DUAL THREAD PROCESSOR BACKGROUND [ 0001] The fol |l ow ng
di scl osure relates to processing circuits and
systens. [0002] Conventional operating systens
typically support nultitasking, which is a scheduling
schenme that permts nore than one processor thread to
share conmon processi ng resources. A processor thread

represents an archi t pUAUr BHREADt PROCESSORA Processor
that tracks execution of a software program In the

case of a conputer having j Is processor, only one

processor thread is procé§§§$#§h ny given point in

i.0e, ani hat the, ocessor js acti vel ) . .
t0g0dEi (eF | Fo et re il st laRing dplatsr 40 FARfessing circuits

processor thread.. The act of re-assigning a processor
ang; 8iFBRBS pr ocessor thread to another is called a

context switch. [0003] In a conventional pipeline
[08P8LessErnventipnaktoperateing tsystens \cyiaalsl ¥ uppgrt

a hardware interrupt and interrupt service routine.
mulhibaskhpngsevhick Lsuai sebedyhimal sghdme etlamt permits more

associ ated execution ti'ne, or interrupt overhead, that
thaayone opsonessal uthteadr veesisare t cdmmori\dshdt@sal hy, réfources.

a conventional pipeline processor, a context switch
A pypceabbdy threadsreprysantsixetarchittedd $rdE. grat€Wweitvhin a

100 s), as determned by, e.g., vendors of an
propessdr nghaly St £Atks execution of a software program. In the
case of a computer having a single processor, only one processor
thread is processed at any given 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.
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SUMVARY [0004] In general, in one aspect, this
specification describes a processor including a
pi peline stage. The pipeline stage includes a first
i nput register, a second input register, a first
out put register, and a second output register. The
processor further includes a first selector in
communi cation wth the firgtmqARYt regi ster and the
second i nput register, and a second selector in
09@3uNi €4t ¢ Li h eohdl U5 & QI -3%% e .
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. r o] e es through.the fjrst input
inkilBks ' SEESRCRIECRLSBREEEY 5 5oHRRe okt Begtater. o
. i ster durin time that the first processor
180 ShEhyt EAY feboBofas. annohd: sutnuloeratanen ¢ Hrhe
second procegsor,th&ead pasges t hrough the, second . .
PrOGSEECF e QPEFBFT LREIPFAREI RnEiEPhgBSLEAECY hinseemRgnication
output _register during a tinme that the second ‘
W15Eogg§ngrgﬁréﬁBqurﬁﬁﬁﬁBerp?%@e%@éd$e¢ﬁ@df%FBPti¥EEESter, and
register and the first output register are operable
a FECSREr 8c4eStareinf comBupicatiprovitBothet fiivad, ourpht
the second i nput register and the second out put
regégrereandr thepeeapnd ovtpubrregistere ofhé¢hpreeemswk also
processor thread. [0005] Particular inplenentations
ingindeachudenbneldernoperable 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



the followng features. The first selector can include
a 2 multiplexer and the second sel ector can include a
de-nul ti pl exer. The pipeline stage can include one of
an instruction fetch unit, decode |ogic, issue |ogic,
execution wunit, read logic, or wite logic. The
controller can control switching of the first and
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or
time to be allocated to each of the first and the
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switching of the nd seco el ectors
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o tgrhher igchgde a first interrupt _handling routine to
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rocessor thread, and a second interrupt handling '
detdntPHePrBCRERRF et AR hP Pt uplloeafird ittt Redhe thirst and
the second processor thread. The first interrupt
thﬁaﬁ&FPﬁ@ PERERAECT ahlireads secHrel ¢ontrelimr iwamlldontrol
routi ne can have separate entry points. The processor
SwéﬁﬁhﬁDgtﬁﬁrthﬁcfmﬁétaanﬁrS@CO@&Csﬁﬁéqnoﬁﬁﬂﬁﬂnamﬁcally during
routine to handl e an exception request associated
exgicthioheofi asprpguemssor st it beall 1yarishsed enored previously
exception handling routine to handl e an exception
estehliéshedapsoceaser wimd &hbosecinil AHOREIDIof NMRAEirst and
The processor can
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
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further include a single exception handling routine or
a single interrupt handling routine to respectively
handl e substantially 3 all exception requests or
substantially all interrupt requests associated with
both the first and second processor threads. [0007]
The processor can further include a set of registers
alQqorgh inn h L i 0 r
P e o PR el v a1 R 26F 53 gy requests
j k- obe f .pipel.iyn e of the
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jmtyCh n rality o rocessor threads, ,
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. thread in correspondi ng_set of registers,
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ea.cgrresp Hding set of Leg&sters to allow for .
rES 8§5Vﬁ8 of £n8®hnGRRePeprBEREEEr eitheEabetpygosy ffter a
.general , in anqgther aspect, this specification
Pl%@ﬁ&PFb@EaaepPSC§§§0PrPﬁ6F§9an dngegoptredyest epg perform a
corresponding to each of a plurality of processor
copkpEhdsWikabhamepggsthe phitral bty eftpreceéssaretheeadier
_ before or after a pipeline stage of the processor.
intRadjpgceseninguat Asatencf udesunrenoly aexablieing processor
controller operable to performa context sw tch anong
thrpad phumatpryespopdingsset ofircegsstens) uahdglsadingda state
a state of a currently executing processor thread in
ofaavothesppndcagsset thtead efiirch e Scothésponding sestat e
of another processor thread from
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 processor thread from
a corresponding set of registers to allow for processing of the

another processor thread.



a correspondi ng set of registers to allow for
processi ng of the another processor thread. 4 (0009]
Particul ar inplenmentations can include one or nore of
the followi ng features. The programmabl e controller
can perform the context switch at an end of an
instruction cycle. The processor can further include

[dﬁd@qgiSbﬁftibhfapaYEEQe@e$t§£g+ﬁéy$a9fi fe one or more of

corresponding to each o urality of processor

I .Eac an r ciate 1t h a
th%gfﬁggggﬁggnge%?ggggéor§%Er§5§3E$W§g§$8083§g?g%gﬁr can perform
fur Lol 0cl a.plurality_of programcounters, each
el cEREece BRHEFR B5orlnRot B hal BPETRe SxB ot b, | The
tatus_of _a correspondi processor thread. The
PrSEEEERE 0P aBaf FPEROR FABAG( ASBLEFEF| fLSohaving a plurality
i pterrupt handling routines corresponding to the
°pr’aP Fi £9TorSPRPEdRgsEP eAFBaAE, tha phvEAl Bthof processor
i nterrupt handling routine handles an interrupt
threadsst Eashcbankdcant Rtareofrta pasebaiated oettlsor
thread. Each of the plurality of interrupt handling
corggepPRBdingnPravessepathreadnt rThpopnocesdte pamchssther
~can_further include a plurality of exception handling
inedudp el w@lidsp efdipnpgrant keupltersl, i epchf ppogeassebunter
threads, in which each exception handling routine
opraablestanisvdiepteoanr egeest ioassost @ esf Wi tdoBresponding
correspondi ng processor thread. The processor can
pronessde thseadl e EXeeproOassHendtamofitidNei il e a plurality
single interrupt handling routine to respectively

ofhandeerspbshanéil hyyroutines corresponding to the plurality of
processor threads, in which each interrupt handling routine
handles 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 exéeption handling routine or a single
interrupt handling routine to respectively handle substantially
all exception requests or substantially all interrupt requests

associated with the plurality of processor threads.



