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" PROGRAM THREADS | N A MULTI - THREADED PROCESSOR BACKGROUND 1. Field
[ 0001] The préesent disclosure generally relates to“digital signal
processors wHdogg¥26€s that use such processors. Mre pariusaesarssy,
the disclosure relates to the execution of nultiple programthreads
by a digital signal processor register. Il. Description of Related
Art [0002] Advances in technol ogy have resulted in smaller and nore
power ful personal conputing devices. For exanple, there currently
exi st a vari iyl RO i ' A e
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portable wireless telephones, such as cellular tel ephones and IP

t el ephones, can communi cate voice and _data packets over w rel ess
networ ks. Further, many such w rel Gmmﬁﬂes I ncl ude other types
of devices that age d ncorporated therein. For exanple, a wireless

tel ephone can al'so include a digital still canera, a digital vi deo
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devi ces becone power , progranmers nmay want to devel op prograns
that are increasingly conplex, e.g., for video decoding. As prograns

becone i ncrgasi : ' y be necessary to wite parallel
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prograns across two ! reads. However, it can be difficult to
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Accordingly it would be a a u 0 ' '

execut i ng mi’tPptes gF‘S‘ger‘a?nﬁl‘%?%rF"é‘c e‘@ t\;mme{ ﬁuﬁtregt\f*g)ﬁ?t?ﬁ( ﬁ%gggg%%%g%g%‘g

r ~ r WO 200mphfizd devices| Uinhiiy GireB&0condputing devices, such as portable wireless
telephones, personal digital assistants (PDAs), and paging devices that are small,

—

lightweight, and easily carried by users. More specifically, portable wireless
telephones, such as celiular telephones and IP telephones, can communicate voice and
data packets over wireless networks. Further, many such wireless telephones include
other types of devices that are incorporated therein. For example, a wireless telephone
can also include a digital still camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can include a web interface that can be
used to access the Internet. As such, these wireless telephones include significant
computing capabilities.

[0003] Typically, as these devices become powerful, programmers may want to develop
programs that are increasingly complex, e.g., for video decoding. As programs become
increasingly complex, it may be necessary to write parallel programs across two or more
threads. However, it can be difficult to execute parallel programs across the two or
more threads.

[0004] Accordingly it would be advantageous to provide an improved method of
executing multiple program threads within a multi-threaded processor.



SUMVARY [0005] A nultithreaded processor device is disclosed and
“includes a first program thread and a second programthread. The
“second programthread is execution li'fnked to the first program

thread i n aybQgds$é9p Manner. In a particul ar enbodi mentpewiatusiods390

first programthread experiences a stahl event, the second program
thread is instructed to performa no operation instruction in order
to keep the second programthread execution linked to the first
programthread. [0006] Further, in a particular enbodinment, the stall
event is caused by a cache mss. Also, in a particular enbodinent,
the second programthread perforns a no operation instruction during
each clock cycle that the first progrsth%lqu Is stalled due to the
stall event. Wen the first programthread perforns a first
successfl0005bper at Aomuliithreadedhproedssdr devipgeintdiscldsed sed dnelugas oayfiash program
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Further, the first program thread performs a no operation instruction during each clock
cycle that the second program thread is stalled due to the stall event. When the second
program thread performs a first successful operation after the stall event, the first
program thread restarts normal execution.

[0008] In yet another particular embodiment, the device further comprises at least one
instruction execution unit and the at least one instruction execution unit selectively
executes one or more instructions either the first program thread or the second program
thread. The device further comprises a stall controller that is coupled to the at least one
instruction execution unit. The stall controller is configured to receive a stall event
signal from the at least one instruction unit when at least one of the first program thread
and the second program thread experiences a stall event. Further, the stall controller is
configured to output a signal to cause either the first program thread or the second
program thread to perform a no operation instruction in response to the stall event

signal.



.[0009] Also, in a particular enbodinment, the stall controller is
configured to receive a stall end signal fromthe at |east one
I nstruction unit when 6ne of the first program thread or tHe second

program t hr gaghopeiiksyyns a first successful operation aftFET/thbof?fi‘im
of a stall state produced by the stall sevent. Mreover, the sta

controller is configured to output a normal execution signal in
response to the stall end signal to cause one of the first program
thread or the second programthread to resune a normal execution.
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device is disclosed and includes detecting that a first program thread is execution linked
to a second program thread, setting a first program counter to a first instruction of the
first program thread and setting a second program counter to a first instruction of the
second program thread. Further, in this embodiment, the method includes executing the
first program thread in a lock step manner with the second program thread so that each
instruction of the second program thread is executed in the same super cycle in which a
corresponding instruction of the first program thread is executed. |
[0013] In still yet another embodirhent, a data register to control execution of two or
more program threads of a multithreaded processor is disclosed and includes a first
thread execution linking register. Further, the data register includes a first field within
the first thread execution linking register. The first field is associated with a first
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‘‘al so includes a second field within the first thread 1inking
register: The second field is associated with - a second program
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linkage to the first program thread.

[0017] In still yet another embodiment, a computer code assembler device is disclosed
and includes means for receiving a program having a plurality of very wide very long
instruction words (VLIWs) and means for dividing the program into a first portion to be
executed as a first program thread and a second portion to be executed as a second
program thread. |

[0018] In another embodiment, a digital signal processor device is disclosed and
includes means for detecting that a first program thread is execution linked to a second
program thread, means for setting a first program counter to a first instruction of the
first program thread, and means for setting a second program counter to a first
instruction of the second program thread. Further, the digital signal processor device
includes means for executing the first program thread in 2 lock step manner with the

second program thread so that each instruction of the second program thread is executed



second program thread so that each instruction of the second program
"thread is executed WO 2006/ 116257 PCT/ US2006/ 015390 5 in a super
cycle in which a corresponding i‘nstruction of the first program
thread is \?6%#}1‘?&57[0019] An advant age of one or nore gFAREH08RINI%
di scl osed herern can include dividingsa programhaving a plurality
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\F;ery wi de vegymlion &B%M%Bﬁé}d‘%&r Listdat&d i on; [0026] FIG 4 is a
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second programthread; [0029] FIG 7 is a general diagramof a
portabl e comruni cati on device incorporating a

- BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The aspects and the attendant advantages of the embodiments described herein

will become more readily apparent by reference to the following detailed description

when taken in conjunction with the accompanying drawings wherein:

[0023] FIG. 1 is a general diagram of an exemplary digital signal processor;

[0024] FIG. 2 is a general diagram of an exemplary control register file of the digital
signal processor shown in FIG. 1;

[0025] FIG. 3 is a diagram of an exemplary very wide very long instruction word
instruction;

[0026] FIG. 4 is a flow chart illustrating a method of splitting the very wide very long
instruction word instruction of FIG. 3;

[0027] FIG. S is a diagram illustrating a multithreading operation of the digital signal
processor shown in FIG. 1;

[0028] FIG. 6 is a flow chart illustrating a method of executing a first program thread in

lock step with a second program thread;
[0029] FIG. 7 is a general diagram of a portable communication device incorporating a
digital signal processor;
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10030] FIG 8 is a general diagramof an exenplary cellular tel ephone
I ncorporating a digital signal processor; [0031] FIG 9 is a general
di agr am of ry wireless Internet Protocol telepowns2006015390

i ncor por at i‘ﬁ&gzﬁgﬁ%fal signal processpr, [0032] FIG 10 is a general
di agram of an exenplary portable digital assistant incorporating a
digital signal processor; and [0033] FIG 11 is a general diagram of
an exenplary audio file player incorporating a digital signal
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112, and a fBY xecution unit 114. FIG 1 indicates

t hat eaqgo3snst r uCFiGIN 16x @ehéraindiagrarh of @ff exdriflaryldhdio file playenimctmporating a
coupled to a _general register file 116 via a first bus 118. The
general regi $gE#lsignal odes¥Tcan al so be coupled to the sequencer 104
and the nenory 102 via a second bus 120. [0035] In a particular
enbodi nent, the nenory 102 is a content addressable nenory (CAM

that includes a first instruct DRTABJER DESCRIPHONNd i nstruction
cache 1 a thi [ i 3 ' ' .
oo g | 1oy P hdtdSe e Pkt 6P Srebl, hoprlndie b i8N
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instructions, instruction steering data for each instruction, and
“instruction forwtrifve destrugtions from theampmpryst02ukavingne length of thirty-two (32) bits.

The bus 106 is coupled to a first instruction execution unit 108, a second instruction

execution unit 110, a third instruction execution unit 112, and a fourth instruction
execution unit 114. FIG. 1 indicates that each instruction execution unit 108, 110, 112,
114 can be coupled to a general register file 116 via a first bus 118. The general register
file 116 can also be coupled to the sequencer 104 and the memory 102 via a second bus
120.

[0035] In a particular embodiment, the memory 102 is a content addressable memory
(CAM) that includes a first instruction cache 122, a second instruction cache 124, a
third instruction cache 126, a fourth instruction cache 128, a fifth instruction cache 130,
and a sixth instruction cache 132. During operation, the instruction caches 122, 124,
126, 128, 130, 132 can be accessed independently of each other by the sequencer 104.
Additionally, in a particular embodiment, each instruction cache 122, 124, 126, 128,
130, 132 includes a plurality of instructions, instruction steering data for each
instruction, and instruction pre-decode data for each instruction. 7 v

{0036} As illustrated in FIG. 1, the memory 102 can include an instruction queue 134
that includes an instruction queue for each instruction cache 122, 124, 126, 128, 130,
132. In particular, the instruction queue 134 includes a first instruction quene 136 that -



[0036] As illustrated in FIG 1, the nenory 102 can include an
i nstruction queue 134 that includes an instruction queue for each
I nstruction cache 122, 124, 126, 128, 130, 132. In particular, the

i nstructi o;vgguep%@é%4 includes a first instruction queugckaRaéosadissdO
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redi rect conﬁm @@queam an @mpartivylar lsmbo@menﬂ, ﬂleaﬁrsqomsmodmh axecutlon unit 108

enbodi nent , r. [ t.r can ver he

| oop, a br aénag ﬁex?dri]xge[g é%ucg&ﬁ’ &n%°‘?3‘5‘5¥ﬁ?‘%%% ﬂ%‘? é’é‘f §° %glc ??ALU)
instruction. The second instruction execution unit 110 can execute a load instruction

and an ALU instruction. Also, the third instruction execution umit can execute a
multiply instruction, a multiply-accumulate instruction (MAC), an ALU instruction, a
program redirect construct, and a transfer register (CR) instruction. FIG. 1 further
indicates that the fourth instruction execution unit 114 can execute a shift ®
instruction, an ALU instruction, a program redirect construct, and a CR instruction. In a
particular embodiment, the program redirect construct can be a zero overhead loop, a
branch instruction, a jump (J) instruction, etc.

