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| NSTRUCTI ON SET ARCHI TECTURE HAVI NG DYADI C DI G TAL SI GNAL PROCESSI NG

| NSTRUCTWONB/5B43.D OF THE | NVENTI ON Thi s invention rel at ePGEHEHAL62] to t he
instruction set architectures (1SA) of processors. Mre particularly, the
invention relates to instruction set architectures for the execution of

oper at i onmmmmmmm\mmm“m gnal processing integrated circuit. BACKGROUND OF THE
| NVENTI ON di gital signal proce55| devi ces (DSP) are
relatively welkodgnown. DSPs gerf“éﬁc'%ﬁ FéRi shed from general

pur pose m croprocessors in that DSPs typcb;@al | y support accel erated

ari thmetic operations by including a dedicated nultiplier and accunul ator
(MAC) for performing multi pW%ﬁfq(%WQ’a\T SETgPREMI FErBES. The instruction set
for a typical DSP device usually inclydggna MAC instruction for performng
mul tiplication of new operands and addition with a prior accunul ated val ue
stored within an ac® QtdFITegi STENAL ARAIESHIE dBETRHCT NS pi cal |y t he
only instruction provided in prior art digital signal processors where two
DSP operations, multiply foll owed by add, are performed by the execution of
one instruction. However, wherFIg8dl &FhiTH SNYHEETIQN ocessi ng functions on
data it is often desirable to perform other DSP operations in varying

combinations. hjig fﬁb@hgk055§§f§%es generally to the instruction set
architectures (ISA) of processors. More particularly, the
invention relates to instruction set architectures for the
execution of operations within a signal processing

integrated circuit.

BACKGROUND OF THE INVENTION

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

perform other DSP operations in varying combinations.
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PCT/ US01/ 02627 An area where DSPs may be utilized is in tel ecomrunication
systens. One use of DSPs in telecomunication systens is digital filtering.
In thi S‘féﬁﬁ @4PSP is typically programred with instructi pesukedep! ement
sone filter ?unction in the digital or tinme domain. The mat hemati cal
algorithmfor a typical finite inpulse response (FIR) filter may | ook Iike
the equation Y' - hOX0 + hlXl + h2X2 + ... + hNXN where h" are fixed filter
coefficients nunbering from1l to N and X' are the data sanples. The

equation Y,, npy heegwadial esbrby m§i B @ sPfiaMArie pHOgGram However in sone
applications, it is necessary that the equation be evaluated as fast as

possi bl e. OYEIRAFTIER P s SYELEBS per PoF Mih&Tc &Pt 4B ons using har dwar e
conponent s $W¢Rc8sman L8R A8V 98 tRROJL ANaRe: 0 ganpYt-enghe gouaticon Y'. In
order to further speed the process, it is desirable to vectorize the

equati on an@28PsfrPBut’e theiEaplt RE PHTRERShgS niPEFFRECTBIS tuch that the
final resulfp h3-pbhai gtk MNG QUEGKLYiod Nen Mild IRLe c PBPSy Opstate in -
parallel to speed the conputation process. In this case, the nultiplication
of terns i sdopreRd a%l?%é@tthﬁ@aﬁfwﬁ" pﬂ%?%ltdfmtfl@é BSPSPé@hIﬁylft@r

si mul t aneous SRIRN ALd SO (FIRH MB1 1 dbe RAdiNG0f i ker PRe | Sy dldtidakl Y spread
equal |y across the adders of the DSPs for 'sinmultaneous conputations. In
vectorized prBegssi Agl: tthB2%r der. - of + phdoeybehy hepis Fixedi hipdreant since
the conbi _naEEQPf!Léi GLalde\re Itf‘r&h'el HOGeSHING ohdernf gLhie terms is
altered, it has no effect on tﬁg Inal result expected 1n a vectorized
processi ng ehmnplésncticorequat ippplcalavmiber evploaesd drs,usaingA€ oper at i on

woul d 2 I usol/ i re Lt instryction and an
add instr ug\??g%wgggégﬁ%ggﬂbo%ﬁgégggi {or?ioéédael 3%‘”?%8553%‘?{?1 (I}flt o perform

t hese two i nstessaronshawihe eqggatienthw pradeessdngsciastesas Additionally, a
program wri bLen, fpf thed ypical BLOLRs Pracesser pauld gequire a | arger
program mangry I'h"order to store the extra instructions necessary to
per f or m t hecMAGQuopetrats arsingnhprdeararconpBRPegewi sesh a¢ a IBFP operati on

ot her than MAC DSP instruction n erfaorned).the operation requires
separate ar ??Hﬁ%?i%r?%rs ml’ml??t %Sngonﬁglgger 2%"?3 %u%ttggﬁr%’g'r gtr% %%Fy?oThese
separ at e ar tthneér csparst thet ponsess, pit oirs atelsibSP3est o veardorirzequi r e

i ncreased p ram nmenory _space.an [Qcessin lLes to performthe

oper ati on w{%g% T BY atnc%;i l?FﬁbgléPT\/A 9 17st ﬁlg%/’lgcl)ﬁfl ﬂ'orlp%Stdesi rable to
reduce the nubbeplefDIF0casR Bhacychest wadn rpeuf or ik ngb RSP eopabati ons. |t

is desirable to redu rogram me requirenents_a 1. DSPs are often

pr ogr anmed 9H1%@‘60;@8‘8%&%&@?%&?%&% é@c@%?g}%ﬁ S iR i C

functions i agéudotighteatdid@ pEsteHEt | DN tisicngatief, f ehenhuDpEylandsiobf t en

times, multiple arithmetic i,nstructians areﬁ.gjrogram"rﬁd in | oop to operate
YeiedrGEei

on the sane’tat&Batls FPESEEn8CEPTT nTRT i fhe &n execut ed

over and ovetuahly f@opiusilAgndohs ec@mputepaoasdst Adohdé i ome y, each tine

one instructi(gn is conpl et ed, anoihe instrtéction is fetched fromthe

progr am st o 80 1% rf%‘sd&lsi AT A FERTECe SIREE ER F1SEs PEquire one or

nore cycl e &id@€ss t6F atreISPa HBADE ymlnefOfe@usngbipgat & Oforexecuii on occurs.

Because circuits change state during a fetch cycle ower is ' consunmed and
o ot ot 5rocte B

thus it is G8SFPELA FEGELEBIt e 9 558 BET/ US01/ 02627

fetch cycl esninfy@iteald winappenxi satieinatdientiy peseenit Dfe paQWetnheonsunpti on
nay be utilized in the set up and clean up qperations of a loop in order to

execut e DSPPFASTTIA &«'ré.erwgi EAF 152 T%he S GopeERBcut F o Sier §ESPGhal

on the final result expected in a vectorized processing of

a function.

In typical micro processors, a MAC operation would



processing of data is perfornmed consunes approxi mately ei ghty percent of
power consunption with a significant portion being due to instruction

f et chi ngvoAddssdd onal | y, because data sets that a DSP devi EETRISOU®6ZT ar e
usually large, it is also desirable to speed instruction execution by

avoi ding frequent fetch cycles to nenory. Additionally, the quality of
service over a tel ephone systemoften relates to the processing speed of
signals. That is particularly the case when a DSP is to provide voice
processi ng, ZARHI&s avHHEEIRbPIRE SIS 1oRoRrEE Fectifhrieéssryatiand-@cho
cancel | ati on, ;G0 ubbi Bl Gy E0BMNEL S MR 8680 {oh . PrRCEESBYySpeed has
becone even nore inportant because of the desire to transmt voice

. aggr egat ed vilEsedate iRshrpaekensd s lidoraIidEe cormpAtiosassdndover packeti zed
net wor ks. i n q i h .zed: vol i I o result
in the degngJ a%il%gri ogag?gﬁﬁg‘% al %%ﬁ‘%%gcg?bt}/%g&gn s.glﬂlgt t%gg%gsi rable to
provi de i nprovew processPngveild oiccrligrdadasvngsi gnalgramomenhancin t he
quality of vqige gad.data COIMUN,CALiQn . AXelRACKEIIZET, NELWDLKR, - { T
desirable to 1 nprove the efficiency of using conputing Fesouf ces en
perform ng silgn#dACprpeessiay. f Ucipmeg. adt DYWY @VisE843 iPCE/ SO/ 02627

BRI EF SUMWARY, O THE LIVENTI ON. Briald Yool BEoPEESENL, Lxantion i ncl udes a
met hod, appa?rat us “and system as descri Be Ph the ¢l arms. Nulti pl e

appl i cat i on Epeorfied, st o abperraociess oregLASEP) sdaratg tlreé thmstiacti on set
architecture of th ;Bresent inven i.oré, inglyad%nrger%ohe dy%gi c DSP

i nstructi onsl,nsérrélcgrow R W AT garewhy ST A" COMMiRicat i 6R-systens to
provi de i nprsaypedavei eeiantetdat a rcamueriioati On Evierr arpacketi zed net work.
Each ASSP includes.a serial interface, a bhuffer nenor o and four core
processors o™ ea&hYt 5SS hf t’e{hcerc?l?flegl Br8dedt %W%ﬁyplsé ERaRh@l s of voice or
data. Each guaiceepsaagssotlqy efemalifprnnehddesemtriedueeeni asipaedd on set
conput er ( RI_.SC) pr.ocissor and four .signal processing._units éSPS . Each SP
i ncl udes nmul%S BI E*8FT EnTet i T HIEKE Fo sit hut T affeodSiy SpF8cESS Hul ti pl e

voi ce and dal» @orBYR 6AlpFrsd i cyalpkeshé®rpa@sniingabson over | P,
operations. It is desirable to reduce program memory

requirements as well.

