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| NSTRUCTI ONS FI ELD OF THE I NVENTI ON This invention relates generally co the
instruction set architectures (ISA) of processors. Mire particularly, the
invention relates to instruction set architectures for the execution of

oper ati onswaidiBigas a si gnal processing integrated circui (HGROUND OF THE
| NVENTI ON Single chip digital signal processing devi ces‘;cZD P) are
relatively well known. DSPs generally are distinguished from general

pur pose m croprocessors in that DSPs typically support accel erated
arithnetic operations by including a dedicated nmultiplier and accumnul at or

(MAC) for performing multipli E&FFGh P ATPRRATIS nunbers. The instruction
set for a typical DSP device usually imeludes a MAC instruction for

perform ng multiplication ofydjew--LQpe gpq 993! tion with a prior
accunul ated value stored wthin Tan a%%%?‘a GF register. A MAC instruction
is typically the only instruction pr8dd&éd in prior art digital signal

processors where tweyBSR operali ensvar Brbddspty: iktawedohy add, are
performed by the execution of one instruction. However, when perform ng

signal processing functions on data it is often desirable to perform
ot her DSP operations in varyi REELoADI Trat DoreiTIdN 2 9 JUN 2004

This invencion relates generally to the instruction set
architectures (ISA) of processors. More particularly, cthe
invention relates to instruction set architectures for che
execgcion of operations within a signal processing

integrarced circuir.

BACKGROUND OF THE INVENTION

Single chip digital signal processing devices (DSP) are
relatively well known. DSPs generally are distinguished
from general purpose microprocessors in that DSPs
typically support accelerated arithmetic operations by
including a dedicated multiplier and accumulator (MAC) for
performing multiplication of digital numbers. The
inscruction set for a typical DSP device usually includes
a MAC instruction for performing multiplication of new
operands and addition with a prior accumulated value
stored within an accumulator register. A MAC instruction
is typically the only instruction provided in prior art
digital signal processors where two DSP operations,
multiply followed by add, are performed by the execution
of one instruction. However, when performing signal
processing functions on data it is often desirable to

perform other DSP operations in varying combinations.
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samples. The equation Y, may be evaluated by using a
software program. However in some applications, it is
nece§%ary that the eguation be evaluated as fast as
possible. One way to do this is to perform the
computations using hardware components such as a DSp
device programmed to compute the equation Y,. In order to
further speed the process, it is desirable to vectorize
the equation and distribute the computation amongst
multiple DSPs such that the final result is obtained more
quickly. The multiple DSPs operate in parallel to speed
the computaction process. In this case, the multiplication
of terms 1s spread across the multipliers of the DSPs
equally for simultaneous computations of terms. The
adding of terms is similarly spread equally across the
adders of the DSPs for simultaneous computations. In
vectorized processing, the order of processing terms is
unimportant since the combination is associative. If the
processing order of the terms is altered, it has no effect
on the final result expected in a vectorized processing of

a function.

In typical micro processors, a MAC operation would

X201f -t het ‘photkes hg aordercedf filverterns is



on the final result expected in a vectorized processing of a functi;l’)g. hg
typical mcro processors, a MAC operation would 2 2 9 JUN 2004 WO 01 54 00

PCTI USOL/ 02627 require a multiply instruction and an add instruction to
perform both multiplication and addition. To perform these two
instructions would require two processing cycles. Additionally, a program

written fogolohgssiypi cal mcro processor would require P%T}U%xgg ,, Program
menory in order to store the extra instructions necessary co perform the

MAC operation. In prior art DSP devices, if a DSP operation other than a
MAC DSP instruction need be perforned, the operation requires separate
arithnmetic instructions programed into program nmenory. These separate
arithmetic i nSEAULTS EnSUHPRY | Bistaret ipSPands pnri 4dar Lystrequidgre cbhner eased
progr am menor yespace sand mupEosHeSt h 6YE| Rt Performthe operation when

conpared to i nql dnstruction. It is desirable to reduce the
nunber of proggéi?%agc%géga en Pt Fof FHge OSP PessEatsdns. It is

desirabl e to Feehfse phébirdrnaErory poogopn menehstas cnel typiBSPs are often
programed i NpacddPRotd seeNLd NUOUSL ¥ .o PET accelerated arithnetic
functions incl udi n? a MAG instruc on us%%%gpdf)f? ' ent “6per Ahds. Often
times, nultiPFE€ arPtifEei ths FEEFUCTPbIStaPEs progrsammett iperfotoop to
operate on thensawe datracset. ThepSapeadr bthRUiGes,i DstS Bebi on is often
execut ed over,and . oNer,chB, 3 J.Q0 Lhg different operands. Additionally,
each time one sty acrron | sgcgmgkgé%,m%‘o”tcﬁé?“ REErkRetion i s fetched
fromthe prog@EtPETeted Freaferbisy deriirgsasdretete eyttienecic

inscructions programmed into program memory. These
separate arithmetic instructions in prior art DSPs
simi*arly require increased program memory space and
processing cycles to perform che operation when compared
to a single MAC instruction. It is desirable to reduce
the number of processing cycles when performing DSP
operations. It is desirable to reduce program memory

requirements as well.

DSPs are oftren programmed in a loop to continuously
perform accelerated arithmetic functions including a MAC
instruction using different operands. Often times,
multiple arithmetic inscrucrions are programmed in a loop
Lo operate on the same data set. The same arithmetic
instruction is often executed over and over in a loop
using different operands. Additionally, each time one
instruction is completed, another instruction is fetched
from the program stored in memory during a fetch cycle.
Fetch cycles reguire one or more cycle times to access a
memory before instruction execution occurs. Because
Circuits change state during a fetch cycle, power is

corsumed and thus it is desirable to reduce the number of




Fetch cycles require one or nore cycle tinmes to access a nenory befgqre
i nstruction execution occurs. Because circuits change state during ggﬁ&Wéﬂm
cycle, power is consunmed and thus it is desirable to reduce the nunber of

3 2 9 JUN 2004 WD 01/55843 PCTIUSQO /02627 fetch cycles. Typically,
approximately twenty percent of power consunption tray be utilized in the

set up andygl§afs3 Up operations of a loop.in order to execure DSP
instructions. Typically, the | oop execution where signal “processing of

data is perforned consunes approximately eighty percent of power
consunption with a significant portion being due to instruction fetching.
Addi tionally, _because data sets that a DSP devi ce process are usually
large, it is dEGRdBETeEbl RG2S yeedPatost rarel v orvearemetticent dfy avoi di ng
frequent fetchposyel emstioptnOEyy, rAGE tiii088likhy:nd Qgt%@la%yc%fanser vi ce over
a tel ephone 1t ten_relates tq the processing speed of signals.
That is parti cdﬁjl g‘%{%/aet?ﬁgg casé EOé’n“zli %%ﬁ’ri? ? ecb‘rtﬁv‘i’%pg voi ce processing,
such as voi ce ‘@shpiedsnsn, Troiedlydedenpresskonciandirebosgaacel | ation for

mul tiple chapreksssiMarer rReentd lﬂeerrQ:ggsq%inQ\g:nesspgggror}c@.aal?e (E/OITE even more
i nportant because of the desire to transmt voice " aggregdated with data in

a packeci zed FoPMY SFTRYMMNPELET SRNSYTRTL OB akkidt Rzeidmétwiorcks. Del ays in
processing t heopaikebezey dvei e iakgnakidend:dngeSildi cibhaltihe degradation

of signal quakbily,Qn4Lesal.ying, en it.J:s desirable to provide inproved
processi ng of voice and data sai%g%a S %Eb "SRHATCE"T HE U3ty of voice and

data conmuni ¢&tF%ni6veT 3Pae kdssii zakl enee viveRs . inlst ric ide séxegbk fon

by avoiding freqguent fetch cycles to memory .

ﬁ?ditionally, the qualicy of service over a telephone
system often relates co the processing speed of signals.
That is particularly the case when a DSP is co provide
voice processing, such as voice compression, voice
decompression, and echo cancellatian for mulciple
channels. More recently, processing speed has become even
more important because of the desire to transmit voice
aggregated with data in a packetized form for
communication over packetized networks. Delays in

processing the packetized voice signal tend to resulr in

the degradation of signal guality on receiving ends.

It is desirable to provide improved processing of voice
and data signals to enhance the quality of voice and data
communication over packetized networks. It is desirable
to improve the efficiency of using computing resources

when performing signal processing functions.



to i rove the efficiency of using conputing resources when perfornj
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signal processing functions. 4 2 9 JUN 2004 WO 01/55843 PCT[ USQ /02

BRI EF SUMVARY OF THE | NVENTI ON Briefly, the present invention includes a
nmet hod, apparatus and system as described in the clains. Miultiple
application specific signal processor (ASSP) having the instruction sec

archi tectuge, Qkhe present invention, including the q)é_? i.c DSP
. . 01/558 . e . .
instructi on‘@, are provided within gateways in comunic t%?ﬁ”oé 75tems to

provi de i nproved voice and data communi cation over a packetized networKk.
Each ASSP includes a serial interface, a buffer menory, and four core
processors for each to sinultaneously process multiple channels of voice
or data. Each core proces3BIERFERERIbPY THACINYESSIGN reduced instruction
set~ conputer (RISC) processor and four signal processing units (SPs).
Each SP incl udesBms#ftly pl eheaprédemet ircreht DRk Sndudesi ANbetREEOUS]| Y process
mul tiple voic t o ion.signal_ sanples faor conmunication
over |P, ATMgp r_ar?ggR%ida§99r_ ota%gés%ééiee 2 et ‘ncrérf%'tsk. “Fh&iFGur  si gnal
processi ng unPPBLICAR X SEAEEL theidadi predcesbendPSSPr beessi nyeal gorithns in
paral l el . Eachn#fASS2cisn fskeXikngceandeCo che J¥08famed,d;,per f orm many

network functions .or  data/voice lf?r'OC?SSI ng functions, including voice and
data conpress on A8t oipr e631°6n T h PEFBES i B5% iPSR%EsHERBIN (such as
CODECs) partigiisaely packetided:i®l egoramantcarboibenespwrds, sinply by
altering the $ofdWak® Jak9OE R EANRLER! dJe09 %%”9“ nds .gxgcuted by the
ASSP. An instruction set_archi ?ect,ure‘ for ?%ggié I srgesctwgf'icbred to digital
signaJ [Jroces@?ﬁ?gAﬁiﬁﬂﬁ“Eéfqﬁfng serial interface, a buffer memary,

and four core processors for each tg simultaneously
procgss multiple channels of voice or data. Each core
processor preferably includes a reduced instruction set
computer (RISC) processor and four signal processing units
{SPs}. Each 5P includes multiple aritchmetic blocks to
simultaneously process multiple voice and data
communication signal samples for communication over IP,
ATM, Frame Relay or other packerized network. The four
signal processing units can execute the digital signal
processing algorichms in parallel. Each ASSP is flexible
and can be programmed to perform many netwark functions or
data/voice processing functions, including veice and data
compression/decompression in telecommunications systems
{such as CODECs) particularly packetized telecommunication
networks, simply by altering the software program
controlling the commands executed by the ASSP.

An instruction set architecture for the ASSP is
tailored to digital signal processing applicacions
including audio and speech processing such as
compression/decompression and echo cancellation. The

instruction set architecture implemented with the ASSDP, is



i ncl udi ng audi 0 and speech processing such as ccnpression/deconpr ezzd i”rh o
and echo cancellation. The instruction set: architecture inplenent j H’

the ASSP, is 5 2 9 JUN 2004 WO 01/55843 PCT/ US01102627 adapted to DSP

al gorithmc structures. This adaptation of the |ISA of the present
invention to DSP algorithm c structures bal ances the ease of

i mpl emrent awiomssspy ocessi ng  efficiency, and programuabigdyrhiéo@he PSP

al gorithns. The instruction set architecture may be viewed as being two
conponent parts, one (RISC I SA) corresponding to the RISC control unit and
another (DSP | SA) to the DSP datapaths of the signal processing units 300.

The RISC | SA ig;, [ r.,based architecture including 16-registers
within the reasdl 'E:F‘é&fet i ?gelgffg?rb%l e TRE“TEBS| SATS 20apeaAbisp Bgsed

archi tecture WhigF ifcFemtordbesitt ahveitgnaltoPPeE e@ggbalrhmiBst ruct i ons. The

instruction V@'t@ucf:ﬂl’retshﬁaﬁaggsiﬁme Eé/spal 9?"J!n%lgrge&iaggolpu%rgcaenss?g expandEd to
40-bits to coggiol two instructions to be executed I'n"sefies Br paral l el
such as two RISSCHCEHTY ol I EEPUECTTINS ARt BRY exlgesi ™SP- i M¥er ucti ons. The

i nstruction seénstmrchpb estcurectoftet heceASSP Haasi dur adlivst hdGlot Yypes of
instructions t.gmQMd.m g& the, PSP ratjonal _mx. These are (1) a 20-bit
DSP i nstruction that uses m)%‘i‘J(’::-,g 6??43@'12“ CORFFBICFaY $Pefe ATSe. " node

regi sters), (ZPPE40ovhbit 2PSPnqchsy r PEP| B hawittg Bhtirokpaxsestsi ons t hat

can override chBdEgheDiEbeEssing3dnias20odi t Tlyadice RFP;Lnstruction, and (4)

a 40 bit dyadig DSP instruct ihon. These instructions are for accelerating

cal cul ations Wi Ihi i the Cof e Protessor Tt ik 1oy pedifhere BT
the register file 413, while the D5P ISA is a memory based
architecture with efficient digital signal processing
inseructions. The instruction word for the ASSP is
typically 20 bits but can be expanded to 40-bits to
control two instructions to be executed in series or
parallel, such as two RISC control instcructions and
extended DSP instructions. The instruction set
architecture of the ASSP has four distincr types of
instructions to coptimize the DSP operational mix. These
are (1) a 20-bit DSP instruction that uses mode bits in
control registers {i.e. mode registers), (2} a 40-bit DSP
instruction having control extensions that can override
mode regiscters, (3) a 20-bit dyadic DSP instruction, and
(4) a 40 bic dyadic DSP imstruction. These instructions
are for accelerating calculations within the core
processor of the type where D = [ (A cpl B} op2 C | and
each of “opl” and “op2” can be a multiply, add, extremum
(min/max) or other primitive DSP class of operation on the
three operands A, B, and C. The ISA of the ASSP which
accelerates these calculations allows efficient chaining
of different combinations of operations.