[0039] As depicted in FIG. 1, the general register 116 includes a first unified register
file 148, a second unified register file 150, a third unified régister file 152, a fourth
unified register file 154, a fifth unified register file 156, and a sixth unified register file
158. Each unified register file 148, 150, 152, 154, 156, 158 corresponds to an
instruction cache 122, 124, 126, 128, 130, 132 within the memory 102. Further, in a



[ 0039] As depicted in FIG 1, the general register 116 includes a
first unified register file 148, a second unified register file 150,
a third unified register fi1e 152, a fourth wunified register fife

154, a fift | register file 156, and a sixth unlf

file 158. \gggﬁd r\?zg'l'ed register file }48, 150, 152, @q%%ﬁ&@%a%
corresponds to an instruction cache 122, 124, 126, 128 130, 132
within the nenory 102. Further, in a WO 2006/ 116257 PCT/ US2006/ 015390
8 particul ar enbodi nent, each unified register file 148, 150, 152,
154, 156, 158 has the sane construction and includes an equal nunber

of data oper piticul@antvdifics Seadl @hified Segistérfile m&rIso;wszarlsenma;hwshhs the
as illustrated in FIG, 1, the sequencer 104 i ncl udes &stal

control | er 18une qopstryctpn a@@ﬂéclé‘é%ﬁféﬁé\é*ﬂ nyher of datg Aperends and address onsyands.
regi ster 162y, al%ht‘ e Afint |

100, i nstructlé)ﬁs are J&%n%’cﬂ éﬁg{rﬁﬁt} e mﬁ%rg t%&&ig geigggggfﬁﬁn
104, sent t ocahirollemi®De dFuithers tha s¢quemcer k&tis toupted taralcbstrdl(i@stanlﬁz 112,
114, an ecuted.at the instr Xxecut i on uni 110 1

114 ShIeSECel S fting feredti ot 6| Bl S0 prBRest 100 distuqtisS ard Bchod
114 can be Wbintt@# niethory 102 GRS aéqgemr $04;Isedtlio, delslgﬁated ﬁmraaﬁmoéxe&dmn

unified register files 148, 150, 2, 154, 156, 158. [0041] In
particul ar eWBEd08ek0, 112d 16, andierecytndon theinstrickian sxecutiomwuis; Wﬁeldw 112,

together tojpe ﬁifggﬁﬁﬁgt d&h?\néﬁ‘ﬁﬁ]ﬁ‘onséc%& r108 50! I, §94 g%;s Y nto

control regi ster suc one o programthre
i .e., experitingeneral registet 116, b toswelof the umﬁﬁa‘bgstnn fles 14&,ﬂé0,tlr5ﬂebﬁaﬂsl56
| i nked to thﬁ%sétal | ed programthread can be instructed by the stall
controller to performone or nore no operation instructions

until tioesgtal | emeyparticulslepdbsichent, Avd 6F made! prédram thrsdstoan baliakddito
to thée stalled programthread can be instructed . to performa sta

nti 1 the st &0 asaaied o lorioHFR ek g i bl such,
nore  progragohd BPﬁgir%ﬁsc‘?lligacﬁts?aTls, i%. c@éﬁgf E?ql dtdl & ?édchl%?'a‘a)%ﬂe%ss,

conjunction with tion of 004 eferring to F
2, an exenpl the ghreads linkedria the gtalledhprdgraenthread can boinstradted byethie statlrcontgoller

shown and |s desi gnated 200,. As con |st
200" oot e SR et diE Br Ik 70, deRtion TaBaifhs shRE e bl Grent K

thread execuAli@fativelikithe threei lidked 3 ke sﬁlléii Proghini %x&i& eadbemubfe@rto
| i nki ng regi ster 208. Each thread execution _|i nquﬁg regi ster 204,

206, 208 i nchfIER st patl the sell eyar is gleared o Ahisrmethef of execyingyimiopr more
field 214, gofQH Hiedds Ghdoddftep 3s TdbdctiBed i!detall blow i Rnfilnkidh Witk e

220.
description of FIG. 6.
[0042] Referring to FIG. 2, an exemplary, non-limiting embodiment of a control

register is shown and is generally designated 200. As shown, the control register 200
includes a first thread execution linking register 204, a second thread execution linking
register 206, and a third thread execution linking register 208. Each thread execution
linking register 204, 206, 208 includes a first field 210, a second field 212, a third field
214, a fourth field 216, a fifth field 218, and a sixth field 220.

[0043] In a particular embodiment, the first field 210 of each thread execution linking
register 204, 206, 208 is associated with a first program thread. The second field 212 of
each thread execution linking register 204, 206, 208 is associated with a second
program thread. Further, the third field 214 of each thread execution linking registef
204, 206, 208 is associated with a third program thread. The fourth field 216 of each
thread execution linking register 204, 206, 208 is associated with a fourth program

‘thread. The fifth field 218 of each thread execution linking register 204, 206, 208 is



[0043] In a particular enbodinent, the first field 210 of each thread
"execution linking register 204, 206, 208 is associated with a first
programthread. The second field 212 of each thread execution

l'i nki ng 1 egivid Sjos/ffdds7 206, 208 is associated with a secopgr/REdEHRE5I0
thread. Further, the third field 214 ofg each thread execution |inking

regi ster 204, 206 208 is associated with a third programthread.
The fourth field 216 of each thread execution |inking register 204,
206, 208 is associated with a fourth program -thread. The fifth

field 218 of hth d t i pki 0
IREIHEACNE SN LT R S, e i e
th d. Additd.Q fnel

Ilaﬁﬁng reg: sé %% %ggeﬁéf%gh ﬁszogsfsbgglggstsg%atgm@f’ﬁhtg%@?% pr og ra&rlnOn
thread. [00844) |nhawhummbommdmmommgmnmadspm@mdtogether
th d b d th hat th

toget her . s MU PBEWILE Xy BeRE: o1 fgEebalhelan? by RS yripe o, 2

to the associgeq®),ftd @idiasbémét&ﬁﬁélhﬁﬁ@sb e Wkeddtioh fhﬂiﬁhg geglaeﬂ 2045 206,208.
206, 208. For exanple, when the first execution Linking register 204

within the cdiffegamplegwhenthe ﬁrﬁfcfrvqsa@@ndm&% realfter 804 Wéth@e@s rvenﬁmlémsﬁer
d
212 and a ongpf éaes aQﬁnEg@ i iR ddedrnate ﬁ]ﬁ%%dta%ﬁ% ram t reag%&?% %gnd

wi Il be execute step wth e siIxth
in a parti curegramrtimead wilhbe execsted imidclesterr with dire dlxth lpragaam tﬂﬂead Further, in

he scoond Ry ORERRGC A atiobd Breci ke be PRiatnycd 8 nfitink fone

execution |i nit) Gethid &npr GO e TEde YwithiR Utht | segord efseu{idﬁ I gl fegisRR €06.
or nore fields wthin the third execution |linking, register

[0045] FIG 3hddifénnally a thind gxeoufion jinkcaw be erogrammef by smutting %ﬁnq,ﬁb dvithin
(VLI'W, desi %@g?ﬁoré?&ds Withih kle4fifrd &deBttid Jélﬂngre%stelti;ﬁ virtual very

wide VLIWincludes a Tirst 1 nstruction cond 1 nstruction
304, a tlP45l i nst FlGt3 showdGoirheal enyrwitie varg ﬂongdmdhmutlcﬁﬂﬂprde(VMWi) hdesignated

i nstruction , I xth in t,on.31 truct 14
and an ei ght %%1 réstﬁlﬂ)étfag%dhm;@?%[ 4%%3?;@31 Ps&é&f (ﬁrﬁ‘éﬂ%‘mﬁm
the very w des0¥) 4 Wedhd irsatctivm 308ph ithird insteetion 306,54 fouﬂﬁrlﬁsmﬁu&al@oa, Adifth
can be executed as a_first praogramthread and a ’second portlon 320
that can be BSEUEHQ neélgsaasvglédamcﬁy?lbé%n@tsw@ﬁtumsmctmom,.tﬁi Fanceighth
the first porgjdQRtion$ie of the very wide VLIW300 includes a first

i nstruction 322, a second instruction 324, a third instruction 326,
and a f oi@04sh |nstMammuhﬂembdemt;mnabiwmde&méamcmstpm iftAQ first

IO];]S: Pﬁc;/?(r)% \:{)é ;ﬂg Ijﬁx Celny gee ésxeguté g,ssé ﬁrs{‘| Ertoér‘éﬁf fead 21:1)?9 4 sebond. Sc?rﬂgn 320 that
can be executed as a second program thread. As shown in FIG. 3, the first portion 318
of the very wide VLIW 300 includes a first instruction 322, a second instruction 324, a
third instruction 326, and a fourth instruction 328. Additionally, the second portion 320
of the very VLIW 300 includes a first instruction 330, a second instruction 332, a third
instruction 334, and a fourth instruction 336. During operation, the first program thread
established by the first portion 318 of the very wide VLIW 300 can be executed in a
lock step manner with the second program thread established by the second portion 320
of the very wide VLIW 300 to establish a “virtual” very wide VLIW.
[0047] In a particular embodiment, a programmer can program complex programs using

multiple very wide VLIWs 300. Thereafter, an assembler can split the very wide

-

VLIWs 300 to create a first program thread and a second program that can be executed
in the lock-step manner described herein. |



i nstruction 334, and a fourth instruction 336. During operation, the
first programthread established by the first portion 318 of the
very wi de VLIW300 can be executed in a |ock step manner with the

second pro&rﬁ?m %}ﬁ{ﬁ d established by the second porti on pgfus26ebioish®n
very w de e o establish a "vinjual" very wide VLIW [0047] In

a particular enbodi nent, a programmer can program conpl ex prograns
using nultiple very wide VLIW 300. Thereafter, an assenbl er can
split the very wide VLIW 300 to create a fi r st programthread and a

second program that can be_executed t he | ock-step. manne
descri bé@“%er ei n. RM@F@&B?“W/"Q% DEPFAN 155h o%eqéqommences at
Referring tObi%h{ézt k'a@ | A astiniidd TBGivs B me&ham\mrangofmy

conmences at 1 ock 400, an asseénbl er receives

program t hat wmk'st,I\fds urIaIal pagztwﬂar\mbydmwntj ecagh veay witde \@Iﬁémciluﬂas gight (8)

Noving to. bi eruerss Mahde Ko mlfck i 95 a8b e Wtes B kgt S firt
portion and gorsies ﬁlﬁtﬁa Ssebid uttiont APBlOEKA04Dthe assembles srentes £ first progtapsthecad

first programthread fromthe first paortion of the am and at
bl ock 406, t FEMALE S PEFioRof AR BroBragLAT i bIQsk JQ it SHEBAIST Freaie ariecond

second porti hh&d ?ﬂml ary, non-limting

enbodi nment , ?ﬁgﬁhrst %ggé‘g%%"h?gﬁl’ f]tlhélgm plurality of VLIW

and eaclio04®]l W i nclmmleexefnplary (nbn-liniting embodiment, therfirsteprogram thread includes a

exenpl ary, n he .s 0 m.t hre .

