REAL-TIME CONTROL APPARATUS HAVING A. MULTI-THREAD
PROCESSOR CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application is a continuation in part of commonly
owned U.S. Patent Application entitled -- "Dual Thread Processor" by
Hong-Yi Chen and Sehat Sutardja, attorney docket no.
ME2833/183 620001 , Aed RpMUGITBAY Ne rewiin Lt e-amA 8 ACOIMRMIEBEOR
which are incorporated by reference in their entirety. BACKGROUND
[0002] The followving distiasunece|atestapeeessing circuits card
systems. [0003] Conventional operating systems typically support
[o Budltitasking whichds @ sghedulingissheme thatpermitsmose thanpne o
processor thread to share common processing resources. A processor
cothreatlyepresents ah. achitecturabstate withim ae pracessor thattracks Thread
execution of a software program. In the case of a computer having a
PripRie PrOcessdroaaly Oné pricessér Shread %lﬁmedﬁmy@%/eﬁocmt
point in time, meani ﬁg that the processor is actively executing instructions

o po Mo AR WP SR ProcssssruFRATFRETEFbf R BEYigRIlg 41° Sheire

co etsgogffrorgpl%tgle pre %ceisQor threa to an ther called acont%xt .

Qrd C
switch. [0004] In a conventionalt plpellne prgcessorrgrcl:gtraltelxlil switc

entypically occurs through a hardware interrupt and interrupt | service
routine. Interrupt service routines typically have an

BACKGROUND
[0002] The following disclosure relates to processing circuits
and systems.
[0003] Conventional operaﬁing 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,umeaning 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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associated execution time, or interrupt overhead, that may consume
valuable processor time. Additionally, in a conventional pipeline
processor, a context switch typically occurs only at fixed intervals (e.qg.,
every 100 us), as determined by, e.g., vendors of an operating system.
SUMMARY (0005; in general-, in one aspect, this specification describes

sea-hare disk.eantoller ineluding.a nudti-thread processor QQZES} have an
execute at least two threads of program code. The multi-thread processor

asipcludessan executioropipeline, and ai threachgontraldmittoicontrel theay
execution pipeline to execute servo related program code as a first thread

CORTYIEFsterd Teel pivpramscsde AsBesecondthréada[DDO6 1iParicular
implementations can include one or more of the following. The hard disk

CoEoMtRSIe? Ean Rithet MdudE  HiEMbry fb SBRE Hé sBd fftafeically

rogram ode and the system _level program code. The memory can store
° user prox\‘llclfl ed groggjfgr%gc%)%e%?ﬂ%ﬁﬁreg% oritrSi Ui cAR Tohfrol s

asxssulionpigpline to exequledhe.user pIvidsd.rogram.oade gs 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 ugitfgspepsive to the issue unit. The
system level program code can include at least one of disk drive data

[ocaystlre prageeneode, eFoeRITaeHtprogralCedrNastdroiend! describes
management program
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 prograﬁ 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 ccde 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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code, cache management program code, or defect manager program
code. The host protocol management program code can manage at least
one of the following protocols ATA, USE, SATA, SAS, FC, CE-ATA,
SDIO. The hard disk controller can further include a second multi-thread
processor adapted to execute at least two threads of program code. The

re§§§ﬁ@dﬁ@um&hﬂ%gjDﬂﬂ&@SQﬁQ@nin@ﬂgk%@§@§an5%@@“@@%Qggmn§®de can
and a second thread control unit to control the second execution pipeline

intd execate first sreabtimesgrofitaim coderas athirddhread-aneg segead code,
real-time program code as a fourth thread. The second multi-thread

eX FPECcESEOT TN EXe Uite 2 give AtHread ofsrograhcode nemageosted [pyrogram

COCghe first multi-thread processor. The hard disk controller can further

iifcludé B e dlf RS 000779 Gerierar in GRofier $ipebRTAEeT Program

Cogggcifi{;ggoiqoggs ri esa DlVD controller icncludin a muIti-thre%d
processor adapte% t% éjfe%utén %??gaesr{l?vr\l/o tﬁfe%#;aé? ﬁ%&?arﬁ code The" at

lesRultigheead processor ingludes anaxscytion pipelingsanda fhreadh o rc,

control unit to control the execution pipeline to execute servo related
CE progranscodle asradirsizheeatt andsystersiaval programeode-asdclude a
second thread. 3 [00081 In general, in another aspect, this specification
SegfeRerines bimedizeprayer devicednchding: adntiti-threan: tproeessorast  two
dapted to execute at least two threads of program code. The

AR BREEERor Ritlude AR GXREBRBNT 1 03 -chzead processor can

include a second execution pipeline, and a second thread control
unit to'control the 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 execute a given thread of prograﬁ 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 cecde. 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.



pipeline, and a thread control unit to control the execution pipeline to
execute media processing related program code as a first thread and
system level program code as a second thread. [0009] In general, in
another aspect, this specification describes a cellular WLAN system
including a multi-thread processor adapted to execute at least two
[fHB&Hs of progrart tbde i Themtnaiticthréad processor incldes ihcation
,.1e>§gcutri)orl pipeline, and a thread control unit to control the execution
“Bipeline 1o exetitd tefiamy ConfintihfcatioR Fekied progrant thde asgatirst
pi¥ead.and system level PLogram code as.a second tyead JOOI0L o
Particular implementations can include one or more of the ollowing

ciraturesrikhengelylar communicgtian Lelated, program code can felae to
one or more of the following protocols CDMA, G3, GSM, or the like. The

p$ysteimdevelpiogramreede eandacluderat feast onsheb-mentRragekam r i on
code, display program code, MAC program code, WLA14 program code,

PREEVOFIE commtpiedtionmogramcoties ©ffay corfection progegaancadeie as a
video processing program code, audio processing program code, host

£ hrétocol g it Srogfarcdtde, RERAEIRaRRGEMRNt PrégraAGoderead.

Elo%esf ct manager program_code, encryption/decryption program code,
[ comp?resglic?ln/ ef:lcé%?)?ésslign %?Séer}é%yc%ag?ﬁﬁréle%%mirgﬁecl fication

deemmyBicalion Arogiam GRAGOLSECUITY MANJIEMENL program code.

[00111 In general, in another aspect, this specification
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 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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describes a VolP system 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 voice processing related program code as a
first thread and system level program code as a second thread. [0012]

ge Particylar implementations cag ncluge one or more of thteif&'!OWL%Qigr m code,
ﬁ gn p pgl

features. The thread control unit can further control the'executi Ine
cot@ exectiegadenrelatadprogram.sode as.adhird,thread IThe voice
processing related program code can be program code associated with
Coprocessing woiger sigrmails fardeonversiontoia sutahledemmter program code.
transmission over a network. The system level program code can include
[0t 1dast BMeBIIMAE. prografiesde  Was pFograt sodeaatfiork t ion
communicationdprogram code, error correction program code, video

AeRrEEESEing pfogran CobE andin POEREshg Prbbiarhitths HosP sl
adgg%@%g%@e&equggfggoqg,a%a&mewmat%@ae;“desm&g og code, defect

manager program code, encryption/decryption prograr code, -

muCOMPprEssion/decompression program sade wirglessivired,e1ine, and a
communication program code or security management program code. s

t h{eeIB]dorgenraral; il anothercaspest, thisspeeiticationh dessEbesa to execute
wireless network device system including a multi- thread processor
Vo hgphe f5 exécderstlieastivivrttrcads ofdgrogram dodes Thenread and

multi-thread processor includes an execution
system level program code as a second thread.

[0012] Particular implementations can include one or more of
the following features. The thread control unit can further
control the execution pipeline to execute codec felated 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.
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pipeline, and a thread control unit to control the execution pipeline to
execute wireless network related program code as a first thread and
system level program code as a second thread. [0014] Particular
implementations can include one or more of the following features. The
wireless network related program code can include at least one of routing
program code, network program code, access point program code,
[O%belater Progfif tode, ‘SectlifFprografPésde, Viftda piateé hetabien
4 Rrogram code or ?ro ram codoer'&gn@ementin a wireless communication

Broteeo The sYSent feat prSgrant code ta \-’iﬁélﬁrﬂeiﬁqé&&iﬁe df MHRC* -
criregsapLeede WLAN program code. network communication program

code, error correction program code, video processing program code,

p radeHePIOseS SINOIO graMLGodes hostiPEteceldnanagemet eRrogalke cut ion
code, cache management program code, defect manager program code,

pigrérptioniteCryption-pragrammeadd, conmpressicrodecemptessieftecut ion
program code, wired communication program code or security
ripahbgententpogian codes JoeEs5 A hendrak ¢ anotharzapent, thisle as a
specification describes a wireless television system including a
Eimtitti-HrESR proce s36T ttfaptéd for eReREHE IEQS W e ddS OPd thread.
[Ogrfgﬁam ga%%cge.uThe multi-ihreadtprgg%%sor igcludgsj?n execution

) lar 1Im menta S n_include one. or more of
pipeline, and a't reaﬁ COFI%’O?UI’IR to control ﬁ‘le execution plpéellne to

crxeciitednedia related.program,code;as adist theead ,and systeny Ieyel g ram

program code as a second thread.
code can include at least one of routing program code, network

program code,»access point program code, 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 protocel 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



[0016] Particular implementations can include one or more of the
following features. The media related program code can include at least
one of video processing program code or audio processing program
code. The system level program code can include at least one of MAC
program code, WLAN program code, network communication program
cocade, emer cortedtiorhprogiapt-cosles videmprogessingpregeam:cade,
audio processing program code, host protocol management program
pigsde, tachehanagentad progran code tdefectmanagér pregrare codépn
_encryption/decryption program code, compression/decompression
PSR E8AE GRETIWIRERER cothmtRicatiorerofraftddeorsédiiy thread

management_pragram code. [0017] In general, in anather aspect, this
anspeséfffci,;afft{lr(‘)rrli edees%:riﬁlég%rgfrc‘)a[tc %%da PodefiT it iing a5fbiti-thread

[ORFOEESSOp -adapled 1o %59%%@&{%6@{&\9{9, thrgads, ofpragram code. The, - .
multi-thread processor includes an execution pipeline, and a thread

theorftballunit toscarizehtbe executienmpipeline-to execute roagdhantdie can
communication related program code as a first thread and system level

ingrogtamcodeasta seconmtt thréddo 740018 sRarticutar danplementatians audio
can include one or more of the following. The broadband communication

PIRISRUPDFARESSTe FREBdes TablSEEfRAURiIENE3N PregaArcoddeDSIn

in%qmcrfunicaq[on code, or satellite communication program code. The

telatEd Tod G ihcllitle AFRAEEBNEBTIMA gRIMEGHR, code,

sysﬁer% tela
newugyﬂ 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
program code.
[0017] In general, in another aspect, this specification
describes a broadband modem 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
broadband communication related program code as a first thread

and system level program code as a second thread.



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
{Oﬁgﬁram code, wired/wireless communication program code or security

agemaht protram ¢8&e 86107 i §BRefd in"aHotHeraspecO thigore of
sp ifi %i des 'bgs arwir royter ilqcluzgin _‘imyllti-tge d rocessor o
thadgétlegd E’ég%%écu%}ét Iebascfa%\%%% (rgea(fs of procé];drgrhocodce.ila}%é3 8 program cod

s nPultiitareaghprocessar includesan gxecution pipelinepand a,dhigad A« 1 on
control unit to control the execution pipeline to execute networking related

coprogram eade Bbia first threadiand systeprJdeyehproghiam catdeaswsten
second thread. [0020] Particular implementations can include one or more

regh e fokolvingpfeatures LTike petwerking velated pldgranrecgdercarcde, WLAN
include at least one of routing program code, access point program code,

PTEEEH Ry B1OGramTCotRr fe fESBI PGt e oBEC il iffAte HefRBrking

CO?_roeg:rgrin %od%gr]pé%g@é%godeﬁdiénoplegnecntgn _%con}rgugication erotoco .
hie sys?emqevgl program ¢odé ¢an iRclude At 183sEare of MAC pr()g‘Fla‘fm:LO

preode MLAN pragram code, network comrmunication program code. error s |

correction program code, video processing program code, audio
capPHCasSHIg MegRIP £68€ah0osaiocrl franagemant progaim £adecde

cache
enciyption/decryption program code, cdmpressicn/decompression
program code, wired/wireless communication program code or
security management program code.
{00139] 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 processbr 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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management program code, defect manager program code,

encryption/decryption program code, compression/decompression

program code, wireless communication program code or security

management program code. [0021] In general, in another aspect, this

specification describes a real-time controller including a multi-thread

processor adapted to execute at least two threads of program code. The
immidtieireadProcessorinEkriesan exetation. pip8line, sywetathreadel program

control unit to control the execution pipeline to execute media related
CFrogram dotfe 3% fifst tiead 8RE <ystéhdeparsrogiamcdtle 44-A program

econd @&ggﬂ. 0022 IIln general, in another as%ect, this specification

) Tredifiie (OGraMT¢ole;

Cofe<cribes a method that ncludes providing a fir

prioviding susecendirealtime pragram code; executing the fitst fg%!sg{g?ﬁeging

program code with a first processor thread though an execution pipeli
proba sultdhesachqyecessdioand executingdhe seconddgaltime program

code with a second processor thread though the execution pipeline of the
mamediettreadgprogessor &€ 0023} ér genenalgkrapetber aspeciihis

specification describes a real-time controller. The real-time controller
eNEENRIeSINEARS TP BkBBU M IERASERIS thRAIRTGISTbgFffccof®rERe ion

Jmeans fgg%(ec%tirgt{necltédes execution gié)eline means, agd means for
BT EGAtrolingG T eketutsh pipelne hegAs1g™ Program code or security

management program code.

