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This i i rel ates generally to digital signal processing devices.
Nor e p§¥§$&%¥g?ly, the invention relates to instructi onP©€XEEUN263 it hin

digital signal processors. BACKGROUND OF THE | NVENTI ON Single chip digital
signal processing devices (DSP) are relativelywell known. DSPs generally
are distinguished from general purpose mcroprocessors in that DSPs
typically support accelerated arithmetic operations by including a

dedicated nmultipli &FTHRR AR ARAPKAFVS( FRR)LAGT BYEFESENGNg nul tiplication
of digital nunbers. gheiaskhdghi 0PrEEE s %ﬁr‘z‘:@x{;&ﬁiq@sp devi ce usual |y
| Ca

includes a MAC instruction for performng multip I'on of new operands
and addition with a prior accumul ated value stored within an accumul at or

register. A MAC instructioprpgptypi I nly instruction provided in
prior art digital signal processors'§ﬁéﬁéw%&gIﬁ%P operations, multiply

f ol | owed aﬁ add, are performed by the execution of one instruction.
However, wHEASpERYHIIANg rsilgRar peoeesisimgo flupttabnsigmaldata it is often
desirab ot her ' i n_yarying conbinations. An area
where D! %gkggg%éeqﬁemll%fe%ed Pgala ng%x:t{%:d&%%ém T VRS PnE S LeRES use. of
DSPs i ntreleebmamivateresusystensthion digdicbal sfghdlerdmgeskbrihi s case a DSP
is typically programmed wth instructions to inplenent sone filter
function in the digital or time domain. The mathematical algorithmfor a

typical finite inpulse reppaReuLs! & i bfeBYol0ok |ike the equation Y
= hOXO0 + hl1Xz + h2X2 + ... + hNXN where hr, are ?lxed i 2 9 JUN 2004 WO

01f 55844 Fg&%égg]JﬁI%G%Qgical signal processing devices (DSP) are
relatively;well known. DSPs genrerally are distinguished from
general purpose microprocessors in that DSPs typically support
accelerated arithmeric operations by including a dedicated
multiplier and accumulator (MAC) for performing multiplication
of digical numbers. The instruction set for a typical DSP
device usually includes a MAC instrucction 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 combinatiecns.,

An area where DSPs may be utilized is in telecommunication
systems. One use of DSPs in telecommunication systems is
digital filtering. Ir this case a DSP is typically programmed
with instructions to implement some filter function in the
digital or time domain. The mathematical algorithm for a
typical finite impulse response (FIR) filter may look like the

equation Y, = heXe + hyX; + hyXs + ... + hyXy where h, are fixed
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filter coefficients nunbering from1l to N and Xr, are the data sarrpégsJUN 00
‘The equation Yr, nmay be evaluated by using a software program Howevér ir?
sone a;m%{ngg jons, it is necessary that the equation be eval uated as fast
as possi bl e, e way to do this is to performthe conput@I/FeHE26%i ng
har dwar e conponents such as a DSP device programmed to conpute the
equation Y,. In order to further speed the process, it is desirable to
vectorize the equation and distribute the conputation anongst nultiple
DSPs sug@ltgat t%;.f iinal result js obtained nore quickly. The nmultiple
DSPs operate i1 paraftFBFSt P RpEed e HéOmcdmbat Nt R pr atesshe [datihi s case,
the mul sambiant ok etubelsh v| wa9pbead aciossm e AL ol Logs,of, the DSPs
e addi ¥ %%rns is

equal l'y for sinultaneous conputations of terns. ng o
si mi | arPYPEFRRad TRYEUFT yi ATV arnd igadépssof it his DRReslsary shaml t aneous

conput at kO NSruakAoMeBt OkL ZAh dU LGRS F,04, Lh [ of, processing ternms is
uni mportant since the conbination ias ag%o ?%%lhgge.' Ifontehgaﬁr'b%e 3ing order

of the s §° peréern, the demputetébhecusing thwerdianal cobapshénexpected in
a vectQrdized Rroesssd f iop, Ln typicgl mcro processors, a MAC
5 éé"mﬂ:eg prrﬁgirlggﬁyd' fe cﬂ'g‘:t’liyg% cgH25497i fst Ffiction to

operation would require i AStT
per f or rREsEEh tonfitt i ¥ ceptdeoh thued paddess pnic Tos perfiohmthese two

i nstrugyd QU r j.re two processing cycles. Additionally, a program
written fcgrc']%tl\é\% %g%.eg WG gndpf%é'égis%‘r‘g% H FEHYCERAE LN | FPYEIStpr ogr am

nmenor y Muld tépdlerD$PBs Stdr ehialte text FaniDStdsield GRS JBRGESSAl ¥old performthe
P devices, if a DSP operation other than a

MAC oper.atkhon. ln prior, art

MAC DS |1%§??Uct*%% %etcfpgg BgEFoPﬁ%Eﬁ‘t‘? he? giferdttiedntor evgad adiesepar at e
ari t hnemput ast sGidoassNr gr 8HTBdcasd 0 Y QENFTLIRARE Yon, eSS SEPar ate
arithmetic _instructions in rior art DSPs simlarly require increased

progr an nBRbTSS AFRSE ahG BFEE?—:E%??\@‘-‘ Qfclee O5Pserfreahiy Hooper ati on when 2

29 JUNs2fi(8taneous 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 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 for the typical micro
processor would require a larger program memory in order to
Store the extra instructions necessary to perform the MAC
operation. In prior art DSP devices, if a DSP operation other
than a MAC DSP instruction need be performed, the operation
requires separate arithmetic instructions programmed into
program memory. These separate arithmetic instructions in
Prior art DSPs similarly require increased program memory
space and processing cycles to perform the operation when
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WO 01/ 55844 PCTNS01/02626 conpared to a single MAC instruction. f N 2004
desirabl e to reduce the nunber of processing cycles when perform ng l?)éll—’l
oper ati ons. is desirable to reduce program nenory requirenents as well.
DSPs ar@’ooq‘fé‘ﬁ‘ progranmed in a loop to continuously perf8EHUSAYESREr at ed
arithmetic functions including a MAC instruction wusing different operands.
Oten tinmes, nultiple arithmetic instructions are programmed in a loop to
operate on the same data set. The same arithnetic instruction is often
executed over and over in a |loop using different operands. Additionally,
each ti nEPAEIh$Or dcFLBAL ¢ SMRAGriTIsEert ignot hee 19 nissimeblentds fet ched
from t he Qf QY RMeSharBE 1 bt Wé/ssz.%aﬁr 99185 gheD D(\é\i%l mlnetlggb cycl es
_require one or nore cycle tinmes to dccéss a nenory ore%instruction
execut i G?PQ;'@@GIOSIS Bééau%ed%ﬁrmhltes t@ha'ﬁgecstzat@gm mlagoayf etch cycle,

power |s)__IE tgﬁs it is desirable to reduce the nunber of fetch
cycl es Cgﬁ apprOX| nately twenty percent of povver consunpti on nmay
be utilize 4n set uF and cl ean upqeratlons | oop in order to
execut e DSPSFRsEFGcPfbRS . PERATTHSY 11 #hdCPB P e%Pé’&&PPBHSWé?%ffﬁr@nal

processidtgrerdata &5itpesdiof TREACCABHYMEEC BRPIAX TR Y Ptk Jper cent  of
power consunption with a significant portion being due to instruction

fetchi ndls%&ﬂdflllff)ﬁ’é?ﬁ/ ORFEEATSe dRF&RcBetimehatmE tipEp deiihmetdicocess are

usual |y ilift@@ctibnd Sa®d rSiasiabl ent @ 158889 'd?)%tz"éggtbzqr\:rﬁé(%%%y on by
avoi ding frequent fetch cycles to menory. Additionall e quality of

servi ce dFér S§tt el BphoTEE SYSESFLEREEehne eredtesn ¢ st hétglt ovessited speed of
<1 gnal o Thakng! 5,811 QUIELY LBRoCaser WIB, 2852.s 10 provi de v ce

processi ng, such as voice qonpress[on, voi ce déconpression, and echo
cancel | &ddéripoal hnl t43site tdimgnAaks infbrectegeris gomglecdd JdNo2064

instructidn is fetched from the program stored in memory
during a fetch cycle. Fetch cycles require one or more cycle
times to access a memory before inscruction execution occcurs.
Because circuits change state during a fetch cycle, power is
consumed and thus it 1is desirable to reduce the number of
fecch cycles. Typically, approximately twenty percent of power
consumption may be utilized in set up and clean up operations
of a loop in order to execute DSP instructions. Typically,
the loop execution where signal processing of data is
performed consumes approximately eighty percent of power
consumpticn with a significant portion being due to
instruction fetching. Additionally, because data sets that a
DSP device process are usually large, it is also desirable to
speed instruction execution by avoiding frequent fetch cycles

Lo memory.

Additionally, the quality of service cver a telephone
system often relates to the processing speed of signals. That
is particularly the case when a DSP is to provide voice
processing, such as voice compressicon, voice decompression,

and echo cancellation for multiple channels. More recently,



WO 01/55844 PCT/ US01/ 02626 processing speed has become even nore inpgrd a0
because of the desire to transmt voice aggregated with data in a
packetiged, rrm for conmuni cati on over packetized networks. s in
processi ng the packetized voice signal tend to result inPER& %dat i on

of signal quality on receiving ends. It is desirable to provide inproved
processi ng of voice and data signals to enhance the quality of voice and
data comruni cation over packetized networks. It is desirable to inprove

the effici .Of [ ting resources when perfornng signa
processﬁﬁgﬁgﬁﬁéﬁﬁbﬁgég%Rﬁ%gqé Y CE TRES I 'NWENFREN BRFR¥$S, 0% Hdiepr esent

I nvent i glesirel ndesranset hodoi sppargakyacedndi gy Hhaed as descaided dn the
cIains.jé@lt%gle agglication speci fic signal processor (ASSP) having the

i nstruction S8 CAICHPEEREITR OfF Tt RAChTebet netvenksonDelans udi ng t he

dyadi ¢ 2BResBShfUEhEOPackat £z oaf Aiideds WY R ogat ewayscifL SOPEUNi cation
systenms to provide inproved voice and data comunication over a packetized
net wor k S8EZEARAERP PhcF AR fuaddfyaPn | FRe&iVAeS, eadduf fer nmemory, and four
core processors in order for each to sinultaneously process nultiple
channel s offt ¥8i éespraibe &0 Pacvider tnpraces popcpeeimy alf wdirel udas a

reduced gi,Rgt LUCLL 00 Set Egﬂﬁut L(R racessor and four signa
processiﬁg un??s %SP§§.E acl S§SFn§%%§%§pﬁﬁlbeF% @ #ﬂ{ﬁﬁﬁﬁic bl ocks to
si nul t areEnShycRE ber seVe |Hagkles ived cee mrdtksdat at coNMAEY iGabientsi gnal

sanpl es . i ion over IP. . ATM Franme Relay, or other packetized
netmnrk}kgggg$g%$9 é?%ﬁﬁﬂeﬁg¥0858%$%ﬁﬁlﬁﬂqﬁgtéﬁﬁ EREHAE S &eHi gi t al si gnal
pr ocesspagfaitgong t4igna In racakkthg facht iARSP is flexible and can be
programmed to perform many network functions or data/voice processing
functions, including voice and data 4 29 JUN 1004 WO 01155844

PCT/ USO1/ 02626 -~ BRIEF SUMMARY OF THE INVENTION

Del a
soym?

Briefly, the present invention includes a method, apparatus
and system as described in the claims. Multiple application
specific signal processor (ASSP} having the instruction set
architecture of the present invention, including the 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 for each to simultaneously process 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 SP includes multiple
arithmetic blocks to simultaneously process multiple voice and
data communication signal samples for communication over ID,
ATM, Frame Relay, or other packetized network. The four
signal processing units can execute the digital signal
processing algorithms in parallel. Each ASSP is flexible and
can be programmed to perform many network functions or

data/voice processing functions, including voice and data



conpr essi on/ deconpression in tel ecommuni cati ons systens such as CCDF&S 04
particul arly packeti zed tel ecommuni cati on networks, sinply by alter p@&

sof t war m control ling the conmands executed by the ASSP. A | oop
buf f er ?EP%%%éﬁbed for storing and holding instructionsPEXEEGVRE2% t hin

| oops for digital signal processing. Control |ogic detects the beginning
and ending of a loop to signal the | oop buffer control logic to start
instruction execution in a cyclical fashion using the instructions stored
within the | oop buffer. After conpletion of the required nunber of |oops,
the instTUBRTOHS TH ERETPEEHS L BuFeFeAPECBHIRHGAHI08R Arshemew Ut r uct i ons

unti | ”’@sr@ﬁECsl)O%ﬂricicﬁPapﬂ? paRkeesedd ddi el cSHITRT Yo s ieen

provi ded so that the nature o the invention may be understood quickly. A
nore conpt®ly Dyhddrsrandi Hye folthere npeeaiasn coatrbelohs atimed by ref erence

to the SQll0Mng dehabsesh dgschisgbi on of the preferred enbodi ment thereof
in connection with the clains and the attached draw ngs BRI EF DESCRI PTI ONS

OF THE DRA Fi 1A is_a .hl gck diagram of emutilizing the
pr esent ingiygg n?gg?gﬁré%Jé??%igggb%%ﬁks Eﬁﬂaaﬁpgfﬁéféf?%ted circuit board
utilizi ngsttrecpiessnexénvent iwdnhwnt hodpd Horgatigways ©fgidte systemin
Figure | A Fi%ure 2 %s a Q!gpk.diﬁgran1of thg AEBIlcation Speci fi¢c Signal
Processdr TCAREEPT%of THRE 1ed&Ft i ATERTT DT e Frgar 87579 23 iNGERIdPAgr am of
an i nst andeodf cbheiged P ciy QeepsBussaf tdint rbhey ©f ddwm-present
invention. 5 2 9 JUN 2004 WO 01/55844 PCT/ US01/ 02626 Figure 4 is a bl ock

di agr am*Gf *FHEC RPBCEHT O Ad anfrclifalnitasthences 81pridtessors of Figure

3. instructions stored within the loop buffer. After completion
of the required number of loops, the instructions in the loop
buffer are overwritten with new instructions until the next

loop is to be processed.

This brief summary has been provided so that the nature of
the invention may be understood quickly. A more complete
understanding of the invention can be obtained by reference to
the following detailed description of the preferred embodiment
thereof in connection with the claims and the attached

drawings.
BRIEF DESCRIPTIONS OF THE DRAWINGS

Figure 1A is a block diagram of a system utilizing the

present invention.

Figure 1B is a block diagram of a printed circuit board
utilizing the present invention within the gateways of the

system in Figure 1A,

Figure 2 is a block diagram of the Application Specific

Signal Processor (ASSP) of the present invention.

Figure 3 is a block diagram of an instance of the core

processors within the ASSP of the present invention.
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Figure 5A is a block diagramof an instance of the signal processi n? lﬁ@b:ﬁm
within the core processors of Figure 3. Figure SBis a nore detail ed Bi

di agram of FiLgure 5A illustrating the bus structure of the signal

pr oces%ﬁgﬂl}éﬁﬁ. Figure 6A is an exenplary instruction sddUémode2626
illustrating a program nodel for DSP al gorithnms enploying the instruction
set architecture of the present invention. Figure -i~6B is a chart
illustrating the pernutations of the dyadic DSP instructions. Figure 6Cis

an exenpl ar%, bitmap for a control extended d}éadi c DSP instruction. Figure
GD is an exetptar yqpliist RapiPoF 3BT Rle AGEJRASAIPECCTSR ihamiact i on.

