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OF EXECUTI NG PROGRAM THREADS | N A MULTI - THREADED
PROCESSOR BACKGROUND 1. Field [0001] The present

di scl osure generally relates to digital signal

W0 2Wese57s and devi ces that use such proces$&§TAS2pPEB30
particularly, the disclosurk relates to the execution

of multiple programthreads by a digital signal
processor register. Il. Description of Related Art

[ 0002] Advances in technol ogy have resulted in smaller

AIFYSTEMONY METHROD OF EXRCUTING PROGRAM THREADS
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t Bubip dbreadsdy 4 digital signal percgssertegister-| | canera, a
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threads within a nulti-threaded processor. WO
2othey tynesof depieqs thatave gcorpgrairg 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

di scl osed and includes a first program thread and a
second programthread. The second programthread is
execution linked to the first programthread in a
WAL manner. In a particul ar enbodi ment PGIHER006/QE5390
first programthread experi#nces a stall event, the
second programthread is instructed to perforn1a no
operation instruction in order to keep the second

programthread execution Ilinked to the first program
thread. [0006] Further, in a particul ar enbodi nent,
the stall event is caused a cache mss. Also, in a
parti cul ar enbodi nent, thes Yprogram t hr ead
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[0003§)n r es Pohetcanpher patienlay) embodisment, the devige. futiBrapomtisescr deast one
P20 84 eddoiOfhit 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.



3 [00091 Also, in a particular enbodi nent, the stall
controller is configured to receive a stall end
signal fromthe at |east one instruction unit when one
of the first program thread or the second program
MO 0011887 f orms a first successful operation BETES2004145390
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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 embodiment, 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



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 W 2006/ 116257
WCTHSBRT6/ 015390 4 program thread. The dat 2CGTAFRYEAISIN
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[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 a lock step manner with the

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



first programthread, and neans for setting a second
program counter to a first instruction of the second
programthread. Further, the digital signal processor
device includes nmeans for executing the firs ram
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in a super cycle in which a corresponding instruction
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general di agram of an exenplary digital signal

processor; [OO FIG 2 is a general diagramof an

exenpl ary contBRIEFRBESCREPTION E)THEFQR& si gnal
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[0023]F| G 5FIGB 13s QF&&E@ Hla@fahﬂ&ﬂdh@kéxﬁﬂa@ digitald Silhd] pRseSer;

operation of Ital sig
[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. 5 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;



processor shown in FIG 1; [00281 FIG 6 is a flow

chart illustrating a nethod of executing a first

programthread in |ock step with a second program

thread; [0029] FIG 7 is a general diagramo
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[0030] FIG 8 is a general diagramof an exenplary

cellul ar tel ephone incorporating a digital signal

processor; [0031] FIG 9 is a general diagramof an i
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bus 106 is a sixty-four (64) bit bus and the sequencer
104 is configured to retrieve instructions fromthe

menory 102 havi ng a]b%’i‘ﬂiﬂlﬂﬁ;l)_lﬁéﬁﬁl’/ﬂbw (32) bits.
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[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.

[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 queue 136 that



126, 128, 130, 132 can be accessed independently of

each other by the sequencer 104. Additionally, in a
parti cul ar enbodi ment, each instruction cache 122,

124, 126, 128, 130, 132 includes a plurality of
wosdosmbsons, instruction steering data for ®&EAS2006/015390
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instruction. 100361 As illustrated in FIG 1, the
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exdivates dthatu tiiet foath &stroctioa execution unit 114 can execute a shift (S)

instruction, an ALU instruction, a program redirect construct, and a CR instruction. In a
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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 register 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



mul tiply instruction, a multiply-accunul ate

instruction (MAC), an ALU instruction, a program
redirect construct, and a transfer register (CR)
instruction. FIG | further indicates that the fourth
WD061e2sDN executi on unit 114 can execute a KITV¥R20Q68)3390
instruction, an ALU instruc8ion, a programredirect
construct, and a CR instruction. In a particular

enbodi nent, the programredirect construct can be a

zero overhead loop, a branch instruction, a junp (J)
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dal4 Bheseanlsst sach indmetionsexgpitionngl 108, Hoa”g?arliﬁ" ean berwritten to