[0021] In general, in another aspect, this specification
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 programvcode 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 execﬁtion 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.



execute first real-time program code as a first thread and second
real-time program code as a second thread. [0024] Particular
implementations can include one or more of the following features. The
real-time controller can include means for storing the first real-time
program code and the second real-time program code. The means for

ing can further store user provided program code. The means for,
[0§09r£1tlfr]olIin?gnc%eggﬁt?él'thjéneferg%%i%ﬁ%ip?%ﬁngec%ea Mo SRSCUte tha uset

aeRravided program code as a third, thyead. T@ﬁee@ecgiiQQi%@eHB%{%%%r

can include means for fetching an instruction, means for decoding a
infetchied inaiaiclione Means:{of isguing a1 desededdnstruction, apd meassam

for executing an issued instruction. The real-time controller can further
coffelud€heseeans meanssior @xetuting at least dwexbreads-af progeanne

code. The second means for executing includes a second execution
meppselindifeBRSIEnd Riediiafor ehhirbllingthess@Hdiexe@uition! pipelineans to

means to execute third real-time program code as a third thread and

SXRSUHITreal e Program TodR = E BUrty Yhrésd 2o 6B551 heRtra h
seéQB@efeaanggEr&Qisp%%cr%%aﬂc?@ descriges a real-time controller

including means for providing a irst real-time program ot e; means for
[opravidingsa secend skealdime REQAran sadecaeansdon gxecingthedirst of

real-time program code with a first processor thread though an execution
the following features. The real-time controller can include
means for storing the first real-time program code and the
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 fbr exXecuting 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.



pipeline of a multi-thread processor; and means for executing the second
real-time program code with a second processor thread though the
execution pipeline of the multi-thread processor. [0026] Particular
implementations can include one or more of the following. The first real
time code 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

SIRGR multithieAG ™ Brocessot HrEThEIudRRYRAL doii6t riftfret toation
DU PRAGESSOrle B (L AR IANRQEMENL S QB ooy iding a

processor time associated with multi-processor management Is

faliminated -Reductien 41 fhe asmabemeb e P Us within alsapplicationfurther
reduces manufacturing costs associated with a given application. Further,

& Multiifhre 2d PFoeBsSOcguarmmeesihat esmputing reseuftessarereal -time
available for a gjven progr%]am code through an available processor thread

PhATEAR 58 W didatddtothe5rayrant Sude. WArat-thiexd Proce S atsdon
Allows far indepepdant n.deyelo 8@%8&%%“}{"9#% C{%’Qaer%éof‘%%eé%%‘é@&ng
etalls or o

by the multi-thread processor. [0028] The ne or more

rineplemeniations areised fprbyinthe ageompanying ekawings-and4dber thread
description below. Other features and advantages will be apparent from

CipreEEs St St dpawiniges: ldmee frofn e claidtst - thread processor.

[0026] Particular implementations can include ocne or more of
the following. The first real time code 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. Conseguently, 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
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DESCRIPTION OF DRAWINGS [0029] FIG. 1 is a block diagram of a
multi-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. I. [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. [00321 FIG. 4 is a
block diagram of a multi-thread pipeline processor architecture. [0033]
deME. B isathloék ehdgremn of coardtithread ppetineeprocessor imulti-thread
accordance with the multi-thread pipeline processor architecture of FIG.
P 50034 F.T.G. 6 is a method of performing exception handling in the

(dpyltirthread pipeline processgr architectures of EIGS, Land 4. 12 109 §é1 forth

FIG. 7 is a method of performing interrupt handling in the multlatﬁrea
irpiprkne Preepssen atchiteoires-okhtGSne atwk&l0936) i 65 a Other

functional block diagram of a hard disk drive system including a
Leathirtearrprstessord@0 37 FIGRY isrpfurtstional blockdiagpamrobaion

dlgéal versatile dlsct(DVD) svstem including a multi-thread processor.
raw:.ngs, and rom he claims.

DESCRIPTION OF DRAWINGS
[0029] FIG. 1 is a block diagram of a muiti*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. l?
[0031] FIG. 3 is a block diagram of a multi-thread pipeline
processor in accordance with the multi—threéd pipeline processor
architecture of FIG. 1.
[0032] FIG. 4 1is a bloﬁk 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 é method of performing exception handling in

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

4.



[0038] FIG. 10 is a functional block diagram of cellular WLAN (Wireless
Local Area Network) system including a multi-thread processor. [00391
FIG. 11 is a functional block diagram of a VolP 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

i-thr processor. J0042] FIG. 14 is a functional block diagram of a
Eor(g%g an ?r%bdgrﬁ’ "lsncgilua[evrl oﬁi- oAl PPotesdsr: [6048f FiEndEigs 10

INg a mu

dunctignal blockdiagram.of a wired radter including a myltiahread oo 5 opg
processor. [0044] FIG. 16 is a functional block diagram of a wireless
qmedia player including a multi-thread processor. [00451 FIG. 17 is a

functional block diagram of a real-time controller including a multi-thread
Yoteksor FES 0046} 1 ike faferbheeasyrhbolsin dhexarivustdrviings disk
%giﬁzate Iilée ele.me_rgts ,DETAILElD DESCRIPTION [0047] FIG. lis a

516CR dizggram of & mutti-tAréad pidéliid 15158 886  Afifitecture 100 that is

Qreraple tpprocess wp of, raote pracessauihieads T T -« Ty can
Processor threads T1, T2, ... Tn each represent an architectural State
weithicildti-dise (DVD) systemincluding a multi-thread processor.
[0038] FIG. 10 is a functional 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.

[o042] 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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thread pipeline processor architecture 100 that tracks execution of
corresponding software programs. Instructions for the software programs
can be retrieved from, for example, an instruction cache. (e.g., instruction
cache 102). In one implementation, multi-thread pipeline processor
architecture 100 includes two or more program counters (not shown)
each of which corresponds to a processor thread 71, T2, ...-Tn. Each
program counter indicates where (for a corresponding processor thread
Tdg4R2, .. Tn)multethreadpipelineqrecessemarchitectire 10Q..j$Mith s ndscare
respect to an instruction sequence. Program counters are discussed in
GtéatérddE Below in association with FIGS. 3 and S. [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 d%%@ﬁwg%ﬁﬁgﬁuction issue stage

14 jnstruction execution stage (EX) a data memory read stage _
EI@%M , analflv(?/r'itegbégk %%&Jés i&l%%ﬁ%ﬁh?&a& pfﬁlg}iﬁé‘ &g gpipeline
@rehitectire 100, hawever. caginchide adifferent, aumber of pigeline
stages. Multi-thread pipeline processor architecture 100 further includes
Bgt instructiorsfetchy inéa 4611104 2a decodern 106pisstesybit 108-@ads T1,
register file 110, an execution unit 112, read logic 114, write logic 116,
hd a° prograifimabie Bl Geatisir edRReer for thfedd cohtrbin mulci-

thread pipeline processor architecture 100 that tracks execution
of corresponding software programs. Instructions for the
software programs can be retrieved from, for example, an
instruction cache. (e.g., instruction cache 102). In one
implementation, 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
T, 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

14



unit) 118. [00491 Instruction fetch unit 104 retrieves program

instruc*_ions from, e.g., instruction cache 102. Decoder 106 decodes the
program instructions and generates decoded instructions to be executed
by execution unit 112. In one implementation, the decoded instructions
are fixed length micro-op instructions. Issue unit 108 issues decoded
instructions to execution unit 112 for execution. Execution unit 112 can be
i loach exectitioneadit, istares exeeutiax Unit arithietic.logic uait(Aldd)e
multiply and accumulate (MAC) unit, or a composite load/store execution
Uitas descrited in bask prhteaeappPicationtehtitledhr¢vdriableeLéngth
Pipeline Processor Architecture” by Hong-Yi Chen and Jensen Tjeng,

RGeSy doCREUHG SMPH06 3411336240001, SRRicH & iHE6rforated By c
Jefgencein s enticety, Read;logig 144.re e%t%f{ D180 padalas .,
cache (not shown) Write logic 116 writes results 15 of executed
dasticions:haclow, fugs wedattheadle,sregistenskleukh], of & sevrdens -
buffer (not shown). [0050] Register file 110 stores data associated with
ddch prdteszoftrrstrrT1072, 1ssTn. wbhelidlplemernationsredister filed

110 incluges se\Pa,rate banks (e.g., banks T1, T2, ... Tn) that store data
Socia &%%rféls‘%)brﬁ?ﬁé‘g &l%%bgst%re%ﬁl?ﬁT I1G gy and 2

ssodiated with

5?83?9#%&£T@“€A9QE&1&9ﬂ83§@¥¥%d95%9§§995¥eq3@”£H?%%ﬁ*%gntrol
thread T2 back to

unit) 118.

[0049] Instruction fetch unit 104 retrieves 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. In 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 Jensén 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



register file 110, then write logic 116 writes the data to bank T2 of register

file 110. Alternatively, a separate register file (not shown) for storing data

corresponding to each processor thread Tl, T2, ... Tn can be

implemented within 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 T1, T2, ... Tn - i.e., what portion of processor
ofinfecpiibecdedieated-toleachprotessor thiead £14F2a. . cFahin onegister

implementation, input , e.g., .from a user, definingfortions of processor

Ftinfe to Be dfochtéd forEach Bt & lurdfity of Hr6¥Bssor threads (e.g.,
[BHRGESSOKR hteads T1, 12. 1 J s feceiyed through @ graphical user
interface (not shown). For example, a user can aﬁocate 95% of processor
phiBe: s adirsh peaeessor theead and:%9% tom seeend mpresesseos thread for
a dual thread pipeline processor. In one |b implementation, the processor
rimies aflocation defifedfot edeh procesyor theedd: (€.9:,gprocessastiiteads?,

TI, T2, ... Tn) can be dynamically changed - i.e., changed durirég program
exeCiitiof 2By §1¥eT o(?vﬁf@f&%%crﬁwtaesoffwa% Prograi (BY Sa'sbftware

HREeram fo he exacyted) rAlternativgly, ths&rogsgagagmei aligeation for .

each processor thread can be ‘staticaliy set - i.e., not changeable during
1 programn-exechtiona 053 d8-anRe daplemnantation: programmabie tareadtk o

allocation

register file 110, then write logic 116 writes the data to bank
T2 of register file 110. Alternatively, a separate register
file (not shown) for storing data corresponding to each
processor thread Tl, T2, ... Tn can be implemented within multi-
thread pipeline processor architecture 100.

[oo51] Programmable thread allocation controller 118 can be
programmed to store processor time allocations that have been
defined for each processor thread Ti, 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
i6



controller 118 performs a context switch automatically by determining a
processor thread from which a next instruction will be fetched (e.g., by
instruction fetch unit 104). In one implementation, programmable thread
allocation controller 118 performs a context switch by switching one or
more selectors 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

TEBATESE SWitcHes i5HisETSSES ol iRtassodation Wit EfG33, 20 antrs?

erJg%%C%t%gdswi&%os:c (s, an.instrution asS%atesz“h 2N can be

processor thread is fefched by instruction fetch unit 10 Though

dypipeling1stageses@q pipeline. stagesife dDalS: BX, MEN: MEI«8Fution -
multi-thread pipeline processor architecture 100 may contain instructions

byagsyéiatec withr e v pdorecprocessor threads; datamassociatec Withf tware
each given processor thread is maintained 17 separately through register

PIREEID S tRETRRY) of duthdciaethwith i di BRIEbr thfgad
a1isJnantained, Unlike %EQQ&’%QH?”%@Q@#”%a‘%{oﬁess . fhat may regulire
i I et

=3
an Interrupt service routine, programma read aIFocatlon controller

i .218 deas pakhavesny interrupt gverhead agseciated, with performing a
context switch. [00531 FIG. 2 shows a method 200 for processing
[ 0§Ed0e ssarm tiemadsrthi eught mamidti-th rsaebpipetiae Jsrocessedardhitesttureon

controller 118 performs a context switch automatically by
determining a processor thread from which a next instruction
will be fetched (e.g., by instruction fetch unit 104). 1In one
implementation, programmable thread allocation controller 118
performs a context switch by switching one or more selectors
(e.g., multiplexers and/or de-multiplexers (not shown) that are
in communication with instruction fetch unit 104. One
implementation of a processof 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 érocessor
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



(e.g., multi-thread pipeline processor architecture 100). Input defining a
portion of processor time to be allocated to each of a plurality of
processor threads is received (step 202). In one implementation, input
allocations are received from a user through a graphical user interface. In
one implementation, input allocations are determined based on
reqyirementghcg an executin% ésgftgxgafg application. The processor time

S Rffocatad o “SACH Procesdor tiread can bé Storediina pRSyrafimabis Y ©F
aafhiead callocation %@50'L,egég-gpre@@ggmfn%?Jsetg&e%dsaué%%ﬂoani ed.

controller 118). In one implementation, processor time Is allocated based

un0RIEPY (Eantah Presessipg dinit)ycles clock, eyelesangd(or insiiuction,
cycles. [00541 Each thread is processed by the multi-thread pipeline
inprressor accordmag tthe procassoy timenakideateti te #achl threadi(step

204). In one implementation, a context switch occurs automatically
COREEGHHiRY to- tHe ProtesBer tifvallcraled 8 ¢ EaRh thicaithas dtereadniated
witﬁﬁt}ggg%)grammable thread allocation controller. In one implementation, a