all exception requests or substantially all interrupt
requests associated with the plurality of processor
threads. 5 [0010] In general, in another aspect, this
specification describes a nethod including providing
a first processor thread for instruction execution;
provi di ng a second processor thread for instruction
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performing a context switch fromthe first processor
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f09r9ﬁ§§§95tlgﬁeégebﬁtl Irs%?év%&in f rsg%gggrgrocassor thread

corresponding to t proces read

foko§ﬂé€9u@t§5 gx@éu%?Sn? ngegé éh?o ?%g Sgggﬁassor

second set O regirsters C rrespon

th%%fﬁ%ﬁ&d%égaééa%nas“%ﬁ’a%%';%%fﬁéﬁf 3HEBE prosessor
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data corresponding to a pipeline stage of a processor.
SWirﬁ%h mERRbARBnSFRF L ARra | P tRIeOF ebles Vi HeSt nipoecessor thread in
changing the processor tine allocation, and
a piFsorefhgeh %%%%R?r%m?@them@lngr@ftmstfans{t processor
second processor threads based on the changed
thpeadesaed loading| acatdon. oPeriorsrond pontexsosvihrdad from
can include performng a context switch dynamcally
a geeind xecf i vrgistens progrespandiiqticathy desed oprocessor
a previously established
thread.
[0011] 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
processor time allocation. Performing a context switch can
include performing a context switch dynamically during execution
of a program or statically based on a previously established
processor time allocation for each of the first and second

processor threads. The method can further include using a first

interrupt handling routine to handle an interrupt request
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processor tinme allocation for each of the first and

second processor threads. The nethod can further

include using a first interrupt handling routine to

handl e an interrupt request 6 associated with the

first processor thread, and using a second interrupt

handling routine to handle an interrupt request
assrdeitedediwh fhlehe i$8€0pdopE888SSBhrtAleadndTH8ing a second

met hod can further include using a first exceptlo%
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thEgaana BRoBLLEr o AFEANS. SXPBRSIORARREIBS, TPREine to handle

anot her ~aspect, this specification describes a
an, FEEBL 4PN| RERLAFRGABAOF HREFACYI B Fle cheepnd processor
operable to fetch instructions associated with a
thﬁ?éﬂaliT?eomeﬁh@@eGQGrf@htb@ﬁs}ﬂ@l@@@d@@xpgespwnmghg exception
to the instruction fetch wunit, issue |ogic responsive
hapdling deubilve, ound aingle simrefihpt hawdlihggreutine to
plurality of banks corresponding to the plurality of
regpecesvetyt hapdils. skhstamaikl 1y abkrebtept owteqsdt € and
data associated with a correspondi ng processor thread.
substantially all interrupt requests associated with the first
and second processor threads.
[0012] In general, in another aspect, this specification
describes a processor including an instruction fetch 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 decoder, 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
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[0013] Particular inplenentations can include one or

nmore of the follow ng features. The data can incl ude

operands or results of executed instructions

associated with a given processor thread. The

processor can further include a 7 controller in

communi cation with the instruction fetch unit. The
cdﬂﬂﬁdﬂﬂérehnp&ﬁxﬁﬂﬁdﬂﬂﬂtﬁ%nawﬁﬁﬁc%ﬁ%oﬁnggkﬁéq1BBOQE@@hCGn1t

a next instruction will be fetched by the instruction
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cessing of the_ another processor thread. The
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contain a value representing how nuch processor tine
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The controller can performa context swtch including
theepadchinng eosekepbndinbaset sof nregbatens cadn@nidvding a state

the instruction fetch unit. The sel ector can
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. Each thread allocation counter can contain a value
representing how much processor time is to be allocated for a
respective processor thread. The controller can rerform 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
a 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
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include a multiplexer or a de-multiplexer. [0014] In
general, in one aspect, this specification describes

a processor including nmeans for executing instructions
through a pipeline stage. The neans for executing
instructions includes a first input nmeans for storing
data, a second input neans for 8 storing data, a first

stoutipgt daeans af g5 rstobubgubdamaanando2 s668£0A§ QHERUtand a
means for storing data. The processor further

sdc@&ﬁuﬁﬁﬁpﬁtfMEéhs”E@BSSE8E1ﬁ§|Qﬁﬁhng e CAPOYALERL | Alirther
wth the first input nmeans for storing data and the

inteced hnEEEsEeﬂgﬁnsfQBrSEQiéeglggtfn é&ﬂﬂénﬁSQ?Pgn with the

means for selecting in comunication wt
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nmeans storing ocessor al's i nc
£ geggg tQ ro n in éhe first, an
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LI st oces read passes through t

C°¥“‘“ f—ga% tEReERS T Pl ce, PP Rar B o R L R oRoT oS data and
thexecutlag and the first output neans for storing

§aP580F T RY BUE Wﬁa{’ﬁatf°¥h%t?¥+%$ drbressBhe RPFPeRIPes also
, i g processed, and data associated wth a second
inglydgssBeansr £98 paBEE! I MRS UIM tPine cohdthaplirseand second

for storing data, the neans for executing, and the
meéééoﬁaroﬁﬁbﬁFtlﬁﬁaﬁgcho?héto@¢h@ aRseciftehgrith imefirst
. that the second processor thread is being processed.
Professprsthiepdt pasans throwglrimy fiesta amplit heedns sfor

out put neans for storing data are operable to
storing data, the means for executing, and the first output
means for storing data during a time that 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
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store a state of the first processor thread, and the
second input neans for storing data and the second
out put neans for storing data are operable to store a
state of the second processor thread. [0015] In
general, in another aspect, this specification

descri bes a processor including neans for storing data

cd}ny@@baaaagdtageb@heaﬁha0§1arahut9lbEprEcEE%%&S%%&eads Each
threads. Each neans for storing data I's locate

meRinsh€brbatere ng’ dakkehsa18La98q g?@ﬂ? rOhetl%e or pfrer a stage
processor. The processor further 1 ncludes neans or

f ' h e.pluralit,
meficle’ BEILAR BrogRst o uThE ﬁ%ﬁégﬁé?f SHrEhsF aédiudes
r I ¢EXeCULL N rocessor .thread in_a
£t B Bmindy oL B ke SH% phr AmBhgr ERE "hpde ey Of processor
te_of anot ocessor thread froma
thggsggggéﬁgiﬁglggtmSFnﬁe ﬂ§ ggPr§PgrPn@taﬁﬁaofoaaFPBEEntly
rocess n not her processor thread.
ex{eﬁt}iéﬁglﬁra‘éﬁs F‘ﬁea otRef GSpERFPORALRI set of means for
eci fi,cation scrlbes a processor including means

StPanﬁegéﬁ?ngaPﬂsiPBéPPSn§ sE%E%cPﬁtéGOEPFﬁ Brpresaprt yhread

of processor threads, nmeans for decoding the fetched
rPWs?rEEFF%ﬁgonﬁéaﬁsSFBrOfs@%@ﬂg fexosedringsdatet tonallow for

and nmeans for storing data associated with a
pregegeipdndf ngher anesber pheeassortthneadcorr espondi ng

means for storing. [0017] Particular inplenmentations
[083A] i nAIudrerorealor imranafher 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



the follow ng features. The data can include operands
or results of executed instructions associated with a
gi ven processor thread. The processor can further

i nclude nmeans for determ ning a processor thread from
whi ch a next instruction wll be fetched. The
processor can further include neans for storing data

beXree SROBGRG 1O seagR %EahgeoﬁlﬁﬁéleMCQQ BEOCCPRO hrocessor
threads. Each nmeans™for storing data can %e [ ocat e

ca®l ihen uhi Q%fgrefgg EE@BrﬁlﬁéaQeF8§@Q§toéwl?@h among the

processor The proceSsor can~inc € nmeans
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at curr executin rocessor, thread in a
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te of . _another processor thread froma
COEEFFBQBQhBHn@eﬁﬁén OFOFtQFb?gnﬂatﬂat%F@ol%ﬁ¢%ﬁ$f%r9tate of
cessi ng of the_ another processor thread. [0018
an?ﬁ e RRSCESFOFe ERERARNET AN cRNERRFCSRPRAING ATE AR | storing
means for storing a val ue representing how rmuch
dafposesadiovi fer pzorespingl ¢Hchiredahother respeessare thread.
processor thread. The nmeans for performng a context
(08wB8d ch Tae meahsdéorepesfdomingnia clompxta sdltett @an include
that is in communication with the nmeans for fetching.
me@B819dr| apbempgt at vehse caepraséntling ritow rmuth oxbcddddr time
foll ow ng advantages. A pipeline processor is
isprtovbdedllbattpdr forna reopéexiveVhisdassay tdiwdadnNy The means

i nterrupt overhead associated with hardware
forNp@EEUPISNg & GontaRti S EEER Nbar® el Y BEId A FdM switching
a selector that is in communication with the means for fetching.
[0019] Implementations can include one or more of the following
advantages. A pipeline processor is provided that performs
context switches without any interrupt overhead associated with
hardware interrupts - e.g., an interrupt service routine. 1In
one implementation, context switches occur automatically, and
primarily through hardware, e.g., using a programmable thread
allocation controller. In 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
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one i nplenentation, context sw tches occur
automatically, and primarily through hardware, e.g.,
using a programmable thread allocation controller. In
one i nplenmentation, a pipeline processor saves a
state of a first processor thread to a first set of
regi sters | ocated between each pipeline stage of the

pipelalneN & HAHeC 8FS ¢he YI1P13RES pRokdls®Of érh%.e(i%%‘luon of the
processor thread froma second set of registers also
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processor. The location of the registers allow for
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users ca
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aIIocatlon hg can retain full control o
hasy feE8s5FCEP &FﬁotHﬁﬁfsrﬁFﬁeFUFEBﬁrr@VPﬁaaFéﬁﬂﬁgcbﬁége the
control to an_operating system [0021] The details of
p§ﬂ9§%§Prw6F@elﬁﬁﬂ@ﬁéﬁﬂaplonésﬁFé sep rekgpn fuldlheontrol of
acconpan¥|ng drawi ngs and the description bel ow. O her
PHOSRESPEs ARG aé@aﬁm&gésr@FhErbéhappaﬂéthﬂnehnnﬁethe control
description and drawi ngs, and fromthe clains.
LODRICRPRTRONNGFSPRARINNGS [ 0022] FIG 1 is a bl ock
di agram of a pi peline processor architecture.
10021] 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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[0023] FIG 2 is nmethod of operation in the pipeline
processor architecture of FIG 1. [0024] FIG 3 is a
bl ock di agram of a pi peline processor in accordance
with the pipeline processor architecture of FIG 1.
[0025] FIG 4 is a block diagramof a pipeline
processor architecture. 12 (00261 FIG 5 is a block