DR L4 LS B el Ay 881480068, 150 156,

séfgiencer 104 is coupled to a control regi ste’r 162.
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s pesigram threagseinofock4stsp pis slysezived hnstﬁml belay| i, cqnjlmctlon with the
e Qs%ﬁét?cﬂfo%lé gt all event such as a cache mss, the

rea I'nkedto the stalled programthread can be
[0042] nst r uRefettingy td FEGSRAlkh exemplap), | ivn-lindififlg tepntjodivhent rofon €ontrol

fion ins cti u t he stall
O Se A R ek e 00. T s oS it 200
t hchides & tHadt |tlﬁ'@ad3é)@glit%ml kM3 aeLiRaMIaS a s&dhd Wabalexeution linking

performa stall until the stall event is cleared. This

ERgiRtar 296, andew thind fhreaduexesntiorHrking ragiptea 208 h Hagkl $hrpad execution
'Wiatﬁﬁng gg@sté&oﬂ%t hiechuResdPhR £e1l2160Y delorfCRLEDES 1:0hid ield

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 register
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




description of FIG 6. [0042] Referring to FIG 2, an
exenplary, non-limting enbodi nent of a contro

register is shown and is generally designated 200. As
shown, the control register 200 includes a first

WO Wae116388cut i on | i nki ng re%bster 204, a secoRETURI0A%eYS390
execution linking register and a third thread
execution linking register 208. Each thread execution

l'i nking regi ster 204, 206, 208 includes a first field
210, a second field 212, a third field 214, a fourth

f | pbfdiatekbitita fﬁ'ﬂﬁl%!o%rhtﬁ'tﬁe% BAddifiéhatly, st bilktH fiell 420 3Peach thread
[0043] In a particul ar enbodi nent, the first field 210
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field 216 of each thread execution |inking register
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PGIpadsaid eibadiafat, a3emnd exdcatic@mlink dah be pfagtdnimedt ginputting a one

t hread, .Additionally he. i xgh field 220.0f ch .
¢t i e o1 giors Bothe, BpoTS SReCER 1505, weister 206

asmgh@daﬂsi Yt @ge&dﬁshfhnnzrdaﬂ b3 PrdRsRRasd b GAftng Do (1) within

particul ar _enbodi nrent, two or nore programthreads can

beoneion see fidgewilein heshind piseutiondinlingirpeibier ecut ed
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t he second programthread will be executed in
stiagrugtiom3tthe sixth programthread. Further, i n

artic r
w1 AR B SRS 3G S
f i moriden 348tthatreah be eseated ds £ fifse piogeim thidalliand arsa@na péition 320 that
206. . Addi ti.onal I%/Hn@a third execution |.ink can

o508 A S DR GHEA, 145 SHOPIIR £ Gy e gbpartion 318
(i vt abdvLIW JoDifichc 8 Ehiriiiubi 200 888 ibfotion 324, o

208, [0045]) FIG shows a virtual very wde very |long
i ribird u@trumn\ﬁaﬁwwfpwh ingleuctigm 328 dAdtBO@lallzx.sthe second portion 320

L1884 1610 bth 52, v

i nigstrugtion 334, 30dla faurthtinstactionsi36u Ouring op&btiory tHedfitst program thread

| &t a'i)ﬁs%ed %n tﬁg %Ist %ortlon ﬂS 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.



instruction 310, a sixth instruction 312, a seventh

instruction 314, and an eighth instruction 316.

[0046] In a particul ar enbodi nent, the very wi de VLIW

300 can be "split" into a first portion 318 that SAN <300

we208s/e6i’ed as a first progran1thread and a ZELERYO6NIS

portion 320 that can be eXfcuted as a second program

thread. As shown in FIG 3, the first portion 318 of

the very wide VLIW300 includes a first instruction

322, a second instruction 324, a third instruction
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assenbl er creates a programtnrea
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[6051] As depicted in FIG. S, 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 steﬁ 544, a third execution step 546, and a writeback step 548.




