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BACKGROUND
[0002] The following disclosure relates to processing circuits
and systems.
[0003] 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 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 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.
[0004] In a conventional pipeline processor, a context switch

typically occurs through a hardware interrupt and interrupt
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typically occurs through a hardware interrupt and
interrupt 1 service routine. Interrupt service
routines typically have an associated execution tine,
or interrupt overhead, that may consune val uable
processor tinme. Additionally, in a conventiona

pi pel i ne processor, a context switch typically occurs
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determ ned by, e.g., vendors of an operating system

asSdWhR¥g EREGBLibA @emer abr EHt@BEuE§p8§érhéQdS that may
specification describes a hard disk controller
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at least two threads of program code
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controller can further include a nenory to store the

servo rel ated program code and the system | evel

program code. The nmenory CcaSUMMARR® user provided

program code. The thread control unit can control the
[06BBTUl | DI general, in one aspect, this specification describes
a hard disk controller including a multi-thread processor
adapted to execute at least two threads of program code. The
multi-thread processor includes an execution pipeline, and a
thread control unit to control the execution pipeline to execute
servo related program code as a first thread and system level
program code as a second thread.
[0006] Particular implementations can include one or more of
the following. The hard disk controller can further include a
memory to store the servo related program code and the system
level program code. The memory can store user provided program
code. The thread control unit can control the execution
pipeline to execute the user provided program code as a third
thread. The execution pipeline can include an instruction fetch

unit, a decoder responsive to the instruction fetch unit, an

issue unit responsive to the decoder, and an execution unit
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pi peline to execute the user provided program code as
a third thread. The execution pipeline can include an
instruction fetch wunit, a decoder responsive to the’
instruction fetch unit, an issue unit responsive to

t he decoder, and an execution unit 2 responsive to the
i ssue unit. The system | evel program code can include
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execute first real-time programcode as a third
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thread. The second nulti-thread processor can execute
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In general, in another aspect, this specification

indbsde | desecod/Rxanit Dot g5 ipalcingi Nthd dNBddoddiraftbad control

processor adapted to execute at |east two threads of
unPt ogs B ROEE). e second execution pipeline to execute first
real-time program code as a third thread and second real-time
program code as a fourth thread. The second multi-thread
processor can execyte a given thread of program code not
executed by the first multi-thread processor. The hard disk
controller can further include a read channel.
[0007] In general, in another aspect, this specification
describes a DVD controller including a multi-thread processor
adapted to execute at least two threads of program code. The
multi-thread processor includes an execution pipeline, and a
thread control unit to control the execution pipeline to execute

servo related program code as a first thread and system level

program code as a second thread.



mul ti-thread processor includes an execution pipeline,
and a thread control unit to control the execution

pi peline to execute servo related programcode as a
first thread and system|evel programcode as a
second thread. 3 [00081 In general, in another aspect,
this specification describes a nedia player device
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. t hreads of pro m code. The nulti-thread
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threag control_unit to_control the execution pipeline
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as a first thread and system | evel program code as a
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i nclude one or nore of the follow ng features. The
degelrlibesr acoatiinileat WoANr syated ipcbgdanycadeutean-thread

relate to one or nore of the following protocols
prébBsoB3adabtkdotot bretike. afhteayst ewd| ENLLads O8F 4PFrogram
code. The multi-thread processor includes an execution
pipeline, and a thread control unit to control the execution
pipeline to execute cellular communication related program code
as a first thread and system level program code as a second
thread.
[0010] Particular implementations can include one or more of
the following features. The cellular communication related
program code can relate to one or more of the following
protocols CDMA, G3, GSM, or the like. The system level program
code can include at least one of menu program code, display
program code, MAC program code, WLAN program code, network
communication program code, error correction program code, video

processing program code, audio processing program code, host

protocol management program code, cache management program code,
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code can include at | east one of nmenu program code,

di spl ay program code, MAC program code, W.AN program

code, network comruni cation program code, error

correction program code, video processing program

code, audi o processing program code, host protoco

managemnment program code, cache managenent program
defede, mdndgbec prvgtragetole0Jenbr$pHeon/decryption program code,

encryption/ decrypti on program code, _ _
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comuni cation program code or security managenent
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muﬁﬁg?gg thread. [00121 Particul ar inplenmentations can
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thread control unit can further control the execution
thﬁ?ﬁgl FARt¥BleRBéht BOcooRErel| thedepr oyt ton ripel e ato execute

third thread. The voice processing related program
Vog6HePE@Re 881 NG 0FF dat edderegsati codel as té Histesthnead and

voice signals for conversion to a suitable formfor
systamsheesl oprogeam codetawrk.sddwend iwdad evel program

code can include at |east one of MAC program code,
[OWL2N preegriaimciede, imelemdritations can include one or more of
the following features. The thread control unit can further
control the execution pipeline to execute codec related program
code as a third thread. The voice processing related program
code can be program code associated with processing voice
signals for conversion to a suitable form for transmission over
a network. The system level program code can include at least
one of MAC program code, WLAN program code, network
communication program code, error correction program code, video
processing program code, audio processing program code, host
protocol management program code, cache management program code,
defect manager program code, encryption/decryption program code,

compression/decompression program code, wireless/wired

communication program code or security management program code.
5



conmuni cati on program code, error correction program
code, video processing program code, audi o processing
program code, host protocol nmanagenent program code,
cache managenent program code, defect nanager program
code, encryption/decryption program code,

conpr essi on/ deconpr essi on program code, wreless/wred
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program code. 5 [00131 In general, in another aspect,

aeli g psReqi i ¢at be8 ndesikbasvacY EGLESS PELVQEKNG a mulci-
devi ce systemincluding a nulti- thread processor

th@@aat SQ'OEQS@ZS?CHHEPEE | eastxbuleLhreafls of +PEOGEANGs of

code. "The nmulti-t processor includes an execution
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Particul ar inplenentatlons can i nclude one or nore of
PipRLipg| FBWPKEGCRES! U ESLEFRLNGF YRF R ske IRt 9f IRTPIF 3R cgpde as a
program code can include at | east one of routing
figssgEhnragdandneyabeR lpvelraresbee cedeeds pojerond thread.
program code, repeater program code, security program
l°eéd VPaFtigulay vinel erentor td ans graam iasdaids ongr g ere of
code i npl enmenting a wirel ess conmuni cati on protocol.
thﬁhéOé&QWéngléeetupeegraﬁheodérebmssrmﬂmnhrkurékﬂﬁnd(pmpgram
of MAC program code, W.AN program code, network
codemyani tatiovde pabglaast code, ofr raut Doy rEedd em ey aMetwork
code, video processing program code, audi o processing
prpgoghadbaefeacbess PbéOhOCHodPARIESE! repeater program code,
security program code, virtual private network program code or
program code implementing a wireless communication protocol.
The system level program code can include at least one of MAC
program code, WLAN program code, network communication program
code, error correction program code, video processing program
code, audio processing program code, host protocol management
program code, cache management program code, defect manager
program code, encryption/decryption program code,
compression/decompression program code, wired communication
program code or security management program code.
(0015] In general, in another aspect, this specification

describes a wireless television system including a multi-thread

processor adapted to execute at least two threads of program
6



program code, cache nanagenent program code, defect
manager program code, encryption/decryption program
code, conpression/deconpression program code, w red
communi cation program code or security nanagenent
program code. (00151 In general, in another aspect,
this specification describes a wireless television
cogiest effhienciuddiing haead pirotbeead iAE06E8880knadaREEE; A
execute at |l east two threads of program 6 code. The

pipeltinet, haedd apthgessotohtebldasi 8NtXeeHELBR the execution
pi peline, and a thread control unit to control the

ipeddnti €0 eRepakienmeli9ac¥etyted"BLdbarLf! ogr
pl?ode as a F?rgt thread  and sys?gn1§£vﬁle%?%g?%n1cgg%5t thread
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medg code can _ingc e.a eas
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rogram code, audi o_processing program code, hos
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. _program code, defect manager program code,
1n£%% SR obF¥REr9Re | of MAR deregmandeyde, WLAN program code,
conpr essi on/ deconpr essi on program code, _
negiveEe/ RTEREea thomUpH egrtd o e Qg rammo dsomnfe SELH ignbgram

managenent program code.
code, video processing program code, audio processing program
code, host protocol management program code, cache management
program code, defect manager program code, encryption/decryption
program code, compression/decompression program code,
wired/wireless communication program code or security management
program code.
[0017] In general, in another aspect, this specification
describes a broadband modem including a multi-thread processorxr
adapted to execute at least two threads of program code. The
multi-thread processor includes an execution pipeline, and a
thread control unit to control the execution pipeline to execute

broadband communication related program code as a first thread

and system level program code as a second thread.



[00171 In general, in another aspect, this
specification describes a broadband nodem i ncluding a

mul ti-thread processor adapted to execute at | east
two threads of program code. The nmulti-thread
processor includes an execution pipeline, and a
thread control unit to control the execution pipeline

[mdaéxecaaet1bnmadbamﬂlemaﬁuatcahsoaaﬁeiﬁéP&d@f&gé36‘% more of
code as a first thread and system | evel program code

thas faldecdnd . thmﬁ%derahgﬁﬁa]cBﬁhﬁh&HEéion related program code
i npl enment ati ons can i nclude one or nore of ﬁ
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code includes cable conmunication progfan1co
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program code. The system

d
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net wor conmuni catiron p

a de V|de rocessin ram code, _audi o
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Cog;gg an1code cachg nana ement program code, defect
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nﬁﬁenent program code. [003.91 In general, in
caghe; hrRRagepelt PrAgEampeede cdefert miesagehasraymin atbde,
router including a nmulti-thread processor adapted to
engx¥Rbi en Ade ¢yt i omoprdgean scode pragimra side /diompression
mul ti-thread processor includes an execution pipeline,

proguam code, wired/wireless communication program code or
security management program code.
[0019] In general, in another aspect, this specification
describes a wired router including a multi-thread processor
adapted to execute at least two threads of program code. The
multi-thread processor includes an execution pipeline, and a
thread control unit to control the execution pipeline to execute
networking related program code as a first thread and system
level program code as a second thread.
[0020] Particular implementations can include one or more of
the following features. The networking related program code can
include at least one of routing program code, access point

program code, security program code, repeater program code,

virtual private networking program code or program code
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thread control unit to control the execution pipeline
to execute networking related programcode as a first
thread and system |evel program code as a second
thread. [00201 Particul ar inplenentations can include
one or nore of the follow ng features. The networking

rel ated program code can include at |east one of

il eniany: iprgo gr aomtd ca?AeRs proebebl . Pr egka By eds, levell program
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co nicgtion rogram code or security nanagement
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this sge ification describes a real-time controller
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at | east two threads of program code. The
mapgeererhr BRA9HRBCce840r i ncl udes an executi on

Eigeline, and a thread control unit to control the
(082&¢ut i bh 9pigrd ) ndnt arotdeut @spedity t3iat ehbay iFH@IPi on

code as a first thread
describes a real-time controller including a multi-thread
processor adapted to execute at least two threads of program
code. The multi-thread processor includes an execution
pipeline, and a thread control unit to control the execution
pipeline to execute media related program'code as a first thread
and system level program code as a second thread.
[0022] In general, in another aspect, this specification
describes a method that includes providing a first real-time
program code; providing a second real-time program code;
executing the first real-time program code with a first
processor thread though an execution pipeline of a multi-thread
processor; and executing the second real-time program code with

a second processor thread though the execution pipeline of the

multi-thread processor.



and system | evel program code as a second thread.
(00221 In general, in another aspect, this
specification describes a nethod that includes
providing a first real-tinme programcode; providing a
second real -time program code; executing the first
real -tinme programcode with a first processor thread
(d210h 2R g¥AEwRLON iRl BALLARrObsBeBY, ! knibrERlci fication
processor; and executing the second real-ti program
S48 gt el r..1hr h.the
d execSt\@:so% E?SZ'I %%g%ogﬁgﬁg%a%%i -t%%%e%%%g? &glgsgp_ntgoller
. neral, not her. aspect . thi
1%ﬁ¥§§§ ib%?%%n%oggfgh u@éng P&aﬁﬁﬁﬁgetggnFiﬁFPgﬁ.°fh8r°9ram
al -t ntraqller incl.udes ans for exeguting at .
cx%%astﬁ?%g“% Feaas o FrEyras lgggg_eﬁhgx§§gﬁ§opop1pe11ne
nmgxecuti g_i ncl udes executign pi peline neans, and_
Eads 26 MEBREr 6CF FENERE1EABEutNEneEPFEFiAR RéRAZing means to
execute first real-tinme programcode as a first thread
eXgrdtes A B/ F@Sﬁ-‘ttilfﬁ? Program cede as a §érshdthheaddand
[ 00241 Particul ar inplenmentations can include one or
segere sealrhémpoprogray fedeuprssa Fheondathread.
controller can include neans for storing the first
[0024]- t | Ferpioglam topbenent ahions ccamdinehidd iome or more of
program code. The neans for storing can further store
thgsérlppwindefieptuogeam cOte. réhd-mtmaschdbnt rotDEEr ©hhi Dfclude
can control the execution pipeline neans to execute
methe @oer spoovndedhpr 6gram eede-85ma phbgdahheé6ad. addietnhe
execution
second real-time program code. The means for storing can

further store user provided program code. The means for
controlling can control the execution pipeline means to .execute
the user provided program code as a third thread. The execution
pipeline means can include.means for fetching an instruction,
means for decoding a fetched instruction, means for issuing a
decoded instruction, and means for executing an issued
instruction. The real-time controller can further include a
second means for executing at least two threads of program code.
The second means fﬁr executing includes a second execution
pipeline means, and means for controlling the second execution
pipeline means to execute third real-time program code as a
third thread and fourth real-time program code as a fourth

thread.
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pi pel i ne neans can include neans for fetching an
instruction, neans for decoding a fetched .
instruction, nmeans for issuing a decoded instruction,
and nmeans for executing an issued instruction. The
real -tinme controller can further include a second
nmeans for executing at |east two threads Ffdprogram
e. +.J nd .reans for executing.i.ncludes a .
[oogggon Ié?%%%%%%ﬁ W e @RS Ctan d riSafPecaf ication
ontrollin he. second execution  pipeline neans to
desERRTT e (RPFIr T U3 -G9Her O 1 IR meand faF providing a
._thread and fourth real-time programcode as a fourth
Lirgt Bo - Qs deEegram qRdfr Mleans fanprevisimea senond
speci fication describes a real-tine_controllqr
real n3 R RPN CIdR meAngifiny @xedutsing ddle- thimst real-time
program code; neans for providing a second real-tine
Prograyregde oticch ree dinise sitto iprvce@stam ¢ hiveadf ithetughe ahr ekéeution
programcode with a first processor thread though an
pipeksvutabra milpel{tieresid prodelsisod) and Re@ees Fok exdduting
nmeans for executing the second real-tinme program code

the vdddoral seeand ipied ¢AeSRant Rogdad wiEBOHQQeEGﬁde§§6HEisQBr thread
pi peline of the nulti-thread processor. [0026]

thouat ttilledte dutllcRM®ipalliiHRS ogaR hNmb ¢ -Qﬂgeggeggpggggor.

the following. The first real tinme code can

AR R Rt i g PR AT g
theiﬂﬁﬂlwwangne Qﬁengﬁ?s%frggf EQEEOEEHQ can be video processing
program code and the second real time code can be audio program
code.

