hardware interrupt and interrupt
service routine. Interrupt service routines typically have an
associated execution time, or interrupt overhead, that may
consume valuable processor time. Additionally, in a
conventional pipeline processor, a context switch typically
occurs only at fixed intervals (e.g., every 100 us), as

determined by, e.g., vendors of an operating system.



a processor including a pipeline stage. The pipeline stage includes a first.

input register, a second input register, a first output register, and a

second output register. The processor further includes a first selector in

communication with the first input register and the second input register,

and a second selector in communieatfBARNith the first output register and
{OEQ%§GCOQQ Qut gt [elgister. The processor also includes a._cont(oller _

operable to ¢ontrol switching of tHE Rt tand BéorftP 8Eeticia Shitth farcribes
a Hataassegia ith.a fir r r.thread passes through.the first

1i%]put reg(igs%leftiq%g/ Jp% B%eﬁnseé s%%ge%?n%ethgégﬁ r%%)éutp%t?tl?eé) iSter duiffng 529
intimelthatathe: first pregassordhreackis being progessed,and,dalda ey o

associated with a second processor thread passes through the second
£infputresister, the pipaline stagez and thesesand wutpulsregister during a

time that the second processor thread is being processed. The first input
Pre&GRtsand e first bRfdu Fyidter ‘afe operabletiostére astatergitheion
wi iﬁsttglrgcgﬁgrt tgrrtleadt and the second ingut register and the second

oré stat ofthe¥et ohidProcEegdster, and

output register arepoupergﬁﬁelt%ts?tore a st

a hreads (Qg@@kgggicy}grgm@}‘g@g@ﬂt% ¢An {nclyde one or more of the

following features. The first selector can include a multlﬁlgfer Shathe
resesond selectoheas dncndecutesmultipjexer T he pipeling stage.can .1 oo

include one of an instruction fetch unit, decode logic, issue logic,
ingledafiop controller operable to control switching of the first
and second selectors such that data associated with a first
processor thread passes through the first input register, the
pipeline stage, and the first output register during a time that
the first processor thread is being processed, and data
associated with a second processor thread passes through the
second input register, the pipeline stage, and the second output
register during a time that the second processor thread is being
processed. The first input register and the first output
register are operable to store a state of the first processor
thread, and the second input register and the second output
register are operable to store a state of the second processor
thread.

[(0005] Particular implementations can include one or more of

the following features. The first selector can include a
2



unit, read logic, or write logic. The controller can control switching of the
first and second selectors based on input defining processor time to be
allocated to each of the first and the second processor threads. The
controller can control switching of the first and se(_:ond selectors
dynamically during execution of a program or statically based ona
T eI TestaBlisHerl provesdor tiecaliocation feneackiof the first and
seccintdl g(ocessor threads. [0006] The processor can further include a first

dﬁﬁ?ellrrup hahdfing rdltneiPRANAR &f itterroptrequestassociatestwith

 Abedr C rthread, and a second interrupt handling routine to |

’ handlczéa%; %nt;aefsr%gf;th reguest aggggél?eolﬁﬁthcthe 1§§¢%ﬁ1d‘-ﬁﬁ)’e§ssgﬁ<ﬂne&dpn
The firshintarsgpthandling routing gnd the second interrupt handling

unrouetine can hg(\é/% separate entry poosints. The p?ogéjsnstof%]a arther irfihide ol

5w first exceptiombandiing rautine to-bandieanexcentignrequest .
associated with the first processor thread, and a seconq exception

dep ARdRAg PeeRRERPIandiBcart exteptian regiest assosiated Wt e £1 . oc ang

ocessor thread. The processor can further include a single

second pr [ _
th%xé&ﬁﬁéﬁ? Wah3mTS Fotftine 6- adsngle Timerapttharidling mmbn?datt_; rlflall

~ ively. handle substantially all exception requests or su stantially all -
Swiﬁ%%%% r((eL\c%ﬁuer?:lsgfg3 aéslsrosc?ateéa%wi?ﬁ%8ﬂﬁitl%ef3rr%F5ﬁH%e‘%bﬁé%?%éésordurlng

exiveasn [9902] The progessorean el nglude @ set of registers -
corresponding to eaé% of a plurality of proc%ssor thre&ds &t
established processor time allocation for each of the first and
second processor threads.
[0006] The processor can further include a first interrupt
handling routine to handle an interrupt request associated with
the first processor thread, and a second interrupt handling
routine to handle an interrupt request associated with the
second processor thread. The first interrupt handling routine
and the second interrupt handling routine can have separate
entry points. The processor can further include a first
exception handling routine to handle an exception request
associated with the first processor thread, and a second
exception handling routine to handle an exception request
associated with the second processor thread. The processor can

further include a single exception handling routine or a single

interrupt handling routine to respectively handle substantially
3



register within a set can be located either before or after a pipeline stage

of the processor. The controller can perform a context switch among the

plurality of processor threads, including stor]ng a state of'a currently

executing processor thread in a corresponding set of registers, and

loading a state of another processor thread from a corresponding. set of
alr%g?s’f&%"t‘b%’fbvﬁ forsroeessngEyithe arotherlprocessan threass {0008} q s ¢

dngeneral, in another aspect, this specification describes a processor
*Sncluding a smt%?rgé)l%férﬁ%%r@sb%ﬁdw t6eaehbirpleeaity of threads .

SSO eads. Each register,_ within a set is Iocgted either before or
[(Z‘t@ei?a piggﬁrﬁggt%%%gg?ﬁéq SFocfe%ESr.e‘ﬁwelBFoldé‘%soflflﬁ*ﬁ?erqﬁcl’aé@s gters

text switch among the
c spaondable eenialler Qperablg [ perform a.context. ds. Each
CFpjTlL?:gality of processor threads, in?:%dmg stoﬁ’né) a tate 6 5 OczﬁrFéfﬁSfa 8 ac
resketitingprotesser treaddn arcoresponding. setaf registers. and .
loading a state of another processor thread from a corresponding set o

pll%i]}lg‘t@?s fo-afiewdér procassintpobtiie. andtherqracessardhreag, ‘be_.rform a
00091 Particular implementations can include one or more of fol_lowmg
“featiress T PPograPRnabie cBAtERri i efformptessontextswitehs at an

[ ' further include a register file
inﬁ@q.@{h@sl%rjyrg%%qugleé ;I' Qge F)(fjtj‘%c?_isscc:)l'r1 l(_:lqgntly [includear grocessor
aving a p

thread in a corresponding set of registers, and loading a state
of another processor thread from a corresponding set of
registers to allow for processing of the another processor
thread.

[o008] In general, in another aspect, this specification
describes a processor including a set of registers correspoﬁding
to each of a plurality of processor threads. Each register
within a set is located either before or after a pipeline stage
of the processor. The processor further includes a programmable
controller operable to perform a context switch among the
plurality of processor threads, including storing a state of a
currently executing processor thread in a corresponding set of
registers, and loading a state of another brocessor thread from
a corresponding set of registers to allow for processing of the

another processor thread.



of banks corresponding to each of the plurality of processor threads.
Each bank can store data associated with a corresponding processor
thread. The processor can further include a plurality of program counters,
each program counter operable to indicate an execution status or a
corresponding processor thread. The processor can further include a
plurality of interrupt handling routines corresponding to the plurality of
processor threads, in which each interrupt handling routine handles an

[0 '6}5%5” Pt 5%%‘%%%&5'?9 C:Larégﬁ?'e"r‘(gei@x a.correspondin th%rngés%%%‘ read, Each ¢
of the plurality of interrupt handling routines can have separate entry

£ nROIRLS 1 TR rogessor-can. further includeapluality-ghexception handing orm
routines corresponding to the plurality of processor threads, in which

theachexeeptiow handling reutiredantlesmanrexceptionaequestl associated
with a corresponding processor thread. The processor can include a

DTSRG exXcéption RARARAY TOGHNESr a sitgleS itérrtipt haRd@iigroutihe el ity
res ectiveglrhandle substantiallz all exception ri ue§t_s or substantially all

£ ic di o he Lity o)
Hintéflipt requests Assoiated with the plurdfity-of-proces€or thr8ads & =°F
enl00191 In general, n,anotheraspect; this specification descripes a

method. including providing a -":asst processor "bread for instruction
coRXRAUBION praviding-asesconearesessorthsead ofos dastruciion execition;

processing the first processor three--'; and performing a context switch
irffromdihe fistProcesgopl program counters, each program counter
operable to indicate an execution status of a corresponding
processor thread. The processor can further include a plurality
of interrupt handling routines corresponding to the plurality of
processor threads, in which each interrupt handling routine
nhandles an interrupt request associated with a corresponding
processor thread. Each of the plurality of interrupt handling
routines can have separate entry points. The processor can
further include a plurality of exception handling routines
corresponding to the plurality of processor threads, in which
each exception handling routine handles an exception request
associated with a corresponding processor thread. The processor
can include a single exception handling routine or a single
interrupt handling routine to respectively handle substantially

all exception reguests or substantially all interrupt requests

associated with the plurality of processor threads.



thread to the second processor thread. Performing a context switch
includes storing a state of the firs-_ processor thread in a first set of
" registers corresponding to the first processor thread, and loading a state
of the second processor thread from a second set of -registers
corresponding to the second processor thread. [00117 Particular
implementations can include one or more of the following features.
%?gﬁﬁg a Statés3te4 giveniprotessbr theead: within aicoreesponding set of
dg%girsgggscan mecl%deq storing data corresponding to a pipeline stage of a
processor. The method Can frlife PRI RSt eiviig imputehangingthe hread

£ processor firpe gllacation, and performing a context switch among the first
and second processor threads based Ja%%ﬁ% Chariged processetirhethread

faflocatiom:Performing awoniext switch gan,inglude perfor ir}%tgg:lecsgntgxt

switch dynamically during execution of a program or statically ased on a
“prédioushrestished : processon time alocatien foreachef the-fisstand. ..o,
- sggggd rocessor threads. The method can fur=her include using a first