All DSP instructicns of the inscruction ser



(A opt B) op2 C] and each of "opi" and "opt" can be a multiply, addzg |
extremum (mn/nmax) or other primtive DSP class of operation on the IJHM@
operands A, B, and C. The | SA of the ASSP which accelerates these
calculations allows efficient chaining of different conbinations of
operations. Al DSP instructions of the instruction set 6 2 9 JUN 2004 WO

01155843 B{J4.\afd/ 02527 architecture of the ASSP are dygdjs¢, 28R
instructions to execute two operations in one instruction wth one cycle

t hroughput. A dyadic DSP instruction is a conbination of two basic DSP
operations in one instruction and includes a main DSP operation (MAIN OP)
and a sub DSP operation (SUB OP). Generally, the instruction set

ar chi t ect ur e ¥f°hiRECYFEeSErithe] MR DAlvedir PEP gerssrattiizad t conbi ni ng any

pair of basi&xdbPe oper apéitSohd ipr o dasveicy i HOWEER Wnedyadicc i nstruction

conbi nat i ons.tthg SUPC arjt r;gtllc chlansFtlructi,ons, or operations in the
preferred enbodi ment i ncTud@a” Wil tTPrFYeTAvst t U FEMPEREET °fan additi on
instruction Y4& BRFic &SHisnarRzEedsAXN mMnzeirgtsticuichi amd (MNJHXy al so

referred to as;@NpEXtdp@PR: iloRS (MGt bON.andNd Ak WL ORELALT On (éugstfucti on
(NOP) each having an associ at ed oEer ation code .("opcoae'). he present
i nvention ef f9%i enfI\FrakEtutBe {7SRELE 18) atfitc A DSP L PRSI eUet itdRs by means of
t he instructiprsesetinasshicheciune gatrhhe:ddatswanpimnghiteghre of the

application spegificsi I essor.. For example,.  th SP i nstructions
can process v%ctg%%mdgtgag%%gg{a%%r §§Iaﬁr§"mgeutvce)%tr£?’gaéﬁ“; geicﬁé a single
i nstructi on amdtpiicdecenawpproprlitat BSR ectgimeoic soatarctdahput results. 7

or operations in the preferred embodiment include a
multiply instruction {MULT}, an addition instruction
(ADD¥, a minimize/maximize instruction (MIN/MAX) also
referred to as an extrema instruction, and a no operation
instruction (NOP) each having an associated aperation code
{*opcode”}. The present invention efficlently executes
these dyadic DSP instructions by means of the instructien
set architecture and the hardware architecture of the
application specific signal processor. For example, the
DSP instructions can process vector data or scalar data
automatically using a single instruction and provide the

appropriate vector or scalar output results.
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Figure 1A is a block diagramof a systemutilizing the present inveh§ o200
Figure 13 is a block diagramof a printed circuit board wutilizing the
present invention within the gateways of the systemin Figure A Figure 2
is a block diagramof the Application Specific Signal Processor (ASSP) of

t he presenyobisgntion. Figure 3 is a block diagram of gerdsstance of the
core processors within the ASSP of the present invention. Figure 4 is a

bl ock di agram of the RI SC processing unit within the core processors of
Figure 3. Figure 5A is a block diagram of an instance of the signal
processing units within the core processors of Figure 3. Figure 5B is a
more detail ed bl ock di agPBRF-0RPERFHTTENSACT| THEUBRAENERY t he bus structure of

the signal procesgupg 14nkta Hlogklda8fad Srap xemphalyidiagt syction sequence

illustrating a_pro r%31rr‘]er;gg(]iigrl1 for DSP al gorithms enploying the instruction

set architectUie 0 € present invention. Figure 6B is a chart
illustrating the pernutations of the dyadic DSP instructions. Figure 6Cis
an exenpl ary bi tfHEPTT o &S cbMlPor dEREENHEd 2 @yadied PoTvifstrardtion. 8 2 9
JUN 2004 WD014558438ndPChe USR dent 02627t Firgut €niBD: s ganeaxanpt ay bitmap for a

non- ext ended system in Figure 1A.

Figure 2 is a block diagram of the Application Specific

Signal Processor (ASSP) of the present invention.

Figure 3 1s a block diagram of an instance of the core

Procassors within the ASSP of the present invention.

Figure 4 is a block diagram of the RISC processing unit

within the core processors of Figure 3.

Figure 5A is a block diagram of an instance of the
signal processing units within the core processors of

Figure 3.

Figure 5B is a more detailed block diagram of Figure SA
illustrating the bus structure of the signal processing

unit.

Figure 5A is an exemplary instruction sequence
illustrating a program model for DSP algorithms employing

the instruction set architecture of the present invention.

Figure 6B is a chart illustrating the permutations of

the dyadic DSP instructions.

Figure 8C is an exemplary bitmap for a control extended

dyadic DS? instructicn.




dyadic DSP instruction. Figure 6E and 6F list: the set of 20-bit
instructions for the | SA of the present invention. Figure 60 lists 4 5 dUN Qo
of extended control instructions for the |ISA of the present invention.
Figure 6.4 lists the set of 40-bit DSP instructions for the |ISA of the
present invention. Figure 61 |ists the set of addressing instructions for
the I SA of the present invention. Figure 7 is a block diagramillustrating
the instr0¥@%6f*8ecodi ng and configuration of the functqTotAY°*%%| ocks of

the signal processing units. Like reference nunbers and designations in the
drawings indicate like elenents providing simlar functionality. A letter
after a reference designator nunber represents an instance of an el enent
havi ng the refer engerdesi gnahnobxempuiberoicda? £9r JAN-2004 MR H1/ 55843
PCTIU8011026211g%T@g&gpigggg@LﬁjlCN OF THE PREFERRED EMBCDI MENT I n the

foll ow ng det aif°ed escription of the present invention, nunerous specific
details are set forth in order to provide a thorough understandi ng of the
present inventi GAF TOREVE SFtlift| FhpéenmA esbitoipmeruskitised in the art
that the presefir thwershi 6N umaypdkeept acibsedn . W t hout these specific
details. In other instances well known nethods, procedures, conponents,

and circuits have;gnat shegn.desws beds n.dgtail 59,85 not to unnecessarily

obscure aspects of the present invention. Furthernore, the present

i nvention wi | I*BETYEEERT FEd FiE gaPtcaharrreemodirtemisnbut nay be

i npl emented in hardware, software,
Figure &H lists the set of 40-bit DSP instructions for

the ISA of che present invenktion.

Eigure 6I lists the set of addressing instructions for

the ISA of the present invention.

Figure 7 is a block diagram illustrating the
instruction decoding and configuration of the functional

blocks of the signal processing units.

Like reference numbers and designations in the drawings
indicate like elements providing similar functionality. A
letter after a reference designator number represents an
instance <f an element having the reference designatar

number,



firmvare or a conbination thereof Miltiple application specific signal
processors (ASSPs) having the instruction set architecture of the p}@g&Ntlli
i nvention, including dyadic DSP instructions, are provided wthin gateways
i n conmuni cation systens to provide inproved voice and data comuni cation
over a packetized network. Each ASSP includes a serial interface, a buffer

menory and W Pfss@pr € processors in order to simltaneoyglyseRhRsess
mul ti pl e channels of voice or data. Each core processor preferably

i ncludes a reduced instruction set conputer (RI SC) processor and four
signal processing units (SPs). Each SP includes nmultiple arithmetic bl ocks
to sinultaneously process multiple voice and data conmunication signal
sanmpl es for conmuni gfp‘r*éﬁool?rrengRF%IONWHFr%EREﬂDaWBQﬂIM&mer packeti zed
network. The four signal processing units can execute digital signal
processi ng al gorilthfBeifrlparild éttaikad hieASSRtiisn fdFexhblesamd can be

progranmed to perhersh Mal¥e ARiWesdk s FUNGLEONS 9. 32,29, JUN, 2004 WO 01/55843
PCTI USO / 02627 dat a/ voi ce %)rocesm ng. functions, incl udi ng voi ce and data

conpr essi on/ deTSHTpr ERHEKH T & EMUCHRHTRE T 56R RS $felte PEssR as CODECS),
particul arly pacistiged HbtwheeonmriCAbeofbiehaiKsne SRl by al tering the
sof tware progrgp gontralling the (Eognmngs executed by the ASSP. An
instruction set ar cﬂi t ect urep%orent he ASSY g‘ay;lbéal ) tdcfg digital signal
processi ng applit€art gi§sei Irechi hgetridiso amdosipeedhspmoeessilng such as
conpr essi on/ decRMI@ascas, H18c00hes CaRaghdadts ONnd TRE i ISt NGt i On set
architecture i m’t)l enent.ed w tg t he AS_%P, is

not been described in detail so as not to unnecessarily

obscure aspects of the present invention. Furthermore,

the{present invention will be described in particular

embodiments but may be implemented in hardware, software,

firmware or a combination thereof

Multiple application specific signal processors (ASSPs)
having the instruction set architecture of the present
invention, including dyadic DSP instructions, are provided
within gateways in communication systems to provide
improved voice and data communication over a packetized
network. Each ASSP includes a serial interface, a buffer
memory and four core processors in order to simultanecusly
process multiple channels of voice or data. Each core
processor preferably includes a reduced instruccion set
computer (RISC) processor and four signal processing units
(SPs) . Each SP includes multiple arithmetic blocks to
simultaneously process multiple voice and data
communication signal samples for communication over IP,
ATM, Frame Relay, or other packetized network. The four
signal processing units can execute digital signal
processing algorithms in parallel. Each ASSP is flexible

and can be programmed to perform many network functions or



adapted to DSP algorithm c structures. This adaptation of the ISA of the
present invention to DSP algorithmc structures bal ances the ease af9 JUN 2004

i npl enentation, processing efficiency, and programuability of DSP
al gorithns. The instruction set architecture nmay be viewed as being two

conponent parts, one (RISC |ISA) corresponding to the RISC control unit and
another (G%gol/538y; to the DSP datapaths of . the signal prpcgssishg units 300.
The RISCI1SA is a register based architecture including 16-registers
within the register file 413, while the DSP I SAis a nenory based
architecture with efficient digital signal processing instructions. The

i nstruction V\Ddl’aga}f or. the ASSP is_typically 20 bits but can be expanded to
40-bits to control oS TWSET it £ 1B t Ha<exEaat vk cenaasedaes or

paral | el , suclromBresssoRlBCoomrHssObn iiASt £ Lebindihialdiorex andgd DSP

instructions. (Ihe, iRsSksMEL) O, 5t rehitecture of the ASSP has four
di stinct types of ai nstructi (r)bns t%u%prtE\Prﬁa%ge%%zngSP operational m x. These

are (1) a 20- bFEeISPUPHACL A t1ebHOTHrat Sirpdy hoddthitng tme 11 2 9 JUN 2004 WO
01/ 55843 P CTkbES@r: pORGAF LOMESDink QS boFfnll - SecIPUE L egisters) , (2) a
40-bit DSP ipstguction having control extensions that can override node
regi sters, (3? a 20-bit dyadic DSP instruction, and (4) a 40 bit dyadic
DSP instruction.,.Th Ak ctions. are for accel erating cal cul ations
within the core mprlgi%ggdgg?(g%%"tghaerct%ﬁoee“v“\ﬁ%r D2 SR Bl B) opt C 1 and
each of "opl"t&i@redp> déairPBesionmil piqsleysimmldopricexteramum (m n/ max) cl ass
of operation ofciubend hiGeo Opar atenfprdBess BRdsGn TRe | SA of the ASS? which

accel erates these __. .
compression/decompression and echo cancellation. The

insc;uction set architecture implemented with the ASSP, is
adapEed o USP algorithmic structures. This adaptation of
the ISA of the present invention to DSPD algoritchmic
structures balances the ease of implemencation, processing
efficiency, and programmability of DSP algorithms. The
instruction set architecture may be viewed as being two
component parts, one (RISC ISA) corresponding to the RISC
control unic and another (DSP ISA) to the DSP datapaths of
the signal processing units 300. The RISC ISA is a
register based architecture including lé-registers within
the register file 413, while the DSP ISA is a memory based
architecture with efficient digital signal processing
instructions. The instruction word for the ASSP is
typically 20 bits but can be expanded to 40-bits to
control two instructions to the executed in series or
parallel, such as two RISC control instruction and
extended DSP instructions. The instruction set
architecture of the ASSP has four distinct types of
instructions to optimize the DSP operational mix. These

are {1) a 20-bit DSP instruction that uses mode bits in
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calculations allows efficient chaining of different conbinations of
operations. A41 DSP instructions of the instruction set architect ur%Q&PN 2004
the ASSP are dyadic DSP instructions to execute two operations in one
instruction with one cycle throughput. A dyadic DSP instruction is a

conbi nation of two DSP instructions or operations in one instruction and

i ncl udes awpgiAs3SP operation (MAIN OP) and a sub DSP ng/ﬁ@%j on (SuB OP).
Generally, the instruction set architecture of the presen P#fvention can

be generalized to conbining any pair of basic DSP operations to provide
very powerful dyadic instruction conbinations. The DSP arithnetic
operations in the preferred enbodinent include a nmultiply instruction
(MULT), an addiProwr iFAgtIwEEi on - (MOB) registeni)n 22/ raxpabize bERst r uct i on
(M N MAX) al Sdnsteicaﬁbematvmn@.&oaﬂrﬂxte&ﬂéﬁibﬁ@tt%HEtc@aglnov@l([}qd@( no opgr agi onh
instruction ( G vi ng, an socl ated operation code ("opcode"). The
present i nven!tNig(é))%] %%Fig‘(::%%ﬁt |‘§’ szegﬁrilgsd)faﬁégen%yéﬁ‘?%mcw'i n3k¢ ucti ons by
means of the ilA5t¥ #ét PHn dyatic AP hissectamen andhehe ihat gvgrienar chi tecture of

the applicatbes mpestddierst ghaka ROSLSRAr vi h2n2 2 JUN 2004 WO 01/ 55843
PCTI USQ | QZGZZr Reejsgry ng pow to Figure 1A, a voice and data communication
system 100 i s*rTTUSET at'ed”™ THESSYET8nY F0d (4 rek wklesra @dt wodk 101 which is

a packetized e¥cpatketirl said chez retwas i, msltGP1@AS bR, o ATV QL. f rane rel ay.

The network 10%abkows . the,cogmunigatiop, of voice/speech and data between
endpoi nts in the system 100, using packets CPHET LPRES FePofBany type
i ncl udi ng aud‘i”l?, Vi d'lg’ti 13eif] theyA§SP which accelerates these

calculations allows efficienc chaining of differenc
combinations of operacions.

Adll DSP instructions of the instruction set
archicecture of the ASSP are dyadic DsP instructions to
éxecute two operations in one instruction with one cycle
throughput. A dyadic DSP instruction is a combination of
two DSP instructions or operations in one instruction and
includes a main DSP operation (MAIN OP) and a sub DSP
operation (SUB OP}. Genrerally, the instruction set
arcnitecture of the present invention can be generalized
to combilning any pair of basic DSP operations to provide
very powerful dyadic instruction combinations. The DSP
arithmetic operations in the preferred embodiment include
a multiply instruction (MULT}, an addition instruction
(ADD) , a minimize/maximize instruction (MIN/MAX) also
referred to as an extrema instruction, and a no operation
instruction (NOP) each having an associated operation code
("opcode”) .