T

AR Fréad AlfotAtioR ‘Hortidiler controls switching of one or
multiplexer r de-multiplexers that are in communication with
[Oﬁgg? ‘ﬁHB, 9 gg%g)a mg%hdg é%é;Kﬁfuﬁ{?ﬁﬁﬁ?h?gngrocessor

an instruction fetch unit (e.g., instruction fe

th%@@@Q“HHQHQQha£“Q@Eﬂmn@Q¥%HHeBQ§g@§ﬁ@o@fgggg§g¥(%¥%ﬁw%ecture
switching of one or more multiplexers and/or de-multiplexers located
(ebeforemnk afteh eash ppekle stagerelcessor architecture 100). Input
defining a portion of processor time to be allocated to each of
a plurality of processor threads is received (step 202). 1In one
implementation, input allocations are received from a user
through a graphical user interface. In 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). In 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). In one implementation, a context switch

occurs automatically according to the processor time allocated
18



the multi-thread pipeline processor to perform a context switch, as
discussed in greater detail below. in this implementation, a state of a
processor thread is stored in, and loaded from, registers that are located
before and after each pipeline stage in the pipeline processor. In one
implementation, context switches occur at the end of a given instruction
cycle. [0055] A determination is made (e.g., through programmable ,

Lo ey Ao coritfaifer 418% wHthBF RFptA BRahfcalF THanging fHe-+on

co gﬁ%%%slseog time allocatian i recel\ée%%gp 206). If the rocgssor time

. one 1im men rogrammable threa
allocated to each processor read has not been dyramica y cﬁangea,

a11ken each prggessantbread,is. processed aegarding:to,the procgssar time

allocation as previously established, and method 200 returns to step 204.
mulfe the precessaidine alecation:-has deendynamically changedmtiencat ion

each processor thread is processed according to the changed in
wiphoeessorsimeaflocatidre {step 208). Afteg stepl268 rmethioch 204 returnsitc

to step 206, discussed above. [0056] FIG. 3 illustrates a block diagram of
L0&)multFthreRd piselirBgRbeE4s8l 360 BuneRaetrdansdnmpd allocation

Corrlryjrlgf éerad Cg}gelé e proceggor,grchit Ct%re 100 that proc sse %)§
NrdCessSor freadsTl, T4 SR 8 eolmeplé’fﬁerﬂ?éfﬁaoﬁ?‘fﬁﬁlhasﬁ gs and/or
deDMH¥EEbR%&é?éoﬂgggéééugé%éPé”éHHCQ%E§¥CQAEHF%&%éﬁfﬁ%xgﬁﬁge of
306, a register file 308, issue unit 310, a two-stage execution unit 312, a
chéewider buffee 344 ,and 2iRIOOFINRRAYE:r to perform a context switch,
as discussed in greater detail below. In this implementation, a
state of a processor thread is stored in, and loaded from,
registers that are located before and after each pipeline stage
in the pipeline processor. In one implementation, context
switches occur at the end of a given instruction cycle.
[0055] A determination is made (e.g., through programmable
thread allcocation 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



thread allocation controller 316. Multi-thread pipeline processor 300
further includes registers T1-Tn and program counters TI-Tn that
respectively correspond to processor threads Ti, 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,

P HGRRABN Cehe®302 AR HRHIA SRk GRt 3044 EHfevEL Rt AonERFhod

i i .. ITn. ne implementation,
20fcg@dance with program counters T, J2... T, In one imp

S ove ., H
program counter Trindicatés an execution status of processor thread Ti

[0_6'5%‘] Wh%ﬁ%m%tlihrﬁ@tgjgggge aprgg%%sfgrc?’log a\%lﬂaﬁe%p%fg M hread
instruction sequence associated with processor%hread TI), program

pigeuntes T2 telicales arpexecution statug-asseciated withn2@\precessoread
thread T2, and program counter Tn indicates an execution status

pipsidciated-withgsrocessuinthread Jine [Q088]HDuring andastreetiomdepedeessor
stage (ID) , instructions retrieved by instruction fetch unit 304 are

thyeesded [0059] Duringt&n indtfuctivh is50e Suese gS)om omarl t1-thread
implementation, the decoded instructions are sent to re-order buffer 314

P4 Pfraiigh e RT3 100 C REGAIS Bt STA°GHRSS 1RB detbdgnic 204, =
ae NRHLCiORS UN &%Qd%ggegl‘ gruclionsarg, [ssued,for execution, Inone,
implementation, re-order buffer 314 is a circular buffer. J
execution unit 312, a re-order buffer 314, and a programmable
thread allocation controller 316. Multi-thread pipeline
processor 300 further includes registers T1-Tn and program
counters T1-Tn that respectively correspond to processor threads
TiL, 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
exe:uted 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

S
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[0060] Re-order buffer 314 also stores the results of executed instructions
until the executed instructions are ready for retirement, e.g., into register
file 308. In one implementation, register file 308 includes banks (e.g.,
banks T1, T2, ... Tn) that correspond to each processor thread (e.qg.,
processor threads T1, T2, ... Tn) processed by multi-thread pipeline
processor 300. Bank T1 holds data associated with processor thread Ti,
prbank Jrholds«taia B3sociate bwithr processot thread T2dantkbask dm
holds data associated with processor thread Tn. The data can include
ex§hEfas &TdorTe3aRS 6f BkecutsdiRspueisRsassodiateddwith a given
[Ogra%c]essor thread. In one implementation, multi-thread pigeline _processor

300 does not inelitfe a PE-ord&r Bifer’ 2 606 1] Tting eRecutich Stagesons
reEXe 2 Sxegilion Wil 32 sxeeyies e deqoded. insiucliogs Issued

from issue unit 310. Execution unit 312 can be any typeeocfo execution unit,

(088 odiscussed aboyg. Though exegHtion upit 332,isshovey as having, two

pipeline stages, execution unit 312 can have a different number of
impipeliaetstages: Inwne irplementation, resulisof theexesuted o re-order

instructions are written back to re-order buffer 314, and then retired to
bufdsistet ¥ite 30BrOB2] Pregranimtble itead dlocatide contrbfler3264s stores

operable to be programmed to store processor time allocation for each

S SRRROF threR T E A2 R 1S L oW nfiRFRpieRedSai Tuctions are

issued for execution. 1In one implementation, re-order buffer
314 is a circular buffer.

[0060] Re-order buffer 314 also stores the results of executed
instructions until the executed instructions are ready for
retirement, e.g., into register file 308. In one
implementation, register file 308 includes banks (e.g., banks
Ti, T2, ... Tn) that correspond to each processor thread (e.q.,
processor threads T1, T2, ... Tn) processed by multi-thread
pipeline processor 300. Bank Tl holds data associated with
processor thread T1l, 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. 1In one implementation, multi-thread pipeline

processor 300 does not include a re-order buffer.
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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 T1, T2, ... Tn can be
dynamically changed by a user. In one implementation, the processor
fisae allocation for QQQEPJQBE%%S%%QQdEEJZEm,Tné§&?l§ﬂ€1§{j unit 312
dynamically through a software application being processed by
sahiuthreadh pipelineiprocessor300: {0863 % ¢n onerimplementatiam,t 310.
programmable thread allocation controller 316 automatically performs a
EorEke SWittRAbetwee Protessorthigads T4, T2 CL THPBy Wwitching

(@gléigéesé%r 3ggvg7 th% g,uln communtication W_itth in%ruc(t:ionhfe&%h uni&l304.
or example, during a |mg¥héetxr%ﬁﬁ|-fhorréaﬁnﬁipeﬁﬁe plr“o“cessgor 360 1§V°C
PhECEeS BRI REOCRSROL éh@é@e@hé@%‘ plexer 330, is-contralied 03RS rent
instructions associated with processor thread Ti through the pipeline
stages of npltethiréad pipelas processore30ipMaesra context swichts of
occurs from processor thread T1, multiplexer 350 is controlled to pass
FRSrGEBOoHS ASsOCRtEY WAt Gther Prosessbrinfdad . §° protesdrt fer
%hread T2. ilgleone irpglerge_ggation, .multilpl glr 3%%'5 an n-to-1 multiplexer.

£ I e r reglgste . .
5664an one mﬁiemen&;[atlon, programma read allocation controller

Ed&%HEﬂUd$§&§PHﬁ§mWﬁ¥th%@l@“Q@@H@Qtion controller 316 is

operable to be programmed to store processor time allocation for

each processor thread Tl, T2, ... Tn - i.e., how much processor
time will be dedicated to each processor thread T1l, T2, ... Tn.
In one implementation, input, e.g., from a user, allocating

portions of processor time to each processor thread T1, T2,

Tn 1s received through a graphical user interface (not shown).
In one implementation, the processor time allocation for each
processor thread T1, T2, ... Tn can be dynamically changed by a
user. In one implementation, the processor time allocation for
each processor thread T1l, 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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counters (e.g., thread allocation counters T1-Tn) that determine a

weighting that corresponds to processor time allocated to each processor

thread. For example, in one implementation, each of thread allocation

counters TI-Tn contains a value that 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
6, and thread allocation counter. Tn contains a zero value, then

R A e B e apty For
=£¥gles. thep.instrugtions.will be fetehed: from processgr thread T2 for 16, 5,

CPU cycles, and zero instructions will be fetched from processor thread
iTminstruetions pre dher fetchede fionT proeessordhecads Tkand I 2-agairc11ed
for another 256 CPU cycles and 16 CPU cycles, respectively, and so on.
CTHRASASHOETGHFEEPITy BaROtiFRR ddcdrdiighy andbthetataes ®ithimrough
one Qr g}lo.re of the threadﬁrallo_c[ggon counters are_ changed. As each
a

Sread ANGESGH SOTRtET TINPH reachss ¥ z& 0P VAIUE: tReR BrsGRmnAtible
wiread allaeation counter 316.gwitches, Myllfiplexer, 350,10 pass:, |

instructions associated with a next processor thread to instruction fetch
mulhiti 304 fet-pAore ssing: o fA06H] 1R-IG .tb isa ddock diagham: ofha multidhiead 4
pipeline processor architecture 400 that is operable to process two or
W hiGr A PROCESS ST IRRSERIST 1 FIpead Tre Igstrudtiorssassociatedesitii2 . In
Jprocessor threads T1, T2, ... Tn can be retrieved from, for example, an

NstrUCtoN CRcAs (8., MatutioRn Cachie do25 27 n-to-1 multiplexer.

[o064] In one implementation, programmable thread allocation
controller 316 includes a plurality of thread allocation
counters (e.g., thread allocation counters T1-Tn) that determine
a weighting that corresponds to processor time allocated to each
processor thread. For example, in one implementation, each of
thread allocation counters Tl-Tn contains a value that
represents how many CPU éycles are allocated for each thread.
For example, if thread allocation counter Tl contains a value of
256, thread allocation counter T2 contains a value of 16, and
thread allocation counter Tn contains a zero value, then
instructions will be first fetched from processor thread Tl for
256 CPU cycles, then instructions will be fetched from processor
thread T2 for 16 CPU cycles, and zero instructions will be
fetched from processor thread Tn. Instructions are then fetched

from processor threads Tl and T2 again for another 256 CPU
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[0066] In one 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

eline processor architecture 400, however, can include a different

Cy%ur% e?%a pipeline sfages® Mult-BTRad pipeiNe protessor Frchittifure
1400 {uihepincluden ag stiction feich uBtUEY) 108, decoder 408, oo e
SWrite ,

issue unit 408, an execution unit 410, read logic [ogic an
widpragenmabledheeads allgeation-contraler4l6; Multiihread pipgline
processor 24 architecture 400 is similar to multi-thread pipeline processor
charghitécturesofelalk, I Howeeyer) mdththreadsaipeline pracessofeaches a zero
architecture 400 further includes a set registers (e.g., registers Al-A7,
vapyeR7 tREN 7)1ecartsathvechhesciipipblineastaoe (omentyefore afdsafterches
each stage) for storing a state of a corresponding processor thread T1,

M5 P LR Furi a O RERS switEl oD TP RE FSBRS ABEAT stérela Stae st

roc rthread. T1. In alike manner, registers B|-B7 store a state of
-Bracessor iy % (K& ma é ‘
P processor th?eegilél1 C,)ajfﬁsreﬁ% ers NI- sct%orél BState of Eer%%e%%‘r:esmng-

robyead Texdn Oﬂeiimmemi%%m%tgr ﬁlﬁogl %J_Bgagl %Weline
stores a state of a corresponding processor thread including
processor architecture 400 that is operable toc process two or
more processor threads T1, T2, ... Tn. Instructions associated
with processor threads T1l, T2, ... Tn can be retrieved from, for
example, an instruction cache (e.g., instruction cache 402).
[0066] In one 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
(LIFU) 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
24



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 T1, at the end of an instruction cycle register A3
can store a state of data for processor thread Ti received from decoder
406, and register AS can store a state of data received from execution

ar &RitA: uRegisiers Al-Aim BlB7,d4-N fagilitate context switches i Jhat o
they permit a state of a corresponding processor thread to be directly

ar {gaded-frone (cristdiat t0),a givenvregisten In onehimplepeanialionseaeicessor
set of registers Al-A7, BI-B7, NI-N7 is located relatively close to a

ar fléstat ERitlithiRURERE TS iekiddsipelne procesabs afctitetture-400

re 55?‘ ., between each pigeline st%%e) and permits fast context switching
i

mes: - [0065] M briginiplentEhtitidn, programithdiie HireRdSioiafioRet ine
st £QDUrRUBLALE performs.a context va_iishs%(létggsat?gyy Do AAENDINL ot &
[ n ) ted e

. e
more multiplexers and/or de-multiplexers (not 'shown) loca ore or

coBHeE8a6h RipelIR stage (e .gn rpipgline stages IF, .IDI‘IIISd%¥iMFM’ WEBL et

One implementation of a processor including multiplexers and
swdeehnultiplexers that performs context switches is discussed below in
association with FIG. 5. When a context switch occurs, one set of
[0 9&dibtersR¢6 15 tregfistd is Al-AT) aissosiatdd Withcd comenepropessbread T1.