(ah26]r anFal.aspiigell BEopkodeSgREam Bf a%@%:é@ﬁﬁ@ MBBessor in
t he pi peline processor architecture of

adddZdahdes wi yretdHad pafpdqqrﬁeorp?d&s%eeatfcmc'a_%%%'r'engf' BIG 4.
the pipeline processor architectures of

(do¥3381 FkEe. € kg a EEEHBQ gk g@&%BEHﬂth ? #Efgﬁ handling in

handling in the pipeline proctessor ures

tHe %pell 1"?1%‘:i Fodediis 31 a@éfﬁte%ft%r LEaCE %gggl S'Jf:AgEtEBE

vari ous dra ngs 1 ndi cate I'Ke ele

gz 00301 di agram o
[ plpgﬁ:ﬁgké?ggeggor EhﬁltSgtﬁ?ﬁ%ﬁﬁﬁl?ﬂa?nF§rB%%?é%?%@llng in
thfopgroiess two or nore processor threads T, T2,

n

POdEEs B OFRPEREs 2FCrhit8CtUrRscQENFLERr edefBdaf -
rLcghite ral state within glpellne processor

[°§F§ﬂite§%ﬁ?eriger?ﬂs? ?YQER SekRchle o¥ppious drawings indicate

.corr ondlng software prograns. Instructions for the
11 GfFiﬁ gnt frograms can be retrieved from for exanple,

an instruction cache (e.g.., instruction cache 102).

In one inplenentation,

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 Tl, 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). 1In one implementation,
pipeline processor architecture 100 includes two or more program
counters (not shown) each of which corresponds to a processor
thread Tl1, T2, ... Tn. Each program counter indicates where

(for a corresponding processor thread TL, T2, ... Tn) pipeline

processor architecture 100 is with respect to an instruction
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pi pel i ne processor architecture 100 includes two or
nore program counters (not shown) each of which

corresponds to a processor thread Tl, T2, ... Tn.
Each program counter indicates where (for a
correspondi ng processor thread TI., T2, ... Tn)

pi peline processor architecture 100 is with respect

séqueicd NStFrEEra0 cBhrRRGUE G RIRY BV AN Lt detail
di scussed in greater detail belowin associration wth

bl &3 i8 AUbF.ad i3 Wit FaR% | APlLgEERt ation, pipeline

processor architecture 100 includes six pipeline

[GdHQes. Iﬁh%né'& QﬁEhES?§E§9e§1péTE gu§¥gges Qr ;yEchitecture

instruction fetch stage n~ 1 ns ron

169 a8 1Udds éT} gﬂ.&iﬂng %@ag%%ue %haggégggﬁgﬁi}yergaages

I nstruction tion st |
and wrt ck st ag pel i ne
’Eér gg%ss(?olyllrz mé‘r SRS 3%63‘ Shade 2Fw\8caﬁ FREFHHELfon decode

di ff t mher of pi.peline stages eline .
sﬁéﬂ) %gigw %%CHPF&EP&Eé%TOGSPHPtﬁ PgﬁnéFEbesaanlnStrUCtlon

i nstruction fetch unit éIFLD 104, decode | ogic 106,
eXeGd My GEAILO EXA 1 8gatar mempry Tead ahaggedVEMbn and write
unit 112, read logic_114, wite logic 116, and a
bagk, GLagRalB) 1 hr BA@SALNECREPEASBONT ABFhéteet8re (D0B2] however,
Instruction fetch unit 104 retrieves program
camdicdedeons dfpreatgnumbast pcpipaltnehet498s . Depbpel ine
|l ogic 106 decodes the programinstructions and
prgereseresrabibdetiurenddpufnirohert bnbkudae cat eindyruction fetch
execution unit 112. In one inplenentation, the
undécddet)i not; udecode aogiti xed, | 88648 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, e.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 issues decoded
instructions to execution unit 112 for execution. Execution
unit 112 can be a load execution unit, store execution unit,
arithmetic logic unit (ALU), multiply and accumulate (MAC) unit,

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

patent application entitled -- “Variable Length Pipeline
14



m cro-op instructions. Issue |logic 108 issues decoded
instructions to execution unit 112 for execution.
Execution wunit 112 can be a | oad execution unit,
store execution unit, arithmetic logic unit (ALU),
mul tiply and accumul ate (MAC) unit, or a conposite

| oad/ store execution unit as described in U S. patent

PRI RIS~ by %6593959ch%QQEBdPUQ%EbBeT}éng,

Processor Architecture” Hong-yi Chen and Jensen

af@d?ﬂéy KRN . dgﬁ? g4?933%€0§§6 %%36%h&é?OQ£Re§go%porated

is inCorporated b efence inits én

bJ‘%yfgf%%éFr§%g§t%?%% %%&PlteR%ad 3 data %ggggggata from,

ife lNogic s resi

k
e ”%%tgn%a%%e SPePrBu o ?'%EF%aﬁsaﬁfr TgouFiges results
pr BeBbEhr LRPEENHIonrack. Eep S0 F.ong data cache, register

npl ntation, re ister file 110 includes separate
Qi ¢e°g. @ BERTIFT, bpffer (nokshewmd -store data

aSSOC|ated with a corresponding processor thread T1,
(0P33]  Registey Eihapli0 stoygst@atagresoqisted with each

witing data associated with processor thread T2 back
progesseyi shepafli a,.1T@, thenTwrit &n| ogecidpbementasiohe

data to bank T2 of register file 110. Alternatively,
regisgpar dtder e¢g0stieclufiebeséparashobankéolesyor i bgnkatal, T2,

corresponding to each processor thread T1, T2, ... Tn
. .cafnbethapl shertedavat Ashocpapedi et Rr 8cess8esponding

architecture 100.
processor thread Tl, T2, ... Tn. For example, if write logic
116 is writing data associated with processor thread T2 back to
register file 110, then write logic 116 writes the data to bank
T2 of register file 110. Alternatively, 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 T1, T2, ... Tn - i.e., what
portion of processor time will be dedicated to each processor
thread Tl, T2, ... Tn. In one implementation, input , e.qg.,

from a user, defining portions of processor time to be allocated

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



[0034] Progranmabl e thread allocation controller 118
can be programed to store processor tine allocations
that have been defined for each processor thread T1,

T2, ... Tn - i.e., what portion of processor tine
will be dedicated to each processor thread T1, T2,
Tn. In one inplenentation, input , e.g. froma

threeids daf,i m2ng .par thgns sotrepe@&eas ehrbLgh Eog?SFhlcal user
all ocated to each of a plurality of processor ihreads

irtRxrFacePl(9RS Bowhy .t hEFeadaxlhp1E2, 5 useInEahSallocate 95% of
recei ved through a graphlcal user interface ot

pralt@Wabr EQmeeXdMal ¢ uf@tuﬁgbcgggoglkﬂ reagﬁ §E55pt gecond

processor tinme to a first processor

f d
pr3eeandy RROGERSAL.! B8R 0, 2,013 lpﬁgaggoegggsﬁs?m In one

processor I'n one emen
each roce or threa

Qn def i_ned for a &}
AR e todtst TR g or cacr
. e.,, ,changed during program execution -
prgcﬁngrthﬁFSPeﬁﬁbﬁy b?rac§8FgﬁaF€rﬁ?6§r5ﬁ1(32 ; ¥n) can be
softmaig ELﬁgrag1to be execut ed). Alternatlvely, the
dyprBdEay geg| rodaf onCRBRIEECAUpEBE cRERFT @ @Cution -
can be statically set - i.e., not changeabl e during
bypRolfsh exePtef8xablyoby] ai pobhuarappragrent (eng., a software
programmabl e thread allocation controller 118
PIREFRBr kP heceneexntedh t chlbernatively) ythg processor time
determining a processor thread from which a next
allpsetdoni 6aor seth peotessbredtlicead, céy basstarcically set —
fetch unit 104). In one inplenentation, programable
i.ehy eadtathangeabbe cauting| rodddm 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). 1In one
implementation, programmable thread allocation controller 118
performs a context switch by switching one or more selectors
,e.g., 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



perfornms a context switch by swtching one or nore
selectors ,e.g., multiplexers and/or de-nultiplexers
(not shown) that are in conmunication with
instruction fetch unit 104. One inplenentation of a
processor including nultiplexers and de-multiplexers
that perforns context switches is discussed belowin

passHidtictsteyed t (e .gd.CSpipeldneaBdagesVien ilp(,ioﬁ‘s‘?xbxf MEM, WB)

switch occurs, an instruction associated with a nex
o IAGRIS e ﬂHE%%%JzSaE%%SE%@tQ¥e'@ﬁnggy'egn Sﬁﬁhiﬂgkkuctions
104. Though the 16 pipeline stages (e.g”, pipeline '
i e processor .
AN IR, (B ook prbBLortl PhSADS BLE T8 Rhcaten
withl R0 oty oI RGBS O L0GCRES A 0RE 2, BER0ELBL e o1