[0027] Implementations can include one or more of the following
advantages. Applications including a single multi-thread
processor are included that do not require multi-processor

(e.g., CPU-to-CPU) management. Consequently, processor time
associated with multi-processor management is eliminated.
Reduction in the number of CPUs within an application further
reduces manufacturing costs associated with a given application.
Further, a multi-thread processor guarantees that computing
resources are available for a given program code through an

available processor thread that can be dedicated to the program

code. A multi-thread processor also allows for independent

11



advant ages. Applications including a single
multi-thread processor are included that do not
require multi-processor (e.g., CPUto-CPU) managenent.
Consequent |y, processor tinme associated with

mul ti-processor managenent is elimnated. Reduction
in the nunber of CPUs within an application further
reduces manufacturing costs associated with a given

develpment idh. SofarRcodemha ihe esntaddus ddre multi-thread
guarantees that conputing resources are available for

PTOEELRHF®en program code t hrough an avail abl e processor
thread that can be dedicated to the program code. A

[0028] t i -Ther dedt yidec efs omealoso malrkousplemenndependeatrel ket forth
devel opnent of software codes to be executed by the

in the tacedwpeatyiny chessiorgs [P &hel e sdetiait ivr0beQrfy Of Other
nore inplenmentations are set forth in the

feamonampany iady Aitadtgsiand Behapasentpirrom ReledWe 3Nt ion

features and advantages will be apparent fromthe

and ABSGFinYd,0ind@Fd- ol aMNGS.aidad from the clai nms.
DESCRI PTI ON OF DRAW NGS [0029] FIG 1 is a block

di agram of a multi-thread pipeline processor

architecture. [0030! FIG 2 is nethod of operation for
anulti-thread p T 108N PFgBRAWINGSaccor dance

with the multi-thread pipeline processor architecture
[002%] | BIG:1. 1[ dg32] bEpck dipgrambdHck wirdhyiavhoéad pipeline
mul ti-thread pipeline :
processor architecture.
[0030] FIG. 2 is method of operation for a multi-thread
processor configured in accordance with the multi-thread
pipeline processor architecture of FIG. 1.
[0031) FIG. 3 is a block diagram of a multi-thread pipeline
processor in accordance with the multi-thread pipeline processor
architecture of FIG. 1.
[0032] FIG. 4 is a block diagram of a multi-thread pipeline
processor architecture.
[0033] FIG. 5 is a block diagram of a multi-thread pipeline
processor in accordance with the multi-thread pipeline processor
architecture of FIG. 4.
[0034] FIG. 6 is a method of performing exception handling in

the multi-thread pipeline processor architectures of FIGS. 1 and

4.
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processor in accordance with the nulti-thread pipeline
processor architecture of FIG 1. [0032] FIG 4 is a
bl ock diagram of a multi-thread pipeline processor
architecture. [0033] FIG 5 is a block diagramof a
mul ti-thread pipeline processor in accordance with
the nmulti-thread pipeline processor architecture of

CLEES) 4:F1b00374]a,|si':h§mlegh£§h§fgﬁ{e??&{ﬁ% IACLIMOA handling in

excepti on han pi
it f FIGS. 1 and 4. 12 [0035
e S e B 1o ePPsPaeRG ARCBIFEREERRAAPE nEies. 1 and
the nulti-thread pipeline processor architectures of

4-FGs. 1 and 4. [0036] FIG 8 is a functional block
di agram of a hard disk drive systemincluding a

[0G3f)t i - FEFeal pPoBeduBFtipnal7hleric dbagmam dfrecthanhidisk

bl ock diagramof.a digital versatile disc (DVD)
dr iyes 183t bert [ingilvg iaomal multehrshdepdopeesessor| 0038]

FIG 10 is a functional block diagramof cellular WAN
[0Q3]r el E36.LB8cab Ar fanteionak)bbyck edtiddmdihig aligital

mul ti-thread processor. [0039] FIG 11 is a _
vexrfaatdilieomddlschl (DVD) disggt am ioic 1adielgP as yeiled)- thitebddpRecassor .

mul ti-thread processor. [0040] FIG 12 is a functi onal
(od3isjck BIAQram o5 & Mnet£S%al block diagram of cellular WLAN
(Wireless Local Area Network) system including a multi-thread
processor.
[0039] FIG. 11 is a functional block diagram of a VoIP system
including a multi-thread processor.
[0040] FIG. 12 is a functional block diagram of a wireless
network device including a multi-thread processor.
[0041] FIG. 13 is a functional block diagram of a wireless
television system including a multi-thread processor.
[0042] FIG. 14 is a functional block diagram of a broadband
modem including a multi-thread processor.
[0043] FIG. 15 is a functional block diagram of a wired router
including a multi-thread processor.
[0044] FIG. 16 is a functional block diagram of a wireless
media player including a multi-thread processor.

[0045] FIG. 17 is a functional block diagram of a real-time

controller including a multi-thread processor.
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network device including a nulti-thread processor.

[0041] FIG 13 is a functional block diagramof a

wireless television systemincluding a multi-thread

processor. [0042] FIG 14 is a functional block

di agram of a broadband nodemincluding a nulti-thread

processor. [0043] FIG 15 is a functionallblocﬁ

i-agra ed route inclu a multixt
toos32celiRe PebhEfRehobhibor " Snr hETyEripun gERvERgs indicace
d|a ram f awreless nedia player including a
1lkﬁuF ggad processor. [0045] FIG 17 is a functiona

block d|agran1of areal-time controller including a

mul ti-thread processor. 13 (00461 Like reference

synbol s in the vari MBTAIEED MEsdRxbTERRe | i ke

el ements. DETAI LED DESCRI PTION [00471 FIG 1 is a

[ookhyck diegram of aapbrbbki aifgLaf OF PL!hitee i PERFESIObipeline
architecture 100 that is operable to process two or

pro@EEgoﬂr99@§§QECEQE@aQ§OT%hagzns opedb1E" P6€5S8kess two or
threads T1 .. Tn each represent an

mor8' BROLEELULALRRLALE wh! Ml MUl L1yl Y BA0-BLREL! PRronas 11,

processor arc |tec "t hat ?racks execu

, t t f t he
T2, §°F{$E$SQ%FQSF§ regangbér?%fSFEssagﬁréﬁf St8FS cuahpte mulei-
ipstruction _cach ﬁ%b% nstructjion cache 10

chrfa RE5e] R REREREPOR, SRUPLhEFRFERAL b plhf hoCrackb execution

processor architecture 100 )
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, multi-thread pipeline processor architecture 100
includes two or more program counters (not shown) each of which
corresponds to a processor thread Tl, T2, ... Tn. Each program
counter indicates where (for a corresponding processor thread
T1, T2, ..; Tn) multi-thread pipeline processor architecture 100
is with respect to an instruction sequence. Program counters
are discussed in greater detail below in association with FIGS.
3 and 5.

[0048] In one implementation, multi-thread pipeline processor
architecture 100 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
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i ncludes two or nore program counters (not shown) each
of which corresponds to a processor thread T1, T2,

. - Tn. Each program counter indicates where (for a
correspondi ng processor thread T1, T2, Tn)

mul ti-thread pipeline processor architecture 100 is
W th respect to an instruction sequence. Program

Lscussed i eater detai | bel ow
infHBLIER, sRefrPhoR BE35e5gRl 2 PROAGEETR e stage
nt ation t hread, pi pel i ne processor
(Méﬁﬂ‘ghﬁp cf’ﬁfeeléﬁn‘FnEFﬁﬁ‘és?gP k- pi Pet FhetrerR PRI RS «
peline stages include an instruction fetch stage
ProfﬁﬁforaﬁthéF?EEPFSn10Becbﬂeeg?ﬁgecimE»nc%#ﬁe a different
instruction_issue stage (1S), an 14 instruction
nurpesc ofi BAPSLARE FEXYSSa (Muht hekrsad aaibel bR DYMEBYSOT
and wite back stage (WB). Multi-thread pipeline
archigectuose iPehfurthereinebudéswenw einstwanct i ubksteh unit
different nunber of pipeline stages. Miulti-thread
(IFp) pébineapdecedsor 106 chsseetumet 1068 f ux trhefidtwmt UBlidse 110,
an instruction fetch unit (IFU) 104, a decoder 106,

an exsyatiioht uAdB, 182 egésd elodid 1140, wriie RRFAH 06, and a
unit 112, read logic 114, wite logic 116, and a

proBia@haBIabt Bridd eath 8L4OLeh | h G T | g r (HrddY &¥htrol
control unit) 118. (0049] Instruction fetch unit 104

ikt ihgves program instructions from e.g.,
un |zstruct|on cache 102. Decoder 106 decodes the

[00RbPAT %é%éé’i‘:&ﬂ %tﬁ{]qxr&@%roqlt %%tq'q.cé%%%d program

instructions from, e.g., instruction.cache 102. Decoder 106
decodes the program instructions and generates decoded
instructions to be executed by execution unit 112. 1In one
implementation, the decoded instructions are fixed length
micro-op instructions. Issue unit 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
Processor Architecture” by Hong-Yi Chen and Jensen Tjeng,
attorney docket no. MP0634/13361-140001, which is incorporated
by reference in its entirety. Read logic 114 reads data from,

e.g., a data cache (not shown). Write logic 116 writes results
15



instructions to be executed by execution unit 112. In
one inplenentation, the decoded instructions are
fixed length mcro-op instructions. Issue unit 108
i ssues decoded instructions to execution unit 112 for
execution. Execution wunit 112 can be a | oad execution
unit, store execution unit, arithnetic logic unit
Lt pl c | ate (MAC) uni,t or X
of gRedbrel thshhetIora pATK, B5h BhPe ot tekec rssﬁeynr:glster
.U S, atent application_entitled -- "Variable Lengt
fllﬁii&PvﬁSr BrEgggggF?AhgﬁﬁFﬁcéﬂPE"sB?”ang-Yi Chen and
Jensen_Tjeng, attorney docket no. . '
[°°I§I9é63413§%8%€93[4§6é§, LhRi 8Fores | drler priseetatey with each
reference in its entirety. Read |logic 114 reads data
procegrpr thyeadaTadat F2cache Thot EFhoeng. ivplewehbgtionl6
wites results 15 of executed instructions back to,
regésger fidet Al0adheludegi stparatel kadkd, (erga, rbankderl, T2,
buffer (not shown). [00501 Register file 110 stores
...dTnd absbcaabed dath eashciptedessoh &hceadespondng
... Tn. In one inplenentation, register file 110
proceskodeshsepdr @ie tranks.(erq., bopkexdmpld?, if writ8)logic
that store data associated with a corresponding _
116pigceeseinghaesd disodated  with FR6cEXSHP! €nrédaWMhbtBack to
logic 116 is witing data associated with processor
: d b t eg] rqfd , Lie [
oo e Tl e TR SRS TRF RS 09hE FY ut £6de "hho Caqlf o bank
T2 PEUELARLLUE! ¥118 sEpar aAft%%é{\géle%{: B

oring data correspondi
file (not shown) for storing data corresponding to each
processor thread Tl, T2, ... Tn can be implemented within multi-
thread pipeline processor architecture 100.
[0051] Programmable thread allocation controller 118 can be
programmed to store processor time allocations that have been
defined for each processor thread Tl, 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
threads T1, T2, ... Tn) is received through a graphical user
interface (not shown). For example, a user can allocate 95% of
processor time to a first processor thread and 5% to a second

processor thread for a dual thread pipeline processor. In one
16



processor thread T1, T2, ... Tn can be inplenented
within nmulti- thread pipeline processor architecture
100. [00511 Progranmabl e thread allocation controller
118 can be programred to store processor tine

al l ocations that have been defined for each processor

thread T1, T2, ... Tn - i.e., what portion of
each praocessor

Lo ry L1 i 11._be dedi cat ed :
g e?%ag lfO%Tg% h\.@. PIRFESSP ro%emlerrﬁtlgr?é’ﬁlt&loinoﬁ,efllﬁﬁﬁit for each
. B EQM ser, defining portions of processor
Préﬁ%%goFbt%§e§%|38aﬁéd R PESER ot nEegAgr it F20f - - - Tn) can be
rqcessor threads (e€.g., processor threads T1, T2, .
dYrJ.%’“”?ﬁ@Yi §E“P€8€F]véd it BroufheRogcaprdng program execution -
i nterface (not shown). For exanple, a user can ,
by & vsex: erosyeseraplycbyser soiftware prograt geogessar software
thread and 5%to a second processor thread for a dua
prOSﬁﬁ@a@OpbpeEkaeupedaessAﬂteknaomeglﬁ,|anéeﬁgabaggeﬂ,time
the processor tinme allocation defined for each

allpratéssoforheaal peogesspioeBseal tAnCBASsddriddily: set -
Tn) can be dynamically changed - i.e., changed duting

i.epy ogoanchangeabda dubyng ﬁ%@?rah BxetGERBLY by a
software program (e.g., a software programto be

[OOBZFCUIEM)onéMiﬁﬁi@ﬁéﬂ@&ﬁioﬁP%pf5§¥§ﬁﬁ%¥%§lﬁg%ﬁ%ﬂi%%i?%Ftion

al l ocation for each processor threa

conBebliet €18 ﬁ&f&?xﬁsgsa&ﬁtQﬁEi&gb@éﬁg{l néét%%(ﬁ:?cg% v by

(00521 In one inplenmentation, programma

. ' t ext itch
cecabho6shy O pEQRLEolL Ly I PEELQI 3y ConLent MLl

automatT ca _ _
wilfmﬁngékéﬁgg k@ﬁgrycg§oﬂnstruction 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
pipeline stages (e.g., pipeline stages IF, ID, IS, EX, MEM, WB)
of multi-thread pipeline processor architecture 100 may contain
instructions associated with two or more processor threads, data

associated with each given processor thread is maintained
17



wi Il be fetched (e.g., by instruction fetch unit 104).
I'n one inplenentation, programmable thread allocation
controller 118 perfornms a context switch by sw tching
one or nore selectors ,e.g., multiplexers and/or
de-nul tiplexers (not shown) that are in comunication
Wth instruction fetch unit 104. One inplenentation

arB tY19C eFAugH Heddigh@ M1 1iePhe%eT $hA8Y the inteqritv of
Siﬁ»rﬂﬂt?ﬁlexeréjthg#gberforns cont éxt Switches 1§ o +tY ©

datiaS GlasRG aclie QW dH e%.%%oﬁjr@i:ie%%ow Eﬁi‘gggsisspad‘ﬁtggged.
5. When a context swtch occurs, aﬂ |nstrucf|6 hed b
[ ' exl: pr ssor  thread,i et che
B e e i e gseﬁewm;eq% o an
- . . pipeli stages |F, , 1S, EX M .
irbeEbel ebvach BRULTACS' B 8@§§§8F£5FcHPEsefluﬁélqeetlon
t ai inst ti sociated with two or nore
& R S e
.processor thread is maintained 17 separately through
WlE gPSCEPTIPE P1ECONERYS, SWAEShnategrity of data
associated with each processor thread is maintained.

[00RBT ke BIConYchir¥Rar Pelod nR0Qriee wovcadmingrmprocessor
require an interrupt service routine, progranmmable

thfﬁﬁéﬁdtbrpughtBomulCQchUEhérpiﬁélﬂnespn@¢e@@dﬁ @hitecture
i nterrupt overhead associated wth perfornmng a

(ecgni extil s 9 tbireafl0PER1 Fh& pPos8ey6T da fEh sk 20 f1do) | Input
processi ng processor threads through a nulti-thread

depiipthgne poPELSACHEAPLBLESEHHI €imé et d- be Bl tdedt¥®aD each of
pi peline processor architecture 100). I nput
a plurality of processor threads is received (step 202). In one
implementation, input allocations are received from a user
through a graphical user interface. 1In one implementation,
input allocations are determined based on requirements of an
executing software application. The processor time allocated to
each processor thread can be stored in a programmable thread
allocation controller (e.g., programmable threéd allocation
controller 118). 1In one implementation, processor time is
allocated based on CPU (Central Processing Unit) cycles, clock
cycles and/or instruction cycles.
[0054] Each thread is processed by the multi-thread pipeline
processor according to the processor time allocated to each

thread (step 204). 1In one implementation, a context switch

occurs automatically according to the processor time allocated
18



defining a portion of processor tine to be allocated
to each of a plurality of processor threads is
received (step 202). In one inplenmentation, input

all ocations are received froma user through a

graphi cal user interface. In one inplenentation,

i nput allocations are determ ned based on requirenents

tPleadh tEXREH! bRY s$BkWAN | beak S i
tfﬁé allocated to g%%ﬁl%fg@%sggégggggggbgagﬁgégét%?éacatlon

cdnt r310629r aRpaRhe gﬁgﬁ@ﬁen@gkggﬁtiQnnggéégé%g;g(ghgéad

progranmabl e threa I'ocation  tont
[ e [ I or ti is_ allocated based
R e B B BoBERATE, ol PRt FasSt PRRKoT cgeres
rinstruction.cycles. [00541 Each thread is . _
muf%?g e%%‘sasb?n?ASrnﬁFfrﬂﬁﬁﬁegaxwﬁew% ape otBsgermunication
.according to the processor tinme allocated to each
Wl?ﬁr 88dlf’8{:§}5°§625‘. EeRcBnEnihpl@ngnt atnfFruet tont f&tch unit
swtch occurs automatically according to the
1°ﬁy%ce§§o?n?iﬁ@P5PW885F§HOQ8 g opre@rammilelel thireadratlocation

in the progranmabl e thread allocation controller. In

COBRECL hPF Rt BPL BNSWAL phiny arfrethe ¢hrece milnipléxers and/or
controller controls sw tching of one or nore

derfipl b ppisvess ahdtatedebafibre pimkeaftéhatactt ipeline stage of
communi cation wth an instruction fetch unit (e.qg.,

thensuitct threddt pipebite Abddesddr AE peBi e addrifex@ switch,
programmabl e thread allocation controller controls -

assdi scus Hgd oin Ofite ot e FLAEt A (Pl QX T SIANHY implementation, a
de-nul ti pl exers | ocated before and after each pipeline
stat@gef od processor thread is stored in, and loaded from,
registers that are located before and after each pipeline stage
in the pipeline processor. 1In one implementation, context
switches occur at the end of a given instruction cycle.
[0055] 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

each processor thread is processed according to the changed
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the nulti-thread pipeline processor to performa
context switch, as discussed in greater detail bel ow
In this inplenentation, a state of a processor thread
is stored in, and | oaded from registers that are
| ocated before and after each pipeline stage in the
pi pel i ne processor. I n one inplenentation, context
rodcsEdes taGeUh1abe n azggyen } ugtign

P cycle. [0055) A de%gsﬁ?ngfggﬁ ?gbzadehgg%g.gé%ﬁr%%%h method

200" Q@raFRbLe sthpeadsal }aggégﬁgad_‘?gﬂ&bg' ler 118)

whet her i nput dynam cal angi ng thé processor tine
lsleqcat [ ' t .. 1f_1the processor
Lo Sl F o8 Bt FERRLERE 6T SR IO (i m e o e hread
. icall hang hen_each_processor thread s,
o e Brot e 83a g0, BUE s FRoaBeSE R P L b g f brt read
.as .%reviouslg estabglshed, and net hod 200 returns to
PiPPLANS RTOLESSPR.ARFRLEESEITR| HRO AF IRk P @PesRRS bieh Processor
dynam cal I y changed, then each processor thread is
thypgdasddy é@eordkn@nto {Reckf abmRYeneN P btew s onult et hread
.allocation (step 208). After step 208, nethod 200
Pipel ipAsPYrecesspr2860 dhctudeedambbvet rid0bd fetzh Ainit 304, a
illustrates a block diagramof a nulti-thread
degpgderi A6 praceegdst800f blie| 308 N bemor danCte M dh a two-stage
mul ti-thread pipeline processor architecture 100 that
exprotéenesnih) 3p2 pcasserordér dattfdn , 318, and abrddrammable
one i nplementation, multi-thread pipeline processor
th868di atlodaesian controllépraie! chMunif- d¢ead pdROCIRS

306, a register file 308, issue unit 310, a two-stage
processor 300 further includes registers T1-Tn and program
counters T1-Tn that respectively correspond to processor threads
Tl, T2, ... Tn. Multi-thread pipeline processor 300 further
includes multiplexer 350.