Thterrupthandiny Fottm et RERdRmart Iterdipt réqudstrassociatedh with:
sdhe first progessor thread, and using a second interrupt handling routine

to handie an interrupt. r%lqﬁfes? ggf(?ﬁaféﬁ With th&*s¥cohasietessorhiread in
a thsead. Bhe nethed-gan Juther include using a first exception handling

routine to handle an exception requegs)t assg%iatteod \%v%ﬁ the Tirst Processdr™
thread, and loading a state of the second processor thread from

a second set of registers corresponding to the second processor

thread.
foo11] Particular implementations can include one or more of
the following features. Storing a state of a given processor

thread within a corresponding set of registers can include
storing data corresponding to a pipeline stage of a processor.
The method can further include receiving input changing the
processor time allocation, and performing a context switch among
the first and second processor threads based on the changed
pProcessor time allocation. Performing a context switch can
include performing a context switch dynamically during exécution,
of a program or statically based on a previously established
processor time allocation for each of the first and second

brocessor threads. The method can further include using a first

ot

interrupt handling routine to handle an interrupt reguest
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thread, and using a second exception handling routine to handle an
exception request associated with the second processor thread. The
method can further include using a single exception handling routine or a
single interrupt handling routine to respectively handle substantially all

as RXCEPLoN requests,and; substant in eq s associated with
the first and second prgggfsﬁﬁ%fd%foﬁ%%%e%%%, Lfnsétrrl\%thaer&econd
inaspecttthis specification rdescribes aproeessorineludingan insfrugction
fetch unit operable to fetch instructions associated with a plurality of
asg5pees8er thredsha decoded responsiveto the-imstructivhdetehr unit, can
is%lée I%ggc responsive to the decoder, and a register file including a

Pz iRty o batks EorRss goniding to THE PRiraREy St prfceRgor thredds. to

nark@eh bank js operable to only store data associated witQ q:ggrresponding
processor thr%zz%?fdbl%ﬁ%lfr%gu%?Efr%%lré—ﬁr%%%té%%% deifintiiddoRgeYressor

th8eke of nhe follgwing E@Hﬁ%ﬁ'e%ﬂ@&%ﬁaﬁé%ﬁq%gpgg%nﬁsngr JSFSHLE%dle

of executed instructions associated with a given processor thread. The
an processopcandurther include acontrallerin epmnurisation with.the, -
- instruction fetch unit. The controller can determine a processor thread
Ehaegm-whidieamaéxcAsrastidnwilide fetchediby the imstructiondetehetnitpt ion
The processar can further include a set of registers corresponding to

PETEAC B 118 piUREII ofthFedds, EdeT TegHstér WRAA B8t Ean bEtocated
reéﬂggﬁﬁﬁﬂgeﬁgéﬁ%gaSubstantially all exception requests and

substantially all interrupt requests associated witﬁ the first
and second processor threads.

[0012] In general, in another aspect, this specification
describes a processor including an instruction feteh unit
operable to fetch instructions associated with a plurality of
processor threads, a decoder responsive to the instruction fetch
unit, issue logic responsive to the decéder, and a register file
including a plurality of banks corresponding to the plurality of
processor threads. Each bank is operable to only store data
associated with a corresponding processor thread.

[0013] Particular implementations can include one or more of
the following features. The data can include operands or
results of executed instructions associated with a given

processor thread. The processor can further include a
’ 7



ipeli of the processor. The controller can perform a context

g\l/\pl)i?clli'rll?irsl;[sgg the pIuFr)aIity of processor thrgads, including_ storing a state

of a currently executing processor thread in a corresponding set of

registers, and loading a state of another processor thread from ah

corresponding set of registers to aIIov_v for processing of the another
“ProTRESEE theatrTHedomFdller cantinclude aipldtality. of m{egﬁtchd unit .

allocation q unters corresponding to the plurality of processor threa s

"Each thiean Slfocaiibn SoRIBHEsn CoRtmaieavatue representngow: i ch

ime i tive processor thread.
neUChRIOCESSQr ] ej? 0 g%located for a respec p

The controller can perform a conteRtswitth ineriding switchihgra Setectoruni t .

15 caf i j i it. The selector can
Thih mu@g@a&mggggagggwqu%mgctlon fetch ufnlt. ;
inzbude a multiplexer or a de-multiplexeﬁ [SOTE]tInOgerﬁefgﬁﬁ?Sﬁé aspect,

cofrfis spegification desarbes @ @w%ﬁgg@q@ng fn%%r%sef%tsexecggg
instructions -through a pipeline stage. The means for executing _
restitions thdndes aeﬁrstanupmternbansi@rdst@megéi@_t@)eafgggogqnlpﬁLg or =
. means for 8 storing data, a first. output means for storing data_, and a
P second ostj%ﬁt?tern8gn§1?§r StoHRG TeRa. - ThEéprocessor filrther nGUgRS-8orm a

> S ) o for
kst e selecting in communication with thg first input means
Costoring gg‘?a{%%d the gggcé%j ifbUt ety 1BE siormgataarand sesetond

inﬁﬂﬁmﬁhgﬂéﬁ$¥¥E@iQ state of a currently executing processor
thread in a corresponding set of registers, and loading a state
of another processor thread from a corresponding set of
registers to allow for processing of the another processor
thread. The controller can include a plurality of thread
allocation counters corresponding to the plurality of processor
threads. EBach thread allocation counter can contain a value
representing how much processor time is to be allocated for a
respective processor thread. The controller can perform a
context switch including switching a selector that is in
communication with the instruction fetch unit . The selector can
include a multiplexer or a de-multiplexer.

[0014] In general, in one aspect, this specification describes
& processor including means for executing instructions through a
pipeline stage. The means for executing instructions includes a

first input means for storing data, a second input means for
8



communication with the first output means for storing data and the

second output means for storing data. The processor also includes

means for controlling switching of the first and second means for

selecting such that data associated with a first processor thread passes

h the first input means for storing data, the means for executing,

Séﬁn%%%e gag%aompautyrlnresé%so oF%’flotrinndec?a?ﬁ UNhg B i that tiefirstid @
sd1e5essAr: JhreacLisheing processed, and data asgociated with a second

processor thread passes through the second input means for storing
irdatadthe meansder execiding, angthe secand outpWmeansfol Storind v, e

data during a time that the second processor thread is being processed.
£ e firstinvputrreanss forstering i datacrichtherfi'st autpet seeansifosut means

storing data are operable to store a state of the first processor thread,
L Piiferdsoritf fiputdians T6CSRANg et afie the steohd mmitput

~Jneans for. Séorirég.d%ta re gperable to store a state of the second
processorthread, T001511R Jéréral T ERbtheradpect thissitiffatisata and

cilescribgs @ Bﬁg&%%@gk%di@glmg%%srf&%@ith?{g”&@at%%goffeégo2%‘29 9o

each of a plurality of processor threads. Each moans for stéjrllfrlg REIENE

irecatedeithereferg-orafter-a stage; neans-ofithe precessor: TPe. .1a second
processor further includes means for performing a context switch among

methe pldratity=efl processors thieadss tnaliding means: for StokNg a state;efa
currently
processor thread passes through the first input means for
storing data, the means for executing, and the first output
means for storing data during a time tﬁat the first processor
thread is being processed, and data associated‘with a second
processor thread passes through the second input means for
storing data, the means for executing, and the second output
means for storing data during a time that the second processor
thread is being processed. The first input means for storing
data and the first output means for storing data are operable to
store a state of the first processor thread, and the second
input means for storing data and the second output means for
storing data are operable to store a state of the second
processor thread.

[0015] In general, in another aspect, this specification

describes a processor including means for storing data
9



executing processor thread in a corresponding set of means for storing
data, and loading a state of another processor thread from a .
corresponding set of means for storing data tq allow for processing of the
another processor thread. [0016? In general, in another aspect, this
specification describes a processor including means for fetching
CIMSIRGERONS b seeiated Withfa plurklityafiprocessonibeats MRS I . pach
decod'n%the fetched instructions, means for issuing decoded .
"IRstructions “Hd Ré PR er éﬁrﬁ@éﬁtﬁ%ﬁb@f&t@dmmec%gelwn @ stage
egsor thread within a corregponding means for storing.
m%a{?r%ic%jl?arrci&gpl mentations 'canT?E%ll?&éOSﬁé%?%éﬁér&fhﬂfe follolldgs means

fdeapuesofhedata cagjpclud esQRet@ﬂdgchgn(r%eiﬁ rtega%]; %gﬁig}ésgsr RIRCessor

instructions associated with a riven process

tHurthés includewears foradetermining4-pracessgr thread from which &ly
next instruction will be fetched. The processor can further include means

SXBF Stofif grdaasosrs pondirgitoieach obthe:plusalily 9F PEREeSSOM means for
treads. Each means for storing data can be located either i0 before or
SSHENd STAgE méERH PR IBIBcesssr Thefrosessdre caninclededreans cad

r ing a context switch among the_plurality of processor threads,
f%ﬁﬁlﬂ%i%gnygg S ?o@s?&ir?ge & StatlGt A chrénthF exéafimrocesser low for

prifceading cerespondingmeans JaLsionng data, and loading a state of
[0016] In general, in another aspect, this specification
describes a processor including means for fetching instructions
associated with a plurality of processor threads, means for
decoding the fetched instructions, means for issuing decoded
instructions, and means for storing data associated with a
corresponding processor thread within a corresponding means for
storing.

