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of the Invention [0002] The present invention pertains generally to
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and executing dependent instructions in a packet. [0003] H Background
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vi deo processing, and many other applications. Digital signal processors
are commonly enbedded in a variety of devices such as nobile tel ephones,
personal digital assistants, caneras, video cameras, and portable

conput i ng BXHRAROURD NCrease execution speed, sone digital signal
processors have an itnterleaved nultithreading architecture to support
concurrent execution of nultiple hardware threads. Instructions from

mul tiple tW0BHds &r &ieldof Hrq nyoridon n t he execution pipeline. This
architecture enables the use of aggressive clock frequency while
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permt instructions that are dependent on one another to be grouped in

t he sane iﬂﬁbiPCtiﬂﬁhwR &l- Therefore, an instruction that requires

anot her instruction to Be executed to generate its result and uses it in
its own execution may be packaged into the same instruction packet as the
ot her i nst 0884)i onDigital sigpaberosessarst prat spesialifiedi proceseargrihah ewdeapalleiafer s t he
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be used in image processing, audio processing, video processing, and many other
applications. Digital signal processors are commonly embedded in a variety of devices
such as mobile telephones, personal digital assistants, cameras, video cameras, and
portable computing systems. To increase execution speed, some digital signal
processors have an interleaved multithreading architecture to support concurrent
execution of multiple hardware threads. Instructions from multiple threads are

interleaved in the execution pipeline. This architecture enables the use of aggressive

clock frequency while maintaining high core and memory utilization.
SUMMARY

[0005]  Due to the interleaved multithreading architecture of an embodiment of a
digital signal processor, the execution of each thread has sufficient time to permit
instructions that are dependent on one another to be grouped in the same instruction
packet. Therefore, an instruction that requires another instruction to be executed to
generate its result and uses it in its own execution may be packaged into the same
instruction packet as the other instruction. It may be seen that by giving program code
writers the ability to have inter-dependencies among instructions in an instruction

packet, more flexibility to manipulate program logic becomes pbssible.

[0006] In one aspect of an embodiment of the present disclosure, an interleaved

multithreading pipeline operating method comprises reading an instruction packet



[ 0006] In one aspect of an enbodi nent of the present disclosure, an
interleaved nultithreading pipeline operating nethod conprises reading an
i nstruction packet WO 2006/ 102379 PCT1US2006/ 010339 2 containing at | east
two instr 0¥ PENE023Wt eering a first instruction of the PCTAS2606810B39Ct i on
packet to a first execution unit for %xecution and generating a first
result, steering a second instruction of the instruction packet to a
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steering a second instruction of the instruction packet to a second
execution unit, means for readi ng_the secgnd repister %Regified by t he
[0008] In yet another aspect of an embodiment of the present disclosure, an
interleaved multithreading digital signal processor executing a plurality of interleaved
threads substantially simultaneously, the digital signal processor comprises means for
reading an instruction packet containing at least two instructions, means for steering a
first instruction of the instruction packet to a first execution unit, means for reading a
first register specified by the first instruction and obtaining an operand, means for
executing the first instruction and generating a first result, means for storing the first
result in a second register, means for steering a second instruction of the instruction
packet to a second execution unit, means for reading the second register specified by the
second instruction, means for executing the second instruction using the first result read
from the second register as an operand and generating a second result, and means for

storing the second result in a third register.

[0009] In yet another aspect of an embodiment of the present disclosure, a
computer-readable medium having encoded thereon a method for execution in an
interleaved multithreaded processor, the method comprises reading an instruction
packet containing at least two instructions, reading a first register specified by the first

instruction and obtaining an operand, executing the first instruction and generating a



second instruction, neans for executing the second instruction using the
first result read fromthe second register as an operand and generating a
second result, and neans for storing the second result in a third

regi ster. WOO0@10287? yet anot her aspect of an enbodi nentcofustdeopsmsent
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read from the second register as an operand and generating a second result, and store the

second result in a third register.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more comprehensive understanding of this disclosure may be obtained by
referencing the accompanying drawings when considered in conjunction with the

subsequent detailed description.