Fi gure 6&icith Ghd ictiret Beos@ss®fs 28 ijguirgstructions for the 1SA of the
present invention. Figure 6Glists the set of extended control instructions

for the I SA of the present. invention. Figure 6HIlists the set of 40-bit DSP
i nstructi onsFG° the 151 AP P 3FeTert PRVEREFRCE Mfgihe 6ighabts the set

of addr essddigsiingt LHetEONSLADY e corSALPbLhg, PL eé@&tiﬁlu?\éeﬂt.i on. Figure 7
is a functional block diagramillustrating instructio etching and | oop -
buffering for the signal (grrocessi,ng units. 6 2 9 JUN 2004 WO 01/ 55844

PCT/ USO1/ 0Z8287Ei gtir 858A TS Afsediteedbbretkdingxpmmiofioheel Bbdp buf f er

and its CORigkehcEhiCuhs Miud O 1QRe ueRDEEI PRIt s ; i AUrE Esis%nﬁ defai |l ed block
di agram of the loop buffer and its control ciTtcuitry for the preferred
enbodi nent._ Li ke reference nunhers and designations in the draw ngs

i ndi cate | iIfREUEFefiBntE Pt SATPHGTYi ARPRFUF U isrlencg. LAluseramimafter a

ref er ence pdegrgnanode UK IDIERLESLNE Bmdlemploying the instruction

set architecture of the present invention.

Figure“6B is a chart illustrating the permutations of the

dyadic DSP instructions.

Figure 6C is an exemplary bitmap for a control extended

dyadic DSP instruction.

Figure 6D is an exemplary bitmap for a non-extended dyadic

DSP instruction.

Figure 6E and 6F list the set of 20-bit instructions for

the ISA of the present invention.

Figure 6G lists the set of extended contrecl instructions

for the ISA of the present invention.

Figure 6H lists the set of 40-bit DSP instructions for the

ISA of the present invention.

Figure 61 lists the set of addressing instructions for the

ISA of the present invention.

Figure 7 1is a functional block diagram illustrating
instruction fetching and loop buffering for the signal

processing units.



instance of an element having the reference designator nunber. DETAI REDj N 7004
DESCRI PTI ON OF THE PREFERRED EMBODI MENT I n the follow ng detailed
descriphkﬂﬁggguthe present invention, nunmerous specific detailéﬁgge set

forth in ordér to provide a thorough understandi ng of t

invention. However, it will be obvious to one skilled in the art that the
present invention may be practiced without these specific details. In

ot her instances well known nethods, procedures, conponents,
have not bqgn

and circuits

descri bed_in detai 0 as not to unnecessarily obscure
aspects of t L”ﬁ?%@eﬁ? aiaﬁﬁﬁff%éLgiﬂﬂﬁiﬁﬁﬁ8raﬁpPFc%ﬁq(%?°§p€éﬁf$t si gnal

processodsd (ASSEencrbavengeh ery oo Bkl efbdiRénd he present
provi ded within gateways in comruni cati on systens to provide

i nvention are
i mproved

voi ce and ta_co nication ove packeti zed network. Each ASSP i ncl udes
a serial int'éf&cé: ésbﬁf?%ﬁafﬁﬁﬁfﬁifcén&lFﬁﬁ?mc%ﬁé”ﬁ?dé@@s@#§f¢m order for
each to arsi mukt anaoust yc pracess Mot tpbepebporels fhouehege or data. Each

core processor preferably includes a reduced instruction set conputer
(RI SC) pro&gisor ?nd f our_si gnal %Efcessing units SPs). Each SP incl udes
|

et 8 BTkt 5@

multiple a

f5RLBURT OB ddestentiravings voi ce and

data cormdiicaati 0kd & &heHdN 20041 WOn9 14 SEBAA RCHAWSBLLP2626 si gnal sanpl es

for conmunication over IP, ATM Frane Relay, or other packetized networKk.

The fourSSit§Raft pFbcesSShfF alifiet §eSdgna bXeciHedeti giePaRsehgmain pr ocessi ng
al gori t hEgchAcRas al deleldrrelt ASSPniSthd exifl e and d%@ﬁ!?i?&c?{ q@Laaued to
essing Tu

performmmany network functions or data/voice proc

ncti ons

i ncluding voice and data coggression/deco ression in tel ecommuni cation

systens (such d¥FCRESPES68

T LON o T YT HFa dEEFERBE Dt BYRRRIMENT cat i on

networks, sinply by altering the software programcontrolling the commuands

execut ed bynttiee ASBR.owing detailed description of the present

invention, numerocus specific details are set forth in order to

provide a thorough understanding of the present invention.

However, it will be obvious to one skilled in the art thar the

present invention may be practiced without these specific

details. 1In other instances well known methods, procedures,

components, and circuits have not been described in detail so

as not to unnecessarily obscure aspects of the present

invention.

Multiple application specific signal processors (ASSPs)

having the loop buffering of the present invention 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 for each to

simultaneously process 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 SP includes multiple arithmetic blocks to

simultaneously process multiple voice and data communication



A loop buffer is provided for storing and holding instructions execu,it eﬂ
within loops for digital signal processing.. Control |ogic detects t N 2004

begi nni nding of a loop to signal the |oop buffer control logic to
start %s@%g%{%i on execution in a cyclical fashion using BHESHHEFuct i ons

stored within the | oop buffer. After conpletion of the required nunber of
| oops, the instructions in the loop buffer are overwitten with new
instructions until the next l|oop is to be processed. Referring nowto
Figure 1A, _a.voice _and data comunication system 100 is illustrated. The

syst em TOF 1 FFIRIEE FEEWEPR WAL MHFCRVEE P pddlet FEade cRebrickelr swi t ched
net wor K,otéeh paskekRzeATNet @6k T anfhd ebay. s e NehweEks 101 ,ﬁ“{%lvs the
n es

comuni cation of voice/speech and data between endpoints i ystem
100, usiGfG FXEKRBLS. 9Pat h2hayidRa oPr@epstipe alarrlitdnaginupinilidldeo, email
and ot herggengeie for MbeRinidaly Al ea8ch &Nt edt 09,,, the voice
or data requires pa(;ke?i zati on when tra%lécel v“g%dagrgoéé@{cﬁ% n]mea%v\\/fork 101.
The syst&@Wweg8 LHBFLAEBS gAY cddls/ VEOSA, P10dSss iavad £L04Cioms Oralerd itng

packeti zg;the_nf gL pat | i ved f nshi ssion, across. t he network
101. A gateway ?s é%eé?@%éfgo%o\é} nﬁé:g{;?%%&’lr?u P LR TS 3@ evi ces

t hat usevditkfer éatchr as cCAPECs} v @ace tantadgt paickketped i on nmay be provi ded

to a ga 4 UN 2004 WO _01/55844 RCT/ US01/02626. from a nunber of
di ffer e%?@éﬁ%@%%gf%tgoéaﬁ%ﬁ%r of 3?8??5&}’ Porrac89 THE SARRTF00, anal og
Voi ce sipgprgksmarcentrahbie) vetk doymantiel ephonedl8§. ché msest.em 100, digital
voi ce sign blic branch exchanges (PBX) 112A and

gnals_are anscei ved at py
112B  whi cﬁ g?%pc%‘ééf%ﬁ 1% F?ﬁﬂ"’ﬁ%ﬁlde PEI fonEs 20 ake I nes, or data
nodens. iBsgrtativos cexedgnal sianent Lasss doredihet yween gdaBX 112A and PBX
112B w E)h gat enays 1c(:)§rﬁ‘:r%r1d 1%3041%, degeegé)sectttlievggying rgi taId de%t a signals may
al so bePfPanitEi%ed el ginning an ding of

a loop to signal the loop buffer control logic to start

instruction execution in a cyclical fashion using the

instructions stored within the loop buffer. After completion

of the required number of loops, the instructions in the loop

buffer are overwritten with new instructions until the next

loop is to be processed.

Referring now to Figure 1A, a voice and data communication

system 100 is illustrated. The system 100 includes a network

101 which is a packetized or packet-switched network, such as

IP, ATM, or frame relay. The network 101 allows the

communication of voice/speech and data between endpoints in

the system 100, using packets. Data may be of any type

including audio, video, email, and other generic forms of

data. At each end of the system 100, the voice or daca

requires packetization when transceived across the network

101. The system 100 includes gateways 104A, 104B, and 104C in

order to packetize the information received for transmission

across the network 101. A gateway is a device for connecting

multiple networks and devices that use different protocols.

Voice and data information may be provided to a gateway 104

8



directly between a digital nobdem 114 and a gateway 104A. Digital no emU]leh
may be a Digital Subscriber Line (DSL) nodem or a cable nodem Data 9 JUN 2004

signal s also be coupled into system 100 by a wirel ess conmuni cation
syst em%@é%fé of a nobile unit 118 transceiving di gi t 8FTES§H2A6L or

anal og signals wrelessly to a base station 116. Base station 116 converts
anal og signals into digital signals or directly passes the digital signals
to gateway 1043. Data may be transceived by neans of nodem signhals over
the plain old tel ephor%e s%(stem (POTS) 107B using a nodem 110. Mbdem

si gnal s*ESMiATCEEEd Ctoder FRERTE FPHBCEF el radianiehal PY dhateylin nature and

are cogpiedd ntgm ib&h1 406 B raf odghes pabl d & st ghed %QQ net wor k
(PSTN) At the sw tcﬁ%\%GS, anal og ;tg ngl s _fr%mtﬁe POgl'iéglli%'? areae digitized
and tr s ceifFEEPPETEhé Cfat elySYIED£B BYO. tdisdtdilviveilon sidtals exdieng ( TDV)

W th eachs{ddmB valiohe HERI ESEMd é‘ﬁl%l-f‘é on SO, to gateway
104B. At each of trtlebgat eways I11%814,%\,}({;?04 an(?%%d4é?2?n%%%1nﬁ%%si gnal s are

packet i Wi @ret cenpAesstomuldricds thteplatngst. k fa@lmaShimat s o ecei ved by

t he gat , 104B. f.r e network 101.are depacketized and
transcogeg iggigﬁ'léétrlgbg%% ‘%Dg%tghgagglﬁ)%‘%oaprrel% 3“35?%\’%%??%%"7& ferring now
to Fi gRBX 182Agandt RBKk112R evifticgaceawalyd NIOGR ahd0io0éca gateway 104 is
illustrated. Th | C 130..includes one , or nore application-specific signal
pr ocessrgers?%(:i\&%%?'15?5%”9‘!?nL éﬂ‘gﬁNsé%ilﬁ/\Baé’l PAERIHS PERESFINGS626 150N The
nunber dfreA8SPsberthen & djatiewdy mbdeexyiandakl @ §aceband e paddi ti onal

channel s. .Line inter e devices 131 of NLC 130 provide interfaces to

var 1 oud g PEeuoRemnbEf G Be ReOlas B bErALPaA WG HEPITet HORRR 01 I n

i nterfaa agchbleheodaet wodcal@ignihe ddynalisbt sef aseeviges, packeti ze data
for transm ssion out on the network 101 and depacketize data which is to

be rec&YPEETbYC P HRY ABIP HFNiSEe S OMP I M ATHOEr FEERSBeRY ceans of a

mobile unit 118 transceiving digital signals or analog signals
wirelessly to a base station 116. Base station 116 converts
analog signals into digital signals or directly passes the
digital signals to gateway 104B. Data may be transceived by
means of modem signals over the plain old telephone system
(POTS) 107B using a modem 110. Modem signals communicated
over POTS 107B are traditionally analog in nature and are
coupled into a switch 106B of the public switched telephone
network (PSTN). At the switch 1063, analog signals from the
POTS 107B are digitized and transceived to the gateway 104B by
time division multiplexing {TDM) with each time slot
representing a channel and one DSO input to gateway 104B. 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, 104B and 104C 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 1is illustrated. The NIC 130 includes one

or more application-specific signal processors (ASSPs} 150A-
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131 process information received by the gateway on the receive bus 134@ 0
provides it to the ASSP devices. Information from the ASSP devi ces 0J
comunicated on the transmt bus 132 for transnmi ssion out of the gateway.

A tradi¥?8Ha®* ine interface device is a multi-channel BEFUSP428%%rface’ or
a UTOPIA device. The NIC 130 couples to a gateway backpl ane/ network
interface bus 136 within the gateway 104. Bridge logic 138 transceives

i nformati on between backpl ane/ network interface bus 136 and the NI C 130.
Bridge _ |l ogic_138 transceives signals between the NIC 130 and the

backpl dP@Fnet WoF KM PR i2fc #5568 136N Bhto FHE“RYsE ShesPamially to

COMUNirzAKE ONad@i €idder Renensmre;of the ASSR é&\/i@@é d11 OAse 138N, a host
processor 140, or a host nenory 142. Optionally coup to each of the one

or nor & 3ASBROVIAF ClH SIS@ASEh FBUGRT 1 5D eV EReT apnyeqﬂ@é@rﬂrced:fteo as ASSP 150)
are opii,engh, | Oﬁ%ludﬁ@rt%elﬁéévém ough 1‘&%'\';99@9?5%%1{1% red to as

optional |ocal menor 45), respectively. Digita e receive bus
134 anaetwanisniql bu‘éieagznﬁs1ptet%¢%&)lqevc@nﬁupacheedze n:!abzat fcm de fashion.

VWi | e t L ASSR b f|C|en I, to be
used alstgégé@?éasfcﬁpaé%rréwnm%? I“?@flC’brnkglswllrr%%:égl Sﬁ% ATARE ér?sfy B’g‘ gged by each
of thelASSPsbeﬂ_atha‘lveajddyt I:bﬂaASS‘mrdH\Mc&paceLn.ﬁe NECeSS e cﬁ&@be@f t he
ASSPs rovi de .si na roceSS| n abili for the gateway. The type
of si g%g? Igr OCESSSIlI’xlld"%pI‘ oVi aedr & ‘%dcg’bl h %Iéﬁs%y eodbtfh%‘sé'ﬁcﬁéyeexecut e
di f f er bag mgnaid TaroXifed Uk 2@@4:5&)1@3/955184%5’0/ US(Ad2636npERERSSI NY
and voi ce, packetization, functions for

progra processi n
an ASSg’Ef"n%%/ d e(vé)cegcﬁgo b%n‘é‘ﬂ‘l‘"f‘ﬁ%cé‘ﬁEd( B} TReieF 2Rt Pugnd3¥oi ce/ speech
CONpr e561 ON/AIRGANRISRS bAB ¥ Oiiee/peesh . Cofli pgadnd diogodiing) ;  (c) delay
handl i ng (packets frarres , (d) | oss handling; (e) connectivity (LAN and
WAN) ;R 5 %&ﬁﬁﬁlqsyl is ulti-channel serlai interface or a

UTOPIA device. The NIC 130 couples to a gateway

backplane/network interface bus 136 within the gateway 104.