W th each given processor threa

I th h ' fi 110, thus, the
i i e
h ] i ntai ned. Unlik enti onal pi pel i ne
S N T
g

routine, programmable thread allocation controller 116
COFTEDLABR AP PRV PN PEPFABECEV ERAR a2 dsEeek bredani interrupt

perform ng a context switch. (00361 FIG 2 shows a
SESTREd T80 1 P6r ProgE3TIARLer BeEsadrallineebitiont tentmyhl ber 118

pi peline processor architecture (e.g., pipeline _
dagsoBessbAVEr aRYt datarsupbopverhpad aesdniaged wirhiperforming

of processor time to be allocated to each of a
a gsenegkit gwadtchprocessor threads is received (step

202). In one
[0036] FIG. 2 shows a method 200 for processing processor
threads through a pipeline processor architecture (e.g.,
pipeline processor architecture 100). Input defining a portion
of processor time to be allocated to each of a plurality of
processor threads is received (step 202). In one
implementation, input allocations are received from a user
through a'graphical user interface. The processor time
allocated 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) cycles, 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




i npl enentation, input allocations are received froma
user through a graphical user interface. The
processor tinme allocated to each processor thread can
be stored in a progranmabl e thread all ocation
controller (e.g., programmable thread allocation
controller 118). In one inplenentation, processor

204)E iTH @Jnleoqa&pq@msi%@i%,CBUCGG%EB&&ISWEEBHG%%EU?SS

Unit) cycles, clock cycles and/or instruction cyc

adﬂy%gé%cgﬁﬁg1&Eq§?éin§tQ%OEﬁ§S goggsggg EERS'%E%E&?ESd to each

[
processor “accordingTto the processor tiie a _
£ Hr 282 r .St 17 204éﬁ I ong | npl.enentation, a
coﬁte%? %&P?%%’é%ﬁ%gg PGPS mPFg§F| h5g88rn$ﬂacﬁ819ﬁe
r r tine allqcated t ach thread as stored in
cPEZEIIEE Ao B AFRAA SR BEAPon® BEAGFARMaPLe) hibhad
i,mpl_enent ati on, rogra ble thread allocation
2L dSheFaP e CObTPLIFE SHPEERT RgSUEEERARE, SfopBe oF more
guh%hplexers and/ or_ de-nul tiplexers that are in ' .
MUESHRERFEREI BRI/ Rt AeaRui hiPLaXeFEnthatcATaNiR femgunication
dnstruction fetch unit 104). In one inplementation, a
wighognadREbractipaadesrhovaifofe . gont insteuctbonr Hesch unit
swi tching of one or nore nultiplexers and/or
104¢-nmulni phexémpleveatetibef oaepandrahhableachreagesl hecation
stage of the pipeline processor to performa context
copirpiherasodtsolisseditchingeaf eondebti hobel Ml tiplékéss and/ox
i mpl ementation, a state of a processor thread is
destmol edplaxeasdlboaded beodrerl&gdsaLtértdath PiSeline stage of
| ocated before and after each pipeline stage in the
thpi pe&peDene processor to perform a context switch, as discussed
in greater detail below. 1In 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



processor. In one inplenentation, context swtches
occur at the end of a given instruction cycle. [00381
A determination is nade (e.g., through progranmbl e
thread allocation controller 118) whether input

dynam cally changing the processor tine allocation is
received (step 206). |If the processor tine allocated

ealch paokeBLOCCEROLakNG8ad BaEsBOH aeesedﬂﬁga%Céhéychanged
changed, then each processor thread is processed

prRRREeNg i ke Eﬁ@o@%%&%ﬁSQEtEb”§0§5l°C§EEQP 88ep 208 method

previ ously established, and nethod 20 returns to ste

zo§04etu§nft§scg 8 g%er E&E§§§LLSCQEBQQ has been

ynam cal | f hen each procéssor thread is

ok]gess acgo he h@(%gd rocessor_tine
[ a|3?gcat§g(r;1 (ét{egi‘é%% gt‘%&?t 3 ‘%b%’r%t f BPippline
rro%turns 5@ g g g 6h dISCU sed above. £ §91 FIG. 3
P .|Fa§PFa 8 UBtECk d?S@PS s?e wabeP R 1BF cREQSRFSOT

Sgo bu [ accgrdance Wi th pel i ne processor
ars &ﬁFF&EFGré°905 PﬁaPraneagéeénz NPrRFeRe’t oFhrerdndEl. T2,

.. Tn. In one inplenmentation, pipeline

prgeessaP 986 AMElEMeRtahionnsPipeling PEOEESEMF t3B04includes

a decoder 306, a register file 308, issue |logic 310,
analﬂﬁ6r§F5§@ne§§59blBﬂ19n39481§ decedenrdes, duréaister file

314, and a programmabl e thread allocation controller
30916lSSﬂEpé09he ptbcessbrvo3gbaferekecut hoh udest 312, a re-order

registers T1-Tn and program counters TI-Tn that _
buféepediivehpdcar pespnanimabl @r ticessdral Idweatisn Tdonth?gller 316.

Tn. Pipeline processor 300 further includes

Pipeline processor 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.
[0040] 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 Tl), program counter

T2 indicates an execution status associated with processor
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mul ti pl exer 350. [00401 In one inplenmentation, during
an instruction fetch (IF) stage, instruction fetch
unit 304 retrieves an instruction to be executed
from for exanple, instruction cache 302. Instruction
fetch unit 304 retrieves instructions in accordance
Wi th program counters T1, T2, ... Tn. In one
thirgA @Mt Arid hrdy g asuet an i hiilcades2EeS eXecution status
execution status of processor thread Ti (i.e., where

aga el d 4Rl Wi - ced b Tl gspect to an
instruction sequence associated with processor thread

[0091] pr@ﬂ&@ﬁbcgﬁnﬁﬁﬁtrﬁgthegi8%&83 a%agégﬁgigfggiéﬁﬁgéctions

associated wth processor 19 threa

e b A SAERCS SHR e IR

W th procéssor threa ¢tion
e anperen RPRUEb o Bt cobade [ badbe trron
S b B et o AP RERPEAPRanET S 8eBBnEo se-order
oisge 43 dBPrabondosbienl gt enal dbe odBa- PRaerLBLEbaE 318

until the decoded instructions are issued for
StOr&ESUttEn IeFRISAe inFbrEREAPRSI URt 1} etheddecodiedf insBiuct ions
is acircular buffer. [0043] Re-order buffer 314 also
arg: gpgyedhéoresyrrytépnexednt ede implementansonnt ié-ohder
executed instructions are ready for retirement, e.g.,
buffes Bdgdi isep frilkeules. bufifene
[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. 1In one
implementation, register file 308 includes banks (e.g., banks
Tl, T2, ... Tn) that correspond to each processor thread (e.g.,
processor threads Tl, T2, ... Tn) processed by processor 300.
Bank T1 holds data associated with processor 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 with a givén processor thread. In one

implementation, pipeline processor 300 does not include a

re-order buffer 314.
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I mpl ementation, register file 308 includes banks

(e.g., banks T1, T2, ... Tn) that correspond to each
processor thread (e.g., processor threads T1, T2, ..