[0012] FIGURE 1 is a simplified logical flow diagram of an embodiment of a

processor pipeline;

[0013] FIGURE 2 is a simplified timing diagram of the interleaved multithreading

execution of the processor pipeline;

[0014] FIGURE 3 is an exemplary logical flow diagram of multiple dependent

instructions from the same instruction packet; and

[0015] FIGURE 4 is a diagram of an exemplary embodiment of an instruction

packet format.



[ 0011] A nore conprehensive understanding of this disclosure may be

obt ai ned by referencing the acconpanyi ng drawi ngs when considered in
conjunction with the subsequent detailed description. [0012] FIGURE | is
a sinplifived2000@0282 fl ow di agram of an enbodi nent of &CTISWESHEIY

pi peline; [0013] FIGURE 2 is a sinpli4ied timng diagramof the

interl eaved nultithreading execution of the processor pipeline; [0014]
FIGURE 3 is an exenplary logical flow diagramof nultiple dependent

i nst ruct i gR§CRIPTION ©FSPECIPRE EvODIVEATIet ; and [0015] FIGURE 4 is a

di agram of—an exenplary enbodi ment of an 1 nstruction packet format. WO
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[0016] FIGOKE 1 FISURE Iy prsimplificsglogispl oy didgragr Fnfb emRAimibal fent of a
pr ocessor B Reli M5t 101N ¢nPTAREES pirRiiRelo Ay 16: Mylcheniuh enagtad in a
di gi tal 5 gnal ‘processor specialized in mathematical operations or in a
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in the instructions and direct the instructions to specific execution
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each programinstruc I's an instruction packet that may contain from
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processor, each program instruction is an instruction packet that may contain from one

—

to four separate instructions. Each instruction may comprise a source field that contains
an index into a register file to read a value to be used by the execution of the instruction.
A register file may be thought of as an array of registers accessible by an index into the
register file. In an embodiment of the processor pipeline 10, the register file may have
thirty-two registers, each register being thirty-two bits long, for example. A register file
read operation 20 is then made to read the operands to execute the instruction for a
thread. A plurality of execution units 22, such as four in this embodiment (execution
units 22a-22d) are operable to carry out the execution of the program instructions in the
instruction packet. An execution unit is capable of executing one instruction. A

register file write operation 24 is then performed to save the execution results.

[0017] FIGURE 2 is a simplified timing diagram of the interleaved multithreading
execution. The interleaved multithreading architecture of the processor pipeline 10
enables six instructions from six threads 31-36 (T1 to T6) to be substantially
simultaneously executed. In the embodiment of the digital signal processor as shown,
each program instruction is an instruction packet containing four separate instructions.
Each instruction packet may be executed in seven clock cycles, for example, for
decoding (clock cycle C1), reading the operands from the register file (clock cycle C2),
executing the four instructions (clock cycles C3-C6), and finally writing the results to

the register file (clock cycle C7). While an instruction packet from the first thread is



A register file may be thought of as an array of registers accessible by
an index into the register file. In an enbodi nent of the processor

pi peline 10, the register file may have thirty-two registers, each

regi ster PePpgoaRB™ y-two bits long, for exanple. A regrstseootinioasy read
operation 20 is then nade to read thed operands to execute the instruction
for a thread. A plurality of execution units 22, such as four in this
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in instruction 44 (I3) to perform R[1] = R[4] + R[3]. Thereafter, the contents of register
2 and register 1 are both used as operands in instruction 46 (14) to perform R[5] = R[1]
+ R[2].

[0019] It should be noted that arithmetic instructions, scalar multiplication
instructions, vector multiplication instructions, bit manipulation instructions, logical
instructions, load instructions, store instructions, jump instructions, and other
instructions may be grouped together in each instruction packet. The types of
dependent instructions that can be grouped together into one instruction packet may be
constrained by a number of factors such as resource availability. For example, if only
execution units 22¢ and 22d are operable to perform scalar multiplication and vector
multiplication instructions, then an instruction packet should only contain two such
instructions. Further, such instructions should be ordered as I3 and I4 of the instruction

packet and be steered to those execution units 22¢ and 22d.