[0017] Particular implementations can include one or more of
the following features. The data can include operands or
results of executed instructions associated with a given
processor thread. The processor can further include means for
determining a processor thread from which a next instruction
will be fetched. The processor can further include means for
storing data corresponding to each of the plurality of processor

threads. Each means for storing data can be located either
10



another processor thread from a corresponding means for storing data to
allow for processing of the another processor thread. [0015] The means
for performing a context switch can include means for storing a value _
representing how much processor time is to be allocated for a respective
processor thread. The means for performing a context switch can include
be fpsansfordwitchingsa setectertirat i in bemprurieation-withithe MeaRsssor
for fetching. [0019] Implementations can include one or more of the
Cao A adianisd A pREifETbrBeesseos pravided thatperfonps the
confext swi%ches without an&igterrupt overhead associated with hardware

pllilrﬁterrlutﬁ‘[sc3 e.5° ARRtSTFupt ef_@%%'roh‘ﬁﬁé?ﬁ?%éq‘ﬁ?ﬁfém%ﬁfatﬁ‘}rﬂring a
st £ontext swilches qeqy aufomaliealy and pimarily (hrouah hardware,

e.g., using a programmable thread™ allocation contro one

colifpiemenialiohanpipeline RrASESSAr saves aglate of.a irs] Progessyr ¢

thread to a first set of registers located between each pipeline stage of
anqhbepipefinesprovessory and |oads asstate- ok asecandPracessordveats ring

from a second set of registers also located between each 11 pipeline
datgafe Gtihepipelineproreesssndint | odatioarsfthe agistierssatow fortast .

optext switching times. [0020] Users, e.g., network administrators can
[Ooglugs}tomigg%omﬁ%ﬁcﬁﬁo@ THMETS 2IIGCARER S athtBcedsorinclude

[ ' initi time allocation
tead,,In,ppg.implementation, after an initial processor fi i
"**has been established, Users can further dyfigmitaty ChaRgRREesser time

is to be allocated for a respective processor thread. The means
for performing a context switch can include means for switching
a selector that is in communication with the means for fetching.
foo19] Implementations can include one or more of the following
advantages. A pipeline processor ié provided that performs
context switches without any interrupt overhead assqciated with
hardware interrupts - e.g., an interrupt service routine. In
one implementation, context switches occur automatically, and
primarily through hardware, e.qg., using a programmable thread
allocation controller. 1In one implementation, a pipeline
processor saves a state of a first processor thread to a first
set of registers located between each pipeline stage of the
pipeline processor, and loads a state of a second processor

thread from a second set of registers also located between each



processor time allocation. Users can retain full control of processor time
allotment rather than relinquishing the control to an operating sy§tem.
[0021] The details of one or more implem.entations are set forth in the
accompanying drawings and the descriptlor_} b_elow. Other f_eatures and
advantages will be apparent from the description and drawings, and from

pitheldlaims BESCRIRHON O DRAMINGS (0022] FIG,d i5a.0106K, ¢ cne

diagram of a pipeline processor architecture. (0023] FIG. 2 is method of.
S ile iA'the'pietine” processor carchitectuce o161 he(024] FIG. 3 is
[o® p(l)qck d{)asgeram of a pipeline processor in accordance Wlth_ the p|peI|'ne

processor architectufe of BREVEX f08S81ipie U st® bivckadiagremh ofitze  how

el sar. architectyre. 12 [0026] FIG. 5 is a block diagram of a
mug:ﬁe iEgc%{g%gzsgrliﬁéa%goradgjhe%cé%%}gtﬁé pifieRTBcesssarchkeedre In

ef Eip14ndBR23L]iBIG. G is-a method of performing exception hand in' in
Onthe :)Ei%)eliﬁi procéssor architectures of FIGS, gya?ncf 4° fb%z%}ﬁeéhlll%%atmn

hamethed of perforining intetrsipt Bangting i (e PRGN RIOCESSOL hange the
architectures of FIGS. 1 and 4. [00291 Like reference symbols'in the
PTOSfGES Brawiysinbnens like eldfsents. can retain full control of

processor time allotment rather than relinquishing the control

Lo an operating system.

[o021] The details of one or more implementations are set forth
in the accompanying drawings and the description below. Other
features and advantages will be apparent from the description

and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0022] FIG. 1 is a block diagram of a pipeline processor
architecture.
[0023] FIG. 2 is method of operation in the pipeline processor
architecture of FIG. 1.
[0024] FIG. 3 is a block diagram of a pipeline processor in
accordance with the pipeline processor architecture of FIG. 1.
[0025] FIG. 4 is a block diagram of a pipeline processor

architecture.
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DETAILED DESCRIPTION [0030] FIG. 1 is a block diagram of a pipeline
processor architecture 100 that is operable to process two or more
processor threads T1, T2, ... Tn. Processor threads TI, T2, Tn each
represent an architectural state within pipeline processor architecture 100
that tracks execution of corresponding software programs. Instructions for

LORRS Softwiale - progrants taivbe retrieyetkrem, forpaxamples an-BsEyston ; ,
cache (e.g., instruction cache 102). In one implementation, pipeline
ACHPGERELDT ardiitecilife PODACINEES IROTTINOre prigrant wotnters (N0t . 4.

n) of which corresponds to a processor thread T1, T2, ... Tn.
[OéE%?:ﬁ prggfgm Countef iNAEARS WheRe (fs A éaresp6RaINGProbassdring in

cnthieadkTLd 2, I0) pipeline. processor archilectyre 10 is with respect

to an instruction 13 sequence- Program counters aré discusesd fh'greater

[oeztail below.inasseciatienwilh 6 $e3-2805{Q031L 008 1. na1ing in
implementation, pipeline processor architecture 100 includes six pipeline

thatages e spopipeline stages inelude andinstrugtien fetch-stage (IF), an
instruction decode stage (ID), an instruction issue stage (IS), an
[O?ﬁ&}uctiéﬁké?xe’é%@ﬁa}tﬁge FERYoa elata nrérmovy read: states(MEYD, andicate
13 write. back stage (WB). Pipeline processor architecture 100, however,
ike elements o . .
can include a different number of pipeline stages. Pipeline processor
architecture 100 further includes an instruction fetch

DETAILED DESCRIPTION
[0030] FIG. 1 is a block diagram of a pipeline processor
architecture 100 that is operable to process two or more
processor threads T1, T2, ... Tn. Processor threads T1, T2,
Tn each represent an architectural state within pipeline
processor architecture 100 that tracks execution of
corresponding software programs. Instructions for the software
programs can be retrieved from, for example, an instruction
cache (e.g., instruction cache 102). In one implementation,
pipeline processor architecture 100 includes two Or more program
counters (not shown) each of which corresponds t£o a processor
thread T1, T2, ... Tn. Each brogram counter indicates where
(for a corresponding processor thread TL, T2, ... Tn) pipeline

processor architecture 100 is with respect to an instruction

13



it (IFU)104, decode logic 106, issue logic 108, a register file 110, an
gggc(utio% unit 112, readgllogic 114, write logic _116, and a programm.able
thread allocation controller 116. [0032] Instruction fetch unit 104 ret.rleves
program instructions from, e.g., instruction cache 102. Dec_ode Iog_lc 106
decodes the program instructions and generates decod(_ad instructions éo
be executed by execution unit 112. In one implementation, the decode

j i ' |Cro-op i ions. Issue logic 108 issues
dagtrections ase fixed lepgth fpicro-op instructions S :
de§coded instruct%ens to execution Unit ﬁ’f ford@Etutiors Britrofetiait!

: b i [ [ ithmetic logic
bp-igvcan besadoad exesution wnit Store-Lxegution unit, arithm
unit (ALU), multiply and accumulate (MAC) unit, or a composite load/store

[8Raddtion imicas déseribedsin 4. Sopatentapplicatippentifled-Variable. .
Iogngth E’i deline 14 Processor Architecture” by Hong-yl‘Chep. and Jensen
lTjengrfC aﬁ?ﬁef ABCREETS P 063361140081 x wiick Is. incosparaied

: ind irety. d logic 114 reads data from, e.g., a data
lgﬁgﬁgﬁgﬁﬁgﬁ%%%ﬁ%%ﬁ %vtrﬁ‘gs? re'Sults ofexeRfiteaistrertidnsode
shagk td1e)g., arlaiacache: £%91i3§;%fs{l@ %%%’g%r a( £%->o,rde£purf{g£ %ll%ttion
shown). [00331 Register file 11C stores data assoc_lated51 with eac
eﬁﬁﬂﬁ%§5¥ﬁﬁ@ﬁ$T¥?ﬁ2;“aTmaﬂHCmEMBﬁyeﬁEﬁ@a@@$ge (MEM) , and write
back stage (WB) . Pipeline processor architecture 100, however,
can include a different number of pipeline stages. Pipeline
processor architecture 100 further includes an instruction fetch
unit (IFU) 104, decode logic 106, issue logic 108, a register
file 110, an execution unit 112, read logic 114, write logic
116, and a programmable thread allocation controller 118,

[0032] Instruction fetch unit 104 retrieves program
instructions from, €.g., instruction cache 102. Decode logic
106 decodes the program instructions and generates decoded
instructions to be executed by execution unit 112. In one
implementation, the decoded instructions are fixed length
micro-op instructions. Issue logic 108 iésues decoded
instructions to execution unit 112 for execution. Execution
unit 112 can be a load«execution unit, store execution unit,
arithmetic logic unit (ALUY, multiply and accumulate (MAC) unit,

Oor a composite load/store execution unit as described in U.S.

patent application entitled -- “Variable Length Pipeline
14



register file 110 includes separate banks (e.g., banks T1, T2, ... Tn) that
store data associated with a corresponding processor thread T1, T2, ...
Tn. For example, if write logic 116 is writing data associated with
processor thread T2 back to register file 110, then write logic 1166 writes
the data to bank T2 of register file 110. Alternatively, a separate register

il (hot SHown) Tor Stoty data EgRespbntiHg tPesch Brotasierittead
actbdo - gHR.£BN be implemented.within pipeline RSP ACMECUIE tea

100. [0034] Programmable thread allocation controller 118°can be
byprogrammed torsteke: peacesseor fimerallgeations thathave-hgensdefined |
for each processor thread Ti, T2, ... Tn - i.e., what portion of processor
€ -fime WilFBé dedicdted tocachprovessoirtiread 351 F2 11 6Tarliteneresules
implementation, input , e.g., from a user, defining portions of processor

°LiaTo b AIbRAT 16 Kt 6R& hIGRAIiLS of procestdr thieaeas(e. geatster

£1RIOCESSOr fhreads, Ti, T¢. .. J 1V 48 received through a graphical user
interface (not shown). For examp?e, a user can allocate 95% of processor

[otine) to afisst precessor shread and:5% 19-3 secand Aracesser thread for
a dual thread pipeline processor. In one implementation, the processor

primmesalfocatioredéfified fGzeach . piocesson threadifesq spsacessernthreads
T1, T2, ... Tn) can be dynamically changed - i.e., changed during program

TeEREEGTort L1y & t8et BF prefetaBRPBY atSoMARKS proyram (€gnie sBitware .
.. proiq{ﬁr@i[l% tp es%)éerCeUtggz: 'aA‘l} g g%%g\é%lgﬁth\,% EETOCE(\E‘ Sg 8rr;[?|g] seponding
processor thread T1l, T2, ... Tn. For example, if write logic
116 is writing data associated with processof tﬁread T2 back to
register file 110, then write logic 116 writes the data to bank
T2 of register file 110. Alternmatively, a separate register
file (not shown) for storing data corresponding to each
processor thread Tl, T2, ... Tn can be implemented within
pipeline processor architecture 100.