I ncl udes a pP aéﬁ“-’f Pg Wwo‘ﬂg&gnglt clﬂde%s\/#mﬁﬁ) %5%"@887” Zi‘%ﬂmer, n an

instructi OnSexeﬁiery MénFgnitiag Binﬁ@dﬁmé@tﬁthetsb@nd%ﬁ@ﬁbf tigeadmnilués aiﬂmluty@f
ir

a thread I|nk| gl ster to indi.cate that t t programthre

i s executionVl teach N&W&@H@W%@QWP@% Itp Qlack 40F, e
enmbodi nent,, %&bl@?@ﬁf?@h@t’éf EI'E 'Wr@@ﬁeﬂt@ ﬁﬂ&t@ﬂ%&@ﬁs‘iﬁﬁb&hﬁﬁlﬂa@

i ndi cat e t hat prograns are e to be executed 1h

| ock- st ep muistaxeentiondinkedrto thersecondeprogramatiireadhd dn an @usaa@vmmboqmas,ome

Referrlngto r dof It:t oper at | ar
a digital %}r&)le%ag%giig n? @%% §° ?ﬁ%&@wﬁgﬂ’ﬁgﬁf ed and
is perfor medafbm bé execilited &ia lotlostep umltitmeadeﬂ nSanierl e mﬂﬂﬂmhdmt@we%m.
threads and the second m?xructlon of the first__ programthread.

I.n,
parti cullPl i g Befgainede $1G- p4 ¢ general dugthnd ofgguisithreaded operation, for #digital
thread 500, g p;&aeséofl%stgua%' ORIPTs5 @oRE IR thetloBUs 3 st ﬁﬂe@?&m@ﬁm

first instruction of a third proramthreagl504 a I nstruction
of a fourth isstoeptigmof isixcimdersndent pragrans threadstand dhé mond)insa'ucitwhtdf the first

grlg,gr an dt gr eﬁrgglggl8ﬂ1reaadf H paruclﬂésrf ﬁfé:ts doeplc% a fitst mé&u%ugnr o Al érgér%%adthread
500, a first instruction of a second program thread 502, a first instruction of a third
program thread 504, a first instruction of a fourth program thread 506, a first instruction
of a fifth program thread 508, a first instruction of a sixth program thread 510, and a
second instruction of the first program thread 512.
[0051) As depicted in FIG. 5, the first instruction of the first program thread 500
includes a decode step 514, a register file access step 516, a first execution step 518, a

£

second execution step 520, a third execution step 522, and a writeback step 524 for the
first instruction of the first program thread 500. The first instruction of the second
program thread 502 includes a decode step 526, a register file access step 528, a first
execution step 530, a second execution step 532, a third execution step 534, and a
writeback step 536. Further, the first instruction of the third program thread 504
includes a decode step 538, a register file access step 540, a first execution step 542, a
second execution ste15 544, a third execution step 546, and a writeback step 548.



second instruction of the first programthread 512. [00511 As
"depicted in FIG 5, the first instruction of the first programthread
500 includes a decode<step 514, a register file access step 516, a

first executy 518, a second execution step 520, '
W(Pﬂg@fﬁ& gtg{“ §30bi6/015390

execution step and a witeback st 524 for the fa

instruction of the first programthread 500. The first instruction of
the second programthread 502 includes a decode step 526, a register
file access step 528, a first execution step 530, a second execution
step 532, a third execution step 534, and a witeback step 536.

Furt her, [0052% fi r siln apatticulat érobodirhent}the first ingtryntion ofithetfourtheprogom thread 506

[ | ud d de 38 ' Cfil 5
executt on st AosRciioaRa dekdns fich 38054 eiler S AERE°ar bED i afbeptidsidten
step 546, andssd, Mdcoadamkutidreserbsss, a WRd2Xe6uibh 6@ 558Ghd USAHRbAR K360,

11 [0052] In a partjcul ar enfhodi ment he firsf instr ion of the
fourth progr d?'?ﬂ”é]é}f} 250HOWE 1} glqi-rézlﬂéﬁjé’ést QSH%&@QQ%E%WW thread 508

register fil g ,apdlsSaetbftPsterds2, §r$§i§t§rtﬁl€§€dé§§ d'téif'S@I, %Erst%técuti@n%ﬁﬁ%@, a
execution step 556, a third execution step 558, and a witeback ste

560. Addi t i saeandyexeautiophstom 568, &itigrd Sxecutien $iepsi70; aad rauwtitebacko step Hd2.

hccess. st op. SebTR: ing M O Bp SRHCRBERE A0 TniM R Bhode
568, a third 5Mestgister f1é ascebs/Sep 576 adirstrekbaition step 1598, Ddetond edecativnestep

the first instruction of the sixth programthread 510 includes a,
decode step 5948 thirdexgeution step;38d, aé’é@e%teg%cifﬁt%'ﬁ@,“- Fmallysgs &P@E“@tmgﬁ(}"

step 578, a et os,{t?é)ﬂr hi Erfesdd €D
and a wi teb?ggﬁggceo%&SM. b‘l?zclﬁlnal Y, Sgcgﬁg%g}%{[lglgé?n FI béé%,ﬁt%h‘gmg%%gg%f
i nstruction @kcashiestepi 588, a first akediion stepl H¥ k2 accdnd crtecution i 892, ;a third
register fil R.588...a fjIst.£xecution step 590, a second
execution st:ef)ce‘%g%ﬁ%p?%f’raaéa%%ﬁﬁ%wssﬁép 594, and a witeback step
396. d[ 00p@EB] I n a ]iima'giaﬂitbhr embbditictite as indhte%lﬁﬁiig‘@@.t §icthé dedodEstep,526 Iof the
ecode step 6 .of the rst instruction e secon rogr a )
thread 502 i ﬁéP?’-’BFH%‘H°£HWcﬁ?P?”&R’PM'§#’?"$ RS ogmséj chiopeai with the
step 516 of t p ' : hewhd )
The' decode aranrLeciSPHE G OfmPhst MbadoR of e RS b Bital S0, The

t hread 504 i slepsiefstapn®iB of:the dirstrinstructionpf thetthied program hredd §04 isqperforned
step 528 of t

P 2% ! Al APl 0 SR AN  Bont

first progrpogrdm eadadbO0R arfditht Hiest exédutionl elep 328 of @R H5OnSkudtibe of theSrst
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program thread 506 is performed concurrently with the register file access step 540 of
the first instruction of the third program thread 504, the first execution step 530 of the
first instruction of the second program thread 502, and the second execution step 520 of
the first instruction of the first program. thread 500.

[0054] FIG. 5 further shows that the decode step 562 of the first instruction of the fifth
program thread 508 is performed concurrently with the register file access step 552 of
the first instruction of the fourth program thread 506, the first execution step 542 of the
first instruction of the third program thread 504, the second execution step 532 of the
first instruction of the second program thread 502, and the third execution step 522 of
the first instruction of the first program thread 500. Additionally, the decode step 574
of the first instruction of the sixth program thread 510 is performed concurrently with
the register file access step 564 of the first instruction of the fifth program thread 508,
the first execution step 554 of the first instruction of the fourth pr6 gram thread 506, thé




~the first instruction of the third programthread 504, the first
execution step 530 of the first instruction of the second program
thread 502, and the second execution step 520<of the first

I nstructi ony@f 20bd}asish’ St programthread 500. [0054] FI GP ArsebdAsa00
shows that the decode step 562 of the fjrst instruction the fifth

programthread 508 is performed concurrently with the reg| ster file
access step 552 of the first instruction of the fourth program
thread 506, the first execution step 542 of the first instruction of
the third programthread 504, the second executlon step 532 of the

first instruéesons exgcution step Sohaf hedgstinstrustionaf thehird peperamm thread, 304, the
execution st M@:&c&f et diddesd4 & he ﬁ'h{ss#g&iog%ﬁﬁe ééa&ﬁf fnro {hi’&ﬁ%'@, and

t hread 500. t1ona t he
i nstruction diewmebwkxtep 5@40§ﬂlaﬁrstmh'amoﬁwtheﬁrﬁt@mgxméhtembﬁwr rently

W th i ster, f.i ce 64 .0f t fi.r in n Q
the 't 1 (LH0S5F Ogr arve SHE BEF0: 4, 38 1R00S sioh 356 ol 158, i ki b BB, tona
first instr uaﬁsuﬁéndafsmhe eforiicd den@Gfeally WithaBel répfifer ﬁlb%céesé/‘@ep 576 of the
2006/ 116257 PCT/ US2006/ 015390 . 12 second execution step 544 of the

first instruétibiiresd phdhe firstdngrusten »l0n theafirst waecutign St?lihisﬁﬁl of the irst
execution st ?x&gﬁgﬁbﬁg{ vvr?fﬁg% anzér%x?gﬁﬁegdé'%é W %cox%ch@xe%&&&ﬁﬁe&@@&% first

t hread 502, 2176f t Irst 1nstruction o
the first pragtractionhofethel faGh prpQﬁﬁSﬂlreéé 5D6,dthe sirddexenutianGiters 546G bithe first

decode step 58 f t fiyst threa S nd ..i.nstructi.gn 2 d
per f or med COF‘H‘?&P&E& I}iﬂ%t &PW%S?’ST% &flapgﬁg%m%bagl%g%péﬁg Qﬁstjﬁﬁﬁé&
si xth threadug&uéﬁbgo&‘mgﬁecdnaqﬁéyghm&m the first execution step
566 of the first _instruction of the fifth programthread 508, the

second d956Liti on It @ pastisulap pmbediment; the decedst siem, tthe Fesistertile apesss, step, the
programthre f

i nstruction g%t%g&mﬁ gﬁgﬁégﬁ‘g’%& %dgggng%g ﬁgﬂjgeeh\g\%ntée@g%ﬁd ghee‘?)me
536 of the fbadk step et mcht oﬁ)ﬂleoi’nstrlteaomeobﬂw p:ogguralthreddsemhbﬁﬂﬂ instruction
[0056] In a e ep r ter, file
hocess, ot epPitpiis tothe BRARER P, EokG s 0aiRR SuBies Byuinber A3k e o
the third ex SikWldcRTysles; Rhat a6 Tkss then bk idsBuctdBGisus k46, setdn ﬁ@ﬂ&b}@festﬁiﬁeach
i nstructions of the pr o?r am threads establish instruction pel i nes

for the progPEgsranhfhe j the memery wait. |E‘E§xamhl‘inbéﬁwé‘1’3‘1@9‘%%"l<f°r the
Ssue rate. g‘é%@“%ﬁ%ﬁ‘% e i3 i e
within the nermr@culanimnboﬁbnene,xammltmk @ycles wompsise acsupencyade. tHuether iin ah
DI 09" 3 {11 ©flefi e cibHGinahl, Hho BmbiA TSGR 90k Sad 52HEd bbb ook
step manner so that a second instruction may be executed in the same super cycle as a

first instruction to which it is linked.
[0057] FIG. 6 shows a method of executing two threads in a lock step manner within a
digital signal processor. Beginning at block 600, a sequencer reads a control register.
At block 602, the sequencer detects that a first program thread is execution linked to a
second program thread. Moving to block 604, the sequencer sets a first program

counter to the first instruction of the first program thread and at block 606 the sequencer

sets a second program counter to the first instruction of the second program thread.
[0058] Proceeding to block 608, the sequencer executes the first program thread. In
other words, the sequencer issues the first instruction of the first program thread to an
execution unit to be executed. At block 610, the digital signal processor executes the
second program thread. In other words, the sequencer issues the first instruction of the

second program thread to an execution unit to be executed. In a particular embodiment,



a particul ar enbodi nent, six clock cycles conprise a super cycle.
* Further, in an illustrative enbodi nent, two or nore programthreads
can be execution linked in a | oek- step manner so that a second .