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

consumed and thus it is desirable to reduce the number of



ATM Frane Relay or other packetized network. The four signal processing
units can execute the digital signal processing algorithnms in parallel.
Each ASSFODEsd8kEXi bl e and can be progranmmed to perform neRGT/HEME6K
functions or data/voice processing functions, including voice and data
conpr essi on/ deconpressi on in tel ecommuni cati ons systens (such as CODECs)
particul arly packeti zed tel ecommuni cati on networks, sinply by altering the
sof tware programcontrolling the commands executed by the ASSP. An
i nstruction hgcykileect TRl ol W hePRESPLTRC ¢ 4 |tatead vt Bedfgit &L si gnal
processi ng %H%Jérc%foh‘éﬁﬁpw&ﬁ Ui NG caudh 95 204 SPageh s%rtpﬁﬁsﬁhaggfé%ﬁh as
conpr essi on/'deconpressi on and echo cancell ation. The instruction set
. architectured PpeadEAPed W th IRP ASSPrdes B eXfOUGE| 5843 PCT/ US01/ 02627
adapted 1o OHf2.3l.0QubhN Crabibhul eene This, adaphalican, al Lhedah of the
present invention to DSP algorithm c structures bal ances the ease of
i npl enent at imPcepEdns Sf ndatef fiscirendp rmad depromreamapbirbiki pa oé 1 DSP
al gorithns. _L i LO I - i.ewed. eing two
conponent péﬁ@,tlygﬁgg?%gcﬁ %%weg{)%?&é%g@%g{%r?l%}f%egﬁgé%g%g%?‘?ol unit and
anot her (DSPdrSApnt betthe O8P tdatimsarbstodn t hetdiigal Agdotessahly units 300.
The RI SC | SA | regist rchit ure i.nc i 16-registers within
t he regi st erbeﬁ u%%%@!:gvﬁ%lfgqlsrﬁag %S@EFsi&?lsé% ﬂn%réoe%% %gge‘ds%arlc I tecture
wi th efficidntrgei, giital ssapsaldgroeedsi g spstd uictstomst idheexesdtrueat i on word
for the ASSP is t[yl i.cal %}( 20 tgtfstp:glt capn bet expanded to 40-bits to control
two i nstructoRs EEBE BN SN CEefY 58 Dr Op AT, such as two RISC
control instructions and. extended DSP instructjions. The instruction set
architecture ofdFR&IRBIPIhasFo @ 3ditsYi REtSTYPELS GVeFnét FELERIARE t o
optim ze theyaSRmopetahi paRdtdB Xo Thespratesdil)y apdbbt DSFhdnst ruction
that uses node bits in contral registers (i.e. nonde registers), (2) a
40-bit DSP iTHéfr dét Paﬁth‘é%ﬂ%yu? r GRSBXYEHSi DA T A&t tgaﬂr‘a‘(/ §ide node
registers, (Rhice 3RobbktsdyadidudiSBsi 081 falCédrptesadn(4)oacd0 bit dyadi c DSP
instruction. These instructions are for_accelerating_calculations within
the core prSCESERresFiPRe IRHENFRRELLIFEIR d9r BRLEPPLE | and each of
"opl" and " QpfanneadBs . bemardutddddty, afdocexd rMEPpl RATBK) -She QI NES
primtive DSP class of operation on the three operands A, B) and C. The | SA
of the ASSPMaiecAMREERPRE REEUKeSE EAF U HTONS AFPORELIBfYPEF®Nt chai ni ng
of di ffe_rentag%(i@gheé&l' 90eh Har@pehaki gaske N e PIRANSbLUCt i ons of the
I nstruction set W O 011 55843

communication over packetized networks. Delays in
processing the packetized voice signal tend to result in

the degradation of signal quality on receiving ends.

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

when performing signal processing functions.



PCT/ US01/ 02627 architecture of the ASSP are dyadic DSP instructions to
execute two operations in one instruction with one cycle throughput. A
dyadi c D&EPo1/essus uction is a conbination of two basic DSP BEEUSIVEAY i n one
instruction and includes a nain DSP operation (MAIN OP) and a sub DSP
operation (SUB OP). Generally, the instruction set architecture of the
present invention can be generalized to conbining any pair of basic DSP

operations to provide veréézpowerf ul dyadic instruction conbinations. The
DSP arithnmetic instructi of&¥I&F spP¥aRY ois THY ENEERFEPRrred enbodi nent
include a multiply instruction (MJLT), an addition instruction (ADD), a

m ni m ze/ maxi MzgeFDSf riied ipoR seM:NL M £ 850 Haf.geked hoc@sgan extrenmm
. instruction, and a no operation instruction (NOP) each having an associ at ed

oper ati on c88BAT2EPERIE! )SYSERE BFedeRtriRfent] Sheeftiptient INHIbi®dat es t hese

dyadi ¢ DSP Lpgt§ustionssdueimBansighal NerddsiddictingBpseta @ eidigct ure and
the hardware architecture of the application specific signdl processor. For
exanpl e, thénPSPIchse} (Rt GFSTéAACHRER el WhecPesant alvreicidirar dat a

automat i cal L ycpshNgh & e RElaRiNBEL UShLON, @nd R oui-dep L he: anprapii gt e vect or
or scalar output results. 7 WO 01155843 PCTNSOllOZ%Z? BRI EF ~ESCRI FTI ONS

CF THE DRAVEREBYFYgUite JONTUS243b1 ok | Sy #i S &1 OFo1gystemmaiad i zi ng t he
present invegtEONandi e cLBmbS i 8a Pl GC kol AQr ?%QEC?Z 4 i U &fL,G1 reui t board

utilizing the present invention wthin the gateways of the systemin Figure
| A, Figure Bath BSH? dokcldidgegr ansefizheinyspifiacat i enbSpeei fiamBivgnal

Processor (Ag5P)o@f 448 pesent Loventi n Flgue I l.ock di agram of
an instance o? the core B)rrocessgrs V\ﬁ h%r;btﬁg %é&i’?%%é?cﬂiesbl resent

i nventi on. Pigoees 4nild ipllsl gbkndé dgraim wofr acherRESCA pr céegsiaqugeunit within

the core proeessols: Ofodibe, 3inbl QUL PAJSADL ocK flagam ol an
i nstance of "the sign proces¥| ng units Withi i the core processors of
Figure 3. FrcgupetsB (RIS&)nmprecdesar | &l Hlcook sdgagt aprofeds igy enbAs

i Tustratingsh g bus, §1IeCtYre, 9t the &idnal. RERGESSL NG I o
simultaneously process multiple voice and data
communication signal samples for communication over IP,
ATM, Frame Relay or other packetized network. The four
signal processing units can execute the digital signal
processing algorithms in parallel. BEach ASSP is flexible
and can be programmed to perform many network functions or
data/voice processing functions, including voice and data
compression/decompression in telecommunications systems
{such as CODECs) particularly packetized telecommunication
networks, simply by altering the software program
controlling the commands executed by the ASSP.