The present invention efficiently executes these dyadic
DSP instructions by means of the instructicn set
architecture and the nardware architecture of the

application specific signal processor.
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ot her generic fornms of data. At each end of the system 100, the voi fﬁﬁﬂé 2004
data requires packetization when transceived across the network 101¢

system 100 includes gateways 104A, 1048, and 104C in order to packetize
the information received for transm ssion across the network 101. A
gateway is a device for connecting nultiple networks and devices that use

different ppetgals. Voice and data informati on may be ‘jrorow ded to a
gateway 104 from a nunber of different sources in a vaf Téﬁ? B gital
formats. In system 100, anal og voice signals are transceived by a

t el ephone 108. In syst em 100, digital voice signals are transceived at
public branch exc es (PB 112A and 1123 which are coupled to mltiple

t el ephones, fax nd Pﬁr &% B tRafagmirdéfs.2 Phifde ahd wgicee signals are
transcei ved betmmszB&(mmzpsmdloPBX 123 widh  gatgnays. J044), and 104C,
respectively. ;Rigistal, I y. al so be transcei ved irectly

bet ween a di gi Tl rmdemq%sfg ? &éygvﬁyalmﬁ&“ﬁe@ PEIPackpdem 114 may be a
Di gi t al Subscr?"b‘éFbEfirféec("BSE) Srvsde?m 6P, AaMcahl eravedeslayDat ansi gnal s may

al so be coupl etkduat® 18y St €100 D¥%rd Wi LE] £S5, CQ ng‘e’Ps' Ce%tckon Syst em by
means of a ”Dal%'claebgc”dt 118 transceiving digital sign ndl S 6rhal og signals
wirelessly to & bade § At FUTPOLie° ‘Bak §Y%1’iq"bh°0rlll§1f€9)wek¢® anal og signal s

into digital dSagaaray dre 48 @ﬂtﬂdﬂﬂlﬁ@ﬂﬁl@a&ai@5%§e£’ ChkSO,14 02527

directly passesnthegdigiitat, s5902l55.1 0 t enway Data may be
transcei ved by rreaﬁgs of nodem sign r’;s oggr r e“ﬁ’l 8? 161 ¥ E™ephone system

(POTS) 107B usH Rg Fo8érs f’fodataIVEG@m*ngr?a;kstmmmu@ahed over POTS 107B

are transceived across the necwork 101. The system 10Q0
includes gateways 104A, 104B, and 104C in order to
pacRetize the information received for transmission acrass
the network 101. A gateway is a device for connecting
multiple networks and devices that use different
proteocols. Voice and data information may be provided to
a gateway 104 from a number of different sources in a
variety of digital formats. In system 100, analog voice
signals are transceived by a telephone 108. In system
100, digital wvoice signals are transceived at public
branch exchanges (PBX) 112A and 1123 which are coupled to
multiple telephones, fax machines, or data modems.
Digital voice signals are transceived between PBX 1127 and
PBX 1123 with gateways 104A and 104C, respectively,
Digital dat; signals may also be transceived direcrcly
between a digital modem 114 and a gateway 104A. Digital
modem 114 may be a Digital Subscriber Line (DSL) modem or
a cable modem. Data signals may also be coupled into
system 1C0 by a wireless communication system by means of
a mobile unit 118 transceiving digital signals or analog
signals wirelessly to a base station 116. Base station

116 converts aralog signals into digital signals or
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traditionally analog in nature and are coupled into a swtch 106B og ”ﬂﬁ
public switched tel ephone network (PSTN). At the switch 1063, analo 9 JUN 2004
signals fromthe POTS 107E are digitized and transceived co the gateway
1048 by tine division nultiplexing (TDM with each tinme slot representing
a channel and one DSO i nput to gateway 1043. At each of the gateways 104A,

104B and 1Q4Gisdsfxcom ng signal s are packetized for tr@ggﬂg[ﬁgiﬁop across the
network 101. Signals received by the gateways 104A, 10 and 104C from

the network 101 are depacketi zed and transcoded for distribution to the
appropriate desti nation Referring now to Figure 18, a network interface
card (NIC) 130.9 of g'gsswa 104 is illustrated. The NIC 130 includes one
or nore applicatton %em he Ygarat PrEEYSs 6P SIASSPSP4850R2450N.  The

nunber of ASSP@ywbe mrﬁnsgﬁlgfatielvmyteHSS ex pastbabh 8yda0s handl enaddi ti onal
channel s. Li Ehtarf acedeyl g_ﬂ$ NI 30 .provi d interfaces to
iy O MR8 eBts Mg X HRRS 1 M8Sedifor k 101,

vari ous deV|ces connected to the gateway, inc I n
interfacing to PR F BBk C:"’L‘B”l“mf:ﬁ"eeq PHer FORE eYf’Acersdevi ces packetize data

for transm ssicoadoufonehly theldaetwosde 10 laand-depagket iize, data which is to

be received Qy,the ASSP d Line interface devices 131 process
i nf or mati on recé%%/heé E@mth{é a"t%’\%fac SSATTITE FRUENPRS 50E°934 and provides it

to the ASSP dé¥ft8s. }I“hftéi*lenﬁﬂt@h 1qﬁrﬂomrtafiegﬁﬁgﬁadevﬂr©esc}ﬂs€©or5 conmuni cat ed

on the transnib7s bus d@Achoda thansiinssi QRqo Qf £he.gat
traditional line interface device |sn a lrru [t -(‘fhanénﬂl v 9 %g@JIUN 2004 WO

01/ 55843 PCT/ UEBL £3369 7 s 8F 1 P EHsr f BB Uf-“hemmwedwl%e The NI C 130
coupl es to aremteswayidzaekpisanel netdwernk pisnt fdhaces Rdsed36 1944 hi n

At each of the gateways 104A, 104B and 104C, incoming
signals are packetized for transmission across the network
101. Signals received by the gateways 104A, 1048 and 1040
from the network 101 are depacketized and transcoded for
distribution to the appropriate destination.

Referring now to Figure 1B, a network interface card
(NIC} 130 of a gateway 104 is illustrated. The NIC 130
includes one oxr more application-specific signal
brocessors (ASSPs) 15C0A-1S50N. The number of ASSPs within
& gateway is expandable to handle additional channels.
Line interface devices 131 of NIC 130 provide interfaces
to various devices connacted to the gateway, including the
network 101. In interfacing to the network 101, the line
interface devices packetize data for transmission out on
the network 101 and depacketize data which is to be
received by the ASSP devices. Line interface devices 131
process information received by the gateway on the receive
bus 134 and provides it to the ASSP devices. Information
from the ASSP devices 150 is communicated on the transmit
bus 132 for transmission out of the gateway. A

traditicnal line interface device is a multi-channel
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the gateway 104. Bridge logic 13B transceives informati on between %J@ﬁ@ﬂﬁ
and NIC 130. Bridge logic 138 transceives signals between the NrC X

t he backpl ane/ network interface bus 136 onto the host bus 139 for

comuni cation to either one or nore of the ASSP devi ces 1SOA- 150N, a host

processor 140, or a host nenory 142. Optionally coupled to each of the one

or nore ASRQGdessres 150A through 1SON (generally ref @prgdoih®ds ASS? 150)
are optional local nmenory 145A through 145N (generally referred to as

optional |ocal nenory 145), respectively. Digital data on the receive bus
134 and transmt bus 132. is preferably comunicated in bit w de fashion.

Wi | e |nternal ”efmn\ée‘é“f;[ hin each ASSP may be sufficiently large to be
used as a scratchpad Wbty bt FonE® POEEE - metisr Y€ 248 saplbe used by each
of the ASSPs E@Oal@afaﬂelidiftlia@?ﬁalanemgmoyksmeefacse Be€assakychikach of the

ASSPs 150 provhdegsingl 1 qr ocglsiﬁbggllogggpﬁ%i E fyLor & hef ateway. The type
of signal processing provid exi b ecause each pt y execut e

differing si gREF“PTblaEsiIfg2R dgFald. T8Aiceal losigntls cpamwesseng and
rel ated voi cespatket beeatdadntheINCti ORSadDhe HLASERRL/MNEtII® (2) echo

cancel l ati on; e aydi 9, . and, voi e/ speech conpressi on/ deconpressi on
(voi ce/ speech QPQ d’s\écg B 102 q)e e H%IP g%ﬁcﬂof“ﬂ‘gm(cﬁ‘ét‘k‘éts frames);

and “deco
(d) loss handFP n‘-g‘-th(aé) C’flﬂ)ﬁﬁe‘tftf“vcpi yhg LW\QPaMJ.\AAB\MSOA(i.‘)OI\BGGUI’I ty

(encryption/ dessy Rirbesdsor( QA)D t gk ephone nef9ANEGhHI Vidy mr(ah)ll pr ot ocol
processi ng (reserv tion aRA transport protocols, (‘EP/IP RTP, UDP
for 1P, and Mfleac ?_fStfl?)r"”,&TM COFE \ASSP| ‘E‘%’rllcﬁa I59%) Silence 15 2 9

JUN 2004 WO OQVBEQASIWBCTQMEQa’iyo%E%red to as ASSP 150) are
optional local memory 145A through 145N (generally
refetred to as optional local memory 145), respectively,
Digical data on the receive bus 134 and transmit bus 132
is preferably communicated in bit wide fashion. While
internal memory within each ASSP may be sufficiently large
to be used as a scratchpad memory, optional local memory
145 may be used by each of the ASSPs 150 if additiocnal
memory sSpace is necessary.

Each of the ASSPs 150 provide signal processing
capability for the gateway. The type of signal processing
provided is flexible because each ASSP may execute
differing signal processing programs. Typical signal
processing and related voice packetization functions for
an ASSP include (a) echo cancellation; (b) video, audio,
and voice/speech comprassion/decompression (voice/speech
coding and decoding); (c) delay handling (packets,
frames); (d) loss handling; (e) connectivity (LAN and
WAN) ; (f) security (erncryption/decryption); (g) telephone
connectivity; (h) protocol processing (reservation and
transport protocols, RSVP, TCP/IP, RTP, UDP for IP, and
AAL2, AAL1, AALS for ATM); (i) filtering; (j) Silence
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suppression; (k) leigth handling (franmes, packets) ; and other di gi?@'U |
signal processing functions associated with the conmmunication of vo eJ MQJ]

data over a conmuni cation system Each ASSP 150 can perform ot her
functions in order to transmt voice and data to the various endpoints of
the system 100 within a packet data stream over a packetized network.

Referring vagysseuzFigure 2, a bl ock diagram of the ASSR-tha8i/d:5:71 | | Ustrat ed.
At the heart of the ASSP 150 are four core processors 200A-200D. Each of
the core processors 200A-200D is respectively coupled to a data nenory
202A- 202D nd a program nmenory 204A-2040. Each of the core processors

200A- 200D corg%nircat eo%..vm' ;E}h 1QUL § i de channels through the nmulti-channel
serial interface 206 the miftF=" CAATMEE HeABFS: RDFEIRENt ®Mgi ne 208, buffer
menory 210, aardierddis taknuiopaR2Ac282By ThetASSPa1&6ihyed hakni ncl udes an
external menine L&ESREage Al R e xternal _optional |ocal
mermory 145. The ASSP 1g%eﬁoﬁclgydv%§g§ﬁﬂde§%%r %g r%oé "Nt ECe 214 for

i nterfacing t9SERB B8RP 574l L HOSEN ppBEREs GthanFuptt idinguie okBer - Furt her

i ncl uded wi t hionttdresmASSR it80a8T @ath MR 6he? M ridlsO6KapH8PEIAL oS and a

phase-1 ock | q 18,5, 866l 1 aneous contral |ogic 220, and a Joint Test
Action Goup ?gﬁ'%é) Dot%‘gﬁggc%éjgsc&b%r 2ES T TRRT %HSErﬁ:IzEF?k%tc‘&ﬁdt esting. The
mul ti - channel*®8§¥?3kal interface 206 may be replaced with a UTOPI A parall el

interface for sesmrapplimcationsgsuch, as bléIMdiIQ?anAggpc}geSQﬁgyrther i ncl udes
e core

a m'crocontrglaéer Zggstto %ﬁrforn rocess scheduling for th

pr ocessors A2000'HF8 the COOTth AT AT dthet AESPIABR arsvEmENt within the
as wel | case @vore rsuplorcemy ol Eeth HeOc@SS pSbcedsBrkNt errupt .

ASSP 'l i | E@th 2324c I isBrl

handl i ng and25&?—2%@Bt{s‘)lregggecttqeef‘ysggu&fse%' CE}GE:I data memory 202A-
202D and a program memory 204A-204D. Each of the core
processors 200A-200D communicates with outside channels
through the multi-channel serial interface 206, the multi-
channel memory movement engine 208, buffer memory 210, and
data memory 202A-202D. The ASSP 150 further includes an
external memory interface 212 to couple to the external
optional local memory 145. The ASSP 150 includes an
external host interface 214 for interfacing to the
external host processor 140 of Figure 1B. - Further
included within the ASSP 150 are timers 216, clock
generators and a phase-lock loop 218, miscellaneous
control logic 220, and a Joint Test Action Group (JTAG)
test access port 222 for boundary scan testing. The
multi-channel serial interface 206 may be replaced with a
UTOPIA parallel interfaces for some applications such as
ATM. The ASSP 150 further includes a microcontroller 223
to perform process scheduling for the core processors
200A-20CD and the coordination of the data meovement within
the ASSP as well as an interrupt controller 224 to assistc

in interrupt handling and the control of che ASSP 150.




2 9 JUN 2004 WO 01/55843 PCT1US01102627 Referring now to Figure 3, QI @%@&
di agram of the core processor 200 is illustrated coupled to its rezzp cl
data nenory 202 and program nmenory 204. Core processor 200 is the block

di agram for each of the core processors 200A-200D. Data nenory 202 and
program nenory 204 refers to a respective instance of data nenory

202A- 202D ahgh;ss85% ogram menory 204A- 204D, respectively r processor
200 i ncl ua%] our signal processing units SPO 300A, S@%%B%GQSPZ 300C and

SP3 3000. The core processor 200 further includes a reduced instruction
set conputer (RISC) control unit 302 and a pipeline control unit 304. The
iignal processing units 300A-300D performthe signal processing tasks on
data while the Fﬁ%éérf:’dﬁ‘t PBY WWnFig3G23 . @nllletke dpppedni pé wenteod unit 304
per f or m cont r ptoceasés 2onel atiadusraibe Shgnal I:Br ocessbaghiypction perforned

by the SPs 3 nt roI rovided by the RI'SC control wunit 302
i s coupl ed W c?%%t ﬁg&%g Igg(ﬁ&% e pi 2FS)é‘I i N7 BXRASEF yield a tightly
integrated cot® ﬁﬁo‘é@s@é@cliz@@agﬁmatfok@@ps dfocbit iddrzaptaaesedrd he signal

processi ng unideh-2889 abadh WehY-hbeh Javelog e l9hal,Progessing tasks are
perfornmed on the dat apat hs W trhl n hg sllglll(3gr ro@eggoﬁq‘g ugu t's 300A- 3000.

The nature of™% ﬁerﬁﬁﬁcafﬁ%rllf’ﬁ??é‘car%f §’ﬁc‘h ”teﬁafi-’ 2989 -#2® andhherent|y vect or
oper ati ons orersgrsanemofy daga;2dibat rdsaver ivailni mMahet @meoral locality (data

reuse). Hencepro@egﬁ;ra20§al%lg§ua\ést @o&i*e@ng%lp%goc&SLS not, used because It
and e

woul d not function wel egr ade POPETAL| Bnal “petior mance.
Therefore, tH&%8i gifal 35?%cé§%|3f?dcu?ﬂdt §°B00AP300Dearare akbowsdrt 0 access

vector el ementos fidi@edPRiAnds) adké@lehYinst-0m AAl e TRARLY £02 Wi thout the

verh f n
overhead o (%?g%) %ontrol unit 302 and a pipeline control unit 304.

The #ignal processing units 300A-300D perform the signal
processing tasks on data while the RISC control unir 302
and the pipeline contrel unit 304 perform control tasks
related to the signal processing function performed by the
SPs 300A-300D. The control provided by the RISC control
unit 302 is coupled with the SPs 300A-300D at the pipeline
level to yield a tightly integrated core processor 200
that keeps the utilization of the signal processing units
300 at a very high level.