[0020] TFIGURE 4 is a diagram of an exemplary embodiment of an instruction
packet format 50. Instruction packet 50 includes a packet header 51 followed by four



instructions fromthe same instruction packet. This sinple exanple is used
solely to illustrate the inter-dependencies that nmay exi st between
instructions in the sanme instruction packet. An instruction 40 (Il) in

t he instr Y@ 2WM133Wket 31 (FI GURE 2) contains the nat remasS2oablosgeer ati on
R2] = R1 + R3], for exanple, to &d the contents of registers 1 to
the contents of register 3 and to wite the result to register 2. The

contents g trﬁﬁ%h§t5§r552grb el gf'g&ﬂé? %gt}@%a@l&togjﬁé PAkket Reddas b1 waliifdudy? (12)

to perform operatio The contents of register 4
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together in each instruction packet. The types of dependent instructions

that can B igftegperipackefet her i nto one instruction packet may be
constrained by a nunber of factors such as resource availability. For
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i nstruction

[0022] Although embodiments of the present disclosure have been described in
detail, those skilled in the art should understand that they may make various changes,
substitutions and alterations herein without departing from the spirit and scope of the
present disclosure. Accordingly, all such changes, substitutions and alterations are
intended to be included within the scope of the present disclosure as defined in the
following claims. In the claims, means-plus-function clauses are intended to cover the
structures described herein as performing the recited function and not only structural

equivalents, but also equivalent structures.



dependent on, i.e. gets its source data from instruction #1 or the
register file. Oher mnner of inplenentation may be used to-indicate

i nt er-dependenci es of instructions in the instruction packet. [0021] It
may be seen fromthe foregoing that by giving programcode wjters the
ability to have inter-dependencies anong instructions in an instruction
packet, nore flexibility to manipul ate program| ogi c becones possi bl e.
The enbodi nents described herein nmay be inplenented in hardware, software
or a conbination of hardware and CEAiMSare. The nunber of instructions
that may be grouped into the sanme instruction packet is dependent on many
design_and inpl enentati on considerations, and the inplementation of four
gr ouped- i nsPpiReslesMed mylithrerding pipeling epersting prethod gemprising; in combipations an
exanpl e and : g f.the clains.
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in detaitdining Ao $sstradtidnl padket heddeearmr 4t Iebwlodnstudesst afekeindt idshieptionay nmake
bstitutions and alterations herein w thout departing

vari ous changes, s | i ons, )
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such cﬁgﬁg§§n5ﬁHﬂgph%ﬂgh&R%ngﬁg; .terations are intended to be included

within the scope o present di’sclosure as defined in the follow ng
claims. |n ddemihiag from the anauglonslependendydnfoehatitsaa ties @stntionsgdkéto cover
t he sFrgctures desc&ibﬁf herei.n as performng . the recited function and
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CLAIMS 1. A}Sbrfo%ﬁlrgl aef?rgﬁﬂ)efﬂt'iloh 'ofgg&%ﬂél ﬂﬂtrﬁ)étf&ﬁ:phage.t Qﬁgéigttgg aTeRnp aTeTe]

conprising, in conbination: reading an instruction p et assoclated with
a firsthreadr ead, the first instruction packet containing an instruction

packet header and at .l easf t instructions, wherejn the instruction
packet h eadﬁ?e”inﬁ @Ifﬁﬁfégmi“ﬁg?rf %@? gf?t HspRcHeapagket iy HHEhex SR i ng

i nt er - depanshenaigeserting d Mt feMati ons in the first instructions packet;
determining fromthe instructi on dependency information in the

i nst ruct i onstegpiagkiatresphesgde detetnaining that iviterr depemiencien eiistbennden tindoattivae in
instr ugt i-ons_in the ff( rst i nscf.r ucti.on P%cl§et " .
¢ first instruction packet, a second instruction of the first instruction packet to a second
execution unit for execution using the first result and generating a second result generated after
performing the first operation of the second instruction packet; and

storing the second result.

2. The method of claim 1, further comprising:
steering a third instruction of the first instruction packet to a third execution unit for

execution using at least one of the first and second results and generating a third result; and

storing the third result.

3. The method of claim 2, further comprising:

steering a fourth instruction of the first instruction packet to a fourth execution unit for

exeqution using at least one of the first, second and third results and generating a fourth result;

and

storing the fourth result.