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

instruction set architecture implemented with the ASSP, is



Figure 6A is an exenplary instruction sequence illustrating a program nodel
for DSP al gorithnms enploying the instruction set architecture of the
present WOUesasdbn. Figure 6B is a chart illustrating the BERHHI6Shs of
the dyadic DSP instructions. Figure 6Cis an exenplary bitmap for a control
ext ended dyadic DSP instruction. 8 WO 01/55843 PCT/ USO1/ 02627 Fi gure 6D
is an exenplary 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
i nvention. FYREBE PSF st BRI MGt SEXPERAESS contlHs ARELRGLP oS for the

I SA of the pnesemni brﬁveﬂéi§ﬂes§ﬂtgurr@reﬁldibh5té bde Sejoraf AQcbi t DSP
instructions for the I SA of the present invention. Figure 6l |lists the set

. of addressi iFIHSUFGEt PBRRNFRT life 99K 6f tRRlPPESERI Ty BRPFERS1ES gure ~
is a block digglamnich! Ushéapidegrddiapingtyusti pep decpdiingmand epafiguration
of the functional blocks of the signal processing units. Like reference
nunber s and dESEFELEPENSEt N2 ¥ Blel LRCANITEgB2Y nBf cateved 16e Sedrant¥C provi di ng
simlar funcldRalhtypafeLetefl ARy 18a) eL6E BAGE ARSI ONA! QL NRIBET
represents an rnstance of an elenent having the reference designator
nunber . 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 16-registers within

the register file 413, while the DSP ISA is a memory based

architecture with efficient digital signal processing

instructions. The instruction word for the ASSP is

typically 20 bits but can be expanded to 40-bits to

control two instructions to be executed in series or

parallel, such as two RISC control instructions and

extended DSP instructions. The instruction set

architecture of the ASSP has four distinct types of

instructions to optimize the DSP operational mix. These

are (1) a 20-bit DSP instruction that uses mode bits in

control registers (i.e. mode registers), (2) a 40-bit DSP

instruction having control extensions that can override

mode registers, (3) a 20-bit dyadic DSP instruction, and

(4) a 40 bit dyadic DSP instruction. These instructions

are for accelerating calculations within the core

processor of the type where D = [ (A opl B) op2 C ] and

each of “opl” and “op2” can be a multiply, add, extremum

(min/max) or other primitive DSP class of operation on the

three operands A, B, and C. The ISA of the ASSP which

accelerates these calculations allows efficient chaining

of different combinations of operations.

All DSP instructions of the instruction set



9 WD 011 55843 PCT/ US01/ 02627 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT In the foll ow ng detail ed description of the present invention,
nunmer ousvepesisi c details are set forth in order to provi BETASIMB6HuUgh
under st andi ng of the present invention. However, it will be obvious to one.
skilled in the art that the present invention nmay be practiced w thout
these specific details. In other instances well known nethods, procedures,
conponents, and circuits have not been described in detail so as not to
unnecessari larchbsegreraspectile SSPhergr dgedic iRRRAnissmucFuPRheydore, the
present inv I 1 ]_d%s.j j 0P I r e i t may be

i npl enment ed%iggr?cﬁgre\é\k\/\g%egﬁio t\(;\‘?adré;?%f iogﬁmgé%éﬁggogo%?%a??%n %(Lag} eof

. Multiple appghiroaghpnt spetidyasiisi skl ippbressors i(SASSPebhawt hen tdfe

| nstruction Sl L3Lehi hepl Ui ol e AT BSent o drMERLLANnhnEhufliAg, dyadi ¢ DSP
instructions, are provided W thin gateways 1 n communi cati on systenms to
provi de i npmenied D88 cpe vt adat AJOIMPENI sad | Drswy &ISPaocpatkel oz etbUuket wor k.
Bacr: ASSP igagl udes,a,2r) alolnteriage. ; 8, bUlf o JEMRLY, 80d.{ ayr, core
processors in‘order to ST hul T aneots y process multipl'é channel s of voice or
data. Each eoeeeptotessoriqr efeer ol genachlidesd ao edobedingsdmypgidion set
conputer (RIL.SC) _prac or_and .four _signal.processing units.(SPs). Each SP

i ncl udes nulo't%i %Pglgrﬁgﬁ R E BI0EKS Ot BT &Y T tvaenré'ogéalqlﬁr%rl%c%éas(ﬁn%l tiple

voi ce and ddhateanmuom cabmioimagiignal. SAhpl RSP far tbowrini tast onctavers | P, ATM
Frame Rel ay, or other packetized network. The. four signal processing units
can execut e °di GPEART P Yhat” mcé???ﬁﬁrﬁ g TR Atn lBg?‘éﬁi‘Fe‘T. Each ASSP is
flexi bl e andugaiphe progradaReh t@EUREDN f osn addt ket wakskrhoncén ons or 10 WD
01155843 PCT/ USO01/ 02627, dat a/ voi.ce processi ng. functions, including voice
and data conpPBssi dnTHet YIRS IS Br 2Pn 1 tet eed i (MY MAR SR8 (such as
CODECs), paktirevkasl yo packet icdedenal eaoomud cat,i ananat wer&sersdigd y by
altering the software program controlling the commands executed by the
ASSP. An i nefPLEEFoRCR et VEr c HACEC LY 7P 0T t HE ASSP s P& # ot tht?yedi gital
si gnal processpBgaappl i catd Presiene! tdi gt doitli«F fard eapeeCox P aEassi Ng such
as conpressi on/ deconpressi on and echo cancell ation. The instruction set

ar chi t ect ur §PPAPI Bt ePSA CRSTRECASERS PY BRpst &4 F8e DS Ry orid™hni ¢

structures. sthi sradapdadian 0fa the hSAarird he-phesentirknyendion to DSP
al gorithmc structures bal ances the ease of inplenentation, processing
ef fi ci ency, 2RRYTFRBFPRANTRAGHGLS SEENBEPPEPHHTIFhis FOThex#RRt S udthon set
ar chi t ect ur ggpBYnRerViEeWWad aanbeirBaetWo coMMONath Bl ka1 fheaddd SC | SA)
corresponding to the RISC control unit and another (DSP | SA) to the DSP
dat apat hs oPUERB2EighblY prodes&i SNEAPt SNSTOICTTP® RRECPTEALYS e egi st er
based archi taggwgs@iémlm:;r& 16- sedh stessc id Nidytihg . register file 413,
while the DSP | SA is a nenory based architecture with efficient digital
signal processing instructions. The instruction word for the ASSP is
typically 20 bits but can be expanded to 40-bits to control two
instructions to the executed in series or parallel, such as two RI SC
control instruction and extended DSP instructions. The instruction set
architecture of the ASSP has four distinct types of instructions to
optim ze the DSP operational m x. These are (1) a 20-bit DSP instruction
that uses node bits in 11



WD 01/ 55843 PCT/ USOL /026Z7 control registers ii.e. node registers), (2) a
40-bit DSP instruction having control extensions that can override node
regi st erwp 04/838433 20-bit dyadic DSP instruction, and (4) BCIWSBI/R26R adic
DSP instruction. These instructions are for accelerating cal cul ati ons

Wi thin the core processor of the type where D= (A opl B) opt C] and
each of "opl" and "opt" can be a nultiply, add or extremum (m n/nmax) cl ass
of operation on the three operands A, B, and C. The | SA of the ASSP which
accel erates these cal cul BRIDNMSOEHARGRE IONE | @F €FHE CRAWANAG of di fferent

conbi nati ons of_.operations._ Al SP, i ruction f the.instruction set
architecture of ‘thé&°A Plgr%p%%%cichB%%gfnné%r%c%f%ﬁg tugl%}%%ﬂ etlf%vo