The signal processing tasks are performed on the
datapaths within the signal processing units 300A-300D.
The nature of the DS? algorithms are such that they are
inherently vector operations on streams of data, that have
minimal temporal locality (data reuse). Hence, a data
cache with demand paging is not used because it would not
funccion well and would degrade operational performance.
Therefore, the signal processing units 300A-300D are
allowed to access vector elements (the operands) directly
from data memory 202 withour the overhead of issuing a

number of load and store instructions into memory
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nunber of |oad and store instructions into nmenory 17 2 9 JUN 2004 V\ng UN 2004
01/ 55%$43 PCTI USO r 02627 resulting, in very efficient data processing. ‘IJhus,
the instruction set architecture of the present invention having a 20 bit

instruction word which can be expanded to a 40 bit instruction word,
achi eves better efficiencies than VLIWarchitectures using 256-bits or

hi gher i ngbgyeki;on W dths by adapting the I SA to DSP Edioiksd €
structures. The adapted | SA |l eads to very conpact and ow power har dwar e
that can scale to higher conputational requirenments. The operands that the
ASSP can accommodate are varied in data type and data size. The data type
may be real or | ex, an integer value or a fractional valu4, with

co
vectors havi n@eﬁﬂﬁtgF‘BI e eV BRe M §E Tfeng| d9tér eTfcessinges. Tiise bt a size in the
preferred embousorentios s64 atitisedritel &7 goE HabanSiiZe@s.:Gap be accommbdat ed

wi th proper jnstruction.coding. ferring nowto Figure 4 a detailed
bl ock di agram of -t heﬁ RI@%% %-losg'tg‘rl%ﬁ%%ﬁnlcfrd3g?cgscﬂ PEsTFEEaY 1 SC cont r ol

unit 302 incl yd¥s 24t deish T ot ipRerorsndafioemes thercb02f fbciemeies y addr ess
generat or 404cndnhveew addar Sec4064: 40685 230-ndki LhBLLL, | 0gic unit (ALU) 408,
a multiplier 410, a . barrel sgifter _4121: and a register file 413. The

regi ster fil & 4T4hoihi's TS &Y BPE g FRenSPycT BERt3 1@ EEmawhi ch  menory
addr ess generztrortyieE -cafitgederatde Iaddredses iahOcofidi-a geaory 202. The

R SC control wnl-bodl2 lasai£spens ble <ol SURRlVING,addrepses (o data
menory so that the proper data streamis fe ot e‘5|gnacf pr ocessi ng

units 300A- 3CODI TR SCREoMTENItfing: 302 FESH cprgicsparodaser egi st er
or gani zat i on aset hatiocaid ianthcat Ofe bRGIaULIdIQRS t1RNDME LA may

be real or complex, an integer value or a fractional
valu®, with vectors having multiple elements of different
sizes. The data size in the preferred embodiment is &4
bits but larger data sizes can be accommodated with proper
instruction coding.

Referring now to Figure 4, a detailed block diagram of
the RISC control unit 302 is illustrated. RISC control
unit 302 includes a data aligner and formacter 402, a
memory acddress generator 404, three adders 408A-406C, an
arithmetic logic unit (ALU) 408, a multiplier 410, a
barrel shifter 412, and a register file 413. The register
file 413 poincs to a starting memory location from which
memory address generator 404 can generate addresses into
data memory 202. The RISC control unit 302 is responsible
for supplying addresses to data memory so that the proper
data stream is fed to the signal processing units 300A-
300D. The RISC control unit 302 is a register to register
organization with load and store instructions to move data
to and from data memory 202. Data memory addressing is
performed by RISC control unit using a 32-bit register as

a pointer that specifies the address, post-modification
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to and fromdata nenory 202. Data nmenory addressing is perfornmed by R SC
control unit using a 32-bit register as a pointer that specifies t hed JUN 2004
address, post-nodification 18 2 9 JUN 2004 WO 01/55843 PCTI USOL/ 02627

of fset, and type and pernute fields. The type field allows a variety of
natural DSP data to be supported as a "first class citizen" in the
architect uwg.g14s843 i nstance, the conplex type allows difggispRes ations on
conpl ex data stored in nenory renoving a nunber of bookkeepi ng
instructions. This is useful in supporting QAM denodul ators in data nodens
very efficiently. Referring nowto Figure 5A a block diagramof a signal

processi ng un'b%f§(%0 %gd itllgstnrdat ed which represents an instance of the SPs
300A- 300D, Each of ‘'t e srgnat > PFocEssiifgitini 8 30@ei Atdiddes a data typer

and aligner B8bxwsaafyageimdt nptimil M> 50YA coabeappessar a5Q6, a first

adder Al 510Arsrssecoiul addes A2 5103,..20; AGGyuN! ator | regi ster 512, a
third adder A3 51SOC, and a second nulatl?gll?eé:%H% 58§§.1nﬁ§g%‘?e§ 510A-5100 are
simlar in stUCCIPE ahdPard lgehsiarsty cpefasiped dnocampladdesta510.

Mil tipliers S&dkednth 5@43ranensiinigl arndnBestdcUsboliRegiity generally referred
| t.ipliers 504;x, and 5043 have a

to as multipljer, p04.kach.qof the _
mul ti pl exer 514A an%‘°§%43hrhggsbsecﬁsr\% v at“EPPE 1 p i st age to mul ti pl ex

different i rfARcsuataFsdid fdecemodsnssesyisfitocidrelyul tipliers. Each of the
adders 510A, 51@3tAl0G &hsechama-a 1l Liplexes: 5204 §203,,.and 5200
respectively at its, | n[}ultt st @g.e t.gl mul ti%lyex different inputs from
different budsesS TG the “ddder 47 14itédee P EFhIreREISE AAR Dt her cont r ol
| ogi ¢ al | ow iniseamrdef sthenbs i Plores®oandkeahhes wenpopants within the

processing units 30C includes a data typer and aligner

502, %a firsc multiplier M1 S04A, a compressor 506, a first

adder Al 510A, a second adder A2 5103, an accumulator

register 512, a third adder A3l 510C, and a second

multiplier M2 504B. Adders 510A-510C are similar in

structure and are generally referred to as adder 510.

Multipliers 504A and 5048 are similar in structure and

generally referred to as multiplier 504. Zach of the

multipliers 50%A and 5043 have a multiplexsr 514A and 5143

respectively at icts input stage to multiplex different

inputs from different busses into the multipliers. Each

of the adders 510a, 5108, 510C also have a multiplexer

520A, 5208, and 520C respectively at its input stage to

multiplex different inputs from different busses into the

adders. These multiplexers and other control logic allow

the adders, multipliers and other componentcs within the

signal processing units 300A-300C to be flexibly

interconnected by proper selection of mulctiplexers. In

the preferred embodiment, rmultiplier M1 S04A, compressor

506, adder Al 510A, adder A2 5108 and accumulator 512 can

receive inputs directly from external data buses chrough




signal processing units 300A-300C to be flexibly interconnected bypﬁﬁ o&ﬁr
selection of multiplexers. In the preferred enbodinent, nultiplier g 20,05
conpressor 506, adder Al 510A, adder A2 510B and accunul ator 512 can
receive inputs directly fromexternal data buses through 19 2 9 JUN 2004 WO
01/55843 PCT1USO1102627 the data typer and aligner 502. In the preferred

enbodi ment weagdderss 51 0C and nul tiplier M2 504B receive ch‘}méflﬁuzg rom t he
accurul ator 512 or the outputs fromthe execution units nulti pzlier ML
504A, conpressor 506, adder Al 510A, and adder A2 5106. Program nenory 204
couples to the pipe control 304 which includes an instruction buffer that

acts as a local,, Loop tcaghe.ndThe, instruction buffer in the preferred
enbodi ment has Fhe-capabri ity of 9H8F di%g fGurhe igrsfrtiad ons. The

i nstruction buimedingntt heddsirpslaoatd clult 304 ek e Gaga thepoyer consumed in
accessing the imLps RAOIALSLQSEL Lbpstructions during the execution of
program | oops. Ref sé,r ring. nowct o.mFi. g'l%{glgBC%r gg?moruetpﬂﬁ dFPBLS ock  di agram
of the functi SHEF“BIVcRE EnB“t Helbes M3t FUdt urenmofessehe0si grualer pr ocessi ng

unit is illustratesh. PyadidcaePSE sigstructi ons are possi bl e because of the
structure and fypgtional it ovided in each signal processing unit.
Qut put signals arg&%guBrﬁéeﬂlg%u}[)&ofmfgﬁgssfogﬁﬁle HPGCEYEFPLIYT on the Z out put
bus 532 t hr ough*thergatdest ypeimsand-tabr gndter 502c hdyautsSi gRaks are coupl ed
into the signaboPrdaeessorrhe 300 :00-1:hg X d:apul, QH? ;%%JE and, ¥ i nput bus 533
t hrough the g%&li&ggerm@ndﬁ aligne_r .502. Internally, fhe dat a types and
al i gner 502 has & drfferént"u&t8 sty Picbalii®st &each

instruccions. The instruction buffer of the pipe control

304 reduces the power consumed in accegsing the main

memo¥les to fetch instructions during the execution of

program loops.

Referring now to Figure 5B, a more derailed biock
diagram of the functicnal blocks and the bus structure of
the signal processing unit is illustrated. Dyadic DsP
instructions are possible because of rthe structure and
functionality provided in each signal processing unic.
Output signals are coupled out of the signal processor 300
on the Z output bus 532 through the data typer and aligner
502. Input signals are coupled into the signal processor
300 on the X input bus 531 and Y input bus 533 through the
data typer and aligner 502. Internally, che data typer
and aligner 502 has a different data bus to couple to each
of multiplier M1 504A, compressor 506, adder Al S10A,
adder A2 5103, and accumulator register AR 512. While the
data typer and aligner 502 could have data busses coupling
to the adder A3 510C and the multiplier M2 5043, in the
preferred embodiment it does not in order to avoid extra

data lines and conserve area usage of an integrated
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of multiplier ML 504A, conpressor 506, adder Al 510A, adder A2 5103 ﬁl
accunul ator register AR 512. Wile the data typer and aligner 502 c%%a@ 2004
have data busses coupling to the adder A3 510C and the multiplier M2 504B,
inthe preferred enbodinment it does not in order to avoid extra data

| i nes and conserve area usage of an integrated 20 2 9 JUN 2004 WD 01155843

?CT/ USO1 A@@@%%m?i rcuit. Qutput data is coupled from thea aegssgxl at or
register AR 512 into the data typer and aligner 502. Miltiplier m 504A

has buses to couple its output into the inputs of the conpressor 506,
adder Al 510A, adder A2 5103, and the accunul ator registers AR 512.
Conpressor 506 has buses to couple its output into the inputs of adder Al
510A and addef!P#35103°URYHeT2Al 1S ITAPHES faB s I LEBLAAE its output into
t he accunul at eegregirstrerss25io chddrarka AR pathdhasiduezescd.0 couple its
output into t . a reqgisters 512. Accunul ator registers 512 has
buses to coupPglﬁl%ggggﬁgutgggmthggn% $p oléjfm"l\% égﬂfutgﬁ%elrnt A3'%30C, and
dat a typer andrgitisgRérciBogongysders KJ65 0BG Has Shisesdder @édupl e its out put

into the multigpdd eandler2048-ud:§:heaeeUnll At 0Fo I egbstRksss12. Ml tiplier
M2 5043 has busgl%ﬁto couEI e its output into the inputs of the adder A3
510C and the attdfdl BtSE FRA%PET S TAREPSE INSTRUICHP N ssef ARCH TECTURE The

instruction satdear shitloet amde agfiet he ABBP Lofeirsal tsabharaasdateusdi gi tal signal
processing appliLabionss aalg&lledim euglaglc@rmﬂ_aﬁes%'aipée%e§§i ng such as

conpr essi on/ deconpr essi on _and echo cancellation. 1n essence, the
i nstructi on s®4%ar &hi T 88t Mt PHADT ERefPdewitshoutput incto the

accumulator registers 512. Accumulator registers 312 has
buses to couple its output into multiplier M2 5043, adder
a3 stoc, and data typer and aligner 502. Adder A3 510C

has buses to couple its output into the multiplier M2 S04B
and the accumulator registers S12. Multiplier M2 504B has
buses to couple its output into the inputs of the adder A3

510C and the accumulator registers AR 512.

INSTRUCTION SET ARCHITECTURE

The instruction set architecture of the ASSP 150 is
tailored to digital signal processing applications
including audio and speech processing such as
compression/decompression and eche cancellation. In
essence, the instruction set architecture implemented with
the ASSP 150, is adapted to DSP algeorithmic structures.
The adaptation of the ISA of the present invention to DSP
algeorithmic structures is a balance between ease of
implementatien, processing efficiency, and programmability
of DSP algorithms. The ISA of the present invention
provides for data movement operations,

pDsp/arithmetic/logical operations, program contral
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the ASSP 150, is adapted to DSP algorithmc structures. The adaptat]on of
the 1 SA of the present invention to DSP algorithmc structures is a 9 JUN 2004
bal ance between ease of inplenmentation, processing efficiency, and
programmability of DSP algorithnms. The | SA of the present invention

provi des for data novenent operations, DSP/arithmetic/logical operations,

pr ogram cqp g4l 2 9 JUN 2004 WO 01/ 55843 PCT/ USO 1 pg@ﬁ%] ,gp,eratl ons
(such as fu(Tr)lcl'?Al on calls/returns, unconditional/condi téona Jj unps and

branches), and system operations (such as privilege, interrupt/trap/hazard
handl i ng and nenory nenagenent control). Referring now to Figure 6A an
exenpl ary instruction sequence-600 is illustrated for a DSP al gorithm
program nmodePPSERPESYA ri§uethesi fstatder iceAlsétetarwhi t ecture of the present

i nventi on. Thﬂldoaaiimbn%bnaemtﬁme &R BAS r3BncrU4l €rads00p 891 and an inner
| oop 602. Because . DSP. g ?q‘” t hns t?nd to perfor m repetitive conputations,
i nstructions BOB W T N-THe 2t LS BOF PR ExXaR(’%&d %ti nore often than

ot hers. [ nst risedl ors 280 3naoeytygpiagehdry cpar-alet er setup code to set the
menory pointers, provide for the setup of the outer |oop 601, and ot her

2X20 control ingkfaetingnsow hBSEtlrgueéI@nsarﬁi%&eaﬁf‘artyylexé?c%!:ﬁ/mncont ext save and
function return i nstrggt: ons, or r,__2X20_control instructions.

| nstructions 603 fare LIs':f"'ta‘e?l E8RsT d&F e T T L RA°FF78t r uct i ons whi ch
are typical | yodghfemedoeind phexesated.ioh nstor actliionscB@4oarmet ypically to

provi de the %ﬁ‘EH@ntf Qhvid8 oh NNefhel m:@gt?j:onogg:ﬁfenggrgorookas an
outer loop 601 and an inner loop 602. Because DSP
algorithms tend to perform repetitive computations,
instructions 605 within the inner loop 602 are executed
more often than others. Instructions 603 are typically
parameter setup code to set the memory pointers, provide
for the setup of the outer loop 601, and other 2X20
control instructions. Instructions 607 are typically
context save and function return instructions or other
2X20 control imsctruccions. Instructions 603 and 607 are
often considered overhead instructions which are cypically
infrequently executed. Instructions 604 are typically to
provide the setup for the inner loop §02, other control
through 2x20 control instructions, or offset extensions
for pointer backup. Instructions 06 typically provide
tear down of the inner loop 602, other control through
2x20 control instructions, ané combining of datapath
resuits within the signal preocessing units. Instructions
605 within the inner loop 602 typically provide inner leoop
execution of DSP operations, controi of the four signal
processing units 300 irn a single instruction multiple data
execution mode, memory access for operands, dyadic DSP

operations, and other DSP functionality through the 20/40
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t hrough 2x20 control instructions, or offset extensions for pointer
backup. Instructions 606 typically provide tear down of the inner I%%éUNZWL
602, other control through 2x20 control instructions, and conbining of
datapath results within the signal processing units. Instructions 605
within the inner |oop 602 typically provide inner |oop execution of DSP
oper ati onswon@msdssol of the four signal processing uni tegr@dQ80kd37a Si ngl e
instruction nultiple data execution node, nmenory access for operands,
dyadi c DSP operations, and other DSP functionality through the 20/40 22 2
9 JUN 2004 W01155943 PC1'1US01/ 02627 bit DSP instructions of the |ISA of

the present invention. Because instructions 605 are so often repeated,

si gni ficant i MpF oVENERECTITCOPET i Gifal S| Elemeyseray ibeentiad. by provi di ng
the DSP i nstruettons, inncludistg generalso dyash Gebarsdeuct i ons and dyadi ¢ DSP
instructions, ;W fhi. the present .inyention. The instruction set
architecture 3?5% égﬁgggﬁfggﬁggﬁtbglo ?%%%89%53% FHG E " ofponent part s,
one (Rl SC | SAhad dut PESHEHEE neret 85 HesRNSCiemnt hotluding emeéranot her ( DSP

ISA) to the DgPadiat apsthsrobnd Bea @A HBEOGRSSLAG MO 15,300 The RISC I SA
is a register as%g %cm tecture  including sixteen registers within the
register file®* 213 i€ RHEPSP1V8A %€ a nenory based architecture with
ef ficient digitafhesigsrducpiwcessinghinstonetdfonse AEBe 130nshs Ukt i on word for

the ASSP is typigal Ly RQ,0its bi..580. e expand 0.40-bits to control
two RI SC or DSP instr_ucFiQons topl:?e exgcu%sg'dg??\ @grslke;ss r parallel, such as

a Rl SC cont r of *TF5SPPIEI ot EX8CRASEdSPH *parHliF epndriapht 2erDSPSP i nst r ucti on, or
a 40 bit extenstod R SE 05 [BPapSisl bEth@Nsignal processing units

300, The RISC ISA is a register based architecture
incldding sixteen registers within the register file 413,
while the DSP ISA is a memory based architecture with
efficient digital signal processing instructions. The
instruction word for the ASSP is typically 20 bits but can
be expanded to 40-bits to control two RISC or DSP
instructions to be executed in series or parallel, suchk as
a RISC control instruction executed in parallel with a DSP

instruction, or a 49 bit extended RISC or DSP instrucrcion.