assenbler can wite a one to the control register to
indicate that prograns are |inked and are to be
executed in a | ock-step multithreaded nmanner. The
nmet hod ends at state 410. [0050] Referring to FIG 5,
WORNENHI57 et hod of nultithreaded operation f B T/HS2006/015390
digital signal processor i¥l shown. FIG 5 shows the
nmethod as it is perforned for the first instruction
of six independent programthreads and the second
instruction of the first programthread. In
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program thread 506 also includes a decode step 550,
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step 570, and a vvrlteback step 572. ° Mbreover,
f i first instrustion of the second prograni thrdad ﬁ%gmd thet sﬁc@nlobxsmon step 520 of
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Fi nal | as, de ted.in G b5,
{ HIOEBRR 08 FARSTOBROG POt irectRl Ekh b6 Fekifiors s ccess step 552 of
| NiBe ek snsBuetRMATheSfofith pRBrandthecadisob ahe fitsk Bxecution 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 program thread 506, the

-



access step 588, a first execution step 590, a second
execution step 592, a third execution step 594, and a
writeback step 596. [0053] In a particular enbodinent

as indicated in FIG 5, the decode step 526 of th

WO 206/41637 r uct i on of the second programthrea'écTia’l?}%wi”é"15390
perfornmed concurrently wi t h'% he register file access
step 516 of the first instruction of the first program
thread 500. The decode step 538 of the first

instruction of the third programthread 504 is
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f iifsstrativesanthodiment, torb ot imere ﬂrogrdmphmgism bé BmdtnﬁDI&)ked frea lock-
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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,



instruction of the fourth programthread 506, the
third execution step 546 of the first instruction of
the third programthread 504, and the witeback step
536 of the first instruction of the second program
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decode step, the register Pl e access, step, the
first execution step, the second execution step, the
third execution step, and the wite back step for
each of the instructions of the programthreads
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the first instruction of the second programthread.
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programthread to an execution unit to be executed. In
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instruyction execution unit has failed to execute an
i thesad is@ﬂetgf When the sggond 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 returns 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



programthread. The first programthread can stall to

a stall event such as a cache mss, At decision step
612, if the first programthread is stalled, the

met hod continues to block 614 and the stall

wonewakd2er i nstructs the second program t hr e RETE$2006/015390
performa no operation insttruction. Alternatively,
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736, the Imcrophone 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 interleaved
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 microphoﬁe 738.



628. Returning to decision step 620, if the second
program has not stalled the nethod junps from
deci sion step 620 to decision step 628. [0061] At
deci sion step 628, the sequencer determn nes whet her
WOS08d6357i on of the programthreads i s conpPEE/BS2096/015390
so, the method ends at stat® 630. On the other hand,
the method returns to block 608 and the sequencer
continues to execute the instructions of the first
programthread and the second programthread in an
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i figtial sigmalpreeesgsn shewry BeFIG. 1 and described herem 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
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signals representing the user's voice can be sent to
the CODEC 734 to be encoded. The digital signal

rocessor 724 can performdata processing f 6‘%3
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m cr ophone. Further, inco 6ng signals received via

the wirel ess antenna 742 can be sent to the CODEC 734
by the wireless controller 740 to be decoded and sent
to the speaker 736. The digital signal processor 724
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system 822 that includes a digital baseband processor
guuer 8621 Fanthessiére hésdpkangs 864 eanchesroupled tothe mﬁrecaa@o CODEC
§3 pled together. In a particular enbodi nent, the

gi tal baseband processor 824 is a digital si gnal
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[ descri bed herein. illustrated. in
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processor 82 In tam a touchscreen spl ay ]
exupledidd the mlpgohaaehaqd pyesemBi®? Adsoccupland hesdsdtewith a

SRRSO BALbE o ALt B BRSSP 8 Rl o
evibratde de834378cag . be coupibd &ethea labAogbdselupd|pravessor 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.

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



(PAL) encoder, a sequential coul eur a nenvire (SECAM
encoder, or a national television systen(s) conmttee
(NTSC) encoder, is coupled to the digital baseband
processor 824. Further, a video anplifier 836 is
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Al so, a video port 838 is coupled to the video

anplifier 836. As depicted in FIG 8, a universal
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Bﬂ? to %ixm ég; 9%? 0FI 9a er 1nélca%t%rﬂr3§natmono heagse\tl\SZS can also
be coupled to the voice CODEC 922. In a particular embodiment, the mono headset
928 includes a microphone.