Bridge logic 138 transceives information between

backplane/network interface bus 136 and the NIC 130. Bridge

logic 138 transceives signals between the NIC 130 and the

backplane/network interface bus 136 onto the host bus 139 for

communication to either one or more of the ASSP devices 150A-

150N, a host processor 140, or a host memory 142. Optionally

coupled to each of the one or more ASSP devices 150A through

150N (generally referred to as ASSP 150) are optional local

memory 145A through 145N (generally referred to as optional

local memory 145}, respectively. Digital 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, optiocnal

local memory 145 may be used by each of the ASSPs 150 if

additional memory space 1s 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
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(encryption/decryption); (g) tel ephone connectivity; (h) protocol .
processing (reser-vation and transport protocols, RSVP, TCP/IP, RTP,2 BN 2004

for IP, and AAL2, AALI, AAL5 for ATM; (i) filtering; (j) silence

suppr e¥P8H538 | engt h handling (franes, packets); and oPREUSHI/I@l si gnal
processing functions Vsociated with the comruni cati on of voice and data
over a conmmuni cation system Each ASSP 150 can performother functions in
order to transmt voice and data to the various endpoints of the system
100 within a packet data streamover a packetized network. Referring now
to Fi glrm@c2ssang| pekIxhesyr afyeflcefesASSP. Ib®cdssingl astiratieck At the heart

of theg(%??gf%ggg%%éﬁgti%q{se £l QGeRSOp sirﬁcg@%;ezqgapag%ch of the core

proces I's respectively coup 0] faomam)ry 202A- 2020

and a qanegldarbenpr (b)2044e204Budkachamd tdieeg@peeprocessors 200A- 200D
annel seri al

conmuni_cat wi th,out si de channel s.through the multi-_ c

i nterfézgglpggg?l%%{a&en%cf ﬁ{egﬁéﬁﬁeﬁvﬁéﬁ%/@pegerﬁﬂgﬁgﬁf’geﬁ’@? n‘ge%,ng df fer menory
210, and)ddeaayemnd] i2RPApa2R2bs, TheakSSP 150 fukkhesndntigides)an ext er nal
menory incerface 212 to cou IE t? the external optional local nenory 145-
The ASSPRP56°1 Wt Id ﬁmé]x{“’gf‘l al 'hbsteG4i&nt ace 214 for interfacing to

t he extienBalphDst/qyRepesen) 140g0f c &l diichel BonnEUE L PEry | N@yuded within the
ASSP 150 are tiners 216, clock generators and a phase-1ock | oop 218,

ni scel PAREBER! RFAGSHSINGodFESOTHRL 3PR) 3] SiFAPSPEst PEGTIP1Goup (JTAG test

accesspsPel t @22 d OlRTROUDEAr YosCap, tasl i@, TRRLIUI LAcLhapnglygerial | 1 2
9 JUN 2006 WO 01/55844 PCTTUSOA r 02626 |n_terface 206 may be rEplaced with a
UTOPI A(par b Hedringier(fac el lenfe sempPeassiiovat i(bhslewgth awnaivhgThe ASSP 150

furthere -LRgd ,u%%}étggcr Q6aNLERLL &k £23 1t gégﬁgiogg&%&&a? scheduling for

the core processors 200A- 200D and the coordrnati dat a novenent
wi t hi nfuhet X88P agsogaktedswanhi prergagpunication of voice and data

over a communication system. Each ASSP 150 can perform other
functions in order to transmit voice and data to the various
endpoints of the system 100 within a packet data stream over a
packetized network.

Referring now to Figure 2, a block diagram of the ASSP 150
is illustrated. 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 memory 202A-202D and a
program memory 204A-204D. Each of the core processcrs 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 contreol
logic 220, and a Joint Test Action Group (JTAG) test access

port 222 for boundary scan testing. The multi-channel serial
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controller 224 to assist in interrupt handling and the control of t2§ @géﬁm
150. Referring nowto Figure 3, a block diagramof the core process

is illugiy@lsggiqcoupl ed to its respective data menory 202 and program
nmenory 204. Core processor 200 is the block diagram for P&J@Fﬁ"@’f’z‘gﬁe core
processors 200A-200D. Data nenory 202 and program nenory 204 refers to a
respective instance of data nmenory 202A-202D and program nenory 204A-

204D, respectively. The core processor 200 includes four signal processing
units SPQ 300A.. SRk 300B, .SP2 C,and ,SP3 OD. The core processor 200
further includes a re%ucea ?lgﬁg%?%%?f%r? s?ePTé;gh*?)Lﬁae’?al(lﬁllsey EBREFDI unit

302 andfar gimrelanrs.icentpok such SHATMIhehsi gegd POGRSSHRG units 300A-

300D pe t i.gnal ocessi tasks on data while the RISC control
uni t 305&2%‘%9%{% ?ﬁl%é’ Fﬁg E%gf‘r%{]zg@nicto §6£?°5‘5r916?crﬁséoﬁt:‘r‘léﬁulms rel at ed

to the Sdgrzle proeessbngssbdynctoan o ahaeehdYcddreishs 13004 300D The
control , provi de C control unit 302 is coupled wth the SPs

d by the R :
300A- 300D 2 JCVERERSi BaFite FosdtSSh & ¥Pdl 2% i Yhtinpeirmupr at ed core
proces smint2@Q 1elrab 2keepsad s witid iizati-o0p0fnihe 151,998k RE ogoerftsgoqg uni ts
[ The signal processing tasks are perforred on the

300 at c?Fqug\rﬁy high_level .
dat apat®s “W% PR tR8- si gnal processing units 300A-300D. The nature of the

DSP al gor iRelfeerang s86h:d hadqthey anephgher gy veet operations on
streans of data, that have n%ni mal taerrpor al {%dg%a ??yg{lﬁa‘f%rer euse). Hence,
a dat a PFEERESRFt RO Beh@ntl pEginagedi sonpledisadl isscaaspettiwowatanot function

vel | arna@y! 8032223 % rddN 200410, 011558 [ US01/ 02626 degr ade
oper at i gnal 5}p.erfo? masr:%e. Ther efmor , tﬁ'e As%lggllr%glgmﬁ'regﬁggsﬁog Wi 300A- 300D
are al PdREl gdagErmsioy amady ofelbrentse (threesperands)a digoct | pakrom dat a

Tenor Y ndRBrYl 59 Uind N UaNGRAL] bEFUNG.A RYTRer, 9f 193] and store

instance of data memory 202A-202D and program memory 204A-

204D, respectively. The core processor 200 includes four
signal processing units SPO 300A, SP1 300B, SP2 300C and SP3
300D. The core processor 200 further includes a reduced
instruction set computer (RISC) control unit 302 and a
pipeline control unit 304. The signal processing unitcs 300A-
300D perform the signal processing tasks on data while the
RISC control unit 302 and the pipeline control unit 304
perform control tasks related to the signal processing
function performed by the SPs 300A-300D. The controi 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 DSP 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 function well and would
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instructions into nenory, resulting in very efficient data processi gg
Thus, the instruction set architecture of the present invention hav g]UH 2004

20 bit ‘tﬁ%@%}%&g}l on word which can be expanded to a 40 bit instruction
word, dchi better efficiencies than VLI W architect uPEEV§R§26256-bits
or higher instruction widths by adapting the I1SA to DSP al gorithmc
structures. The adapted | SA | eads to very conpact and | ow power hardware
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 TEH*9%PPESRPLER2L aRST FREWEICS al tESERtRre r &Y 6AaRatal ue, with

vect or spssd g nuubi pkesebgrpiis e dithberents sikess The.data size in the
preferred enbodi nent is 64 bits but |arger data sizes can be accommopdat ed

with projfdtentist(Fiet PBRT2BEF hglimsitdyr £RgTN@IF @ onemiogyr 802, withimttai | ed bl ock
di agr angpf d@@heahsgccwé&m? Wirk, r3Q2 Egzibéa‘%ﬁcﬁtﬁ@r RISC control unit 302

includes a data aligner and Tormatter , a nmenory addr ess gener ator 404,
thr ee AdHETTHCIOEAS4DBE, BRMQTY .t iestilinpgie vami teffACLndOBca nul tiplier

410, 8 Baydetl 8l 11 #hu 81 2n AN 1 CRILR! €L TG Ahdr Joegpegister Tile 413
points to a stafting nenory location from which WERDIY a 5s gener at or
404 carpregensr aneendurr dyesiintao 2@abat nenepryu202n Thed RSy ol unit

302 is e ihle. f o | Vi, sses 1o data _nenor so that the
pr oper (fa%%?’g?‘?ggrﬁ% sgfqzdcfllc}:%)lot tl%%%gg%g np”?%lééé‘ss?ic éevﬁﬁi?%ttﬁ)‘bA- 300D. The
Rl SC corftfriglhicnni s 30Ran VAW egichtieect ores egi st S6rgans zat irhait h | oad and

store i, ructions to .npve ta.to d om dat a nory 202. Data nenory
addressﬁ%%tgcrﬁégl%rér loc?tn%sd\%% a%%gglggngﬁ%l{%mtto g’§ipng?%° -1 regi ster as a
13 2 9 sic2G0ds WO THe St 2CTERS02402626 gy icefipibatagpagif-i es the

addr ess, gosg-lg%ugi fic taiton offsei, agg@{%e and E)er mute fields. "'I'h_e type

field &1ohs"a Vit Tty 2 o MarGfal B FOTBE & upRF ed as a "first

cl ass cietjuzeatents. The operands that the ASSP can accommodate are
varied in data type and data size. The data type may be real
or complex, an integer value or a fractional wvalue, with
vectors having multiple elements of different sizes. The data
size in the preferred embodiment is 64 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 352
includes a data aligner and formatter 402, a memory address
generator 404, three adders 406A-406C, an arithmetic logic
unit ({(ALU}) 40B, a multiplier 410, a barrel shifter 412, and a
register f£ile 413. The register file 413 points 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
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in the architecture. For instance, the conplex type allows direct
operations on conplex data stored in nenory renoving a nunber of 79 JUN 2004

bookkeeping instructions. This is useful in supporting QAM denodul ators in
data nod@PLS¥ty efficiently. Referring now to Fi gure SAPCHUSPHRA62Ei agr am
of a signal processing unit 300 is illustrated which represents an

i nstance of the SPs 300A-300D. Each of the signal processing units 300

i ncludes a data typer and aligner 502, a first multiplier ML 504A a
conpressor 506, a first _%dder Al 510A, a second adder A2 5108, an
accunmul BT FeditetreSPEE21 185t Wit pddtgdsr POsHIOTLifdsdtdonecdhsesul tiplier

M2 5048and\ddgfes a2b0perRl0E AI&I S N AR EPoStF UGS re.generally
referrednto as aadd'g?E 510. Multipliers 5 4;% gir%dg(ﬁéggrgegs??r%égyi n
st ruct Ut PaYFadeREFaPRy2 r 6P G ek DPOTASS nau t4 pliigst50dasEacht ofert'he

mul tipliers,5Q4AL30d-p043. haye. a Jyulti-pl exer A_and 5148.. respectively at
its i nplu.t stage to r_ncjl tiplex di ffergtr}tlzgi n%rg"t S rlg% g?’??e?%}ﬁwsousses into

t he nuldigsidtePperEsEANSfoR heommdde det519vorsl GB, mehoCy atsaohiaye A
mul ti pl X6 AL o SRRBan i : 2spectively .at its input stage to
nul ti pl ex eé?%?e}ragnt %\ Ut qfrrégt%g&ﬁ?ggéntf/ lu%%@sufsﬁ?‘dit 2 adders. These
nul ti plsespeostand OdMedemapiitlagiorsoghcdatd ovvdere adderefficiddidigl.i ers and

ot her co S_W 1 hi . si_gnal, processin uni ts_300A-3000 to be

f1 exi bl y”ﬁ%?é?%%%%”e%?z}%? i u&%er%A’s%I%@f?ﬁ% GBAT PF pf 3@ I n the

pr ef er petcesbodg memitc 30wulis plilestbBt&DAhicorppessenc S adder Al 510A,
adder A2 5108 apd_acc |_at.qr c receive inputs directly from

ext er nal>§af'a° bﬁge%h? h%%&ioogﬁ8%§§t aali[‘]WbrOEaﬁBeaFiL% BOZEesSiNghe

pr ef er ned cenbodi irentydeadderdath08yped 4nd tdiphner MB> 504E; fLceive inputs

fromthe accizmul ﬁélor 05 2 or the out%ts from14 29 JUN 2004 WO 01/55844
PCT/ USBYF 5285551 HET 3 ¢ut 120 OBRFEESHITASpI Pef 1 MET 53T ddmiédsor 506,

adder sAkohdOfddexndhaddes,A2n5302umulator regiscer 512, a third
adder A3 510C, and a second multiplier M2 504B. Adders S10A-
510C are similar in structure and are generally referred to as
adder 510. Multipliers S04A and S504B are similar in structure
and generally referred to as multiplier 504. Each of the
multipliers S504A and S04B have a multiplexer S14A and 5148
respectively at its input stage to multiplex different inputs
from different busses into the mulripliers. Each of the
adders 510A, 510B, 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 components within the signal processing
units 300A-300C to be flexibly interconnected by proper
selection of multiplexers. In the preferred embodiment,
multiplier M1 5047, compressor 506, adder Al S10A, adder A2
5108 and accumulator 512 can receive inputs directly from
external data buses through the data typer and aligner 502.
In the preferred embodiment, adder S510C and multiplier M2 504B

receive inputs from the accumulator 512 or the outputs from
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Program nmenory 204 couples to the pipe control 304 which includes aQ
instruction buffer that acts as a |ocal |oop cache. The instruction SutUNIR04
in the preferred enbodi ment has the capability of holding four

i nstruc¥P®E38he instruction buffer of the pipe controPC3R%0V&difces t he
power consunmed in accessing the main nenories to fetch instructions during
the execution of program|oops. Referring now to Figure 58, a nore

detail ed bl ock diagram of the functional blocks and the bus structure of
the signal processing unit is illustrated. Dyadic DSP instructions are
possi bl ehdetrse 16 thétst Ukt inld sandlf 80 i oraidnessprogbdedaddar each

si gnal £{0§ﬁﬁ§ingﬁghgercygp$£%§jgnals are coupled out of the signa
e

processor 300 on t out pu us 532 through the data typer and aligner
502. | nputP=igypeal semogy 20dptedhliast oot hike sp gmalcaortaedssor 3ROcoN the X

i nput by 31 a : i bus 533 through the data.typer and aligner
502. In rzc}lﬁlacfﬁsygg‘t F}ngagk“épgééebru%ﬁé gp?bn%?%@f ﬁagoﬁald¥ﬁg‘f’%rent dat a bus
to couptachsn. eatle dhsnuhtt pbh eou i r504 A oo fere3ae d50Bbodtdesc MasS510A,
adder 5108, agdtaccgnulf or register AR 512. Wil e the data typer and
al i gner® APET A THave RRTAIULEEE LBEPTITHE A -t héPEdLRFERESAIC and t he
nul ti ploedt v H04Re bipé heomreflennedrembosh MRt polved08SnH@hed Ny Order to
avoi d extra dataahines.and conserve area us%&g_of an integrated circuit.