thread (e.g., processor thread Ti) from which the context switch
In a like manner, registers B1l-B7 store a state of processor

thread T2, and registers N1-N7 store a state of processor thread
Tn. In one implementatioﬁ, each register Al-A7, B1l-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 T1l, 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 Al-A7, B1l-B7, N1-N7 facilitate context switches in
that they permit a state of a corresponding processor thread to
be directly loaded from (or stored to) a given register. 1In one
implementation, each set of registers AlfA7, B1-B7, N1-N7 is

located relatively close to a functional unit within multi-
25



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.qg., registers BI-B7)

associated with the next processor thread. The pipeline processor

processes the next processor thread in the following instruction cycle. in

one implementation, context switches occur at the end of an instruction
thegeld (béendfierdataTrons aopipeline stfe- Has Béén daved to aptween each

associated register) to permit seamless context switches. [0069] FIG. 5

PiRRsiAtes ABI6cKk ARG rRRISrA Thuift Shreaef pisdiing Processsr 568'BTilt in

[ofgEqrdange ‘évr'}%nﬂ%lt'itgree%%a??G:LB'rE’Fl.'%% [OSRREE 1A C }%%%tﬁée %p%gghon
processes two threads - Tn oné implémentation, multi-threa |

coRPRINEN0gegS Y= PEQ-RClUgles aninstrudtipndetch unitel4; a.dagodsy
506, a register file 508, issue unit 510, a two-stage execution unit 512, a
swie-ordexbuifer b4 rantkarprogiashmable threadati otatianl canttelfer:516(not
Multi-thread pipeline processor 500 further includes a first set of registers
shatg et cordspohds o Proeesser thrcad Tipahte SeE68E¢ séeof -
reqgisters B1-B6 that corresponds to processor thread T2. Multi-thread

PiBfyetife PrEGERRoF 500 arther indidded Bibgrif couffs Fipyomentation of
- Julliplexers ?L?l‘?:%%’é% %%‘m}‘g@i%ﬁeéié?g' [0y dn Qg implementation,,

uring an instruction e h“(
performs context switches is discussed below in association with
FIG. 5. When a context switch occurs, one set of registers
(e.qg., registers Al-A7) associated with a current processor
thread (e.g., processor thread T1l) from which the context switch
is to occcur stores a state of the current processor thread. To
complete the context switch, a state of a next processor thread
(e.g., processor thread T2) is loaded from a different set of
registers (e.g., registers B1-B7) associated with the next
processor thread. The pipeline processor processes the next
processor thread in the following instructicon cycle. In one
implementation, context switches occur at the end of an
instruction cycle (i.e., after data from a pipeline stage has
been saved to an associated register) to permit seamless context
switches.

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

pipeline processor 500 built in accordance with multi-thread
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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 Ti, T2. In one
implementation, program counter Tl indicates an execution status of
processor thread Ti (i.e., where multi-thread pipeline processor 500 is
with respect to an instruction sequence associated with processor thread

pipd) @ program countes, 12 ndicates,amn exaculion Slalus assegiated, reags

with processor thread T2. [0071] During an instruction decode stage (ID),

riinstractions estdeves bydastructiohfetel Uit SO4rredecedad y 02dssor
During an instruction issue stage (IS), in one implementation, the

50dedoded drstrustionssrewsentdo ré<order \uifer 514, (throdegridsue 2t, a
510). Re-order buffer 524 stores the decoded instructions until the

regéedded fistfuctiohs arésiseuedifor ex8cutiort-1R ofeddfpleRfsitaioR unit

re-order buffer 514 is a circular buﬁer.éﬂO?S Re-order buffer 514 also _
51étords Hife PESis GFExeEuted “insHittion® HRAMREERLTSH Tl dibhacation

oS readyfor, retirement. e gy, Into,register file 5 n%dge%%r 500 further

Implementation, register file 508 includés two banks T1, T2. Bank Ti

inboldsata asspeiated witkpracesser threpd Tls ancbbank 12 fildsdates
associated with processor thread T2. Register file 508 can include a
pritreaddrdex trotdshown)dhat indieatesd set of registers B1-B6 that
corresponds to processor thread T2. Multi-thread pipeline
processor 500 further includes program counters T1, T2,
multiplexers 550, and de-multiplexers 552.
[o070] 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 T1, T2. 1In one implementation, program counter Tl
indicates an execgtion status of processor thread Tl (i.e.,
where multi-thread pipeline processor 500 is with respect to an
instruction sequence associated with processor thread T1l), 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.



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 EXI, 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
h vin%FJtvv,o ipeline stages, execution unit 512 can have a different

as
LORdAber SHPipBAn Stagds i ohe M ptémafitatiohd feslits of 7R thEe

| mf¥eGHIed instryctions are wrigten back to re-arder buffer 514. and then
lmrSetired to register 1Eile(:?5086.3 0075 F“}%Eé?grlﬁ%eﬁg?hr%ra% aﬁFo%%%ﬁ re-order

pu¢@rirolians1e is-aperabledabe progranymed t.stare IOCeISRFdiMe 14 stores
allocation for each processor thread Ti, T2. In one implementation,

thpragraminablmthread alleeatiomeantrelier Hkb-adtematicatlyupedoHBs @re
context switch between processor threads T1, T2 by switching

1saiigtblexerse 350 andade-multiplerersi 552 dorcatéed trespectivelyp béderecarid e r
after each pipeline stageée.g., pipeline stages IF, ID, IS, EX1, EX2) of

S hut-tRreatrpipefifie Dhrbt&ssor 500. For example, during a time that

j-thread pipeline processor 500 .is processin ocessor thread Ti
0 - . a :
[ mulrtflplex%?s ‘% earngD §£‘%tﬂtl%l%§<e?sl 5 2S§:rce)%%%gtr%%f8d’f8.s Hagd$ ©of executed

mg@p&@@gﬁsawgﬁe@wéthegggggﬁ_ggr %S@‘H&@E%g@%e ready for
retirement, e.g., into register file 508. In one
implementation, register file 508 includes two banks T1, T2.
Bank Tl holds data associated with processor thread T1l, and bank
T2 holds data associated with processor thread T2. Register
file 508 can include a thread index (not shown) that indicatés
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 EX1, 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. In one implementation, results of
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pipeline stages of multi-thread pipeline processor 500). State information
for processor thread T2 is stored in registers B1-B6. When a context
switch occurs from processor thread Ti, registers Al-A6 store a state of
processor thread Ti, and a state of processor thread T2 is loaded from
registers B1-26 (through multiplexers 550 and de-multiplexers 552) and
processed by multi-thread pipeline processor 500. In one implementation,
theaehof melipiexers o&0isras24od multiplexeharid eachref-order buffexr
de-multiplexers 552 is a 1-to-2 de-multiplexer. 29 Exception Handling
5100781 WHeRa R XRFE e pipefne procdéssor (P, multi- thread pipeline
[Ogrocessors 300, 500) built jn accordance with multi-thread Qri%peline

Bctessor ATRABRRITAS 1057 200 (oleGiE™Bn BkcEpHoR the Hor&l £
0o 384U8008 O NSUCLONGHRGHOD I8 SUPENCED, ANLXCSRIONSANEVER, £or

at causes suspension of normal program execution. Types 0
eaBKCeRlRNS NClude,for example; addressing expeptinnRs: Kata sxceptions,
operation exceptions, overflow exceptions, protection exceptions,
prugderitovih Bxcepitens, and se aniém exception maydisgenekated iyl ly
hardware or software. [0077] FIG. 6 illustrates a method for performing
pegkeaptior IsatdRwtinsiiuti-tireidasipeline precessor mphstaeRied T2 by
according to multi-thread p\:\il%%line processor architectures 100, 400. An

SwakEeptivh FedUest steats whnd iASuciorPofaRierFrs 552 located

respectively before and after each pipeline stage (e.g.,
pipeline stages IF, ID, IS, EX1l, EX2) of muiti—thread pipeline
processor 500. For example, during a time that multi-thread
pipeline processor 500 is processing processor thfead 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 SOO). State
information for processor thread T2 is stored in registers
B1-B6. When a context switch occurs from processor thread T1,
registers Al-A6 store a state of processor thread Tl, and a
state of processor thread T2 is loaded from registers B1-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 1l-to-2 de—multiplexer.

[S]
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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 instructions within the pipeline of the multi-thread
processor are aborted, or flushed. The multi-thread processor jumps to
an exception handling routine associated with a given thread (step 606).
In one implementation, each processor thread has an associated

exc%_)g%gé' hagdling routing that is separate and 30 independent from

exception handling routines associated with other processor threads. In

[oonelimplementatian 1a single-exceptign handlipgseuting performs, wuici-
exception requests for all processor threads. [0078] The exception

thregquestip exévetenidoyr agivers exoepticn Handlingtoutine {stepsEoBE with
After the exception request has been performed by the multi-thread

MU b EGeEdBR A6 Rt RS B VRFELar & FEd e Rithipeprbgfamicsustersct s
of the processor, and a state of instructions (prior to the exception

A1 SRS e Testorsd W the® FERTRE DI Me TATEAHFSAPBrotassHF {septs

su@bQhathe mulfi-thread progessar resumes, roé%!%@‘ gxecution of the next ¢
instruction (e.g., instruction |+I} after returning from an exception handiing

notHAiNG (s8R £ 2 0SteR S 2, theJubltisthread HIRGeSSOr G KESUMe:
program instruction at instruction i1 If the instruction is to be re-executed.
example, addressing exceptions, data exceptions, operation
exceptions, overflow exceptions, protection exceptions,
underflow exéeptions, and so on. An exception may be generated
by hardware or software.
[0077] FIG. 6 illustrates a method for performing exception
handling in a multi-thread pipeline processdr 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
instructionsbwithin the pipeline of the multi-thread processor
are aborted, or flushed. The multi~thread processor. jumps to an
exception handling routine associated with a given thfead (step
606). In one implementation, each processor thread has an

associated exception handling routine that is separate and
20



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
ingiwenntreadisveingesetited (3EepiI02E Programcourtervalaesd3vith
associated with each processor thread are saved, along with a state of
O & Te REMSHRIONS Witk fhe pid2IinB o tRE TR Hreda broteSSd & ep
L3 The mullidhreadprocessor jumps. o an interrupt handing routipe,
associated wit agﬁ/en tHreadE( tep (%3. In oneplmpcfemen?éﬁon, each”™
prg@%@r threadfas an associated interrupt handling routine having an
entry point that is separate and independent from entry points associated
[owith] intetnupt handbing soutires.associateskwith ot processoethegadsyr ion
An entry point is a starting address of an interrupt handling routine. In one
hajmdlensertationna sirgfleintep@ipt hantiieng routinex(wéthra singleentryt has
point) performs interrupts for all processor threads. [0081] The interrupt is
begRe ARBABY S Yt S iRt handiNe: 36uBFE TS POFD8)P ARSE #ife counter
[ terrugt has been Ipe&formg_&i by the multi-thread processor gr%grram

values are resto W, in” program counter t
counter Values are restdre prog s ot th ocessor,

and a state of instructions (prior to the exception request) is
restored within the pipeline of the multi-thread processor (step
610). The multi-thread processor resumes program execution of
the next instruction (e.g., instruction i+1l) after returning
from an exception handling routine (step 612). In step 612, the
multi-thread processor can resume program instruction at

instruction 1 if the instruction is to be re-executed.

Interrupt Handling

[0079] Interrupts within a multi-thread pipeline processor
implemented according to multi-thread pipeliné 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.

{00801 An interrupt occurs while instruction 1 of a given

thread is being executed (step 702). Program counter values
31



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+1)

after returning from an interrupt handling routine (step 712). Applications
[0082] A multi-thread pipeline processor built in accordance with pipeline
aprecessor architectkikes 100, 400:6an berused #ra 32-wide rangeoliith a
applications, including more specifically real-time control applications.
sExamplé applicationstiachidet data storagenapplicatiors! wirele§sthe multi-
applications, computer system applications, cellular WLAN applications,
NSicaovsrmitsiiet protsaol (V8ID) ddiflichiibhs; Wireféss RRACRiReF Jumps
caeork device applications. Wirgless lelevision Anplications, braadband, . .
modem applications, wired router applications, wireless media

@pphcatians, reaktisie controleeapplicationsaandothecapphications @shas an
described in greater detail below. It will be appreciated by one of ordinary
aslificirettedarthatotiier maltitihreadoorgcessonarchitectaresnyray peint that
used by the aforementioned applications. Independent software program

"thrB8BE CAh & tevetoped Witout ThSactiy™ OtRer PotedssP ke, v+ =h
sMoreovet. eagpieessor dhread can be quaranieed compUting o g oo

resources in accordance with processing

threads. An entry point is a starting address of an interrupt
handling routine. 1In one implementation, a single interrupt
handling routine (with a single entry pointj performs interrupts
for all processor threads.

foosil 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 reguest) is
restored within the pipeline oﬁ the multi-thread processor (step
710) . The multi-thread processor resumes program exXecution of
the next instruction (e.g., instruction i+l) after returning
from an interrupt handling routine (step 712).