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.



provi des power to the various conponents of the
cellular tel ephone 820 that require power. Further,
in a particular enbodi nent, the power supply is a
rechargeable DC battery or a DC power supply that is
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transfornmer that is connect®ed to an AC power source.
[0070] In a particular enbodi nent, as depicted in FIG
8, the touchacreen display 832, the video port 838,
the USB port 842, the canera 848, the first stereo
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| .
S G RFBROR AP AAPEL 1072 GancberfoRElef i 35 1P Wi aciiorally, in
particular embodiment, a digital camera 1024 can be coupled to the DSP 1004.

As shown in FIG. 10, in a particular embodiment, a stereo andio 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



be coupled to the voice CODEC 922. In a particular
enbodi nent, the nono headset 928 includes a

m crophone. [00731 FIG 9 also illustrates that a

wi rel ess | ocal area network (W.AN) baseband processor
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932 can be coupled to thel9ALAN baseband processor 930
and an RF antenna 934 can be coupled to the RF
transceiver 932. In a particular enbodi nent, a

Bl uet ooth control | er 936 can also be coupled to the

DSP t oot h 938 l.ed
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‘f)fa?&‘?mcﬁ al W@Me? e{pee?tg g%ﬁb%u&ﬁg Iqﬁ%ﬁﬁ’& (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,




(EEPROV) 1020 can be coupled to the DSP 1004. FIG 10
al so shows that an infrared data association (IrDA)
port 1022 can be coupled to the DSP 1004.
Additionally, in a particular enbodinent, a digital

woammsras23024 can be coupled to the DSP 1004. RAJUIS2P06/835390
shown in FIG 10, in a par20icul ar enbodi nent, a stereo
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audi o CODEC 1026 can be coupled to the DSP 1004. A
first stereo anplifier 1028 can be coupled to the
stereo audi o CODEC 1026 and a first stereo speaker
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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 virtual very wide very long
instruction word instruction from two or more very long instruction word instructions.
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



interleaved nmultithreadi ng, described herein, in order
to process the various program threads, including
execution |inked threads associated with two or nore

of the different

WIPEHE7 di gi t al
FIG 11,
audio file

an exenpl ary,
pl ayer,
group audio | ayer-3 (MP3) player is shown and
general ly designated 1100. As shown,

conmponents associated with the

assi stant 1000. [0080] Ref ePET/HER0PG015390
non?}imiting enbodi ment of an
such as noving pictures experts

is

the audio file

RifalRdwatd ORdi SFWARE Syadidud Tivsthtive SotihoREntd, 1 BRckd)adonfigurations,

includes a digit

al "signal processor (DSP) 1104. In a

pragdulasy Piaguitsc pisb stepre have basa dospibed Glioves gensealkyi igi temns of their

O3hatlil; ©

reln.

B

“FhRE, PR finlshoii s jyBlheg PR

.y:Q&\gare or software

adepéride e thikl6ticutar appijdatioh il ddsign dOffratitd Anpused an the overall

Sy Wylied sy
3eabl

that” a ke
Z@@@Bi@ﬁ@é@

toos] 0P\ S 1B 1ol o 4 hefy

S B e et
e sppial
ke [1osrtbe snope sbibe presant fiiselesyre. As f ur t her

§ .{y%lvemr ing yways for
ofli AP bt itopleRibntafidrdecibons SRSt be RRreted
d | he DSP 1104. WD

can be coupled to t

féra
can

D el A afhbf win e

lehibbdinteael disclosel| herein may yrachbodiddadirectipiin diardsvate, ia software

%ﬁ% %&1 h@

ARy RsidP APRANE
anplifirer 1118.

eRloryl Habh fidMo

116 can be coupleq.to the DSP 1104. An
RSB oA SBTIPR O Bk ARV feodule

ROM YRiRAly, (FR GNM8nemory, EPROM

Fl 11 Ant h@Fe i ndi cates that a

rimemeyhBERR OMomemorypregistens hardslisky atemavpble diskoa CPaROM, or any

58

par

B 38 ol

SReubllhgoragy motium i

Aot B B e

%

-

adoaipletd o thefrbeEsol Gudbhthatathel ipfocesshibéan rtddinfér{afidy flol(Gand write