[0057] 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 multi-thread pipeline processor 300 is with respect to an

instruction sequence associated with processor thread T1),

program counter T2 indicates an execution status associated with

20



execution unit 312, a re-order buffer 314, and a

progranmabl e thread allocation controller 316.

Mul ti-thread pipeline processor 300 further includes

regi sters T1-Tn and program counters T1-Tn that

respectively correspond to processor threads T1, T2,
Tn. Multi-thread pipeline processor 300 further

prorelsgdes tinrletidp ITex erandb prdg@@m/ LolAt8RETn indicates an
i mpl ementation, during an instruction fetch (I1F)

exsicagd oni Bttuet a@sdcdlatRr Nt n3B4oL8EELEVERr80d Tn.
instruction to be executed from for exanpfe,

[0058) " UCDLPIN§AsACiBRRrubBSEA USLL O e eé%§{ gfr%)tg’r gﬁstructions

retrieves instructions in accordanc
i on

re@QﬂBb@HSb}iinzgructifﬁgfekghoﬂﬁikn?b?”%?%ﬁégFggﬁg.of

program counter T1 I cates an execu

£Q§EeSSHY, e T oLl wher e [ti-thread
[Ogisggl i nlguf)%%%e%go%h§6%u$%i%thsﬁ‘é%pge%get oPIa{? + 1in one

imblShEHEL] se nge assqcilated with processor thread
lm&h), E?ES?am B Pero989, AP Ea et ahs cae L9eh B9 aFersorder
cLate ith 20.processor thread T2, and program

bu 38804 Ph Thehalia 18505 SRTEHT b Senemies JefbaniR14 stores
thmﬁ%h géogessor thread Tn. [0058] During an instruction

GeP00RISE alRSEF Byt 1PAS PREE ] oFRE degqded eihdfyructions are
. instruction fetch unit 304 are decoded. [0059] During
1sgHeqd nEP¥ LR eERti8ue Enagee (@) lementateion, re-order buffer

i npl ementation, the decoded instructions are sent to
Sltelpryerireuiderbafifiert hr ough i ssue unit 310).

Re-order buffer 314 stores the decoded instructions
(006@] | tRee adwteoddulififiest 1ot iade® @tres 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.qg.,
processor threads T1, T2, ... Tn) processed by multi-thread
pipeline processor 300. Bank Tl holds data associated with
processor thread Tl, 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 given

processor thread. In one implementation, multi-thread pipeline

processor 300 does not include a re-order buffer.
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I ssued for execution. In one inplenentation, re-order
buffer 314 is a circular buffer. [0060] Re-order

buf fer 314 also stores the results of executed
instructions until the executed instructions are ready
for retirement, e.g., into register file 308. In one
i npl ementation, register file 308 includes banks

[qa5Y. , banksg Ekeclii Tahekhk1COEkESP . each. .
pr ocessor thread Ce g Srgégssg$lth?ggdSQQQCbgigﬁ fnit 312

exdu D GafsS b dya i it st &3 g)nso i Reliae £RORC ?gghxle o gggt 310.

Bank Ti hol ds data assocl ate processor
S B e TR harde “Thts o ederhbdsmarnic as
Sandror e resu ?i‘doﬁ%%‘é%e%%‘ﬁ%ﬁ%?x?aee ofd2od8ERarBaas having
= FiR tlﬁbéi%ts%%%ﬁ?%%%Eaﬁ:aééi‘gaetsagzdseg o< acfigerent

§@g§forder gffer 21 [ 00611 During executions stages
ProPiegddnei shagRer 312 oBReiWPASmeRbatitondevesults of

v i nstructigns i ssued fromissue unit 310. Execution
hﬁnFﬁegfﬁegaﬁnﬁér&ﬁyleﬁeaﬁﬁ ¥xetbenohagki t¢ ms-order buffer
di scussed above. Though execution unit 312 is shown as
318avPRg th@p BEpéredeteot agoistexefileoRo8nit 312 can
have a different nunber of pipeline stages. In one
(00831 enef¥egrammable uthsead allhecatdemit@sht mslIdictims s
are witten back to re-order buffer 314, and then
operdbiledtoobeegregramhetiet308tore processor time allocation for
each processor thread Tl, 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 Tl, 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 multi-thread
pipeline processor 300.
[0063] In one implementation, programmable thread allocation

controller 316 automatically performs a context switch between

processor threads Tl, T2, ... Tn by switching multiplexer 350
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[ 00621 Programmabl e thread allocation controller 316
is operable to be programed to store processor tine

al location for each processor thread T1, T2, ... Tn -
i.e., how nmuch processor tinme will be dedicated to
each processor thread T1, T2, ... Tn. In one

i npl ementation, input, e.g., froma user, allocating

thper tsona ebmpuateagabnt ent Qnﬁ&%ﬁc@&@ﬁe§§96ht 082304, For
T1l, T2, Tn is received through a graphical user

exh&b@éfaaﬁrﬂﬂgtaSBQWE)thaEnmgmglLHﬁkggan%ﬁééfgnehE%o&essor 300

processor tine allocation for each proteSsor

1sT$r033891n?eggoE§Esg§ gxﬁéghcfﬁlymﬁbéggggxg¥lggg?ﬁgncontrolled

I'n one inplenentation € procéssor

tofﬁﬁsse§ﬁgt9ﬁ99 éﬁgrﬁggggggtg& w1ghpPF%g%$8h§b§Fﬁ§g8 Tl through
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In, switching nultiplexer 350 22 that is in
mu%ﬂhﬂ%ﬁ“%ﬁt?%ﬁl%%t?PP%%?%l@@l%ﬁlE%ﬁ%rﬂmﬁﬁrugononﬁoassoc1ated

exanple during a tine that nulti-thread pipeline

with Ruaqkhe T FPCEISP¥ ockxeatg ProcesmrcesseadtAtead T2. 1In
mul ti pl exer 350 is controlled to pass instructions

ong sheRt ement ak 1on priockisiplexdr e3hD Tils tan augto-1 heultiplexer.
pi peline stages of nulti-thread pipeline processor

[0a®H. \Wien o ec dmpehemegitistttiionn ¢ gurogy rammab{lie0 GRR%Rd allocation

thread T1, multiplexer 350 is controlled to pass
contsa kLt | X6 iasslocded el 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 T1-Tn contains 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 Ti 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
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wi th anot her processor thread, e.g., processor thread
T2. In one inplementation, nultiplexer 350 is an
n-to-1 nultiplexer. [00641 In one inplenentation,
programabl e thread allocation controller 316
includes a plurality of thread allocation counters
(e.g., thread allocation counters T1-Tn) that
cytﬂﬂawdnmelsacmmightﬂ@g,th@@p@@tﬁeﬁmzndanaossfQHESS@ﬁe
time allocated to each processor thread. For exanple,
inst roRe iofp ferepiay @An edeRifle hBESAMiALLPCALLEY the values
counters Tl -Tn contains a value that represents how

witdiyn 6B e¥ChRsedbd %hEOEﬁE%QdfQ&lSésb%éﬁréﬁgntefgrare

exanple, if thread allocation counter contarns  a

ch%%b%@.OfAszégchtQﬁgggdaéhg??%%ggncgggtE%{l l%ignggék és a zero

val'ue of 16, and threa I'on~ Ct N
' | [ uctrons w e )
S B SR NS Lhetaal RELLLCLLSS ML P s cones
i [ il] . be fetched f .
mSYSERExh 5By, BB E4SH: SH8sHhhy 8o L ELE0SE L ion o mene
instructkﬁggﬁgﬁgl be fetched from processor thread
n

PrREspRE; 05t BSERBREF R CHBECH [ ohk pt @t eiorprocessing.
[ohgé?ads T1 and, T2 again for another 256 CPU 23 cycles

16 BH cYctes? bapecdiagran ahe snldd-thvead pipeline
i nstruction fetching can continue accordingly until
pPregesgaruaschifefturent0dr that einfopdmah e dasl process two or
al l ocation counters are changed. As each thread
mozfe| pracesnacrotnreads1TIn T2aches En zerinstmldttiodsheissociated
programabl e thread allocation counter 316 switches
winhl prpteseor 360readpass, | TS r UCT i TS5 B iraftad add) feom, for
next
example, an instruction cache (e.g., instruction cache 402).
[0066] In cne implementation, multi-thread 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). Multi-thread pipeline
processor architecture 400, however, can include a different
number of pipeline stages. Multi-thread pipeline processor
architecture 400 further includes an instruction fetch unit
(IFU) 404, decoder 406, issue unit 408, an execution unit 410,

read logic 412, write logic 414, and a programmable thread

allocation controller 416. Multi-thread pipeline processor
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processor thread to instruction fetch unit 304 for
processing. [00651 FIG 4 is a block diagramof a
mul ti-thread pipeline processor architecture 400 that
is operable to process two or nore processor threads
T1, T2, Tn. Instructions associated wth processor
threads T1, T2, Tn can be retrieved from for
aretdtelc®uran 4i00s iUt g agaeBem(i et 9- thfgaarBQEEQQnEaﬁ98cessor
402). [00661 In one inplenentation, nulti-thread

arRhpelecharRr ogesser, 1ar aBlbeslur gu09- tﬂgggﬁeé égilne processor
pi pel i ne stages. The'six pipeline stages rnel

aﬁcﬁatttee%&@m;fo%t %nr%hé961£bf&deén' é{;fy §9e5 e¢Qde

st age , an |nstruct| on | ssue S

t xe ytion a_nenor _
re@ﬁ%‘*“—‘%wé%o AT g e Sh 2D sfﬁésaw@abew?p %mlaaalpelme
ge Qcessaor chltecture 400 owever,  can
Stgh |dé§gab§EPF8r 3P SEERDeFack Srae] ok, AGebing a state of a
r.ead rocessor architecture 400
°°FEFFRSP FRE HgSEGQﬁOFn Rrerd i Bh 188 ch- uni Tn Qurig s@4context
decoder 406, issue unit 408, an execution unit 410,
SWLESH | ogi c 412, wite logic 414, and a progranmmabl e
thread _allocation controller 416. Milti-thread
[0BFRE| | RePpideanrs Rl Hmtchie ectared 4@E irsigedar thread T1.
mul ti-thread pipeline processor architecture of FIG
Inja hikevepnney) tfeghseens BHhd1 b reocesstate of processor
architecture 400 further includes a set registers
thtead. T2, ragdstegisterANL-BI7 Bt ot -aNGt d e ab £ h hedaesY thread
each pipeline stage (one before and after each stage)
Tnf or Istone njmpl sheteatfo®, each register AlL-A7, B1-B7, N1-N7

stores a state of a corresponding processor thread including
storing a state of data produced by a corresponding pipeline
stage of multi-thread pipeline processor 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 decoder 406, and register AS
can store a state of data received from execution unit 410.
Registers Al1-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 multi-
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correspondi ng processor thread Tl, T2, ... Tn during a
context switch. [00671 Registers Al -A7 store a state
of processor thread T1. 1In a like manner, registers
Bl -27 store a state of -processor thread T2, and
regi sters N1-N7 store a state of processor thread Tn.
In one inplenentation, each register A -A7, Bl-B7,
th¥eall/ piploite prolalsecdf archateespesdiuds REOGESSBEtween each
thread including storing a state of data produced by

ipelQhEeesRane) Nenhl PRIHMEes $hagecoheBUk! kit imes.
pﬁ% pel i ne p?oéesgorﬁgrchif%cturec405g§% %ﬁ%gEgﬁggoFlmes

[0Qis\§N | A5t Lyst mglgaaghgatv;mfteﬁ, S?%%@%%%?g\?ﬁ‘?ea %&S%Qﬂocation

I nstructi ons associ at e
' [ st A3
coREp i Oha ek BRLACL G gL LA Sl M Ra ARy
, d ' . _Ab t t ,
S R R TN ——

ata ' réceived fromex
7, Bl -B7 N7 facil.itate context_switches in

Al - , N%- I
shown) RS9 58 RE ogengtngFraeasgr8§BﬁﬁaPﬁgSE?SEe§§09"
.thread to be directly |oaded from (or stored to) a .
Pipevéher 85REEEr IFy n1Bme ISk nBKentitat VBh; cBRA iwplementation of
registers Al-A7, BI-B7, NI-N7 is |located relatively
a presesegrainghediBgamudhiplaxensnandl de-maltfipdeders that
pi pel ine processor architecture 400 (e.g., between
pesfehmsprpptent swageheandspdiatussédsbelont imtassociation with
switching tinmes. [00681 In one inplenmentation,
FIBro§r anWheéheat boptextl bwtathooccoost roht esed 16f registers
performs a context switch automatically by
(e.g., registers Al-A7) associated with a current processor
thread (e.g., processor thread Tl1) 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 B1l-B7) associated with the next
processor thread. The pipeline processor processes the next
processor thread in the following instruction cycle. 1In 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.

[0069] FIG. 5 illustrates a block diagram of a multi-thread

pipeline processor 500 built in accordance with multi-thread
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swi tching one or nore nultiplexers and/or

de-mul ti pl exers (not shown) |ocated before or after

each pipeline stage (e.g., pipeline stages IF, ID

IS, EX, MEM WB). One inplenentation of a processor

including nmultiplexers and de-nultiplexers that

perforns context switches is discussed belowin
pigeddtieapirocessolr aklkcGitbctUWben400 CONAEXproveEshs two threads

occurs, one set of registers (e.g., registers A -A7)

TdaSSQCIaHQdGWethm@léméh@atlaﬁQCﬁﬁﬁﬁi thPE8Adp{BePine processor
processor thread T1l) fromwhich the context swtch

SdMJﬂ%El%Be%tQheinét%h@EgoﬁffEB@hCHﬁfénégprogeééeéde 506, a
thread. To conplete the context swtc a state of a

ré@%@te&rQ€§§SgbgTP?§§ge (Rig- 0ro§e§£§er Qéga%xec i unit

[Ffoaded from erent se regls
regls% r SSO t ed th t next rocess )
slﬁﬁ rea e- %ﬁe pi p ?ne %?gCessorap?B%%E%%@a?%g ek 32'allocation
r rea instruction c .
cREETIEE mae ﬂ‘PS?ﬁoEﬁrssﬂtw ”ﬁm FESSERr 200 hrther
tructi gc e (i ,.after data froma
mﬁ'ran‘SFF’né‘ &‘-5@ REE OhoBRULSLERS (bl HAF dsink| aeBreSPONds to
ster% ermt seanl ess context sw tches. (00691
PrPF 5387, thpeefafas ang) BoReePRYramh 7L or il sFeXNRECPE that
pi peline processor 500 built in accordance with
CORFREPONAPehd PEOBEBEPF nehpead cB3or Mukthi ttthrend pi)eline
that processes two threads T1, T2. In one
prpogpBenenbafi fnrthekrt inthuédes qug#ammc¢ummessor1,5ﬂn
includes an instruction fetch unit 504, a decoder 506,
mudtiplexers 550, and de-multiplexers 552,
[0070] 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. In one implementation, program counter T1
indicates an execution status of processor thread Tl (i.e.,
where multi-thread 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.

[0071] During an instruction decode stage (ID), instructions

retrieved by instruction fetch unit 504 are decoded.
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register file 508, issue unit 510, a two-stage
execution unit 512, a re-order buffer 514, and a
programmabl e thread allocation controller 516.