Applications

[o082] A multi-thread pipeline processor built in accordance

with pipeline processor architectures 100, 400 can be used in a
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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 perform 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
wimiemoryB0bstores tead, wirtesgnd/or valatite; centrel datadhatisally

associated the control of the hard disk drive system 800. Volatile memory
regG4 EARDELIHEMb R VTG fove Tetenci-Roréxample]l SBRAMer otherude
daté/ges of low latency memory may be used. Nonvolatile memory 806 such

1S SR memERAay AisSBE prévided 5 StrPitkar 4aRfsudPaRuter
latile,co I e. The.control can include system level
S%%%ﬁﬁg?&dgér%%ﬁg%g gizzld\%%rdaﬁg‘gc%pﬁfje?ﬁ%%%r%n%de, error

vaarEectipn-progras, eed %zhﬂ% fretoepbman GUINY Kegram &9@%’1 ess and
cache management program code, and defect manager program code.

wiFled host protocdbmanagenment codedsas include Hregram sode that
manages one or more of the following protocols Advanced Technology
aPR#ACHPERE PA TAYCSERAINRT ASSAT ArrC onsurhen Electionics Addter
(CE-ATA), Universal Serial Bus (USE), Serial Attached Small Computer
aPEydIEAT hitRTack (XSS BribRst iChammdl} FEL B SecuFeé Digitdime controller

-oJPHIQUBML(SDIQ)- yalale, memory 804, popvolatle memeny 808, 1,
dgtail below. It will be appreciated by one of ordinary 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 abovej can be
used within a hard disk drive system 800 to perform
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

12
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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. 34 [00851 Multi-thread

volrocessor8A8 Rerforms.dataand/or sonyel pragessing thatisyelaledige harq
the operation of hard disk drive system 800. In one implementation,

dimwltitthreadsyrocessan808 exaciies multiplerprosessenthreads thahare,
each dedicated to a given processor function. For example, multiple

haprgeessor thrsaisaxecuted byaTuiti-threddRRcessor8es stpper thé low
operation of hard disk control module (HDC) 810. Hard disk control

LafRfle BEBVomARMiCReE THth aniUivdatpit mtesaes Y8 £ 6 such as

sp| dle/vaice coil moior (VC drlver 8 and a read/write channel

oduls BT6Y Thidugh SRe St more fb%ecess%r hPESISExEATRY Kt such as
noqwm@@g Rggesser Sdcnardgiak contiolmadle S oINS, vocen

control of the spindle/VCM driver 814, the read/write channe

1eaRd datadipui/atdpet withraosh§18itBrough aa intertace8 12, 10086L4Sam

discussed above, multi-thread processor 808 can execute one or more
cogmcessopthreadsdhatiare dedigated toofrocessing funetiens assaciatetent

with read/write channel module
program code, cache management program code, and defect manager
program code. The host protocol management code can include
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 (USB),
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.



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 35
(08B 5i0 dathrlikewiseeddringreadoperaidnyaeadimitedzhanaatmodufentrol
816 (using one or more processor threads executed by multi-thread

PTRIES50F 8D8 Ean Tohveft4 ahalog e atPSgRar Jutdit dtaeddfiinite drive

d vicef?ZOOto digital read signal, The converted signal can then be
800 ) ~9h
Syagteer%te and e%c%&ré% 5?/" pc%r??ﬁe%‘ﬁ%ﬁéf’fébhﬁﬁ&utejs to r%%%%e?%oecgesﬁ%or 808

exthatwas FRad-Ry 1reagiyrte.dayice, 820.using,ane QL Mate Progesslated to a
threads executed by multi-thread processor 808. [0087] Multi-thread

giPEACESSeE 888 SANfalseEXacUte BB ARRE Pyogassardheeadsthad ase
dedicated to processing functions associated with a hard disk drive

thassenbhxEH4DDAJ 822. Hdrdi diskrdrive assermblo323 irfcledegone drhe
more hard drive platters 824 that include magnetic coatings that store

OPRTRfNEDR frefddaTReDliatte AP8S4 ate FORMEE by EPSPInBI motdrthat f sk

schematically shown at 826. Generally the spindle motor, 826 rotates the
CORSRT ariVS PiktorBidh SEATREHEE Spbbetttihg TRE TARARMHHE ~roesface

rive
81996@“98?1’1911&/@0@9&(3 égﬁlq/%&tgoar[m%gﬁ n&&\{'&rer 814, and a
read/write channel module 816. Through one or more processor
threads executed by multi-threéd 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
35



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 36

or more processor threads executed by multi-thread processor 808 can
onbedssethtogenerate thes eoniraksiggalse {3088} hhe-rmadéwrite deyisei820

is located near a distal end of the read/write arm 828. The read/write
chdevick 82@cludds a (whterelernentsuctras aprindecter thathgenetatescacuted

netic field. The read/write device 820 also includes a read element

b‘f(éﬁgrfag AR R RESISRRF (MRS kel SiRBN IRAESENSES fied hedgred signal

fleld on he(]_gl) a#;r 824. H rd dISk drlve assembly 822_includes a preamp
U EREGit B30 pjntf’es & BRAISH TeRanite STords. WARsh Fesding - The

cofl3la-{08 e cralll 830 Ampliies Low Leyel signals, (9, the, read

element and outputs the amplified signal to the read/write anhel

comadide 16, WhilemitingHata, aswiiecuriant iggenerated thatflowss by
through the write element of the read/write device 820. The write current

regigwitthed de picduca magmeticfielddavirga positvepsmeagatveds
polarity. The positive or negative polarity is stored.by the hard drive
eXBRHEABIY afiti§ LisEd¥e a@ preseifds. 808.

[0087] Multi-thread processor 808 can also execute one or more
processor threads that are dedicated to processing functions
associated with a hard disk drive assembly (HDDA) 822. Hard
disk drive assembly 822 includes one or more hard dri&e 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

A
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[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 BOB, hard 37 disk control module 610 and/or by additional

orchipse Altethatelyrmostehhard diskdidve systamm 89Q otherthapbaitssor sos
disk drive assembly 822 may be implemented as a system on chip

ca(SOC ) HVD Sy siem<0896| Referringnow te K@a%9sa DVD system 900 is
shown to include a DVD printed circuit board (PCB) 902, which includes a

[008Rkile MBMOF IBAtRAEStofey t6ad #Rka Mwrittatasihdier volafléstal end

control cog that is associated the control of the DVD system 900.
o oHIE RGBTy S04 Mikide SHRITS RAEH) - SulF isSDRAM G Ludes 2

wr L Qf | tency memo .CNonv atile memor 906, such as ..
%{_Q_,er ORS00 cae gtlseaé% it ?l aélctags%c%rg ng‘io

tes, a ma
ash memory, can also be or critica &s data rélat

£1 DMD writeformatsy and/os ofasr; aonyelatile cantaleqde. She canioleade

can include control code as discussed above in connection with hard disk
(sdrieasystena800HEHG=8) dtilatle MRMeIY Sy apnyalatilesemernthe

906, or other memory (e.g., cache memory) (not shown) can also store
magegitimeBrobfamrcodesthat AnndleSaal-tindeddtad(esy. drive assembly 822

includes a preamp circuit 830 that amplifies the analog
read/write signals. When reading data, the preamp circuit 830
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 piatter 824 and is used to
represent data. .

[ooss] 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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real-time audio or video data). [0091] A multi-thread processor 908
performs substantially all data and/or control processing that is related to
the operation of the DVD system 900. In one implementation, multi-thread
processor 90B performs all processing functions by executing multiple
processor threads that are dedicated to corresponding 38 processing
functions discussed below. Multi-thread processor 908 can also perform
digécsHng ST c o rote&idh and/crrconpréssiphrizebnisression as
lneeded. [0092] A DVDﬂcontr%l rgod}gledglo communicates with an
AIhBEER LT ints Face 91228 Sphdic/édd WofoY TERT dfiVer T and gn nard
o 1€RdAwtite chappglmodule, 916, Through mulli:tiead, processor 308, 5
DVD control module 910 coordinates control of splncﬁe/FM river 914, a
(gead/write channel module 916 and data input/output through an interface
912. [0093] In one implementation, multi-thread processor 908 executes
one gyareprgcessor threads that are dedicated to processing functions
associated with read/write channel module 916. For example, during write

[ p&rationS tReTeRENVIHE CRaAré mddute BYB cHEDHES tHE Yats téBewn to
. _written b ptical read/write (ORW) or.optical re nly (QR) device
lrg}él e zy%%?o DX teg c1rcu8 \évc)a Qt!)%ég)ute%(?é) W e:.é'xqcludes a

o the DVD pllar%ter using program cgae exec y mu fisthr
vRAICEssOR 8- Using ane.er maseduocessorthreads,executed by multi-.,.

thread processor 908, read/write channel module 916 processes
volatile control code that is associated the control of the DVD
system 900. Volatile memory 904 can include volatile memory
such as SDRAM or other types of low latency memory. Nonvolatile
memory 906, such as flash memory, can also 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.g.,
real-time audio or wvideo data).
[0091] A multi-thread processor 908 performs substantially all
data and/or control processing that is related to the operation
of the DVD system 900. In one impiementation, multi-thread

processor 908 performs all processing functions by executing

multiple processor threads that are dedicated to corresponding
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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 conventional
techniques to recover the 39 data that was written on the DVD (e.g., using
program code executed by multi-thread processor 908). [0094]
Multi-thread processor 908 can also exequte ong or, more, processor

prt%?eezf slf?'%t alilgcd:elcﬁ&iste th%ﬁ%gfaantlaﬁyoé'n' processing UI?]eC Iongrocessor

9o%sscog@tsﬁiMtfbéﬁxpwﬁ%seeg@@yr(%vw)cggga discussed beloyy, dn gne

implementation, DVD assembly 920 includes a DVD platter 922 that
couipressdatangpticallp Fhesplattes 922dsdetated by a spindle motor that is

schematically shown at 924. The spindle motor 924 rotates the DVD
(oslagér 922 ava cormitolled amoilol earfalsle speedndyaipthewsad/write

operations. ORW or OR device 918 moves relative to the DVD platter 922

ingye AEHIRIEr WHEE BERC oM the BYD Bltter 522 "ORW of BR d&viger

918 typically includes a laser and an optical sensor. [0095] During read
? W6perd gnffgreﬁ@%' Fedw it 8RE D ‘%»‘élaﬁ gﬁﬁ/'sysrf%’t’ﬁé [Hedf s Bhread

pfgg%%%%919@§ks ”@Q@¥E§@ﬁ$é§ﬂﬁé“§@8déé&?ﬁ?ﬁ%éigf%B@%%ol of

sensor senses retlections caused by the lands/pits. For DVD write
sARRlicalieons & laser 1Ay, algo be-usesta beaha die lygp@nRVBiRlakes data

922. In one
input/output through an interface 912.
[0093] In one implementation, multi—thread processoxr 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/w;i;e
channel module 916 encodes the data to be written by an optical
read/write (ORW) or optical read onlyk(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 appiy, 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 conventional techniques to recover the



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. 40 [0096] Multi-thread processor 908 can
also execute one or more processor threads that are dedicated to

sasybsiantially all the  preessing,insygns associated yith.SpindieiFM g

driver 914 discussed below. Spindle/FM driver 914 controls the spindle

ex9Q10E 924, Which: contreliably yetatess BMD platter 922. Spindle/FM driver

914 also generates control signals that position the feed motor 926, for
[0esamplenusing attoreado ractaaterya Steppenmatecorxrotirer sudable more

actuator. A feed motor 926 typically moves the ORW or OR device 918
rresdiaipreldtedtheBYDeplatter 9222 AddsEPAAVEISTES géAdrafed AL

laser drive signal based on an qutput of the read/write channel m

dul
Pr§FBSBVIS aSEBMby 850 FHET0EE BresntF citchifO3BIRET % pn?f%‘gf’%’ 520
a1 0Rl0GIeag.agnals. WhepLeadino dala. e BiearClaladd gmpes
ORWor OR d 18'a

fow Teve signals from evice and outputs the amplified

inSigRaLLo eadAyrite shappebimodulg devics-216409 73 DM system 99Q-
further includes a codec module 932 that encodes and/or decodes video
plstehkassany akthedPEG fermatssfQne oy morpragessot threatlematically

executed by multi-thread processor :
shown at 924. The spindle motor 924 rotates the DVD platter 922
at a controlled and/or variable speed during the read/write
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 iﬁcludes_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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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 4; audio and video digital signal

processors 934, 936 for signal processing. [00981 As with hard disk drive
[o8YsteEM 800 portions ok the-BVL) ssystem=Dhmay) be irpleniestesky epemore

or more integrated circuits (IC) or chins. For example, multi-thread
prprecessor GBeanc DM\ t centeoldaddukec@tD mayshesmptemehted by & the

single chip. Spindle/FM driver 914 and/or read/write channel module 916
PraRssHise bEURPIdPRAES BYThe Safevthip &P imddRarplocessEr 4

908, DVD control module 910 and/qr by additional chips. In one

A B BRATEhBRROR Y most ot BV /Sy Stéh SR othet 1SR DVD SissBmbiy ‘850 ©
mo 8""9’ als9 b%i%%e”\‘i%%?%o%r %xﬁ%c-ﬁgf?a'l'%aé W N&\?;é{t%&e@ [Q939) FIG.
¢ lu lota

illustrates a cellular wireless area networ EAN) system 1000

spihatindipdes a uti-threagh procrRsser1002. IngredmplemgRialionatr

multi-thread processor 1002 performs substantially all processing
polinclions@assotintadmaitb:cedipbar WhAN:gystee 1080ng ellutas WEABDi 1

system 1000 can be, for example, a cellular telephone with wireless
acfigeligr (We-F-eapalsilinesoa vile aapiyord el fal VRPAR St te00 A

feed motor 926 typically moves the ORW or OR device 918 radially
relative to the DVD platter 922. 2 laser driver 928 generates a
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 ieading 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. Audic 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
41