[0034] Programmable thread allocation controller 118 can be
programmed to store processor time allocations that have been
defined for each processor thread Ti1, T2, ... Tn - i.e., what
portion of.processor time will be dedicated to each processor
thread T1, T2, ... Tn. In one implementation, input , e.g.,
from a user, defining portions of processor time to be allocated

to each of a plurality of processor threads (e.g., processor
15



allocation for each processor thread can be statically set - i.e., not
changeable during program execution. [0035] In one implementation,
programmable thread allocation controller 118 performs a context switch
automatically by determining a processor thread from which a next
instruction will be fetched (e.g., by instruction fetch unit 104). In one
thirpémdiitatisn, programmable theead alacationcantralleyLld, performs. .
. acontext switch by switching one or more selectors ,e.g., multiplexers
INSRAfG Te-HitatipreXersinot Sfowrertharare i cossmunicationWithite 955 of
instruction fetch unit 104, One implementation of a processor including

P multiplexers and e natipiixetE iR Fstforie eaAtexpdwittheg ie second
-gdiscussed i sqciation with FIGS. 3, 4, and 5. When a context
g el At Al V\{Ch’fga%viﬁ%%er%é’ﬁ%r&?é’ﬁ%?sﬂﬁead]@ one

switch occurs, an instruction associa

imfetehed dyrinstruction fetehunit 104.. Thau pipeline.stages (e.g.,
pipeline stages.pIF, IL, % IECL){EE/I%)MF—\%\%) %%%é‘h%%‘%ro%%%%@rgg f%r cach

PraFctitsstute 188 dndy contaipinstsuctions: Rssaeiated Withiwo or mere ..\ 1o
processor threads, data associated with each given processor thread is

Y IhERhed separardy thiouyh redistendife 400; thysptheyintegetycafdatan -

b agsggigted, with each processor thread is maintained. Unlike a

Y conventional Pip&ifi& Proded8branSeinayAer urecsr riterfapd serviceof tware

ine..progra le thread allocation controller 11e does not have an
o e e e e fos e
allocation for each processor thread can be statically set -
i.e., not changeable during program execution.

fo035] In one implementation, programmable thread allocation
controller 118 performs a context switch automatically by
determining a processor thread from which a next instruction
will be fetched (e.g., by instruction fetch unit 104). In one
implementation, programmable thread allocation controller 118
performs a context switch by switching one or more selectors
+€.9., multiplexers and/or de-multiplexers (not shown) that are
in communication with instruction fetch unit 104. One
implementation of a processor including multiplexers and
de-multiplexers that performs context switches is discussed
below in association with FIGS. 3, 4, and 5. When a context
switch occurs, an instruction associated with a next processor

thread is fetched by instruction fetch unit 104. Though the
16



a context switch. [00361 FIG. 2 shows a method 200 for processing
processor threads through a pipeline processor architecture (e.g.,
pipeline processor architecture 100). Input defining portion of processor
time to be allocated to each of a plurality of processor threads is received

(sten 202), Inone implementation, input allocations are received from a
plu(éser through a graphieal ugéF?ngt;ér ace. THeSprotesdortimé’ affdcatédito ¥B)

oeach processordhread.can he,stared ipa 1%99@9”@91‘% éqrr? a:g " ruf fé')ons

al"location controller (e.g., programmable thread allocation controllér
adpcgrie implerentation, oProcessar:timeds alogatesklbase g LRBVsociated
(Central Processing Unit) cycles, clock cycles and/or instruction cycles.
WIH037] Bach tHiBadis précessed byafeiipadns prdcessor eacoordiri to
-+he processor time allocated to each thread (stet 1Z 204). In one
im&%meﬁﬁ%ﬁ%ﬁ?é c%h EXt. g?/\/itcth%bl(S:Curtsh%uﬁ?%ﬁﬁcélﬁﬁ’a&for‘aﬁ’fga to the

asprocessos time all @9@@%@0@@%@ oth r@ﬁge?agds@ge%gni%hceagwg{am m a8!1el ike a
thread allocation controller. In one implementation, a programmable i

cativyeadallecatiorreontreller-cantratsa-switeRing=qf ane;ar more, myltiplexers
and/or de-multiplexers that are in communication with an instruction fetc

STt $8.g- CiHstie tioR TR IR L1 04T ceive implerranitationpatroller 118

aROYammable g‘rf;?ag allocation gontroller controls switching of one or
e £ i
more multiplexérs andior -~ -2 ad associated with performing

a context switch.

[0036] FIG. 2 shows a method 200 for processing processor
threads through a pipeline processor architecture (e.g.,
pipeline processor architecture 100). Input defining & portion
of processor time to be allocated to each of a plurality of
processor threads is received (sﬁep 202) . In one
implementation, input allocations are received from a user
through algraphical user interface. The processor time
allocatéd to each processor thread can be stored in a
programmable thread allocation controller (e.g., programmable
thread allocation controller 118). In one implementation,
processor time is allocated based on CPU (Central Processing
Unit) cycleés, clock cycles and/or instruction cycles.

[0037] Each thread is processed by the pipeline processor

according to the processor time allocated to each thread (step
17



de-multiplexers located before and after each pipeline stage of the
pipeline processor to perform a context switch, as discussed n greater
detail below. In this implementation, a state of a processor thread is
stored in, and loaded from, registers that are located before and after
each pipeline stage in the pipeline processor. In one implementation,
context switches occur at the end of a given instruction cycle. [00381 A

2determingtionds made (e.g., through programmable thread allocation
controller 118) wh her&llnptfﬁtt ynamlcgz)al Changing the proE&sEst time

aaﬂ@ﬁ&tﬂﬁlﬂ:tﬁlﬂ@ﬁ%&@fﬁ@%@@ tﬁéh%i?&w t'EH @”QE?.EGC%EO ga%o each

processor thread has not been dynamically changed, then each

tb?@t?éks%ﬁ thFsatkis protessed-accarding te the psacessardinme allgcation
o Br(-iwously established, and method 200 returns to step 204. if the
Brrlocessoﬁlme HMoRaRon TleHesh Hyhamicallypehangedathen igeactt

piocessqy,th rocessed according to the changed processor time
* allocation (st[é%%cz%z & After steprféEf’ ﬁoﬁ“% r%?%ﬁ%etoo&e‘bof%

mdisciissed-akovedP839kE1 Gy Bdlusitates.a block diagram of f’fi‘q&Pel“é‘aemn

processor 300 built in accordance with pipeline processor architecture
w100 that precessesi () processonthreadsdl, TstrlBe bAN€etch unic
implementation, pipeline processor 300 mcludes an instruction fetch unit

1%"02 a d8cOdS: 306 12 Pegisisrifie, 308pisaedoyit:d t0 Ha twadstageocat ion

c£§@§899gf”ggé%r’ éeégggchlng of one or more multiplexers and/or
de-multiplexers located before and after each pipeline stage of
the pipeline processor to perform a context switch, as discussed
in greater detail below. In this implementation, a state of a
processor thread is stored in, and loaded from, registers that
are located before and after each pipeline stage in the pipeline
processor. In one implementation, context switches occur at the
end of a given instruction cycle.

[0038] A determination is made (e.g., through programmable
thread allocation controller 118) whether input dynamically
changing the processor time allocation is received (step 206).
If the processor time allocated to each processor thread has not
been dynamically changed, then each processor thread is
processed according to the processor time allocation as
previously established, and method 200 returns to step 204. If

the processor time allocation has been dynamically changed, then
18



buffer 314, and a programmable thread allocation controller 316. Pipeline
processor 300 further includes registers Ti-Tnh and program counters
T1-Tn that respectively correspond to processor threads T1, T2, ... Tn.
Pipeline processor 300 further includes multiplexer 35(_). [OO4Q] In one
implementation, during an instruction fetch (IF) stage, instruction fetch

eaghit B0dcretievesamdnsiriction-tobe sexeciied fomfor examplesn s ngeq
instruction cache 302. Instruction fetch unit 304 retrieves instructions in

Pracesreranceifith ptogrant icountersBi, 7% ).. T fnened ﬂ@em@matmlhod
5 Ogro ram counter T1 indicates an execution status of processor thread Ti
|

& WHEVE fiBefEBréssdt St ssfith &SPt to an instruction ,
enc sogiated with processor thread T1), program counter T
[Oigngdgiclj:lates%&ar(? éxgcﬁggﬁl g%ﬁ%g%%s%cétsté)& )ﬁliﬁlllﬁl%]é‘a@SBIf:!.g tﬁt%l??,eand
pr@t@@&cguot%ﬁmEldi%tgé@&ﬁé%%'%‘i%tﬁ“,usié"éf?ﬁ@;%%wh or
processor thread Tn. [00411 During an instruction decode stage ((D“If)s)

arfristiustionse retrieved oy ipstiustien feteh unit-304 ate decaded 400421 .,
During an instruction issue stage (IS), in one implementatlon,_the _

- deEBdedWﬁs@@aimé@wmmh@nordetp@lﬁmﬁb&aﬁé@m@@@ logi€1 udes
310). Re-order buffer 314 stores the decoded instructions until the

7 Jetonea fhdtrtictidHs rdTdsuet for skedBfiBASm 876 implerenitstion, £ile

30 ég'ofggﬂebﬁfg%igcl% :{% (,a grctuv!%r—gléf;%ré execution unit 312, a re-order
buffer 314, and a programmable thread allocation controller 316.
Pipeline pfocessor 300 further includes registers T1-Tn and
program counters T1-Tn that respectively correspond to processor
threads T1, T2, ... Tn. Pipeline processor 300 further includes
multiplexer 350.