The instruction set architeccure of the ASSP 150 has 4
distinct types of instructions to cptimize the DSP
operational mix. These are (1) a 20-bit DSP instruction
that uses mode bits in control registers (i.e. mode
registers), (2) a 40-bit DSP instruction having control
extensions that can override mode registers, (3} a 20-bit
dyadic DSP instruction, and {4) a 40 bit dyadic D3P
instruction. These instructions are for acceleracing
calculations within the core processor 200 of the typse
where D = [ (A opl B) op2 C | and each of "“opl” and “op2”

can be a mulciply, add or extremum {(min/max) class of

23




The instruction set architecture of the ASSP 150 has 4 distinct typgﬁbﬁ{N 2004
instructions to optimze the DSP operational m x. These are (1) a 26-

DSP instruction that uses node bits in control registers (i.e. node
registers), (2) a 40-bit DSP instruction having control extensions that
can override node registers, (3) a 20-bit dyadic DSP instruction, and (4)
a 40 bit d i P instruction. These instructions ag el erating
cal cul ati ons V\lnst in the core processor 200 of the typePE.\g\I}{g{ug?%P: [ (A opt
B) opt C] and each of "opt" and "opt" can be a nultiply, add or extrenmum
(mn/max) class of 23 2 9 JUN 2004 WO 01155843 PCTI USO / 02627 operation on
the three operands A, B, and C. The | SA of the ASSP 150 whi ch accel erates
t hese cal cul arPeysrigh| ews-heetlijesi erdrachaimni Bg aofl di f ffee erdar 6O nbi nat i ons of

operations. Begaussst hesant¥ReRt10pREatdRES LAWY L8 ont *Hﬁgwwef ands, they
nmust be avail aglﬁe to the Jrocessor, However, because the device size

pl aces |imitsbh*THTE" T *PRT Rt B B BRNFRPB15e Y i%%i ted to two vect or
reads and onep#ections w iBeeaesChhesecltgod RIfOopIA Dolis @Eqdata nmenory 202.

Thus one of thg gperands, such as B.,or G. needs _t corme from anot her
source within the core pféces"%r%b(?.g ?‘%ﬁéa}t%ﬁei r%a %‘ﬁe?é?\ccfséﬁrn‘ be placed into
one of the reffPevérs PRUFREcaeifafcasbre Bigresr LitiasRpSCheegisst er file 413.

In order to geapAmkeShabbisacM t8iNnkhel 6Or QdPLEERSSPLa00ng there are two
subcl asses of the 20-bit DSP i strLictions which are (1) A and B specified
by a 4-bit sp& ferS™ &hd e C3EACS By B 12T °UEpRTifF2r s8R (2) A and C
speci fied by 2@ 4-Bhts specef itée, ommrdnds andeiD abyB aprl cbideegpesi fi er.
Instructions £Qfe &h&: ARSEREY &catMaYS k&L ched 40- Difs Al 200,

The third operand can be placed into one of the registers

of the accumulator 512 or the RISC register file 413. 1In

erder to accomplish this within the core processor 200

there are two subclasses of the 20-bit DSP instructions

which are (1) A and B specified by a 4-bit specifier, and

C and D by a l1-bit specifier and (2} A and C specified by

a 4-bit specifier, and B and D by a 1 bit specifier.

Instructions for the ASSP are always fe:zched 40-bits at

a time from program memory with bit 39 and 1% indicacing

the type of instcruction. After fetching, the instruction

i1s grouped into two sections of 20 bits each for execution

of cperations. In the case of 20-bit control instructions

with parallel execution (bit 39=0, bit 19=0), the two 20-

bit secticns are contrel instructions that are executed

simulzanecusly. In the case of 20-bit control

instructions for serial execution (bit 39=0, bit 19=1),

the two 20-bit sections are control inscructions that are

executed serially. In the case of 20-bit DSP instructions

for serial execution (bit 39=1, bit 19=1), the two 20-bit

secrions are DSP instructions that are executed serially,

In the case of 40-blt DSP instructions (bit 39=1, bit
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atinme fromprogramnmenory with bit 39 and 19 indicating the type 02 004
instruction. After fetching, the instruction is grouped into two se tgl'BVWSZ

of 20 bits each for execution of operations. In the case of 20-bit control
instructions wth parallel execution (bit 39=0, bit 19=0), the two 20- bit
sections are control instructions that are executed sinultaneously. In the

case of 20Rjdiss@ptrol instructions for serial executi ’Ué lober39=0, bit
19=1), +the two 20-bit sections are control instructi or?gqt gl{u %?e execut ed

serially. In the case of 20-bit DSP instructions for serial execution (bit
39=1, bit 19=1), the two 20-bit sections are DSP instructions that are
executed serially. In the case of 40-bit DSP instructions (bit 39-1, bit 24
2 9 JUN 2f | 04 \BPD1 155843 PCTFUSCELORB27Ed:@=0)e cxhendattoD®O bit sections

form one ext endedrRSRoni Msidhustd QReWHahs A1.8 - £x8GUI£d simul taneously. The
| SA of the ASSP 150 ﬂﬁZ‘ fgl Ly predicated providing Tor execution
predi ction. Wthin: tHe 20-3BFt RSECdrit Futly Pradifaetd esoviskagand the 40- bit

ext ended DSP ifiest exrctutoon predikctdiber e vaeei? chiet® -0f: eagh ddistkbuction

speci fying ong,spf f.QUL MQdLE r&ai st er. Lthip the R SC control unit
302. Depending upon “the cond%'tcﬁtc‘):ﬁeo toaée eﬁc?gnlega%j% régr8{er i nstructi on
execution can “COARErBANY ¥ Bidngé eashsEnsoruitioncerraahysng loneor der to

access operands pdurhbbedRQcdataaigesmy ¥idl2 ¥ keg SLers-W Lhin the
accumul ator 512 or register file 413, a 6-bit specifier is used in the DSP
ext ended i nstructi Ong 10 Hcteds SOpePARtE Froneheryrediasregi sters. O the
six bit speci fergFstgsediistrihelcextengedorDSPr dansit ¢t Ugtail DASshahe MSB (Bit 5)
i ndi cat es whebhes hher ACCESSaes.
In order tao access operands within the daca memory 202

or registers within the accumulactor 512 or register file

413, a 6-bit specifier is used in the DSP extended

instructions to access operands in memory and registers.

Of the six bit specifier used in the extended DSP

instructions, the MSB (Bit 5) indicates whether the access

is a memory access or register access. In the preferred

embodiment, if Bit 5 is set to logical cne, it denotes a

memory access f[or an operand. If Bit 5 is s=t to a

logical zero, it denotes a register access for an operand.

If Bit 5 is set to 1, the contents of a specified

register (rX whexe X: 0-7} are used to obtain the

effective memory address and post-modify the pointer field

by one of two possible offsets specified in one of the

specified rX registers. If Bit 5 is set to 0, Bit 4

decermines what register set has the contents of the

desired operand. If Bit-4 is set to 0, then the remaining

specified bits 3:0 control access to the registers within

the register file 413 or to registers within the signal

processing units 300.



IS a nenory access or register access. In the preferred enbodinent, 2 U@ Q
5is set to logical one, it denotes a nenory access for an operand. 9

5is set to a logical zero, it denotes a register access for an operand,
If Sit 5is set to 1, the contents of a specified register (rX where X
0-7) are used to obtain the effective nenory address and post-

poi nter fiwghghssfy one of two possible offsets specifi eg k.08

specified rX registers.

nodi fy the
of t he

If Bit 5is set to 0, Bit 4 deternlnes what

regi ster set has the contents of the desired operand. If Bit-4 is set to
O, then the remaining specified bits 3:0 control access to the registers
the register file 413 or to registers within the signal processing
units 300. 25 2 9 JUN 2006 WO 01P35GHITRPCTIAWS01102627 DSP | NSTRUCTI ONS

There are four nHjeQ'Ié stagses wfjoPSRakhst bEChd0NSs A9k ; 4A1e ASSP 150 these

W thin

are

1) Multipl
connected to da a
Qperates on vector data specified through type field in

% 3 Cbntrols t he execution of the main
uses ron1nennry Control s: Rounding, sign

mul tiplier
of multiply

address register

ol ute val ue

Second operatipmMIAggh,SMQLT¢AnCmﬁﬁ§lgnhgqg%thgﬁlggﬁzﬁ nDde 1 2) Add
POl S°

(ADD) :

Controls the execution of the main-a

Con *Hbs

control of thBiBUtE PPRTFISeAgE® CRE rwses tfrom memory.

Controls: Rounding, sign of multiply
Operates on vector data specified through ctype field in
address register
Second operation: Add, Sub, Min, Max in vector or scalar
mode

<
2) Add (ADRD): Controls the execution of the main-adder
Controls: absolute value control of the inputs, limiting
the result

Second operation: Add, add-sub, mult, mac, min, max

3} Extremum (MIN/MAX): Controls the execution of the
main-adder

Controls: absolute value control of the inputs, Glohal or
running max/min with T register, TR register recording
centrol

Second coperation: add, sub, mult, mac, min, max

4) Misc: type-match and permute operations.

The ASSP 150 can execute these DSP arithmetic
operations in vector or scalar fashion. In scalar
execution, a reduction or combining operation is performed
on the vector results £o yield a scalar result. It is

commeon in DSP applications to perform scalar operations,
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Second operation: Add, add-sub, nolt, mac, mn, max 3) Extrerrum(MN/m:
Controls the execution of the nmin-adder Controls: absol ute val ue cg t IZW'

of the inputs, Gobal or running max/mn with T register, TR register
recording control Second operation: add, sub, nmult, nmac, mn, max 4) M sc:
type-match and pernute operations. The ASSP 150 can execute these DSP

ari thmeti cyoQpskations in vector or scalar fashion. Iny,sgalar. execution, a
reducti on or conbining operation is perforned on the véctor results to

yield a scalar result. It is comon in DSP applications to perform scal ar
operations, 26 29 JUN ?04 WD 01155643 PCT(US011025227 which are efficiently
perfornmed by the ASSP 150, The 20-bit DSP instruction words have 4-bit
operand speci*ft @ Srenhficarrdivr eetfoymed besshadaB8P rSfory using 8 address

registers (r0-r7hanzbhbit bbe Fregsd@bnfid-as 430k - bikthgo R8¢ control unit

302. The neth of_.addressin the 20 bit DSP instruction word is
regul ar i ndi rgg?mv{ilteﬁs t?’ﬁé A d?ég%ccﬁég?%cteéf BWrBCTIPFHGSHE Hointer into
menory, post addnrdiski celisoarvalrer7)t ypehiof cdatragaseesserk and ofer nut ati on of

the data needegk Resexacute g ad@or | By efdd Gk el ¥es ALl L of the DSP
instructions control the nmultipliers 504A-5043, adders ngyA- 51CC,

conpressor 508 gAdPth&SBcTinraration Bam 1f eeopddctindirictunits of each
si gnal processtngddneds 308At3008ecliByidye cdd b hirdNShEdIGhon, word, the type

of ‘extension Jromifg g0l Lallst Lystionavord falls into five categories:
permutation of the data needed to execute the algorithm
efficiently. All of the DSP insrructions control the
mulvipliers 504A-504B, adders S10A-510C, compressor 506
and ®he accumulator 512, the functional units of each
signal processing unit 300A-300D.

In the 40 bit instruction word, the type of exrension
from the 20 bit instruction word falls into five
categories:

1) Contrel and Specifier extensions that override the
control bits in mode registers

2) Type extensions that override the type specifier in
address registers

3) Permute extensions that override the permute specifier
for vector data in address registers

4) Cffset extensions that can replace or extend the
offsets specified in the address registers

5) DSP extensions that éontrol the lower rows of
functional units within a signal processing unit 300 to

accelerate block processing.
The 40-bit control instructions with the 20 bic

extensions further allow a large immediate value (18 to 20

bits} to be specified in the instruction and powerful bic
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1) Control and Specifier extensions that override the control bits imdﬁ
regi sters 2) Type extensions that override the type specifier in addr 0
for

regi sters 3) Permute extensions that override the pernute specifier
vector data in address registers 4) Ofset extensions that can replace or
extend the offsets specified in the address registers 5) DSP extensions

t hat contr elotkssd ower rows of functional .units w thinpargis@ihadzy Pr ocessi ng
unit 300 to accelerate block processing. The 40-bit control instructions
with the 20 bit extensions further allow a |large i medi ate value (16 to 20
bits) to be specified in the instruction and powerful bit 27 2 9 JUN 2006

WO 01/55843 PGI] A mani.pul ati on instructions. Efficient DSP
execution is proglﬁgé%l%l?%%x?é} 7T DSP instructions with the first
20-bits control | Fiigctper (5B efagnctéronal paeniidsd (adeerxeo59kApgad 5108,

mul tiplier 504AscrGIPELS30R BR0}; dhat, inter a dat.a buses from nenory
and the second 20 bits caontrolli nlg t he bottoéﬁ%%g%%ﬁlingn%qe lgﬁﬁi ts (adder 510C
and nul tiplief “B0482t AL asBFATRANAE 2an6r S1%8cabulddpaiers soper ands. The top

functional unFemsreakso Sosef@rarethdarrase KBi datiNbises FeSHGRLAE | nner | oop

cycles in thg,dnner.lQan $02; all.elizing across consecutive taps or
sections. The bottom f unct?cgné é'/uér%ll%tggalc:llﬁflgtttli‘(lf DAY TY5ERORAC] es i n t he

outer |oop 6045 addeThyiopardltdriniiey Bl«GekeBEPuat gorkEATs acr 0ss
consecutive &AaNpEES.data as operands. The top functional units, also

referred to as main units, reduce the inner loop cycles in
the inner loop 602 by parallelizing across consecutive
taps or sections. The bottom functional units cut the
outes loop cycles in the outer loop 601 in half by
parallelizing block DSP algorithms across consecutive
samples.

Efficient DSP execution is also improved by the
hardware architecture of the present invention. In this
case, efficiency is improved in the manner that data is
supplied to and from data memory 202 to feed the four
signal processing units 300 and the DSP? functional units
therein. The data highway is comprised of two buses, X bus
531 and Y bus 533, for X and Y source operands, and one Z
bus 532 for a result write. All buses, including X bus
531, Y bus 533, and 2 bus 532, are preferably 64 bits
wide. The buses are uni-directional to simplify the
physical design and reduce transit times of data. In the
preferred embodiment when in a 20 bit DSP mode, if the X
and Y buses are both carrying operands read from memory
for parallel execution in a sigral processing unitc 300,
the parallel load field can only access registers within
the register file 413 of the RISC control unit 302.