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. In one implementation, multi-thread
processor 1002 executes one or more 42 processor threads that
correspond to each of these multi-media features. [00100] In one
implementation, cellular WLAN system 1000 includes a WLAN unit 1004,

audiceliiar unig 1006, gﬂ%ﬁt(’gl@r{%ﬂt %Q%%e%l!?@' p9sitioging system ¢na1
(GPS) unit 1010, and a display screen 1012. Optlonally, cellular WLAN

proysiesi 4900 may not include all these capabilities. [00101] WLAN unit
1004 includes an RF transceiver 1014, a baseband processor (BBP)
(02885, antl=sa widdia lagrdssi tehtraler §MACK ot $howrHorRFitraussceivéme DVD
1014 receives and transmits RF signals from/to other wireless devices
Syﬁﬁﬂr‘btﬁgpn@ﬁ%ﬁk%é%%é@‘i‘ﬁaﬁlﬁ]gb?é G FepRatBRE FotRI§IARF B G reuits

one |rplplementat|on RF tr%hnscelv\%r 101 rocesses the RP sggnéslls 4 DVD
rom/foﬁ $88and 11T EoSTMRNTE Wi térat('ii fFEGUEASY TraiEmigdior e P

coﬂa%tg«fomdtaaeebme sl WEAN system:1G00. . Basgand progessor

1016 performs signal processing, including, for example

speneodingdesodiag angderseioerrestion /Melti-thread precesei02 €aNmay
execute.one or more processor threads that perform signal processing

al functensrasisoctateddvithy basebaadeprobéssarsl @ilg. thhecMAG dngludesssor

one or more routines »
908, DVD control module 910 and/or by additional chips. In one
implementation, most of DVD system 900 other than DVD assembly
920 may also 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. In one

implementation, multi-thread processor 1002 executes one or more

EN
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for processing received/and to be transmitted signals and interfacing with
network components. The routines can be executed using multi-thread
processor 1002. Y| [00102] Cellular unit 1006 includes a cellular
transceiver 1018 and a protocol stack 1020. In one implementation,
cellular transceiver 1018 includes a GSM RF transceiver. In one
implementation, cellular transceiver 1018 processes the GSM RF signals
lfg)crg/Stgobrastr:\é)l@tnddin conformance with n%GSM radio frequency

Piransmission protocol R Use By protocd statk 1020, Cther pistdials damedia

£ e implemented by protocol stack 1020, including Code Division Multiple
Access (CDMA), G3, and other cell phone protocol standards. Signal

[qrocessinmmanagemenindneny functions; andLbedikgasspsiated Wity
cellular telephone functions can be realized by one or more processor

inhieads exedutiNgun multiehreac procebsba 10021 00108% OptiasBll¥coth
cellular WLAN system 1000 includes a Bluetooth unit 1008. Bluetooth unit

urgog- Htfudés 2 Blbefootstiariseeiver FOZLan offéPifiplenientaiéd,, and a
Bluetooth transceiver 1022 is a short range wireless transceiver. In one

LiRRpIBMeTAfion: d ditftal sighat BRECeSSor GRotSHem) Prkes¥ss Hhel 000 may
ncﬁlu%%q@dseigggl% (géecutirgaﬁqgg LF more processor threads) in
t

conformance with a Bluetoot protocolli%Stjse by cellular WLAN system

[ 0100, 100304% Qptionally ogeliulan WAAN system 1000dncludes a GRS

baseband processor (BBP) 1016, and a media access controller
(MAC) (not shown). RF transceiver 1014 receives 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/tc 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 reéeived/and to be transmitted signals and
interfacing with network components. The routines can be

executed using multi-thread processor 1002.

4
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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 44 =reeuency

transmission protocol in use by cellularWLAN system 1000- other

processing functions required to support the Bluetooth protocol can be

realized by processor threads executed by multi-thread processor 1002.
[ODAD5] GistidaiRE cetldfar WRANLSysteae $060 drciddés a displascséiesen 1018

1012. Display screen 1012 provides a graphical user interface for a user.
angh Sné’ﬁﬁbfé‘?ﬁén%‘ﬁ%ﬁ}fd?sopg&y screerP1012 8 HeMfulatryStar diéplay* 1A~

- 20 Implemeqialion, display Screen 1032 displays video datg assogiated
with @ video phone: The graphicar ser interface can be provided Dy one

1 @7 dnRteccelidar operafing.systems-statard in rfdom AGCESS METRLY Gsm rE

024, flash memory 1026, or other memory (not shown) . In one
s ikpRienentatign onbisdyead pracess@ckRthpencessesdhesaperating
system and any other program code instructions executing one or more
frassuvigtediprocesseetiveads othe prograny scode camdncladé reaktimel 020 .
rogram code. The program code can also include cellular

OCESARMTIRERTSH FelSfet BFograR 8BS bf SsyRfe RTIRVEFBrodT AR T EodQ 2y
._one implementation, the cellylar commupication related program code
1ncq[ c{gg r%oge Blfllsnﬁﬁe ﬁ»tl rQeUA CeSR BW) %Sﬁf}%r?ﬁger

relates to one or more 0 0 Iov\ﬁ’ng protoco , G3;

ce:ié‘g#ﬂgﬂé Jpplementation, fesystemdexelprogram codegciides Alnent |
menu functions, and the like associated with cellular telephone
functions can be realized by one or more processor threads
executing in multi-thread processor 1002.

[00103] Opticnally, cellular WLAN system 1000 includes a
Bluetooth unit 1008. Bluetooth unit 1008 includes a Bluetooth
transceiver 1022. In one implementation, Bluetooth transceiver
1022 is a short range wireless transceiver. In one
implementation, a digital signal proceésor (not shown) processes
the Bluetooth signals (executing one or more processor threads)
in conformance with a Blﬁetooﬁh protocol in use‘by cellular WLAN
system 1000.

[00104] Optionally, cellular WLAN system 1000 includes a GPS
unit 1010. GPS unit 1006 in;ludes 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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one of menu program code, display program code, MAC program code,
WL:A_N program, code, network communication program code, error
correction program code, video processing program code,, 45 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 comTunication progra ,cade O%Eﬁguri;%,_
freg EI'IC'K'_I Cransmission DI%OCO 1l use yycellular. S Cem
‘management program code. The program code can also be stored in

1 fgpdomyagcess memary n1024 flash memoxy. 1026, erotheigvemens:
Other program codes can be stored, for example, user provided code as

priscussed mheveMolPasystem - {30106]dF 1. Hrilstrates ahvgieéDverecuted
'internet, protocol (VolP) system 1100 that includes a multi-thread
byprosessor 11629 |IRHERAPemaAtation, multi-thread processor 1102

erforms _substantially all t rocessing functions ciated with VoIP, _.
T 1550 T BN mpIamEN Ao V1P St 1100 AL © Teeviay
sWLAN upit;1104,;2 VoIP stack 1106, and-acedee 1 108, Though Vol -
system 1100 is shown as including a WLAN unit 1004, VoIP can include

iackANdait {ant shawe) for canneetiomd anaonawirelessdosallareacreen
network. [00107] WLAN unit 1004 includes an RF transceiver 1110, a
Lhhsebaml pictessor T arf-4thatia acfesPContfBlieiRIALYon

display screen 1012 displays video data asscciated with a video
phone. The graphical user interface can be provided by one or
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 preocesses 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 cor more of the
following protocols CDMA; G2, GSM, or the like. In one
implementation, the system level program cecde .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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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 46 transceiver 1110
processes the RF signals from/to baseband in conformance with a VolP
protocol in use by VoIP stack 1106. Baseband processor 1112 can
perform signal processing, including, for example, encoding/decoding,
audgmpression et mpressian, anderrdrosorrestiorm Multisthrearknprotessogram
1102 can execute one or more processor threads to perform some or all
COgfthe prote SERTPRIATESHS BESEE AR FRith baséB4id Processoraagran
oo éAC elr}éLr4 ingl.ugr(lazdj}%nce or more rocessing routines (not shown) for
pro’cessm@’?eclelv Sha 15 b TrahERtitad s?éjn iis and interfacing with

coﬁggé@gi@mag@%%r&%q%wﬁégw progessQe 1402) Ingne.

implementation, codec 1108 converts digital signals to analog signals,

corbdvice: vassap Haeg signat 60BVEeRSiQi: 680 08, PHICESSBRAISHNGH 0P8 code .
more processor threads executed by multi-thread processor 1102.

Thip01:08} taonedidwplerme ntdian, eultidhread processood 162¢pracessesry
program code instructions executing one or more associated processor
10teads aFhe PROGRM £BAE caPine it ded MHHE pro§fdiTaeeodhem codes
cagr%gram code can also include voice processing related program code
n

SyRtethievel oA Bate: Mbite RApEHEtafiGr SRS stegcussed

apRiocessing related program code is program code associated with
processing voice signals for

VoIP system

[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. In 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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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 47 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,

T BTSN deCoRprESsISH Progian BodeS WirkfedsiRitée Paseband in

communication progr ode or security management program 0089 n
o R cmatof, FAM miCaeR P16 s foat § g L g e

=aieakime piogiancoda, usec proyided pigram, sade {giscussed above),

or other program code (discussed above) to be executed by VoIP system
ind 108 Wireless Netwgrkdevder JQHP ks diddlustrates a wireless

network device 1200 that includes a multi-thread processor 1202.
conyirelessanetdmrkdevicss 1200 canibefopexample . wirelesMolter; thread

wireless access point, and so on. In one implementation, multi-thread
PTPFEEES30r! 190 2FEHENRS S 5staRBalRF alPr6c@R§ ifrdtiondrassbridied

with wireless netwar. de%/ig%ﬂoo. In one implementation, wireless

u

PEhetwBrik aevice 1200 irfe esea%I??r%%%%@ﬁ/e?i%if“anﬁ_aggﬁgﬁ& ated with
ba PLAGSSSQ 1206, and a MAC 1208. Wirelessnetwork dgyics. 1200 can

include an interface to a wired LAN connection through, e.g., a firewall or
préVitialRyivaia Networkh¥PNsiRRin) for processing received/and to
be transmitted signals 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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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 48 baseband in
conformance with a radio frequency transmission protocol in use by
wireless network device 1200. Baseband processor 1206 can perform
signal processing, including, for example, encoding/decoding,

cotpmpressionidecompressionand eror,, CQUEQGHoN. th'g%%dam%éorm@o

~ 1202 can execute one or more processor threads to perform some or all
protthesprgessing-dunclions, asseciaied with basabapd Hrecessesd206aost
MAC 1208 includes one or more processing routines for processing
prrevedvdd/andagdrestransmittechsignaticand inteefackgpwithidine  metemprkm code,
components that can be executed by (i.e., processor thread executed by)
deffemt- tﬁi«é%qﬁrﬁc%@&rwogqéell@f@yﬁ&my FAFHYRickRpREessaRn code,

1202 can be used to execute other ram code assqciated with
OB R HEEE T200. T GRETAETSREn atiore MEAC, 15027

{H0les.a s seeurity napagement enqing, 1210 forin %8%%99 2and updating . ;.

conflguratlon Information with one or more wireless clients Secur

InMmsmagemariengine 1210 cambadsedioganerateiacsevicessetidgntifien 11 g
(SSID), secure key and personal identification numbers (PIN) as required.

st Seeuntyarhanagenrenigeagineckl 0 car bepafdhedeinmfdardwatede
(circuits), software, firmware or combinations thereof. In one
(discussed above), or other program code (discussed above) to be

executed by VoIP system 1100.

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. In 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 transceiver 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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implementation, multi-thread processor 1202 provides substantially all
processing functions associated with MAC 1208. AO [00111] In one
implementation, multi-thread processor 1202 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 wireless network related program code and system level
program code. In one implementation, the wireless network related

PHEGRAMT codle” HtIAdas af feast oheofTatiiRg PrEGHIREoder ABRRGIRS 1on

program code, access point program code, repeater program code or
Porogram c%%eﬁ?nep%%e“r%iﬂ%tiag \?v??eﬁléas%wggﬁﬁm%gn‘féacﬁor%%?&tmoﬁﬂ’?%?’?é‘d

pinlemsptation the systent level code inclydes atleast ong, of MAG. ¢,

program code, WLAN program code, network communication program

eXCO6E] €108 OBRIHE NI 0§EMLOAS MR BHIGEASIILRFOGEN $QU8nd error
audio processing program code, host protocol management program

code; tache miivdgement peggnane cedeodefezt 2nanagexprogranveede,r more
encryption/decryption program code, compression/decompression

PI5oGRRATCOde: SRR EOMPRITEAT0F PRBgPaMadodecdr s8cumyocessing

manggemenég{g%qram gode. n one implementation, RAM memory 1116

fung Ssh A TT18 Store PESIRRRE PRogrifitduel 18r prothed 208

andaror flash memaory
1 RIPGEAN Gatle (hsqiiseed, 2BOVE). Al P8R MM A0de [discased

above) to be executed by multi-thread processor 1 02 of wireless >
rdfveskdemicec 2 Wikelgss Jeleyvisiogmysiedhd interfacing with the
network components that can be executed by‘(i.e., processor
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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[00112] FIG. 13 illustrates a wireless television system 1300 that includes
a multi-thread processor 1302. In one <n implementation, multi-thread
processor 1302 performs substantially all the processing functions
associated with wireless television system 1300. In one implementation,
wireless television system 1300 includes a RF transceiver 1304, a
baseband processor 1306, a MAC 1308, and a video/audio receiver

108319 RR: fragsceiver 1304 receives and ransmifs R sigpalsfram/to, o,

network devices including, for example, wireless router, access points,
prapd=s-anpRbdransceiver 1304 precesses the-Ri:sighalsEomionore
baseband in conformance with a radio frequency transmission protocol in
asaseintwiiefessdelevisionhsystém 1300.=Basebanchprocessoi] 306cande real
perform signal processing, including, for example, encoding /decoding
t1BAJREPET ¢Breedtn. MUNE tIEREMFOCESSST F30R ednextenieBhe vireless
more processor threads to perform sqgme or all of the processing