Qut put IRAFT S E0F! BY R rFAIHESabLuhtt St omateycSiars ARIGATE i%hee the data

typer angcitighebt bO3grdiltddysi.er ML 504A has buses to couple its output
into the inputs of the conpressor 506, adder Al 510A, adder A2 510B, and

t he accunul%tor.registers AR 512. Conpressor 506 has buses to couple its

out put i nfEEREPAPIPY BT TRIEE AP 13 B AgN22866 re/ Ssmran

PCT/ USQY @2626¢uhiffoant widders ARd5408. b AddeuPk 15404 hase as Qi4s 1t 0 coupl e

its output into-sthe accunul ator registers 512. Adder A2 5108 has
processing unit is illustrated. Dyadic DSP instructions are

possible because of the structure and functionality provided
in each signal processing unit. 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 the Y input bus 533 through the data typer and aligner
502. Internally, the data typer and aligner 502 has a
different data bus to couple to each of multiplier M1 5044,
compressor 506, adder Al 510A, adder A2 510B, 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 504B, in the preferred embodiment it does not in
order to avoid extra data lines and conserve area usage of an
integrated circuit. OCutput data is coupled from the
accumulator register AR 512 intc the data typer and aligner
502. Mulciplier M1 504A has buses to couple its output into
the inputs of the compressocr 506, adder Al 51CA, adder A2
510B, and the accumulator registers AR 512. Compressor 506

has buses to couple its output into the inputs of adder Al
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buses to couple its output into the accunul ator registers 512. Accunul at or
regi sters 512 has buses to couple its output into nultiplier M 50483 JUN 2006
adder A3 510C, and data typer and aligner 502. Adder A3 510C has buses to
coupl eWR&/FBthut into the nultiplier M 504B and the aRCTAEIIARGS
registers 512. Miltiplier M 504B has buses to couple its output into the

i nputs of the adder A3 510C and the accunul ator registers AR 512.

| NSTRUCTI ON SET ARCHI TECTURE The instruction set architecture of the ASSP
150 is _tailored to digital signal processing applications including audio
and spedlfh procedFnd S PdRBas E8APF ki Tifirddesnpr besi om cansl eeche

cancel loakbap. i A 8Sse LNns i LGhitect i,mpl enent ed
T e Raas 0 R e e D e o P R8T 1 G 11 5% PP

adapt abPH§AS 0FC t RUAISA isfs PHEPUPT EtEMtt Henwertinohat or DERy Bl gard Bhai.c

o {1l oncy R A e e I Sad e GO PRERNR 4 B ToR el pr esent

i nven: Mght ppbis 1l ¢ fS@HBdaalédﬁnvmmt_ 0@pemait Hﬂs, ty;ElSPf {a_a-rd tahrrﬁt—lg/g/ I ;)gi cal
oper a s, r erations uch_as function calls/returns,
uncond:stB?bna écg%{\%i@t i%gﬁgl Rajs (tjkg)rrtﬁ)sé'a“Sant:d;> l?rpélﬁ?iﬁeéi? APy SR GPErati ons (such
as priwilegelied mesodpt Atd aphdazanchinardli pgy aeee FE MY, Managenent
controk% seqguence

%q{ieerrri g g%/ 1o Fi‘gure 6A, an_exenplary instruction

600 i s TR &8 PSP TP R Goria [FAUBEE gl Gin FORHT 189G 6§Eng t he

i nstruthpors set tawechbteet MY es0iC thRl RKeSEBEumh TWENY 1Ry sFR@si RSt ruction

sequengﬁ 600 has an outer |loop 601 and an inner |oop 602 Because DSP

al gori 75 tend to perform repetitive conputations, instructions 605

within the inner 16 29 JUN 2004 WD 01/55844 PCT/ US01/ 02626 | oop 602 are

executed nore often thamnsaruETIon BETT ARCHOIECTURES are typically paraneter

setup codg tq set the menory .

g 1nstructlon set “architecture of the ASSP 150 is

tailored to digital signal processing applications including
audio and speech processing such as compression/decompression
and echo cancellation. In essence, the instruction set
architecture implemented with the ASSP 150, is adapted to DSP
algorithmic structures. The adaptation of the ISA of the
present invention to DSP algorithmic structures is a balance
between ease of implementation, processing efficiency, and
programmability of DSP algorithms. The ISA of the present
invention provides for data movement operations,
DSP/arithmetic/logical operations, program control operations
(such as function calls/returns, unconditional/conditional
jumps and branches), and system operations (such as privilege,

interrupt/trap/hazard handling and memory management control) .

Referring now to Figure 6A, an exemplary instruction
sequence 600 is illustrated for a DSP algorithm program model
empleoying the instruction set architecture of the present
invention. The instruction sequence 600 has an outer loop 601
and an inner loop 602. Because DSP algorithms tend to perform

repetitive computations, instructions 605 within the inner
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pointers, provide for the setup of the outer |oop 601, and other 2><£g
control instructions. Instructions 607 are typically context save a JUN 2004

functi o%éﬁgy_r n,instructions or other 2X20 control instructions.
| nstructi Bt% and 607 are often considered overhead i RSTUSEVQ263s whi ch

are typically infrequently executed. Instructions 604 are typically to
provide the setup for the inner |oop 602, other control through 2x20
control instructions, or offset extensions for pointer backup.

| nstructy ons 606_typical l rovi de tear _down of the inner |oop 602, other
control ]Itcﬁa}o&g% %Oe’éb% er/% " GEL BIRY A ConbiiAFREUGE ek a pat h

resul ts édX hire theicsl inadarnecessSisRgunNtdds dNSHd-UGHEORSH within the

i nner |°°lpr;%0§ E)égl cally bro i de inner | oop execution of D oper at i ons,
cont rol SoFREST OBt O St Gndi O prote SEFHE D0 kiU &ith L08PsE Ayl earichst ruct i on

nul ti pl echetra2ExeCcedh Ofb NHALst ARABbY s . ACERES[Q; QREEFAAS, . dyadi ¢ DSP
operatians,. agf other DSP functionality through the 20/40 bit DSP
i nst r uctiY8AE201Y t Pt §78A Ve RS FEBEREOT MASWEN0ANSBEeAUBeNS et r uct | ons 605

are so oehkenzxehesitrkolsiigRiciuealbnk MOr QUETRAL 51RO | pnal, Jefficiency
may be had by providing the DSP ins?r uctions, ilncfuél)?gngéﬂgag@r?aﬁrﬁyadi C

i nst r ucCi-6RE” SRP IRRIAT WSPhepdstraEFRGimnawivhich ahe 1 \8A @ liyhe present

i nvent i QR rdhgeddiSt rdieddeRaset 1a5ehit Gy €09 Jthe ?%S 20 .gan be viewed
as being two_ conponent Sarts, one (RISC ISA)0 g%lfgrré %)%dﬁjiﬁ’g %o the RISC

cont r ol PaAYVEarfdarfGttyer fepSehesSipnend kdwe BSR.datapatdmnmfolt he si gnal
processtRgobit 18:230Qon ke RLSCLSA A5 a L eqi based .architecture
otidH on, §E%%é¥ﬁé 5,  or gf ESE e?teqﬁ&gnswﬁpre t he DSP

including sixteen registers wthin the régistéer fiTe
| SA i s BOlRERDRpdRased dneshruecione ada hyefitktienprotigid aleasi goah

Dr 0CeSSLR hAISLIAG! haBS (The LOSLY Ueklon:"Rhdolgh 1A 4S8R, s 17 2 9 IWN
instructions, and combining of datapath resulcts within the
signal processing units. Instructions 605 within the inner
loop 602 typically provide inner loop execution of DSP
operations, control of the four signal processing 300 units in
a single instruction multiple data execution mode, memory
access for operands, dyadic DSP operations, and other DSP
functionality through the 20/40 bit DSP instructions of the
ISA of the present invention. Because instructions 605 are so
often repeated, significant improvement in operational
efficiency may be had by providing the DSP instructions,
including general dyadic instructions and dyadic DSP
instructions, within the ISA of the present invention.

The instruction set architecture of the ASSP 150 can be
viewed as being two component parts, one (RISC ISA)
corresponding to the RISC control unit and another (DSP ISA)
to the DSP datapaths of the signal processing units 300. The
RISC ISA is a register based architecture including 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
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typically 20 bits but can be expanded to 40-bits to control two RI SC or
DSP instructions to be executed in series or parallel, or a 40-bit S JUN 2004
ext endeg, r DSP instruction. The instruction set architecture of the
ASSP 150 has 4 distinct types of instructions to optim Z 1{82136
operational mx. These are (1) a 20-bit DSP instruction that uses node
bits in control registers (i_e. node registers), (2) a 40-bit DSP

i nstruction having control extensions that can override node registers,

(3) a 2Q-hi. dig DSP instruction, and (4) a 40 bit dyadic DSP

instr uc?iy%rl\ft'a‘?%gs%&i%é T URTS S &fetrBinded cal éPabihy talcanitatdlons wi t hin
the cor éwprBteSsor 280 nisdhetibypervhes eldcnrba(Aopl B gt C ] and each
of "opt" a%ngl"ﬁpt ) can he a mul tiply, add or extremum (m n/max) class of
operati Baon The Thrde bprrafdseprded Rixfy a@ DFReingAwitidre ASSP 150 which

accel er at eshé heser pad wibatdans rahk o efd i4H et A?Qﬁiﬂdmnaosf Jifferent
conbi nati ons of operations. Because these type of operations require three

oper andS1STHESF D&t PSCrHEEE0RD themriotessone IdM@parachesause the

device mize wMafesadd Nils 2000l bkso St e, handwidth is linmted to
two vector reads and one \{gct or wite ea(%&%% %nitn o &F°olP9eof data
nmemory 29%S Fhergielofregisteper dhds, wdeh ragi B ars)C, (2neadsotpicone from

anot herpspui e Mo .car ssor 200. The third operand can be
pl aced into one oft:rltoﬁethrIgl %lﬁgt g?gégﬁt%geggéﬁﬁl Y5 B2 o¥rTEREe R SC

regi st €rCdg €I IBLIrsln (31 der 20 ob A clymaliics DSt hi rss tidRiiBatl heagQr g4 Pr ocessor

200 thefegang .t chasse f the 20-pit DSP instructions which are (1)
A and B speclzaiqfci g%agggabg?b?ﬁsgﬁle%ﬁ Per, q&ﬁae CRfdDIBPSaaye bfer speci fi er

and (2)agrededaCisgechlredlabyoss 4vithiith spaciéierorandsB-ango Py i 1 bit
speci ficg,é:e LAstruct LOTSISLOB {%) ASSP ag_e al ways f%t(.:‘hed’40- bits a‘t a tine
from program mensry wit hbP¥ et Fo'i AbF ceAGth§tt heplt yaed ofopafst ruct i on.
After fatrclvieng, mubeiphgt radd icmn dxtrbBuld9 (diV04class of

operation on the three operands A, B, and C. The ISA of the

ASSP 150 which accelerates these calculations allows efficient

chaining of different combinations of operations. Because

these type of operations reguire three operands, they must be

available to the processor. However, because the device size

places limits on the bus structure, bandwidth is limited to

Lwo vector reads and one vector write each cycle into and out

of data memory 202. Thus one of the operands, such as B or C,

needs to come from another source within the core processor

200. The third operand can be placed into one of the

registers of the accumulator S12 or the RISC register file

413. In order 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 1-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 fetched 40-bits at a
time from program memory with bit 39 and 19 indicating the

Cype of instruction. After fetching, the instruction is

13



WO 01 /55844 PCT/ USO01/ 02626 grouped into two sections of 20 bits each _for
execution of operations. In the case of 20-bit control instructions 28 4N 200t
par al | elywgpgeitybon (bit 39=0, bit 19=0) , the two 20-bit sections are
control instructions that are executed sinultaneously. |RC-THE0KE of

20-bit control instructions for serial execution (bit 39=0, bit 19=1), the
two 20-bit sections are control instructions that are executed serially.

In the case of 20-bit DSP instructions for serial execution (bit 39=1, bit

19=1), thechWes205Pit . secll re.D instructions that are executed
serial | yg Ionﬁfghe %ggeto 4elO- SClbln §§P§|Er%ltcrsu8?r’:5n§°’( BiHeCsd2en Bift 19=0)
the two SPerabhensf ofm Une wmxieendedoDSR idimtryCt | Q6 MhRirGhnar ¢;execut ed

50 is fully predicated providing for

simultan h SA of .t.he ASSP 1
execut i oﬁgggie%?]ét%%%&w[?% (r%nttha,gﬁgi BPAE RI%S®) coble divwe 2Qshticti on word and
the 40- bsecektrendede RSAHMAL Huet ioee Wef< £ Hhhes ge ahe2cRit s of each

instructi on }stfeci%ﬂ’g one of four dedicated predicate registers within
the RI SCtOh © - 302 'PEpEATE Mf #PoRiEhecrwindi tinehroEtibms predi cat e

regi st erforisitiadlCtdtu@ieaulibop $Ah CoRdi tlggp)a'l I%‘ecteagggopﬁed on its
contents. In order to access operands wi thin the data nmenory 502 or

regi st er W AN dfe FEECARY| ARSI BATEEs FBYE sty eielcetdd3seniaBLpi t
speci fi errn Hesechdeh deheoDER: exdended .4, nst tiQng L9 ,access operands in
nenory and. re%irster s. Of the six bit spgg?ﬁygerﬂoulrs]esﬁrrlﬁltﬁ’ée‘é‘f(‘i ed DSP

i nstruct {R¥ifs 33 He BBB EBFL) . 55he N 2Cebi whetdreonsheractess is a nenmory

access Ofmdted3liehs @EGESSre !l & r empodipent, if Bit 5 is set to
| ogi cal or_lne, it _lder?ot es a ﬁ%nor%/&gtce(%egég%%fpya’nngBnggd‘?a?? 0%‘&0—5 is set to
a | ogi cd1z 66 ipsryuadiess albiayidd=ar, atress-0)forhancepesantiodd Bit 5 is

tsgt OL?aﬁfﬁﬁgn%ggkggkaegf pép Sﬂl%cf:ir]:.lic%gog etglju:sc.thegrg )e(xg@t?geed X. 0-7) are used
simultanecusly.

The ISA of the ASSP 150 is fully predicated providing for
execution prediction. Within the 20-bit RISC control
instruction word and the 40-bit extended DSP instruction word
there are 2 bits of each instruction specifying one of four
dedicated predicate registers within the RISC control unitc
302. Depending upon the condition of the predicate register,
instruction execution can conditionally change based on its
contents,

In order to access operands within the data memory 202 or
registers within the accumulator 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 regisrter
access. In the preferred embodiment, if Bit 5 is set to
logical one, it denotes a memory access for an operand. If
Bit 5 is set to a logical zero, it denotes a register access
for an operand. If Bit S5 is set to 1, the contents of a

specified register (rX where X: 0-7) are used to obtain the
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2 9 JUN 2004 WD 01155844 PCT/ US01/ 02626 effective nmenory address and2
post-nodify the pointer field by one of two possible of-'sets speci 8 JuN IW’*

one of Q‘gjal%t)%%ified rX registers. If Bit 5is set to 0, Bit 4 determ nes
what  r&gl set has the contents of the desired operarm:TfIIIStndBims 4 1is

set to O, then the remaining specified bits 3:0 control access to the
registers within the register file 413 or to registers wthin the signal
processing units 300. DSP | NSTRUCTI ONS There are four major classes of DSP
i nstructi Qns for the ASSP 150 these are : 1) Miultiply (MILT): Controls the
execut i (ﬁ? SFEthe TRy RAFEFpPi @R cerfedodd fvotlat porses firedm msgrmry

Cont 1 0l $neRBBNEd Gosd i c0b £ AL § Pl ye QRILA vegtqr data speci fied
t hr ough tyge fiel gg?n addr ess repélas(et er §ecg§d8§%e$€1t f}b% SPE&} 3 b, Mn,
Max in vecEsPlPrestal dif ﬁﬁEIeSZ)SA&Ri: (tADD) : BEON# r & setrhimeax @@idki on of t he

mai n- adgdegistontdl $:55akg0l Lr helnputs limting the
resul t Se%(l)?]d oper at i on: 5 H&ﬁtéﬂ %bfcgﬂ ?es%% FRGF200ax 3f BkErenum
(M N MAX) 15 sefdder OCoﬁflfBoI she heerexiedunti epeoﬁfié'te BN 3Gontbak s1 absol ute

oay s CEULERL A eSOl Ees B e LUBLIG RN L 00 I
4) M scregyﬁ@mmmmndt@mmr&:lopﬁrba'reg@ﬂﬁg 20529 30N 2004 VD 01/ 55844
PCT/ US01/ 02626 The ASSP 150 can execute these DSP arithnetic operations in
DSP INSTRUCTIONS
There are four major classes of DSP instructions for the

ASSP 150 these are

1) Mulciply (MULT): Controls the execution of the main

multiplier connected to data buses from memory .