Mul ti-thread pipeline processor 500 further includes
a first set of registers Al -AG that corresponds to
processor thread Tl, and a second set of registers

(@736 t batringoanedpatdudtdopr 06es806thbeedds2. in one
Multi-thread pipeline processor 500 further includes

inplgiartaanion erthel Hecdodled MAIHRI@XINS 33 ML to re-order
de-mul ti pl exers 552. [00701 In one inplenentation,

bullFd NG 13N (UMddudH it f Isfo) St 3o ethfftéean 514 stores

fetch unit 504 retrieves an instruction to

tH@“ﬂE@dﬁéd'fﬂgtfuytfaﬁyWQ§?'f Q%Ey%%kkggdpé%g%éﬁ%%gqq§ are

Instruction fetch unit retrieves I nstruction

: o oXal ' .nrogr qunt ers Tl 2. In_one
llnpienent§?¥%%&1%¥39rg%%é%ﬁ%fgpl?TepﬁalégpbsI§ﬁ°rder buffer
xecution status.of processor thread Ti (i.e., where
51r%lul(aits‘l % ﬁrlerzfé&&rpaui &Xprocessor 500 is with respect to
[ %ﬁ i nsfructi.on se?uence associ ated with processor
Bdad #2yOrdRy PPEEGFamtbonheer StOrefdthat 58SHAtS of executed

. _execution statys associated with processor thread T2.
1SS PEELORS Ngtdd ithet execussddénsisustagas( pbe, ready for
instructions retrieved by instruction fetch unit 504
rejigegessde - 927 LOGP2repdstey alenS0Buct Tononssue
. stage (1S), in one inplenentation, the decoded
implefensatans ., aregdstert fide- 508einchufiber tddbanksoagh T2.
i ssue unit 510). Re-order buffer 514 stores
Bank Tl holds data associated with processor thread T1, and bank
T2 holds data associated with processor thread T2. Register
file 508 can include a thread 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.
[0074] During executions stages EX1l, EX2, execution unit 512
executes the decoded instructions issued from issue unit 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
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t he decoded instructions until the decoded
instructions are issued for execution. |In one

i npl enentation, re-order buffer 514 is a circular
buffer. [0073] Re-order buffer 514 al so stores the
results of executed instructions until the executed
instructions are ready for retirenent, e.g., into

tHE &t dd i 2Bct b @re wfn@t%%ﬁ%%%klﬂa réeggah§rbuffer
file 508 includes two banks T1, T2 Bank Ti

5 {181 QP SHRIALRA Wil o QLBIYVer! 1980 5p. and bank T2

hol ds dat a aSSOCIate processor fhread T2.

I b d d .
Ot WL
oA, A i 8y et o

rocessor thread will be | oaded into register file
8%&8 PHASG PEPIDL IR G e FdeyTons 15t RREs LERIemeRbation,
execution unit 512 _executes the decoded instructions
PH%@@H‘ thsead gdilecstdon cestupildaruhilf supomakipally
type of execution unit, as discussed above. Though
P'—’éf S @n COREEXS1 BWiis ChhbriwasnhRYPAgSSoNothEpatisn®l, T2 by
age execution unit 512 can have a different
@#%emgomuéﬁpaﬂeuergtég@sanﬂndensuiuppkanarat552 located
results of 28 the executed instructions are witten
respekctiively- bederebahticaftbi4eaghdptipebinet st&fdet ¢e.g.,
register file 508. [00751 Programmebl e thread
piplelanat seagesntFol ter 336 EX1, EX2) of multi-thread pipeline
processor 500. For example, during a time that multi-thread
pipeline processor 500 is processing processor thread T1,
multiplexers 550 and de-multiplexers 552 are controlled to pass
instructions associated with processor thread T1 (through the
pipeline stages of multi-thread pipeline processor 500). State
information for processor thread T2 is stored in registers
Bl-B6. When a context switch occurs from processor thread Ti1,
registers Al-A6 store a state of processor thread T1l, and a
state of processor thread T2 is loaded from registers Bl-B6
(through multiplexers 550 and de-multiplexers 552) and processed

by multi-thread 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.
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operable to be programred to store processor tine

all ocation for each processor thread T1, T2. In one
i mpl enentation, programmable thread all ocation
controller 516 automatically perforns a context

swi tch between processor threads T1, T2 by sw tching
mul ti pl exers 550 and de-nultipl exers 552 | ocated

r espsdpslon kefe and after each pipeline stage
(o o e s TF, 1D IS EXl. EX2) of
i-t d_pj Ln Cc . 500, _For exanpl e, ,
o ng. APEaPPREE TEnrBR8 BI881 120 brodte S Bcbe gy muLei-
| S, I sing _processqr .thr T1,. myltiplexers )
t}%%%da%&% éig%u ﬁx%c%fgrog% 904y égggnPPbp‘Feant gcpagdance with
iQstr ctggﬂs.asiociated wi th processor thread Ti
mudy H‘r"&gﬁﬁ E1P5rpOr RECSESFRE BFChiuiFeFrtRER8ad0pi pePPndetects
processqr 500). State_information for processor
an RREERLTON s tiLoROFTRA pegusnepsof Bingsrughbonaexecution is
context switch occurs from processor thread T1
suspgreedrs Al ABCsPoienaist aheevénpr bhasscauséseadsgdnsion of
and a state of processor thread T2 is | oaded from
nogEgils pEPSTBM- B8ecuthpoughTrpetsi pf exrespSHOnaniinclude, for
de-nul ti pl exers 552) and processed by multi-thread
exginpdki nadgreeedsgr e508pt ionspedatpl exenpeions, ofeedtion
of multiplexers 550 is a 2-to-1 nultiplexer, and each

exgkptdensul bipiréXewseRb@pt Sofs 1-phoLe et ol dk B SXEns 29
Exception Handling [0076] When a nulti-thread pipeline

RSP FLCTY A, 18R PRSI SRR e seneracec
by hardware or software.

[(0077] FIG. 6 illustrates a method for performing exception
handling in a multi-thread pipeline processor implemented
according to multi-thread pipeline processor architectures 100,
400. An exception request occurs 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 multi-
thread processor (step 604). In one implementation, all
instructionslwithin the pipeline of the multi-thread processor
are aborted, or flushed. The multi-;hread 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
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mul ti-thread 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 include, for exanple,
addressi ng exceptions, data exceptions, operation
iﬂﬂ@@%&ﬁbﬁﬁsfr%%ﬁE&E%#tgéﬁeth@ﬂinngghgﬁhbgnassociated with
exceptions, underflow exceptionS, and so on. An
@GR RR SEBY PR -AgRErat §d SRy 1300 L
° [007%] Flé. 6 illustrates aonetﬁggg%@%gﬁgF%éghi%gg§ngle
KECRALEO adli L0 L=t hr LpelLine
< prgbesso?apggﬁghe%%gglnac%%%%?ﬁégtgﬁgﬁgkl9?hF%§HeStS for all
pﬁgc%%gigetggggggsor architectures 100, 400. An

O. - . . . .
xception request occurs while instruction i of a

iy.en read is_being executed (step 602). Program .

[oggéﬁt er'}{;?al ?Pé%ep%g’écg%?%ﬁs% th %‘Flu‘iﬁ%c@és"i‘)rgltﬁrée&ﬁcel’tlon
are .saved, alon% Wwth a state of current instructions

hapdlipg £RUEPPBel(ShEPoPOBhe nDEEET ERRcBUCEPBE@BSBRQUESt has
(step 604). In one inplenmentation, all instructions

begn: pexformegi byl the vRlthethuped- pheeadser ocesearamaceunter
aborted, or flushed. The nulti-thread processor junps

valyegnarexceptpoadhuathingprogramecassverat @fl whe hprocessor,
given thread (step 606). In one inplenentation, each

andr ecessbe ofir tndthastannsaspotoat ed eheepiiapt hamdtédqgest) is
routine that is separate and 30 i ndependent from

reexoeptli shthandthagpipal inesofisshei mhikei wthreadtpedcessor (step
processor threads. In one inplenentation, a single

610). The multi-thread processor resumes program execution of

the next instruction (e.g., instruction i+l) after returning
from an exception handling routine (step 612). In step 612, the
multi-thread processor can resume program instruction at
iﬁstruction i if the instruction is to be re-executed.

Interrupt Handling

[0079] Interrupts within a multi-thread pipeline processor
implemented according to multi-thread pipeline processor
architectures 100, 400 are handled similarly to exceptions.
FIG. 7 illustrates a method for handling interrupts in a multi-
thread pipeline processor implemented according to multi-thread
pipeline processor architectures 100, 400.

[0080] An interrupt occurs while instruction i of a given

thread is being executed (step 702). Program counter values
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exception handling routine perfornms exception requests
for all processor threads. [00781 The exception
request is executed by a given exception handling
routine (step 608). After the exception request has
been perfornmed by the nmulti-thread processor, program
counter values are restored wi thin program counters

ag¥odile el @GeES@ach PHdcRsEbat enebalnateushi,QaS &BEhQrwith a
to the exception request) is restored wthin'the

stRitRebifneuefrrfte 1Mk thiethbaad REASRSSRL %ghgeinglg%bﬁhe multi-

The multi-thread processor resunes prog exeiu o
t [ t e. instrugtion.i+ after

ericach BECRRERdr NHEME 80 o s i b FhierRestheBReST jumps

6 . .h ti-thread, progessor can,
=88, pt B BR Rhrani, rilkibe’ AREBFIBERG R er§iven threas

[ [ is t - d. Interrupt Handling
(38878580 1 o PUBEE AMPARHCACRELOR: | AREAIPEPBERRAE thiead has an

processqr . inplenmented according to multi-thread _
asﬁPﬁéPFﬁé bPGgE§§BF hapghingcraveingobaving areentryl point that

. Simlarly to _exceptions. FIG 7 iIIustfates_a ng?hod

st §PPARABPI AGdi AndpPapdsnt nfronuentryt hotats papedbeimted with

._processor inplemented according to multi-thread

1nSPEERPRenpRAE é8g0FOUE Ehes cassivebatled, willh. of BEBOIrdressor
interrupt occurs while instruction i of a given

thrapdad | Anbenhgyeretnt eils (st 2parOd)g T APE S SOUAM einterrupt
val ues 31 associated with each processor thread are

hapdVéng mbubfneit hIA one implementation, a single interrupt

handling routine (with a single entry point) performs interrupts

for all processor threads.

[0081] The interrupt is executed by a given interrupt handling

routine (step 708). After the interrupt has been performed by

the multi-thread processor, program counter values are restored

within program counters of the multi-thread processor, and a

state of instructions (prior to the interrupt request) is

restored within the pipeline of the multi-thread processor (step

710) . The multi-thread processor resumes program execution of

the next instruction (e.g., instruction i+l) after returning

from an interrupt handling routine (step 712).

Applications

[0082] A multi-thread pipeline processor built in accordance

with pipeline processor architectures 100, 400 can be used in a
32



state of current instructions within the pipeline of
the multi- thread processor (step 704). The
mul ti-thread processor junps to an interrupt handling
routi ne associated with a given thread (step 706). In
one i nplenentation, each processor thread has an
associ ated interrupt handling routine having an entry
willl Harlgealor | 8RR AN i ¢l d fromentr
poi nt s assocf% ed with intgfruggﬁﬁaﬁg%FnﬁpFSﬁ %ﬁé%ly
359G iRt ed Wit i Ak sor . threads. An entr ,
i o P TR EERST mab IR, Pt TeRBAaengnoLuce

point is a starti ress of an

uty I.n ANl nt at.i_o a single interrupt
T R S0 AP Ra T R4 SLAGLESEnePRLBERRLPRRer FORRRtET
] I for _all processor threads. (00811 The
=yl abBrtcatdbundy. cR 1051 hhbN FRPELFRBEORRNAI | ng
routine (step 708). After _the interrupt has been
VeIEFT 8V dd 1By * T hRE PEPFPgPRréXQIB?oéﬁﬁgéﬁétbvograwireless and
.coynter values are restored W thin programcounters
W15F%tH8tWBFFidﬁﬁ#ﬁ&daﬁpéé§§§éﬁpsandiaelssatEebévision
instructions (prior to the interrupt request) is
appdiratéang t krpadhangi pedemeappl { et hohs | -whreddrouter
processor (step 710). The nulti-thread processor
appdigabioppogranedsesunednaoéppl heatnbots j NB&é&LCt ifd controller
(e.qg., instruction i+1) after returning from an
apphteptipnshaadlli agheoutbnki¢at 6png 123 . dSHEHi6&d | DMSgreater
[00821 A nulti-thread pipeline processor built in
debatdrdahoe. withwplpebén OEESS chud Us£81 1R, :
400 can be used in a 32 PPt BY %t A skill

in the art that other multi-thread processor architectures may
be used by the aforementioned applications. Independent
software program threads can be developed without impacting
other processor threads. Moreover, each processor thread can be
guaranteed computing resources in accordance with processing
allocations enforced by the multi-thread processor.

Hard Disk Drive System
[0083] As shown in FIG. 8, a multi-thread processor 808 (e.g.,
multi-thread processors 300, 500, as discussed above) can be
used within a hard disk drive system 800 to pexrform
substantially all the processing functions associated with hard
disk drive system 800.
[0084] Hard disk drive system 800 includes a printed circuit

board 802. A volatile memory 804 stores read, write and/or
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wi de range of applications, including nore
specifically real-tinme control applications. Exanple
applications include data storage applications,
wi rel ess applications, conmputer system applications,
cel lul ar WLAN applications, voice-over-internet
protocol (VO P) applications, wireless and wred
VOl il dbntre AYld &HAt0nS awsbeligted eheViedh?Pol of the hard
applications, broadband nodem applicati ons, W red
ISR v RIYtedt isdpS, Wi ' L,i cali pas
o SR SR SO YonRrals, BRiby"8Es b B2 memory
AP ' esGy| ' re detai| below It
R B eaea By oaznBi%r §bRy B Prhem oPRe of 1ov
ti-thread processor architectures
A ey By B 3RSEneNBr8REAt S5 Mot Enh0s Such as
I.nde t of tware program thyeads can be devel gped
R mel Ry B BReP ey Sk ohS PRPERASEL M abyaRta such as
Iuﬁgpg&gngcessor t reaa can_pe 8uaranteed conputing
resodrdes FAPLECHr GoAGe WFPR PPBEESS| RgdearpBcinsbude system
enforced by the nmulti-thread processor. Hard Di sk
leyel, progrpBnrpdes3inaiudhpgndi pk Ritive, datautapt the eprogram
processor 808 (e.g., multi-thread processors 300, :
caggn, exEoi seussetiabopepgran tede uskdswi photoeohanashagement
di sk drive system 800 to perform substantially al
progapr gedssi Agchanvahagsmests oprageam ddle hadnd déSdct manager
drive system 800. [00841 Hard di sk drive system 800
pricgehmdesde . pr Theéelost r prbt ocdbandh SHhdmerdt VEbdE i ¢ include
menory 804 stores read, wite and/or
program code that manages one or more of the following protocols

Advanced Technology Attachment (ATA) , Serial ATA (SATA),
Consumer Electronics ATA (CE-ATA), Universal Serial Bus (uss),
Serial Attached Small Computer System Interface (SAS), (Fibre
Channel) FC, or Secure Digital Input/Output (SDIO). Volatile
memory 804, nonvolatile memory 806, or other memory (e.g., cache
memory) (not shown) can also store servo related program code -
e.g., program code to operate a spindle/VCM driver 814 as
discussed in greater detail below. Volatile memory 804,
nonvolatile memory 806, or other memory can further store user
provided program code - e.g., program code supplied by third
parties. The user provided code can also be executed by

multi-thread processor 808.
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33 volatile control data that is associated the
control of the hard disk drive system 800. volatile
menory 804 can be a nenory having |ow | atency. For
exanpl e, SDRAM or other types of low |atency nenory
may be used. Nonvol atile nenory 806 such as flash
menory may al so be provided to store critical data

[c0881 asMuleivehiielalde prorlzalbre 8d8. pbheocrBt BakaCaH8/or control
can i nclude system [evel program code, including disk

prHdess i9Rf & HEAPLHY & PAULPo TIE ophla®i FOJEHI A disk drive

program code, host protocol managénent program code,

syRACHE dRNAgETE Y P rinng%ﬂeQ}%%%’ilo%n d dsfqct mn ?g ep(r;é:oﬁ: essor 808

program code. The host protocol Hanagement ¢
j f m e that nmanages, one or_ nore. of. the
e A L el S Teion fDPSo PR Bachndiseiicated to a
(ATA). Serial  ATA (SATA), Consuner _El ectronics ATA
9B R Eashin, LAt Gk o PR E5PBRE LR SnRrRREROT
Smal | Conput er %ste Interface (SAS), (Fibre
R s SO R A lDQ%ﬁﬁ%d PERGERERED BO 8 SpPPpPrt the
Vol atile _nmenory 804, nonvolatile nmenory 806, or other.
ORFERSTYT( @fg hardy sk Gomsrp) mReulshdWRY) c830al sHard disk
store servo rel ated program code - e.g., progran1che
con rederrciile $3iongoamugicatieveighdans inglutdouspdti Anterface
greater detail below Volatile nmenory 804,
81lgan@olspindd efvpdicp 8081 ootorhdVCMendryvean silar,t hed a
store user provided program code - e.g., program code
reqdgpiriice bhanhield mogalei 816 . Thehusaghpoaei 8edmeedepedBessor
al so be executed by nulti-thread processor 808.
threads executed by multi-thread processor 808, hard disk
control module 810 coordinates control of the spindle/VCM driver
814, the read/write channel module 816 and data input/output
with a host 818 through an interface 812.
[0086] As discussed above, multi-thread processor 808 can
execute one or more processor threads that are dedicated to
processing functions associated with read/write channel module
816. For example, during write operations, the read/write

channel module 816 (through one or more processor threads
executed by multi-thread processor 808) can encode data to be
written onto by read/write device 820. Using multi-thread
processor 808, read/write channel module 816 can also process a
write signal for reliability and may apply, for example, error

correction coding (ECC), run length limited coding (RLL), and so
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34 [00 851 Multi-thread processor 808 perforns data
and/ or control processing that is related to the
operation of hard disk drive system 800. In one

i mpl ementation, nulti-thread processor 808 executes
mul tiple processor threads that are each dedicated to
a given processor function. For exanple, nmultiple

opr otesdata. t NiHesisi ®xecdieThdrddd dpehddtaath P QR8T Write
808 support the operation of hard di sk control nodule

ch&iid® 1 Gdddul-arah gl %i@%ﬂ@'oﬂweep%gegggﬁg ihg:@ag% executed

With an input/output interface 812, "a spin VoI C

by onb1 D! tHr MO r sStid s Slob) AGh Lonk 84/ W %gggggngggd signal

i
nodul e 816. Through one or nore processor t

oexeeter AadMildicd A P PIL QQSiSETI%SQESEignal. The

control nodule 810 coordi nates contro
céﬁgégﬂég\ggg i the, read/writ hannel. podul e
816 and datﬁn\éﬁq &ﬁ‘geg.lutbe \;%\nettﬁcgeﬁggfﬁS%ScP Bdugk an
di scussed. above, nulti-thread