D e ASdota R H Wit BaS8BEn 8 BroSesr ™ 3t MAR PSEE Indades I
on@NEQIMQLE Processing rout exsageé g%ee%%'w'@- Ehafegg %9%%%%% code
130 ing’ N san

2) for processing recelved/and to be fransmitted signa ‘
inHﬂ@H@QngﬁNHQéQ%f@ﬁﬂoﬂﬁcggmﬁiﬁgférEE@é§]8@§%¥3H98h8¥ﬁi ogram

t

1310 receives video and audio signals. The audio/video signals can\ik%é
copegcesseskising One e daetenpmeessortiseads expeutachhy cadld-thread

processor 1302. In one implementation, multi-thread processor 1302 also
program code implementing a wireless communication protocol. 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 communication
program ccde 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. 1In one
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processes program code instructions executing one or more associated
processor threads. The program code can include real 51 time program
code. The program code can also include media related program code
and system level program code. In one implementation, the media related
program code includes at least one of video processing program code, or
audio processing program code. In one implementation, the system level

1S 0gFAm: sedennclhdes at least.one o MAG RrogragLCode. WLAN

program code, network communication program code, error correction
sylregramicdde; ideo precessing: pEAGIaNT cede: Ao PEeerssitgd with

program code, host protocol management program code, cache
wikahagentent proégreen coret dufectManader programogesntation,

encryption/decryption program code, compression/decompression

Wlﬁ%b?&r?l S Wir iSRRI id BFOHER ranREodE BRoSEdtIRY 1304,
ement ram co one implementation, RAM ory 1312,
Q% r%aer}n(% lpfflf Sand/grg Sther memé(;ry%nogt sh%%) sYdT‘éer%IZlT‘ﬁfjr?é’
rOgrRM cade or ofhierrogam code oy pperating, ph, €.9,. udiglvide

signals received through video/audio receiver 1310. Further examples of

s ipnogramreedes: mchdey ek Qi@ﬁi@@s(:@ﬂeﬂﬁmﬁfﬁéqbﬁﬁg MQQ%HE[Q,O Il eless
FIG. 14 illustrates a broadband modem 1400 that includes a multi-thread
TQerEsSErIae2. IProme implendestation, braabanen medenn1 400 drocesses

cable, digital subscriber link (DSL) , satellite,
the RF signals from/to baseband in conformance with a radio

frequency transmission protocol in use by wireless television
system 1300. Baseband processor 1306 can perform sigﬁal
processing, including, for example, encoding/decoding and error
correction. Multi thread processor 1302 can execute ohe_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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or the like, modem. In one implementation, multi-thread processor 1402
performs substantially all the processing 52 functions associated with
broadband modem 1400. Broadband modem 1400 can be connected to,
for example, a cable television line and provide to a connected device
(e.g., a computer system) a continuous connection to the Internet. In one
implementation, broadband modem 1400 includes a tuner 1404, a
demodulator 1406, a burst modulator 1408, a MAC 1410, and an

t i detepaeg: () ddd2, Demedulaigrid06sand bukst madulater 1488 caskbe
implemented "within a single chip. [00115] In one implementation, tuner

re l149d4dcamrasts directly teadsevresfe. § s eedalje JLEGA T outlet)n Toner
1404 can include a build-in diplexer (not shown) to provide both upstream

ima kWSt RIam Sitphdls HraugRitaher 18029FPehe eslebetitaden, at least

tuner 14%4 receives digitally modulated Quadrature Amplitude Modulation
ont MY SIS 06T 6T AN TERERE AFEstort HemttHtfadF 1308175

»ra§Psratesan in&%m%@éat%%e%%%@&va@%zéig -eDemOGQU'atﬂfe%“ Gggggram

n
perform analog-to-digital (A/D) conversion, QA “denmoc u?g‘tion,

coflame synghronizatian, ANCLLILOF GORRElIOR £8: 8-k e S0lRMAN B85 ran
correction). In the transmit direction, burst modulator 1408 provides a

codignaldevwunir t4odulnianea implemestaior; dfkst neduliatecl4@&tion
performs encoding of each burst, modulation of a Quadrature Phase Shift
pr@gﬁﬁﬁggggﬁquQﬁ@@ 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. 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. 1In one implementation, broadband
modem 1400 is a cable, digital subscriber link (DSL), satellite,
or the like, modem. In one implementation, multi-thread

processor 1402 performs substantially all the processing
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signal on a selected frequency, and D/A conversion. 53 [00117] MAC
1410 includes one or more processing routines (not shown) executed by
multi-thread processor 1402 for processing received/and to be
transmitted signals and interfacing with network components. MAC 1410
can be implemented in hardware or software, or a combination of both.
Data that passes through MAC 1410 enters interface 1412. Interface

£ukEk2 638 he for example; an Bibemeatdnterface. 3G nterfage 058516 modem

bus interface. [00116] In one implementation, multi-thread processor
14402 fprosessespeagram coge fastructions executingonre eEMafesion line
associated processor threads. The program code can include real time
anstogramicedacT e progrant eddéeancalsdencudedroadbangr system) a
communication related program code and system level program code. In

CBe THPIEERRRDAT HRPbFGadbh dFES ARG icatidh relited TROGRSTR TR/

includes a cable ¢ unication.program code, DSL communication
broaélbandamggem gqgg?f nlnctludgs ga .tuner 1404 & emoc%ﬁator 1406,
program code, or satellite communication "program code.Tn on

a PIplemeptation.the system levelcodg, jacludes afleastane-aft MAG /zy 1412,

program code, WLAN program code, network communication program

Det@fiRy effeirCaeeliampragiant: Gaseu Videa-pPronesSkEnpIegraneed@nted
audio processing program code, host protocol management program

wicdde} cachenmbmageirent program code, defect manager program code,

encryption/decryption program code, compression/decompression
[qgﬁhﬁén]égd@pe implementation, tuner 1404 connects directly to a

source (e.g., a cable TV (CATV) outlet). Tuner 1404 can include
a build-in diplexer (not shown) to provide both upstream and
downstream signals through tﬁner 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.

i
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wired/wireless communication program code or security management 54
program code. In one implementation, RAM memory 1414 and/or flash
memory 1416 store real time program code, user provided program code
(discussed above), or other program code (discussed above) to be
executed by broadband modem 1400. Wired Router [00119] FIG. 15
illustrates a wired router 1500. In one implementation, wired router 1500
includes a multi-thread processor 1502, a front-end 1506, a signal

[0 idddssdfAfB0e: Hhd e facd (/R 181 In R RsSisRntation 2es (ot
multi-thread processor 1502 perf bstantially all ' .
sh?wn . execut?e% t%é m Hstl—%?x&%ra i%éj‘éag’:e%%?gz Ilotge%gc%%ggssnug

unctions associa with wired router n one

reltnplementation frant-epd 1506 Riesaaplifies s filars, anddigitizesanaled

signals received from a phone line. Front-end 1506 can also amplify and
nefilleranaegsigralss creatad by4a digitahte-analeg earverter (DAGhfdotare or
shown) and deliver analog signals at correct power levels. In one
soifmplenentation, signal processop 1508 tircludes reutifed farapedermingugh
signal processing including, for example, echo cancellation, error
MAEoRréefoR G dOthRGEBFPatd *ddaptatiBh hAFEEN béexetttedBy fOF
multj-thread processor 1502. I/F 1510 allows wired router 150 e
S*EoR ngdtearfopfﬁg e%%%%dl%%?/ﬁ:g%?ﬁml % In r&%r%napﬁgme%fat%ﬁ bbus

s nMulti-thread processor 1502

[00118] In one implementation, multi-thread processor 1402
processes program code instructions execﬁting one 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. In one implementation, the broadband communication
related program code includes a cable communication program
code, DSL communication program code, 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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processes program code instructions executing one or more 55
associated processor threads. The program code can include real time
program code. The program code can also include networking related
program code and system level program code. In one implementation,
the networking related program code includes at least one of routing
program code, access point program code, security program code,
prepeaterduroagramieodmer viduakpevate: NEHVORKING RERYAN €de. hg/or
one implementation, the system level program code includes at least one
f lof<MAG:prograbt t6de - Wvke, AN plograne: codeghetwarkommuaicationvided
program code, error correction program code, video processing program
PRSI ARRG SpriteS SRR grRn T de, PosPphetbconvamagenwtr (discussed
a&rgg;arp@c%de, cache management program code, defect manager

drogram code, “ERENpTBn e TERSH ArShrBRESHE 2 0O -

compression/decompression program code, wireless communication
progfamccbde B §&curity management program code. In one

[doplementation BAM Meypert 2312 and/enflashaempey, 4514 storg real
time program code, user provided program code (discussed above), or.

imgthengnograiocodei discussedeaba\s) do he-exeeisted yuwired tauteid
1500. Wireless Media Player [00122] FIG. 16 illustrates a wireless media
PISIagEFPE00IAAL idclbdesampli-iFéad procassor 1 aO2oteener 1508, and
implementation, multi-thread processor 1602 performs substantially all

A e bEcesEing furidtiohd dssocite @ With-iR L T rRbiLPlayBR i BBot hread

processoxr 1502 performs substantially all the processing
functions associated with wired router 1500.
- [00120] 1In 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 anélqg signals at correct power levels. 1In 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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Wireless media player 1600 can be any type of wireless device 56 that
outputs visual and/or audio data. The audio data can include audio data
associated with, e.g., MP3/MP4, Enhanced Perceptual Audio Coder
(EPAC), QDesign Music playback, Advanced Audio Coding (AAC), Liquid
Audio, Microsoft (MS) Audio, Dolby Digital, Real Audio (RA), Free
Lossless Audio Codec (FLAC), or Windows Media Audio (WMA) Wireless

aé@gg%ﬁg@g Q&Eﬁgﬁﬁkb€ﬁ¥kﬁég3”w%ﬁéﬂﬁ%ggfé%”§8§§'@Qﬁaknclude real

assistant (PDA), and so on. In one implementation, wireless media player

£ k60 iedudes oML ANt 1604-and aerdec16Q6.490123) Ihen@ et working

implementation, WLAN unit 1604 includes an RF transceiver 1608, a
reiasebankprocessord 618ndnd v 16121 Rér dransceietd 612Tn one
receives and transmits RF signals from/to other wireless devices and
inpherfetRbioteviebs. REGIGSEENEr 2 bBBStoRESSER thecREEs|gRgkudes at
from/to baseband in conformance with a radio frequency transmission

1 $5Bto Bl Use A ivefe & MEGE SIaFEr 1866 BIs AT pRIRHSBI 1826°
C form signal processing, including, for exam encoding/decodin
secqpcgﬂz pro ga%‘n Qo%ce ﬁ%e ger é%‘soo%rl%r& ccg) € Or v:u:%uaf prgvate

and error” correction. Multi-thréad proc 2 can execute one or

ndBQE-Iresesseptupads & perfarmssemengs AlhRiHPLHIIOLESSNG system
functions associated with baseband processor 1610. MAC 1612 includes

1 eored Op mresprocedaingnolitiaes (aat skawn) executedviac pulticthsgadode,
processor 1602 for processing received/and to be transmitted signals and
WhIpterachag avitlradtvorkasorapbnesmimication 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 cocde,
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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one implementation, codec 1606 includes program code to encode 57
and/or decode a signals received by RF transceiver 1608. The encoding
and/or decoding program code can be processed using one or more
processor threads executed by multi-thread processor 1602. In one
implementation, codes 1606 includes program code to compress and
decompress data. Codec 1606 can be implemented in software,

endardyare, Qr a cambination gt bath; Examples of godecs Jor, compyter
video include MPEG, Indeo and Cinepak 2. [00124] In one

indnplemeantationg auilti-thiesad: processa 1602 Ryocesges piogragheade«a
instructions executing one or more associated processor threads. The

Pepregiam tosedtan Ncltuge resbAihe progeamcodes Theregkamicodeivanced
can also include media related program code and system level program

AudbdeChildng iMpiEmertaton, dhdudddia Meisisa prégrait TodkIRéRIdeERC DY
audio related pr(t)}%éam code and video related program code. In one

DighbitmeRfdibr i SystBi leveF frograitisdas ifthides 5PR%St Grgot - ©F
wiSEhyRrelated program code, disk duive flata capture &0(%%&1‘ gn%% N be an
ode, audio

correction program code, video processing program

MP PJRERSSING PLOgram ﬁ@géo%qh%ﬁgﬂ@%@%i progiameegs, defest so on.
manager program code, or encryption and security management program

Incofle. inpnedmptementafioni RAM smeredry=1 6l Heashimemarydbifes a
nonvolatile memory 1618, and/or other memory (not shown) can store

WLAGAMIrhE proégfamandes userdgrovided program code and/or other

rogram code (discussed
[00123] In one implementation, WLAN unit 1604 includes an RF

transceiver 1608, a baseband processor 1610, and a MAC 1612. RF
transceiver 1612 receives and transmits RF signals from/to other
wireless deviées and other network devices. RF transceiver
1608 procésses the RF signals from/to baseband in conformance
with a radio ffequency transmission protocol in use by wireless
media player 1600. Baseband processor 1610 can perform signal
processing, including, for example, encoding/deccding 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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above) to be executed by wireless media player 1600. ca Real-Time
Controller [00125] FIG. 17 illustrates a real-time controller 1700 that
includes a multi-thread processor 1702 and a controller 1703. Real-time
controller 1700 is operable to process real-time program code and control
a controlled device (not shown). In one implementation, multi-thread
processor 1702 performs substantially all the processing functions
associated with real-time controller 1700. Real-time controller 1700 can

A0[e Uny 5 BF RiretESRorwhEd Helice WatHotadsrialtime HBgrame
co e.n006_’1@%Ior}fogggrgig)l%mentation RAMdmemOryb1714 and/ogﬂ%sh

“hemo y 1716 store rea “time Brroog%ﬁnmcgge fo b&'executed by “feal-time ° °7€

orcaptraller1raQ cThe regldime niogram £ode, can be s processqd Ysing.ong -

‘or more processor threads executed by multi-thread processor1702.