Controls: Rounding, sign of multiply

Operates on vector data specified through type field in

address register

Second operation: Add, Sub, Min, Max in vector or scalar mode

2) Add (ADD): 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 values control of the inputs, Global or
running max/min with T register, TR register recording control

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

4) Misc: type-match and permute operations.

20



vector or scalar fashion. In scalar execution, a reduction or conbi 3i nﬁ{
operation is perfornmed on the vector results to yield a scal ar resul £.9 J4N 2004

is corm%' n SP applications to perform scalar operations, which are
efficient '%} A or med by the ASSP | SO. The 20-bit DSP i resiT/usitiopsz6wWor ds

have 4-bit operand specifiers that can directly access data nenory using 8
address registers (r0-r7) within the register file 413 of the RI SC control
unit 302. The nethod of addressing by the 20 bit DSP instruction word is

regul ar ingjprﬁ%% with the address register specifying the pointer into
menory, postSnbartital i N&CUEs Ehpee JISRatrd chvetss ecbantt pgismyhat i on of
the dat aecoeedefl searxecul®ibhe afgogi fficiently. Al of the DSP
instructiops control the rmllti pliers 5%1%«2 %6&§§L58%Er% rﬁ%ﬁ“@fo@?

conpr es SEFPEBE AP IIE 188ic dRuPaT Hpr B ort lidef uact bpNAdsuly &g Of each

signal phrecgssi it - 300D, _ | he 40 hi.t instruction word, the type
of ext egsi on fr%%lﬂyhge%ggéi‘tglpnjé r%f: 1°0h l&ogggf%ﬁ’?%‘“ﬁﬁl@“ﬁ ¥€@ cat egori es:
1) Cont PBFLRFY Tpdairt oprerariensi orsidhalreoweE Lt dénd e fe@ifliAkg Bits in node
regi st egge QAssyRgL£Xt ensions that override the type specifier in address
regi sters 3) Pernute extensions that override the pernute specifier for

vector dat®he r2Oaddrte®sPr égéshersiol) wdrlisehaext £Nnsions Al can replace or
ext end fset ecified in the address registers 5) DSP extensions
ci¥i'e3S %ha%pcanmél clxy J 3

that comtrol the Ioner - ows B FuneErshal datminamagn Nsana 8i gnal processi ng
uni t 30Biduesaccebésates bl ooke7)PWACESSI e ‘ﬂ%‘rbiftilgoggo%gi structions
wth tfﬁ% c%%gregtensio s. 21 2 9 JUN 2001 01155844 / di<%2626
further a1 éwaf r‘dré”i:ng%i at'®ey BeGBoR 18f tasd@ ssiing) byoche 20 bit

DSP instruction word is regular indirect with the address

register specifying the pointer into memory, post-modification

value, type of data accessed and permutaction of the data

needed to execute the algorithm efficiently. All of the DsSP

instructions control the multipliers S04A-504B, adders 510A-

510C, compressor 506 and the accumulator 512, the functional

units of each signal processing unit 300A-300D.

In the 40 bit instruction word, the type of extension from

the 20 bit instruction word falls into five categories:

1) Control 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) Offset extensions that can replace or extend the offsets

specified in the address registers

5) DSP extensions that control the lower rows of functional

units within a signal processing unit 300 to accelerate block

processing.

The 40-bit control instructions with the 20 bit extensions

21



specified in the instruction and powerful bit manipulation inst ructb\gnﬁ 2004
Efficient DSP execution is provided with 2x20-bit DSP instructions tJ N

t he fi:ﬁ? % -_@its controlling the top functional units (adders 501A and
5108, Y %? &r 504A, conpressor 506) that interface tPCHHRIBUIES from
menory and the second 20 bits controlling the bottom functional units
(adder S10C and nultiplier 504B) that use internal or local data as
operands- The top functional units, also referred to as main units, reduce

t he inn?r Igop cycles in the inner |oop 602 by parallelizing across
consecut PYERT ARt 1Y Sedtirsits 1MPREIabot fhRST UASt FBnaP Rifig)s toubet he out er

| oop cysbesified hen aiHeLlinsk@ape 604 iy %Jeﬂ%,lpﬂ&@'rh%li 129 ;8},0ck DSP
al gorithnms across consecutive sanples. Efficient DSP éxecution is al so
i mpr oved"ByFiHe Herdware architecture of the present invention. In this

case, effiei fntohd DIpmREEKEd: LR (e, ARG th Lyl plied to and
fromdata menory 202 to feed tlhe foﬁ% Si grar%a FNﬁr@%c‘géi}g}sf‘lar%:’glst ?%igts 300 and the

DSP f untR$orHat ipnis sithekbenfide Hnatdtshicghwayll sngcamer icsed of two buses,
X bus 531,and,%1bus, 1233, Y ree operands and one Z bus 532 for
a result %ﬁ% tne. AI%]l %us‘gg%lg%snéﬁi(}?nadliggas'5@??“@131% §§§},’"and Z bus 532,
are pref@masiascss Shiet sthkdeinTetdneses dneaubisedi it meAdkytansi nplify the
physi c i 2duce transit times of data. In the preferred

enbodi ?e%?%cg’%d?%gagggg b‘f?“tﬁgélr‘r’@déflei 13°Fﬁ8m>£%1?“66s3§1§ e both

carryi ntadsizer &nds meddmul o entEosshothpar asé el n®eeaut ben1sen@ Si gnal

processc; r],% unit 300a theT arallel load field can only access registers
wi t hi n “31e FPe§PSEEFCFI | T AT TIETRPBEL comtrDl adEPt r3berreddddi tional |y,

the fouwrs siagnalinpeecessdnge Whd $n2@@A13800-{a eParakhel s provide f our

B g, e T IV P 8l 300 e 22,2 0 R 200t 26, 021 2587

PCT/ US FO?@?Q a taps or sections. The
bottom functional units cut the outer 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. 1In 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 signal processing unit
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-300D in

parallel provide four parallel MAC units {(multiplier S04a,
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adder 510A, and accunul ator 512) that can make sinul taneous conput atezi(fwnm
This reduces the cycle count from4 cycles ordinarily required to pér tB
four Mﬁ&;ﬁ Db& @?I y one cycle. DYADI C DSP I NSTRUCTIONS All DSP instructions

of the €% on set architecture of the ASSP 150 ar e PEYAIPHOBBP
instructions within the 20 bit or 40 bit instruction word. A dyadic DSP
instruction infornms the ASSP in one instruction and one cycle to perform
two operations. Referring now to Figure 6B is a chart illustrating the

pernutations of the dyadic DSP instructions. The dyadic, DSP instruction
610 i ncﬁfgeers 4 ORui t‘?nSSPch@F]a?‘F% Bl FRAF NFEP)madisd Samghbarmﬁhsoper ation 612

(SUB ORjomputacaomdl.narhog ofatus SR LPSLEURLLANSBL gPerations in one

dyadic instruction. Generally, the instruction set arc Cture of the

pr esento’idrixf’étﬁllé’nrégﬁlﬁédg"eﬁé?%ﬁoz@d foor APt wglanyngatyclaf. basi ¢ DSP
operations to provide very powerful dyadic instruction conbinations.
Conmpound DSP operational instructions can provide uniform acceleration for
a wide variety of DSP al goPraREe Dft INSTRUGADIONSDI| y-accunul ate intensive

filters. r erations .in the referred enmbodi nent
i ncl ude a-ﬁgg ??g %H?%g#ﬁ?%%%%ﬁ% IE/%ET)L%U“C“(?& £Fbn? Fﬂé’ttreifc&‘irﬁn °fADD), a
m ni m Z8EmARBH 2801 ase rdwad ion DSEMLNE MAX L iadrs0 wiehek Mgk t &3 capyextrena

i nstrugly Qg peration instru on (NOP) each having an

associ at eggto%ggtéﬁg%%lg € (dt pR § %ﬁ%}: ﬁ%‘%ﬁ%%tlﬁﬁ@ﬁ“én@éan be

conmbi n@§SPogrt tree 1 ws foran imrd padi onE)Schdmtcbugtal:Qé\m The NOP instruction is
when_a single DSP operation is desired to

used fg VAl N
be execéF%ggb Vo hec%/to?ﬁrcm@sﬁowl hRt FiRt5% /B ¥Refec@® variations of the

gener alllIDSEtramﬂtg utd QREmitah i 88s VEE trdfe @E}Qd%aﬂ)@ﬁ 19&%&%&98?15 of
mul tipl] ﬁatl on, or dition, gosmlve or negative 23 2 9 JUN 2006 WO

0115584 ﬁ(ﬂyT%hi/ ?Qstruc 1on 610 includes a main DSP operation
611 (MAIN OP) and a sub DSP operation 612 (SUB 0P}, a

combination of two DSP instructions or operations in one
dyadic instruction. Generally, the instruction set
architecture of the present invention can be generalized to
combining any pair of basic DSP operations to provide very
powerﬁul dyadic instruction combinations. Compound DSP
operational instructions can provide uniform acceleration 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 together to form a dyadic DSP instruction. The NOP
instruction is used for the MAIN OP or SUB OP when a single
DSP operation is desired to be executed by the dyadic DSP
instruction. There are variations of the general DSP
instructions such as vector and scalar operations of

multiplication or addition, positive or negative
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mul tiplication, and positive or negative addition (i.e. subtracti on2]q JUN 7004
Referring now to Figure 6C and Figure 6D, bitmap synt ax for an exenplary
dyadi c @ ructl onis illustrated. Figure 6C illustrates bitnmap syntax
for ac é'xtended dyadi ¢ DSP instruction while Fi gfic@/6i9110426st r at es
bi t map synt ax for a non-extended dyadic DSP instruction. In the
non-extended bitmap syntax the instruction word is the twenty nost
significant bits of a forty bit word while the extended bitmap syntax has
an instrug jon. word of forty bits. The three nost significant bits (MSBs),
bits nuf ?Je%lllf?fttlrﬁnouéﬁ%go-iﬁl‘é%&f' TeAa &4t e2ddies I NiGR-i nstruction type
whil e t berSkB-tGRd)s. | ocated near the mddle or end of the instruction bits
at bits nunbered 20 through 22 In the preferred enbodi ment, the MAIN OP
instruction codes are 000 for 101 for ADD, 110 for M N/I\/AX and 100
for MULT. SUB0B¥0dR Fb?“]f%eéﬁla@i’é‘nl’%‘lmelfi%t rRidmagn syat rsstaccor di ng

to Whataﬁ#ﬂf&dﬁid%@d@yhal§eb§§tfﬁ%truE@15991§a§fﬁégtﬂQéE§ Eggrém% N CP, the
SUB OPs are 000 f NOP, 001 or 010 for ADD, 100 or 011 F a negative ADD

or subt+kEtSFRECPOPIEPAR1BYRERX MON, dafentadl fortewded Hyathe DPP ef erred
embodi Ml - b MM 6B AN, Le5Y8 08 AL e 00 Lhe, $AME, DRE I pstructi o

al though alterations to the hardware Unctt onal s%CotPl Accomodat e
it. Thadrokerengedt dybilis D9 itdse roontonl ekt eméed:odyaﬁltendiﬁﬂ?' i nstruction,

t he ext t i_g proc SI nit to performroundi ng,
limting, agsosl?’b{téxvg %eI o'JT 4|Jr?1:%ult%s 8Ld %5 g YgP8Bal M N MAX
oper at igndifiraatr byi st ef a/aﬂcu:ey Bl:ne mrmﬂwﬁtm ekt &hge d yiedtintpDSP

the  mFICRTs AET B SPONDL 108 BS PRt T o tter ] onPact BF MRt e, |16
t ext s;mimmfﬁcanrrubim)l (Mgis)on bae sMalidbd e 2472 c 8 rdLbh 2994 MD Q1155844
PCT/US%%%QZG%e cﬁe 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
OP 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 ro what MAIN OP code is selected.
In the case of MULT as the MAIN OP, the SUR OPs are 000 for
NOP, 001 or 010 for ADD, 100 or 011 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, control the signal processing unit to perform rounding,
limiting, absolute value of inputs for‘SUB OP, or a glohal

MIN/MAX operation with a register value.

The bitmap syntax of the dyadic DSP instruction can be
converted into text syntax for program coding. Using the
multiplication or MULT non-extended instruction as an example,

its text syntax for multiplication or MULT is
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(vmul (voul n) . (vadd(vsub(vmax(sadd(ssubl smax) da, sx, sa, sy [,(psO)Ifghmh
The "vmul lvhuln" field refers to either positive vector nultiplicat ﬂ%ﬂ
negative vector nmultiplication being selected as the MAIN OP. The next
field, “QAUSHMsubfvmaxlsaddIssubismax", refers to eit herP@EUsBO2EAd,

vector subtract, vector maxi num scalar add, scalar subtraction, or scalar
maxi mum bei ng sel ected as the SUB OP. The next field, "da", refers to

sel ecting one of the registers wthin the accunul ator for storage of
results. The field "sx" refers to selecting a register within the R SC

register file (iR vasdivatbbmasisaddiverhiemax) dc ak.isaysy [ApsmpBNy as one of
the 1 sources of operands. The field "sa" refers to selecting the

cont ent srHf amL@Pi-abLes~ Wt treace .qne_of the sources of
operands. The fi gl d "sy" refers tg seijlen;"JJI'ct“i’jp‘ﬁ:’;g}r g%irlgéi‘elgt EFSWihin the RISC

regi st e Fiti@laFat AR P prigats veovact e norlt ipddaticonni hep®gory as anot her
one of thA-SOUHCES Ofe WRPA/S RMS. e flel f,"1, (psO) f psl) ] " refers
to pair sgl ection ofe keyV\D?%dPSB %rn% tg‘iﬁ:cei(‘:ji’fyi ng which are the

sour ce- desgdnasub hvipas rsadst| ssupdsmat el sifeve conkhoher eghSidy .addef erring

now to Ei.gupe 95"?%%SQEZ\’EEF%%Smg;‘%’ﬁlgﬁfnfs%tﬁl%e%gfﬂbit SP and contr ol

i nstructions for he“p on®t3*#flustrated. Figure
6G | i st subheaseionf mxterded maoimunlbdinst etkions §ortideysSApOf the

present .iLoventi on, igure 6H Lists the set of 40-bit DSP instructions for
the | SATth R‘t:'%% %lreelscgnt %lram’/eﬁFlf%ﬁs. 9 GGEcEingi ek ehehaetresristadar essi ng

i nstructiohsn fore taw-unBAaabrt her pimseRle ofventLons LR BURRERLMG Referring
now to Figure 7, a functional b|ock diagram illustrates the instruction

f et chi n§SARES | SO MFFEreng ForisttHe “Sitgaal the oRESS i TRE intiers £306. Referring
nonent as i ywhiagk phin s9 tdUN @80 REE38844n 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)|psi1)]~ refers to pair
seleccion of keyword PS0O or PS1 specifying which are the
source-destination pairs of a parallel-store control register.
Referring now to Figure S6E and 6F, lists of the set of 20-bit
DSP and control instructions for the ISA of the present
invention is illustrated. Figure 6G lists the set of extended
control instructions for the ISA of the present invention.
Figure 6H lists the set of 40-bit DSP instructions for the ISA
of the present invention. Figure 6I lists the set of

addressing instructions for the ISA of the present invention.