4. The method of claim 1, further comprising:



performng a first operation of a second instruction packet associ ated
wth a second thread; steering a first instruction of the first
instruction packet to a first execution unit for execution and generating
a first result; steering, in response to determning that

i nter-dependenci es exist between ingtructions in the first instruction
packet, a second instruction of the first instruction packet to a second
execution unit for execution using the first result and generating a
second r esukdadpendirsitregistaf specifiep by therfistrigstiuatior iorabtainp diratopaandif t he
second instructi.on cket; and é%@fing the second result. 2. TRe met hod of
claimi, fu%%?ngc@?r@ﬁtéfa%.ctl% P HET aPerpnd andigeaerpiing the Arsesifie fir st

i nstruction Al i { ikon. usi ng at | east
one of the ?irs gﬁgggﬁg%ﬁhégﬁgﬁfﬁgkgﬁgmﬁgﬁgr ??%g&gﬁgﬁ##ﬁﬂ?esult; and

st ori ng t herdalingdhe sesond regilter Jpeeifivd bipdet sefondlimstracton;f ur t her conpri si ng:
steering a fourth instruction of the i

iLst instruction packet to a fourth
execut i on uffECURRE the SSoRd isEHCURL; "ﬁﬁ‘gé{’e ﬁ'@h’?ﬁ‘ﬂbﬁégﬁf’n’ttﬁ% S§Gopd fegiskdcdd and

third resul t&eaige INRESd Rey@ fourth result; and storing the fourth
result. 4. The rreg’hod of claim1, further conprising: 8 reading a first

regi ster specified by the first instruction to obtain a first operand;
executing t first i.nstryction on the first operand and generating the
first_Pesu!EﬁeH@%VFﬁégéﬁﬁﬂféT@?“P8§ﬁ¥ngn a second register specified by
the first inotipgitHelsebnd résafidh B%iH}‘é‘gi%Pﬁﬁgiﬁ'é@QyﬁtﬂﬁFd PRGbh gy the
second instruction; executing the second instruction using the first

resul t instraetidnpeekethe second regi ster; and generating the second result.
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generating a third result.

6. The method of claim 5, further comprising:

storing the third result in a fourth register specified by a fourth instruction of the first
instruction packet;

executing the fourth instruction using the third result read from the fourth register; and

generating a fourth result.

7. The method of claim 6, wherein executing the first, second, third and fourth instructions
includes executing instructions selected from the group consisting of arithmetic instructions,
scalar multiplication instructions, vector multiplication instructions, bit manipulation

instructions, logical instructions, load instructions, store instructions, and jump instructions.

8. In an interleaved multithreading digital signal processor executing a plurality of
interleaved threads substantially simultaneously, a method comprising in combination, the steps
of:

reading a first instruction packet containing at least two instructions;
steering a first instruction of the instruction packet for a first thread, the first instruction packet

containing an instruction packet header and at least two instructions, wherein the first instruction



i nstruction packet; executing the third instruction using the second
result read fromthe third register; and generating a third result. 6.
The nethod of claimb5, further conprising: storing the third result in a
fourth register specified by a fourth instruction of the first

i nstruction packet; executing the fourth instruction using the third
result read fromthe fourth register; and generating a fourth result. 7.
The nethod of claim6, wherein executing the first, second, third and

f our t hpadkst headdriimrhsdes infotmudiea indeting iimer-dapstdencies ofiastgekions mdhd sadda t he
group consisting of agrithmetic instructions, scalar nultiplication

instr uEﬂ”&ﬁ?,ﬂ p@g@f Eﬁagﬂﬁlﬂﬁq IBFW‘E&PFB?‘FkFW Yetions, bit manipulation

I nStructi oNgsterhifing atorh BRLiRUALLGD ackle%gdérglﬁfeg-ﬂgﬂénﬁ%’ie %%e%n'i&%?ﬁb%' ons,
and junp instructions. 8. In an interleaved multit Feadi ng digital signal
pr oces gothe fxse nstrigtgpnapaphaty al ity of interleaved threads substantially
si mul t aneousl| a t.nod co i si.ng.in conmbination._ the steps . of: reading
a first i nsft?%@gia()tﬂgtdﬁ%ﬂ’é?ﬁoggé%ﬁﬁm? itragtionaaeet {qup firsh &XSeHtien WHE: st eeri ng
a first insih@iag hosteaidt@RpbOAtd biFiht st RRGE o 2 oBtaidihghn b , the
first instructi%n Eackget (I:)ont ail?ll}ipng an instrot?cti on apa{ciel% %gﬁgr and at
| east two ierstutingtthefisst insirestmnand genefdtingta firstatsulict i on 9  packet header