' ; 812, 0861 As
Céwé{tfl%%%:%é%c qquéefe&?t &e5REer Lher dapRoEBagowas read by

processor can
t hat .are di cated to processing functions
r%égocsgféggﬁlFﬁ Pg d AR Be CBRaRReMORBdRFece83er Foreads

exanple, during wite operations, the read/wite
eﬁﬁ%ﬁﬂ%ﬁ bWbEHP§g8f§rFPﬁrQﬁgﬁeéﬁ@roﬁoﬁnre pr ocessor

gﬂggads executed by nmulti-thread processor 808) can
[0887dde ¥uibirehpeadvprecesseont @0 ycareadian i ehe or more

820. USigg mul ti-thread processor 808, read/wite
PIOT&Ifer kbyaresgtbatanrsl dedpratedsta prodées fignBinctions

for reliability and may apply, for exanple, error
associated with a hard disk drive assembly (HDDA) 822. Hard
disk drive assembly 822 includes one or more hard drive platters
824 that include magnetic coatings that store magnetic fields.
The platters 824 are rotated by a spindle motor that is
schematically shown at 826. Generally the spindle motor 826
rotates the hard drive platter 824 at a controlled speed during
the read/write operations. One or more read/write arms 828 move
relative to the platters 824 to read and/or write data to/from
the hard drive platters 824. The spindle/VCM driver 814
controls the spindle motor 826, which rotates the platter 824.
The spindle/VCM driver 814 also generates control signals that

position the read/write arm 828, for example using a voice coil

actuator, a stepper motor or any other suitable actuator. One
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correction coding (ECC), run length linmted coding
(RLL), and so 35 on, to data. Likew se, during read
operations, read/wite channel nodule 816 (using one
or nore processor threads executed by multi-thread
processor 808) can convert an analog read signa
output of read/wite device 820 to a digital read

olinyneE prijuessonwditeadiss igratutedn thhemike -‘i@ix‘%ﬁcﬁ%x@&ssor 808

decoded by conventional techniques to recover th

catatiee tisaid was Jeard-dbe AN 484ineq 820 using one
or nore processor threads executed multi-thread

y
(qUsBIESSPhe8RBadl/RR8¢d HgbﬁhétEﬁsagspiﬁgggggrngg %? istal end

al so execute one or nbre processor

i : ' f tions,,associated with a.
R I S SR, (PR PR AT Wiancros
rive platters
(=]

gl hard d .
R A O L T A i S N e

fol I . 824 otated,by_a spindle
e he: “eed/ ?E%grﬁ;f’?a’%?;séhoﬁﬁs? 1393*.4?@%@{ ieRg element
[ 82 t at t he har rive platter
(5% 38 4 KBAPRbAr sHoLbbH AR he L ement batihak | benses. the

operati gns, one or nore read/wite arns 828 nmove
ma?BFE?Fvgl?édtHE phat péattep4824. r dardndisk drive dasembly 822

to/from the hard drive platters 824. The spindl e/ VCM
inglpdes simresmnt ebrsuihes3pi ke ampDifBRS, thbi shalog

rotates the platter 824. The spindle/VCMdriver 814
regfdurfepesiwralgont Woen sieading tdwta, potsé tpedathPecircuit 830

read/ wite arm 828, for exanple using a vol ce coi
amplifies low level signals from the read element and outputs
the amplified signal to the read/write channel module 816.
While writing data, a write current is generated that flows
through the write element of the read/write device 820. The
write current is switched to produce a magnetic field having a
positive or negative polarity. The positive or negative
polarity is stored.by the hard drive platter 824 and is used to
represent data.
[0089] Portions of hard disk drive system 800 may be
implemented by a one or more integrated circuits (IC) or chips.
For example, multi-thread processor 808 and hard disk control
module 810 may be implemented by a single chip. Spindle/VCM

driver 814 and/or read/write channel module 816 may also be

implemented by the same chip as multi-thread processor 808, hard
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actuator, a stepper notor or any other suitable
actuator. One 36 or nore processor threads executed by
mul ti-thread processor 808 can be used to generate
the control signals. [0088] The read/wite device 820
is located near a distal end of the read/wite arm
828. The read/wite device 820 includes a wite

dfsle et ' - ti
tﬁb&*héﬁhﬁﬁ1SfU“&H&Voﬁggé 2 S%&%%%ﬁu%gqggﬂe | C

field. The read/wite device 0 inc S a read
AR &Riel SUdL@SA B 1584 : l,enent

t hat sé%éés t he nagnetlgkg?%ﬁgh§% % éQgﬁéP?Srgggi; than hard
d 1 ' ly. 822 . nclude reanp )
£ N A Al B a5t e Ba dr Pratem on chip
( [ gnal s. When reading data, the preanp circuit 830

anplifies low | evel signals fromthe read el enent and

outputs the anplified signal to the read/wite
cham& gymthdne 816. Wiile witing data, a wite

[6qggent i? ?enerated that flows through the wite
elertent RGF S Eh&TPeRAMWFPt EIfevPecea sV SyrRtenr9@@ is shown to

. current is switched to produce a magnetic field having
ingludesia DVD B inkgsk cd&cydltalboryd TREBpo8PRi vehbeh includes a
negative polarity is stored. by the hard drive
VojRdtiler MeMerynd ks thesd storeseprededatadat wrif6089ta and/or
Portions of hard disk drive system 800 may be
valgsidresoagrey godeetbatniseassbefateddthiercomtsol | 6F the DVD
or chips. For exanple, multi-thread processor 808 and
syls§ett @09k c¥oflaolilenmdumbey8804maynbent Ivhe st £61 1y Memory
singl e chip. Spindlel/VCM
such as SDRAM or other types of low latency memory. Nonvolatile
memory 906, such as flash memory, can alsoc be used for critical
data such as data relating to DVD write formats and/or other
nonvolatile control code. The control code can include control
code as discussed above in connection with hard disk drive
system 800 (FIG. 8). Volatile memory 904, nonvolatile memory
906, or other memory (e.g., cache memory) (not shown) can also
store real-time program code that handles real-time data (e.qg.,
real-time audio or video data).
foo91] A multi-thread processor 908 performs substantially all
data and/or control processing that is related to the operation
of the DVD system 900. 1In one implementation, multi-thread

processor 908 performs all processing functions by executing

multiple processor threads that are dedicated to corresponding
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driver 814 and/or read/wite channel nodule 816 may

al so be inplenented by the sanme chip as nulti-thread
processor 808, hard 37 disk control nodule 810 and/ or
by additional chips. Alternately, nost of hard disk
drive system 800 other than hard disk drive assenbly
822 may be inplenented as a systemon chip (SOC). DVD

prE ) BN R 1diRG i3 d el . 9'Muﬂtq\£l21ﬁf3égat£?gocessor

900 is shown to include a DVD printed circult

5 AP WDo Wal:dhord SfOlR BRI 904

stores read data, wite data an

ol ggqgh/qﬁgﬁﬁgﬁgéy%§§4ggen%%%%roI of the DVD system

Vol at'i ry can |ncFUde vol atil e nmenory

R 2P B PORCE AR %, L LB SR TETRLY

Nonvol atil'e” nenory
. al be used for critical _data uc? as data relating |
PSRt AUFSTIAEE Sharof GPRBRLeASRRSI AOEPE BM: Sriver
91 ode. .,The control, code can_include control code as _

i s BiGs8d TRBGY ¥ T ec GhABRELoRodbiR Aakd dFBKkowshvmulti-thread

system 800 (FIG 8). Volatile nenory 904, nonvolatile
PYRERSEPT 906, BVDofratrednmpduie. §10 caohdimshesyfohhobl of

shown) can also store real-tine program code that
SPRAAdREEM dxivernBldat & tead/writeathahnelamddaler 916 and data
_video data). [0091] A nulti-thread processor 908
inputiopspusubbiranghakhyiaktkrfdatasand/ or contro

processing that is related to the operation
[0093] In one implementation, multi-thread processor 908
executes one or more processor threads that are dedicated to
processing functions associated with read/write channel module
916. For example,. during write operations, the read/write
channel module 916 encodes the data to be written by an optical
read/write (ORW) or optical read only (OR) device 918 to the DVD
platter using program code executed by multi-thread processor
908. Using one or more processor threads executed by multi-
thread processor 908, read/write channel module 916 processes
the signals for reliability and may apply, for example, ECC,
RLL, and the like. During read operations, the read/write_
channel module 916 converts an analog output of the ORW or OR

device 918 to a digital signal. The converted signal is then

detected and decoded by conventicnal techniques to recover the
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of the DVD system 900. In one inplenentation,

mul ti-thread processor 908 perforns all processing
functions by executing nultiple processor threads
that are dedicated to correspondi ng 38 processing
functions di scussed below. Milti-thread processor 908
can al so perform decodi ng of copy protection and/or

detonputessiveE decigsessat thapneeded . [ R82L AMPam code
control nodul e 910 communi cates with an input/output

exdh Ry AL - 19kuH PYFRebdBH Yog)FEM driver 914,
and a read/wite channel” nodul e 916. Through

[6044] -t fugad - tﬂ&%%@ﬁgﬁ%c%ggongﬁg Brghsgnggggugéoone or more

coordlnates control spi n r|ver

d ut/ou
p%iﬁ%ﬁ@h an |nterface %#f ﬁ%ﬁiﬁ?%%fiShgu antia RY all
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process %%! unctlons associ.ated wwth read/wite

channe g1k O A RIS 2t d 6P nG ViRr Pﬁéemble”O

ioRer tion read/wite channel nodul e 916 encodes

@é“f?a“'t & mg?\ﬁrltﬁrer? 23y thatostrxge dptadPrELcaligry The

or optlcal read only (OR) device 918 to the DVD
plAtdere P23siifg ¥ ode spiagdeenobprntihat- thr egiematically

processor 908. Using one or nore processor threads
showscate§24y nifhei spimddad mptores2dr 808t eseanéwDVbeplatter 922

channel nodul e 916 processes the signals for
atr @l icabitirioll} edndndgprawplryi abller spradpliariEGCthBlkeadfirite

the like. During read operations, the read/wite.
operations. ORW or OR device 918 moves relative to the DVD
platter 922 to read and/or write data from/to the DVD platter
922. ORW or OR device 918 typically includes a laser and an
optical sensor.
[0095] During read operations for DVD read/write and DVD read
only systems, the laser is directed at tracks on the DVD that
contain lands and pits. The optical sensor senses reflections
caused by the lands/pits. For DVD write applications, a laser
may also be used to heat a die layer on DVD platter 922. In one
implementation, if the die is heated to a first pre-determined
temperature, the die becomes transparent and such can be used to
represent a first binary digital value. If the die is heated to

a second pre-determined temperature, the die becomes opaque and

such can be used to represent a second binary digital value.
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channel nodul e 916 converts an anal og out put of the
OCRWor OR device 918 to a digital signal. The
converted signal is then detected and decoded by
conventional techniques to recover the 39 data that
was witten on the DVD (e.g., using program code
executed by nmulti-thread processor 908). [0094]

rodslet)i - t RLeBY - PRPERESPF0808s6ANY §§ SO XEL MY one or more
nore processor threads that are dedicated to
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rotates th DVD attiﬁ 9 at a controlled and/ or
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or OR device 918 noves relative to the DVD platter
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922. ORWor OR device 918 typically includes a | aser
Pogigign thet fegP wehosr 920008t Example resthepereeionscoil

for DVD read/wite and DVD read only systens, the
actygspri sadeeeppred mptoracksany obeeD\VEuitable cactwaror. A

| ands and pits. The optical sensor senses reflections
feedumetioby 92hetiyphdsl pit sovEsr tIYIDORK | b Gppdéwidé B8 radially

a laser may also be used to heat a die |layer on DVD
rephativver t822hel DVDNplatbptegent atAohaséf dbevelt €928 generates a

heated to a first pre-determ ned
laser drive signal based on an output of the read/write channel
module 916. DVD assembly 920 includes a preamp circuit 930 that
amplifies analog read signals. When reading data, the preamp
circuit 930 amplifies low level signals from ORW or OR device
918 and outputs the amplified signal to read/write channel
module device 916.
[0097] DVD system 900 further includes a codec module 932 that
encodes and/or decodes video such as any of the MPEG formats.
One or more processor threads executed by multi-thread processor
908 can be allocated to codec module 932 for encoding/decoding
purposes. Audio and/or video digital signal processors and/or
modules 934 and 936, respectively, perform audio and/or video

signal processing, respectively. One or more processor threads

executed by multi-thread processor 908 can also be allocated to
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tenperature, the die beconmes transparent and such can

be used to represent a first binary digital value. If

the die is heated to a second pre-determ ned

tenperature, the die beconmes opaque and such can be

used to represent a second binary digital value. 40

[ 00961 Multi-thread processor 908 can al so execute one
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Spi ndl e/FM driver 914 controls. the spindle notor 924,
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Eitabl .actuator. A feed notor 926 typically noves
‘I% e® 3PSeR Hevi exagpiey afinht i yth¥eadtpyecessehe® @/mnd DVD
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signals. Wien reading data, the preanp circuit 930

algapbef Lepleventedebysthaasamé ram fORY iR -daviarl Pddkessor
and outputs the anplified signal to read/wite channe

S0AodOVE demtrel 9h6dul087) MY sy Byeat faHdh&hips. 1In one
i ncludes a codec nodule 932 that encodes and/or

imdeemdrtavidfp GosH 88 By SYstdie MEGHHRII M Ran R Msembly
nore processor threads executed by nulti-thread

92pre&gsabso be implemented as a SOC.