1660012 AA sanbierafdmptementationsdiave bees deselibeds program code
Nevertheless, it will be understood that various modifications may be

tontarten Fesrseamiplés trougtete dpplicationsdiesctibed abovedncloge emented
single multi-thread processor, any of the applications can include two or

InnRRETHEKRthrEad PY6ESssoE. ForeRammsielRarddiskrive systemrdes of

can in(gude two multi-thr.ec?d processaQrs e.g a first. multi-thread
cogecs orx lrae

Brocessor and 3 sacond MTHi-tHtead Proce gdr).llﬁd(ﬁ?e RSlemdHiRASN -

[00124] In one implementation, multi-thread processor 1602
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 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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the second multi-thread processor executes a processor thread 59 not
executed by the first multi-thread processor. Also, the steps of the
methods described above can be performed in a different order and still
achieve desirable results. Accordingly, other implementations are within
the scope of the following claims. 60 LLOYD WISE WHAT IS CLAIM IS:

1. An gpparatys comprising;amulti-thread processor adapted to execute
at least 5 two threads of program code, the multi-thread processor

iABREifg, A @xetutiort piteine Esmprising matfpfe FBefite Stges’ °° “"2¢
Jﬂ%‘i‘@i{‘e%aﬁ%%u {egis e»!éé:%eé@f%‘g!s”@: 10 pReh ol £ B'Uégﬂ%%fuer 1703
threa :

processor s, including a™10 first processor thread and a second

qrocessalthiead, yhesein eaeh plmed;'fg@zsggqg copRyises.a firste selectare
In communication with input registers for that pipeline stage, and a

Sesonghseleator in corvnumicatian ittt i iipety efisters:fofribat pipsling. In
stage, the input 15 registers and the output registers being from the set of
segisterst emehd programmablel tirbae ednbobanit to tohid? therforms

substantially all the processing functions associated with
real-time controller 1700. Real-time controller 1700 can be any
type of wireless or wired device that processes real-time
program code.

[00126] In one implementation, RAM memory 1714 and/or 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 implehentations have been described.
Nevertheless, it will be understocod that various modifications
may be made. For example, though the applications described
above inélude 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 processdr). In one implementation,

the second multi-thread processor executes a processor thread
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execution pipeline to execute application related program code as the first
processor thread and system level 20 program code as the second
processor thread and perform a context switch among the plurality of
processor threads by controlling switching of the first and second

selectors, wherein the programmable thread control unit comprises a
plurality of dedicated hardware thread 61 LLOYD WISE allocation
Sounigrs-ceuesponding te the pluality; ok proceaseyibreads io. effeatdhe tne
context switch by the programmable thread control unit within the
prepessdr, gechndedicatedibardvwareithipad allaeatiorecoentés taedntain a

a 5 value representing how much processor time is to be allocated for a
deSpectve procEssortidreadi 21 Theldsparatissdfrdaihe 1T adiekéin-the
apparatus comprises a media player device, and the application 10

herREd P8 gYam o corfiprisss Abdio: 8P Fideb mEdia™ plodedBify PiiGte&f the
Péggg%nl] COdeia?’i The apparatus of claim 2, further comprising: a storage
Mediuni o store at ieast one of audio or 15 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
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20 comprises a wireless network device, and the application related
program code comprises wireless networking related program code. 62

LLOYD WISE 5. The apparatus of claim 4, wherein the wireless network LLOYD wiSg

device is one of a wireless router or a wireless access point. 5 6. The
apparatus of claim 1, wherein the apparatus comprises a broadband
modem, and the application related program code comprises broadband
Wﬁmqg@}gﬂﬁ%@@d program code. 10 7. The apparatus of claim 6,
whereln the broadband communication related program code includes
cable communication program code, DSL communication program code,
or satellite communication program code. 15 8. The apparatus of claim 1,
whereir the apparanzaceitipsisesarwited rauter, and the application
related program code comprises networking related program code. 9. The
apparafuswildny-dflasiad Lund 8satrereifaRl ¢tk hetwexking relatsd least
program code includes at least one of routing program code, network
prégramcdresatde Rysie Brograay cddee seediity prbgent cedecessor
repeater program code, program code implementing a wireless
dtfimificdion 63

an execution pipeline comprising multiple
pipeline stages including a set of registers corresponding
to each of a plurality of processor threads, including a
first processor thread and a second processor thread;

wherein each pipeline stage comprises a first
selector in communication with input registers for that
pipeline stage, and a second selector in communication with
output registers for that pipeline stage, the input
registers and the output registers being from the set of
registers; and

a programmable thread control unit to control the
execution pipeline to execute application related program
code as the first processor thread and system level
program code as the second processor thread and perform a
context switch among the plurality of processor threads by
controlling switching of the first and second selectors,

wherein the programmable thread control unit

comprises a plurality of dedicated hardware thread

61
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The apparatus of any of claims 2, 4, 6 and 8, wherein the system level

program code includes at least one 5 of servo related program code, disk LLOYD WISE
drive data capture program code, video processing program code, audio

processing program code, MAC program code, WLAN program code,

network communication program code, error correction program code,

1sieB processing po0cal code, udo 10 procesoing program qode, ot

protocol management program code, cache manag

defscbmapager, program, code: £0cryRtion/ dceo%ﬁ%%t}%‘ program code, ,

compression/decompression program code, wired/wireless

9%88%5%%5@?4”9&%%%&09%5%§8§u@%f@m%¥gﬁq$“éﬁgﬂggéé%%%%§'each

11. The apparatus of any of claims 2, 4, 6 and 8, wherein t

pipgling camprseshAlinstryetionsfelgh HRiL20,3 d&saﬁ%gﬁse%n%%%dg%m a

the instruction fetch unit; an issue unit responsive to the decoder; and an

QXQQULIOPAILIESRONSINE IR Ihedssue g?l&céés%lo‘@}r}%'sfs 12, The

apparatus of any of claims 2, 4, 6 and 8, further comprising:
allocated for a respective processor thread.

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
related program code comprises wireless networking related

program code.
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a second multi-thread processor adapted to execute at least two threads

of program code, the second multi-thread 5 processor including, a second
execution pipeline, and a second thread control unit to control the second, | oyp wisg
execution pipeline to execute first real-time program code as a third

thread and second real-time 10 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, 15 .
communicatio%%rgla?&ﬁ) %Foag%gr% é)o%e(.ﬂl]ﬁ.l?héf ‘sy@iﬁéeranrgfl aai%l%f”lreless
wherein thessystem eampyises  cellylay WILAN system, andthe |, oo
communication related program code comprises cehllﬁar communication
%Qléggtse%%rgg@m code. 15. The system of claim 14, wherein the cellular
communication related program code relates to one or more 65 LLOYD
WISE of the following protocols CDMA, G3, or GSM. 16. The system of
claim 13, wherein the system comprises a VolIP system, and the

commU@i.catiowsla%%aner@géarBﬁogfa%mririS%V&i%emm@ﬁésngparatus
related program code.
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
program code, security program code, repeater program code,

program code implementing a wireless communication

63
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17. The system of claim 16, wherein the thread control unit further

controls the execution pipeline to 10 execute codec related program code

as a third thread. 18. The communication system of claim 13, wherein the LLOYD WISE
system comprises a wireless television system, and the communication

program code comprises media related program 15 code. 19. The system

of claim 18, wherein the media related program code includes at least

one of video processi ogram code, or audiq processing program

o eg%%o . The sys gcqrhl%f ag'ﬁ)f/ %Y%%aelm%ﬁ%‘f'ié{alnr&ﬁlﬁrﬁr%&éﬁh e -
system level program code includes at least one of menu program code,
display program code, MAC program code, WLAN program code,

network gom (cat] 66 LLOYD WISE .code, error carrecti
k 6O %%L%T&a‘%f%&aé“oﬁ Ian% oé"’cs_taémsdez Dr CATESPTy |

program code, video processing program code, audio pro¢essing program

Gase-bost piotocal ynapagement program codsscaghe magagement . e

program code, defect manager program code, encryption/decryption

RPIEIPR,CAdE, LOMPressign/dacompLesSIORIOHANLOEL: o capture
wired/wireless communication program code or security management
RPSEARE0d8a21. A Ie@ldine SeRUQUSILORINISING: code, audio
processing 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
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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10 a multi-thread processor adapted to execute at least two threads of
program code, the multi-thread processor including, an execution pipeline
comprising multiple pipeline stages including a set of registers 15
corresponding to each of a plurality of processor threads, including a first
processor thread and a second processor thread; wherein each pipeline
stage comprises a first selector in communication with input registers for

20 that pipeline, stage, and seco%d selector in communicatipn with
PAPElnG 3t %]Id )
output registers for eﬁab]fge ine gagaer,lﬁ]eolﬁpﬁg %brps%erlrgs’andtf\% Su 8ut8'

ediSters . bgg}ggﬂrg ltp% set of registers; and a programmable thread
control unit to conirol the 67 L.[.OYD WISSE execution pipeline to

execute figst 1ealdime pragram eade g%&ee@@&er%ggg@et&f%d a4 cute at

second real-time program code as the second processor thread an

pederm acontext swich among the-plurality.of %H@C@éé%f@r%%ﬁ%qy- thread

controlling switching of the first and second selectors, wherein the

pregrammable thiead cgptrol unit comprises a plurality of dedicated
hardware thread

a second execution pipeline, and

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

65
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allocation counters corresponding to the plurality of 10 processor threads
to effect the context switch by the programmable thread control unit within
the processor, each dedicated hardware thread allocation counter to
contain a value representing how much processor time is to be allocated
for a respective processor thread. 15 22. The real-time controller of claim
21, wherein the first real time code is video processing program code and
n Itlme codel audio pr m code. 20 23. The real-time
E:gg)%fréo}ﬁgr %ﬁclalm 19 %e%ogorgpsﬁlg%% st%ﬁageocron(ﬁ%ﬂer, the first
real-time program code comprising servo related program code, and the
second-real-time program code comprising system level 68 LLOYD WISE

programgcodergd. The real-time g?j%gkefgf claim 23, wherein the

m
storage controller comprises a har contro er OI’ an 50 IC&YSIEE

contpalies<25. Theseal- E%‘Qﬁ‘tm&ﬁaowém%ﬁm‘ﬂﬂ?@ﬂ;‘L%e h?éiated

protocol management program code manages at least oné 6

foleyingnprateeols Ay U, %I’%esﬁz?‘og Cs gfné-r@‘e 19q 8r 8 %gram

The real-time controller of any of claims 21, 2
code.

17. The system of claim 16, wherein the thread
control unit further controls the execution pipeline to

execute codec related program code as a third thread.

LLOYD WISE

18. 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

66
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and 24, further comprising: a second multi-thread processor adapted to
execute at 15 least two threads of program code, the second multi-thread

processor including, a second execution pipeline, and a second thread LLOYD WISE

control unit to control the second execution pipeline to execute third
real-time 20 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 @rocessor executes ? egivennt read of 69 LLOYD
eC on

WISE program code Rot exeeuted By the first multthread Processor. 2.

Thedeattime contrgllerof dlaim 24 Ahereln e, 2 hread ComoLung . o oco1
urther controls the execution pipeline to’ execute additional’ program code

fagbundiiead, 23, Lhe ialdine GOLelel pLoaIm & MhSKENE g,

system level program code comprises at least 0 disk 10 drive data

qapture progracode, YD data,capturs, program code, £y Corection ;v 4

program code, video processing program code, audio processing

PrRgram-code, host projocol JManagement pregram codsqeache _
management program code, defect manager program code, or encryption
and SeeUitYeless communication program code or security

management program code.

21. A real-time controller comprising:

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

an execution pipeline comprising multiple
pipeline stages including a set of registers
corresponding to each of a plurality of processor

threads, including a first processor thread and a

second processor thread;

wherein each pipeline stage comprises a first
selector in communication with input registers for
that pipeline stage, and a second selector in
communication with output registers for that pipeline
stage, the input registers and the output registers
being from the set of registers; and

a programmable thread control unit to control the

67
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15 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; 20 a decoder responsive to the instruction fetch unit; LLOYD WISE
an issue unit responsive to the decoder; and an execution unit responsive

to the issue unit. 70

execution pipeline to execute first real-time program
code as the first processor thread and second
real-time program code as the second processor thread
and perform a context switch among the plurality of
processor threads by controlling switching of the
first and second selectors,

wherein the programmable thread control unit
comprises a plurality of dedicated hardware thread
allocation counters corresponding to the plurality of
processor threads to effect the context switch by the
programmable thread control unit within the processor,
each dedicated hardware thread allocation counter to
contain a value representing how much processor time

is to be allocated for a respective processor 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

68
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program code.

24. The real-time controller of claim 23, wherein the
storage controller comprises a hard disk controller or an

optical disk controller.

25. The real-time controller of claim 24, wherein the
host protocol management program code manages at least one
of the following protocols ATA, USB, SATA, SAS, FC, CE-ATA,

or SDIO.

26. The real-time controller of any of claims 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
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program code not executed by the first multi-thread

processor.

28. The real-time controller of claim 24, wherein the
thread control unit further controls the execution pipeline

to execute additional program code as a third thread.

29. The real-time controller of claim 24, wherein the
system level program code comprises at least one of disk
drive data capture program code, DVD data capture 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, 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.

70