i ncl udes infor nathi n.i ndi'tcati ng i nt er - dependenci es of instructions in the
same i nst r U egéséﬁeé{l 4 E;é’fnggtqrﬂstructi on packet header;

det er m ni NGstedrin@Mntrbpohddsth ek MhgRAL K Rbr- A8 RARMCciel BLSE 2 SRBRIARRELUER of

between instructions in the first instruction packet; steering a first
i nst r ubheifisst imstructien fackestto o secondiexdcotiopadket to a first execution unit;

reading a first register specifi.ed the first instruction and obtaining
an oper and; "€R @ﬁ%f’%o_é‘%trﬁ%ﬁ?li ﬁpg‘flE%E{%é‘qu{}ﬂl %‘IH_Ct{ﬂ%‘ner ating a first

resul t; st ogdeb@inghRe §dcbid ink@fdtioh ubig theSRGABEIIBEH BERTthe KLERT fe %ter hdln
response to determ ning that inter-dependencies exist, a seco

i nst r ueRarang agfl generating a second result; and

storing the second result in a third register;
wherein a start of execution of the first instruction packet of the first thread occurs prior

to a start of execution of a second instruction packet of a second thread.

9. The method of claim 8, wherein reading a first register specified by the first instruction

comprises accessing a source field of the first instruction and reading the first register indexed by

a value in the source field.

10.  The method of claim 8, wherein storing the first result in a second register comprises
accessing a destination field of the first instruction and storing the first result in the second

register indexed by a value in the destination field.

I1. The method of claim 8, wherein reading the second register specified by the second
instruction comprises accessing a source field of the second instruction and reading the second

register indexed by a value in the source field.



the first instruction packet to a second execution unit; reading the
second register specified by the second instruction; executing the second
instruction using the first result read fromthe second regi ster as an
operand and generating a second result; and storing the second result in a
third register; wherein a start of sxecution of the first instruction
packet of the first thread occurs prior to a start of execution of a
second instruction packet of a second thread. 9. The method of claim8,
wher ei h2r ealihewgethod of dainr 8gilsren swpeg itfeisecondyesulten hithist regiseet comprisen

conprises acce n field of the f rst instruction eadi ng
Che t 1 POEssHiigh S ureton ARk By seeSndamstioh sndisSiog e seepra et Joihe e et nod
of cl ajggistbr 1%1@%(131')}% $4160¢ innfle BendtionSleld.esul t in a second register
conprises accessing a destination field of the first instruction and

storing the first result in the second register indexed by a value in the
destlnﬂlo

n n18 wherei n reading.t he second
regi st er specﬂ%‘?r e&v%@mflﬁhhrg@%%glg“ﬁﬁégpﬁ P?eé?r(%?‘f‘b'ﬁflgégﬁgg %gg}nﬂﬂjleéveélour ce
field gfeddbguseanss guﬂﬁttmé@ﬁglmheadigw@@ﬂalr]ﬂoéebs%r %@aﬁﬁﬂan i 8dmbiRhtidnndexed
by a value in the source field. 12.” The met hod of ‘aim 8, wherein

storing thems#sderdreadingan insguciion ﬂ?ﬁﬂ@t eandining pt leantrpwo ms‘uctms,ezslmmg the

destin i cond in ti.on and, st he second result
0>t hetbliligh b Bladb e ES AN el O A b v PR el o SRRT B 15
i nt er | pavedionsr thetah fegetdwd ﬁhs@h@h&ﬁ'reo’éivgﬂ Murdy RELESAR sBERAUhdtRGLSh Rl al ity
of interleaved threads substantially sinultaneously, the digital signal

pr oces¥ic IBEHSHPBPFYEL i n combi nation: neans for reading an instruction

packet cond%&&s%gwgél egégnéﬁﬁ%ﬂnqﬁkg#gk%%VIngmherein the instruction

packet hea |ncIu contr at | east one bit to indicate

when a fi r sieansfistdett@indig, Glont the idtrubi@miackeBeddes tifiteC BéRAGenCRS BEtWRSy Sour ce
data froma second instruction in the sanme instruction packet; mneans for