Cellular WLAN System
[0099] FIG. 10 illustrates a cellular wireless local area
network (WLAN) system 1000 that includes a multi-thread
processor 1002. In one implementation, multi-thread processor
1002 performs substantially all processing functions associated
with cellular WLAN system 1000. Cellular WLAN system 1000 can
be, for example, a cellular telephone with wireless fidelity
(WI-FI) capability or a video phone. Cellular WLAN system 1000
can support one or more of the following multi-media features
including a built-in digital camera or camcorder, a television
(TV) tuner, a digital radio, and/or a walkie-talkie. 1In one

implementation, multi-thread processor 1002 executes one or more
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908 can be allocated to codec nodul e 932 for
encodi ng/ decodi ng purposes. Audi o and/or video

di gital signal processors and/or nodules 934 and 936,
respectively, performaudio and/or video signa
processi ng, respectively. one or nore processor
threads executed by nulti-thread processor 908 can

pRb SRy A eeied e Ac]cﬁé‘gﬁ?alrﬁ'p(&o\/ie‘é% @ifgit?%ksgi'ngigli—media

processors 934, 936 for signa processi ng.
sMd i ard disk drive system 800, portions of the DVD
system 900 may be i nplenented by one or nore

integrated circuits C) .or chips. ,For | e
N ool Fibagushtahs®haa etliLan W ERR Fudten 2ae0
. may pe i nted by a single_chip. Spindle/FMdriver
1@4‘%%/‘%&"%&%‘3 tlé)ocﬁ’rar%gﬁei}b’glﬂre”@ié ABY 6 aRsBlpgtooth
i npl_.enented by the same chip as nulti-thread processor
u@d@}%@m GoFeha lnBdis iopd ngh gvstepy (§88)t roakl 1010, and a
chips. In one inplenentation, nost of DVD system 900
ditH&y SexeepvR0dsenPPfionzd lyay caldvlbs FipNeagated 1000 may
as a SOC. Cellular WAN System [0099] FIG 10
nqy |ipsdugeesld ddielsgl sepabidligédesi.ocal area network
(WLAN) system 1000 that includes a nulti-thread
(4910ddssBEANOORit] hOOAeinmphdadnaat RENtramstéivdr epalia, a
processor 1002 perforns substantially all processing
basshaindo proeeseoirat(@Br) wilbh 6Gelandl ar mPEAN syeeed ¢8A0roller
Cel lular W.AN system 1000 can be, for exanple, a
(M)l Unat sBoePlQnery thavisceli®es hbdgl kb¥eives and transmits
RF signals from/to other wireless devices and other network
devices including, e.g., repeaters, routers, and so on. In one
implementation, RF transceiver 1014 processes the RF signals
from/to baseband in conformance with a radio frequency
transmission protocol in use by the cellular WLAN system 1000.
Baseband processor 1016 performs signal processing, including,
for example, encoding/decoding and error correction.
Multi-thread processor 1002 can execute one or more pProcessor

threads that perform signal processing functions associated with

baseband processor 1016. The MAC includes one or more routines
for processing received/and to be transmitted signals and
interfacing with network components. The routines can be

executed using multi-thread processor 1002.
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(W-Fl) capability or a video phone. Cellular WAN
system 1000 can support one or nore of the foll ow ng
multi-media features including a built-in digital
canera or cancorder, a television (TV) tuner, a
digital radio, and/or a walkie-talkie. In one

i npl ementation, nulti-thread processor 1002 executes

[ @00 DY lUEBiu@&rDMQﬁQS%@bGtHh%@@%e%hétc@QﬂﬁQ%EOEganscelver 1018
to-each of these nulti-nmedia features. [00100] In one
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o e A8 e °%%V%S&O.lﬁc%%%gsssﬁsRﬁhe GSM RF
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transcelver 1014 receives and transmts RF signals
ERSBHIITY GEREISTHG AU SRREAEds 1indsst ke DRECRSPR stack 1020,

devi ces |nclud|ng, e.g., repeaters, routers, and so
Other RYGREolisTsadhdie arRdemeRt edr Rivs paiogecolossack 1020,

processes the RF signals fronto baseband in
Feelenily i ioad My Ltdodee Aegeser 4ROMASsi 63, and other
protocol in use by the cellular W.AN system 1000.
celds @hang protessdr stendagdst.or $8.98adnplropescéngi mgnagement,
including, for exanple, encoding/decoding and error
megwy rfegictdions , Malnd thler dd#tepascesdiat ed0@2 thanetXatdketelephone
one or nore processor
functions can be realized by one or more processor threads
executing in multi-thread processor 1002.
[00103] Optionally, cellular WLAN system 1000 includes a
Bluetooth unit 1008. Bluetooth unit 1008 includes a Bluetooth
transceiver 1022. 1In one implementation, Bluetooth transceiver
1022 is a short range wireless transceiver. In one
implementation, a digital signal processor (not shown) processes
the Bluetooth signals (executing one or more processor threads)
in conformance with a Bluetooth protocol in use by cellular WLAN
system 1000.
[00104] Optionally, cellular WLAN system 1000 includes a GPS
unit 1010. GPS unit 1006 includes a GPS transceiver 1020. In

one implementation, GPS transceiver 1020 processes GPS RF

signals from/to baseband in conformance with a GPS radio
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threads that performsignal processing functions

associ ated with baseband processor 1016. The MAC

i ncl udes one or nore routines for processing

received/and to be transmtted signals and _

interfacing wi th network conponents. The routines can
executed using nmulti-thread processor 1002. 43
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tf'ranscel ver
ntation, cellu transceiver 1018 includes a
100hly GEREE Padseifng rﬁrwonwe@@m {6, SURRAIR dihe
cei ver 8 praocesses the GSM RF S|gnals fromto
Bluﬁé n%lr‘?‘rf’%%]rlrf?;’ha?ﬁ:éf%]tweéi EIVPrasies s ddressls executed

nsm ssion protocol in use by protocol stack 1020.

by TY et - Rt FROeFFe 10AR-enent ed by protocol stack
1020, including Code Division Miltiple Access (CDVA),

[00%@5] ar@d?téPW@rllYoeICIelplmdae praNosgstetandandincSugeal a display
processi ng managenent, nmenu functions, and the |ike

screer dd kR ed Diisp ageldatesn uellepbmeldfelsn@t g@aphikB1P8ser
reali zed by one or nore processor threads executing

interfane tiod kr eatr ogessoe 1AB2emkARA03&nOPHLQRAL &yscreen
cel lul ar WLLAN system 1000 i ncl udes a Bluetooth uni

1012008 a BlidRtieDidyidtiall llqgﬁlh?‘:l u@ﬁsoﬁeBllH_B%Fue?tatﬁon,

transcei ver 1022. In one inplenentation

dlsﬂlé¥“§5¥ééﬂ’101@2é1b§1§y§hQEEeBaaggamﬁEgggﬁ?ngSwéﬁgla video

transcei ver In one”i npl ement at 1 on

ignal s
o eatr A Bha o Nare AFEEREEZe PP Bhoprovided Bi%ofe ox
more cellular operating systems stored in random access memory
1024, flash memory 1026, or other memory (not shown). In one
implementation, multi-thread processor 1002 processes the
operating system and any other program code instructions
executing one or more associated processor threads. The program
code can include real-time program code. The program code can
also include cellular communication related program code or
system level program code. In one implementation, the cellular
communication related program code relates to one or more of the
following protocols CDMA, G3, GSM, or the like. 1In one
implementation, the system level program code includes at least
one of menu program code, display program code, MAC program
code, WLAN program code, network communication program code,

error correction program code, video processing program code,
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in conformance with a Bluetooth protocol in use by
cellular WLAN system 1000. [001041 Optionally,
cellul ar WLAN system 1000 i ncludes a GPS wunit 1010.
GPS unit 1006 includes a GPS transceiver 1020. In one
I mpl ement ation, GPS transceiver 1020 processes GPS RF
signals fronito baseband in conformance with a GPS

ati@db OpAdcd $ SIME NENod F AR SEGES| HLAY Aed1N i
cellaﬁ)ar WLAN s;/kgt eéfn 1000. O her g;r%c%egsi néT+él ur??t&}egﬁspmgram
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' screen 1012 provides a graphi.cal user
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screen 1012 is a liquid crystal display. In one

c I3 FECITATHME L SSFUGEY FPSFOSPENY dEeIram code.
data associated with a video phone. The graphica

ThR RTIHAT foRde G B30 RA dEPHsy dhe rendorppgcess memory
cellular operating systens stored in random access

1 0o riyl astp memamya P Afomersy okdeg, memogther Oftbewr progoam codes
shown). In one inplenentation, nulti-thread processor '

campde mteressed athexanpdraat iusgrs psoeidaddcady eshdiscussed

program code instructions executing one or nore
akessci at ed processor threads. The program code can

i nclude real -tinme program code. The program code can

alsqdfyﬂéygié%ﬂlular comruni cation rel ated program

code or
[00106] FIG. 11 illustrates a voice over internet protocol
(VoIP) system 1100 that includes a multi-thread processor 1102.
In one implementation, multi-thread processor 1102 performs
substantially all the processing functions associated with VoIP
system 1100. 1In one implementation, VoIP system 1100 includes a
WLAN unit 1104, a VoIP stack 1106, and a codec 1108. Though
VoIP system 1100 is shown as including a WLAN unit 1004, VoIP
can include a LAN unit (not shown) for connection to a
non-wireless local area network.
(00107] WLAN unit 1004 includes an RF transceiver 1110, a
baseband processor 1112, and a media access controller (MAC)
1114. RF transceiver 1110 receives and transmits RF signals

from/to other wireless devices and other network devices for

transmission of voice data packets. In one implementation, RF
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system | evel program code. In one inplenentation, the
cellular comunication related program code rel ates
to one or nore of the follow ng protocols CDVA, G3,
GSM or the like. In one inplenentation, the system
| evel program code includes at |east one of nmenu
program code, display program code, MAC progran1 code,

£ MAN IR AN GO Y50 LMY K OTEPJ%' ALhQn ¢ ?Eé”bggggand in

error correction program code, 0o pr OCGSS

CHSSEENIP et Y iscens g %%ggﬁg%ﬁggmﬁ?noe.

prot ocol managenent am cCoO

f am c
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ram code, wireless/wred

1n5¥3§ﬁﬁ%§g /deco gﬁ?é%%Q%&nggéﬁPﬁﬂygnanagenent

ram co The pr.ogram code can al so be stored in
Cd?“é’ﬁ%&r?ﬁ gﬁS"W@ﬁﬁSﬁmmzéndf PASRYNEABEGCLDOB; oMulti-thread

ot her nmenmory. O her program codes can be stored, for
PIOCETSPE, 1&§érCBPO@FG@étGO@§Ea§rdm9§assedceab©nethnem&b to

system (00106] FIG 11 illustrates a voice over
pPerfosmnsemgr eroadl ofVohp) prypsteaitdOfundiat ohschsslesi #ted with

mul ti-thread processor 1102. In one inplenentation,
baggbendt breadspoucesdar 1MAC peLéofnBludedsérdtdalhore

all the processing functions associated with Vol P
progesemngl@OutinesndénbapbheRal At b Npree &5 5SSt LRI /and to

includes a WAN unit 1104, a Vol P stack 1106, and a
becbdenshifBedThdgnhls and interfacing with network components
(using multi-thread processor 1102). In one implementation,
codec 1108 converts digital signals to analog signals, and vice
versa. The signal conversion can be processed using one or more
processor threads executed by multi-thread processor 1102.
[00108] In one implementation, multi-thread processor 1102
processes program code instructions executing one or more
associated processor threads. The program code can include real
time program code. The program code can also include voice
processing related program code and system level program code.
In one implementation, the voice processing related program code
is program code associated with processing voice signals for
conversion to a 'suitable form for transmission over a network.

In one implementation, the system level program code includes at

least one of MAC program code, WLAN program code, network
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Vol P system 1100 is shown as including a W.AN uni t
1004, Vol P <can include a LAN unit (not shown) for
connection to a non-wreless |ocal area network.
[00107] WLAN unit 1004 includes an RF transceiver
1110, a baseband processor 1112, and a nedi a access
controller (MAC) 1114. RF transceiver 1110 receives

coifidii RSP $rBGrhRAdE, E&QQEIEO?EQ%EiWErgkﬁgzam code, video

devi ces and othér network devices tor fran 'on o
Py BrOREEE Srght. 000 B BBk BrpBsan sode. host
R e RO ETREE ket YOLEPEORSE el U8B oram code,
R R B s erbrves bS8 b osran coce.

error correction. Milti-thread processor 1102 can
CONPXEFSd OB deGPTREPES P BESEraPhFedEs Whrepepsdwiredne
or all of the processing functions associated wth
COPIYERSRG LPPoPESEERAMI CPdE pRCSETRTitcMadagenaptopragram code.
processi ng routines (not shown) for processing
In o veglamentatipa, t RAMsmempey 3lyhadndAod flash memory 1118
interfacing with network conponents (using
stoylet reahrbadeppoogsanr cddd?) useén prnevided eprogabinosode
codec 1108 converts digital signals to anal og signals,
(dasdusised abevel, dheosBhghapregrifr&688 CADs8Essed above) to be
processed using one or nore processor threads

exexeeuvtieBybyonul sy st Bnmeadoprocessor 1102. [00108] In
one inplenmentation, multi-thread processor 1102

Wireless Network Device

(00109] FIG. 12 illustrates a wireless network device 1200 that
includes a multi-thread processor 1202. Wireless network device
1200 can be for example, a wireless router, wireless access
point, and so on. 1In one implementation, multi-thread processor
1202 performs substantially all processing functions associated
with wireless network device 1200. In one implementation,
wireless network device 1200 includes a RF transéeiver 1204, a
baseband processor 1206, and a MAC 1208. Wireless network
device 1200 can include an interface to a wired LAN connection
through, e.g., a firewall or (Virtual Private Network) VPN. RF
transceiver 1204 receives and transmits RF signals from/to
network devices including, for example, wireless clients (not

shown) . RF transceiver 1204 processes the RF signals from/to
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processes program code instructions executing one or
nore associ ated processor threads. The program code
can include real tine program code. The program code
can al so include voice processing related program
code and system | evel program code. |n one

i npl ementati on, the voice processing related program

badelAnd SrPcRSFdFRRde a3sachatgd;w fPe@ggxﬁn 2&rPQn¥rRi§§ion

signals for conversion to a suitable
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the system | evel program code I ncl udes at east one
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cache ,managenent, ogram code, defect nmnager program
CoXBREEiBRcr y MELGT HEEFo: PEACBEBYF ahf Goan Sxectte one or more
conpr essi on/ deconpr essi on program code, wireless/wred
PIOGRRTAFCc 5PF6ASr 58r RRFERHB BPT8ceXiral) Pl @rRcessing
program code. = In one inglenentation, RAM nenory 1116
fuasgrenst ragsRAefsdywithgbagebaed rpadcesser pkYF amMAC 1208
_ code, user provided programcode (discussed above),
inglugerePngr ofr RAFCoREOCER 8 tG seoutiboe®e)faw mrocessing
executed by Vol P system 1100. Wrel ess Network Device
repedyed7apiG-olRei tirapsmat ted as ignal £ ssndelmoskf aledricawith the
1200 that includes a nulti-thread processor 1202.
neYwoekessmpeohentk thuitcean1B80egeduted fiof EXap) Graressor
wireless router, wreless access

thread executed by) multi-thread processor 1202.

[00110] Optionally, multi-thread processor 1202 can be used to
execute other program code associated with wireless network
device 1200. In one implementation, MAC 1208 includes a
security management engine 1210 for initializing and updating
configuration information with one or more wireless clients.
Security management engine 1210 can be used to generate a
service set identifier (SSID), secure key and personél
identification numbers (PIN) as required. Security management
engine 1210 can be of the form of hardware (circuits),
software, firmware or combinations thereof. In one
implementation, multi-thread processor 1202 provides

substantially all processing functions associated with MAC 1208.
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point, and so on. In one inplenentation, nulti-thread
processor 1202 perforns substantially all processing
functions associated wth wireless network device
1200. In one inplenentation, wreless network device
1200 includes a RF transceiver 1204, a baseband
processor 1206, and a MAC 1208. Wrel ess network
odavizge $208n&akm} ohNt e ]
[conngction fhggggﬁﬁégéaé?og,fﬁﬁgaglfﬁg?§?€¢%§§kﬁé®$ 1202
j L sRE. AT i yer recei ves
P RS DR PR el o8y e 7 HERARES KRbaaFhig GRE Y more
i.ncl:uding [ ireless clients (nqQt shown).
2 e o8 s Bh8 R s oot o TR BRRSERG S8 Foy EheLude real
. band in conformance wth radi o frequency )
tlﬁgaggﬁgggPOHOBSrot%gSIpF895§@ S?SﬁAF@Pegésﬂefﬂﬁikde wireless
gevige 1&00. Baseband pr.ocessor 1206 can ferform
neLWOREl THrBE8SsPRGIT PR FRERNGNTs BYSteRakpYel Program code. 1In
engodi ng/ decodi ng, conpressi on/ deconpressi on and error
onﬁoFPBEF%SHFaﬁEPPP-FH?eﬂarﬁi6§§s§6FW92b2r@b®t@deEE@@ram code
. one or nore processor threads to perform sone or all
ingdudge BEoéeaskngnefafictrpvhingspoepnardeode h hasedmkdorogram
processor 1206. MAC 1208 includes one or nore
cogeecasseng pountnpsofvampcodessirageater epyeagh an dedde ber
transmtted signals and interfacing with the network
progrpunende {ihplemantbagexewviielleby (omPuni@PiOLSESOFotocol. In
t hread executed by) nmulti-thread processor 1202.
onp00dADEmEPt 2OHGh| Yt h8UbYEt &Ml Bade DI 6688 SOic Th2dds C) Deast one
used to execute other program code associated with
ofWMAE| pBSgAShWObHe, WLAN program code, network communication

program code, error correction program code, video processing
program code, audio processing program code, host protocol
management program code, cache management program code, defect
manager program code, encryption/decryption program code,
compression/decompression program code, wired communication
program code or security management program code. In one
implementation, RAM memory 1116 and/or flash memory 1118 store
real-time program code, user provided program code {(discussed
above), or other program code (discussed above) to be executed
by multi-thread processor 1202 of wireless network device 1200.
Wireless Television System
[00112] FIG. 13 illustrates a wireless television system 1300

that includes a multi-thread processor 1302. In one
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devi ce 1200. In one inplenentation, MAC 1208 i ncl udes
a security managenent engine 1210 for initializing
and updating configuration information with one or
nore wireless clients. Security nmanagenent engine
1210 can be used to generate a service set identifier
(SSI D), secure key and personal identification
inpIERITE dRIdY, Mt R4 %%'é'é'sfsﬁr”&_ﬁéeﬁggforﬁgw ne
1210 can be of the formof hardware (circuits),
sutHMA &) Iy TFWar eo_rpr%%@%'sg?lg ‘fﬂ‘ic&:tﬁ.gﬁgo%isbgige
rocessor 12