. operations iprezgeati iatenciomn with one cycle throughput. A dyadi c DSP
instruction is a conbination of two DSP instructions or operations in one
instruction and..includes. ] P, ration_ (NAl ; . SP
operation (SUB u%eGg'ﬁe%gl ?%f?cﬁgql%ggﬁﬁc%?o% setrl%ae?g)ﬁll?gg grl?ag%fcpt he
present invemntildarzicgnthe gesesd iizeentdooowbimimglenygapaivaysfobasie DSP
oper ati ons toélpr ovi_de very p&g\erful dyadi ¢ instruction conbi nations. The
DSP ari t hmet$¥¢6Ferdt foAE™Fn'the preferred embodi ment include a multiply
instruction (MJLT), an addition instruction (ADD), a mnim ze/ maxim ze
instruction (MENGM&X) 2aksoarelerk el agoams clnt ex tArgnid cansbnugpeonfiand a no
operation instruction %h i a i rati on code
("opcode"). Eﬁéla%r Igggﬁgegl%%en I on) g) f{agfeﬁtr%%%elch%ggquﬁése dyadi ¢ DSP
instructions by neans of the instruction set architecture and the hardware
archi tecture offigneeapplécathbrckspacidripn of gival Lpteeessof. the coxgd 011 55843
PCT/USO /0 7 ferrjt Rigur i.ce . conmuni cati on
syst em 100 i%’g%ﬁe:gﬁs‘?t?%a%”ggrfm#eﬁés)fs‘d‘t%rjnolohﬁ? ges al%%g%lg\g?ﬁ' 101 which is a
packeti zed or packetsw tched network, such as IP, ATM or frane relay. The
network 101 al [Fo@erehé ésnarunl et iBR IRy ef celts glétch Pargedai B9 batiteen
endpoints in,. S e i acke ta may be of any type

i ncl udi ng atr}'dlltt?ﬁnv%%%o%%%gﬁ%@éa%%t %Er%%%%i% forms of data. At each end
of the system 100, the voice or data requires packetization when

transcei ved acF@g8reheAnés vdriklagd dipHEaByst et FOF HaRCPURESTERAt evays 104A,
104B, and 1Q4Gn-1 prdebstnpasiald zachha Ent ordmt iR deassiyeds f or

transm ssion across the network 101. A gateway Zs a device for connecting
mul ti pl e nethA®®e dnd de~rices that use different protocols. Voice and data
information may be provided to a gateway 104 from a nunber of different
sources in a vafhiggky b dightmbrd AgratisSedl P1SYStERIMIEAR canak ggrycixe
signals are transceived by a tel ephone 108, In system 100, digital voice

si gnal s ar e tifl@ssEetved ’é%ep‘i?}b? iTENCAHER Bk e S EPBRY 122 3%d 1128

whi ch are cquypled to multiple tel ephones, fax nachines, or data nodens.
Digital voice signals are transceived between PBX 112A and PBX 112B with
gat eways 104A and 104C respectively. D.gital data signals may al so be
transcei ved di Fe8F§ BBt %\%e%n il ﬁgﬁréﬁ\‘itl%)rhﬁ&qgeaﬁ?emy 104A.

Di gi tal nodemili4raByndea apfdptanalmcBebs b bpsp ld I (iPShy swpdesynig a cabl e
nodem Data signals may. al so be cqupled into _system 100 by a wirel ess
Communi cat | GRSy SEERPBY L ABARE GF SR IGEEPE LA (- FL 8 TPERCOPYPRG & gi ¢ al
signals or analog signals wirelessly to a base station 116. Base station
116 converts amabogesStgnas saidHartdiigilbak rat gnal sheompekdutaWdond | &5843

PCT/ USOL/ 023&{% irgctlﬁé asses the digital signals to gateway 104B. Data
may be tran @ N O T HodéM®si gnal s over the plain ol d tel ephone
system (POTS) 107B using a nodem 110. Mddem si gnal s comruni cat ed over POTS
107B are tradi tiignakl yCahal @g exemyditamye bandapr B cupload roht exaesded ch 106B
of the publ :ﬂc SW t d.tel e\ghto. e network (PSTN). At the switch 106B, anal og
signal's frofEHecP }89E & A gi ti zed and transceived to the gateway
104B by tinme division multiplexing (TDM with each tinme slot representing a
. channel and one DSO i nput to gateway 104B.

8



At each of the gateways 104A, 104B and 104C, incom ng signals are

packet ~zed for transm ssion across the network 101. Signals received by the
gat evvayswéaozi,/%ss 04B and 104C fromthe network 101 are depge4@ideiatsand
transcode ?or istribution to the appropriate destination. Referring now
to Figure 1B, a network interface card (NIC) 130 of a gateway 104 is
illustrated. The NIC 130 includes one or nore application-specific signal
processors (ASSPs) 150A- 150N. The nunber of ASSPs within a gateway is
expandabl e to handl& agdiiti anabxERFING} S chape rbpt £TiGce deVigeas 131 of NIC
130 provide interfaces to various devices connected to the gateway,

i ncl udi ng t héya@twdt¥ LOBLrprftidRerfacing to the network 101, the line

. interface devices packetize data for transm ssion out on the network 101
and depacketi zepgdat:® Wi chd 8rt Dibe tiecaictedrbyot her ASSR MARMiicas. Line
interface devices 131 process information received by the gateway on the
recei ve bus 134 Hifl o Pifdesei Prerthed "AS8P1i8Bvi ces. Information fromthe
ASSP devi ces 150 is conmunicated on the transmt bus 132 for transm ssion
out of the gatemgyureA e adstsofd ddned Rkeehaee deyiks is a nulti-channel
14 WD 01155843 PCT/ US01/ 02627 serial interface or a UTOPI A device. The
NI C 130 couplRIt¥4s e Gat ERAy Backih dife/hét REFRETht BRYHRE Bus 136 within the
gateway 104. Bridge | ogic 138 transceives infornmation between bus 136 and
Nl C 130. Bridgeriqgic 6138iktanskEei @s & gnabscbptpesisdheNogs188rand t he
backpl ane/ network interface bus 136 ontgo the host bus 139 for conmuni cation
to either one™oriSford &St RECAZEP YRS 150A- 150N, a host processor 140,
or a host nenory 142. Optionally coupled to each of the one or nore ASSP
devi ces 150A t hrouglte FE0NiEgenetalder rodff addedst dnqsi i3SRictSOhsaferopt i onal

| ocal nenory_ 145 th%oggh 145NlﬁgeneraII§ referred to as optional | ocal
menmory 145) ), PFesde OV ERY . PEF Tt al T HAF % 'R t he receive bus 134 and transnit
bus 132 is preferably communicated in bit w de fashion. While internal
menory w thin egichurASSPimay brogufdisgiremt Ly lharget iroy beheused as a

scrat chpad nenor optignal .l ocal mory 145 may b sed by each.of the
ASSPs 150 i { B AGtaR8 Ong Y B ecolnsfxﬁ&ggg%%]Xy?tel':tg-&%%gfncttﬁgniéSPs 150
provi de si gnalogi=0egs shags tapabipidaedsdahgt haigat eway. The type of signal
processing provided is flexible because each ASSP may execute differing
si gnal processihigkepregearsce Tiypisats singndkespgogsessingirandter @ravedgyoi ce
packeti zatiop, Lungl] as.f of an, ASSE.Jnglude. (8) echo, cancellaplon:, (b)

vi deo, audi 0,7 an voicefspeec co reSS|oﬁ/aeconpresé}oncf@6ﬂ g/sp%ech
codi ng and destodimg)fretch detfanerhandldsignépacketshef napeesentd) ahoss
handl i ng; (e)_connectivity (LAN and WAN);  (f ecurity i
(encryption/%ﬁﬁﬁ%ﬂﬁﬁ 85)?“(a§e‘%‘égﬁBHéQQBH%e% ?%??%ﬁe(ﬁffl§P8F8éol
processi ng (mwsenvati on and transport protocols, RSVP, TCP/IP, RTP, UDP for
| P, and AAL2, AAL1l, AALS for ATM; (i) filtering; (j) Silence 15 WO
01/55843 PCT/ US01/ 02627 suppression; (k) length handling (franes, packets);
and other digital signal processing functions associated wth the

comuni cation of voice and data over a comrunication system Each ASSP 150
can performother functions in order to transmt voice and data to the

vari ous endpoints of the system 100 within a packet data stream over a
packeti zed network. Referring nowto 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 menory 202A202D and a program nenory 204A-204D. Each of the core
processors 200A- 200D comruni cates with outside channels through the

nmuf ti-channel serial interface 206, the nultichannel nenory novenent engi ne
208, buffer menory 210, and data nmenory 202A-202D. The ASSP 150 furt her

i ncludes an external nmenory interface 212 to couple to the external

optional local nenory 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 tinmers 216, clock generators and a
phase-1 ock | oop 218, m scell aneous contrpl |ogic 220, and a Joint Test
Action Goup (JTAG test access port 222 for boundary scan testing. The

nmuf ti-channel serial interface 206 nay be replaced with a UTOPI A parall el
interface for sone applications such as ATM The ASSP 150 further includes
a mcrocontroller 223 to perform process scheduling for the core processors
200A- 200D and the coordination of the data novenent within the ASSP as well
as an interrupt controller 224 to assist in interrupt handling and the
control of the ASSP 1SO. 16