readln@“WH@OF%@ﬁhﬁﬁﬁﬂ%ﬁwﬁé@ﬂ@* header; neans for determining, fromthe
I nstruction,pac If(?rtstégﬂﬁggrﬁmt 1r§‘§ttrﬁcr:t1oqle(ﬂ"’ztlll1 ORI ESn Bgcth\Fto a first execution

unit;

means for reading a first register specified by the first instruction and obtaining an
operand,

means for executing the first instruction and generating a first result;

means for storing the first result in a second register;

means for steering, in response to determining that inter-dependencies exist, a second
instruction of the instruction packet to a second execution unit;

means for reading the second register specified by the secohd instruction;

means for executing the second instruction using the first result read from the second
register as an operand and generating a second result; and

means for storing the second result in a third register.

14. A computer-readable medium having encoded thereon instructions for execution in an

interleaved multithreaded processor, the instructions comprising, in combination:



instructions in the instruction packet; neans for steering a first
instruction of the instruction packet to a first execution wunit; nmeans
for reading a first register specified by the first instruction and
obtaining an operand; neans for executing the first instruction and
generating a first result; means far storing the first result in a second
regi ster; nmeans for steering, in response to determ ning that

i nt er-dependenci es exist, a second instruction of the instruction packet
to a secondreadiegari instmuationtpackee fra firanthread dienfiyst instnseion packeegintdiging an

specifjed by the secqond instruction; neans for executing the second
instr u@fﬁr‘ﬁﬁﬁ%ﬁg?ﬁ@t lﬁeﬁlgerfqnfdﬁ Ief‘géYYP fnseruchipns. ghareip dhesipstgiedon pasketheaderas an

oper ang Rk HRPREAS i'ﬂ_gicgtiﬁgqﬁ%g-%}%&ﬁéﬂcriés oft ﬂﬂtrﬂ@cgigg IHIe fﬂr'érg | g E#sﬂgctfoggaa&?;o nd

result in a third register. conputer-rea avi ng encoded
t her eon i nsteadicg thensstfuctiorepeskettheaderj N an i nterl eaved nul tithreaded
processor, the instructjons conprising, .in conbination: 11 reading an

i nstructi onéeﬁeég‘lk‘?éf‘g frB‘int ¢ quﬁr‘é‘it{‘r)gﬁ’fi ngafiﬁrem?ef' ERenUgneiGs PEPYSSA insirugtigns

cont ai piRGfIANinkiedioHphilRB Packet header and at |east two instructions,
wherein the instruction packet header includes information indicating

i nt er - dependiesmiog edirgfingtmistiorucfi thefist instredtien packet tonsfirstietecaionpadt et ;

backet “headardiing B et aerichelSORE hise Rl ol Buabnrd in coisigt 1 oc <
i nstructi orexpagti@lthe SiseRkirGion af the st ieia&:hfib&?ﬁlilif’ﬁhd)éen&lﬁﬁn% h sk rdsQfL ruction

packet to a first execution unit; reading a first register specified by
the first iswnnetbe fishresnldinobsespmd regisery oper and; executing the first

instruction_ at. the first execut.ion unit and nerati.ng a first result;
storing t hefrinkt bR §HCERRE M g BperERSSetift oy Seopd PachBhett o
det er nihBifig idsBaétionPacket e peRpMEtRSticNInKE . a second instruction of the
first instruction packet to a second execution unit;
reading the second register specified by the second instruction;
executing the second instruction using the first result read from the second register as an
operand;
generating a second result; and
storing the second result in a third register, wherein a start of the execution of the first
instruction packet of the first thread occurs prior to a start of execution of a second instruction
packet of a second thread by one clock cycle, and wherein the start of execution of the first

instruction packet for the first thread occurs prior to a start of execution of a third instruction

packet of a third thread by two clock cycles.