Additionally, the four signal processing units 300A-30CD
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Efficient DSP execution is also inproved by the hardware architecture zf 2004
the present invention. In this case, efficiency is inproved in the reth QN
that data is supplied to and fromdata nenory 202 to feed the four signal
processing units 300 and the DSP functional units therein. The data

hi ghway is conprised of two buses, X bus 531 and Y bus 533, for X and Y
sour ce opemandsss«and one Z bus 532 for a.result wite.pclvkolatses,

including X bus 531, Y bus 533, and Z bus 532, are preferably 64 bits

wi de. The buses are uni-directional to sinplify the physical design and
reduce transit tinmes of data. In the preferred enbodinent when in a 20 bit

DSP node, if tlhne § aﬁneq Yrbvuses_are both carryi n_% operands read from nenory
for parallel eXe&ifion iR 2S¢ if tiptifg parall el | oad

gifal™ ProcessiRy i
field can onl ystdécezdlaredl &t .ersd wictimulatthe1ppgingt efarf hiee 413 of the RISC

control unit 302.:1:Addi.ti gnally.;Lhe 9t [ | .processin nits 300A- 300D
28 2 9 JUN 2004 WO 01/ ESS%PCTI_ISSOlggg%'f%flgg%artg?Icg/I%?f)r%%Fge f our
paral | el MAC UfPPs* (FTHEF ATPerar iBp4peauatrib o SGAC mf@uacdt@sukat or 512) t hat

can make simdntaneausyenpnputati ons. This reduces the cycle count from4
cycles ordinarily required to performfour MACS to only one cycle. DYADI C

DSP | NSTRUCTI ONS All DSP instructions of the instruction set architecture
of the ASSP 150 are dyadi ¢ DSP*34iSt PRECINSIRICTIWEINShi n the 20 bit or 40 bit

i nstruction wor da1iApdyadiss ruBSRnk NSt kHEQP- 1N NE.t he ASSP in one
instruction and . one- %/%:I e to performtwo operations. Referring now to

Figure 63 is A CREDSCCITT 04t AR PATE t178 e AYASIC BYR 18Pty ions

within the 20 bit or 40 bit instruction word. A dyadic
DSP instruction informs the ASSP in one inscruction and
one €ycle to perform two operations. Referring now to
Figure 6B is a chart illustrating the permutations of the
dyadic DSP instructions. The dyadic DSP instruction 610
includes a main DSP operation 611 (MAIN OP) and a sub DSP
operation 612 (SUB OP), a combination of two DSP
instructions or operations in one dyadic inscruction.
Generally, the instruction set architecture of the presenc
invention can be gereralized to combining any pair of
basic DSP operations to provide very powerful dyadic
instruction combinations. Compound DSP? operational
. lnstructions c<an provide uniform acceleraticon for a wide
variety of DSP algorithms not just multiply-accumulate
intensive filters. The DSP instructions or operations in
the preferred embodiment include a multiply instruction
.{MULT), an addition instruction (ADD}, a minimize/maximize
instruction (MIN/MAX) also referred to as an extrema
instruction, and a no operation instruction (NOP) each
having an associated operation code (“opcode”). Any two
DSP instructions can be combined vrogether to form a dyadic

DS? instruction. The NOP instruction is used for the MAIN
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dyadic DSP instructions. The dyadic DSP instruction 610 includes a n’gi n
DSP operation 611 (MAIN OP) and a sub DSP operation 612 (SUB OP), al 9 JUN 2004
conbi nation of two DSP instructions or operations in one dyadic
instruction. GCenerally, the instruction set architecture of the present
invention can be generalized to conbining any pair of basic DSP operations

to provide wgfigsewer ful dyadic instruction conbinati %srmsﬁ%lmgund DSP
operational 1nstructions can provide uniform accel erationTor a w de

variety of DSP algorithnms not just nultiply-accunulate intensive filters.
The DSP instructions or operations in the preferred enbodi nent include a
multiply instruction (MILT], an addition instruction (ADD), a

m ni m ze/ maxi MZ&% AR AFcrivh 2( MINLRDE® apsmtied grsr éesitredase ar extr ema
instruction, ah@caced peratdyanid Bebrusk i@ :cNOPryeach, having an

associ at ed operation codg :("0 code"). Any two DSP iInstructions can be
variations o he

conbi ned together-to Form A dyaHitél 8P P HAFEEYIS0RUCITHE YEIBOFnst r ucti on i s
used for the MAKNsQDlax 9pehdNig®4ht\WRIG1p 5684 3.PCEH LSNEI0R627 OP or SUB OP

when a singl e JISP- operat il ciise destrad Lo he ,executed by the dyadic DSP
he 1 ' FoDSP ienss%

i nstruction. re are _variations of the genera ructions such as
vector and s&§PATH'GpERAISIOAs (bfe - nEitkFpFtieat i on or addition, positive or
negative nultiplication, and positive or negative addition (i.e.
subtraction). ReRef€irAgs mow t® FRbgur 6C68aldgHegape Bbpapidmep. syntax for

an exenpl ary dyadi€ (PSR IS EGEOSsS $oid LUsidAteds,; ELgurg 6C illustrates
bitmap syntax for a conE'z rao e%taénded rélyadi C Bségilnlslturshgat%egh whi |l e Figure

6D il |l ustrate§* BiTTEp > SVt BX FoPrHagotlréRrt effied eRAtdPE BSPrdemst ruction. In

t he dyadic DSP instruction while Figure 6D illustrates bicmap
syntax for a non-extended dyadic DSP instruction. In the
non-extended bitmap syntax the instruction word is the
twenty most significant bits of a forty bit word while the
extended bitmap syntax has an instruction word of forcy
bits. The three most significant bits (MS8s), bits
numbered 37 chrough 39, in each indicate the MAIN OP
instruction type while the SUB OP is located near the
middle or end of the instruction bits at bits numbered 20
through 22, In the preferred embodiment, the MAIN OD
instruction codes are 000 for NOP, 101 for ADD, 110 for
MIN/MAX, and 100 for MULT. The SUB OP code for the given
DSP instruction varies according to what MAIN OP code is
selected. In the case of MULT as the MAIN OP, the SUB
OPs are 000 for WOP, 001 or 010 for ADD, 100 or Oll for a
negative ADD or subtraction, 101 or 110 for MIN, and 111
for MAX. In the preferred embodiment, the MAIN OP and the
SUB OP are not the same DSP instruction although
alterations to the hardware functional blocks could
accommodate it. The lower twenty bits of the control

extended dyadic DSP instruction, the extended bits,
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non- ext ended bitmap syntax the instruction word is the twenty nost
significant bits of a forty bit word while the extended bitmap synt%&JHﬁgﬂm‘
an instruction word of forty bits. The three nost significant bits (MSBs),
bits nunbered 37 through 39, in each indicate the MAIN OP instruction

type while the SUB OP is |ocated near the mddle or end of the instruction

bits at biygomdgsered 20 through 22. In the preferredy,gxhgdi-pBnt, the MAIN
OP instruction codes are 000 for NOP, 101 for ADD, 110 for M N MA X. and

100 for MUT. The SUB OP code for the given DSP instruction varies
according to what MAIN OP code is selected. In the case of MIT as the
MAIN OP, the SUB Cﬁs are 00Q for NOP, 001 or 010 for ADD, 100 or 011 for a
negative ADD BF 30bt PEcfiGIR BEACSGF 1907 breoVPRE foamdrdnting.or MAX. I n t he
preferred embbdiimeng, abheluval PR andinbhes BUBsuPoar e;natgidgisane DSP

instruction althaugh.aLt grat, L9 {he hardware functi onal bl ocks coul d
accommodat e |t [J}The pgvverltwe%%ggbl éf)% SF° tRé“Gontrol  ext ended dyadi ¢ DSP

i nstruction, % tended bits, 30 2 9 JUN 2004 WO 01/55843 PCTf US01102627
control the sig Qfx‘bﬁ' BRRSYTAYS (i £0% 5YPEtT GFh FBGREEHER <31 MEting, absol ut e
val ue of i nputcaviéoredSUB-ORexorsyacgk abal prdf-hb MYSiaper akiop whth a register

val ue. The bifap,syatay, ot khe Q&éidex%s GSP L nssttrmlgs:%' onff%gt Ibgn ggnverted

into text syntax for program codin MULT
non- ext ended FASRYUcLFDFeZS Sifittexa @ulqltpém;ae:»pnscgmmamf:@r mul tiplication
or MILT is (vrullvmul n). (vaddl vsubl vmax) saddJssubl smax) da, sx, sa. sy
(, (ps0) I ps 1)1 THemtlymul) (vaddivsublvinkgshdlissudlesns di, o« &, NQpsopas) t i ve vect or
mul tiplication or negative vector nultiplication being

The "vmul |vmuln~ field refers ro eithar positive wvector

multiplication or negative vector multiplication being
selected as the MAIN OP. The next fi=ld,
“vadd|vsub|vmax|sadd|ssub|smax“, refers to either vector
add, vector subtract, vector maximum, scalar add, scalar
subtraction, or scalar maximum being selected as the sUB
OP. The next field, “da”, refers to selecting one of the
registers within the accumulator for storage of results.
The field “sx” refers to selecting a register within the
RISC register file 413 which points to a memory location
in memory as one of the sources of operands. The field
"sa” refers to selecting the contents of a register within
the accumulator as one of the sources of operands. The
field “sy” refers to selecting a register within the RISC
register file 413 which points to a memory location in
memory as another one of the sources of operands. The
field of *[, (ps0) |psl)]” refers to pair selection of
keyword PS50 or PS1 specifying which are the source-
destination pairs of a parallel-store control register.
Referring now to Figure 62 and 6F, lists of the s=t of 20-

bit DSP and control instcructions for the ISA of the
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selected as the MAIN OP. The next field, "vaddfvsublvmaxl| saddl ssubfsmax",
refers to either vector add, vector subtract, vector maxinmum scal a9 atili00
scal ar subtraction, or scalar maxi mum being selected as the SUB OP. The
next field, "da", refers to selecting one of the registers within the
accunul ator for storage of results. The field "sx" refers to selecting a

regi ster wWihiothe R SCregister file 413 which poi ntmsr_ﬁ’tug (B Eor
| ocation in nenory as one of the sources of operands R il

refers to selecting the contents of a register within the accunul ator as
one of .the sources of operands. The field "sy" refers to selecting a
register within the RISC register file 413 which points to a nenory

| ocation in rPéﬁﬁ?’&F asveMdehets dAéuvfrat e sBimwessdflioperardse: The field

of "(, (Ps0) psbEJéxderion Scdn@rPhiih- 88l 8gbiOROf thekeymyed 750 or PS1
speci fyi ng whi ch are, t he source- destination pairs of a parallel-store

control regi sters S RAFEFITRY noWPYE® EfgtsESCE%aRar 68, <P 1RiEsDER t he set of
20- bit DSP aAdstomtiohs ifestrheclibdNg tid prhgedcShnadnctibe. 3Figu:d JUN 2004 WO

01/55843 PCT/ }i S0L1Q2627 (Rt €574 hon. i illustrated. Figure 6Glists
the set of extended contsr ol 1 ns%r u\ét?F%nlglsforc 3 Sf§5\ 1 R &pr esent
i nvention. Fi giff 766881 iS¥entive-set of 40-bit DSP instructions for the |ISA

of the present IM&BEiI@’]nOEI@II"quz@l?[I§tb$oém%1§§§amoilﬁmE.§§§é ng
instructions fo esent ek nvention. Referring now to Figure
7, a block di agér aﬁthIE 'llc&?tog ecoQ Eﬁfo‘ SEELRYT8R UcBUTTS Porc"eonfi guri ng
the bl ocks of st91@l BIeAfak iy G@eSsiqiig Lﬂfhetsatﬁ@l dtrgessgnabopr ocessor 300

includes the fidtakedeaRders: 7Q4idRsonaR 0N Ny, ang

multiplexers 720A through 720N. The multiplexers 720A
through 720N are representative of the multiplexers 514,
516, 520, and 522 in Figure 58. The predecoding 702 is
provided by the RISC control unit 302 and the pipe control
304. An instruction is provided to the predecoding 702
such as a dyadic DSP instruction 600. The predecoding 702
provides preliminary signals to the appropriate final
decoders 704A through 704N on how the multiplexers 720A
through 720N are to be selected for the given instructicn.

Referring back to Figure SB, in a dyadic DSP instruction
the MAIN OP generally, if not a NOP, is performed by the
blocks of the multiplier Ml 504A, compressor 506, adder Al
510A, and adder A2 5103. The result is stored in one of
the registers within the accumulator register AR 512. In
the dyadic DSP instruction the SUB OP generally, if not a
NGP, is performed by the blocks of the adder A3 510C and
the multiplier M2 S504B. For example, if the dyadic Dsp
instruction is to perform is an ADD and MULT, then the ADD
operation of the MAIN GP is performed by the adder Al S10A
and che 5U3 OP is performed by the multiplier M1 S504A.

The predecoding 720 and the final decoders 704A through
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mul tipl exers 720A through 720N. The nul ti pl exers 720A through 720N 7reUN2%L
representative of the nmultiplexers 514, 516, 520, and 522 in Figure §3!

The predecoding 702 is provided by the RISC control unit 302 and the pipe
control 304. An instruction is provided to the predecoding 702 such as a
dyadic DSP instruction 600. The predecoding 702 provides prelimnary
signal s t owbhessappropriate final decoders 704A t hr ougbcy04Nofaty how t he

mul ti pl exers 720A through 720N are to be selected for the given
instruction. Referring back to Figure 58, in a dyadic DSP instruction the

MAIN OP generally, if not a NOP, is perforned by the blocks of the
dder Al 510A, and adder A2 5103. The

mul tiplier M,p04A ressor. 506, addel . ,
result is store iaﬁpg%'r’eggﬁe‘)f ﬁé%ceﬂgitsr ErSPHF e ™ HiéP At edRrul 3Por regi ster
AR 512. In tReragddi ¢OEDSP $9istr uttei BRIN he SUBe GRgeaadd@blyshd f not a NOP,

is perfornmed byudhe:béeeksnodfont ha;adder, A3 d._.the multiplier X12
504B. For example, .if the_ dyadi c DSP i nst r%??%%%l ks:'yt%’&perform is an ADD

and MULT, the Y HE8ABD M optiPat i Uh t5F ¢458° MRIYNCER® | subeipiexsred by the adder
Al 510A and 33te SEBOR ispyrer fofmede ek e ol {ddpki &fneMls §O04A. The

predecodi ng 72Q.and,t hgsfinal caders .704A through 32 2 9 JUN 2004 WO
01/ 55843 PCTIUSOL102627 704N 3%% g%r Gtaty 05| AR %{’T‘I’@Eﬁ%pecti ve
mul ti pl exer s TIOAPI¢fFobith SE20E % 6he eduspit tihiem MAkib GRobofdxe perf or med by

the adder Aladl@fandat e cBUBRrtade Perf orded, by Lhe, nylLiplier M
5048. In the exenplary case mul tipl exer 520A selects Inputs fromthe data
Futs

typer and al igner 507 PR~ SFARIFIFoP HAUATOA SBIGA 1 pBPYGr Pt he ADD

operation, maFfept exerMBI2sERlogct sSTHeheADUDP Undf soEncaddat r210A for

accunul ation éiﬂhéﬁ%x@@@%gﬁﬂnt:@;@by Q‘DCL ”ELHaH' g:-):(gcruc?g'rﬁ%n
paraklel words) or in parallel (i.e. parallel execution on
parallel words}. If implemented seguentially, the resulc
of the MAIN OP may be an operand of the SUB 02. The final
decoders 704A through 704N have their own control logic to
properly time the seguence of multiplexer selection for
each element of the signal processor 300 to match the
pipeline execution of how the MAIN OP and SUB OP are
executed, including sequential or parallel exescution. The
RISC control unit 302 and the pipe control 304 in
conjunction with the final decoders 704A through 704N
pipelines instruction execution by pipelining the
instruction itself and by providing pipelined control
signals. This allows for the data path to be reconfigured
by the software instructions each cycle.