f0040] In one implementation, during an instruction fetch (IF)
stage, instruction fetch unit 304 retrieves an instruction to be
executed from, for example, instruction cache 302. Instruction
fetch unit 304 retrieves instructions in accordance with program
counters Tl, T2, ... Tn. In one implementation, program counter
Tl indicates an execution status of processor thread Tl (i.e.,
where pipeline processor 300 is with respect to an instruction
sequence associated with processor thread T1), program counter

T2 indicates an execution status associated with processor

19



[00431 Re-order buffer 314 also stores the results of executed
instructions until the executed instructions are ready for retirement, e.g.,
into register file 308. In one implementation, register file 308 includes
banks (e.g., banks Ti, T2, ... Tn) that correspond to each processor
thread (e.g., processor threads T1, T2, ... Tn) processed by processor
thz669 Bank TrHolEseranssocated with prodessardhread Fkdankiba status
holds dtata associated with processor thread T2, and bank Tn holds data
2558508 A With'prBE8sSs tRfedd TR2Fhétata can include operands
r results of executed instructions associated with a given processor
[Ot@t?rgé;d. ﬁ%ﬁjénﬁm%lrérﬁenn%ﬁgﬁ “PBRIRE P8 Ee st B0 ddbs ndRFEHiE dons
rete-osdenbufen 314.20.{0044] Puying gxecutins stages EX1, EX2,
execution unit 312 executes the decoded instructions |ssue3“?r(5m issue
[ofogic 310uExecution Rk SHaaanhe any ypeof gxegytion unit, as..
_ discussed above. Though execution unit 312 is shown as having two
impisstitietstages, exdvutibnagnied] 2roatrave ardiffereat Jueberoke - order
b )Fniﬁgeline stages. In one implementation, results of the executed
Yinsttuctivhs dre wHiEEn bagkto tewraerbaffer R andahehuétired w4

< Ledister file 308. [0045] Programmable thread allocation controller 316 is
) operableeto%zeC Béoegc%ar%nn% 15 516 %roREdsortiRe Aiioedfich e Baent ions

arProcessof thrgad Jh g 304 N - 1€ g'ggv ';I’n‘%gi‘e%’%%% 0iron, re-order
buffer 314 is a circular buffer.

[0043] Re-order buffer 314 also stores the results of executed
instructions until the executed instructions are ready for
retirement, e.g., into register file 308. In one
implementation, register file 308 includes banks (e.g., banks
Tl, T2, ... Tn) that correspond to each processor thread (e.g.,
processor threads T1, T2, ... Tn) processed by processor 300.
Bank T1 holds data asgociated with precessor thread T1, bank T2
holds data associated with processor thread T2, and bank Tn
holds data associated with processor thread Tn. The data can
include operands and/or results of executed instructions
associated Qith a givén processor thread. In one
implementation, pipeline processor 300 does not include a

re-order buffer 314,
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time will he dedicated to each processor thread T1, T2, ... Tn. In one
implementation, input, e.g., from a user, allocating portions of processor
time to each processor thread T1, T2, Tn is received through a gra_phmal
user interface (not shown). In one implementation, the processor time
allocation for each processor thread Tl, T2, . .. Tn can be dynamlcally_

[ 0@ﬁéhgedlhsrangsemd:n@nedrmoIemgléatimﬂhem{gqemémg@Illogggqgn 319
for each processor thread T1, T2, ... Tn is changed dynamically through

exg Ioffivare &ppiictivnbeing proesdsuts by proedssora00i fO046] dydae3 10 .

- imglementation, rogrammable thread allocation controller 316

xecutl g%?g

autornaticaly perdfms F ctiteRPEwheR bethettiepidcesorthreads 1,

o : - o ith
didlussdf Ry.switchi jplexer 350 that is in communication wi .
lins@ilrs‘l’fétiontg‘étch unitn%(q)rﬁg or 2?%?(3%% 8, dlifing 2timé thatpipRIiAe having

twbl‘(‘;lﬁ@ﬁﬁﬂr@%ﬁa@{@ﬁ?s%iﬂgcQ&%%f@r%TicQ%UIQB@Xeggg%%erent
controlled to pass instructions associated with processor threa

nuttreughithe pigeline stages of pipelinemprocessendA0\Whsh acontexts of
switch occurs from processor thread Ti, multiplexer 350 is controlled to
thp 8ESHEFEE GRS 5sstidtedswithanothek robessorthreas; &gsr buffer
rocesfjsor thread T2. In_.one implementation, multiplexer 350 is an n-to-1

P Hulpfexe? S or H%ﬂetiﬁlp@ﬁféﬁﬁfor{iﬁi%g?&ﬁ_mable thread allocation
Lo§28Yr0lek-310 Incudes 2 el Of frear & ocaron, S INe 3 {8 %
thread allocation counters T1-1n) fhat detsnfihe
operable to be programmed to store processor time allocation for
each proceséor thread Tl1, T2, ... Tn - i.e., how much processor
time will be dedicated to each processor thread T1, T2, ... Tn.
In one implementation, input, e.g., from a user, allocating
portions of processor time to each processor thread T1, T2,
Tn is received through a graphical user interface (not shown) .
In one implementation, the processor time allocation for each
‘processor thread T1l, T2, ... Tn can be dynamically changed by a
user. In one implementation, the processor time allocation for
each processor thread T1, T2, ... Tn is changed dynamically
through a software application being processed by processor 300.
[0046] In one implementation, programmable thread alloéation
controller 316 automatically performs a context switch between
processor threads Tl, T2, ... Tn by switching multiplexer 350

that is in communication with instruction fetch unit 304. For
21



a weighting that corresponds to processor time alloc_:ated to each
processor thread. For example, in one implementation, each of thread
allocation counters Ti-Tn contains a value that reprgsents how many CPU
cycles are allocated for each thread. For example_, if thread aIIocatlon_
counter Ti contains a value of 256, thread allocation counter T2 contains
a value of 16, and thread allocation counter Tn contains a zero value,

: . . ) . 5
- instr s will be first fetcheg from processor thread Ti for 25 '
eé%gl%éé]élegl,&#?e%]gin%trpu%ﬁb ns Wil Be RRCHEE RIFA 766685610 threador2der s ing

ERUyclessand zero jpstrugtions will he fetched f{o rocessor
pgt:wﬁr)ead Tdr:TYinstructions are the&rjllc%getchgd from processor threads 1 BHiF

T2 By foranether 256:€P Ui eyclps apesle CRY cyglesr respectivaly, ;.
and so on. The 22 instruction fetching can continue accordingly until the
RETes Wit 8Re Stimisie ot ihe threatalivoatibmcounteesate «changed.

ocation counter T1-Tn reaches a zero va_Iue, then '
Sﬁ%g%%%n%%?egtﬁ%ré% AIoCATIBN Colnter 39 6 Sitches Frdieiprexet 850t

) i i [ I ‘ instruction
asgdnsteuctionsassociated with;a next, proces ordthre%%to ins
CFetch unit 304 fosrp%rocessing. [06487 FIG. 478 aélstb ock’ldlagr%?r?tbl?%r

Phipetineoprodessen arehifectuse 4 that is ppesabledo pregegs fwo or
.mare processor threads T1, T2, ... Tn. Instructions associated with

* BP0 S8 rthisats THfFZ;Rleméah%é fetrieved fram foruexappieean
[HH%?FﬂO%gaggg(gékigﬁ@%@@?ﬂﬁﬁcgiégiémmable thread allocation
controller 316 includes a plurality of thread allocation
counters (e.g., thread allocation counters T1-Tn) that determine
a weighting that corresponds to processor time allocated to each
processor thread. For example, in one implementation, each of
thread allocation counters Ti-Tn contains a value that
Tepresents how many CPU cycles are allocated for each thread. -
For example, if thread allocation counter Tl contains a value of
256, thread allocation counter T2 contains a value of 16, and
thread allocation counter Tn contains a zero value, then
instructions will be first fetched from processor thread T1 for
256 CPU cycles, then instructions will be fetched from processor
thread T2 for 16 CpU cycles, and zero instructions will be
fetched from processor thread Tn. Instructions are then fetched

from processor threads T1 and T2 again for another 256 CPU

cycles and 16 CPU cycles, respectively, and so on. The
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[00497 In one implementation, pipeline processor architecture 400

includes six pipeline stages. The six pipeline stages include an instruction

fetch stage (IF), an instruction decode stage (ID), an instruction issue

stage (IS), an instruction execution stage (EX), a data memory read stage

(MEM), and write back stage (WB). Pipeline processor architecture 400,
inkowever,ocoar included differenirumber ek ppRlingstagesRipeling vaiues

_processor architecture 400 further includes an instruction fetch unit (IFU)
WiAHATdEEsIe o gieu069 isstiedotitr408), arl bxeeutiom urit4tereeagklegic

412, write logic 414, and a programmable thread allocation controller 416.
“NBliskiRe proceSEoT arbritadufe 4003$ Sinilaictensipelifé pFocessorhes a zero

v itecture of FIG. 1. however, pipeline processor architecture 400
a%{ﬁ{'er%%eﬁlcﬁ)ur(?e%rgné%?%g&s ekr}ép e%g.,a Stare At--RTURASK 73 Y6 catebt ches

mulbetween.each pipeli e o} d_after each stage) for storin
a szlg?e of a coﬂs%?n%%%%%%ef@%?fh%gg '?’F SIQZCla%enqsdﬁ?ﬁ aacéln?é)%?
prowitshof) 050} Repisiers Abhisiore.a ate-of Rracessor thead,Th e fi ng |
. like manner, registers B1-B7 store a state of processor thread T2, and
[OpédibtersINEN74store a Statecsf piosessor thteadpIpelniageprocessor
implementation, each register Al-A7, B1-B7, N1-N7 stores a state of a
X EBireSHoHAMG ProckRass fifeaBSREBdm - Storng asstaterof datanore
prgg%duced lg%a co re%plondrigg pipeline .sta%e of pipeline processor