d
i npl ementat’i on, nulti-threa provi des
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Jul.ti-thread .pr.ocessor 12 pr.ocesses praogram code,
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rocessoy threads. The program code can i nclude real
a %ar?@%ﬁﬁ”égp&'ﬁﬁc&?&é’.r 3 6pr GgMafn d308 . candapshifael agdio
w rel ess network related program code and system _
I9EHICTpriogPam &Sd& rangced e gﬁpénﬁﬁﬁawsﬁ, apfetransmits RF
W reless network related program code includes at
siigpgde SFONdrLa HetveFkoEsyisrsconeludingeor kopreyrmpie, wireless
code, access point program code, repeater program code
royterpr ggcafsc FPdntep| emdnsongna WRFetvesscenvieni t304 aprocesses
protocol. In one inplenmentation, the system|evel
theo®F isignades faom/¢casbasebandf iWACopfogmante owleth VI ANIdio
program code, network conmmunication program code,
f reiquenhcyo tiradisnd s spond padteede, i dee PyoRessiddgs television
program code, audi 0 processing program code, host

syete0a8loo. Baseband processor 1306 can perform signal

with

processing, including, for example, encoding/decoding and error
correction. Multi thread processor 1302 can execute one or more
processor threads to perform some or all of the processing
functions associated with baseband processor 1306. MAC 1308
includes one or more processing routines (executed by multi-
thread processor 1302) for processing received/and to be
transmitted signals and interfacing with the network components.
[00113] Video/audio receiver 1310 receives video and audio
signals. The audio/video signals can be processed using one or
more processor threads executed by multi-thread processor 1302.
In one implementation, multi-thread processor 1302 also
processes program code instructions executing one or more

associated processor threads. The program code can include real
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managenent program code, cache managenent program
code, defect nmanager program code,
encryption/ decryption program code,
conpr essi on/ deconpr essi on program code, w red
conmuni cati on program code or security managenent
program code. In one inplenentation, RAM nenory 1116
t iaied pRiogirhas bodenor YhelpEogramecot8akahi JBsHr P96 BHe media
code, user provided program code (discussed above),
reQfat@dngiopi-agr addeodad( di/seemns edvaboyedgltdmbeogEecuifUone
by multi-thread processor 1202 of w reless network

i %h@%t&%@@n,mkh%|ﬁ%ﬁizekSYgééanpr§£§H1LQ@&lgﬁﬁf%ﬁg? at least

3illustrates a wireless television system1

orlitSacs, Bibkesbinget:as0Rsstse 102 yUBs o Hngins

anti.al ly all _th Qcessi functions associ ated
e G 1R, ot FuBLRRENEe Efpns06he P AvefEn fevef program
ianenznhatiog, wi rel ess tel evision system 1300
codSc RGENIESRRLL FSABEPUE 01 3AC PEOBERBLEPRE pribil spFogram
o%%OG’ a C 1308, and a video/audio _receiver 1310. RF
COLFanBEEFQER FSOMURAERFVRR BRAIFAMRAHIEs §¥rox%|gpmrection

fromto network devices including, for exanple, _
PrRBFaMe§8dey o¥t 8FC RERESSSHBINPECIEMN Gedodn. aygio processing

transcei ver 1304 processes the RF signals fronito
preasapafaden BeAfobpraheeolhi nanagemeio prosrprencgde, cache

transm ssion protocol in use by wireless tel evision
magngenAnt3pbcgBavebadd, pdefess onani89ér qerogpear arade ,

signal processing, including, for exanple,
enemgpdiog/decodgptijoandregran code, compression/decompression
program code, wired/wireless communication program code or
security management program code. In one implementation, RAM
memory 1312, flash memory 1314, and/or other memory (not shown)
store real-time program code or other program code for operating
on, e.g., audio/video signals received through video/audio
receiver 1310. Further examples of program codes include, for
example, codecs.

Broadband Modem

[00114] FIG. 14 illustrates a broadband modem 1400 that includes
a multi-thread processor 1402. In one implementation, broadband
modem 1400 is a cable, digital subscriber link (DSL), satellite,

or the like, modem. 1In one implementation, multi-thread

processor 1402 performs substantially all the processing
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correction. Multi thread processor 1302 can execute
one or nore processor threads to performsone or al
of the processing functions associated with baseband
processor 1306. MAC 1308 includes one or nore
processi ng routines (executed by multi- thread
processor 1302) for processing received/and to be
funcnisns tabdaiignald with ibtoadatid godieh 14 .nebwetlband modem
conmponents. [001131 Vi deo/audio receiver 1310

140 Jate he icdRhedte BUd 0 fo4 dinplelNe 2481@/ ¥ed@Qision line
signal s can be processed using one or nDre processor
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m | |_,.progr cad e _inplenentation, th

» B ol B di R GolBT Rétlde e aheaBteshachr (1/F) 142,
vi de rocessi.n rogram code, or audi o processing

Deg\oglgﬁ %gé.%sl %nging el @WgHFattPan,149ﬁeC§ysP@mlrne%/ewented
.praogram code includes at |east one of MAC program

w - A\BERRLEr 68ABm code, network communi cation
program code, error correction program code, video

(09138dssIngope ogrphenedbat hodi otpreretsdhgcommeramndirectly to a
code, host-protocol managenent program code, cache

somxsegdre gt . progrbiec G¥e,(CaFVecbumdrayer Pungrr asdéodan include
encryption/ decryption program code,

a bodpdessi daplezenpr(@essi shown) to provide both upstream and

downstream signals through tuner 1404. In one implementation,

tuner 1404 receives digitally modulated Quadrature Amplitude
Modulation (QAM) signals.

[00116] In the receive direction, demodulator 1406 generates an
intermediate frequency (IF) signal. Demodulator 1406 can
perform analog-to-digital (A/D) conversion, QAM-demodulation,
MPEG frame synchronization, and error correction (e.g., Reed
Solomon error correction). In the transmit direction, burst
modulator 1408 provides a signal to tuner 1404. In one
implementation, burst modulator 1408 performs encoding of each
burst, modulation of a Quadrature Phase Shift Keying (QSPK)/QAM

signal on a selected frequency, and D/A conversion.
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program code, w red/w rel ess communication program

code or security managenent program code. In one

i mpl enentation, RAM nenory 1312, flash nenory 1314,

and/ or other menory (not shown) store real-tine

program code or other program code for operating on,

e.g., audio/video signals received through video/ audi o
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include, for exanple, codecs. Broadband Mbdem [ 001141
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conti nuous_connection to_the Internpet.
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1404, a denodul ator 1406, a burst nodul ator 1408, a

1nﬁﬁ€f§&f@ and an interface (I/F) 1412. Denodul at or

1406 and burst nodul ator 1408 can be i npl enent ed
(OR1EB) n BnsPmgl tmplempentdoiars] Myl irthygac ArcrIy 1402

tuner 1404 connects directly to a source (e.g., a
progekees\VpCaTHn oatlkeihst funkiond Odxecunt ing| onle or more
associated processor threads. The program code can include real
time program code. The program code can also include broadband
communication related program code and system level program
code. 1In one implementation, the broadband communication
related program code includes a cable communication program
code, DSL communication program codg, or satellite communication
program code. In one implementation, the system level code
includes at least one of MAC program code, WLAN program code,
network communication program code, error correction program
code, video processing program code, audio processing program
code, host protocol management program code, cache management
program code, defect manager program code, encryption/decryption

program code, compression/decompression program code,

wired/wireless communication program code or security management
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a build-in diplexer (not shown) to provide both
upstream and downstream signals through tuner 1404. In
one inplenmentation, tuner 1404 receives digitally
nodul at ed Quadrature Anplitude Mbdul ation (QAM
signals. [00116] In the receive direction, denodul ator
1406 generates an internediate frequency (IF) signal.

progradubatier. 1486oaanimpeemenhinaneh PORAM - HedbERl 14 Eand/or
conversi on, QAM denodul ati on, MPEG frane
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di u [ adrature

abgﬁgge %hlgt ggpﬁﬁg(égpﬁfﬁggﬁ%ﬁé g§%€$on &Uselected

frequency, and D/ A conversion. 53 [001171 MAC 1410
incMﬁded Bneter nore processing routines (not shown)

ead rocessor 1402 far_ processi
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net wor k conponents MAC 1410 can be inp|] epent ed
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Data that passes through MAC 1410 enters interface
progegsorniéPRace fyeptcgRdheSO0fora 2kIPdl PTreFrEIPer i, and
interface, USB interface, or PCl bus interface.
an[ @M@g]fapﬁ dREF) npPéRent ini ene roplementaibions oreksbrthread
1402 processes program code instructions executing
propgesgprndbe2 performs substantially all the processing

functions associated with wired router 1500.

{00120} In one implementation, front-end 1506 pre-amplifies,
filters, and digitizes analog signals received from a phone
line. Front-end 1506 can also amplify and filter analog signals
created by a digital-to-analog converter (DAC) (not shown) and
deliver analog signals at correct power levels. In one
implementation, signal processor 1508 includes routines for
performing signal processing including, for example, echo
cancellation, error correction, digital coding, or rate
adaptation that can be executed by multi-thread processor 1502.
I/F 1510 allows wired router 1500 to be connected to high-speed
devices.

[00121] In one implementation, multi-thread processor 1502

processes program code instructions executing one or more
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associ ated processor threads. The program code can
include real tinme programcode. The program code can
al so include broadband comunication rel ated program
code and system | evel program code. In one
i mpl ement ati on, the broadband comuni cation related
program code i ncludes a cabl e comruni cati on program
azsiei atlesl praroayE@Att e fi0gr aNeC PIRdgrem el ldahe include real
communi cati on program code. In one inplenentation,
tie sydem @, cate pgrigisiesde |R256100€ iAk1MBE networking

program code, W.AN program code, network

rEUTBH IR rh IR HAE Wt & 1QveR0ie LN BHAYT Y one
code, video processing program code, "audi 0 processi ng

i 1%%&&%1:%@% s %&Wr%‘?{g ; e'f%ﬁ%g%gﬁ%trﬁggrgw AM4E04e 1 des at

cache managenent program c nager program

code, VRt Qn/ I ' rogram cade, .

lconpfgggﬁghﬁggggﬁ%f %%géﬁggFggFanﬁggﬁsf point program code,
i W reless co ni_cation _program code or seqgurit .

s%%ﬂéi%ﬁnﬁﬁ?%§fﬁn9§ Fanfggﬁg.ngPG%grﬁﬁng npgtyaﬁFuginrlvate

mory, 1414 and/or flash menory 1416 store real tine

ne&?‘“’é’d—” % SFEITGTe FOFovi d8d ONfFr dGPARMEBHBLERPs chiBgegYStem
abqve), or other program code_(di scussed above) to be

1 PECF TSR Wé&dﬂ&ﬁa%éemtﬂeestmpnédommgrprggmmcode,
FIG 15 illustrates a wired router 1500. In one

WL [PxiegiFest code whesworkucommubdgakaohugsegaam code, error
mul ti-thread processor 1502, a front-end 1506, a

coyingedliopr progsem t60e, amdeanprotesbiang prb§rath5¢Odel naudio
one inplenentation, nulti-thread

processing program code, host protocol management program code,

cache management program code, defect manager program code,
encryption/decryption program code, compression/decompression
program code, wireless communication program code or security
management program code. In one implementation, RAM memory 1512
and/or flash memory 1514 store real time program code, user
provided program code (discussed above), or other program code

(discussed above) to be executed by wired router 1500.

Wireless Media Player

[(00122] FIG. 16 illustrates a wireless media player 1600 that
includes a multi-thread processor 1602. In one implementation,
multi-thread processor 1602 performs substantially all the
processing functions associated with wireless media player 1600.

Wireless media player 1600 can be any type of wireless device
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processor 1502 perfornms substantially all the
processing functions associated with wired router
1500. [001201 In one inplenentation, front-end 1506
pre-anplifies, filters, and digitizes analog signals
received froma phone |ine. Front-end 1506 can al so
anplify and filter analog signals created by a

thditgicuidlputte- ansheg eadyert 8udiBAGtaNOt TRBOWANi8Ndata can
deliver anal og signals at correct power |levels. In one

1dcﬁﬁh@”ﬁﬁh&b'ﬁ@taShQB@ELQE@8e§§EB 1808, | NbY0ABs, Enhanced
routines for perform ng signal processing i nclding,

Pé&%@p@ﬁ%ﬁpAﬁdlgcEBde?aQ§9hb?t'?Besfﬁﬁoﬁu§952§f%gggck, Advanced

digital coding, or rate adapfafio

Au%ﬁ%C@BGanyéﬂﬂbsl'LQ%§S§ gﬁgggssglcr %oftt&ﬁg?égégﬁgedDolby

'ows Wi rout er e’ connec
0 ' t|on [ ti-thread
AT pehdCAgM ) TR0 KR STBIL AL S L el Tfunc), o
, t 5 assocj at ed rocessor t hr eads
wiSAER: bBRR  Budior Thnhc) CREPFLaPS PRRES pobgvar LaR an be an
P program code can al so _i ncl ude netmorkln? rel at ed
MPB YgRaRLa¥8E  afdPeYSPRAT | @Yt R} cypahseade. (PPAbneand so on.

Ienentatlon the networking related program code
InlﬁBPu6@§18WenFé§SPnon§l§¢1¢%@tmﬁ@1®rm@¢ﬁﬁrcb@@o tecbgdes a

oi nt program code, security program code, repeater

LgNogﬂaﬁ1éé@é,oﬁndlatgeﬂeprlﬁaﬁe net wor ki ng program

code. In one inplenentation, the system |evel program
[083@3] i nth ueles Erpl ewsit alrieorofl WIRE progr ardodecludes an RF
transceiver 1608, a baseband processor 1610, and a MAC 1612. RF
transceiver 1612 receives and transmits RF signals from/to other
wireless devices and other network devices. RF transceiver
1608 processes the RF signals from/to baseband in conformance
with a radio frequency transmission protocol in use by wireless
media player 1600. Baseband processor 1610 can perform signal
processing, including, for example, encoding/decoding and error
correction. Multi-thread processor 1602 can execute one or more
processor threads to perform some or all of the processing
functions associated with baseband processor 1610. MAC 1612
includes one or more processing routines (not shown) executed by
multi-thread processor 1602 for processing received/and to be

transmitted signals and interfacing with network components. In

one implementation, codec 1606 includes program code to encode
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WLAN program code, network communi cation program code,
error correction program code, video processing
program code, audi o processing program code, host
prot ocol nmanagenent program code, cache managenent
program code, defect manager program code, -
encryption/decryption program code, .
archfgy elsical de GARPIASS irdite e LY TREOEEan¥ice8h2SS 1608. The
conmuni cati on program code or security. nmanagenent

erffiCIRMaGRr [de A nd R IRkl @’cgﬁwbgeg35%e£§£§eusing one

and/ or flash nenory 1514 store real tine programco

oul5Bize RN, DL WA LALSCUS R0, BUOLRL R oy pcessor

ot her program cod I scusse

0 RS R0 B B LOSIERL e cone

FIG 16 illustrates a wre R
' a | ti -t hread processor, 1602, I n one )
t#:%§ﬁ§%§%5a55§h?ecﬁﬂPFFFFhF@%&'pr88é§§oF6Qéoﬁaﬁepﬁoiﬁ§;emented
.. subst anti al || the processing functions associate
i EWFFSPe?éragafﬁ'pPEyérC?@éépatV@PePﬁsgoﬁbdiaExampleS of

| ayer. 1600 can be any type_of wrel ess device 56.that
cogﬁf’ﬁutf?rvFQE‘QPtﬁﬁdVéFieﬁuélP@lédﬁaMPEﬁe indeo dntaCiémepak 2.

i ncl ude_audi o data associated with, e.g., M3/M4,
[0RAR4M et PRe cEpPLementat boro derl { ERAG s adiesogrs ddisi 1602

pl ayback, Advanced Audi o Coding (AAC), Liquid Audio,
PrnpéﬁéééfPrPNB?mAQdﬂe,iﬁetbyctibgstekecﬁbﬂhgﬁddeOofRﬂbre

Free Lossl ess Audi o Codec (FLAC), or Wndows Media
aspgdiat eWBroc¥Esereshrandsa prhay eprdfbiincédddecan include real

MP3/ VP4 pl ayer, a personal digital assistant (PDA),
timadpsogpam code. The program code can alsc include media
related program code and system level program code. In one
implementation, the media related program code includes audio
related program code and video related program code. In one
implementation, the system level program code includes at least
one of servo related program code, disk drive data capture
program code, error correction program code, video processing
program code, audio processing program code, cache management
program code, defect manager program code, or encryption and
security management program code. In one implementation, RAM
memory 1614, flash memory 1616, nonvolatile memory 1618, and/or
other memory (not shown) can store real-time program code, user

provided program code and/or other program code (discussed

above) to be executed by wireless media player 1600.
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In one inplenmentation, wreless nmedia player 1600
includes a W.AN unit 1604, and a codec 1606. [001231
In one inplenmentation, WLAN unit 1604 includes an RF
transcei ver 1608, a baseband processor 1610, and a MAC
1612. RF transceiver 1612 receives and transmts RF
signals fronmto other wreless devices and ot her
net \Raad -ddviec €ontiRoltleanscei ver 1608 processes the RF
[ s _fronmto.baseband in conformpnce wth a radio
lihﬁ£$aengthréﬁsﬁ$ UFbhabrotdchral nt e eonkEekleisst 700 that
. medi a player 1600. Baseband processor 1610 can perform
inglydes aprydsdsthgeapnprogpRgors b7 0axangl 8, controller 1703.
encodi ng/ decodi ng and error correction. Milti-thread
Reglotdgeoconsaelégn ax86uie opersblepte ppeoesssveal-time
threads to performsone or all of the processing
priogrem ersleagsdcicanedobi ahcbrtebihddpdevissofnd€lghom\C. In
1612 includes one or nore processing routines (not
onshdwp)l eereatatédnbymudtiiit thtbadadrpeesessol7480@ef Hrms
processing received/and to be transmtted signals and
substentaalay wilhthet ppokesonhgneihstibns &8€ociated with
i npl enent ati on, codec 1606 includes program code to
re@NCedmeSéonBeboledet0de . a ReADAL SméeEShYLEL P¥r RE700 can be any
transcei ver 1608. The encodi ng and/ or decodi ng
ty@@oa&am;eﬂesgaarb@ie&ecaéégéeUﬂxae PPEceBedDifal - time
processor threads executed by multi-thread processor
ne i npl ementation, codec 1606 incl udes
pr%?%é?a%?ggde to conpress and deconpress data. Codec

[Oég%,gr'l ﬁg 1|'1 2<§n% ﬁ@%@ég%t nll‘p rhe’z O%Mr{eemoxh}? rld)lﬁr ealncp/r ora flash
memory 1716 store real-time program code to be executed by
real-time controller 1700. The real-time program code can be
processed using one or more processor threads executed by
multi-thread processor 1702.