11 _al sp indicates that, a USB port 1128
dafogmatiozotog e Herage RiFHuBY

rocéssdtO\Vehe
system 11

Aflfdetal &

t he“on-

B

d a snmar

theialtepagive, 1(3% storage mec{ium may be
gﬂﬁ&#&:&ﬁ%%e%ﬁﬁa meGUR

£y rhide i
2 and can provi de power t%rt rlufman

vABICou She ovpléh sray sresifle tiher eqnappubing j degrice piray aser1te@oingl. a In the

e e bR A et it e PRl 5T

cgt& coPR?élents in

Se

t h@mputiPpasiidelotGserttérnimapno speaker 1120, the

m crophone input 11

2, .
[0087]) 5t er e S @EIING Hs%cnr.gi%ﬁt tFﬁ@S%@s
I%%%ﬁ sRBP Vihd 33 %0 Bfake 6048

each of these ‘conponents is couple

However,

e ster 1124,

E@?gﬁ%tmts Is %rﬁﬂid%%h@ enable any
kRresehtQidcMRufdn Vidiols ﬁ%gﬁﬁt@gﬁons to

dh@seémboc}meatscwiﬂpmmibl appatehictoghosstskitled yms thenart, And the generic

PR bl R I Bl

Unef

eave

L .

cthe spitibexdschpe of the disclosurde Thig) 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.



process the various programthreads, including
execution linked threads associated with two or nore
of the different conponents associated with the audio
file player 1100. [0084] Wth the configuration of
structure disclosed herein, the system and net hod of
executing nmultiple threads?23n a nulti-threaded
processor provides a way to divide a program having a
plurality of virtual very w de very long instruction
word instructions into two programthreads having a
plurality of very long i Ngt rlﬂgm'on word instructions.
Further, the system and rretl'ho can be used to execute
IVHATIS GLAXMEDIShread in a lock step manner with a
econ rogra hread. .The system and net hod can be
sed gﬁulg@g@a%d;prgwsqqg%gq,c PMr am t hreads in the
| ock shRPpdRRBEhred@sma bed herein. Also, the system
and nethod can include a way to create a virtual very
wi de %eacond pragram theeadiuct i on word instruction from two
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di scl osed herein may be inplenented as el ectronic
hardware, conputer software, or_ conbinations of both.
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departure fromthe scope of the present disclosure.

[0086P The steps of a nethod or algorithm described in
g@n With the enbodinents disclosed herein may

be enbodied directly in hardware, in a software

nodul e executed by a processor, or in a conbination of
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EhdeBSMI operation affee the Statirevent ) the sbcondprograny thread sdstaets dorsal
a CD-ROM or any other formof storage medi um known
CREPH@-art. An exenplary storage nediumis coupled to

t he processor such that the processor can read

information from and wite
6. The device of claim 2, wherein when the second program thread experiences a

stall event, the first program thread is instructed to perform a no operation instruction in

order to keep the first program thread execution linked with the second program thread.

7. The device of claim 6, wherein 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.



information to, the storage nmedium In the
alternative, the storage nediummy be integral to
the processor. The processor and the storage nedi um
may reside in an ASIC. The ASIC may reside in a
conmputing device or a user termnal. In the
alternative, the processorZdand the storage nedi um may
reside as discrete conmponents in a conputing device
or user termnal. [00871 The previous description of
t he di scl osed enbodinents IS provided to enable any

ers skille ke or use t ent
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processor device, conprising: a first programthread;
“and a second programthread wherein the second

ogr '
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erien stall event, the secon rogr thr ead
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linked to the first programthread. 3. The device of
claiml, wherein the stall event is caused by a cache
SS. ,
)2 Tt 350D 5, lerct Rl Bt coleEls b BE G fbut
dur| nggeich cl ock cycle that the first programthread
is stalled due_ .to, the stall eve 5. The device of
& o5 a4 leaghne of fhedirstarogra @P@@H&%ﬁf%wwga&md 0
perf opdfort first successful operation after the stall

event, the second programthread restarts nornal
ano operatlon instruction in response to the stall event signal.

12.  The device of claim 11, wherein the stall controller is configured to receive a

stall end signal from the at least one instruction unit when at least one of the first
program

thread or the second program thread performs a first successful operation after the end
of

a stall state produced by the stall event.