As those of ordinary skill will recognize, the present
invention has many advantages. One advantage of the
present invention is that the ISA is adapred to DSP
algorithmic structures providing compact hardware to
consuma low-power which can be scaled to higher

computational requirements. Another advantage of the
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selects outputs fromthe accumul ator 512 as its inputs to performtkj My%’m
SUB OP. The ,MAIN OP and SUB OP can be either executed sequentially ?i ~e.

serial execution on parallel words) or in parallel (i

.e. parallel

execution on parallel words) If inplenmented sequentially, the result of

the MAIN OP may be an operand of the SUB OP. The final

decoders 704A

t hrough 70 have their own control logic.to properly tine the sequence of
0133563

mul ti pl exer SePEction for each el ement of the si gnal

PCBEEYLSR7 300 t o

mat ch the pipeline execution of how the MAIN OP and SUB OP are executed,

i ncludi ng sequential or parallel execution. The RISC

control unit 302 and

the pipe control 304 in conjunction with the final decoders 704A through
704N pi pel i neseferst Eoe¢nmonexectht amebyigab De) iRl gk Ahen; dNgLydiction itsel f

e data path

and by providigRged Rekined c signals. This allows for t
ur ¢ fplotanhiohs & T a6t TORENETRTRSRISENS As t hose of

to be reconfigured by the software ins

ordi nary skil PV§F192d 2esafipee “inle lpedsent stirevenddmmat hass .many advant ages.
One advant ageasbrisheadpisgatod BNE YO SnidAtfhg LRA IS adapted to DSP

act hardware to

consune | ow power

al gorithm c structures. providing co . _
whi ch can be %Egaﬁcléaego“rpﬁcéﬁ%trmé‘o qgt‘?rbﬁalp‘ioé’qﬁ?? SfeRkas  Anot her advant age
of the 33 2 91GYNUZYOFANBRDY!He55843dPSTdYSEN 41826 20 PRES efvah ANt i on i s t hat
the signal pregassi pg=d8akt S,.RaY 8 disr ccess to operands in nmenory to

i § %‘%\tfc\n ?khe Fo3 'aRa°SI6r8%0 nst ruct i ons.

reduce processin over head_associ ate a

Anot her advanthgé 6" tifeCpregertd icHGentosrdls -t hat p
execution is pror\éieded o that instructions may be is
Anot her advant age

i pelined instruction
sued every cycle.

preferred embodiments of the present invention are

thus described. While the present invention has been

descglbed in particular embodiments, it may be implemented

in hardware, software, firmware or a combination thereof

and utilized in systems, subsyscems, components

or sub-

components thereof. Wnen implemented in software, the

elements of the present invention are essentially the code

segments to perform the necessary tasks., The program or

code segments can be stored in a processor readable medium

or transmitted by a computer data signal embodied in a

carrier wave over a transmission medium or communication

link. The “processor readable medium® may include any

medium that can store or transfer information.

Examples

of the processor readable medium include an electronic

circuit, a semiconductor memcry device, a ROM, a flash

memory, an erasable ROM (EROM), a floppy diskett
ROM, an optical disk, a hard disk, a fiber optic
radio frequency (RF) link, etc. The computer da
may include any signal that can propagate over a

transmission medium such as electronic network c

e, a CD-
medium, a

ta signal

hannels,

optical fibers, air, electromagnetic, RF links, etc. The

code segments may be downloaded via computer net

34
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of the present invention is that the signal processing units can b

configured cycle by cycle. The preferred enbodi nents of the presentengUN 1004

invention are thus described. Wile the present invention has been
described in particul ar enbodi nents, it may be inplenented in hardware,
software, firmvare or a conbination thereof and utilized in systens,
subsyst ens wEQRpRNENt s or sub- conponents thereof. Vhethﬁpkﬁ ted in
software, the elenments of the Present invention are essen Yy the code
segnents to performthe necessary tasks. The programor code segnents can

be stored in a processor readable medium or transmtted by a conputer data

signal enbodied in a carrier wave over a transm ssion medi um or

communi cat i orfS FrAKEPEPRBR=-PLBERSSSr Tteadall envedisanitheaypréseekude any

medi um t hat ciawest e sﬁbu]ld‘ aasftﬁr cbi QU aR:0N; niEXAMRY @8, Of the processor
r eadabl e nedlggba {5&% Q}ronlc circuit, a sem conductor nenory
device, a rrermr Fah E AL ED P CRENTEFEOYe @limsppy di skett e,
a CD- ROM aﬁhébtﬂﬂaPWdW§ww a hard disk, a fiber optic nedium a radio
frequency (RF) link, etc. The conputer data signal may include any signal
that can propagate over a transm ssion nedi um such as el ectronic network
channels, optical fibers, air, electromagnetic, RF |inks, etc. The code
segnents may be downl oaded via computer networks such 34 2 9 JUN 2004 WO
01/ 55843 PCTI USO J02627 as the Internet, Intranet, etc. In any case, the

present invention should not be construed as Iimted by such enbodi nents,

but rather construed according to the clains that follow bel ow 35
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29 JUN MR What is claimed is: | . A signal processor for performng ﬂg%ﬂh%%ﬂ
digital signal processing instructions having main operations and s
operations, the signal processor conprising: at |east one signal processing
unit including, a first multiplier and a first adder to execute a nmain

oper at i onypl ik1G¥vafisc digital signal processing instruction, a second
multiplier and a second adder to execute a sub operation of the dyadic
digital signal processing instruction, each of the first and second adders

and the fjirst @ﬂ&ﬁﬁl@@é@%f%ﬂﬁéff@&ﬂl%@ﬁ@dig"ﬁi sighal prbdebdM S RFuc@dnsihkEing Nput to

configure the si rocessing unit to execute the nmain operation and the
sub operamqub?pebartw@wdd%%ne@ﬂan%gmeéign%hpg%a%sowawé%@s ng instruction, and an

accumul at or hameggoﬁ@ggrﬁt fosestify eUiRLIBIA® the first multiplier or the first
adder to provide operands or store internediate results therefromand to

coupl e to the secordirstipliiplist andra fypt adis e ewee? aatapeRbofdAvadc an oper and

for the sulnPR&t p%bgﬁmagmhhgugyadlc digital signal processing instruction
and to store results of the sub operation, the accurmulator having a

register to coupl e asecanf@ubiplierand geprong addsr wrespcateraub gpegatiosof &°gnal

processeqygﬂgmgaﬂS@ﬁn$hﬁkgg%mﬁngagmdyadlc digital signal processing
instruction. 2. The SI% processor of claim.1 for perform ng dyadic

digital si gnal pr o@é@’s‘? iilep ﬁrﬁ‘r@f’ pasend asiders andhige Ersyand seqpnd awliphers havinger

conpri si rﬁgnulﬁplgﬁg M@%du’f‘ﬁ)tc'bl%ﬁédré)ﬂﬂe S gﬁal BRITBYIE Unif Bl eRbutetBOMEBlopstatidn and a
pi peline control redecode dyadi c "di gi tal signal processing

i nstruct |aa¢1thers%0mrﬁ§lpm P%@F fiipﬁdt‘ifdlgjﬁab?@?ﬁ W&F%}Slng metryetienigth execution signals,

and wherein the at GamuPis hﬁh%ﬁgwefsqs@&@mg tHeMTirdt nfulidiiaes: thdGhudes a
plurality of final decoders coupled to a g urality of multiplexers, each of

the firgddesiiprevdoprerandeiensioramiprmnediate reapls thesefmmand ip coumis 18 the sRepfng an

i nput  mulfjihiRX 6 thd £e959dtata§empb1%aéhﬁypepjndmaltﬁe d@b%matﬁmto@tﬂeerymye oper ands
responsive to the selectjon hy those of F urality of final decoders
&t

coupl ed tdgifabtignal gocerrieg igpigistpn 1‘5}‘16%&‘%6?5“8? ofet %Omerﬁw ety dyadi c

digital sl,gRgh g fs&?ﬁﬁc%hﬂg to thE & ffdd Gle@R S0 sivhah&liBital lsipBalPRicBsseP&lt@iti on of the
dyadi c digital processing instruction is one of the set of

mul tipli (gathfﬁﬁib ‘gﬁﬂxﬁdwr@‘g‘@bﬁﬁﬁ PISEASSIG WRFUEHAR-ni num or maxi num val ue, and
no

2. The signal processor of claim 1 for performing dyadic digital signal processing
instructions, the signal processor further comprising:

a reduced instruction set computer (RISC) control unit and a pipeline controller to
predecode the dyadic digital signal processing instruction into a plurality of preliminary
instruction execution signals, and

wherein the at least one signal processing unit further includes

a plurality of final decoders coupled to a plurality of multiplexers, each of the
first and second adders and first and second multipliers having an input multiplexer from the
plurality of multiplexers to receive operands responsive to the selection by those of the

plurality of final decoders coupled thereto.

3. The signal processor of claim 1 for performing dyadic digital signal processing
instructions, wherein,

the main operation of the dyadic digital signal processing instruction is one of the set
of multiplication, addition, comparison with 2 minimum or maximum value, and no

operation.
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operation. 36 2 9 JUN 2004 4. The signal processor of claim3 for Uy
perform ng dyadic digital signal processing instructions, wherein, %%é %@Nﬂ
operation of the dyadic digital signal processing instruction is one of the
set of nmultiplication, addition, conparison with a m nimum or maxi nmm

val ue, and no m%rgﬁxaup%essmm nq'?,fff)reﬁe?foifxﬁli?@lijam’c digdalsigHaepBLdsQRe 5. The

si gnal processor claiml for perform ng dyadic digital signal processing
i nst ruct i BYRICtiGNRSYREAN. t he main operation of the dyadic digital signa

processing insfe Hﬁtdp@(‘atlénsoﬁlﬁl Hediedigla sRBal priessBk ifsh8ctiBlis me ofhelsdtREi cation,
addi tion, conparison wWth a m ninum or "maxi num val ue, and no operatlon and

the sub opdilicatien, aﬁdltﬁ%cmam vt siaimus oprRAximYD velye 2pgng PROFALIGRt i on i s

sel ect ed yicbfifrers BOmAREM@hIoPtatidh. The signal processor of claim2 for
perform ng dyadic digital signal processing instructions, wherein, the

RI SC control unit includes three adders, a nenory address generator, a

multiplief, afdfnd réc%sorsgf'cﬁ:fnﬁrl f{n‘be%ﬁrqﬁé)%&ctdt@aps\{é}ﬁl Frolisghd al si gnal

processing instruction into urality of prelimhary instruction
executlonn%WQM%ﬁsmeﬂmThe S|gnal processor of claim2 for perform ng dyadic

digital signalyproGe alam of'ﬂ{ésayw@Bégﬁan%iegnalm?océésgl%%strn&%eﬁe%eﬁwﬁéﬁer

conprising: a data nory coupled t trol unit and the at |east
one si gnaine pf e et of myltipligatipn.faddition, epmprgiserpeitamainimpm of B¥MUE veluet he

executi on, g, B&?mf&xaga ﬁle%%ﬁakm? bﬂﬂ@hyaﬁfc%?g@éﬁélé}ﬂl prodtalifidimbthRilon AN a

program menory cou pi pel 1 ne conttol, the programnmenory to store
dyadi ¢ dﬁgkﬁalmﬁmQWGWPpP@UESS|ng i nstructions for execution by the at | east
one digital signal processing unit. 8. A signal processor for performng
dyadic digital_signal processing instructions, the signal processor

conpri si fy:  a Fhestenplpresessaref daim 2feraerfamuing dyadis digteksignal Pesstingonput er, an
ext er nal Hﬁﬂ%ﬁ&ﬁrwﬁe :face to read and wite data to an external nenory,

cl ock and phase-1oc ed | oop to control the tlnlng of operations of the
application  the RISC control umit includes three adders, a memory a dress generator, a multiplier,

and a barrel shifter to predecode the dyadic digital signal processing instruction into the

plurality of preliminary instruction execution signals.

7. The signal processor of claim 2 for performing dyadic digital signal processing
instructions, the signal processor further comprising:

a data memory coupled to the RISC control unit and the at least one signal processing
unit for storing operands and results of the execution of the dyadic digital signal processing
instruction, and

a program memory coupled to the pipeline control, the program memory to store
dyadic digital signal processing instructions for execution by the at least one digital signal

processing unit.

8. A signal processor for performing dyadic digital signal processing instructions, the
signal processor comprising:

a host interface to interface to an external host computer,

an external memory interface to read and write data to an external memory,

clock and phase-locked loop to control the timing of operations of the application
specific signal processor,

a memory movement engine coupled to the buffer memory to transceive data thereto
and therefrom, and
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specific signal processor, a nmenory novenent engine coupled to the buffer
menory to transceive data thereto and therefrom and 37 29 JUN 2W af 91 WA
one signal processing unit including a first nultiplier and a first adder

to execute a main operation of a dyadic digital signal processing

i nstruction, t%&?ﬂgﬁmlhf&lﬂs uﬁﬁnqmﬁldﬁlgcond adder to execute a sub
a

operation of t Ital” sign rocessing instruction, each of the
first and second addﬁwssmahﬁdllﬁrhedﬁﬁrssaddalrtd exeutgRdnanudergtion ef sdyadei ng a

mul tipl ex@p.at; hatl mlcgbgagg FLRU&BB“ gure the signal processing unit to execute
the main operat e sub operation of the dyadic digital signal
processi ng inst r ucta wrondamultiplen rad ascorndiadder texeagé s subropetatiorcdtid e to the

first nul%;agkldgguosg%&nﬁogeg égtmstﬂ:‘égﬁf to provi de operands or store

internedi ate r ere romand to couple to the second nultiplier or
t he second adder t ocaph eﬁ/ﬂidﬁrsaamdapemén‘iﬂefsomdtﬂaéirsmﬂ sypmdanultmlecsfhat/lhe dyad| c

di gi ta! Sei Q{ﬁﬂhleQJrQP &S 1?@{?%}&&?}%&9%&3 sf al gl S%sﬂltg%%ni? tfexe glhtgzna %)%{)AE?I?

oper ati on, accunu vVin o cou
nmenory t candtttgrseb bpreatiin gt thaldy&h'gdlgitalplgmieeczwam@mspumlongener ated by the

dyadic digital st onale BLAAESN0G. LATALELL AN A ANURRE PG gLt oner o

order the bits of the operands executl operation, a
third adc@dertt@p@ddeopmuuindsstor@geerhedlpteaﬂdltath@efmnasd;torcoupie tﬂdhq)see@d nor e

than two rﬁaﬁ%ﬁngﬁgé E‘%Bncﬁ d&aa! tb g?Jwa%l%ﬁr ?e’)&’n% forthe JJE&%p@a%]}aéftPer fgggsor of claim

8 for per rocess ructi‘ons, the signal
pr ocessordigital sng:mi POOFFRINg msmg:tloaanceuume&iesmrs pf ubctsubmpe@eon d@rﬂpqxnerlat‘érRl SO

contr ol Lﬂ?{b]tn isfer :?o%hlquth%%m’f Shenfh Eoostqré’{h%%ﬁ%? n}ﬂ%@oc‘l&%ﬁ' Gpdt Oi tal

si gnal proce instraction |n oap ara iI‘'mnary Prstruction
execut i orgesergtnabxsthedmdilwmetaés@lal Ip@ceﬁsmgeasuctlome si gnal processi ng unit

further incl udes*a ply bl Blent] d3el8e 89S EBURL D! QeBycRb Wil 1Y Of

mul ti pl exers, each o secon s an second
mul ti pl i ehsmhiawpergtiam i nput mJItlpIexer fromthe plurality of multiplexers

to receive oper andsal:'hﬁ&R&’cﬂﬂovaﬂdBgermgto'%gljhg?mdon by those of the

a compressor to compress more than two operands into a pair of operands.