LOOP BUFFERING
Referring now to Figure 7, a functional block diagram
i1llustrates the instruction fetching and loop buffering for

the signal processing units 300. Referring momentarily back
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PCTJUS01102626 to Figure 3, the pipe control 304 couples to the RI SC
control unit 302 and the program nenory 204 to provide the control b8 JUN B0

si gnal w&ﬁﬁ%} i‘{lg units 300 in a core processor 200. Referring now to
Fi gure 7, ﬁ?) pe control 304 of each core processor 208¢cT/UmElmskas an FO

fetch control stage 700, an F1 fetch control stage 701 and a DO
predecodi ng stage 702 coupled as shown in Figure 7. The FO fetch control
stage 700 in conjunction with the RISC control unit 302 generate addresses

to fetc%n%w instructjons fromthe programnenory 204. F1 fetch control
stage 7 887 Fed  t hR® RiPg FRtERdd 208 nsoupkes ans thElREBE chomomr ol st age

701 includes 322l 888 £ BalfdLEgLh0 rfehost,0 hol d j nstructions faor
execution within a | oop _an% an | ngﬁ’ug?f %grpeliﬁv d@r L% 1°0 e @t o the
i nst r uct6n SoERPUt PTAZeSFinchanigep 300f iera 7ddrd @reteseot hgpo next

i NSt ruckRe@BrkOhg PREFEGO T th redecodi ng_stage 702. The out put
714 fromthe | o%p buf f er l%‘d%yg’s'?grgggp TG PAREt PhctaTh qosgi ster 711

t o genePAPESERRT oA hutirriqtdeshiachFoi Sencuplemt dolt achhe 13 predecodi ng st age
702. Theetegi St Se7 l.aop_buffer 710 are additionally used for

t enpor ar? st or age io%én%% i7§§t Pﬁgt?o%% RATATCRN PHSEFRRSE | UI? scabledn a

| at er pfRPefhown siragiiguret 7shothy EausescH hereRbir g: Cifd Qn pipeline to

stall fg r .. cl ock |l es. Referrin nonentarily back to Figure
6A, the %g%#%ét}fcfr{ergjl‘%fo t@?oﬁgégaﬁﬂ”tm d@litngf’?uﬁ?ﬁlwet lrdidraseeexecut ed
during el byrisuey dnstirnstivssi orsm 604 24606 rﬁ&{odz[e,l;(;egggqt eg,l oop 60.1 or

i nstrucg] 605 fqor the inner | oop 602. The DO pre ing Stage 702
recei ve%él?ér}itcroﬁlgﬁogngtia%m—’?herﬁe’f‘éﬁtscﬁhéoﬁﬁwby fenctpal 701 and predecodes

t hem i nirespnedtiiningar yFsi geets I J seq Upbbf‘gixjicql}cﬂl% %pﬁ)rogri ate final
decoderbsuff'ghe_,f |0nal decoders (not ,shown? appropriately 5__3P8 t the _
mul ti pl'exer’s of “<E8cA ST graRd pidlckdaisiguanions ofor eglecenibnsiitotd on i n
response lowpt Badpaal LAk Balde SONAS (03 8h ) ol ng Lhe dafa path 26

instruction output 714 of the loop buffer 710 to store the

next instruction for predecoding by the DO predecoding stage

702. The output 714 from the loop buffer 710 is stored into

the instruction register 711 to generate the output 714’ which

1s coupled into the DO predecoding stage 702. The registers

in the loop buffer 710 are additionally used for temporary

storage of new instructions when an instruction stall in a

later pipeline stage (not shown) causes the entire execution

pipeline to stall for one or more clock cycles. Referring

momentarily back to Figure 6A, the loop buffer 710 stores and

holds instructions that are executed during a loop such as

instructions 604 and 606 for the ocuter loop 601 or

instructions 605 for the inner loop 602. The DO predecoding

stage 702 receives instructions from the Fl fetch control

stage 701 and predecodes them into preliminary signals 703 for

coupling to the appropriate final decoders. The final

decoders (not shown) appropriately select the multiplexers of

each signal processing unit for a given instruction in

response to the preliminary signals 703 allowing the data path
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2 9 JUN 2004 WD 01/55844 PCT/ US01/ 02626 of the signal processors 300 tolj@el
reconfigured by the software instruction in each cycle. Referring now JUg 2004
Fi gure f the blocks in the pipe control 304 have _control logic to
control the instruction fetching and |oop buffering for RHEUWGH2f
processing units 300 of the core processor 200. The RI SC control unit 302
signals to the FO Fetch control stage 700 to fetch a new instruction. FO
Fetch control stage 700 generates an address on the address bus 712

coupl ed it QyLhe; r noyr address a _nenory | ocation of a new
i nstruction- %’hel&lrl%gt% Eisdq’r?ri)ésggi%gﬁa?%%l IO LRI ALY Bd€ 713 from the
program s@gnwrye 20ds aned: tciouplied ebaeht beclo®op buffer 710 of the Fl fetch

control stage 701. The Ioodpd:buffer 710 nonentarily stores the instruction

unl ess a | obp T5° oE G dred M#EEn 7caR D O 5hEI BLRFRS sitoitde pheeein. The

| oop buf tent¥4D 1®4 ehaded Honitolli 164iOUto (fdk@b1t ¥Re fse Rubfigp. That is,
the firs ingtructi stored_in the FIFO represents the first instruction
" out put whFthPt'g é%&é‘g QP buf fegipgofoy Shfosiperhgroeasstiod, uthes

i nstruct Booscf alle WdreOihrbaesshbeopohuf el 1Qcand,ar8 Qﬁé?d:""f;i)ﬁte” by the
next instruction. |If the |oop buffer 710 is operating 1n a l[oop, the

i nst ruct POARAYLT rQuIHee FRi FRFARt Rent Bobh S5@bkef 07 100 fireowmht Benei r st

i nstruct { 9 Middtidh .t heol @@Rcht BEnrfdT Hralg@0Rgp ] tion’) the |ast
i nstruction within the loop (the - + a%’{talg%ogo?n@ﬁ%%%iegna? a%‘%ée%sept h N of
t he | oop®Butterrddrgssi Sugodi di patrtediiinitot hae desigramomenbeypi@el i ne

o chi oot o S, Ao PPkl 8RR b8 AN, BBt he. value of N
the nor el&BpIGtdanedst kégpaped i orecarhe dastried i7U3 £36h eR€hbiopdad e. | n
ot oSS O R B8 0l LS (0D BUCERLTGR AL AT L0,
are the control stage 701. The loop buffer 710 momentarily stores the
instruction unless a loop is encountered which can be
completely stored therein.

The loop buffer 710 is a first in first out (FIFO) type of
buffer. That is, the first instruction stored in the FIFO
represents the first instruction output which is executed. If
a loop is not being executed, the instructions fall out of the
loop buffer 710 and are overwritten by the next instructidn.

If the loop buffer 710 is operating in a loop, the
instructions circulate within the loop buffer 710 from the
first instruction within the loop (the “first loop
instruction”) to the last instruction within the loop (the
"last loop instruction”). The depth N of the loop buffer 710
is coordinated with the design of the pipeline architecture of
the signal processing units and the instruction set
architecture. The deeper the loop buffer 710, the larger the
value of N, the more complicated the pipeline and instruction
set architecture. In the preferred embodiment, the loop

buffer 710 has a depth N of four to hold four dyadic DSP?

instructions of a loop. Four dyadic DSP instructions are the
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27 2 9 JUN 2004 WO 01/ 559PCT/ U501/ 02626 equi val ent of up to eight priZCQrJlﬂ”ﬂUla
DSP instructions which satisfies a nmgjority of DSP program | oops whi'le

mai nt ai R asonabl e conplexity in the pipeline architecture and the
instrucﬂd;{%lség% architecture. The loop buffer 710 differ FGERIOAZhe menory

whi ch are associated with mcroprocessors. The | oop buffer stores
instructions of a programloop ("looping instructions") in contrast to a
cache nmenory that typically stores a quantity of programinstructions

regardl e ir nction.or repetitive nature. To acconplish the
st or age % ?%%%é}?% s lr{lt?cttioo%?gtésp’fﬁ%‘t Pict PeRsaf e yasticmsd whiien pr ogr am
menory _$&istiwy mmajstdredor méheddeRnbubbss and Lxgautedn dhe ti - | oop
buf f er 711é)aézoonna;tbi nues tg_ score_instructions read from programnmenory 204 in
a FI FO nhiher amt ICTRLE v FHgia o 1osdeper 2 xSkl e CuBE) asighae 715

i ndi cat i ngstihait iare seenpkeheredof: Of instructi ons has been executed and
stored in E%r]le |.oop . buffer 710. After storing a conplete |oop of

i nstructi one'§ AOPnBYUEEEE BLf f & frKy, frhereadhe memegdwhacheaed the sane

I NSt ructdgyts-iaver agahnNnt o sehsat dhe i ctions...Upon receiving the LBC
signal 715, instead of fetching the sarren%% ;hscforpugtuifgﬁ #FPRTH the Toop from
progr amIfEFSFE208s Phe2 | BERETaRUMOOD i($lomEithd dnsepeat echy~ putput each

i nstructd R -aker ed at PELEE Nuddl preular. fashion in order to repeat
executing the | nst?ucti ons Wt i%htgﬁekg%lqcuaeﬁé’eslif’rﬁeal%‘c‘ﬁf-‘trlﬂdfe 9%o0p
buf f er RIPEIr@MsigRBFUEBRITE Sragargéresat ety 1t Haneonéhabr | 0gic Within the
DO predecodiRg; stag . e | Qo uffer cycle signal. LBC 715 couples to
the F1 f_e?chlcgintro%tggége%fcgﬁﬁp?h%h FO® FECERTIROME riAORt age 700. The LBC
715 si grabsruot ites EQS etrftruconbnsl asé age ciea thah s tionaldnst ructions

need noboRe cfgfohied Wl DCEHL! 1od 194200, L SSPIPe the O feteh
loop buffer 710 continues to store instructions read from
program memory 204 in a FIFO manner until receiving a loop
buffer cycle (LBC} signal 715 indicating that one complete
loop of instructions has been executed and stored in the loop
buffer 710. After storing a complete loop of instructions in
the loop buffer 710, there is no need to fetch the same
instructions over again to repeat the inscructions. Upon
receiving the LBC signal 715, instead of fetching the same
instructions within the loop from program memory 204, the loop
buffer is used to repeatedly output each instruction stored
therein in a circular fashion in order to repeat executing the
instructions within the sequence of the loop. The loop buffer
cycle signal LBC 715 is generated by the control logic within
the DO predecoding stage 702. The loop buffer cycle signal
LBC 715 couples to the F1 fetch control stage 701 and the FO
fetch control stage 700. The LBC 715 signals to the F0 fetch
control stage 700 that additional instructions need not be
fetched while executing the loop. In response the FO¢ fetch
control stage remains idle such that power is conserved by

.avoiding the fetching of additional instructions. The contrel
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control stage remains idle such that power is conserved by , avoiding bt]ﬁ
fetching of additional instructions. The control 28 2 9 JUN 2004 WO 2 N 2004

01/ 5584 ﬁﬁ&%&ﬁOl/OZGZG logic within the F1 fetch control stage 701 causes
the | oop® €r 710 to circulate ir.s instruction outpufCTIBOYPEGS ded t o
the DO predecodi ng stage 702 in response to the |oop buffer cycle signal
715. Upon conpletion of the |oop, the loop buffer cycle signal 715 is
deasserted and the loop buffer returns to processing standard instructions
until anpther logop is to_be Erocessed. In order to generate the | oop

buf fer cyRFES ST nEps Fipée LeR 1@t sdp SEAgE r UL iasmseisathet et t he | oop

needs tobPereAsces trd) Redandrt he 4 ofal: upbe JstRYcCl or the |ast
| oop instruction needs to be determn ned. Egd{lt%tr%ﬁ ?,lldt hgw%%er‘%etro of
.i nst rucki®rY iBFedsE s, Staae 1% time reeppnse Zwy téan lonpt bekteed t he depth

N of the-tonp buffar 7430. {9.9r tq. disable the | opp buffer cycle signal
715, the *unberlé]g‘a tines tﬁ% I%&(;{pojiegltog %g 11Fftlaepelé)toé’d %ggdgo?% be
det er mi rRtELetheyidlessiboap 7hstiucidassethad sidinthe aobpoputsér easily be

det er m nggd ol,. Jnstruction that sets.up the |oop. Loop
control In;%%%g??bEEng%QQ% %ﬁéqg%gfﬁé 2T oop Bt° “8ﬁé¥o?“ﬂ5?%rﬁﬁg¥bd | oops.
I n the prefter bed pepbedsednt a single nested loop is used for sinmplicity-

The loop contral. _ipnstructions are LOOP a LOOPi. of Figure 6F for a single
| oop and dgﬁdgﬂgfﬁ’?r%?e Fi urlé’ong‘I‘ggera WELCeTioB0p BYSdd® | oops.
The LOOHirad 1BbEOPhstnsttimt imne pravtde:ida dopopeedal tespd ndirectly by

pointing to registers.that haold the appropriate values. The | oop control
i nst ruct %ﬁ?ﬁtﬁgPégtaBd h ?v?ﬁ%%} PHEPRECET OV taAn&Y 18BESOX Hes i astc

i nstructlicep ahstbecrioomben nd et hecbAsiddct i @Rastiatafnl] Qe I N the
present invention, the nunber of instructions that follows is three or

more. TREPEEpOCont? of T atsudty SReadaPR i gt ySpEbei beep tige, can

not exceed the depth N of the loop buffer 710. In order to
disable the loop buffer cycle signal 715, the number of times
the loop is to be repeated needs to be determined.

The first loop instruction that starts a loop can easily be
determined from a loop control instruction that sets up the
loop. Loop control instructions can set up a single loop or
one or more nested loops. In the preferred embodiment a
single nested loop is used for simplicity. The loop control
instructions are LOOP and LOOPi of Figure 6F for a single loop
and DLOOP and DLOOPi of Figure 6G for a nested loop or dual
loops. The LOOPi and DLOOPi instructions provide the loop
values indirectly by pointing to registers that hold the
appropriate values. The loop contreol instruction indicates
how many instructions away does the first instruction of the
loop begin in the instructions that follow. In the present
invention, the number of instructions that follows is three or
more. The loop control instruction additionally provides the
size (i.e., the number of instructions} of the loop. For a
nested loop, the loop control instruction (DLOOP or DLOOPi)

indicates how many instructions away does the nested loop
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size (i.e., the nunber of instructions) of the |oop. For a nested | oop,
the 1oop control instruction (DLOOP or DLOOPi) indicates how nany 29 JUN 200t

i nstrugy, y does the nested loop 29 2 9 JUN 2QDG WO 01155844
PCT/ US&?%%?%' begin in the instructions that follow |fPQHUaAYIPE nest ed

| oop can not fit into the | oop buffer, only the inner loops that do fit
are stored in the loop buffer while they are being executed. Wile the
nesting can be N loops, in the preferred enbodinent, the nesting is two.