i nstructio ecuted in the same super cycle as gerddaddeo1ssoo
instruction%{}g%\gﬁ%g?(it is linked. [00§7] FIG 6 shows a method of

executing two threads in a |lock step manner within a digital signal
processor. Beginning at bl ock 600, a sequencer reads a control
register. At block 602, the sequencer detects that a first program
thread is execution linked to a second programthread. Myving to

bl ock 604, tthe isaactinmcsibotiette firstfdndsecqudquogram thead trerexecutédhin € comsthon

instruction of the first programthread and bl ock, 606 t he
sequencer s¥P¥ %9"’?9@%8“@?49 S 8)’3 So ng; 10sqecisiog; sieh: f1% ¢ Yill

the second PIRESRPWIHHE AL sehilhed] ddirRGRE WHethet theirfiCko£AB: thida8 is stalled,
sequencer executes the first programthread. In other words, the

sequencer i ses&iewhether apjimsuctionsexeesion ynit bas feiled toiexequtgandgsteietiomeithel firsh
an executiaq | t b I 0 ol | .
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sequencer | sAtdesisionestedpi 612 if thedfirstipedgram tirkad ib etalled; dentethodgmeinudsho black

to an executjon It to be executed. Ip a particular enbpdinent, 4 i
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that can include six clock cycles. ving to decision step 612, a

stal | cont rispgam theadi he. ithe sald enfealler ¢an anstrnefeer ofherwies cause the sespnd
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cache m ss. , At .deci si step 612, if the firs rogram.thread is
stalled. ¢RIt R BEE prgtion dhured Sien e irst POYGUL R SPPUPE: &
I nstructs t hgsRept stliRehdiidi hread to performa no operation
instruction. Alternatively, the stall controller can assert a stall

on the B8¥dnd prewtinwng ko desirion siep 616, the stallpontrelisn deterrines whether the stall
i nstruct or ' e 0 Ak ead t t P
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instruction. Alternatively, the stall controller causes the second program thread to stall.
At decision step 616, when the stall ends, the stall controller instructs the second
program thread to resume normal execution. The method then continues to decision
step 620. Returning to decision step 612, if the first program thread is not stalled, the
-method also continues from decision step 612 to decision step 620.

[0060] At decision step 620, the stall controller detects whether the second program -
thread has stalled. When the second program thread stalls, the method proceeds to
block 622 and the stall controller instructs the first program thread to perform a no
operation instruction. In an alternative embodiment, the stall controller asserts a stall on
the first program thread. Then, at decision step 624, the stall controller determines
whether the stall of the second program thread has ended. If the stall has not ended, the
method returms to block 622 and the stall controller instructs the first program thread to
perform another no operation instruction. Alternatively, the stall controller causes the

first program thread to stall. When the stall ends, the stall controller instructs the first



has ended, i.e., whether the stall event or the stall condition has

. been cleared. In a particular enbodi nent, when the stalled

I nstruction is executed, the stall can be considered ended. |If the
stall has not ended, the nethod returns to bl ock 614 andl;#'lgﬁ %@%Jﬁo
control | er WR3PU6(14¢287 t he second progr ap thread to perfor P 0
operation instruction. Alternatively, the stall controller causes
the second programthread to stall. At decision step 616, when the
stall ends, the stall controller instructs the second programthread
to resunme normal execution. The nethod then continues to decision

step 620. R%Wg:&gﬁ;@g@%ﬁ% Flﬂm%fl SRecfitlon. THe nhdifod thébprobsead iPdBeisionGas
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programhas not stalled the netho . i'sion step 620 to
deci si on st epond@Bnicitivdoddvicatthatas igenepallysdesignaed 720.h dssilgsteatadein FIG. 7, the

det er mi nes whe r the executjon_ of rogramthr i npl et ¢

' so the nbTIRF sopgupaeH deite Honlddl on R BREHARL R et BoriREY i
returns to bhighd pfde8ssanm4. A agreivane embedimtnthe digital sxel pioedste724 is the
i nstructions of the first programthread and the seqondﬁ&rogram

thread i n andigitelcsignabpracesiRe shavghMellG. 1) nddeserpbeddiesrin. £Hd- € algeshews 2
| ssues the n ) [ <ot ' : ; :
exoout on ungEPIFy SpAFAIEh 730 afl is Mioltd f R B MrEBfook 1p8nd a display
sequencer co#28. nMerover, ar iputideyiceS0iinequpledttb diesdigital istgpalprocassbr 724. As
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coder/decoder (CODEC) 734 can be coupled to the digital signal processor 724. A
speaker 736 and a microphone 738 can be coupled to the CODEC 730.
[0063] FIG. 7 also indicates that a wireless controller 740 can be coupled to the digital

signal processor 724 and a wireless antenna 742. In a particular embodiment, a power
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supply 744 is coupled to the on-chip system 702. Moreover, in a particular
embodiment, as illustrated in FIG. 7, the display 726, the input device 730, the speaker
736, the microphone 738, the wireless antenna 742, and the power supply 744 are
external to the on-chip system 722. However, each is coupled to a component of the on-
chip system 722.

[0064] In a particular embodiment, the digital signal processor 724 utilizes interlea\}ed
multithreading to process instructions associated with program threads necessary to
perform the functionality and operations needed by the various components of the
portable communication device 720. For example, when a wireless communication

session is established via the wireless antenna a user can speak into the microphone 738,



comuni cation device that is generally designated 720. As illustrated
‘in FIG 7, the portable communication device includes an on-chip
system 722 that includes a digital signal processor 724. |na

parti cul ar ' , the digital signal processor 724 |
digital si gﬁyg%gér/{oﬁgfe%sor shown in FIG ,4 and descri bed hkéyihﬁz_e""?f?’é%”?
al so shows a display controller 726 that is coupled to the digital

signal processor 724 and a display 728. Moreover, an input device
730 is coupled to the digital signal processor 724. As shown, a
menory 732 is coupled to the digital signal processor 724.
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signal plpggessor 2 bltot e Srid oF GREAMNE Yirclt LduliiEflionSedsonp iHRCRSIAN
instructi ols associarad wth program t F SAdS necessary to perform
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PCT/ US2006/ 015390 15 Electronic signals representing the user's,

voi ce can bewiiiEnthe Bempy TapEdhy partabls spanmunieatior devive d2Q)i dhe digital signal
processor 724,630, B9k .ok thé}Fetsa%f %ﬁﬁ?ﬁﬁ)‘gﬂ% fHodadk Bt Q%ar%ﬂ]gf b ihfut device

encode the electronic signa rom the~m crophone. i ncom ng
signal s recB0yéds display lvenivallee 726 stha rdisptaya7284 2he SODEC J3Atantd dhe twdreless

CODEC 734 by t wir.el es ontrol.l er 0 t.o be oded and nt
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received via the wireless antenna 742. [0065] Further, before,
during, or dpsteictionseasspsiated yuith envations progsis dBrepds are; pxecyfpdjcopgurrently

during one or more clock cycles. As such, the power and energy consumption due to

wasted clock cycles may be substantially decreased.
[0066] Referring to FIG. 8, an exemplary, non-limiting embodiment of a cellular
telephone is shown and is generally designated 820. As shown, the cellular telephone
820 includes an on-chip system 822 that includes a digital baseband processor 824 and
an analog baseband processor 826 that are coupled together. In a particular
embodiment, the digital baseband processor 824 is a digital signal processor, e.g., the
digital signal processor shown in FIG. 1 and described herein. As illustrated in FIG. 8,
a display controller 828 and a touchscreen controller 830 are coupled to the digital
baseband processor 824, In turn, a touchscreen display 832 external to the on-chip
system 822 is coupled to the display controller 828 and the touchscreen controller 830,
[0067] FIG. 8 further indicates that a video encoder 834, e.g., a phase alternating line
(PAL) encoder, a sequential couleur a memoire (SECAM) encoder, or a national
- television system(s) committee (NTSC) encoder, is coupled to the digital baseband
processor 824. Further, a video amplifier 836 is coupled to the video encoder 834 and



si gnal processor 724 can process inputs that are received fromthe

I nput device 730. For exanple, during the wreless comunication
session, a user may be using the input device 730 and the display
728 to surf t I rnet via a web browser that is errbel;@,?ﬁs ok £k

t he 'rrennryév?ﬁg(%@ﬁ%ﬁe portabl e comunjcation device 720. ez"‘m"'téﬁbg|
signal processor 724 can interleave various programthreads that are
used by the input device 730, the display controller 726, the

di splay 728, the CODEC 734 and the wireless controller 740, as
described herein, to efficiently control the operation of the
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in FIG 8, a play controller 828 and a tduchscreen controller 830
are coUpie8l to t Ae fidthyr ilbistratedindien g antavecasliy COPEC 8§59 can be coupled to the
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processor 824. Further, a video anplifier 836 is coupled to the video
encoder 834 Additiondly2 e 0BicopBoE7860CEN bszowB¢diIBe Microphank amplfier 838 dbi

di spl ay 832 | Vi | ' lf4.8er
836 AL dopPRiEi: afelilas, £ Rkl b AuARHRAGH o bl s 68 BRI 6
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~port 842 is coupled tq the USB caontroller 840. A nepory 844 an
subscri ber F‘H’@hg‘%"’t ?rF ‘H&?&IS@Y@%}C{P@&% /g0 bg foupled, o fhe séﬁ?[ﬂuélﬁ’ ‘SQB?ﬁe
di gital basgpgnd processor 824. Further, as shown in FIG 8, a

digital camera 848 can be coupled to the digital baseband processor
824. | 0e8A] exenpFKr.y8 further indicates that a radio frequency (RF) transceiver 868 can be

coupled to the analog baseband processor 826. An RF switch 870 can be coupled to the
RF transceiver 868 and an RF antenna 872. As shown in FIG. 8, a keypad 874 can be
coupled to the analog baseband processor 826. Also, a mono headset with a

)
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microphone 876 can be coupled to the analog baseband processor 826. Further, a
vibrator device 878 can be coupled to the analog baseband processor 826. FIG. 8 also
shows that a power supply 880 can be coupled to the on-chip system 822. In a
particular embodiment, the power supply 880 is a direct current (DC) power supply that
provides power to the various components of the cellular telephone 820 that require
power. Further, in a particular embodiment, the power supply is a rechargeable DC
battery or a DC power supply that is derived from an alternating current (AC) to DC
transformer that is connected to an AC power source.