15. The method of claim 1 wherein the first instruction packet executes during seven

consecutive clock cycles including
a first clock cycle to decode instructions,
a second clock cycle to read from the file register,
a third clock cycle to execute the first instruction,
a fourth clock cycle to execute the second instruction,
a fifth clock cycle to execute a third instruction,

a sixth clock cycle to execute a fourth instruction, and



readi ng the second register specified by the second instruction; executing
the second instruction using the first result read fromthe second

regi ster as an operand; generating a second result; and storing the
second result in a third register, wherein a start of the execution of the
first instruction packet of the first thread occurs prior to a start of
execution of a second instruction packet of a second thread by one clock
cycle, and wherein the start of execution of the first instruction packet
for the firgsevehthedeckowelgrts woité orthe eistes fide;t of execution of a third

instruction acket of a.third thread.by t cl.ock cycles. 15, The t hod
of ol ot m 5 WPEREER e Ren P il stond BRI pak bR b P b Sesnnd Hg KB
consecg&h&@samagﬁﬂpﬂghpgkkmgymging a first clock cycle to decode
instructions, a second clock cycle to read fromthe file register, a

third clock cycle to execute the first instruction, a fourth clock cycle

to execgute e |.NS i O fifth clock cycle to execute a third
instr ug(#i on?&amgtlﬁx(?ﬁpcé%lglctGvggllginetﬂ? grsg%%eéﬂt @ Ogt eoﬁ??%dplflﬁtgl{cﬁﬁlaf’?‘%ﬁ% and 12
a sevemsbeigtbd®ith ehecdeCortdahivad Is@eff@nhélﬁvﬁi&e&diﬂ%afégﬁﬁér b BJr@bbrafdecut i on of
the second instruction packet begins during the second clock cycle and
ends d%ﬂqeﬁ@m&ﬁigéh@ﬁ’fshmé&@fél@n@?@ieg 16. The nethod of claim 1 wherein the
first operation of the second instruction packet associated with the
second thread is perfornmed while reading a register file for operands

cor r espondi Tig hétkod of ddimi hisherstit thosapal kekutich/of tHhBrstkfiadioapasletbstu
wherein the start of execution of the first instruction packet occurs

pri or Prépripthestasqf expcution of the seeopd instractionasket by one cloek evslpacket by one
clock cycle. 18. The nmethod of claim8 wherein six threads are executed
substantially sinmultaneously. 19. The nmethod of claim18 wherein each

t hr eadl®f  tHe méthod bif daiohsl whereinesithesds are sesvaredasubgintially simultaneously.

19, The method of claim 18 wherein each thread of the six threads is executed in seven clock

cycles.

20.  The method claim 13 wherein

the first instruction is selected from one of arithmetic instructions, scalar multiplication
instructions, vector multiplication instructions, bit manipulation instructions, logical instructions,
load instructions, store instructions, and jump instructions, and

the second instruction is selected from a different one of arithmetic instructions, scalar
multiplication instructions, vector multiplication instructions, bit manipulation instructions,

logical instructions, load instructions, store instructions, and jump instructions.

21. The method of claim 20 wherein the first instruction packet includes a number of
instructions of a particular type, the number of instructions not exceeding a number of execution

units operable to execute the instructions of the particular type.

22.  The method of claim 21 wherein the interleaved multithreading digital signal processor

has two execution units operable to execute multiplication instructions, wherein each instruction



cycles. 20. The nmethod claim 13 wherein the first instruction is sel ected
fromone of arithnetic instructions, scalar nultiplication instructions,
vector multiplication instructions, bit manipulation instructions, |ogical
instructions, load instructions, store instructions, and junp
instructions, and the second instrugiion is selected froma different one
of arithnetic instructions, scalar nultiplication instructions, vector
mul tiplication instructions, bit manipulation instructions, |ogical

i nst r uphdketnisxechitedon eathithneed inohsles 154 moe thastvoushltiphication irdhtructighs, and
instructions. 21. The nethod of claim20 wherein the first instryction
packet WhRESHN cRel mpltiRiicpion iptructiqe of gachiitsactin packetis ordeed o expgute fife number

of ins%ﬁ%ﬁﬁﬁ@&ﬁmﬂ?&mﬁéﬁﬁﬁg# Jaymber of execution units operable to

execute the i1 nstructions of the particular type. 22. The nethod of claim
21 wherein the interleaved nultithreading digital signal processor has
two execution units operable to execute nmultiplication instructions,
wherein each instruction 13 packet executed on each thread includes no
nore than two nultiplication instructions, and wherein each

mul tiplication instruction of each instruction packet is ordered to
execute after other instructions of the instruction packet.