Upon recbei t % Egg l:?s? ctontrol i nsgfruction 2 | oop status register is set
up. The ~1908p 8t at Us™ Pl K16 tnElate® | 9%bop TacfAvENFH 5, NeffeSut er | oop

size, aridapnean| nop Sizeinteutee heep WETHEr ovalUene afithe 4 rm;g;psl oop count
val ue. nt rgl E%?i c_conpares the value of the |oop size fromthe |oop
status régitsf8r ok t#F ¥ e &St ATNERBF 199 Buddsroubiée Thsy axe bednsi ze of

the | oOpxetutess e Aheequat it dde wiept RopsWhen the J.ast Jastruction

of the loot) has been executed for the first tine (i.e. the first pass
t hr ough SMREAEBHPY ;, &lHe NSSGPIBUL§ eF Wy clUPOSi gRERIBLSOR dihdhd oapssert ed such

that i nglhuebl ONSs @hRdi8Ad af 188 the J o Bytiar Z&OSJ$Q%FaTH%% and decoded

by the predecoder 702. The |l oop control Tnstruction also includes
i nf or maiPeR Feyfatdlimrpisier Anabedewnfa tloppsaativepflay t @rbeutepeat ed. The

control ;Lagi g .of 1he pred er; 702 i udes a_counter to _count the nunber
of tines tge 150p Or{]%i ns?t%r Sgggoél%z%'agug%gng‘é?%cﬁ e TUpSn e ® ™ 2ount val ue
reachi ngnasnuiing qoemtesedtieng Cdve munbeyiof compeses the hadpewas to be

repeat e t Q buyf fer cle signal 715 .is deasserted so that

i nstrucgflgnggcéér esq%ﬁcgrgg‘altﬁgfie?%e aft}‘anfe%f’%b?]érfﬁ%hﬁ&v S6R“PoY executi on.
Ref erri p§ nosv tcepFibgdifer8ALoa bi Dakedsageast of hé hndoar 1BYEf eRa{10A and
its conggol illustrated. The | oop buffer 710A

i L Lg)f a fitg,)st enbodbiqrre t ar (

i ncl ude8" "Mt i EXEr 9880% Ya “ré}éeﬂ égleo#af\f:r%?%’flé"rts‘,onr 8§i 5t8r$°BD2A

t hr oughh892Memrteguted for the first time (i.e. the firsc pass
through the loop), the loop buffer cycle signal 715 can be
asserted such that instructions are read from the loop buffer
710 thereafter and decoded by the predecoder 702. The loop
control instruction also includes information regarding the
number of times a loop is te be repeated. The control logic
of the predecoder 702 includes a counter to count the number
of times the loop cof instructions has been executed. Upon the
count value reaching a number representing the number of times
the loop was to be repeated, the loop buffer cycle signal 715
is deasserted so that instructions are once again fetched from
program memory 204 for execution.

Referring now to Figure BA, a block diagram of the loop
buffer 710A and its control of a first embodiment are
illustrated. The loop buffer 710A includes a multiplexer 800,
a series of N registers, registers 802A through 802N, and a
multiplexer 804. Multiplexer B04 selects whether one of the
register outputs of the N registers 802A through 802N or the
fetched instruction on data bus 713 from program memory 204 is

selected (bypassing the N registers 802A through B02N) as the
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mul tipl exer 804. Multiplexer 604 sel ects whether one of the registeé
outputs of the N registers 802A through 802N or the fetched instruc SoWNgwﬁ

data bu om program nmenory 204 is selected (bypassing the N
r egi stefvs(;@%f&{dt hrough 802N) as the 30 2 9 JUN 2004 WO oF 4/02626

PCT/ US01/ 02626 out put fromthe | oop buffer 710. The nunber of | oop
instructions controls the selection made by nultiplexer 804. |If there are
no loop instructions, nultiplexer 804 selects to bypass registers 802A

through 802N, Lf one laop instruction is stored, the output of register
602A is Oé"glpg& tﬁorﬂy&ﬁ%pplbé&g?* 804° f or M BUTEET] PLt¥RPR oop i nstructi ons
are st dmedridcides | e dukf ehe 7401 edheorOWaiat 1Of m €01 StEle 8Q2B i s

~selected by, nmultiplexer 804 for output. If N loop instructions are stored
in the Foop™BHEF2Te 7D, 19CRe 1BEEPREC 1P DMTHE IREAXPEGERE e lmictlsi Aot he | oop

buf fer BiBastheepidqusls sobar eaisign SN irg sgkecssd i ghexer 804
for outpﬁ?. ThéQ%iop buf f er cycl%ﬁ(LBC3 si gnal 715%9§2%%$§%%é8by the logic

818, confr8F_reAd tilf ExEPUBODLt BrSkstean BARAt Rersehectasbpy buffer will cycle

throughmi,i 81 p NSEdMGEI0RS i Bubpd Cuifﬁrtwof @LEQEOF oL Gl gLructions from
program nmenory 204 for input into the |oop bu Per™ U~ K &6ck is coupl ed
to eachsépred b rdyi drepsbBobar t irbudtie8@RNpub of roadiattert Be2BNsEr uct i ons

stored baLhed aap IELes 10 40y s dhe Loopsefented by the

mul ti pl exers 804 a in the 1oop r7 v oyel i ng
i nstructhemsidurapsciareubbprédshi ahe tlvepl bopfebuffer emubatpact he fetching

t.Jm i L1y, it f t he |
ot ruct e AL SREPEEL o e APelBOREER TP ¢ RE=bPOERSS s o

condi t i ohategidteck 8okYnai s t helteammyd hiyeenet dpléag tdva gegusnepee. of a nunber
an_inte signals for the

o e e A cane LT [ Targensiat e he So Lol pLopale for the

| oop 818, controls multiplexer 800 to select whether the loop
buffer will cycle through its instructions in a circular
fashion or fetch imstructions from program memory 204 for
input into the loop buffer 710. A clock is coupled to each of
the registers B02A through 802N to circulate the instructions
stored in the loop buffer 710 through the loop selected by the
multiplexers B804 and 800 in the loop buffer 710. By cycling
through the instructions in a circular fashion, the loop
buffer emulates the fetching process that might ordinarily
occur into program memory for the loop instructions. Note
that the clock signal to each of the blocks is a conditional
clock signal that may freeze during the occurrence of a number
of events including an interrupt.

To generate the control signals for the lcop buffer 710,
the pipe control 304 includes a loop size register 810, a loop
counter 812, comparators 814-815, and control logic 818. The
loop size register B1l0 stores the number of instructions
within a loop to control the multiplexer 804 and to determine
if the loop buffer 710 is deep enough to store the entire set

of loop instructions within a given loop. Comparator 814
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counter 812, conparators 814-815, and control logic 818. The |oop size

regi ster 810 stores the number of instructions within a |oop to cont?81JUNAM:
mul ti pl 804 and to deternmine if the loop buffer 710 is deep enough to
store the entire set of loop instructions within a given N/E@hi%par at or
814 31 2 9 JUN 2004 WD 01/55844 PCT/ US01/ 02626 conpares the output of the

| oop size register 810 representing the nunber of instructions within a

| oop with the loop buffer depth N. If the nunber of |oop instructions

exceeds | aQp .. huffer depth N, fhe |qop buffer 710 can not be used to
cycle t%ér}lg]t?d"%gi r%l?r Sfé‘?%gsg%ftl%dhefqoc?oﬁ.lzﬁoﬁ%%‘iﬁﬁ l0grergeserpies how

may | oopshehamebkeepfexasuted: LshNgvidEnl @OPocbPShIUCtdHRNS oSt B4 N t he

| oop buffer by gegeratin | oop_ count out put. Conparator 815 conpares the
| oop couc{n‘tp%lui(lput Q?r%ﬁ?tﬁ‘é’%‘?%ﬁ £ J5ne éRsBIPChiens e ephedeber lhard t ot al

nunber dfufifeepdepen Het eRrEi Mo fodded ash L99PdS bteou?@de?fﬁc e The loop
control also [nc¢cludes an option for early loop exit (i1.e before the |oop

count hdSTHEER eRALELTRHT D Redvh 1oPRe VvhPoR @furdepr 84P catreregiest er . The

predi catrw @l S186ps Shaty & lakadRdaleds o s.through. the | oop by
an arithmetic or logical test instruction qu%m ge llt%% %%%Su i %r edi cat e
regi st ePtCABE SRoWh§ Tl RERey tiye Jenapar ttdra 86 byuneanscmft.a si gnal

l'ine, eaghpagXtdrBdHs é/g]&;ht&e est o586t FALSE condition in the
predi cate rﬁegi ster signali ng 0 exi T Segcrnfrst fdrﬂgl%utthgr%o%h%nlc’@é’rl y exit

816, th&CEBRPES &l drviEls Wyemriedes erhenedrmelalconpaeisof heipweer t he | oop
count theretRigl ]%jstl qgggp?gdtgi%aéxseég l,ogi c 818 that the |ast
i Edr

|l oop is to be executed. Upon co etrng thee ion of the last |oop, the
| oop buf f 8Re dedre simgrrall AlSo $ndilsddés eth igprddetot oeat1wwdagpM y  f et ched

ggzggggE%Egsg%fepafsbse%f%;rﬁetht\#gt rl"oc":]u;ot qurlltoqpasb%fe];%r e.~7c gﬁxs lIahde) %%gEaEiOL:nl ogic 818
the value of a predicate register. The predicate register is
typically updated on each pass through the loop by an
arithmetic or logical test instruction inside the loop. The
predicate register (not shown) couples to the comparator B1S
by means of a signal line, early exit 816. When the test sets
a FALSE condition in the predicate regiscer signaling to exit
early from the loop on early exit 816, the comparator B1l5
overrides the normal comparison between the loop count the
total number of loops and signals to logic 818 that the last
loop is to be executed.

Upon completing the execution of the last loop, the loop
buffer cycle signal 715 is disabled in order to allow newly
fetched instructions to be stored within the loop buffer 710.

The control logic B18 accepts the outputs from the
comparators 814 and B15 in order to properly generate (assert

and deassert) the loop buffer cycle signal LBC 715.

Referring now to Figure 88, a detailed block diagram of the
loop buffer and its control circuitry of a preferred

embodiment is illustrated. The loop buffer 710B includes a
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conparators 814 and 815 in order to properly generate (assert and
deassert) the |loop buffer cycle signal LBC 715. Referring now to Fi ngrgeJuﬁfi,Um

a det aiy, Logk diagramof the |oop buffer and its con | Gl itry of a
pr ef erreg’qmteg odinent is illustrated. The |oop buffer 71 qumnsg}’ﬁ gtl’s a 32 2

9 JUN 2004 WO 01/55844 PCT/ US01/ 02626 set of N registers, registers
803A-803N, and the nmultiplexer 804. The loop buffer 710E is preferable
over the |l oop buffer 710A in that registers 603A-803N need not be cl ocked

to cycl t hr.oug e _Lpstr i 0 | t her.eby conservi ng additional
power . %s?tc%r?pgr gggpgt%ﬁ% I%%%lsg%?fsefrao%oggﬁqnd ainfistxto’ﬁ‘fnftollp]ﬁ strated in
Fi gure 8A4.reFhst 2psp8B3PESBO3N arefilsapeefseilst enverS8ORA- BN bunifletri pl exer
804 is cqntroll ifferentl ad sel ect pointer 832 and_t he out put
of the dgﬁpaﬁﬁt ggagﬁﬁ?l%’?ﬁf% #ﬁ'goégl%%‘?de&ﬁtnpgrc LBIBLGYFERY enabl es
the cl etktbnghotheeghst pis RHIAB0IN1odher e @0l sbgs@t ey each of the

bl ocks iﬁéga condjtional clock signal that may freeze during the occurrence

of a nuffi8rEoPRRYeRPEET nclARiSTTPER S e et pCoPTREE (#Y t 8 Cfel2@dt 1B6i nt er

830, esseftial! ylouétexidd an eneoder saencofdese2sr 8684 b oregnapef et ch
address into an enable signal to_selectively |load one of the registers

803A- SOSHLFFEFRS aROFMsE ULt v tdBLeRYT i §% dpecanFballad i frikestlycycl e of

a | oop. pJhg peLgramdat ¢biaddressai sn@ssRNuablY A6 nd QuEE a95E8£' bits of
t he program counter delayed in time. As each new programfetch address is

recei vell4t hangy? ter e d@lecoPRiBFe B3P hysslepEive by eraddisiseshene of the

regist eE§o§Q§r‘e§ SP3NJ e delg 038 -EHSY WﬁedCQSCEXg&g'faqd i e8chogp: Once all
instructions of a |oop are stored within one or nore of the Tregisters

803A- 808 phecks i 1 salcacitponal erl®30 sdicsabl ekanlnay éwalelze i nputs to the

[ egi st egs, BASAOBEUAIdncR BEXE GRS B L6aNYs L hAiGdingdgd Tnto the loop
interrupt.

The write select pointer 830, essentially a flexible
encoder, encodes a received program fetch address into an
enable signal to selectively load one of the registers 803A-
803N with an instruction during its execution in the first
cycle of a loop. The program fetch address is essentially the
lower order bits of the program counter delayed in time. As
each new program fetch address is received, the write select
peinter 830 appropriately enables one of the registers BO3A-
BO3N in order as they would be executed in a loop. Once all
instructions of a loop are stored within one or more of the
registers 803A-B03N, the write select pointer 830 disables all
enable inputs to the registers 803A-803N until a next loop is

ready to be loaded into the loop buffer 710B.

The read select pointer B32, essentially a loadable counter
tracking the fetch addresses, is initially loaded with a
beginning loop address (outer or inner loop beginning address)
at the completion of the first cycle of a loop and incremented

to mimic the program counter functioning in a loop.
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The read sel ect pointer 832, essentially a | oadable counter tracking the
fetch addresses, is initially |loaded with a beginning | oop address ¢8uildr200
or inn I egi nning address) at the conpletion of the first cycle of a
| oop aﬁgoionj%lr%‘éﬁent ed to mnic the program counter funct{OHUAY/42¢ | oop.