WO 01155843 PCT/ USOL /02627 Referring now to Figure 3, a bl ock di agram of
the core processor 200 is illustrated coupled to its respective data nenory
202 and woogsssas nenory 204. Core processor 200 is the bl oBKTHISAY%4? f or
each of the core processors 200A-200D. Data nmenory 202 and program nenory
204 refers to a respective instance of data nmenory 202A-202D and program
menory 204A-204D, respectively. The core processor 200 includes four signal
processi ng units SPO 300A, SP1 300B, SP2 300C and SP3 300D. The core
processor 200 fur tHEAILEE| BERSREP TR CEd THRESPRECTRRFP J¥BOPeMBNTer (Rl SO
control unit 302 and a pipeline control unit 304. The signal processing
units 300R- 300Qrpeif}feprfr61tl|&%1§%ggﬂéiaﬂép%%ic@gpt@-@Ksof)rtrﬂﬁt[ﬁe‘é/@h‘:e the RISC
. control unit 302 and the pipeline control unit 304 performcontrol tasks
rel ated to theveigRll: PHBCESYF ngPITHCT GFtFerForhRdE Dy RaéhSPE 300A- 300D.
The control prawi ded Jysvtibe R StofQHH nddRit 2382nd SoC QR gdewbhh the SPs
300A-300D at the pipeline level to yield a tightly integrated core
processor 2000fe1Hil ReepslovREekt | 1§ 28t lofPeoPPVhaus| Ematnpsddedsinguni ts 300
at a very high |gmelcnathensi gpake i 0GRIIAGBnt ASY Sod IS R&ifaumed on the

dat apaths within the signal processing units 300A-300D. The nature of the
DSP al gori t hwstauwe dleset Frect hey dat@lilgher ént PYhgR it agisesaredhs on
streams of Gaidm thihdiayeolboldbled cmAkBhohotal Liy Ldalackeysgd. Hence, a
data cache wt denang paging Is not use ecause It would not function

wel | and wouter degpradesopebadi ohadetpdrdf somaaceot Theremmoesselélyi gnal
processi ng uni 0QA- e Igﬁ%% 0. ect I s (the

oper ands) di%%ﬁ% T%'rg‘g%gggt §E n%k?r%)ry élttml?ﬁ%ﬁ?f?%e o%rtﬁlggg@g%’i ssuing a
nunber of | odtk anissngr énvast rortwionls bendesmenpey LY parWdc@lb55843

PCT/ USOL/ 02627 r | tin i ery ef fici d sing., Thus, the

i nstruction %e<x§$%ﬁ%FegPﬁrga%fg%ﬁgkﬁfgggg%di%@gﬁgﬁgﬁgﬁav%%étgaﬁ "bit

i nstructi on fnomovasr® olr eanoiel expaTdadetrecd 40 bit instruction word,

achi eves better efficiencies than VLIWarchitectures using 2S6-bits or

hi gher i nstructMmurtiwilét Bspbycadant igiedilie cl SAghal QSR @l gorist RABSPs)
structures. The adaQ}ed | SA leads to verﬁ_congact qu | ow- power har dwar e
that can scdl® ¥ HiGhéPSEONPU At i BitalP FE4aFT ERENtS. "AfePFEFRhds that the
ASSP can accofrafdios, aiaecvadisg dyadiat asbtypeseandcitadrgs Siaze. pfbeidada type
may be real or conmplex, an integer value or a fractional value, with

vect ors havi gt tqaﬁﬁgagfseh%n‘f‘%““&’fnlo‘ﬁ#fltgpeﬁysg?rﬁ%st.o Y gﬁa size in the
preferred emiggiomiat vibs c64ahd tGatltcdmigetatdaba Svees garkbeigegomodat ed

Wi th proper instruction coding, F@ferrinanQM/to Figure 4, a detailed bl ock

di agram of tHFWATEC EBAREr BFSRINIRCBES & PRFURE r MRELARSSCAcBHEFBF unit 302
includes a dadmdryl a@AeEoandcdos PMdRIss4R4, in BEIOF \rAddhRISagepesayor 404,
t hree adders 406A-406C, .an arithnetic logic unit_ (ALU) 40S, a multiplier
410, a barré?r%ﬂﬁsﬁt@Plﬁiﬁ}ea%RPQP%%ﬁﬁQ§t¥ 1F?I%r4ﬁﬁﬁa‘Th@aFégF§F§r file 413
points to a Stcddsde BREPEYabDE afriamdekom whhGhedreimyrddbassegener at or
404 can generate addresses into data nempry 202. The RISC control unit 302
i s responsi FIFGELSUBPPTI N ARfiEds 889 5°05t AL MM RFOSESERRE TREEDHr oper
data stream ispdied Eachhepsigmalady erRasshng &AL timet00ABACBKsThe RI SC
control unit 302 is a register to register organization with |load and store
i nstructi onsS¥®lrREcHatd PEOHRP Wﬁﬁlﬂ’éﬁav%‘ﬁ%r%}‘%@t%at a menory

addr essi Ng | &R RN by SSC Lopheal BRI botmhithA i34 Bk r egi ster as a
poi nter that specifies the address, post-nodification 18 WD 01/55843

PCT/ USOL/ 026%™ .offirade, Rahay t yple AP pPRREELEP@I RREWORKe t ¥Pe fPerd all ows a
variety of natgyal PSP.datd, tihhe SuRPeKLed:@Sadyifdr Stigghass citizen” in
the architecture. For 1 nstance, the conplex type allowsdirect operations
~on conpl ex c&ﬁqye§ﬁéﬂédaigorﬁﬁhW%/hﬂem@vggéeé-nuﬁ¢@h MiSPhaekkéepinge
instruction This | ' i g§g4q§$ggﬁl I nodens
very efficiZﬁ% G%ﬁRE%e???%g&ﬁgﬁ??%p EEEFSQSA, ab ockkg?gé§§%?% al%}asignal

. processing unit 300 is illustrated which represents an instance of the SPs
300A- 300D. Each of the signal processing units 300 includes a data typer
and aligner 502, a first nultiplier ML 504A, a conpressor 506, a first
adder Al 510A, a second adder A2 510B, an accunul ator register 512, a third
adder A3 510C, and a second nultiplier M2 504B. Adders 510A-510C are
simlar in structure and are generally referred to as adder 510.

Mul tipliers 504A and 504B are simlar in structure and generally referred
to as multiplier 504. Each of the multipliers 504A and 504B have a

mul ti pl exer 514A and 514B respectively at its input stage to nultiplex
different inputs fromdifferent busses into the nultipliers. Each of the
adders 510A) 510B) 510C al so have a nultipl exer 520A, 520B, and 520C

oy v N LY O o . r



WO 01/55843 PCT/ US01/ 02627 the data typer and ~ligner S02. In the preferred
enbodi nent, adder 510C and nultiplier M2 504B receive . inputs fromthe
accumnul @te1/55843 or the outputs fromthe execution units rEMU§NI02627ML 504A,
conpressor 506, adder Al 510A, and adder A2 510B. Program nenory 204
couples to the pipe control 304 which includes an instruction buffer that
acts as a local |oop cache. The instruction buffer in the preferred

enbodi ment has the capability of holding four instructions. The instruction
buf fer of tidatpi/peleornp¥etessiag ddnceionfe powerdigensamed ard ald@ssi ng t he

mai n nenor i et 6h/ & i riog - .Lgn gram | oops.
Referring n%m:pge%i gu{l]{a %ﬂ%@ﬁgﬁgﬁdg#ai I e%éﬁﬁb@%&%gsgaﬁ?%?&ﬁ%e functi onal
. bl ocks and tsacbusssEePREIr e pafrttihalsr gnapaphradcierssi ng unit is illustrated.