9. The signal processor of claim 8 for performing dyadic digital signal processing
instructions, the signal processor further comprising:

a reduced instruction set computer (RISC) control unit and a pipeline controller to
predecode the dyadic digital signal processing instruction into a plurality of preliminary
instruction execution signals, and

wherein the at least one signal processing unit further includes

a plurality of final decoders coupled to a plurality of multiplexers, each of the
first and second adders and first and second multipliers having an input multiplexer from the
plurality of multiplexers to receive operands responsive to the selection by those of the

plurality of final decoders coupled thereto.

10. The signal processor of claim 8 for performing dyadic digital signal processing
instructions, wherein,

the main operation of the dyadic digital signal processing instruction is one of the set
of multiplication, addition, comparison with a minimum or maximum value, and no

operation.
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plurality of final decoders coupled thereto. 10. The signal processor of
claim8 for perform ng dyadic digital signal processing instructiongﬁJUszﬂ
wherein, the main operation of the dyadic digital signal processing
instruction is one of the set of nultiplication, addition, conparison wth
a mnimumgQor n’ﬁﬁ‘dd?‘%hm Madedr oANEIMN® foqRAbALhOlyad B&ligdtaPsighdNord@@dng 1. The
signal processor of claim110 for perform ng dyadic digital signal

processi nfSIYCHAS Wos$iBns, wherein, the sub operation of the dyadic digital
si gnal processihpgud dpelafibefi thdidyadic ARMalignl o QlingQhistrublidal ik Bid (Faels@rdf

addi tion, cqnpanlson_wnth a mninmum or nmaxi mum val ue, and no operation

whi ch di fPeiigliqpigmaddiaonaeRPasise with yfininym ormaxivneyafueAnd na GREIIBF ¢l ai m 8
for perf oymitngird%FHncnd hdintpbraibgnal processing instructions, wherein, the
mai n operation of the dyadic digital signal processing instruction is
selected to be one of the set of nultiplication, addition, conparison with
a m ni MumOr Mg GAHED Hadesr of AR 18 RRPRFANE Ahdtgitad Sgfl BroRsingt | on of the
dyadic digital signal processing instruction is Selected to be a no

oper at i oninstpgtionshwhes¢ifinal processor of claim 9 for perform ng dyadic
digital signal ,prAmEDSiafieh of tRSdyalie iR RiSignW1REREdhg ihfRRNE4QNdObe UNI T

i ncludes three adders, a nenory address generator, a nultiplier, and a
barrel shewetoffhesef of mulipbisations additiggsamearipy vth p MiRigHEY or FRYERES TS

i nstructign nbRbQafidhind RlebuBbperiofbr ME a%acﬁe cn%xfaysigm prob&shin® ths@X @Ml ON
signals. 14. The signal processor of claim9 for performng dyadic digital
si gnal prekesdinks 2 nopperatieti ons, the signal processor further conprising: a
data nenory coupled to the RISC control unit and the at |east one signal
processin unit for storing operands and results of the execution of the
dyadi ¢ di bt al Thisigmal prpresorkilaing O fonearforreing gypdicigitahsigrabgrosstsii@mor y coupl ed
to the pipghicSsCRM-&R! ., the program menmory to store dyadic digital signa

processing instructions for execution by the at |east one digital signal
processi ng uni the RISC control unit includes three adders, a memory address generator, a multiplier,

and a barrel shifter to predecode the dyadic digital signal processing instruction into the

plurality of preliminary instruction execution signals.

14. The signal processor of claim 9 for performing dyadic digital signal processing
instructions, the signal processor further comprising:

a data memory coupled to the RISC control unit and the at least one signal processing
unit for storing operands and results of the execution of the dyadic digital signal processing
instruction, and

a program memeory coupled to the pipeline control, the program memory to store
dyadic digital signal processing instructions for execution by the at least one digital signal

processing unit.

15. A signal processor comprising:
first, second, third, and fourth signal processing units, each signal processing unit
including,
a first means to execute a main operation of a dyadic digital signal processing
instruction,
a second means to execute a sub operation of the dyadic digital signal

processing instruction,
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15. A signal processor conprising: first, second, third, and fourth signal
processing units, each signal processing unit including, a first meahgUN 00k
execute a nmain operation of a dyadic digital signal processing instruction,
a second neans to execute a sub operation of the dyadic digital signal

processing i nstruct in@frst Adard alld s]e'e’%d%%&ﬂs {Rrifdly &hrpBadd ABdiSRERRE means

selectively configured to execute the main operation and the sub operation
of the dyepsrationipng thesubgiperaion ofthscdyadic digitlsignplpeqcessing instgciensandr i ng neans to

couple to the first, gEalsm&ndiciOu lb%tﬁﬁﬁﬁﬂﬁedﬁﬁ’rﬂﬁom sedn@¥ied® oper ands and
to store internedi ate results and final results of the sub operation and

mai n operREeYidhopstandhanddy stgrednteimyidiate resyfts ang fingl igaudts of the sybeperatien pih. 16, The

si gnal prrﬂﬁﬁ%ﬁé?ﬁtlo(ﬂfofﬁ{e%mlé-éigwggﬁil'ﬁr&@s@ﬂ $iseM@lonpr ocessing unit further
i ncl udes nmeans’'t o predecode the 5yad|c di gital signal processing

instruction into a plurality of prelimnary instruction execution signals

to controfg t herfd b SR8 8 ailhs “ﬁﬁ&mch m&oeas.ﬁgeﬁufuﬁhérh@a&uédl C
Trale

digital signal processing instruction. gnal “processor of claim15
wherein, the n@ihndw@rrsa@ Pisdecofic nhﬁéyadmm@l dengl prapesgng;maqrucpj%wé%%u ng

instruct | Qrah lifA nay\ﬁstﬁﬁﬁon é?(tecd?Uh L gﬂlé ﬁ%&ﬂtﬁnthem'ﬁeh&rﬁnd HRITPAR4 SON W t h

a mninu mim v tion. he signal processor of
claim 17 mmemecmme dmdwohgmhslmhpr@wsm@mayaam d| gital signal processing
instruction is one of the set of nultiplication, addition, conparison wth
a mni mum or maxi num val ue, and no operation whi ch di ffers fromthe main
oper at i onl7- 19. Theisigna} @?@FSODP%@@slérWhGTe"bI aim 15 wherein, the nmin operation

of the dyadic i %E%Jpen%h&ﬂﬁ*the%ﬁ&@%@tﬁ&xénﬁﬁ%dé&ﬁdg%&tﬂuétno?xelk 65 Fthelser be one
of the set of nultiplication, addition, conparison with a m ninum or

maxi num vefimpdtiplicatips, mltwpeqoawn AL L) atrwemg%or@wéﬁwm b’ﬂue@ﬁm«t e dyadic
di gi tal signghn, pfocessing instruction is selected to be a no operation,
20. A signal processor conprising:

18. The signal processor of claim 17 wherein,
the sub operation of the dyadic digital signal processing instruction is one of the set of
multiplication, addition, comparison with a minimum or maximum value, and no operation

which differs from the main operation.

19. The signal processor of claim 15 wherein,

the main operation of the dyadic digital signal processing instruction is selected to be
one of the set of multiplication, addition, comparison with a minimum or maximum value,
and no operation and the sub operation of the dyadic digital signal processing instruction is

selected to be a no operation.

20. A signal processor comprising:
at least one signal processing unit including,
a first means to execute a main operation of a dyadic digital signal processing
instruction,
a second means to execute a sub operation of the dyadic digital signal
processing instruction,
the first means and second means selectively configured to execute the main

operation and the sub operation of the dyadic digital signal processing instruction, and
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at | east one signal processing unit including, a first means to execgiim 0t
mai n operation of a dyadic digital signal processing instruction, a Z]U
nmeans to execute a sub operation of the dyadic digital signal processing
instruction, the first neans and second neans selectively configured to
execulte the main mra@imnmdoﬁﬂé@tigm;gmﬁéﬁa;%nzmk sédoad Bhyadie di gital
signal processing instruction, an . storing . means to

coupl e t PTOHE PP 4 RO T s o Bt P ands phe FPFREOTAIEr ands and
to store mdi BfeiRidh At Me A9 digitad Sighd] pRRdssing sidricsionf the sub operation and
mai n operation of the dyadic digital signal processing instruction. 21. The
signal processor of claim?20 wherein, the main operation of the dyadic
digital SjlgnaITmrS%ﬁgqmcggoimﬂaﬁﬁgnmaein,s selected to be one of the set of
mul tiplication, addition, conparison with a m ni mum or maxi nrum val ue, and
no operation dRUMPIASPYRIPGE ARGl sigRal s IsyPEtion IsTelef Pheocessi ng

I NSt ruct idaB of the st 6f MGkiBHcation, RBdiBor) CoRRRisEH wita madmunt BEmetigalvappeocessor of
claim?20 further conprising: a third nmeans, to predecode the dyadic digital
si gnal praﬁéé‘%gl?%'of‘ﬁ%‘% ?hﬁé{h WrAAR 6‘rt53 dﬁpl‘jrdéﬂ“?l(%}g"él‘mﬁ?eéﬁ'?grﬁ‘ﬁ% Y ¥struction
execut i oneréealte atnd op@didol the first nmeans and the second neans to
execute the dyadic digital signal processing instruction. 23. The signal
processor of claim 20 wherein, the nmain operation of the dyadic digital

si gnal processinagighilprdckissbi S laih 20 ABthef cohipeisisgt  of mul tiplication,

addition, conparjson with m.or maxi mum val ye, and _no, operation.

m nj or. maxi,

24. The signal® ¥ ’E‘E"g'ééorp%%"%‘f"ép ysadic fpiiplsighal RrRgesURgnIHAY P9 of t he
dyadi ¢ digirhia} oSpreitainaf)iREa&HnRPeduniot §igalsit® BontrS] @O BrsOedmd @nd @t sbnd

mul tiplication, additi conmpari son wth a m ni mum or maxi nrum val ue, and

n,. .
no operat“i“’@ﬁsto\ﬁﬁ?&ﬁ‘%‘?%@%glgﬁtﬂcﬁ‘ﬁ“ﬁmo%%‘BTS%‘F%‘I‘E-on. 25. A signal processor
conprising: means for fetching a dyadic DSP instruction having a main

oper ati on_and sub operation;
P r}3. '[él‘w signal pro%essor of cpalm 20 wherein,

the main operation of the dyadic digital signal processing instruction is one of the set
of multiplication, addition, comparison with a minimum or maximum _value, and no

operation.

24 The signal processor of claim 23 wherein,
the sub operation of the dyadic digital signal processing instruction is one of the set of
multiplication, addition, comparison with a minimum or maximum value, and no operation

which differs from the main operation.

25. A signal processor comprising:

means for fetching a dyadic DSP instruction having a main operation and a sub
operation;

means for predecoding the dyadic DSP instruction to generate predecoded instruction
signals; and

means for decoding the predecoded instruction signals to generate control signals to
control configurable elements of DSP functional blocks to execute the main operation and the

sub operation.

26. The signal processor of claim 25 wherein,
the configurable elements of the DSP functional blocks are multiplexers.
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means for predecoding the dyadic DSP instruction to generate predecoded
instruction signals; and neans for decoding the predecoded i nst ructd $dUN 2004
signals to generate control signals to control configurable el enments of
DSP functional blocks to execute the nmain operation and the sub operation.
26. The shgnalTyRAADIREssHf ofclaith 7% 4Bertfaer €i n, the configurable el ements of
the DSP functional bl'ocks. are multiplexers- 41 2 9 JUN 2004 27, The signal
processor of dhampin2Bergfnaragg the suheperasion atgperfenmed in parllet ¢using ths seper ati on are
perforned,ip parallel during the same cycle. 28. The signal processor of
claim 25 wherein, the main operation and the sub operation are perforned
sequentially during different cycles. 29. The signal processor of claim25
wher ei n, Jghe mﬁg@g&ﬂ&&ﬁgggnﬁqﬁgngbghégg operation are two different
operations sel ect rom the set of nultiplication, addition, conparison
wi th a m ni nurkomaingriraiomapd thgeub epseatiapare ppréormed spquemiplly qurmgdiitépnent

processor.gf; cl ai m 25 wherein, the DSP functional blocks include a first
and second adder and a first and second mul tiplier, the DSP functional

bl ocks to performaddition, subtraction and a conmparison with a mnim

val ue or2@_naﬁ%gg@hMnggﬁm%#gmﬁn§gg@ﬁ%mprocessor conprising; at |least one
it 1ncluding, a

signal processing unit i1nclu irst digital signal processing

functional bl dekmain opstetiontead the el opersen afe ivundifigfentopdiptisisseldfted fram si gnal
processi ng. NS MG Hbn, HdHRAODH g i%htuﬁhlh aHhiFRRm ({}}rnﬁ’&?rﬁlﬁh Pgud, YRedd onal bl ock

to execute a sub operation of t yadi c digital signal processing

i nstruct ioperatimach of the first and second digital signal processing
functional blocks selectively configured to execute the main operation and

the sub operation of the dyadic digital signal processing instruction.
30 The signal processor of claim 25 wherein,

the f)SP functional blocks include a first and second adder and a first and second
multiplier, the DSP functional blocks to perform addition, subtraction and a comparison with

a minimal value or a maximum value.

3l A signal processor comprising;
at least one signal processing unit including,

a first digital signal processing functional block to execute a main operation
of a dyadic digital signal processing instruction,

a second digital signal processing functional block to execute a sub operation
of the dyadic digital signal processing instruction,

cach of the first and second digital signal processing functional blocks
selectively configured to execute the main operation and the sub operation of the dyadic

digital signal processing instruction.

32. The signal processor of claim 31 further comprising:

an accumulator having registers to couple to the first digital signal processing
functional block to provide operands or store intermediate results therefrom and to couple to
the second digital signal processing functional block to provide operands for the sub operation

of the dyadic digital signal processing instruction and to store results of the sub operation.

33. The signal processor of claim 31 wherein,
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32. The signal processor of claim31 further conprising: an accunuIaE%KMNIML
having registers to couple to the first digital signal processing
functional block to provide operands or store internediate results
therefromand to couple to the second digital signal processing functional
bl ock to provi ge napespeia@cn bfathe dyadicHiptaOR@kEBSrb@BsingdhsthubRordiy a6k & thd @i t al
si gnal pr%pqgsing.ins ~uction agnd Lg}stpre results of the sub operation.
33. The sPJRHIPI5ARNe 2 OnoFORAAL SR YA 4 RIBHRIHOT MEXIBUM VAN ABHEY t he mai n
oper at i onpfativhie dyadi c digital signal processing instruction is one of the
set of nultiplication, addition, conparison with a m ninmum or maxi num
val ue, and no operation. 34. The signal processor of claim 33 wherein, the
sub oper at4.on De 511%1@1 plyadios ofidlgint Blwikkg)al processing instruction is one of
the set of multiplication, addition, conparison with_a mninum or mnmaxinmm
val ue, and no BpaibAreEHon Gihtyadic disdipksignalpioacpiingiaitnicingds g asthe s8f The
si gnal prageesERfioRhdditial, Rdmdarvbiew @t Hmidiiem GRinikiRRANAkE Rd A opdigiodyadi c
di gi tal si_naI_Processing,instnuction is selected to be one of the set of
nultipIicﬁ%ﬂ%ﬂfeﬁ&ﬁ?l&&ﬁ?“ﬁwﬁﬁHWPson with a mininmmor maxi numval ue, and
no operation, and the sub operation of the dyadic digital signal processing
instruction is_selected to bF a .no operation. 43

35, The signal processor of claim 31 wherein,

the main operation of the dyadic digital signal processing instruction is selected to be
one of the set of multiplication, addition, comparison with a minimum or maximum value,
and no operation, and
the sub operation of the dyadic digital signal processing instruction is selected to be a

R
no operation,
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