88507 ., i i
architecture 400 af the end‘of given T»+  Instructions associated with
processor threads T1, T2, ... Tn can be retrieved from, for

example, an instruction cache (e.g., instruction cache 402) .
[0049] In one implementation, pipeline processor architecture
400 includes six pipeline stages. The six pipeline stages
include an instruction fetch stage (IF), an instruction decode
stage (ID), an instruction issue stage (IS), an instruction
execution stage (EX), a data memory read stage (MEM), and write
back stage (WB). Pipeline processor architecture 400, however,
can include a different number of pipeline stages. Pipeline
processor architecture 400 further includes an instruction fetch
unit (IFU) 404, decode logic 406, issue logic 408, an execution
unit 410, read logic 412, write logic 414, and a programmable
thread allocation controller 416. Pipeline processor
architecture 400 is similar to pipeline processor architecture

of FIG. 1, however, pipeline processor architecture 400 further
23



instruction cycle. For example, when procegsing in_structions a;somated
with processor thread T1, at the end of an mstrgcﬂon_ cycle register A3
can store a state of data for processor thread Ti recelvepl from decode
logic 406, and register A5 can store a state of data re_c_elved from
execution unit 410. Registers Al-A7, PI-B7, NI-N7 chmtate context
switches in that they permit a state of a corresponding processor thread

it irectly. rom (or stored to) a given register. In one )
li%p?gﬁgﬁt%tigﬁ?@gfgﬁfls%% ?eggi%tgr's ’AI%‘?’}@FE?? NARNFAT i%fca‘@é?d N1-N7)
Treiatively iolase:thadunstionalunihwithin, gipefige Pﬁ%%%srseoré"ggh'é%‘%gée each
400 (e.c " between each pipeline stage) and permits fast context
SRREhinEimeso24 18051} lreonedmplerseptaligfs iogeampmable thread, . o
Tgllocation controller 41.6 performs a context SWItC.h automatically by
§Witgﬁihg'one BF niretRfulBpleRers Bhdmr de=multiplexers (not shown)

| db fter each pipeline stage (e.g., pipeline stages IF, ID,
[I%WE&; M%%ﬁ%%&n%ﬁﬁ%ﬁe%@ﬁt%ﬂ%n Of 4 proceSSGInERRNG hread T1.
Imultiplexers.andde-mudtiplexers that perfo E@)_gecoantgég%\gltgs\i%? cessor

discussed below in association with FIG. 5. When a cont_ex .
thEears, Bhe seroftregisters @y - vegistessAlA'7} assogiated Witha - ¢ 1veag
current processor_thread (e.g., processor thread T1) from which the
TonteRt SWifch TO 1S BRELR Sictes #3tite DEtis tarrent processprshread -7

itch, a state of a next processor thread
SggrggngplgE%Ehee 8 ntaexégrv‘vrg:sponding processpor thread including

storing a state of data produced by a corresponding pipeline
stage of pipeline processor architecture 400 at the end of given
instruction cycle. For example, when processing instfuctions
associated with processor thread Tl, at the end of an
instruction cycle register A3 can store a state of data for
processor thread Tl received from decode logic 406, and registerk
A5 can store a state of data received from execution unit 410,
Registers Al-A7, B1-B7, N1-N7 facilitate context switches in
that they permit a state of a corresponding processor thread to
be directly loaded from (or stored to) a given register. In one
implementation, each set of registers Al-A7, B1-B7, N1-N7 is
located relatively close to a functional unit within pipeline
processor architecture 400 (e.g., between each pipeline stage)

and permits fast context switching times.

24



(e.g., processor thread T2) is loaded from a different set of registers (e.qg.,
registers B1-B7) associated with the next processor thread. The pipeline
processor processes the next processor thread in the following instruction
cycle. In one implementation, context switches occur at the end of an
instruction cycle (i.e., after data from a pipeline stage has been saved to
[08ATdssociatethregistel)ctopermit seamiess eariexb 1switohesa 00521 -G s on
5 illustrates a block diagram of a pipeline processor 500 built in
COREEBrdHTe With pRpdliensrctesspt earthitedturd 490that pracesEesHwOo
threads Ti, T2. In one implementation, pipeline processor 500 includes an

Swll:%s Ricton 25 (EnTiEs OX 1 HBLGHEF 8084 fagistist file Bosp lsstrripgiciot
o ajtwos 2cution unit.512, a re-order b gfer. 514, and a
A g o ﬂePSPLé?E’E fhe® brsesSorso0

programmable thread allocation contro |perhne p
pi fihelkinehidessa first sef of fegiskars Mepd thaf 90”8§80%§£§r9£%%% n ot
thread T1, and a second set of registers B1-B6 that corresponds to
a processorthiead §2iRjpeline proesssos S0Qfurthanineudes program , «
counters Ti, T2, multiplexers 550, and de-multiplexers 552. [0053] In one
PehhpldtfieAtatioRc Husngtahrstrictiohsetors@E) stage, instraction fetchon with
1 é;lnit5504 {&trieves an instruction to he executed from, for example,
instrctior cactie 582 fStruttioh Tetth TS5 0P F&triE0Es Fisthirgibpsans

(eﬁ§99“¥¥§¥%@@PJIQQUH9> associated with a current processor

thread (e.g., processor thread Tl) from which the context switch
is to occur stores a state of the current processor thread. To
complete the context switch, a state of a next processor thread
(e.g., processor thread T2) is loaded from a different set of
registers (e.g., registers B1-B7) associated with the next
processor thread. The pipeline processor processes the next
processor thread in the following instruction cycle. 1In ocne
implementation, context switches occur at the end of an
instruction cycle (i.e., after data from a pipeline stage has
been saved to an associated register) to permit seamless context
switches.

[0052] FIG. 5 illustrates a block diagram of a pipeline
processor 500 built in accordance with pipeline processor
architecture 400 that processes two threads Tl, T2. In one

implementation, pipeline processor 500 includes an instruction
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counters T1, T2. In one implementation, program counter T1 indicates an
execution status of processor thread TI (i.e., where pipeline processor
500 is with respect to an instruction sequence associated with processor
thread T1), and program counter T2 indicates an execution status
associated with processor thread T2. [0054] During an instruction decode

FestaiyefiDy, instructions: setieveshiy, instiictionfetechunit5e8d are; ssue 1o0gic
decoded. [0055] During an instruction issue stage (IS) , in one

> 1inpRni@ittationgthecdecodadinstmuc tions are senttatetordesubaffer 514, and
through issue logic 510). Re-order buffer 514 stores the decoded

& rs?ﬂl%%fﬁ[ﬂ%kﬂrﬁil B&Coded RistiictbnNs e ard issued t6r- exdturtidni.in

jmple tation, .re-order buffer 514 is a circular buffer. [0056]
pr%%%?&% gﬁ%raﬁ[ﬁ%ﬂg@g StErE R eRuftd 'of exBRtedt _iﬁﬁﬁf&j%‘?%sqr?tﬂ A6
nthe execuiggingructions. are.eady retirement, e.q, into regqister file
- 508. In ontfl%jmplement%on, registe(r@f? eeg(()gS r#\%u@ensgtv\éilo ’Bgﬁ%g I,S‘f'ﬁ. of

reBankeEl holdsdatanassaciated with Brocessor thiead 11 ..and bank, T2
holds data associated with processor thread -2 - Register file 508 can

Pipflddle dress imderxs(Mot Showm)thanintichies pegisters feommwbich T1, T2,
data will be loaded. The thread index ensures that data from a register

o {BURIET WifTR cuRRAIS-mulEiplexers 552.

[0053] In one implementation, during an instruction fetch (IF)
stage, instruction fetch unit 504 retrieves an instruction to be
executed from, for example, instruction cache 502. Instruction
fetch unit 504 retrieves instructions in accordance with program
counters Tl, T2. 1In one implementation, program counter T1
indicates an execution status of processor thread T1 (i.e.,
where pipeline processor 500 is with respect to an instruction
sequence associated with processor thread T1), and program
counter T2 indicates an execution status associated with
processor thread T2.

[0054] During an instruction decode stage (ID), instructions
retrieved by instruction fetch unit 504 are decoded.

[0055] During an instruction issue stage (IS), in one
implementation, the decoded instructions are sent to re-order

buffer 514 (through issue logic 510). Re-order buffer 514

stores the decoded instructions until the decoded instructions
26



executing processor thread will be loaded in_to regi_ster file 508. [00571
During executions stages EX1, EX2, execution unit 512 gxecutgs the
decoded instructions issued from issue logic 510. Execution unit 512 can
be any type of execution unit, as discussed above. Though execution unit
512 is shown as having two pipeline stages, execution unit 512 can have

arg diffsrsift Aambeestpipetine stagesidn onel implamentation esults of

5 thre exe%ted instructions are written back to re-order buffer 51.4, and then
“etired to registér fite 508 2f0088] Programmable thread allocation

trolleg 916.i5..Qp to be pragrammed to store processor time
{Ogﬁ)ggatior% %o? I(Iaée:l%% gr[gﬂéé%s]éo?b%ﬁredg%‘? S ST o imp R htativh, @Fecuted

srprogrammablethread allocation santraler 516, aytmalically, performs a
context switch between processor threads T7., T2 by SW|t_ch|ng
refmiifpRIXers 550 -and desmuitiplexers 552 docated respestively before and
. aEter eachtpipeline stage (e.g., pipeline stages I_F, ID, IS,’ _EXIZ EX2) of
TTBipeling procdssof 07 tESr Exampié Sdireg adirme that pipelineT:, T2 .

S 0j ocessing processor thread T1, multiplexers 550 and
Bagri?ngu%%%%rs%g% agrésc%%%%l%% f“(')lﬁfgls? MsttRtichs “asseciatdd withd bank

T2precessarthsead Jbéthreughthe:pipeline stages, of pipeline e tex
500). State information for processor thread T2 is stored in regiStérs

£1 pg 5368 \Whan tnedntéxt swifichead index (not shown) that indicates

registers from which data will be loaded. The thread index
ensures that data from a register associated with a currently
executing processor thread will be loaded into register file
508.

[0057] During executions stages EX1, EX2, execution unit 512
executes the decoded instructions issued from issue logic 510.
Execution unit 512 can be any type of execution unit, as
discussed above. Though execution unit 512 is shown as having
two pipeline stages, e#ecution unit 512 can have a different
number of pipeline stages. In one implementation, results of
the executed instructions are written back to re-order buffer
514, and then retired to register file 508.