Dyadi ¢ DSP it%atew%gpéa@& g%%%!omqg bs&ggg}g 19 atfa%_r%ggltagre and

functional ity provided in each signal pr si'ng unit. put signals are

. coupl ed out soff tvheespyrgtanpraoceseodl i800toa ¢dmmahdsuepatubed 582 Hehr ough t he
data typer %%gpal i gner 502. Input signals are coupled into the signal
processor 3 on the X input bus 531 and Y input bus 533 through the data

typer and aligner . 502. Internall \é hhe data typer and aligner 502 has a
di fferent data”BusPEb touifi’e S5 €4€ lB‘FCWﬁ’F?i%ﬁi &PeVESBBARS conpressor S06,

adder Al 51QAi1addartAQldR1 andnatcpriteéHing egpdtiebc AS12. Wiile the
data typer and_aligner 502 coul d have data busses coupling to the adder A3
510C and thénﬁﬁl}‘@?g?i@%dll\‘ﬁz G4 EPEPRNt RECHT BT 61T S4EnBBdi ment it does not in

order to avebfipextsdon/dichprictes oangdng onses eic8aad$a8ge Ofnean i ntegrated

20 instruction set architecture implemented with the ASSP, is
adapted to DSP algorithmic structures. This adaptation of
the ISA of the present invention to DSP algorithmic
structures balances the ease of implementation, processing
efficiency, and programmability of DSP algorithms. The
instruction set architecture may be viewed as being two
component parts, one (RISC ISA) corresponding to the RISC
control unit and another (DSP ISA) to the DSP datapaths of
the signal processing units 300. The RISC ISA is a
register based architecture including 16-registers within
the register file 413, while the DSP ISA is a memory based
architecture with efficient digital signal processing
instructions. The instruction word for the ASSP is
typically 20 bits but can be expanded to 40-bits to
control two instructions to the executed in series or
parallel, such as two RISC control instruction and
extended DSP instructions. The instruction set
architecture of the ASSP has four distinct types of
instructions to optimize the DSP operational mix. These

are (1) a 20-bit DSP instruction that uses mode bits in

11



WO 011 55843 PCT/ US01/ 02627 circuit. Qutput data is coupled fromthe

accunul ator register AR 512 into the data typer and aligner 502. Multiplier
ML 504Awas91/6a888s to couple its output into the inputs of PERESEEREITessor
S06, adder Al 510A, adder A2 510B, and the accunul ator registers AR 512.
Conpr essor 506 has buses to couple its output into the inputs of adder Al
510A and adder A2 510B. Adder Al 510A has a bus to couple its output into

the accunul ator registers 512. Adder A2 510B has buses to cougl e its output
into the acctRRA%RlorePdgreter &1 532 MOAEC GRELEEBFS T egidt ér 405825 RSP buses to

couple its o{utudilba AELiAR! E&ir MY 04BnsadheT i3 R1QCo aRdigat a typer
and aligner 502. Adder A3 510C has buses to cougl e its output into the

mul tiplier NPOBOABHEFIERe A2tuimdltolt C¥gASEePIP SIBCMILEPBl i AR 504B

has buses to Qoupl® ilis Qgga@yé hdY O dReuLBPYLS OfndNe jaddeA3opd OC and the
accunul ator registers AR 512. I NSTRUCTI ON SET ARCHI TECTURE The instruction

. set architectifr €6F 3CHELASEPLNG (P 3 S HAitienedwi Bhih gifealcosBgnal pr ocessi ng

appl i cati ons,,incldadingrapdl oc And FRERCH Dr @Cegshig BUCR2a8 | and
conpr essi on/'deconpr essi on and ‘echo cancell ation.” I n esSence, the
i nstruction sath &fchitpéét aped ToRpl'erdm &¢ & Pl rlyASSAd]1 5@, eksrefmamt ed t o

DSP al gorith 23 %I’:HCE LES: of NS AdaRtRL bANL A £ nkhexprgsent

i nvention tor% a gorlﬁ!t m 2 g(tgbructures |Hsta b% anécgj%ggt \?\EgnA'eas'e of

i mpl enent at iawg Qor oGassi Ay ef filee HFGP, wandhproge bewedlsis| ichysef DSP

al gortthme. Theu13t kst DF) RLESH: JAENLLON,  n BTGV Ileg Lar, dat 3 moveront
oper ati ons, Jarithmet 1 c/Togi cal” operations, program control 21 WO
01155843 PCHduBsOha@268¢ obpesmeramionissuch as function call s/returns,

uncondi ti onal /fiﬁrldiDtsiponﬁl ti_lljl fon%”d fbrt%ncgrelggru&npons%séttem operations (such
as privilege, int errupﬁL tr ap(/: azar & handl i ng and nmenory nmanagenent

control). Refmiriitegtnow ¢ FagUrISOArcadyeienpbst rnststicacbnentsequence 600

is illustrated for DSP_al gori.t hm program podel. enpl.oyi ng the jnstruction
set archi tece[xuercél%gf %fvﬁeo ?Ié%:eln PS5 nvern %oﬁ?s & T HE rwd%‘i S%es%ﬁ%ie%ce 600 has

an outer | oamxeighand.anAidysiid 5P 602r rBecavsel DSP camponat hos ¢end to
per for m repetitiye coMPULALi ans... DELLUetLo0s; 505, Within the inger |oop 602
are execute

includes a main DSP operation (MAIN OP) and a sub DSP

operation (SUB OP). Generally, the instruction set

architecture of the present invention can be generalized

to combining any pair of basic DSP operations to provide

very powerful dyadic instruction combinations. The DSP

arithmetic operations in the preferred embodiment include

a multiply instruction (MULT), an addition instruction

(ADD) , a minimize/maximize instruction (MIN/MAX) also

referred to as an extrema instruction, and a no operation

instruction (NOP) each having an associated operation code

(“opcode”) .

The present invention efficiently executes these dyadic
DSP instructions by means of the instruction set

architecture and the hardware architecture of the

application specific signal processor.
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nore often than others. Instructions 603 are typically paranmeter setup code
to set the nenory pointers, provide for the setup of the outer |oop 601,
and ot hewo®dX&&4sontrol instructions. Instructions 607 ar ePEYFQISBHIIY7 cont ext
save and function return instructions or other 2X20 control instructions.

I nstructions 603 and 607 are often considered overhead instructions which
are typically infrequently executed. Instructions 604 are typically to
provi de the setup for the inner_|oop 602, other control through 2x20
control instrudtSTHEING nepf Eet FEEihdifong VP édtBackup. | nstructions

606 typical | Yo ¥ Qe ibaakydown ofo tihe iinngE thoop. 6Che QL REEMCORE T Ol
t hrough 2x20 control instructions, and conbining of datapath results within

. the signal pilesiing BREVSTR | WY MIEGRoAS B80BARkEHIZEd 1oy Pﬁﬁéﬁtroop 602

typically proyiqe,dqnekwLeRp %&?Lﬁé Qb OBTQSPopp@faﬁté QRS aycOngpol of the
four signal processing units 300 in a single instruction nultlp e data

- execution nodEwarBNoOy adéess the aperandstidyadi o DSR/speeabi and, and
ot her DSP funel] anakicky LAESglY 4 hey 2040, 22, Y Y3543 BT US01102627

bit DSP instructions o [ SA of the présent 1nventio ecause
i nstruct i onsPBBE maYe beoobf aen riapreared ndspgnifd tantviideer oveaeht amd

operational gffd .éﬁ% smy he had hy proyi dEQth$H§EE§Pth@SE gL ons,

i ncl udi ng genera ic Instructions an dyadi c |nstru |ons Wi t hin
the | SA of tHe prdsenpicaventdam fﬁqalwnstpack¢tnz%ﬂapnawbhntecture of the

ASSP 150 caq:be V|gg@&lggFgggqglthm%%gRogganOt rtSYB% é SC | SA)

correspondlngeﬁo t control unt an to the DSP
dat apat hs cﬁzﬁdﬁmdmsggatepapsessﬂhglmetsa860104¢madﬂdﬁaekSAois a register

based architec ureziniLgdgggog&ﬁgeen %lstgrg within the. reglster file

413, while tH¢ Fs A PENFY bASEa  BFht e ct i E WP E OB T 7T Eht

di gital signakepmm&@ssimglinsArgxﬂawaus;eThedemsdélﬁdm epnnwerdif@r the ASSP

is typically blts g be exp pnggdtgo 40 bu% to cgntrol two RI SC or

DSP i nst r uctTdre & 83 Ut EE (97 VSEFCe5 ok ““8lch as a RISC

control |nsqimuﬂddm1sexevuied aﬂﬁ|mamalhﬁfommah1@n[m§% b@spmuoiﬁ@m t®dr a 40

bit extended RI SC or E?P 'nstruct%gg. Tge igftructlon set architecture of
5 R&t

the ASSP 15F I#4¢ 44| ntYo'Py?p&” TOHY °6U6FEPN2e® t he DSP

oper ati onal virget}hesedager4ll)fcamd@sbi t IDSEyénsit riat,i ahalbhatoilses node
bits in control registers te a_40-bit DSP
|nstructlonﬁﬁ%ﬂa&ﬁgé5ﬁtFﬁ?éi&ﬁ%ﬁ%fgﬁ% gﬁfe ?8%V%§%|dénnﬁﬁﬁt?%gisters, (3)
a 20-bit dyadioc Q9Bitast voctd Osrh,gn’aalld (3433 Ardsdd fvedy adi pubPSPci nstructi on.
These |nstrgﬁ}|ons are for a eratln 8a|c | ations within the core
processor agch ﬁécPﬁﬁ%e%W1 pid2p ? ob} B 8TF SREPEREF D "opl "
and "opt" camllepdemyblephynefiddaor naxhi 888N dMdyvmabdemass of 23