13.  The device of claim 12, 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.

14. A multithreaded processor device, comprising:



execution. 6. The device of claim2, wherein when the
second programthread experiences a stall event, the
first programthread is instructed to performa no
operation instruction in order to keep the first
program thread execution |inked with the second
programthread. 7. The de¥ce of claim®6, wherein the
first programthread perfornms a no operation
instruction during each clock cycle that the second
programthread is stalled due to the stall event. 23
8. Thgngﬁﬁbge of claim7, wherein when the second
programthréead perfornms a first successful operation
af t er a sdqeersedaupled énthe mehwory;i r st program t hr ead

rest art,s, nor nal xecution. 9. The device of claim1,
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signal fromthe at |east one instruction unit when at
| east one of the first programthread or the second
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17.  The device of claim 16, wherein the at least first program thread performs a no

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

18.  The device of claim 14, further comprising a control register file to indicate
execution linking of two or more program threads.

19.  The device of claim 18, wherein the control register file comprises:

a first thread execution linking register;

a first field within the first thread execution linking register, the first field
associated with a first program thread; and

a second field within the first thread linking register, the second field associated
with a second program thread.



first programthread or the second programthread to
resume normal execution. 14. A nmultithreaded
processor device, conprising: ' 24 a nenory; a
sequencer coupled to the nenory; a stall controller

wi thin the sequencer; at least a first programthread
within the nenory; and atsl|east a second program
thread within the nmenory; wherein the at | east second
programthread is execution linked to the at |east
first programthread so that when the at |east first
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linked to the at least first programthread. 15. The
seopné prograntihegadh 14, wherein the at | east second
programthread perfornms a no operation instruction
until the at least first programthread resunes nor nal
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execution Tinked wth the second programthread in a

| ock step node of execution. 17. The device of claim
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pietigidaompesiiges nor rral execution. 18. The devi ce of
claim 14, further “E“Shyg igont{md ister file
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VLIWs having a first number of instructions.

24.  The method of claim 23, wherein the second program thread includes a plurality

VLIWs having a second number of instructions.

25.  The method of claim 24, further comprising writing data to a thread linking

register to indicate that the first program thread is execution linked to the second
program thread.

26.  The method of claim 24, wherein the first number of instructions is equal to the

second number of instructions.

27.  The method of claim 24, wherein each of the plurality of very wide VLIWs
includes eight instructions.



20. The device of claim 19, wherein when a val ue of
the first field matches a value of the second field,
the first programthread is identified as execution
linked to the second programthread. 21. The device
of claim 20, wherein when the value of the first field
mat ches the value of the 2econd field, the first
programthread is executed in a |lock step

mul tithreadi ng process with the second programt hread.
22. A nethod of partitioning a progran1to operate in a
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I nStructions. . The method of claim27, wherein
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thread i ncludes four instructions and each of the
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31.  The method of claim 30, wherein the second program thread is instructed to
perform a no operation instruction to maintain lock step execution between the first
program thread and the second program thread until the first program thread clears the

stall condition.

32.  The method of claim 30, 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.

33.  The method of claim 30, 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.



setting a second programcounter to a first

instruction of the second program thread; and
executing the first programthread in a | ock step
manner With the second programthread so that each
instruction of the second programthread is executed
in a super cycle in which7a corresponding instruction
of the first programthread is executed. 30. The

met hod of claim 29, further conprising detecting that
an instruction of the first programthread has
experienced a stalled condition and controlling
execution of the second programthread to maintain
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a first thread execution i nking register;
second program thread.

38.  The data register of claim 37, wherein when the value of the first field matches
the value of the second field, the first program thread is identified to be executed in a
lock step multithreading process with the second program thread.