[0070] In a particular embodiment, as depicted in FIG. 8, the touchscreen display 832,
the video port 838, the USB port 842, the camera 848, the first stereo speaker 854, the



enbodi ment, the digital canmera 848 is a charge-coupl ed device (CCD)
. camera or a conplenentary netal -oxi de sem conductor (CMOS) canera.
[ 00681 As further illustrated in FIG 8, a stereo-audio CODEC 850 can

be coupled to the anal og baseband processor 826. Moreover | O
anmpl i fier WOR0M625bupl ed to the to the stereo audio &&E@@Q@%yﬁk

an exenpl ary enbodinent, a first ster Yo speaker 854 and a second
stereo speaker 856 are coupled to the audio anplifier 852. FIG 8
shows that a mcrophone anplifier 858 can be al so coupled to the
stereo audi o CODEC 850. Additionally, a m crophone 860 can be

coupl ed to thendkiele8RHME: $58DIHe nhiBlopBd; the FMantBiiatdes Uihe steRiBHREpKBRYs
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t r ansf or ner sighaltproeessos shewn del FIG. &randdesrsihed hewsuy c As iflograted inFlg. 9, a
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530 e RS cier 866 (S Buflelito k D907 apd Uil SR TSI RPBRY
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880 are external to the on-chip system 8 reover, in-a

particul ar hodisyeshronous dyefmje radomaasessa memery (HRRAM)P14, ¢ statiqtaadom
access memory (SRAM) 916, and an electrically erasable programmable read only

memory (EEPROM) 918 can also be coupled to the DSP 904. FIG. 9 also shows that a
light emitting diode (LED) 920 can be coupled to the DSP 904. Additionally, in a
particular embodiment, a voice CODEC 922 can be coupled to the DSP 904, An
amplifier 924 can be coupled to the voice CODEC 922 and a2 mono speaker 926 can be

" coupled to the amplifier 924. FIG. 9 further indicates that a mono headset 928 can also
be coupled to the voice CODEC 922. In a particular embodiment, the mono headset
928 includes a microphone.

{0073} FIG. 9 also illustrates that a wireless local area network (WLAN) baseband
processor 930 can be coupled to the DSP 904. An RF transceiver 932 can be coupled to
the WLAN baseband processor 930 and an RF antenna 934 can be coupled to the RF
transceiver 932. In a particular embodiment, a Bluetooth controller 936 can also be
coupled to the DSP 904 and a Bluetooth antenna 938 can be coupled to the controller
936. FIG. 9 also shows that a USB port 940 can also be coupled to the DSP 904.




interleaved nmultithreadi ng, described herein, in order to process the
»various program threads associated with one or nore of the different
conmponents associated with the cellular tel ephone 820. [0071]

Referring t 9, an exenplary, non-limting enbodi ”F@fmgfooﬁols o
P Py

Wi rel ess rotocol (I1P) telephone is shown and I's genera
desi gnated 900. As shown, the wireleSs |IP telephone 900 includes an
on-chip system 902 that includes a digital signal processor (DSP)
904. In a particular enbodinent, the DSP 904 is the digital signal
processor shown in FIG 1 and described herein. As illustrated in
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a particul afo Sreushsern copfrojler Q06 ad torthedisplay’ COPHQH% ]@93 a I@OQO aisﬁe
keypad indicates that a keypad 1012 can be coupled to the DSP 1004.

[0076] As further depicted in FIG. 10, a flash memory 1014 can be coupled to the DSP
1004. Also, a read only memory (ROM) 1016, a dynamic random access memory °

(DRAM) 1018, and an electrically erasable programmable read only memory
(EEPROM) 1020 can be coupled to the DSP 1004. FIG. 10 also shows that an infrared
data association (IrDA) port 1022 can be coupled to the DSP 1004. Additionally, in a
particular embodiment, a digital camera 1024 can be coupled to the DSP 1004,

[0077] As shown in FIG. 10, in a particular embodiment, a stereo audio CODEC 1026
can be coupled to the DSP 1004. A first stereo amplifier 1028 can be coupled to the
stereo audio CODEC 1026 and a first stereo speaker 1030 can be coupled to the first
stereo amplifier 1028. Additionally, a microphone amplifier 1032 can be coupled to the
stereo audio CODEC 1026 and a microphone 1034 can be coupled to the microphone
amplifier 1032. FIG. 10 further shows that a second stereo amplifier 1036 can be
coupled to the stereo audio CODEC 1026 and a second stereo speaker 1038 can be



910, the LED 920, the nono speaker 926, the nono headset 928, the RF
. antenna 934, the Bluetooth antenna 938, the USB port 940, and the
power supply 942 are external to the on-chip system 902. However,
each of these conponents is coupled to one or nore conponents of the
on-chi p syWoSM6/me25t her, in a particul ar enbodi nent, tE&Wﬁ“?%ﬁ”O

si gnal processor 904 can use interleal’ed nultithreading, as described
herein, in order to process the various programthreads, including
execution |linked threads associated with two or nore of the

di fferent conponents associated with the IP tel ephone 900. [00751 no.
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coupl ed to steendsPIGOUY a pawel supplyal05) can be epupledrte theorechip avstem H02tandy
digital ca 4 7 \Sy

inFl G 1o, pravasphte Bine SR Eodbodli ofe PR 1000 B ol Shig JHin
can be coupl@.to the DSP 1004. A first stereo anplifier 1028 can be
coupled to the tereo, apdi 0 C 1026 .and.a fjrst stereo spe r
1030 c.&W’@e coupﬁeﬂ PPH’“PHE %qgg‘%“%taér’ésmétﬁ‘ﬂalmfﬁll r o S‘SPIai’) l%lf& the

Addi ti onal | ¥eypad 1012 ARANA pBAR0LS, RS diditsd arh@d 1084, R sESerb®spellifer 1030,
st ereo audi OYBCDEC 1026 "and a mi ¢rophéne 1034 can be coupled to the

m cr ophone thgmpriophene 1034.the proond sterep speaker 1038othe sterpet headphonemP40, the

ster e anbl 4 pr 4036 628 HE EISAUA b 1018 B A5G0 oRH 08, GRS JOAD

and a second Stereo speaker can _
PCT/ 11S20065upphy39050 hfe extepabdo tthe tdnechipe Gpstein S1062.0 Hongelvérf iea¢h bH Ihese
In a particul ar _enbodi mantl stereo headphones 1040 catﬂeal S

: .be
coupl 64 t o FHRPRERS off SOERIS GDRRS 1§52 gI0re components on ihe omchip system.
Additionally, in a particular embodiment, the digital signal processor 1004 can use

cLs

interleaved multithreading, described herein, in order to process the various program
threads, including execution linked threads associated with two or more of the different
components associated with the portable digital assistant 1000.

[0080] Referring to FIG. 11, an exemplary, non-limiting embodiment of an audio file
player, such as moving pictures experts group audio layer-3 (MP3) player is shown and
is generally designated 1100. As shown, the audio file player 1100 includes an on-chip
system 1102 that includes a digital signal processor (DSP) 1104. In a particular
embodiment, the DSP 1104 is the digital signal processor shown in FIG. 1 and
described herein. As illustrated in FIG. 11, a display controller 1106 is coupled to the
DSP 1104 and a display 1108 is coupled to the display controller 1106. In an
exemplary embodiment, the display 1108 is a liquid crystal display (LCD). FIG. 11
further shows that a keypad 1110 can be coupled to the DSP 1104,



100781 FIG 10 also illustrates that an 802.11 controller 1042 can be
» coupled to the ASP 1004 and an 802.11 antenna 1044 can be coupled to
the 80211 controller 1042. Moreover, a Bluetooth controller 1046
can be coupled to the DSP 1004 and a Bluetooth antenna

coupl ed t oWPRBYHNEET oot h control | er 1046. As depicted |?€1%%0§6%'8539‘?
USB controller 1050 can be coupl ed tozthe DSP 1004 and a USB port
1052 can be coupled to the USB controller 1050. Additionally, a
smart card 1054, e.g., a nultinedia card (MMC) or a secure digital
card (SD) can be coupled to the DSP 1004. Further, as shown in FIG

10, d
10, 2 R SUPPAY piE0aeRaeds AN CHah HOSATION S SISLEI s
on-chip sys(RﬁM) mcm cah0 B 9doupled atop shret DSPI At 04 nbAdditremdlly, d8 & ritcataed

e g1 ¢ of SRRt Fmi 1 oo pa 1 RSB Mo e

m cr ophone ilﬁ%ant&ec&%%anﬂ thé Qndie @@EE&eIllgoﬁﬂ a &ﬁ&o%@ﬂ@@ 1120 can be
headphones 1040, the ant enna 1044, the Bl uetoofh antenna

1048, the UsBplsdite thegmmlifigndl 18l Q@&biﬁnﬂ@umvteﬁ@m agpigrophens inpyt 1132
the on-chi p,gyshem grgggllﬂoéﬁﬁ\éﬁf) ’be% {o hd o C‘Eﬂfﬂ@'i'?ﬂit Stn'aSparticular

coupl ed to one or € COMponents on i he Jon- o I'p syste
Addi ti onal | gmbddimént rereo h&aﬁphonesrbl?dlcn a]so bd: baupttidgo tie! audnogﬁ@l])EC 1116.

7 or alPBRlo pr ol 1 s, S iy PR o EAG e i) T BB b,

l'i nked t hr egfipledss BeiBSRHL04 tAHdItMAAIY, aPotwer Sipply e 3dichd Bé &dtipled to the on-
conponents associated with the portabl e d| gital assistant 1000.

[0080] Ref eship Ayptam 1HH2-and) qan pravids payserioythe Nagiousi compprentsphbaianda file

an audio fi V. pi ctures experts group audio
| ayer-3 (I\/Pélgyer{izhi@desrialths S &vﬁgy&gﬂ@g general |y designated 1100. As

shown, [0083} audi dnfa lpartiohlay embddiffent, ras| indiestechin dIGC hllpthes@xspleynllﬁmzhe

t hat I | si [ 0 t
erbodi ment ke BB 18 eneho Soeaker T he Plostupionp kb 122, B SR ipput 1124
FIG 1 and thgﬁéfeblhgﬂﬁ)hhﬁéseﬂmé t}?@UsB BUﬁtm@S Q8d tHe polver su%%ly 1 30 iafeldxféynal
controller 1106 is coupled t SP 1104 and a dis ay 1108 is

coupl ed to torbe am@btp@yste@rﬁlp%l ifr@wvexqm@chm thase c@rxéﬁqqsn iy cenplirslforpapor
t he di spl
shgwsI tS Ea? ya eypa né}lﬁlgtggfggmbe c‘é@&“‘ e % q%{ﬁg% ai%lgb %ﬂt w digied

2006/ 11625 7siBETpidEAB061 NE52AMse Rferjeddd hulbthréading) describgpl ledrein, inrorddr @

11, a flash rgt':sess fné Valll(])-l%s p%ggrax% threas s, mciu%.m execution linked threads associated with
two or more of the different components associated with the audio file player 1100.