Tn) processed by processor 300. Bank T1 hol ds data
associated with processor thread T1, bank T2 holds

data associated with processor thread T2, and bank Tn
[dwiqals dBheingseskeatedonst Brtpgesesso| £ cadxdBut IB8 unit 312
data can include operands and/or results of executed

eddtRitesC ItheN Re RUBRLC iMsRFuMtiBnd 954EBAPELERSSkue 1081c 310.
thread. In one inplenentation, pipeline processor

E)Eg@.ftlr&’lt urle! 449 @an $e0hd rt?‘é&f 8F dtdc ?:90[108%?% 3s
During executions st ages executon unit 31 :
SR e dec n S u fromissue
d ogi € SB%% ecﬁﬁ'% u%%tgékaggaﬁn ; 92 {t§pghgyn as having
[ uni as dISCU sed abo hou h, executi.Q
tﬁ.‘i’%ﬁ%ﬂe Uhoni . SREVELEY Bot Pbé Fﬁﬂ bfifed dl‘-"ferent
ecutlon uni,t. 312 an ha a diff er
|§'§I ePdP5JALE BRAGRS i npleRBRt ATP ﬁmePEéﬁFPQroFesults of
the executeq instructions are witten back to re-order
tl”c?uFP‘@Fu‘:§f4méﬁéf“tcﬁéﬁnlseﬁif?eUr%Bt?EgbéF’értPl re-gogger buffer
[ 00451 Programmabl e thread allocation controller 316
3Y4g apFetBBReresinedpEegragiBterofs1er 20Brocessor tine

all ocation for each processor thread T1, T2, ... Tn -
[0045] hammemm@bbcefshmadta‘]rﬂeommtiome:coiwrazbled 105 is

each processor thread T1, T2, ... Tn. In one _
operpbdrebbabeoprogmputedetg. stbrenpaotsssoratimgasl bgcation for
each processor thread Ti, T2, ... Tn - i.e., how much processor
time will be dedicated to each processor thread Ti, 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 Tl, T2, ... Tn can be dynamically changed by a
user. In one implementation, the processor time allocation for
each processor thread Tl, T2, ... Tn is changed dynamically
through a software application being processed by processor 300.
[0046] In one implementation, programmable thread allocation
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
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portions of processor time to each processor thread
T1l, T2, Tn is received through a graphical user
interface (not shown) In one inplenentation, the
processor tinme allocation for each processor thread
T1, T2, ... Tn can be dynam cally changed by a user.
In one inplenentation, the processor tine allocation

exﬁ&ble?aﬁhrﬂh@C%s%Qhethhﬁ@d 1pe1lRe Frocggsb§ §B§n9§dproce531ng
dynam cally through a software application being

prBEQ%@%%e@hgﬁaarQﬁesﬁgﬁt§ggexekogégllg Fgﬂgrolled to pass
i npl ement ati on, progranmabl hread al ['ocat

inEeBLERLLAL 3LAAULRUA! Lgh fes%gwstﬁ?gggtﬁt FEYRLER the

bet ween processor rea y Sw

I 5 that ;S _1n_communic
plgﬁﬁébgc |oﬁ g g 91364pr?8Fs§Tre§§ wkﬁﬁr?nﬁoﬁteXt
ti t hat rocessor. 300 i proces
svibBBebegb-B,eny fgCﬁaFPFpFa;s?ds% SRR IEE
SS igstructlons associated with processor thread T1
C°§ﬁf8aéﬁ t h8 PB?ﬁeFPﬁErgFéggésoFsﬁ?EéPFﬁ€ i bt e3REheT
300. When a caontext switch occurs from processor
PTORRESAT TENTRARY | Bl Exer PBGOSFEOT cHATead| TY- t olpaeRe
i nstructions associ ated with another processor
1mPF1P@a§ta§1§n: ﬁpééwé@xerh?éadlszanln bpel multiplexer.
i mpl enmentation, nultiplexer 350 is an n-to-1
[oﬁﬁVilpIEﬂfﬂne[tmm35m¢mt@#m9nxqpmngﬂﬁmmabﬁa thread allocation
programmabl e thread allocation controller 316
conprbltes 3lpl inalutdysod phueallity| of athoead collhdEHtSion
(e.g., thread allocation counters T1-Tn) that
codetersi (e.ga, Wehgbhlngllbeit £on I €SRRNEEs (D1 PrOC eSSt determine
tinme allocated to each

a weighting that corresponds to processor time allocated to each
processor thread. For example, in one implementation, each of
thread allocation counters T1-Tn coﬁtains a value that
represents 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 Tl 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 Tl and T2 again for another 256 CPU

cycles and 16 CPU cycles, respectively, and so on. The
22



processor thread. For exanple, in one inplenentation,
each of thread allocation counters T1-Tn contains a
val ue that represents how many CPU cycl es are

all ocated for each thread. For exanple, if thread

al l ocation counter Tl contains a value of 256, thread
al l ocation counter T2 contains a value of 16, and

1ﬂ§%&©@@1®h]Q@%Ehﬁ%gc%%ﬁﬁ%bnEﬂnﬁ@nhéb8§d§n§§90uﬁﬁhwethe values
then instructions wll be first fetched from

wikhAe 3@ ohNhRae EE & % ta§g gPQ1§¥EEE§ontESHnﬁers ars

|nstruct|ons w etche on1processor read

4&” %&%he%hrggg éﬁ&gcégigﬁu% Eucm%ElTnaFgaches a zero

ron1processor rea ¢tions
then f tched fron1 sor th ads, Tl and T2 again .
vap 38 e Ro P B BPaB L8, EPEead AL {8 RpiPey Erustef 818 switches
ctlve , 0 The 22 instruction fetchjng
muclgﬁ%‘éSPfFFnaéoag(‘?oP&FﬁgH}SGﬁt‘FFlPﬁE 93FEELACRAL HAhoRenext
or nore of the thread allocation counters are
PrORER§RY. tATCaLchot APSATUSFLBRaEEbRNCBDAE e3 04| 95 Processing.
reaches a zero value, then programuabl e thread
[098Bdcat FER- chuhEer Bieckuiliagmeam ofila i pirsdkinggoroeessor
pass instructions associated with a next processor
athﬂﬁ&GEU§elﬁ@@rQbﬂtonSfepenabhetteonrboeSprbwessrn@ore
[0048] FIG 4 is a block diagram of a pipeline
prgresessothrendhi Téct TRe 400 That Issvpectbbestassociated with
process two or nore processor threads T1, T2, Tn.
prboessoet thereadssoti ared w.t hTnpeasessoret hieads fdom, for
T2, Tn can be retrieved from for exanple, an
exanpleychhobnesetiet féngcacha8sieugt | oineeehetr #02) 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
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[00491 In one inplenentation, pipeline processor
architecture 400 includes six pipeline stages. The
si x pipeline stages include an instruction fetch
stage (IF), an instruction decode stage (ID), an
instruction issue stage (1S), an instruction
execution stage (EX), a data nenory read stage (MEM,

inedddesi hesebagkgsbages(\(B).g. Pi pehiBeePEORESAY, B1-B7, N1-N7)
archi tecture 400, however, <can include a different

loddiear betweepekhb plipeeinePsPEENConR BEESSA and after each
architecture 400 further includes an instruction fetch

stdBil @bEuﬁtégﬂngdﬁcggStgogfCa4g§rr%§§§§?%§§i%régéiigg thread

execution unit 410, read logic 41 l'ogrc

T1dN$22 P! COTATHRRLG, LESAL.RL! gapLLgn controtler 416.

i pel i né processor- arc cture “is simlar to
kRpel | 0 hitecture f Fgﬁg 1, however,
(0858) | e T OCEEE bt DRI F U 1 (oRPoT thread TI.
includes a set registers (e.9 regi sters Al - A7
trpd 1558 k8t | FluipEatacindan £50HE f e Of agEocessor
th%ong ?gfore and after each stgge for storing a state
£e t r 38PohaPhGCPFBCRLsE? BHrPRaP F4at§0f progessor thread
during a contgxt switch. [00501 Registers Al-A7 store
Tnsy s{Bienef 1 PPLEBSRbAL LARca®Rah . reghster | Ab-MannBEsB7, N1-N7
registers B1-B7 store a state of processor thread T2,
StarEsSragPseke sofilaNyosrespord Snat Rrete 3oL ethvead hiratuding
Tn. In one inplenentation, each register Al -A7, Bl-B7,
StEEing assboake afsdata pfoduced regponchrespocdssgrpipeline
thread including storing a state of data produced by
stageorf egjpating prpe¢sser architecture 400 at the end of given
instruction cycle. For example, when processing instructions
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 register
AS5 can store a state of data received from execution unit 410.
Registers Al1-A7, Bl-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. 1In one
implementation, each set of registers Al1-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.
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stage of pipeline processor architecture 400 at the
end of given instruction cycle. For exanple, when
processing instructions associated with processor
thread T1l, at the end of an instruction cycle

regi ster A3 can store a state of data for processor
thread Ti received from decode | ogic 406, and register