[0058)] Programmable thread allocation controller S16 is
Operable to be programmed to stére processor time allocation for

each processor thread T1, T2. In one implementation,
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occurs from processor thread T1, registers Al-A6 store a state of
processor thread. T1, and a state of processor thread T2 is loaded from
registers 31-36 (through multiplexers 550 and de-multiplexers 552) and
processed by pipeline processor 500. In one implementation, each of
multiplexers 550 is a 2-to-1 multiplexer, and each of de-multiplexers 552

prigyadmten dle-medtiplexen &xcepionddanding [0059] When sRrocess9t,
(e.g., processors 300, 500) built in accordance with pipeline processor

Pe BFEHIRECtEresCTOC: 4005 distebtstart exeeptiom dhe normah seguenae of T2 by
instruction execution is suspended. An exception is an event that causes

Y S hSPERSIOR O gt AR PrSgRath eRBubEn PP sEEresptic it 28 irdlade,

r example, addressing exceptions, data exceptions, operation
rege%(%%tﬁfigr%,yo%er 8ﬁ‘eex%%%(ti%gg?6ro?38%oﬁ’ BeEpiGnE FafGerfong -

pi}§¥§§ﬁg0@§§§g§ol%' AR ,exf§P“E5Z:fT,‘a%x% gg@eraitegpyn%ardz\.lv aggsogor 500.
software. [0060] FIG. 6 illustrates a method for performing exc%p?lon

Fohaading ie A precessorimplementad aecouding 4o pipeline, Hroeessor
architectures 100, 400. An exception request occurs while instruction i of

precgivehrttreactbisaseing execeated (Stepm6Q2)i Pregears cmtemrvalues
associated with each processor thread are saved, along with a state of

e Tt MGIRECONSS Jithie e pipetiheast the precsssor(stape604)in one

associated with processor thread Tl (through the pipeline stages
of pipeline processor 500). State information for processor
thread T2 is stored in registers B1-B6. When a context switch
occurs from processor thread T1l, registers Al-A6 store a state
of processor thread T1l, and a state of processor thread T2 is
loaded from registers B1-B6 (through multiplexers 550 and
de-multiplexers 552) and processed by pipeline processor 500.

In one implementation, each of multiplexers 550 is a 2-to-1
multiplexer, and each of de-multiplexers 552 is a 1-to-2
de-multiplexer.

Exception Handling

[0053] When a processor (e.g., processors 300, 500) built in
accordance with pipeline processor architectures 100, 400
detects an exception, the normal sequence of instruction
execution is suspended. An exception is an event that causes

suspension of normal program execution. Types of exceptionsg
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implementation, all instructions within the pipeline of th(_a processor are
aborted, or flushed. The processor jumps to an exception handling _
routine associated with a given thread (step 606). In one impleme_ntatlon,
each processor thread has an associated exceptio_n handl_ing routlne_that
is separate and independent from exception hano_lllng routines assomated
with other processor threads. In one implementation, a single exception

. ing rautine performs exception requests for substantially all ‘
lg%%:qé%%gér threac sflr[@égl] fﬁéﬂ EXeEplion TEGHBSE R ExeciRéd by & gRietPns

«xception, handling;rautine (step 608). After the exception request has
beeﬁpéerformed %];?lthe processor, pro§ram%oﬁ%?5ﬁ vglﬁageacr%l?enstored

ewithiprprogramucoantarswofdhedyocessor, and a state 29 ghinstugtions, ...,
(prior to the exception request) is restored within the pipeline of the

bﬁro‘%%%%?%@fépb@l@)@fﬁ?@p?o@swfﬁewmes‘profgram execu-iotn of the
tinstruction ‘e.g _instruction i+l) after returning from an exception ,
[ﬁgﬁgl?ng L%g{u%neg(sjtég”&tﬁ?ﬁﬁteap BES e pricesesl eaRimsupieception

. . . ot Dls, JCES ) o,
rografy instruction.atinstructign,i f the. instruction is to be re execut
h?Lnterrug%I Hance [00621 Interrupts Witﬁﬁtg Processor intpleménteg - me

raecereiog tarpipetineqroeessonarchitecturgs 100,400 are PQQQ@; occurs
similarly to exceptions. FIG. 7 illustrates a method for handling

while instruction i of a given thread is being executed (step
602). Program counter values associated with each processor
thread are saved,‘along with a state of current instructions
within the pipeline of the processor (step 604). In. one
implementation, all instructions within the pipeline of the
processor are aborted, or flushed. The processor jumps to an
exception handling routine associated with a given thread (step
606). 1In one implementation, each processor thread has an
associated exception handling routine that is separate and
independent from exception handling routines associated with
other processor threads. In one implementation, a single
exception hahdling routine performs exception requests for
substantially all processor threads.

[0061] The excéption request is executed by a given exception
handling routine (step 608). After the exception reqguest has
been performed by the processor, program counter values are

restored within program counters of the processor, and a state
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interrupts in a processor implemented according to pipeline processor
architectures 7.00, 400. [00631 An interrupt occurs while instruction i of a
given thread is being executed (step 702). Program counter values
associated with each processor thread are saved, along with a state of
current instructions within the pipeline of the processor (step 70). The
processor jumps to an interrupt handling routine associated with a given

oihreadJsten 708) In.Qne implementation, each processor thread has an
associated interrupt handling rout%eeﬁg\i‘“r%%lgﬁlp eﬁﬁ?‘b%siﬁbthhf‘ jgestored

wsgeparaterancbinsiependent from entey-paints a@éggiﬁt%qw’jth i%ggulg&)cessor
handling routines associated with other processor threads. An entry point
TR tArtiv addre ssrsfcart interropt 80<handling routtinec tn.ene (e . g.
i]inrg Iem(te:ntation" a single interrupt handling routine (with a single entry
DOINt) PerHBTS ThtePUNET fordidtantaliy an processorhieadsi1{0084hs

Thesinteryupt uted py a given interrupt handling routine (step 708).
" After the Yin{ee%rgur?:& %25' becfr%/ pse‘?%?meecf by “tHe BFOEEEEEP programcsttitfer

pyaliesiatmeestored within program-caupters of the pracessor, and a state
of instructions (prior to the interrupt request) is restored within the pipeline
Tof e proeessor (step 710). The processor resumes program execution

of the next instruction (e.qg., instruction i+l) after returning from an interrupt

handﬁ%ﬁ%ﬂ%—@@ﬁ;ﬁ%

[0062] Interrupts within a processor implemented according to
pipeline processor architectures 100, 400 are handled similarly
to exceptions. FIG. 7 illustrates a method for handling
interrupts in a processor implemented according to pipeline
processor architectures 100, 400.

[0063] An interrupt occurs while instruction i of a given
thread is being executed (step 702). Prograchounter values
associated with each processor thread are saved, along with a
state of current instructions within the pipeline of the
processor (step 704). The processor jumps to an interrupt
handling routine associated with a given thread (step 706). In
one implementation, each processor thread has an associated
interrupt handling routine having an entry point that is
separate and independent from entry points associated with
interrupt handling routines associated with other processor

threads. An entry point is a starting address of an interrupt
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[00651 A pipeline processor built in accordance with pipeline processor
architectures 100, 400 can be used in a wide range of applications.
Example applications include data storage applications, wireless
applications, and computer system applications. [0066] A number of
implementations have been described. Nevertheless, it will be understood

hathat Masionsumodificationsomayshe Mmadewiihout departing from the spirit
and scope of the invention. For example, the steps of the methods
haddseribed calyove: cdm behperferimed i anlifferepborder anskstilachieNee rrupt s
desirable results. Accordingly, other implementations are within the scope
Fopt P fiRmwing laints! BIPHCOYEs WISEAWRAT . IS CLAIMED IS: 1. A
essqQr, comprising: a pipeline comprising multiple pipeline stages
wﬁwc Edinggg%ejt ‘f?é%%% s "EoIT&SSOndiAg ¥ eAcH bY @pliFdiRy sRPt handling

pracessesthre ncludipg a first pracessor thread and a second
rOprocessgr th?e:ﬁ%%e re%ig%g b%k% located %%For%aasndo SfLr Rechormed by

chpipalinessiage, indhegnuliiple-pipeline stages,otthe pipeling ofthe 1,
processor; wherein each pipeline stage includes a first selector in
pregramunivationrwitle finputregistess fasthas pipeling stage, &nd a $e£08d; ons .

selector in communication with output registers for that pipeline stage, the
(PHHSUL registers and seentputeeyisters beingelomthe setof fegisterspipel ine

anﬁi a programmable controller operable to perform a context switch
oféhéhé%ﬁgessor (step 710). The processor resumes program
execution of the next instruction (e.g., instruction i+l) after
returning from an interrupt handling routine (step 712).
[0065] A pipeline processor built in accordance with pipeline
processor architectures 100, 400 can be used in a wide range of
applications. Example applications include data storage
applications, wireless applications, and computer system
applications.
[0066] A number of implementations have been described.
Nevertheless, it will be understood that wvarious modifications
may be made without departing from the spirit and scope of the
invention. For example, the steps of the methods described
above can be performed in a different order and still achieve

desirable results. Accordingly, other implementations are

within the scope of the following claims.
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plurality of processor threads, including stori_ng a state of a currently

executing processor thread in a corresponding set of rgglsters ar!d

loading a state of another processor thread, by controlllng_swnchlr_lg of LLOYD WISE
the first and second selectors such that data associated with the flrst .
processor thread pass through the corresponding first sets of registers,

and the multiple pipeline stages, during a time tha_t the first processor

thread is being processed, and data associated with the second .

processor thread pass through the corresponding second set of registers,

\AthtAMM &S BuApeRIipEtine stages, during a time that the second processor
thread is being processed, wherein the programmable controller includes

a plurality of eﬁgp rdware thread allocation counters
coeresa:)'ondinﬂg o‘%ﬁé%g@%ﬁ?&“ &rgrlggtessor threads to effect the context

switcfﬁb@ﬁ'@ﬁé'lﬁmmﬁﬁmmwdmpmiﬁéma?gﬁgﬁ@mgﬁiigﬁsters
U NI AR RS MM TS rosr
Bfeadiang, avtraentrecsrRsgeiiree Tbmwmegf[ieﬁereoh%igggdra?rgﬂﬂa?br?énd after
e A SR RS BN s,
WISEVPRIEE S AhRIRRIe Plroprioekises afftrtiselsdtatieconmpisirgion with
e e T o
OHA%L&Iéegllﬂﬁfgr ﬁbf%ﬁﬂ@ﬁ“&@éﬁ@&?e&*@viﬂmﬁéeﬁétﬁm proctesouthukadgisters
being from the set of registers: and

a programmable controller operable to perform a context switch among the
plurality of processor threads, including storing a state of a currently executing
processor thread in a corresponding set of registers and loading a state of another
processor thread, by controlling switching of the first and second selectors such that
data associated with the first processor thread pass through the corresponding first
sets of registers, and the multiple pipeline stages, during a time that the first
processor thread is being processed, and data associated with the second
processor thread pass through the corresponding second set of registers, and the
multiple pipeline stages, during a time that the second processor thread is being
processed,
wherein the programmable controller includes a plurality of dedicated hardware
thread allocation counters corresponding to the plurality of processor threads to
effect the context switch by the programmable controller within the processor, each
thread allocation counter to contain a value representing how much processor time

is to be allocated for a respective processor thread.