39.  The data register file of claim 37, wherein the first program thread includes a
first very long instruction word (VLIW) having four instructions, wherein the second
program thread includes a second VLIW having four instructions, and wherein the first
program thread is linked to the second program thread to provide a virtual very wide
VLIW having eight instructions.



a first field within the first thread execution
linking register, the first field associated with a
first programthread; and a second field within the
first thread linking register, the second field
associated wth a second programthread. 37. The data
regi ster of claim 36, wher2din when a val ue of the
first field mtches a value of the second field, the
first programthread is identified as execution |inked
to the second programthread. 38. The data register
of claim 37, wherein when the value, of the fir ield
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wher ei n eadhirdthread ditransosiated withia thigd peagram tread;

conpri ses: ' r . Dt .asSOC] ' first
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43.  The data register set of claim 41, wherein a first execution link can be
established between at least two program threads by writing a data value to at least two
of the thread bits within the first thread linking register.

44,  The data register set of claim 43, wherein a second execution link can be
established between at least two other program threads by writing a data value to at least
two of the thread bits within the second thread linking register.

45.  The data register set of claim 44, wherein a third execution link can be
established between at least two other program threads by writing a data value to at least

two of the thread bits within the third thread linking register.

46. A virtual very wide very long instruction word (VLIW), comprising:



thread linking registers. 43. The data register set of
claim4l, wherein a first execution |ink can be
establ i shed between at | east two programthreads by
witing a data value to at ]Jeast two of the thread
bits within the first thread |inking register. 44. The
data register set of claim43, wherein a second
execution link can be established between at [ east
two other programthreads by witing a data value to
at least two of the thread bits within the second
thread linkin ister. 45. The data regi ster set of
Clalﬁihﬂﬁaﬁhﬁ%@ﬂﬁgan@hlrd execution link can be

esta hr eads
*2, egsﬁgss°b°§§t ava ]I%ike ap} 3 e%&?&eélﬁ%{ugggmlt hr ead
mmﬁucmthl nthe third thread linking register. 46. A
virtual very wi de very long instruction word (VLIW,
conprising: 29 at least a first VLIW and at |east a
@ecorﬂe\l&h\sﬂér?m VW Beclhid 44, viiSfelh he Bkt '\mw M@[h&é%'four
word 1nstru 47. The virtual very wide VLIW
insteictionsand wierci the s¢vend VEEW indludes fove finstrueticngur
instructions and wherein the second VLI Wi ncl udes four
instructions. 48. The virtual very wide VLIWof claim
A7, CoRRihii Vdy $iddVLIWSE éluiet 47 86mpréing diple indtrukticis.
very wi de VLI Wof claim46, wherein the first VLIWis
part of a first programthread within a nultithreaded
% a secong pérggvp%e?nvt ?Q%m% teﬁm;éﬁprru ?fStYmL‘ggvdigﬁm%H
procdistor device. 50. A portable comTunl cation

deV| o e?cgg{ﬁgﬁna n‘g it 38 'rE) %lfs s élgié} aﬁ%&’?‘ﬁ&&%é segond VLIW

f| rstls program t hread; and a second programthread;
wherein the second programthread i s execution I|i nked
nagt offaseqond progrm Sueadiithin o sultithrgaded Presesspndsyicene i rst
program thread experiences a stall event, the second
programis controlled to maintain execution |inkage to
Sthe fA pattable communication device, comprising:

a digital signal processor;
wherein the digital signal processor includes:

a first program thread; and

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.

51. A computer code assembler device, comprising:

means for receiving a program having a plurality of very wide very long
instruction words (VLIWSs); 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.

52. A digital signal processor device, comprising:



programthread. 51. A conputer code assenbl er device,
conprising: neans for receiving a program having a
plurality of very wide very long instruction words
(VLIWs); and neans for dividing the programinto a
first portion to be executed as a first program
thread and a second porti@ to be executed as a second
programthread. 52. A digital signal processor

devi ce, conprising: 30 neans for detecting that a
first programthread is execution Iinked to a second
program thread; neans for setting a first program

countBpang gorlefecting thptpsfist program thiead isexeqution linkadde p sepond
gltaﬁﬁgp‘?mém.ans for setting a second program counter to
I'rs

I'nstruction of the second programthread; and
meansméans fepsettmg iarfiystiphogrdm cantqtog fesridstracd off thedirktoc k
stgﬁn} nner with the second programthread so that
B uction of the second programthread is

execUheshs féﬂheﬁin? \4REon8 YdgPanh Boudifer 6dla ArsE RfrEcHRR Bf e Gecond
instruction of the first programthread is executed.
program thread; and

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.