[0084] With the configuration of structure disclosed herein, the system and method of

executing muitiple threads in a multi-threaded processor provides a way to divide a

program having a plurality of virtual very wide very long instruction word instructions
into two program threads having a plurality of very long instruction word instructions.
Further, the system and method can be used to execute a first program thread in a lock
step manner with a second program thread. The system and method can be used to
execute any number of program threads in the lock step manner described herein. Also,
the system and method can include a way to create a virtuai very wide very long
instruction word instruction from two or more very long instruction word instructions.
[0085] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic hardware,

computer software, or combinations of both. To clearly illustrate this interchangeability



(ROM 1114 can be coupled to the DSP 1104. Additionally, in a
particul ar enbodi nent, an audi o CODEC 1116 can be coupled to the DSP
1104. An anplifier 1118 can be coupled to the audio CODEC 1116 and a

nono speak n be coupled to the anplifier 1118

further ing‘?oc%"g'égmgﬂat a m crophone ig ut 1122 and a SFgF/‘ggzoloé(%]apo
1124 can al so be coupled to the audio C 1116. In a particular
enbodi nent, stereo headphones 1126 can al so be coupled to the audio
CODEC 1116. [00821 FIG 11 also indicates that a USB port 1128 and a
smart card 1130 can be coupled to the DSP 1104. Additionally, a
power suppl yof 1Hasd@wvare rendesofivwapd, evhripos tilhestrative comporsytst blocks] Oédnfigutaians,
provi de power the vari ous coppongents, of .the.audio file, player .
D100 vi at habsshifn PRoGe b tef Bove o esaribed A58V Egisrely” iR b dhei
as i ndi cat edihdtiodlfty. IWhethbe subhSRhaiondli§Sis itrpRemesRMPAChakdvite drh@fNRRD
speaker 1120, the m crophone input 1122, the stereo input 1124, the

stereo headplpmds upamthe particulasgpplinetion ambdesignconsteains imposed gp the avesgll
are external - chi r . .each .of
e ot ) SRR B 8 N SR e o

system Al s@ach particularrapplication, batriuet impletenthtion dbciyidna shoudd notdle interpreted
processor 1104 can use int gl_rlfrﬁﬁved mg%'éithreaa%@g, descri bed herein;

in order to *fF50e _epﬂ@fe PR S49PD FPECRTE c¥ficl udi ng execution
l'inked fobgepads aghecitaise@fVa thethéd\orOhlghRtheh esdrfBed Ginf tiRPHon with the

conponents associated with the audio file player 1100. [0084] Wth
t he confi gurcEbpdimepts disqloged (herein)may| hﬁs@ansi@dealrﬁcﬂr e haxdsstaganim ggsofiware

met hod of ! LGy iaqgrgce 24 J&nﬁBiﬂgﬁ%{l of WY S04 BANGSHHule

provi des a way I'de” a * programhaving a ty of “vir
very w de venay residgin RAM metory) flash nlemost ROM imeaeory, BROM tiaemqay GEPROM

t hreads having a ' of very lo Instructi d

st ot | ondegR i FOM ey eeifienm B ot e e AR CPR QYo oty
a first progimibid 8Rdtordedmbdih kidWalin BORA! Ah leRerplaRCABRgd hidafudMs
h;ead. The system and net hod can be used to execute any nunber of

t

priogr am t hr ea@ed o tha@rocgeser sechgthatethe procerserceanyenl méoraiation fipme and write
system and . 1 NC t r Vi - W

vory Tong. EoRhofin, st Rl 8, Biliaivel ihd Wtask Shokilh Uy e
i nstructi on integrdl fontherprodessrs . THeOPBEdssorhamdethe fstogddel mediom| wlay wesidecin an

appreci ate t t various ill.ustrative l.ogical blocks, .
R Tourat i agh. | B VAN iy rerid 1t 3reoraation (ERRe oF b 0od Jemmingleq fhe
connection  afkrhhtive e PARREHORRAY the GioPdzk ARARND 2 rddid¥B dRRretd RInSITRALEH

as electronic hardwaré, conputer software, or conbinations of both.
To cl early idcomputing deviagios usestesmiithngeabi ity WO 2006/ 116257

PCT/ USZ[Q&Q{ 0153984, previous description of the disclosed embodiments is provided to enable any

person skilled in the art to make or use the present disclosure. Various modifications to

these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the disclosure. Thus, the present disclosure is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features as defined by the following claims.



21 of hardware and software, various illustrative conponents, bl ocks,
configurations, nodules, circuits, and steps have been descri bed
above generally in terns of their -functionality. Wether such
functionality is inplenmented as hardware or software depends upon
the particular application and design gpnstraints inposed on the
overall system Skilled artisans may inplenent the described
functionality in varying ways for each particul ar application, but
such i npl ement ati on deci si ons shoul IatMBe i nterpreted as causing a
departure fromthe scope of the present disclosure. [0086] The steps
of a nmethod or algorithmdescribed in connection with the

enbodi ment;s AGhfEIHeSHAE PRESH: dRitcROnpRRgI ed directly in hardware, in
a software nodul e executed by a procCessor, or in a conbination of :
the two. A sof eWar@regsefntecadmy reside in RAM menory, flash nmenory,
ROM nenory, P . menory, EEPROM nenory, registers,
hard di sk, a F%Jégg%&ééﬁng a’CD-ROM or any other form of storage
medi um known i wheiee the secodd pegeampthacay is &xacatimn livkdd tmhke $irst poogpdoe chréad

t he processor sucﬁ?ltfhat t he processor can read information from and
write informaflbieck 8P pREE: Hdage nedium In the alternative, the
storage medi um BB cBfrolieRtifiddab tHeriktio %Péﬁﬁﬁ&ﬁ@ hnd thB Sed3h@BRBAM thadd
the storage mediumnay reside in an ASIC. The ASIC nay reside in a
conputing devi ce or Whergisthe stall gorieplller is 9pergive tg|peepra A ng eperatign
processor and the s 1 £ S ol in
a conputing device %?(rﬁc%@;ﬂ??;éﬁg%%g{mg%@%d ?ﬁ%‘qépé:agé?fgglé gﬁg&s}@?@g??on
of the disclosed enthedtsmadpsogran prread atperi¢noessnstil eveanin orgaritskeep the

killed in th t k th : t di scl . i :
7ol 11 catfons to  t HBEOSRBUAHERTE NPT 58 P Skery PRt s
skilled in the art, opnsliveRe€pGeIIaId fo ofRkdtida ifu@Stisiedd thededhed fiogrammy be

applied to other enbodi nents without departing from the spirit. or
scope of the discl o%tfed dunpgeachiclnek syele ahwhigh &he fysipreer@ thised i nt ended

to be linted to thecgopedi %ﬂkmﬂpmeﬂsﬁ(_@épﬁhpgécoh&pltogrmh@&ﬁorded
the wi dest scope consistent with the principles and novel features
as defined by the f@oleb@winigked to the firse prog@mtiv®d1. A mul ti t hr eaded
DO o ferefiUPEe b tam el ShoREQ U AR JH 56 a o 88X o

plurality of very long instruction words (VLIWSs) and the second program
thread comprises a second portion of the program having a plurality of
VLIWs, and wherein the program having a plurality of VLIWs is divided

to form the first and second portions of the program.
2. The device of claim 1, wherein the stall event is caused by a cache miss.

3. The device of claim 1, wherein after the first program thread performs a first
successful operation after the stall event, the second program thread restarts

normal execution.

4. The device of claim 1, wherein when the second program thread performs a first
successful operation after the stall event, the first program thread restarts normal

execution.



wherein the second programthread is execution |inked to the first
programthread in a |lock step manner; and a stall controller |inked
to the first program-thread and the second programthread - wherein
the stall controller is operative to performa no operation
instruction on the first programthreagh during each clock cycle in
which the second programthread experiences a stall event in order
to keep the first programthread execution linked to the second
programthread and is operative to performa no operation

instructiqn_on the second program thread during each clock cycle in
uhich ¢ he 3 TRSEeNiEST F COEgSIHEH, a8 05 STAFRIGARIIAOR BB 2t o
keep the secongaprP@hRMutideadcuntmutlskbiRftivelds@euting dnB8r foFSihstRIcABHAM
t hread; wherein the first ﬁrogran1thread conprises a first portion of

a program havi afatdeasppug fithe {rspprogespythresd gnd hstseennd ipsrgraip thysad VLI W)
and the second program thread conprises a second portion of the
program having a plurality of VLIW, and wherein the program having
a pl ural i yTid devide\W clasmdi fuirthedcontprisingranstdl henfrolstcoapled ®ext deast one
ortions of the program 2. Th evice of claim1, wherein the stal
bvent 1's causetsBy hniRenomuat, et Fatipus ulfifie farehene s et
after the fir stighilg@hdthetahlc@Rbnp &isir&tith wditfwHes tat 184 ©6€ 85ty Ifirf BRIgAnh ON
after the stall event, the second programthread restarts - nornal

execution. 4. treadgaditeesesondaragramithreasexnsrignegpastatligeiecond progr am
thread perforns a first successful operation after the stall event,
the first programthread restarts normal execution. 23 5. The

devi ce of 7cTlE davice of glaith ér whemiprthesstaltcantrollemis tomfigurédrs tontpot a signal to
execution unit, the at |east ope instrugctiqn ecutian unit
oelectivel y exBR Fiiges RS SlnBe poEbY ko gnd BRGHeond hredie et
the first progp&foriny epedatibntiieruseSOMdePong taMd sulbaa@nt shignallhe devi ce
of claimb, further conprising a stall controller coupled to at | east
one instruction execution unit, the stall controller configured to

recei ve agstl devR¥®Ptlaird i7?@ﬁéreifnrtﬁ’é@tﬁlh@orﬁ%lléﬂ@%&nffgﬁ?edi B 3dHetisom gl t

when at |east one of the tirst program thread and the second program
thread experi esigesd frgnsthglat leas) one insGuctiphani exhicn et lodst ohapithe firsphragedm

the stall cont {h%aldeorr tﬂesseggn%fﬂrgéﬁn%qh}egd l%lr}“o%%ts a%raisggc%lssf&l%peration after the

end of a stall state produced by the stall event.

9. The device of claim 8, wherein the stall controller is configured to output a normal
execution signal in response to the stall end signal to cause at least one of the first

program thread or the second program thread to resume normal execution.