[08519an $hobAedimbdbReAtaddba, I SE64¥8MnAKH D %ﬁé&kﬁ'mocatlon
unit 410. Registers Al-A7, Bl-B7, N1-N7 facilitate

cdﬂﬂybﬂlbrswhkcﬁ%ifb&mstEanBQEtigﬁﬁEEhaaﬁEaﬁﬁt9% %%dby

correspondi ng processor thread to be direct

sJﬂH&ﬁhh@ro%EOBank9£ ﬂuﬂh!%?e&@gbsgﬁﬁ/okpdﬁgﬁu%F18%?xers (not

i npl emént ati on, each set regi sters

sa&mwlbéatleecm@r@ew LyeLy ggeﬁeggg?fl dngtigi?te q.,

unit within pipeline processor f
n.each_pi pel i nd ernlts ast
o5, ENEBET ST B8 S 7 B L5 e o o

tatio rogra e thread aIIocatlon
. g%%s%%‘é?g?mhs@hsim%w PIDLErEaR: G Senalt hkeTeRs | sha
swi tching one or nore nultiplexers and/or
Ot FBPE?ngS(’ﬁBFhe§hb€m§hF66§F@€ beloveinragseetation with

each pl%ellne stage (e.g.,  pipeline stages IF, 1D,
FIig SgX, WRER avepn @ﬁé F%F@he‘ﬁt:‘étlr%n one selhrofasemisters

|nclud|n nultlglexers and de-nul ti pl exers that
p@rﬁoFﬁElééﬁFéx 1sil chAgsotrsated custlrda belowenth processor
association with FIG 5. Wien a context switch
thyeadr §¢.gne Brpcesspegtbread T1k. fromrwelyich erlse Alodtdxt switch
associated with a current processor thread (e.g.,
ispkocessor shoead dljtdtenvfintld dheremniprdcsddtthread. 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. 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 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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IS to occur stores a state of the current processor

thread. To conplete the context swtch, a state of a

next processor thread (e.g., processor thread T2) is

| oaded froma different set of registers (e.g.,

registers Bl-B7) associated with the next processor

thread. The pipeline processor processes the next
fepkhCanser solar, eadderobbe E0k| 0wl PagiBEELUEENEN50YG! €ssue logic

In one inplenmentation, context sw tches occur at the

519N0d a0t wB0sthBst EheblieRohYGher (518, | aaite%rﬁayagt%@&asm, and

pi pel i ne stage has been saved to an associ ate
' ' 0 .t S.
2 pidopfihepls BRCEAD SEABLRRTORCBbRN oL TN £RD  PiREne
r 0 0Q . built in_accordance with pipeline,
pr%F%%§§§o$oga?8 E g%tﬁpgﬁﬁéﬁstﬁa 15%%08§§e§§tﬁsgfﬁFgﬁﬁsAl'A6
T1l, T2. In one _inplenentatiop, pi.peline processor 500
ehaf PaRES RRPRRS £ PUBFPBR 35 | ERERRGNTE 5080 & H8ces: set of
506, a register file 508, isgue logic 510, a
reggt§FagRL cREchiPPENCARFESBEDIS ot P PEPABFSBHT FBFE894T2 -
.and, a programmbl e thread allocation controller 516.
PipppdrpnRrBFEEESE0F0B0B UF hReRei nFhBAaaeBTaIFpNsEOYBECES T1, T2,
registers Al-A6 that corresponds to processor thread
muitipiayerss888ndandt defmutbipiesessBiSB6 t hat
corresponds to processor thread T2. Pipeline processor
[0868] f ur¥herné nthpiesenragiem chumey sad linst2ruction fetch (IF)
mul ti pl exers 550, and de-nultiplexers 552. [0053] In
stage, i ipsemeat dbhofetdur unft ano4 neétutéves art thstttgtion 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
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stage, instruction fetch unit 504 retrieves an
instruction to be executed from for exanple,
instruction cache 502. Instruction fetch unit 504
retrieves instructions in accordance wi th program
counters T1, T2. In one inplenentation, program
counter T1 indicates an execution status of processor

arehieaded £bir 8xecubhBhE pIﬁethelﬂ§P§ﬁ§§@£t§Qﬁ '§emb£3er
reSpeCt to an instruction sequence assocl ated with

butrRees3Qr ikhhead  Ih) arapdepepygram counter T2
i ndi cates an execution status associated with

[oR585°S SRL - 5P&%?d?1]?fe£‘0§ﬁf']al%' gl f{g&&ﬂg of executed

ecode sfage Instructions retrieved

1rigREhEY g;,agpluggaih gicgggt @g}gsgg&gg%owoé? L&D % or
ng tation, the ecoded in? £uct|ons are sent to

reFé 8?88 BuPrer 1859 FEHISLGR FLiRed?8gi cIB109S

_ order buffer 514 stores the decoded instructions

lm@ﬁFWFnFHElaﬁcoaﬁalﬁﬁgFrGt%?oﬁ%BZB“%}%ﬂ$%s%%% bapks T1, T2.
execution. In one inplenentation, re-order buffer 514

Bank Z1chpefFafabaf REFOC] 8BS WHeD PERFE IO cfhBaad aT5p and bank
stores the results of executed instructions until the

T2cheddecdatasapaeciahgdareth cougceeror rehieadeF2; eRegister
into register file 508. In one inplenentation,

filegh9Berani inckodei actdesd t WmddrankmotTIshdn) Eaatk imdicates
hol ds data associated with processor thread T1, and

regaskers2fhomhdshilahadass oei hl doke Wl dddepd oceslse)rtmhémdindex
T2. Register

ensures that data from a register associated with a currently

executing processor thread will be loaded into register file
508.

[0057] During executions stages EX1l, 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, execution unit 512 can have a different
number of pipeline stages. 1In 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 516 is
operable to be programmed to store processor time allocation for

each processor thread Tl, T2. In one implementation,
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file 508 can include a thread index (not shown) that
indicates registers fromwhich data wll be | oaded.
The thread i ndex ensures that data froma register
associated with a currently executing processor
thread will be |oaded into register file 508. [00571
Duri ng executions stages EX1, EX2, execution unit 512

pr%geamhsglehﬁh@@aadsd1b@§t&eﬁtbeﬁérb§§a§dsﬁaoahtéaaﬁlcal1y
| 0gi c Execution unit 512 can be any type of

pe%%%?H&lgncHHEExtaiqu%%uﬁé@geggo¥§och889ht §888L'99, T2 by

unit I'S shown as having I ne S
s ERHREORuBL b1 Bk2, 620 B4 adg'gﬁﬁ gieresuls O ocated

e stages n-oné i nplenen
itten,back to re-o der

X e tructl are

ol 932%4gef°% SR PLEFLERE plracsig o

00581 Pro ad Elo on contr |ler 51
P18 2gp . FEAREE 3P pe Brogganﬁg §R6} ope proeLia: pifgessor soo.

all ocation for  each processor thread T1, T2. In one
FornfKamBhEat AHRiNg7 aptefraftabl B1PRL&RE BFPEREEPEN500 is

controller 516 automatically perforns a context
ProfeeehngePRecaspracEbrendt Bleatislfiplgzey 580 anfli ng

mul tipl exers 550 and de-nultiplexers 552 | ocated
deraypbepriespysbefdr erandoatret ledchopbpesi hessrageions

(e.g., pipeline stages IF, ID, 1S, EX1, EX2) of
aspopéhtad pibbepsore560r tRoeadx@hplthrdughngha pipeline stages

t hat pipeline processor 500 is processing processor
oft pipalling, pprobespbexsns)550saate information for processor
thread T2 is stored in registers Bl1-B6. When a context switch
occurs from processor thread Tl, registers Al-A6 store a state
of processor thread Tl, and a state of processor thread T2 is
loaded from registers Bl-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

[0059] 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 exceptions
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de-nul ti pl exers 552 are controlled to pass
instructions associated with processor thread Ti
(through the pipeline stages of pipeline processor
500). State information for processor thread T2 is
stored in registers Bl-B6. Wien a context switch
occurs from processor thread T1l, registers Al-A6 store

i i 191dat € £oef SO 1 .
SrRIRL 2 08! RERRERSORLERERI Tl il L8R exgoptions,

E%%ngheﬁagéhgbﬁéef8v§§918£dex98 gyé%%plﬁégéécé§g&

processed by pi pélne process oneé

ol BT SO0 L AR S B30 Aok obnion nay
Ex Handl 00591 Wh
be gﬁPSE@%?%rg%ehagdwé§%08§s%$€t§%ge 580)|28|Ft in o

rdance MAth el i ne processor architectures 100,
(R385 GeRLe: o6 anLEUBERRFEn = (HRENRA ™ RRFAARE RS exdeption