33 2 9 JUN 2004 WO 01/55844 PC TU501/ 02626 Mul ti pl exer 804 sel ects the

out put of one of the registers 803A-803N as its output and the instruction
that is to be executed on the next cycle in response to the output from

the re : ' r , sted | oop i.e._inner |loops) are easily
handl edﬁ%égéf%%%l?gégdl{ %é?lr%gﬁa g% e%’&p}%i ﬁ?eignﬁvi ?h e resEGtARPNg address’ of
t he nesBedAl»OIN eschitds matphe amdl wfe tikerroesied 4190P isS rgngaunt ered unl ess
ready to_exi | 00 During the initialization of the |oop

t the st ed
buf fer, “w {é"rllt?%eon chléc"l &eéFscégﬁ-ﬁb\’:’ﬁ%&P@sFo’éﬂe‘éih‘?/vi PHOutsEraet Foms, t he

read sekadtsqinidit eoiB32rcentr olfedd@ Mubpiplexer ﬁ%ﬁﬁ%@p&f‘%ré he
rogram nmenory fl ow through the oop buffer

instructionls ("dai}g'té% fromg ]
710B out2tbtY HEAHEE: Bt FORCIU B PLEeaTheelerte raiaties which thwp control
i nst r ucké@indiordaddreskoep shdtedred 3685 810, Witk the BHHbﬁf He

instructions within the | oop. The conparator 814 conpares the nunber of

i nst r uctTORE WPk AS ERECYROHF A R leRE Hepdn O ¢ixitthéheoopsbed fer 710B. |f
the nundgs. of instructions within the |oop exceeds the depth N of the

| oop buffer, the enable | oop buffer signal is not asserted such that the

mul ti pl exer 804 selects the flow through input to continue to have

i nstruct i oM FRoW EhtBUGHE 119168 CbuF Rerloop dmiifer  awhevythes of the | oop.

|f the tejialceRdmbesAofoi netd UehieASW]FI0M AN JRNehsandh QUi &l | 0ops do not
fit within the depth of the | oon buffer 710B, the 1 nner |oop may still

have i t¥¥457St PAEEFBRsE 1 b RREF iR Eot PRe™ boip Ynutefre8 07 19ECkh othatv aibe t he
fet chi ngferoeessAdUL ki 4-1e ¥kl BrobBE QN IS EBE" chrough the

loop buffer 710B out to the instruction output 714. The
occurrence of a loop control instruction loads the loop size
register 810 with the number of instructions within the loop.
The comparator Bl4 compares the number of instructions within
the loop with the depth N of the loop buffer 710B. 1If the
number of instructions within the loop exceeds the depth N of
the loop buffer, the enable loop buffer signal is not asserted
such that the multiplexer 804 selects the flow through input
to continue to have instructions flow through the loop buffer
710B for all cycles of the loop. If the total number of
instructions from the inner and outer loops do not fit within
the depth of the loop buffer 7108, the inner loop may still
have its instructions loaded into the loop buffer 710B to
avoid the fetching process during the cycle through the inner

loop to conserve power.

Upon the completion of leoading instructions within the
depth of the loop buffer 7i0B or when an outer loop end is
reached and the loop needs to loop back, the read select

pointer 832 is loaded by the loop back signal with the outer
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| oop to conserve power. Upon the conpletion of |oading instructions within
the depth of the | oop buffer 7108 or when an outer loop end is reatBdtN 200

and the [ﬁglg g‘ieds to | oop back, the read select pointer 832 is | oaded by
the |00 R gnal with the outer 34 2 9 JUN 2004 WO 01GHUIU/02626

PCTf USOL/ 02626 | oop start address through nultiplexer 831 and the | oop )
select signal. If an inner loop is nested within the outer | oop and the
inner |loop is supposed to | oop back, the rmultiplexer 831 selects the inner
| oop start address tQ be loaded into the read select pointer 832 by the

| oop sel &P Si-Gnsl 2RRERS A ERHSoMUARI PHREST 189dp and Ebachedd sEiequr ef erred
enbodi neyigmaal. t e BheseMr i 1BERNEEORS & tvhitt%ind%ﬁféri;@ﬁgr féor# hose of

ordinary skill will recognize, the resent 1 nvention has many advant ages.
One advaitadE6F AR HF cCERRCSEAVEAL £97P iRadkhathgowel t tohsxamptaaan i s

reduced seheles CKRE ULARG: | e hEONZaEddY Rd) QAPS ! Fd PG T eSent
i nvention has been described in particular enbodl nents, i nay be
i npl emefeéd FRIAGF RRIECS $BRwAY et he figamveed eot aigoabiwietd am Eher eof and

utilizeds BnSYShEPBLoo URSYSLENE, . COMPONent s or sub-conponents thereof .
When inplemented in software, the elenents of the present invention are

essenti al | fhehprebier e pmbeddment perf orhm phresnstesseent idmsiee. chhe program
or codegag e oLed, i &; f sor .y eadabl e nmedi_ um or
dsedPeRLs. calk hgstore ofcﬁ'u?ala}l) s%%é%dr%ail recogmize, =

transmtted by a conputer data sign ve over a
t ransni BSEBRNFEHIART 16N demmuany atdemtiagek. Thee "aphwemasser oreadabl e nmedi und

may in Yo Bl .ha r. transfer information. Exanples
of the %%gggggg{nread?g régn%%igﬁkﬁ%r Egglsgﬂpgé?%cﬁ &ﬁd&cgi%r YHFE, a
sem cond¥ecorinmeisf rdevions @lRAV) laopkl.ash nenory, an erasabl e ROM
(EROM, a floppy diskette, a CD- ROM an optical disk, a hard disk, a fiber
opti c nedilencle bresent invention has been described in particular

embodiments, it may be implemented in hardware, software,
firmware or a combination thereof and utilized in systems,
subsystems, components or sub-components thereof. When
implemented in software, the elements of the présent 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 memory device, a ROM, a
flash memory, an erasable ROM (EROM), a floppy diskette, a CD-
ROM, an optical disk, a hard disk, a fiber optic medium, a
radio frequency (RF) link, etc. The computer data signal may
include any signal that can propagate over a transmission
medium such as electronic network channels, optical fibers,
air, electromagnetic, RF links, etc. The code segments may be
downloaded via computer networks such as the Internet,
Intranet, etc. In any case, the present invention should not
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radio frequency (RF) link, etc. The conputer data signal may includg N 7004
si gnal that can propagate over a transm ssion nediumsuch as electr %

net wor Ky, s, optical fibers, air, electromagnetic, RE links, etc. The
code segne s nay be downl oaded via conputer net wor ks sﬁ?ﬂ“ﬁ@lPﬁ
Internet, Intranet, etc. In any case, the present invention should not 35

2 9 JUN 2004 WO 01/ 55844 PCT/ USQO /02626 be construed as limted by such
enbodi ments, but rather construed according to the clainms that follow

bel ow. NS Spcl 00p. buffer conprising: a
pIurallgg %?greg|§%g$§]¥%ﬁkﬁgd ?nggg?l%gPQQiﬁgpﬁér P AT nst ructi ons,
the firstnstengist erccdi@iingg tanthapolannd tamrodbplby Bdieswout put of the first
regi ster coupled to the input of the next register in the series, the |ast
regi ster having an input coupled to the output of the prior register in
the series and an output onto which to provide the stored instructions,
registers between the first and | ast registers having an input coupled to
the prior register in the series and an output coupled to the next
register in the series; the output of the last register in the series
selectively coupled to the input of the first register in the series in
response to the plurality of registers storing a |oop of instructions; and
wherein the nunber of instructions within the |oop selects the | ast
register in the series of registers having an output selectively coupled to
the input of the first register. 2. The | oop buffer of claim1l1, wherein,
the series of registers are clocked in order to cycle through the |oop of
instructions stored in the |oop buffer during the execution of a | oop. 3.
A loop buffer conmprising: a plurality of registers coupled in series
together to store instructions, the first register having an input and an
output, the outpdt of the first register coupled to the input of the next
register in the series, the last register having an i nput coupled to the
output of the prior register in the series and an output onto which to
provide the stored instructions, registers between the first and | ast

regi sters having an input coupled to the prior register in the series

k1)



and an output coupled to the next register in the series; the output_ of th
last register in the series selectively coupled to the input of the ?ﬂn@ﬂzmﬁ
register in the series in response to the plurality of registers storing a

| oop of instructions; and a first nultiplexer having an output coupled to

t he input“Q% 1L BGiddatist register in the series, the first multiplexer

sel ecting the output fromthe last register or a newinstruction from
menory to input into the first register in the series. 4. The | oop buffer

of claim 3, “hﬁﬁ&lQmﬁ%n%nfhﬁﬁ% mul ti pl exer selects the output froma second
nultlplexer or ‘a mew i nstructton frommenory to input into the first

regi ster in theplosdityed regtats edveled écsries tngdihter (il store mskedtions, thetfing ragistgput f r om

the narber® B o BHELES bt e Lliphdfil B8 G QN Rk of AchBRPOTCE 1O
buf f er of regis@r nmf& sevibe theilas] regisisr bavinges inplt ¢ogpled teths owtpws of thepkied in order to
cycl et I gl bt LB bBLELLNRSHAIRH] DR AR, DNELEE during the

execution mprisi ng regi sters
to store bmtemmlmtﬁmd\hsuhglmea hhgogan iaptftlcmiledp@ﬂntpepr eeigiet @dhe wriesach of t he

plurality a{] ghﬁs oﬁé?d o%@fek?x%gmt‘éﬁn%ees@ﬂgl e the loading of an instruction

into one O ers; a second pointer to selectively
read an i nstr utht Dutpul'qu &mlash@gpteu methe teyieelectaglystoapled tgthe¢ mput ofi ghetfirst

i nst tiQn: t dt
oo by R PR LU e U R B LSRR 12, o1
mul ti pl exer t o wheleaghe mmdoeoeﬁlp&]tucmns titbingheloay selegtsdiie llaﬁgegﬂt@msthp n response

to the enstBRLIL Rhalfla0ilfl oo 0uAS) RELLYR! e nEASCHIT Ryl Ton thereln
FENSt ot Pl ok BER o g ey

as the nex Ion execut | e | oop buffer
of claim®6, mhereln t he second p0|nter IS Ioaded mnth the starting address

of a fi rs% Ioopheqﬂ&&?ﬁrb&ﬁ&{r@ge?}l&gnto sel ect a sequence of instructions

for execution 8. The | oop buffer of claim7,
wher ei n, the stbeeomnus pliegisters a'res:ldctﬁathedrdm oreytlh drratghrthe lngp efdobtrmsteonef a second

00p Wi thiu} e 65 burk 898 ANEL s loREF ERERL ed T0 sel ect a sequence of

i nstructions execut1on e seco | oop. 9. The | oop buffer of
claim7, wherein,

3. A loop buffer comprising:

a plurality of registers coupled in series together to store instructions, the first register
having an input and an output, the output of the first register coupled to the input of the next
register in the series, the last register having an input coupled to the output of the prior
register in the series and an output onto which to provide the stored instructions, registers
between the first and last registers having an input coupled to the prior register in the series
and an output coupled to the next register in the series;

the output of the last register in the series selectively coupled to the input of the first
register in the series in response to the plurality of registers storing a loop of instructions; and

a first multiplexer having an output coupled to the input of the first register in the
series, the first multiplexer selecting the output from the last register or a new instruction from

memory to input into the first register in the series.

4. The loop buffer of claim 3, wherein:

the first multiplexer selects the output from a second multiplexer or a new instruction
from memory to input into the first register in the series; and

the second multiplexer selects the output from the series of registers as an instruction
execution output in response to the number of instructions within the loop.
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upon the second pointer being incremented to the address of the | ast
instruction wthin the first | oop, the second pointer is rel oaded w 8 HUN 384
starting address of the first loop and increnented to sel ect the sequence
of instructions for repeat execution within the first 1oop. 10. The | oop

buffer ofsclaify.§ p"\.ﬂx?iffv"f'?:’l iBoRLd kg second pointer being increnented to
t he address of teh?ao I aste d|)nsatlruiztl|10n "within the second | oop, the second

poi nter is reltbaskeids of registeny areglagked ingrdgrigregels thaugh ithe leavdgstruétivop and

i ncrementgd. i 8 i5E8LESbuttd qeneaBh of PRLL Uctions for repeat execution
within the eseéongafouop?. 3%@‘%2 9 JUI% 58041% }gl The | oop buffer of claim 10,
wherei n, upon the second pointer being increnented to the address of the

| ast | nStd'.UCti&%op‘ﬁh@'@ljcgmbt?{{n%:i rst | oop, the second pointer is rel oaded
with the starting address o he first loop and incremented to select the

sequence of i resplnalityiobregisfeoytosepraiastruet@s withore laphin the first loop. 12,
The | oop b“ffea[f‘@ﬂ;po' t&!cﬁﬁted HREHS e pthﬂﬁir% hﬁééist%%@eﬁcti& y &RBAGEE W th the

fetch address o ach instruction wthin oop to selectively enable
each of tlhating afealnstryctiof integiestf dheplurality pbregistewsch i nstructi on of the
sequence of | i Al | - ' 1 r
conprising:. a Jﬁ%%&rngﬁﬂnge?% éé’lreglg%egﬁt %ghgantlg&gf [E)Jrﬁgfoﬁdn@% P&%lﬁ@nﬁgg%ﬁ%rgﬁﬁg | oop; a
first poinskenstoeupl fedexeautwachthofthe leep;phdiral ity of registers to selectively
enabl e the | ogad] f i i i f. '
registers; a %&%@ﬁ%‘gﬁ%i@n ée@%% %f“ﬁ%#@@{ %é\géﬁgﬁggggﬂl%\&?ﬁ%‘%%ﬁ ttcl)%se? éngm t he

pl ur al i t ypowrtery thgimgitipteserds selépt onaymput pitse¢ plucdifyort rfecsteremaesppisoto thét hi n t he

| oop; an t . - i regi sters
w th the SOrERIRar il QlerkP s RATARY Rad BE MHIRER atcd MnER Mol 201 o1

det er m nesedutiat withie thedodrer of instructions within the | oop exceeds the
nunber of the plarality of registers, the conparator to disable the | oop
buffer and cause the instructions within the loop to flow through the | oop
buffer fot exBeledpdunfteriof claithé, Wrogpn.buf f er of claim 13, wherein, the

plurality of rEOLSLENRidd id MEdedHitn W hferidd WihfelCira it 140 hgRPONSE to a stall
In an 1 nstruction pi peq I ne, and
incremented to select a sequence of instructions for execution within the first loop.

8. The loop buffer of claim 7, wherein,
the second pointer is loaded with the starting address of a second loop within the first
loop and is incremented to select a sequence of instructions for execution within the second

loop.

9. The loop buffer of claim 7, wherein,

upon the second pointer being incremented to the address of the last instruction
within the first loop, the second pointer is reloaded with the starting address of the first loop
and incremented to select the sequence of instructions for repeat execution within the first

loop.

10. The loop buffer of claim 8, wherein,
upon the second pointer being incremented to the address of the last instruction
within the second loop, the second pointer is reloaded with the starting address of the second
loop and incremented to select the sequence of instructions for repeat execution within the
second loop.
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the second pointer to selectively read an instruction fromthe pIuraIitﬁ of
registers as the next instruction for execution in response to the &8 dUN 200
bei ng cl eared. 39

11. The loop buffer of claim 10, wherein,

upon the second pointer being incremented to the address of the last instruction
within the first loop, the second pointer is reloaded with the starting address of the first loop
and incremented to select the sequence of instructions for repeat execution within the first

loop.

12. The loop buffer of claim 6, wherein,
the first pointer is loaded with the fetch address of each instruction within the loop to
selectively enable each of the plurality of registers to store each instruction of the sequence of

instructions within the loop therein.

13. A loop buffer comprising:

a plurality of registers to store instructions within a loop;

a first pointer coupled to each of the plurality of registers to selectively enable the
loading of a; instruction into one of the plurality of registers;

a second pointer to selectively read an instruction from the plurality of registers as the
next instruction for execution within the loop; and

a comparator to compare the number of the plurality of registers with the number of
instructions within the loop, and if the comparator determines that the number of instructions
within the loop exceeds the number of the plurality of registers, the comparator to disable the
loop buffer and cause the instructions within the loop to flow through the loop buffer for

execution.

14, The loop buffer of claim 13, wherein,

the plurality of registers to further store instructions in response to a stall in an
instruction pipeline, and

the second pointer to selectively read an instruction from the plurality of registers as

the next instruction for execution in response to the stall being cleared.
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