Digital voice signals are transceived between PBX 112A and
PBX 112B with gateways 104A and 104C, respectively.
Digital data signals may also be transceived directly
between a digital modem 114 and a gateway 104A. Digital
modem 114 may be a Digital Subscriber Line (DSL) modem or
a cable modem. Data signals may also be coupled into
system 100 by a wireless communication system by means of
a mobile unit 118 transceiving digital signals or analog
signals wirelessly to a base station 116. Base station

116 converts analog signals into digital signals or

13



WO 01155843 PCT/ US01/ 02627 operation on the three operands A, B, and C. The
| SA of the ASSP 150 whi ch accFlerates these calculations allows efficient
chai ni ngwoiot/ssisBf er ent combi nati ons of operations. Becaus&®CTABIH0IYpe of
operations require three operands, they nmust be available to the processor.
However, because the device size places limts on the bus structure,
bandwidth is limted to two vector reads and one vector wite each cycle

into and out of data nmenory 202. Thus,  one of the operands, such_as B or C,
heeds to conBlFeoRtARRIRES SH6r Ea9hk 3 hi I Sc bPeIpF B4 sH4E200P3¥Re t hi rd

operand can Rgy pbaceshridte veRepdf médies r&ginklaRiS s@bnhhe @ecunaleat or 512 or
the RISC register file 413. In order to acconplish this within the core

. processor 20Bl#Herel e SRECEGhEY 2E¥Rs RATH hed 078 BFLDSIP T ddPfi ons whi ch

are (1) A anduBispesidi£¢ RymAudiBite SR idgs apdsGand D by a 1-bit
specifies and (2) A and C specified by a 4-bit specifies, and B and D by a

. 1 bit specifFeaditiialict PASCB0IN tRRLYASSRNSr 8T8 GAYRIe@t HEY 240-bits at a

time from program megBy YewichB Bibl 89 and drdd RdieghbRg Ad8.dpe of
instruction. After fetching) the instruction is grouped into two sections
of 20 bits e&B¥TNbr Steddti 6W1bFh opatat iaged oJl Aighele akecrnft 20 PRITE cont r ol

i nstructions, yhk hy pargldiel; ,exeehhi O {didi 3800 PhL d958)ay ARt Wo 20Di t
sections are control instructions that are executed sinultaneously. In the
case of 20-bitmeohtviglidmaudnepl exnind ofTDMEr Wakhegaclht ¥ bre (Hiat 39=0, bit
19=1), the t s sect i e 0l clnn t] 4 re.execut ed
serially. | n¥\%?1e S(’:éz}{stgngf 288%}%?@{)5?5&?%% lljjé;toi g%éggo{r:ggiari a E,e;?(lL((a)glIi’t'i on (bit
39=1, bit 1949 eadie dbwyh20gbiewapeti®Gifs d10é¢BD8RA| he4 ¢ uciriams.nphat are

execut ed serj e 1N 0-h P_Lastr ion bit 39=1) bit 24
WO 01/5S843 %%ﬁoﬁr}ﬁzg)%#%ggﬁ?é f%rebetlg\/\élg%sﬁpﬁs%g +%Sn§: ornr%tgﬁé%extended
DSP i nstruct1oh. wiicdnadse rexecue@dosithd gatevasktyl0dhe 188 end he4ASSP 150
is fully predicat royj.din or_ex t] . diction { thin e 20-bit
RI SC control glr%@ttﬁﬁec%egwo\%r gogndret hcge%%éjl-k%iratlgégt ‘lélgl e%ﬁj?go,c%& rfEﬁgti on word
there are 2 didtsridfuteéaohtonshe ueppnpsipee deengnaneonf four predicate

registers wt hi}g éeheri@ S%O%o%r?i Llljrnei t1B30%.' nlé)@&)len}c{ii ?%fﬁoancé he (éondi tion of
the predicate r egl sters indtract 19N executi 8 -¢8h con i onaIcI¥ change base
on Its contemsC) 130 of a gateway 104 is illustrated. The NIC 130

includes one or more application-specific signal

processors (ASSPs) 150A-150N. The number of ASSPs within

a gateway is expandable to handle additional channels.

Line interface devices 131 of NIC 130 provide interfaces

to various devices connected to the gateway, including the

network 101. In interfacing to the network 101, the line

interface devices packetize data for transmission out on

the network 101 and depacketize data which is to be

received by the ASSP devices. Line interface devices 131

process information received by the gateway on the receive

bus 134 and provides it to the ASSP devices. Information

from the ASSP devices 150 is communicated on the transmit

bug 132 for transmission out of the gateway. A

traditional line interface device is a multi-channel

14



In order to access operands within the data nenory 202 or registers within
the accunul ator 512 or register file 413) a 6-bit specifier is used in the
DSP ext avoled53sast ructi ons to access operands in menory anBCTU§PLe283%s. O
the six bit specifier used in the extended DSP instructions, the MSB (Bit
5) indicates whether the access is a nenory access or register access. In
the preferred enbodinent, if Bit 5is set to |logical one, it denotes a
menory access for an operand. If Bit 5 is set to a |logical zero, it denotes
a register &6¢edd FBFegﬁaS?)e?%r?d.U%P%Iﬁi Be¥ITY- sk 8'1E, 1ffeCRUM®hts of a
specified reg st gatewXyWbgep enddnétwakr usesht-obuai nitheiehfective
menory address and post-nodify the pointer field by one of two possible

. of fsets spedif 88FH28n& %f tHe oS eEPFPEdl?g( Teapsiedvss tpigrpations set to

0, Bit 4 detRiRi-ResHwhat3seghsieic 38 . hasridge cop.entsgof rhhs-Ldasdd ed
operand. If Bit-4 is set to O, then the remaining specified bits 3:0
. control acc&dgngdst Retvegh sted ik LRPnapfet b hatdrlaney/ Beguarlor to

registers withinrtbe sL.9n8lc RIACLEBENHoYRi b$s 30D 23 coWRuRiL20843 PCT/ USO
1 /02627 DSP | NSTRUCTI ONS There are four major classes of DSP instructions

for . the ASSPeisherhese af aorelPivabei pFSP (INTPes E5ARrdP8Nt e executi on

of the main gyt 'F%'begs@@nﬁ@@,t e Londat anbiises f420M ERERENa1 PNt ol s:
Roundi ng, sign of nultipl ysgcjerat es on vector data specified through type
field i n ad¢ce®defefPseerh Sicolg operariwere AREP IFyickEnlS5®ax in vector or

scaar mode oA (OB (o fRals ;Lbey pxe ot TN A0t h8o L adder

Controls: absol ute value Tontrol e Itnputs, Iirmting the result Second
operation: Awgtiocadd- $abzal manorymadsSAnthrowmx B)5NEXCearuat (M N MAX) :

Controls th i | | S . trol

of the i npURS & Sha Cor I A e o e eH T gt Srar e ster

recordi ng conigrioklSdsvadonparatieorivaddys SUl¥ and ttramewitnbws YEX 4) M sc:
type- mat ch alfédPQSEQPLElgp%n@&dn%’&%teEhf A§§fauiiﬁe %%%P%SGUtﬁhH‘eese Dsp

arithnmetic operations 1h vector or scalar 1on. In scal ar 'execution) a
reducti on ornntembihi ngnoperettihdn escheh$R meds dre tshié fvedenrly esaddes to

giog'r gt ?‘Oﬁg?‘lt%r pECRHLE - ad ta | 2GR RedtSEy 2RYY SRLNORS LD RERIRF M scal ar
145 may be used by each of the ASSPs 150 if additional
memory space ls necessary.