2. The processor of claim 1, wherein the programmable controller
controls switching of the first and second selectors based on input defining

processor time to be allocated to each of the first processor thread and the second
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4. The processor of claim 3, wherein the first interrupt handling routine

and the second interrupt handling routine have separate entry points. 5.

The processor of claim 1, further comprising: a first exception handling i OYD’ WISE

routine to handle an exception request associated with the first processor = "'~

thread; and a second exception handling routine to handle an exception

request associated with the second processor thread. 6. The processor of
potarashrftmbad comprising a single exception handling routine or a single

interrupt handling routine to respectively handle substantially all exception

requests or substantially all interrupt requests associated with both the

first p?ocessﬁmmemﬁemwec@mndmmhgﬁgﬁgi 7. The processor

of clai ISl reqister file jncluding a plurality of banks \
corrﬂéﬁ%ﬁﬂﬂ?@ﬁﬁﬂﬁ%@ uﬁﬁﬁtéoo%?g 80MRrEYY S esuiast BaaRrciated with
th@ﬁgﬁélﬁ@f‘@%‘?@fé’&r@%ﬂa%&ia&d with a corresponding processor thread.
8. The $e6RGSATRF R £ rising,a plurality of program _
" oggters, each proglfg?nﬁégglrwgbgggﬁa%% ﬁé{ﬁ@'ﬁ;g{yg é)‘(’@gﬁﬁ Heshfigsociated
& SeRDRIRG SHBEE¥SScthread. 33 LLOYD WISE 9. The processor
of claim 1, further comprising: an instruction fetch unit operable to fetch
instr tionSﬁssociated with a plurality of processor threads, including the

first g‘?ocessoretﬁrrggfasﬁ?(ﬁ Bl&'aiBohdv proeisstes firseinteeraeicaatediing routine
an@ e nsiventd ititerngrhelieiNfgtebusing HESH S RRIGIE DRSNS tpsthe
decoder; and
5. The processor of claim 1, further comprising:
a first exception handling routine to handle an exception request associated

with the first processor thread: and

a second exception handling routine to handle an exception request
associated with the second processor thread.

8. The processor of claim 1, further comprising a single exception:
handling routine or a single interrupt handling routine to respectively handle
substantially all exception requests or substantially all intérrupt requests associated
with both the first processor thread and the second processor thread.

7. The processor of claim 1. further comprising a register file including a
plurality of banks corresponding to each of the plurality of processor threads, each

bank operable to store data associated with a corresponding processor thread.

8. The processor of claim 1, further comprising a plurality of program

counters, each program counter operable to indicate an execution status of a
corresponding processor thread. - |
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a register file including a plurality of banks corresponding to the _plurallt)_/ of
processor threads, each bank operable to only store data as.souated with OYD WISE
a corresponding processor thread. 10. The processor of c_Ialm 9, Whgrefﬁ- v
the data includes operands or results of executed instryctlons associated

with a given processor thread. 11. The processor of (_:Ialm 9,_ the _
progra@mablﬁhcontroller in cgmmunicatlon with the instruction fetch unit,

the programmaglg 'ConrONEP B@’%ﬂa fm@fﬁﬂﬂ?@ﬁiﬁ%cgssor thread
from witidheirnetio nttcictionit witidvetfietchestdty ithariasHsti iRtshdlith o

fclaim 9, . in the programmable controller is
O A IR BRTRATRERY Fimaraitosecon
RHOeRRATURIEAGHN with the instruction fetch unit. 13. The processor of
claim li?dé%ﬁ%ari%@%H%Q@{Hé%‘%&%{@#%t& V%Eﬁ[able to control

switchjng of the selector that Is in communication the instruction

fetch (Fiit8yRLiRiteiRoasHRtetbedrirden pnogram. 14. The processor of
claim é%e@ﬂb@ﬁmetm%ﬁf@ﬂ@%‘B]é%ﬁt?@?%%%s'ﬁoﬂ%%@%ﬁﬁr?&? l?n{tﬁ%pluraﬁty of

switchin%&f the selector that is in communication w C
|

HERERTR: YRR A5550r0k Qnreablerderami storecdstoatinteaitedatitn a

domespbnaithe pdedyrahrsggessor threads. ;4 LLOYD WISE 15. A
method comprising: providing a first processor thread for instruction

execution; providing a second processor thread for instruction execution;
procesSing thibdirstqoemnasser thipad; AMtrein the data includes operands or

results of executed instructions associated with a given processor thread.

11. The processor of claim 9, the programmable controller in
communication with the instruction fetch unit, the programmable controller operable
to determine a processor thread from which a next instruction will be fetched by the

instruction fetch unit.

12. The processor of claim 9, wherein the programmable controller is
operable to perform a context switch including switching a selector that is in

communication with the instruction fetch unit.

13.  The processor of claim 12, wherein the programmable controller is
operable to control switching of the selector that is in communication with the

instruction fetch unit dynamically during execution of a program.

14. The processor of claim 12, wherein the programmable controller is
operable to control switching of the selector that is in communication with the
instruction fetch unit statically based on a pre-determined processor time allocation

for each of the plurality of processor threads.
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performing a context switch from the first processor thread to the secon_d
processor thread including, storing a state of the first processor thread in aU VD WiSE
first set of registers corresponding to the first processor thread; and Wi
loading a state of the second processor thread from a second set of

registers corresponding to the second processor thread, wherein the

: : o ith
erforming cqmprises performing the context switch in acc_:ordance wit
gignalﬂr’om %‘ g?%%ﬁ'r%%?ﬁgﬂj%'%a%troller including at least first and second

dedicazéu/i@ncm@tmmwocmm@wm%mr&sesa@&_t himb@,tiﬁ the first

and SgeQf; ds to effect the context switch by the -

o SmpEEE Cp n nauc e
count@ SR he ViRl resessmitingadpanmuch processor time is to be
IIocagfg}fgpﬁﬁr{@go@&% PEQRESS . 16. The method of claim 15,
\?vherein storing a state of géglven %%ﬁg@ggrrsjﬁﬁé%%e\?/ﬁwi %ead to the second

pé8ﬁ%%ﬁ8fﬁ§%§l%¥'?‘é@ﬁsters includes storing data (_:orresponding to a
pipeline staggmyrEeaaaser.thé-fHheRsted of aim 15, fH%?%reﬁc_oéﬁagisters

comprisin Iving input changing the processor time allocatio

perfor?ﬁ’irrqgégr%eé:?fm QiR fistRIRgesschitiraad; wednd processor threads
based on thiodkingecspinsersRs Uare AlgsaiagsdP FRsmid obeiset of

15, wherei Performin??a context switch includes performing a con

switch yRaimCay-qhiG R H5-EPasHoupeRe s thread WISE 19.

The méthrirofwaie— ot ooim RSt b ARG RS SUHRINIHIRS
accordance with signals from a programmable controller including at least first and
second dedicated hardware thread allocation counters corresponding to the first and
second processor threads to effect the context switch by the programmable
controller within the processor, each thread allocation counter to contain a value

representing how much processor time is to be allocated for a respective processor
thread.

16.  The method of claim 15, wherein storing a state of a given processor

thread within a corresponding set of registers includes storing data corresponding to
a pipeline stage of a processor.

17. The method of claim 15, further comprising:

receiving input changing the processor time allocation; and

performing a context switch among the first and second processor threads
based on the changed processor time allocation.

18.  The method of claim 15, wherein performing a context switch includes
performing a context switch dynamically during execution of a program.
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performing a context switch statically based on a pre-determined

processor time allocation for each of the first processor thread and the

second processor thread. M. The method of claim 15, wherein performing.LOYD WISE
a context switch includes performing the context switch at an end of an

instruction cycle. 21. The method of claim 15, further comprising storing

data associated with a given processor thread in a corresponding bank of

a regjgter fi t laim 15, further camprising indicating an
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2l PRARIEYFOf PreceSSHIdhied ?o%gé'&j@ﬂretgc? I pecessor fhread and the
second processor thread; decoding the Instructions; Issuing the
instructions to an execution unit; and storing data associated with an

issued.instruian:ah SRR 4ES S hRAsk MITAINR SOUSTRINGINGh includes

bank of a register file, wherein each bank only stores data associate
PRGN e St Pt sbGnRnshal 22 INHERiRAGYFEclaim 23,
further comprising determining a processor thread from which a next

instryction will be fetched. 36.
5% X an met og oc} gfalm 15, further comprising storing data associated

with a given processor thread in a corresponding bank of a register file.

22.  The method of claim 15, further comprising indicating an execution

status of a corresponding processor thread.

23.  The method of claim 15, further comprising:

fetching instructions associated with a plurality of processor threads, including
the first processor thread and the second processor thread:;

decoding the instructions;

issuing the instructions to an execution unit; and

storing data associated with an issued instruction of a given processor thread
within a corresponding bank of a register file, wherein each bank only stores data

associated with a corresponding processor thread.

24.  The method of claim 23, further comprising determining a processor

thread from which a next instruction will be fetched.
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