Instruction execution is_suspended. An_exception is
a&ﬁ é@@nﬂntﬁaPr858§§§rsa@aéﬁ@?ﬁﬁe%faﬁ%?ﬁ%}n%r%%r%hﬂellne
execution. Ees of exceptions 28 include, for
PTORESPPE, aaaar- sSkngeexdept i HMQ; Maemm%ngequest occurs
oper ation except i ons, overfl ow except i ons, pr ot ect i on
whe%cepnscmgctundeafbémﬂeﬁm@pmlbhseadnussbe:mg gxecuted (step
exception may be generated by hardware or software.
6020060 PrBgGambebhihtisrr aatsea antboiated pwerl csadmgprocessor
exception handling in a processor inplenented
thaeadr diregshoefli pRLOAG 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). In 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 handling routine performs exception requests for
substantially all processor threads.
[0061] The exception request is executed by a given exception
handling routine (step 608). After the exception request has

been performed by the processor, program counter values are

restored within program counters of the processor, and a state
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processor architectures 100, 400. An exception request
occurs while instruction i of a given thread is being
executed (step 602). Program counter val ues
associated with each processor thread are saved,
along with a state of current instructions wthin the
pi pel i ne of the processor (step 604). In one

of MRl (pHilod Q&IE%%tbﬁﬁépﬂhbﬁ'QegngsEbng'Qgstored
of the processor are aborted, or ushe

wikE S 1%@ﬁ§dé36?7t53( %ogaqgkgg Gﬁgﬁt'n%he processor
rea P

associated with a glven t ste
R T sy R RE e ?ﬁgn?ﬁgycﬂgo Cedfir e
1H?y}uctq%%P%qq aftr%g#%g é?gg;ggﬁgggdgxgg§E6RQ handling

SSOCIated Wi t
atl a si_ngle ceptl n handl i ng routine
r°b‘etrlP8 SQCEEP.)on rtélqlf’é'r?P f13r' thbEFSHFF'éPFyCéPI resume
rocessor threads. k00611 The exception request is
PrOgZaM: eqshyUStdrie ftetOShti6h ioRahdrEnghrodRPREUCSLED 18 to be
608). After the exception request has been perforned
rebfxﬁﬁétﬁﬁocessor program counter values are restored
wi thin programcounters of the processor, and a state
29 éntexzuphceHpaddingrior to the exception request) is
restored within the pipeline of the processor (step
[0868). THetervuptsovithiésuaesrecessam nebenémredfadderding to
next instruction (e.g., instruction i+l) after
pipefldneri pgofeesoanaexbépeconrbantibdngeoooatenkahdlef similarly
612). In step 612, the processor can resune
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). Program counter 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). 1In
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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programinstruction at instruction i if the
instruction is to be re-executed. Interrupt Handling
[00621 Interrupts within a processor inplenented
according to pipeline processor architectures 100,
400 are handled simlarly to exceptions. FIG 7
illustrates a nethod for handling interrupts in a

hapB0&agsSebut Mkemenhednaceaplengnt 8t PbRE! & NEindPl OCLEE8F rupt
architectures 100, 400. [00631 An interrupt occurs

navBik8gi RSLEYAEI QRiknOh 8iA4Y&Nent Py epdine) BSERBorms interrupts
executed (step 702). Program counter” val ues

fo§8§gsgesﬁélwh&g sa&h RLREESSLr thpLgad, are saved, along

a state curtent I nstructions within the

[0959?' ' ”?hé’flﬁbérPugEeféoéxé ! )%ﬁ r%h?erpr pt handling

unps to an I nterr han Ing r assocCl ate

roﬂkap néQ#&?”?BE ead §E§ptﬁgﬁlh%%9ru 0% as been performed by

ion eac processor Fead has: an
ted te t _h { h
coboPEB- AP, P AR eheRihe ket Wleat S
poi nts associ at ed i nterrupt handling routines

Pr8§§BE|SPEBtﬁFFh°StE%? PFBEessor: ¥Pfeaditape ehtigstructions .
point is a starting address of an interrupt 30

(PR&AEI FAgtPBUL PRET YRRt 0KEARAPE bnbPit BESPreqd Wityie the pipeline
interrupt handling routine (Wwth a single entry
ofpthat prpeessens (Bhepr 7uPls The BubsessT aréyumes program
processor threads. [00641 The interrupt is executed by
exacgkven oAt eheupexhahdbtngction (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 various 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.

31



routine (step 708). After the interrupt has been
performed by the processor, program counter val ues
are restored within programcounters of the
processor, and a state of instructions. (prior to the
interrupt request) is restored within the pipeline of
the processor (step 710). The processor resunes
program execution of the next instruction (e.qg.,

Lnstrechimppl #4) after returning froman interrupt
wnAﬁa%%l?ﬁg roBt?%e (step 712). [00651 A pipeline

processor built in accordance with pipeline processor
arthit est prese$80y, 400mpanshbegused in a w de range of
appl i cations. Exanple applications include data

st arpgpel appl scageonacluwdiegess applications, and
conputer system applications. [00661 A nunber of

i mpl emegt at -gpsiRpue Peghsdes¢ri bed. Nevertheless, it
wi |l be understood that various nodifications may be

made w phout.odapanbiRg-ELQaLERe spirit and scope of
the invention. For exanpl e, t he steps of the nethods

describg?figggvguggggbgeggFgggned in a different order

and sti achreve Sir € résults. Accordingly,

ot her inplenmentations are .within the scope of the
fol | ow ﬁgSSFSPﬁs?’ugEuﬁHﬁ?gf-\é%EEAl MED IS: 1. A

processer . COIPLLSLIR. . 3 PLREhLNS 21388 1P 0 de

input register and the second input register;

a second selector in communication with the first
output register and the second output register; and

a controller operable to control switching of the
first and second selectors such that data associated with
a first processor thread pass 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 pass through the second input register,
the pipeline stage, and the second output register during
a time that the second processor thread is being
processed,
wherein the first input register and the first output

register are operable to store a state of the first processor
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a second input register; a first output register; a

second output register; a first selector in

communi cation with the first input register and the

second i nput register; a second selector in

conmuni cation with the first output register and the
threegpnandudpeteiegtséesecand anpont registepvpandbrbet gecond

control switching of the first and second sel ectors
outpuehréfast dat arassperabed wbthtoaefarstapeooéssbe second

t hread pass through the first input register, the

progéggbfn@h§g§ge and the first output register during
time that the first processor thread is being
processed and data associated with a second
processor t hread pass through the second i nput

g' sterrrhgutggc 08L! B8 21808, 12nGnL0e; ACCARIBULRUY 1o

iste é secon processor
thread is

essed, wherein _th st
conFéaﬂetEWIEHElP e® EF iafﬁﬁtanﬁesﬁgPsg SF28868F§bFased on
to store a state of the first processor S%Sthread %d
inpuhedefANiRE BECERESPAPGLEe§PsPEr 2haCPRESECoRGCD OF the

out put register are operable to store a state of the
firsecpmdceproresborathpodd the. sThengr pEesS6508T tEIrEAR -1,
wherein the controller

3. The processor of claim 1, further comprising:

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.

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 routine to handle an exception
request associated with the first processor thread; and

a second exception handling routine to handle an
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controls swtching of the first and second sel ectors

based on input defining processor tine to be

all ocated to each of the first processor thread and

t he second processor thread. 3. The processor of claim

1, further conprising: a first interrupt handling
exceéptibneréqubandhesanibhedr wiph theqeaestndspuooirgsedr thread.

with the first processor thread; and a second

interrupt handling routine to handle an interrupt

request associated wth the second processor thread.