10. A multithreaded processor device, comprising:
a memory;
a sequencer coupled to the memory;
a stall controller within the sequencer;
at least a first program thread withiﬁ the memory; and
at least a second program thread within the memory;
whefein the stall controller is linked to the at least first program thread and the at

least second program thread and wherein the stall controller is operative to



cause at | east one of the first programthread and the second program
thread to performa no operation instruction in response to the

stall event signal. 8. The device of claim7, wherein the stal
controller is configured to receive a stall end signal fromthe at

| east one instruction unit when at |east one of the first program
thread or the second programthread perforns a first successful
operation after the end of a stall state produced by the stal

event. 9. The devi ceerfdrncd ao opeBationhimsteictiont dreths halehst Ciost progrdne threasl

configured to output, a nor executi.a ignal in response _to the

ctal | 2ond si gnal  t oeSEgel Plopk ST Bruich e REpy: siond BREGRBATCHr cad

or the second progr atpetibhRad stafll ok &t WBrdBOloRRbp B QE 1ehit Fist pidhrarfithread

mul tithreaded processor device, conFr|S|ng: a menory; a sequencer
@

coupl ed to the nenof¥ecutionskinked te thaaf lspst second prigrm Rucadagd dnensrativg fo
|l east a first i i , :
east a Tirs progrg&(}fw {Wo%&tgh'?nsttﬂgnd? erg?tn@%ggsec%d h%@?aﬁn fhrea

second programthre e nenory; e stafl “controller
is linked to the atdirgestack tlosk cysloigrencl the etldash fidst prugram thréalast

second programthread and wherein the stall controller is operative
To 24" berform a noltHsERer aatalLe dLpRBHo R e abiea ssrend PG
programthread durihighdenedutioh Oakedcry Cheat ldastivsCltofiam thicad;@@a8t second
programthread _experiences a stall event in_order to keep the at

least first prO§F&m hafisharossm tusadsampriseadisipartien ofia tregram hegingad
program thread and 5 @ResBfetyRnk glstrQ&fJn%nggmmgfl@EHe%@cond program

instruction on the at |€ast second programthread “during eacf ock
cycle in which the tireadeasprifdsastcqudpgrtaom of tiregadgramdpeingendeslity oft al |

event in order to k he ;at, | east secon rogram,.th Xxecut,i on
T rred Lo the at 1 cSEMWEg net SRR REER0HPhoR bR BF FRIWEISfrbe

program t hread conptoifsrs the firktradt s@@ht ipofioas ofthp pagfaim havi ng a
plurality of very long instruction words (VLIW) and the second
program thread conprises a second portion of the program having a

plurality]0fTheVeli¥é of @Bith Y8R Gt RAAIERM BRIGKAA el pirBlhi ¥ nof
VLIW is divided to formthe first and second portions of the
program 11. Tereraonipwrugtionymdil theiay leagifastairogramehegad resames npsmehd -
program t hread perd orms a no

12. The device of claim 11, wherein when the at least second program thread experiences’
a stall event, the at least first program thread is controlled in order to keep the first
program thread execution linked with the second program thread in a lock step

mode of execution.

13. The device of claim 12, wherein the at least first program thread performs a no

operation instruction until the at least second program resumes normal execution.

14. The device of claim 10, further comprising a control register to indicate execution

linking of two or more program threads.

15. The device of claim 14, wherein the control register comprises:

a first thread execution linking register coupled to the control register;



operation instruction until the at least first programthread resunes
normal execution. 12. The device of claim1l, wherein when the at

| east second programthread experiences a stall event, the at | east
first programthread is controlled in order to keep the first

program thread execution |linked with the second programthread in a

| ock step node of execution. 13. The device of claim 12, wherein the
at least first programthread perforns a no operation instruction

until the at | edsit febehbinplicofnaiitdag sketombfiking regices the st fiellid. The
devi ce of claim 10, furjhgr,ﬁgggyising a control register to indicate
execution |inking ofSSPHACHM! SregrEHcAle88s. 15. The device of

claim 14, wher gisfohlGiefORikiR the 1891 Bleaf LARAR FdhRS: the sEdohd HieldHs R Mted |
execution linking register coupled to the control register; 25 a

first field within with afseeand prégremdhreaecut i on |inking register, the
first field associated with a first programthread; and a second
field within the first thread linking register, the second field
associ at ed6. Thetdevize € claind 1 frvagtenmwhbn e adlue b6the The fdklmatehasfa valuai aftheb,

wher ei.n when a val f the first field matches a value. o he
second fi el d, ssend ieldy ths?%ﬁpgﬂﬁr%ﬂaaadi lﬁgdaepaﬂwf e ok ibon
linked to the s&8ROPLRIPHEGNhAGREIPRAIVAE K EILB oMM Birdt FRIVRIcY BotOf
the first field does not natch the value of the second field, the

first program ficadbe vaugefithe sreand figld dthe &irst psogram theend)is ptddentifed pe
second progra . i i m 16, wherein when the
val ue of the ?F%%?ﬁ |%?%aﬁ%§%§ggﬁ¥h§ﬁggﬁgggo the second field, the

first programthread is executed in a |lock step nultithreading

process w t he secondprogram thread, 18 A_.nqetho rising:

oo vi ng ! BGGYRROPAITh o SEEk fregpis o ot Gompih gl vatue of
instruction wot@ sedovilifidld, BRGlkst o gremahred 1s\bkBagddeh alloek st igltithr&ingOf
instructions; dividing the programinto a first portion to be
executed as a PioFEs Withghe saePrdhpeginhieead: second portion to be
executed as a second programthread wherein a stall controller,
linked to the first programthread and the second program thread, is
oper at i ve 18.A pwthodrcomarisiogioper at i on i nstruction on the first

receiving a program having a plurality of very wide very long instruction word
(VLIW) packets, each VLIW packet including a set of instructions;

dividing the program into a first portion to be executed as a first program thread
and a second portion to be executed as a second program thread wherein a
stall controller, linked to the first program thread and the second program
thread, is operative to perform a no operation instruction on the first
program thread when the second program thread experiences a stall event
in order to keep the first program thread execution linked to the second
program thread and is operative to perform a no operation instruction on
the second program thread when the first program thread experiences a
stall event in order to keep the second program thread execution linked to
the first program thread; and -

writing data to a thread linking register to indicate that the first pro gfam thread is

execution linked to the second program thread.



program thread when the second programthread experiences a stal

event in order to keep the first programthread execution linked to
the second programthread and is operative to performa no operation
instruction on the second programthread when the first program
thread experiences a stall event in ojgler to keep the second program
t hread execution linked to the first programthread; and witing
data to a thread linking register to indicate that the first program
thread is 19eR@cHéthodof dIIKELR, twhetdieths EERPELRARD Hradd ihblugad pl@lityd. The
met hod of claim18, wherein the first programthread includes a
plurality of VMIWorackest §avingp Higt aumberof RS of | nstructions. 20.
The nmethod of claim 19, wherein the second programthread includes a

plurality of VLIW packets having a second nunber of instructions.
21. The nébhbe méthed af ¢lai0l 9, whereai the s¢vend progranm thrérdrindfides npiyralityiobns
is equal to th co unber of instructions..22. The net hod of
chaim 20, wher SAVIERC S PATRE sRbp AFRESF ORR B e ket s | nel udes

ei ght instructions. 23. The met hod of claim 22, wherein each of the

plurality of VLI Wpackets of the first programthread includes four
i nstruct i dhsThsiaetaetaf “g?lffﬁpe“i??’iﬂfhtlhi? flyst avmw@nsaaemgs ek tgdhsecond

program t hr eadgd.B&d B 8BerlPWstrhdifinsuctions. 24. A nethod of operating
a digital signal processor device, the nethod conprising: wusing a

sequencer, detecting that a first programthread is execution |inked

to a sec r hr. ' i Lrst .nr nt er a
firet i notpubl BARSTdEErR, shelhi o B bk bRk SEUTFN B Coskily
pr ogr am count eeightangnictivpsd i nstruction of the second program thread;
and executing the first programthread in a | ock step manner with the

second program thread so that each instruction of the second program

thread i s2exgfe4h&Bod ¥ clAmSUD RhereMidagh bithvRiuedlitd o£ VLIWSROIH &he first
instruction of the first program thread is executed wherein a stal

control I er, |iprewm dreaddnglydesfousinsiuatiansend each oAtk niweliyad oHdW
program thr ead;r)ackéts QP AL prdrkif EﬁrQJdﬁhé‘lug& foQ@ﬁ%%Icki8&. Instruction

on the first program threa t he second progr

24. A method of operating a digital signal processor device, the method comprising:

using a sequencer, detecting that a first program thread is execution linked to a
second program thread;

setting a first program counter to a first instruction of the first program thread;

setting a second program counter to a first instruction of the second program

4 thread; and

executing the first program thread in a lock step manner with the second program
thread so that each instruction of the srecond program thread is executed in
a super cycle in which a corresponding instfuction of the first program
thread is executed wherein a stall controller, linked to the first program
thread and the second program thread, is operative to perform a no
operation instruction on the first program thread when the second program
thread experiences a stall event in order to keep the first program thread
execution linked to the second program thread and is operative to perform

a no operation instruction on the second program thread when the first



t hread experiences a stall event in order to keep the first program
thread execution linked to the second programthread and is
operative to perform a no operation instruction on the second
programthread when the first 27 programthread experiences a stall
event in order to keep the second progyamthread execution |linked to
the first programthread; wherein the first programthread conprises
a first portion of a programhaving a plurality of very |ong
instruction words (yldgh¥én thaeud dxpericheasngalpevegr iarorddr Iis g thesEporidses a

second portion of the program having a pJjuraljty of VLIW, and
wherein the progranpwgm%ﬁﬂ%adpﬂxa‘fvéwﬂlpk@rtom el vosamEad 1o form
the first and %ﬁféﬁé‘i}gthg(ﬂ’rét;p%g?arﬁfthr&eihecoﬁ{p?igé@ﬁms?}%rﬁaﬁ‘&f d%ﬁ‘%)%‘eﬁglf Wvirglaal m

24, further conprising detecting that an instruction o I rst
program t hread has ity eficeer langsnsauriian weonds (Y1-BHs)and theoseand|progrgm

execution of the s r m_thr .10 [ ot al S -
executi on between tﬁ%ga@?cro S %9%?&055%%m;{%gt%0é1ac§q§é Ogﬁgj lléag/g’%naog lglggalrozgm
thread. 26. The met NQ&dWsf andlvelieiei? The pabgramihavinhe phealimpdf PLOYS aswdividedad
is instructed to perform, a.no operation,ins#ruction to maintain | ock
step execution bet WMt firstand seeand porions At WS HTOLRMt he second
programthread until the first programthread clears the stall
condition. 27. The method of claim 25, wherein the second program

t hread i s 2PnErermethediof daigy 24, ffurther coppitsing deteeting that #n insleuction epthe first

execution bet j qr" t et
Chread unti |t ROEFT Sreolat oBiROR AU R Co R i cof RARAE REARRAT,
The met hod of deaskeenndprodramttivead wongintamilock det ectuting Hetvaden dle first

i nstruction of the ecand .program t hr ead, has experi enced a stall
condi tion and g@ﬂ%ﬁ?aﬁﬁng@}&%ﬁ ro%?m(t%]i’ﬁga‘f‘i rst programthread to
mai ntain the |l ock step execution between the first programthread

and the second programthread. 29. The nethod of claim 28, wherein
the first 2prbigrmasthethelcddm %5, pheep ibe sspordrivgranphssad 1s mstrestuh g ppderm

instruction to, %gﬂ%rﬁﬂ'iéh hQRlctiSh RPmERES Ek?&eﬁ@i%ﬁ%ﬁ%e&%ﬁ@ﬂgt

programthread an e first programthread until e second program
thread cl ear sprogensthadad apd thdi secand. pré@am 3readrimsil et fivstbrograw| thicad 28,

wherein the first r ogr mthread is instructed to stall in order
clears the stall condition.