[00127] A number of implementations have been described.
Nevertheless, it will be undexrstood that wvarious modifications
may be made. For example, though the applications described
above include a single multi-thread processor, any of the
applications can include two or more multi-thread processors.
For example, hard disk drive system 800 can include two
multi-thread processors (e.g., a first multi-thread processor

and a second multi-thread processor). In one implementation,

the second multi-thread processor executes a processor thread
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codecs for conmputer video include MPEG I|ndeo and

Ci nepak 2. (001241 In one inplenentation,

mul ti-thread processor 1602 processes program code

i nstructions executing one or nore associated

processor threads. The program code can include rea

time program code. The program code can al so incl ude
no®dxkcutldtsd thieoFiawtc adet ardhsyslieprbe¥skop 0OJAREL, the

code. In one inplenmentation, the nedia rel ated

stIR0IFMtRIhathIdsd e saedbad hBLILEdaRr BE BEY-E8EReaNTL A
video rel ated program code. In one inplenentation,

aifre et %’Pde@/%lndprs‘ﬁqulﬁma%ﬁg@vbnﬁle%ggﬁbﬁg g88ics0ne
of servo related program code, dis rive data capture
AR A OB HRl oI QERELE2BB! QOLARL ERYR: (#EIEBope of the
processi ng program code, audi o processSing program
fé%%%%in a%q ;mnagenent program code, defect manager
program codé, or encryption and security nmanagenent
program code. In one inplenmentation, RAM nenory 1614,
flash nenory 1616, nonvol atile nenory 1618, and/ or
ot her menory (not shown) can store real-tine program
code, user provided program code and/ or other program
code (discussed above) to be executed by wrel ess
nmedi a pl ayer 1600. 58 Real -Tinme Controller [001251
FIG 17 illustrates a real-time controller 1700 that
includes a nulti-thread processor 1702 and a
controller 1703. Real-tine controller 1700 is
operable to process real-tinme program code and
control a controlled device (not shown). In
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one inplenentation, nmulti-thread processor 1702
perfornms substantially all the processing functions
associated with real-tinme controller 1700. Real -tine
controller 1700 can be any type of wireless or wred
devi ce that processes real-tinme programcode. [001261
In one inplenentation, RAM nenory 1714 and/or fl ash
menory 1716 store real-tinme program code to be

wReqs el ATMED ed:-tinme controller 1700. The real -tine
program code can be processed using one or nore
processor threads executed by nulti-thread processor
1703.: [ 082 PPPATANHSe CHPLIHHhent at i ons have been
descri bed. Nevertheless, it will be understood that
var PoUsllddithiread arocemppmadanied kor exseayie at least two
t hough the applications described above include a

t hsieaglse ofulptriogxtame abder, 0 ddes onu 1 tamrhnfeadchgrocessor including,
applications can include two or nore nmulti-thread
processolah exerutdxanyigelldaied dingk drive system 800
can include two nulti-thread processors (e.g., a

first nulg ichirddRRGdNACASIAit &R RBrIeANEhe execution
mul ti-thread processor). In one inplenentation, th

e
sec [ I ro r ecu
by el W SHRL R NeDIE LB o RETRAUIN code as
roce . 0 st eps of, the nethods desgcri bed
Bovo Laa o b SR el BRod L i A 1

above “¢an be pertorned N
achi eve desirable results. Accordingly, other

i pPETERCa Tt é%re within the scope of the

2. The apparatus of claim 1, wherein the apparatus
comprises a media player device, and the application related
program code comprises audio or video media processing related

program code.

3. The apparatus of claim 2, further comprising:

a storage medium to store at least one of audio or video
data thereon; and

an output device to output the at least one of the audio

or video data.

4. The apparatus of claim 1, wherein the apparatus

comprises a wireless network device, and the application
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followng clainms. 60 WHAT IS CLAIMED I'S: 1. An
apparatus conprising: a nmulti-thread processor adapted
to execute at least two threads of program code, the
mul ti-thread processor including, an execution
gipeline, and a thread control uniit to control, the
redREEGt PERITPIMpEOFe COPPEREEH & i&SdISsCatieh VIt idiedelated
program code as a first thread and system | evel
prpesgragedeéde as a second thread. 2. The apparatus of
claim1, wherein the apparatus conprises a nedia
pl ayer device, and the application related program
code conprises audio or video nedia processing rel ated
progr.am qbee apparit@sapFaicdlais af, ehrir@iz the thisdeless
conprising: a storage nmediumto store at |east one of

ne@Udr® Qe Micdeqs dald Jrher 6133 3 REPYr W iGR ks
out put the at |east one of the audio or video data.

ac%esghﬁogﬁgqratus of claim1l, wherein the apparatus
conprisés a wreless network device, and the
application 61 related program code conpri ses
wi rel ess networking rel ated

6. The apparatus of claim 1, wherein the apparatus
comprises a broadband modem, and the application related
program code comprises broadband communication related program

code.

7. The apparatus of claim 6, wherein the broadband
communication related program code includes cable
communication program code, DSL communication program code, or

satellite communication program code.

8. The apparatus of claim 1, wherein the apparatus
comprises a wired router, and the application related program

code comprises networking related program code.

9. The apparatus of any of claims 4 and 8, wherein the
networking related program code includes at least one of

routing program code, network program code, access point
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program code. 5. The apparatus of claim4, wherein the
wireless network device is one of a wireless router
or a wireless access point. 6. The apparatus of claim
1, wherein the apparatus conprises a broadband nodem
and the application related program code conprises
PrREFaTh &dSe o FRFHTEAYI BF OBERHt @98 0 FERRPESTe PTPITHRE Ccode,
apparatus of claim6, wherein the broadband
progmamicostel dmplemenéd ngr dgWamedede icosmydds atdisine protocol,
conmuni cati on program code, DSL conmmuni cati on program
orcodetual psdtveltlel neteomiimac griograpr cgdam code. 8. The
apparatus of claim11, wherein the apparatus conprises
a wred router, and the application rel ated program
code conprises networking related programcode. 9. The
appapat ugnef ppurafusl dfMand dFd Qaiwdenei B ,t ke and s,
net wor ki ng rel ated program code includes at | east one
wh%&ei%pg?bn% E%&(%%Q%ngro .WP%%d%rQQQQ%H%%ﬂ%t 35S one of
poi nt program code, Security program code, repeater
rogra aode rogr am.code, .i qaplement i a _w.reles
Sec%c‘)’r%ﬂr%q]@;éte%o? rp?réc]ftag“coo,d%’or%l\'/g:ﬁftdﬁ:ﬁlvepfil%\%a & ﬁé:t% V]\%r %lrr?é;ram
program code. 10. .The apparatus of any .of clains .2, 4,
Cofleand 1818° RFGCEST 1PFe P ;?%Fé‘m CEP& &%Paﬁré’&&é"smg program
includes at | east one of
code, MAC program code, WLAN program code, network

communication program code, error correction progrém code,
video processing program code, audio processing program code,
host protocol management program code, cache management
program code, defect manager program code,
encryption/decryption program code, compression/decompression
program code, wired/wireless communication program code or

security management program code.

11. The apparatus of any of claims 2, 4, 6 and 8,
wherein the execution pipeline comprises:

an instruction fetch unit;

a decoder responsive to the instruction fetch unit;

an issue unit responsive to the decoder; and

an execution unit responsive to the issue unit.
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servo rel ated program code, disk drive data capture
program code, video processing program code, audio
processi ng program code, MAC program code, W.AN
program code, network conmmuni cation program code,
error correction program code, video processing
pr dgr amTwd epreau tiprafc essi rf - prlegmeEmode, 6 st 8,
prot ocol nanagenent program code, cache nmanagenent
fuytegyr asengadiesirdef ect nmanager program code,
encryption/decryption program code,
C O NP I RSN /il S0 ASSH P hr JHHHAM LR ed to execute at
wi red/ wi rel ess conmuni cati on program code or security

1 e AN AGRIBHN Y LITHN GG anl Lodd'e @RP AR HuBW-Hread
clainms 2, 4, 6 and 8, ~wherein the execution pipeline

pré%ggggfﬁ¥ﬁcqq§%4§?ruction fetch unit; a decoder

responsive instruction fetch unit; an issue
unit responsive.to the decoder:. .and an execution unit
r esponsiv ETEThETELH e FhiRLPH . appar at us of
any of-clains 2, 4, 6 and 8, further conprisin

g:. a

second rul¥§SqH} é&b‘%ﬁ%c‘@gﬁo%dﬁlﬁ%d"q FIKSQUL £l second

| east two threads of program code, the second

mule¥edHried Pinelcas dro ieng Ao f 1 125t ety tebieg (R T @giram

pi peline, and a second thread control unit to contro
thesbraw a third thread and second real-time program code

as a fourth thread.

13. A system comprising:
the apparatus of any of claims 1, 11 and 12; and
wherein the application related program code comprises

communication related program code.

14. The system of claim 13, wherein the system comprises
a cellular WLAN system, and the communication related program

code comprises cellular communication related program code.

15. The system of claim 14, wherein the cellular
communication related program code relates to one or more of

the following protocols CDMA, G3, or GSM.
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execution pipeline to execute first real-tinme program
code as a third thread and second real -tinme program
code as a fourth thread. 13. A system conprising: the
apparatus of any of clainms 1, 11 and 12; and wherein
the _application rel ated program code conprises
conbni cdtiCosYEded &Ff sriddmrhdooddierein e SpItem gfomprises
claim 13, wherein the system conprises a cellular

a VAR system, amd tthe commpmicatiion reslsteat proegram code
code conprises cellular comunication related program

cogpete sesSvolike pyslcemsihalr@latkbl prdugyram ddae cel | ul ar
comuni cation rel ated program code relates to one or
nore of the follow ng protocols CDVA, &3, or GSM 64
16. The system of claim 13, wherein the system

COMRFI Se§hed sYRIRrS b @Ma iaNd o, NGHRBIIGA 1yead control

rel ated program code conprises voice processing

unﬁﬁ:‘l %hgghtgﬁg%t{aﬁ@r%g%e 'tl'lt:gbelx-g@%t%.)éﬁ gbmp%jl i“}leai o 1§63%ecilhtee codec

wherein read contr unit er contro
xecution pipeline to execut dec . rel ated program
regggggagrgg?ﬁ%rgogﬁrggdé %&?r %%%5ﬁﬁhnication system
of claim 13, wherein the systemconprises a wreless

tel evision system and the conmunication program code

congrises medi a rel ated program code.
8. The communication system of claim 13, wherein the

system comprises a wireless television system, and the
communication program code comprises media related program

code.

19. The system of claim 18, wherein the media related
program code includes at least one of video processing program

code, or audio processing program code.

20. The system of any of claims 14, 16 and 18, wherein
the system level program code includes at least one of menu
program code, display program code, MAC program code, WLAN
program code, network communication program code, error
correction program code, video processing program code, audio
processing program code, host protocol management program

code, cache management program code, defect manager program
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19. The system of claim 18, wherein the nedia rel ated
program code includes at | east one of video processing
program code, or audi o processing program code. 20.
The system of any of clains 14, 16 and 18, wherein
t.he system | evel program code includes at |east one of
cofgny ENSEYPLA I CS L YR P IS @ERAISde, MAC progr am
code, WLAN program code, network conmunication
CORPE§EEAPEDdECORNPrSS s icsr Progrem sasky amicedy wiviedess
processi ng program code, audi o processing program
coppdeichisbnp progeeim wadag @re se qurdgyamanse@ame ntaghegram
managenent program code, defect manager program 65
codede, encryption/decryption program code,
conpr essi on/ deconpr essi on program code, wred/ w rel ess
commruni cati on program code or security managenent
program code. 21. Areal-tinme controller conprising:

a mghtl-hheead gy %e%%%r%ggg&ﬁ%oﬁn%g%a%e at | east

wo threads of programco t he 't -"thr ead
proge Jdnel udiin an execution pipeline, and a
thréagaggﬁtggfeﬁgigrfgeggﬁfrgﬁaPﬁgde%gb&ﬁegﬁtepﬁﬁeHQQ§t two
to execute first real -ti rogram code as a first '

th g5 hn BT OHE 8 CPEI - £ T odr AMeade PEOCESSSEC dAE Luding,
thread. 22. The real-tinme _controller of claim?21,
wher ei n fRe&xecution pipeline, and

a thread control unit to control the exeéution
pipeline to execute first real-time program code as a

first thread and second real-time program code as a

second thread.

22. The real-time controller of claim 21, wherein the
first real time code is video processing program code and the

second real time code is audio program code.

23. The real-time controller of claim 21, further
comprising a storage controller, the first real-time program
code comprising servo related program code, and the second-

real-time program code comprising system level program code.
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first real tinme code is video processing program code
and the second real tine code is audi o program code.
23. The real-time controller of claim?2l1, further

conprising a storage controller, the first real-tine

pro%ran1 code conprising servo related program code,,
and“fhe Fb€or&2lrddme icratgeddeanclodd addmgdi siwhgrein the

system | evel program code. 66 24. The real -tine
stegrgeo coat refl leraicomes;istisereiharchdiskt coageoller or an
controller conprises a hard disk controller or an
optptiadaldisgks kontmoldlelrer . 25. The real -tine controller
of claim 24, wherein the host protocol nanagenent
program code nmanages at | east one of the follow ng
protocol s ATA, USB, SATA, SAS, FC, CE-ATA, or SDI O

26. 28he meal vhiame tGaR! hlkeb10kaRE e aGhPb®® herddn the
and 24, further conprising: a second nulti-thread

d
holdt0 ?%%8%03$ﬁ@%%§e&%n%x%%#E?aﬂ$coh%aggnéggstheﬁg%s%fone of

program co secon tir-threa ocessor

e e dcbinel s SERRE 18 i, PRE RETeacoRR " Bec qeraNns oF

pipeline to execute third real-tinme programcode as a
SPIRird thread and fourth real -time program code as a
fourth thread.

26. The real-time controller of any of claimé 21, 23 and
24, further comprising:

a second multi-thread processor adapted to execute at
least two threads of program code, the second multi-thread
processor including,

a second execution pipeline, and

a second thread control unit to control the second
execution pipeline to execute third real-time program code as
a third thread and fourth real-time program code as a fourth

thread.

27. The real-time controller of claim 26, wherein the
second multi-thread processor executes a given thread of

program code not executed by the first multi-thread processor.
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27. The real-tinme controller of claim26, wherein the

second nmulti-thread processor executes a given thread

of program code not executed by the first

mul ti-thread processor. 67 28. The real-tine

controller of claim24, wherein the thread contro

unis f urtheerreadnttriohes ddrec mdelart i@h @lgiieh i 3%, twherein the

execut e additional programcode as a third thread. 29.
thrd realitid Inucont fokdlesr addord oI 2he whes@ithidiepipeline to

system | evel program code conprises at |east one of
exdlhite YAy iR SARI MR SR £ ade r OMDh S @

capture program code, error correction program code,

vi deo processing program code, audi o processing

program code, host protocol managenent program code,

cac ageme rogr efec r

codt” o Bcrubt T SR e R o S LR B O A e

code.. 30.. The real -ti controller of any of clajns, .
SYSHEM VR PERSTRRTT (IR ot $1Fel TRe O disk drive

conprises: an instruction fetch unit; a decoder
dataspRpisine REPIFRN | $REP udtYR e cFrRIMIEe PEPETRE ygode,

unit responsive to the decoder; and an execution unit
erress purisi et ion tprecgsanecedd t . viBdeo processing program code,

audio processing program code, host protocol management
program code, cache management program code, defect manager
program code, or encryption and security management program

code.

30. The real-time controller of any of claims 21, 23 and
24, wherein the execution pipeline comprises:

an instruction fetch unit;

a decoder responsive to the instruction fetch unit;

an issue unit responsive to the decoder; and

an execution unit responsive to the issue unit.
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