4. sThe precgsseLs8brChai By gimwher eipthbe Ebfplkising a
interrupt handling routine and the second interrupt

sin fngkBQPtﬁgchgﬁdﬁ§M§ §seeaaee gngrxla@uetgntérrug%

rOCESSO further conpr|3|ng a first

nanf{ T8 rOl 188 kbadebBERt k1, RANALE BNLSKERRLLATY a1l

soc:|a DFOCGSSOF threa

d d t h to_handl
=xC38E 4RBepEIRF B 'ﬁ%@%%?i% WPOR CREgEiEhg Satists

processor thread. 6. The processor of claim]1, fur%ﬁ 4
asseeApERS Hith beFhgteeetdssti BROREREPENGIF6aL RESERE secon

single interrupt handling routine to respectively
prokasdbe Sbbskdntially all exception requests or

substantially all interrupt requests associated wth

both the first processor thread and the second

processor thread. 7. The processor of claim1, further

CORPri Sithg: processor of claim 1, further comprising:

a set of registers corresponding to each of a plurality
of processor threads, including the first processor thread and
the second processor thread, each register within a set being
located either before or after the pipeline stage of the
processor; and

wherein the controller comprises 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

from a corresponding set of registers to allow for processing

of the another processor thread.
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a set of registers corresponding to each of a

plurality of processor threads, including the first

processor thread and the second processor thread,

each register within a set being |ocated either

before or after the pipeline stage of the processor;

and. wherkenptbeessntr of| etatonpr i Eesthepr ogmamiabhg a

controller operable to performa context switch anong
regliBeerpFil al i hylaflipgoaepiaral btgads, bankkudbrgespondigg to

a state of a currently executing processor thread in

eacB 60rEREPENILAYiESt 08f preegksber shrahdsl oadbAgbankt aberable
of another processor thread froma correspondi ng set

to 9£0289a§£sr§sgec§5£ew &9Ehpgoe%%ggone&nghsrae@ga%&

processor thread . The processor of Claim?7
th fu&ther conprising a reglster file including a
p?urallty of banks corresponding to each of the
plurality of processor threads, each bank operable to
store data associated with a corresponding processor
thread. 9. The processar of claim7, further
coftpri sTRE RYOBRERSKFi Py 6f2pFodr ahPEbhRteFS™PEAEHNT @
program counter operable to indicate an execution
plugpdity of RreerREsFEHBERESPr 8868sBIFOITAMeSRUNEST PRETabIE
processor of claim1, further conprising: an
to indticacei en éa&chtdnhtSOpeuabbé o chatrel ponsttingc piregsssor

thread.

10. The processor of claim 1, further comprising:

an instruction fetch unit operable to fetch instructions
associated with a plurality of processor threads, including
the first processor thread and the second processor thread;

a decoder responsive to the instruction fetch unit;

issue logic responsive to the decoder; and

a register file including a plurality of banks
corresponding to the plurality of processor threads, each bank
operable to only store data associated with a corresponding

processor thread.

11. The processor of claim 10, wherein the data includes

operands or results of executed instructions associated with a
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associated with a plurality of processor threads,
including the first processor thread and the second
processor thread; a decoder responsive to the
instruction fetch unit; 1issue |logic responsive to the
decoder; and a register file including a plurality of
giveanksocessoespbndadg to the plurality of processor
t hreads, each bank operable to only store data
associated with a corresponding processor thread. 11.
The processor of claim 10, wherein the data includes

opepandsher presdkEsrobrexegihedol NeheuebheRsller in
associated with a 35 given processor thread. 12. The

comﬂﬁ8§@§§95n0®1EhatﬂblgnsEgﬁcEQBEr9E£@ﬁ 4Ait, the controller
conmuni cation with the instruction fetch unit, the

I r S Er a%

opefRBLECkLhesORRIAL! § bRUELEEN' OF Baf PEERCRLIY Sifex:

i nstruction ﬁegch uni F essor. _of m
inshaRhePhcBbLs BEngeChnes: Dist thegRBREFScEsPReSRoRM HOLT -

to each of the plurality of processor threads, each

register wwthin a set being | ocated either before or

after a pipeline stage of the processor, wherein the

cohBrol Fee pgospéﬁaml@ftélpémfépn1éugéh?éxFO@@wﬂ@hng

anong the plurality of processor threads, including

starbag af sEgﬁetetsacomreepbhﬁiegetotbaghppdcebsoplurality

thread in a
of processor threads, each register within a set being located
either before or after a pipeline stage of the processor,
wherein

the controller is 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 from a corresponding set of registers to

allow for processing of the another processor thread.

14. The processor of claim 10, wherein the controller
includes a plurality of thread allocation counters
corresponding to the plurality of processor threads, each
thread allocation counter containing a value representing how

much processor time is to be allocated for a respective
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correspondi ng set of registers, and |loading a state of
anot her processor thread froma correspondi ng set of
registers to allow for processing of the another
processor thread. 14. The processor of claim 10,
wherein the controller includes a plurality of thread
proa¢sscnt tbnegdunters corresponding to the plurality of
processor threads, each thread allocation counter
contai ning a value representing how nuch processor
time is to be allocated for a respective 36 processor

thiead. TR8. pFBEePEOEEESOE]1 Qi mCh 8] MyABreVACtBENCbRAGrOller is
controller |s operable to perforn1a context swtch

opekgﬁigdfgg é?@gfm'Egcant§§£eE&@EcBh§BCI§dhﬂg sw1tcg1ng a

conmuni cation with the instruction fetch  dn
progcessor of cIa|n11 r t c S

Sel%ﬁg? b?ﬁ Eol%oﬁProPmmun F%ggoghpﬂeggglgg%Egh ?higetCh

in comunication with the instruction fetch unit
unifvnamical ly during execution of a program 17. The

processor of claim 15, wherein the controller is

operable to control switching of the selector that is

in comunication with the instruction fetch unit

st &6i caThg basedssen afpréadwmt ébpi WEBTpibcEBsSocontHpller is

al l ocation for each of the plurality of processor
opetrhbtadso &8ntAolethddchanpr b§i hgpe selector that is in

communication with the instruction fetch unit dynamically

during execution of a program.

17. The processor of claim 15, wherein the 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.

18. A method comprising:

providing a first processor thread for instruction
execution;

providing a second processor thread for instruction
execution;

processing the first processor thread; and
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providing a first processor thread for instruction
execution; providing a second processor thread for
i nstruction execution; processing the first processor
thread; and 37 performng a context switch fromthe
first processor thread to the second processor thread
i ne¢vflbngingt or togtaxst avetch fhemfihst fpretepsocessor
thread in a first set of registers corresponding to
thrihe £brehe PeO6RESHEOtBESAd; tARdatioadthgdangt at e of
the second processor thread from a second set of

regi st eggo£9hHE8PERLEBYcEOL hBer se§0Ngropessessehread in a
thread. 19. The method of claim 18, wherein storing a

stat e pf sar 8kvﬁggg%eg§§$95rkgEﬁéﬂdﬁhghke fhe first

correspondi ng set regi sters " includes storing data
corresgondin?hto g.piggline stage of a processor. 20.
ThBTREERBH  of “¢F&FM T8, further conprising: recei ving
i nput changlng t he proce sokgtlne aIIocatlon;ﬁgggread from

per f or n-ABYaNGoAt 8kete8wPEchPENBRGOPRePFPFEES] &&6nd

processor threads based on the changed processor tine
al boearppd,. set of registers corresponding to the second

processor thread.

19. The method of claim 18, 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.

20. The method of claim 18, 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.

21. The method of claim 18, wherein performing a context

switch includes performing a context switch dynamically during
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21. The nethod of claim 18, wherein performng a
context switch includes performng a context switch
dynam cal ly during 38 execution of a program 22. The
met hod of claim 18, wherein performng a context
switch includes performng a context switch statically
excbagedn of a pregdemer m ned processor time allocation
for each of the first processor thread and the second
processor thread. 23. The method of claim 18, wherein
performng a context swtch includes performng the

CoabeXtEﬁgjh%Eheﬁ (g %@Qlﬂflgn whBS$ER HCHE@E oeWE NG a24ontext
The net claim 18, further conprising storing

sw1gaha1%§§ étﬁgr%%E %ﬁgglV%BnEEQEe§§QECBh%%%q1c%le based

corres on ank o register file . The net hod

n118 ther co [ [

on éxgEﬁtggﬁe§P&PSQ gfogeggg pondﬁ%gggggéggggﬁq ERELQT the
26. The nethod of claim1l further conprisin

£irpst BRPRGSPRSt FUCERGN S Es S5 éﬁe&a"’% o O?éﬁﬁ&rfa%hrfa&-
processor threads, |nclud|ng the first processor
thread and the second processor thread; decoding the
instructions; 39 issuing the instructions to an
exeaut i Mheumetthognef claim 18, wherein performing a context

switch includes performing the context switch at an end of an

instruction cycle.

24. The method of claim 18, further comprising storing
data associated with a given processor thread in a

corresponding bank of a register file.

25. The method of claim 18, further comprising
indicating an execution status of a corresponding processor

thread.

26. The method of claim 18, further comprising:

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

decoding the instructions;
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storing data associated with an issued instruction of
a given processor thread within a correspondi ng bank
of a register file, wherein each bank only stores
data associated wth a correspondi ng processor
thread. 27. The nmethod of claim 26, further conprising
det esmingngha pnetessbionhr eadafir ewewbishnaunest and
instruction wll be fetched. 40
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.

27. The method of claim 26, further comprising
determining a processor thread from which a next instruction

will be fetched.
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