27. The method of claim 25, wherein the second program thread is instructed to stall in
order to maintain lock step execution between the first program thread and the

second program thread until the first program thread clears the stall condition.

28. The method of claim 25, further comprising detecting that an instruction of the
second program thread has experienced a stall condition and controlling execution
of the first program thread to maintain the lock step execution between the first

program thread and the second program thread.

29. The method of claim 28, wherein the first program thread is instructed to perform a
no operation instruction to maintain lock step execution between the second
program thread and the first program thread until the second program thread

clears the stall condition.



to maintain | ock step execution between the second programthread and
the first programthread until the second programthread clears the
stall condition. 31. A data register to control execution of two or
nore programthreads of a nultithreaded processor, the data register
conprising: a first thread execution |$fking register coupled to a
control register to indicate execution linking of a first program
thread and a second programthread; a first field within the first
t hread execution linking register, the first field associated with a

first programthread; second field within the first thread |jnki
register, rBsebnbon 5@%%@3@@%@8@@%%&%%%%%%@55 P
and a stall cog f@ntf 1dck 6 Qxécﬂti&bﬁetfvbelﬁﬁthe BdceBd ?f@gffalfﬁ 2achdand tHeMest

second programthread wherein the stall controllfer is operative to
perform a no opemgan dyeadjunsil thgseqond pongrarh ghreddrdearpthe gieHwprdiiend when
t he second programthread experiences a stall event in order to keep
the first programthread -execution linked to the second program

t hread andliA defpecgistene comrgdexéamtion ofitwvoorap@t ptageam thredds o€&i on on t he

second programthread en the first rogram.t.hread experiences a
stal I event innﬁﬂﬁgﬁm#gnﬂgﬁﬁﬁ¥ﬁieggﬁb t?'Pﬁﬁpﬂﬂﬁthread execution
linked to the f&sd tiRbQDERBIOABRg refiSeEiolpled o  toritto] RIgRekraMddivagad
conprises a first portion of a program having a glurallty of ver

| ong instruction woeksution linkgns efredistimogramdhigad saepnd prpgrag thread;
conprises a se rfd f PEM* : ?e% f

VLI W, and whe?g?%ﬁgﬁé%g?gg%gﬁ$ gg?%gg%a%%ura.@g§ggﬁhgé {?ggdivided
to formthe first amdocdgedmithpdittppogramfthrel program .32. The data
register of claim3 er.ei en, a l.ue of.the first.fi.eld matghes
LSaTue of +nsSRndRatrirthe R e Fe Geis b kit B atseP o
as execution |inkedwith atsé@nd pespedd theQgaam t hread. 29 33. The data
regi ster of claim 32, wherein when the value of the first field

‘mat ches the vaf &@ll gentroller Srleedrip the fypioprogram thicpdanding ghicand piogegtthregd
pdentified to be exghif@lnl fa ol BB LG ERILOGBLARESS W L

the second program thread. e data register e of clalm 32,
wherein the first pmsuctionoh thealirst progravigbread ivhemthe sgesng pragngn thread

instruction word (VLW Rav) Gdn CO4Y il SRLT SRS rd RS kG Second
execution linked to the second program thread and is operative to perform
a no operation instruction on the second program thread when the first
program thread experiences a stall event in order to keep the second
program thread execution linked to the first program thread;

wherein the first program thread comprises a first portion of a program having a

plurality of very long instruction words (VLIWSs) and the second program
thread comprises a second portion of the program having a plurality of
VLIWs, and wherein the program having a plurality of VLIWs is divided

to form the first and second portions of the program.

32. The data register of claim 31, wherein when a value of the first field matches a value
of the second field, the first program thread is identified as execution linked to the

- second program thread.



program thread i ncludes a second VLI Whaving four instructions, and
wherein-the first programthread is |linked to the second program
thread to provide a virtual very w de VLIWhavi ng ei ght
instructions. 35. The data register file of claim 34, wherein the
virtual very wide VLIWis formed fromoghe first VLIWand the second
VLIW 36. A portable comuni cation device, conprising: a digital
signal processor; wherein the digital signal processor includes: a -
first progsahheduteadisted ofdainnil, whegtimwhéhthe aaluc Whehe dirst fichemstebanhk

programthread is execution ljnked to the first, program .thread,,6 such
that when the FRiFgpf 1 seseast ek g’ﬁ&_@%‘&f%ﬂ% l_él‘i"Pgﬁfﬂoé%Pe?ﬁF‘im‘%dﬁéa

second programdck stefHnllfiht@dink ritabd VAt the@X&RH btdam kirBdepge to the
first programthread; a stall controller linked to the first program

‘thread and the second programthread wherein the stall controller is

operative erto . 2thl, 0 L ' £ gram
Chread duftngiaatrioar iR SRRl Dkt HEt bRl o aRERT
experiences a stdllongivenictipm word@LING) Heemg fourdnstifuctiats, pheaginahe sdaoehd

execution |inked to the second progr ead and.is operatiye to
per for m a no- oBGEET BHEICSHMR GG NGRS aR6 R B QU sohlgs e
during each cl agk progedn® thréhdibiiglteditb ehefseEcild pé 8th Wi dMogR6lvide a virtual
experiences a staFI event in order to keep the second programthread

execution | i nkeerytgde NEIW hagingeightingipetiondad; and 30 wherein the
first programthread conprises a first portion of a program having a
plurality of very long instruction words (VLIW) and the second
progr am t Bf €& dnonpgissefleafskhiodd, whertinaie dftuilverypwidg VAEW fsdoinmeg feom

Oive 1o divi ot g VOPnFREReereobd Rl Second por i ons’ of the
program 37. A conputer code assenbl er device, conprising: neans for
el VI NG D Oibie ommunidatton devica, compriomg © Y ! € very Tong

a digital signal processor;

- wherein the digital signal processor includes:
a first program thread;
a second program thread;
wherein the second program thread is execution linked to the first program
thread, such that when the first program thread experiences a stall
event, the second program is controlled to maintain execution
linkage to the first program thread;

a stall controller linked to the first program thread and the second program thread
wherein the stall controller is operative to perform a no operation
instruction on the first program thread during each clock cyéle in which
the second program thread experiences a stall event in order to keep the
first program thread execution linkeci to the second program thread and is
operative to perform a no operation instruction on the second program
thread during each clock cycle in which the first program thread'
experiences a stall event in order to keep the second program thread

execution linked to the first program thread; and



instruction words (VLIWS); neans for dividing the programinto a
first portion to be executed as a first programthread and a second
portion to be executed as a second-program thread wherein a stall
controller, linked to the first programthread and the second
programthread, is operative to perforgga no operation instruction

on the first programthread when the second programthread
experiences a stall event in order to keep the first programthread
execution |inked towhbBRin the e grageg thasadtJotpeidesanfiks ForORES A prygaino
performa no operation jnstruction on the second, programthread. when
the first program t hr eadh?vdngepiehibeel versloag iosiyeinn wordse ey gnddep

the second program t hr eag.,fxsobanPrdal R a%@&nﬁ%ﬁfon%%éﬁ&@ram
thread; and neans for indicating that the Tirst programthread I's

execution linked to the haergpmplumlitgefayh Wy, eadi whegin the piogranahavéiggmal
processor device, conprising. nfﬁ‘?%ﬁ’{’for'dt cting,.that a,firs .
programthread is executﬁlgﬁa%ﬁ?\ e Solséh‘ge%dgtﬁéomgtrhggl?%%n? ?cglé%?ortr%%résns
for setting a first progofepgniner to a first instruction of the
first program thread; neans for setting a second program counter to
a first instruction of the second programthread; and 31 neans for

executing 3t7.h&cBﬁﬁ@t’Ezr&fd@%s@ﬁ?ble%@ﬁ@e,!c@m?riiiﬁ%‘».!( step manner with the
second programthread so that each instruction of the second program

thread i s execueaw fonregeigingarpregramdiaying winlurplity of gery e go ey taps

instruction of the,fi ead is executed wherein a stall
controller, linked {nsfnﬁﬁ%é’n%o?(?sg 6?&%& am thread and the second

program t hr eadmehss fopéivating/the poogpei fnvs afiast portiopes bt exabutedisd 4 fist | on on

the first programthread duri.ng.each .clock cycle in,which the second
e r o ead o pebgrELbrG 3 F FScnd Rerio 15 B terig M Eotdigop e,

program t hread execthtdadRvHetdik &6tall Qokthles 8ERESHo (BE BEHE Bkt BAKd and tHeS
oper ative to perfor ma no oper ation instruction on the seco_nd

program t hread dur i ff§oRbmRgwmiEieadyie prerptiveip peromhng ppasttionspugeten
thread experiences & ﬁlte%*rét p‘?é’g%ﬁx tﬂr@acp&/g&rthé Qec%&?Bro%ﬁ?n g rcl,gperiences a

stall event in order to keep the first program thread execution linked to the
second program thread and is operative to perform a no operation
instruction on the second program thread when the first program thread
experiences a stall event in order to keep the second program thread
execution linked to the first program thread; and '

means for indicating that the first program thread is execution linked to the

second program thread.

38.A digital signal processor device, comprising:
means for detecting that a first pfogram thread is execution linked to a second
program thread; |
means for setting a first program counter to a first instruction of the first program
thread;
means for setting a second program counter to a first instruction of the second

program thread; and



programthread execution linked to the first programthread; wherein
the first programthread conprises a first portion of a program
having a plurality of very long instruction words (VLIW) and the
second programthread conprises a second portion of the program
having a plurality of VLIW, and whereisn the program having a
plurality of VLIW is divided to formthe first and second portions

of the program
means for executing the first program thread in a lock step manner with the

second program thread so that each instruction of the second program
thread is executed in a super cycle in which a corresponding instruction of
the first program thread is executed wherein a stall controller, linked to the
first program thread and the second program thread, is operative to
perform a no operation instruction on the first program thread during each
clock cycle in which the second program thread experiences a stall event
in order to keep the first program thread execution linked to the second
program thread and is operative to perform a no operation instruction on
the second program thread during each clock cycle in which the first
program thread experiencesAa stall event in order to keep the second
program thread execution linked to the first program thread; |
wherein the first program thread comprises a first portion of a program having a plurality
of very long instruction words (VLIWs) and the‘ second program thread comprises a
second portion of the program having a plurality of VLIWs, and wherein the program
having a plurality of VLIWs is divided to form the first and second portidns of the

program.