Each of the ASSPs 150 provide signal processing
capability for the gateway. The type of signal processing
provided is flexible because each ASSP may execute
differing signal processing programs. Typical signal
processing and related voice packetization functions for
an ASSP include (a) echo cancellation; (b) video, audio,
and voice/speech compression/decompression (voice/speech
coding and decoding); (c) delay handling (packets,
frames); (d) loss handling; (e) connectivity (LAN and
WAN) ; (f) security (encryption/decryption); (g) telephone
connectivity; (h) protocol processing (reservation and
transport protocols, RSVP, TCP/IP, RTP, UDP for IP, and
AAL2, AALl, AAL5 for ATM); (i) filtering; (j) Silence

15



26 WO 01155843 PCTNSOLlI 02627 which are efficiently perforned by the ASSP
150. The 20-bit DSP instruction words have 4-bit operand specifiers that
can dir eedbiyssseress data nenory using 8 address registersPCTOSITAR6 t hi n
the register file 413 of the RISC control unit 302. The nethod of
addressing by the 20 bit DSP instruction word is regular indirect with the
address register specifying the pointer into nenory, post-nodification

val ue, type of data accessed and pernutation of the data needed to execute
the al goritBy¥PEEEFEi@nt | {K) A996f PRRADOM | HistamgEt | BAskeht r GInd he

mul 1 pl i er's o54A 504Bka Addels: 15108:3400ng CAIRIGSHAT 305 Al g diccuml at or

512, the functional "units of each signal™ processing unit 300A-300D. In the
. 40 bit instthet Fonmwetent tdie ofyyeiee and PHreVErom EABMPT HT1IAMNSE ruct i on
i.Qns t hat
a

word falls igLpefiv LRGY 1189’ <Lk ;gQPiﬂél% A, SRERALE L &Es M I
override thggboﬁtroﬁa Its inlnndg re |sters(g?lType géteﬁ%?ﬁ%s that
- override théot ypanspeciviiare iamdaddrassor g staariou8) edpmntss extt emsi ons t hat

override th jfier e i dre isters 4)
O set oxt oftroal tPac Pk & palkelroedt i Prl B e iR W e
address regnstepsk5) DSP extensions that control the | ower rows of

o T KEEIUS P anaL rgceey 10, s 0.0 S bl ook
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
processors 200A-200D communicates with outside channels
through the multi-channel serial interface 206, the multi-
channel memory movement engine 208, buffer memory 210, and
data memory 202A-202D. The ASSP 150 further includes an
external memory interface 212 to couple to the external
optional local memory 145. The ASSP 150 includes an
external host interface 214 for interfacing to the
external host processor 140 of Figure 1B. - Further
included within the ASSP 150 are timers 216, clock
generators and a phase-lock loop 218, miscellaneous
control logic 220, and a Joint Test Action Group (JTAG)
test access port 222 for boundary scan testing. The
multi-channel serial interface 206 may be replaced with a
UTOPIA parallel interface for some applications such as
ATM. The ASSP 150 further includes a microcontroller 223
to perform process scheduling for the core processors
200A-200D and the coordination of the data movement within
the ASSP as well as an interrupt controller 224 to assist

in interrupt handling and the control of the ASSP 150.
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extensions further allow a large inmmediate value (16 to 20 bits) to be
specified in the instruction and powerful bit 27 WO 01155843
PCT/ USOW@@es3843rani pul ati on instructions. Efficient DSP eREHUSHNI6LTs
provided with 2x20-bit DSP instructions with the first 20-bits controlling
the top functional units (adders 501A and 510B, nultiplier 504A, conpressor
506) that interface to data buses fromnenory and the second 20 bits
controlling the bottom functional units (adder 510C and nultiplier 504B)
that use inter REECBFINGCRAVW ot & ig8ropeér andelockheitggahuatt Flomadonmits, al so
referred to a3 -ABERUBHE Sis MOAUGE (LPEST ONGS1dPOR GYg! ESshOctiif | ner | oop
602 by paralpl el izing across consecutive taps or sections. The bottom
. functional datesmeuery el arel drogpanyreesry R0tthe arercioopss®l in half by
paral l el i zi bl ac -ii;g}ygﬁ o) ti S ficient
DSP execut i %%Oi égal gggﬁn%%\%é by tE%hi%ggvan{kz%g{récﬁigt?gc uréeg% “the pr esent
v invention. PAOAhREOBasdatef fiariogwc POk sandmrmad@m methey ngdherefidat data i s
supplied to,an r 2 1o e f Si I ocessi ng
units 300 ar%g ghgé% u\ﬁec?ﬁ&rﬂr%é%négi s (ti tgar gr}eh\g%ﬁzhgkjgét %Q%?g&}ﬁ/{ay IS
conpri sed obrbwoabuseserX A04R-2JEDandespdus Veldy,. f OheXcanel Y source

oper ands, and_one b, 532.for a.result wite. Al .buses,, | udi ng X bus
531, Y bus §§§feaﬁ<§rzé%0usm§§f, “&r goﬁFe?l naabll frgfeﬁlst”slgvﬁnaier?s %ﬁdeo buses are
uni -di recti onah, t 8Psi 3IqiE f ysR2he ophyshéatpexiogpn amder edue eptddssich ti nmes of
data. In thg ﬁrgferred entlo i ment vxgen(%n. a 20 ?i.t DSP node, if the X and Y
buses are bG6PR £AF FYFhg Bpeiosids FERACTT o TheMSEy OFoP S par AR Hi®%execut i on i n
a signal praeess) ngonrirdl IBO,t Bhe padad lelpdlaad tbakdoTamnlapsaccess

regi sters w hhi n, the re]%; ster, file 413 of the RI SC_control unit 302.

Addi ti onal | y¢t RtTPHh P SGFE "8 5BEEE HPAIMCE B66ACEH0D 265190 011 55843
PCT/ USO1/ 02628céss paf addsds phodade folle patalriel WALt uol teni{dnsobi pli er

504A, adder 5&0 , _and accunul at or 512% t hat can make sinmultaneous

conput at i on&"ATh'S E?Jéb%:‘é’f EREEEGLI & toutt? PESHPATCGeTEEC bridisisri |y
required torpested md ailte MAGRal OpoBtys SNy EYGlce 1 oBYABE fo RGR INYSTRLYCTI ONS
All DSP instructions of the instructjon set architecture of the ASSP 150
are dyadi c P8P 79% T IRMH ond™Ri CAPRT Y heL Y Bied 8Y 4BSpRiSF @i on word. A
dyadi ¢ DSP {iAst et i N dotiQeds wibe ASSR N 30na-306br setdgn @ptiane cycle to
performtwo_operations. Referring now to Figure 6B is a chart illustrating
the pernut atf¥ps o YRt bpadieh SRR ASTE TRECEGEHC 498P i nstructi on
610 i ncl udesnhac NeddpPIAORRHAL AR 6 lof MNNDBhaangdracssbi L2PRiQReration 612
(SUB OP), a conbination of two DSP instructions or operations in one dyadic
i nstruction308eMeral Y87y tAEN A8VRUcti on set architecture of the present
invention can pge gengAal ipdedebe i 6§MPANNG @AY eRALEMOR bRSie DSP oper ati ons
to provide very powerful dyadic instruction conbinations. Conpound DSP

oper at i onal PR&RFRT "OridiBafbEr BYFRR. REIGEMIREcEREE At T PP TR0 wi de
variety of PSP @l@ord B HRObSPpUSTgoRH dHmd WraCeURH! ahe: idHB sie filters.
The DSP instructions or operations in the preferred enbodi nent include a
nul tiply i ndPREERMOY (MROEPY, CRATABRRRS o1 istSerUEt PHNFWDD)thag have

m ni m ze/ maxi M gL |dgoeall @BchM N MR A1 s skef erigd-4 0 A AR extrema
instruction, and a no operation instruction (NOP) each having an associ at ed
oper ati on cedehg idodEMpRdARPILNG DS dthstsedcPreassealt ewdshbioted
Eﬁgew\lerN t2 gfagémah $eadi GnBSEoL DS EUM RN opkhg e NORa | NSEFMGL|QRl s used for

Therefore, the signal processing units 300A-300D are
allowed to access vector elements (the operands) directly
from data memory 202 without the overhead of 1ssuing a

number of load and store instructions into memory
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WO 011 55843 PCT/ US01/ 02627 OP or SUB OP when a single DSP operation is
desired to be executed by the dyadic DSP instruction. There are variations
of the geoer/sds4DSP i nstructions such as vector and scal ar PEPESBY26Hs of

mul tiplication or addition, positive or negative nultiplication, and
positive or negative addition (i.e. subtraction). Referring nowto Figure
6C and Figure 6D, bitmap syntax for an exenplary dyadic DSP instruction is
illustrated. Figure 6C illustrates bitmap syntax for a control extended
dyadi ¢ DSP irRStiGERgoniie® FfddcéeBb #3tuftrosecesingt mapreynttade for a
non- ext endeq ,dyadi¢; DSPsd S Glie@Rurt Nof e eRrhendede i {5@P syntax the
instruction word is the twenty nost significant bits of a forty bit word

. whil e the ekeehdgdab?® nelr synrtadchasnavorhsthrigdt icon herexpAndast tip bits. The

three nost sigRifica i : bi '{IH_@ 7 in each

i ndi cate thgl E/RI %IE%P |%§%L¥Cﬁcclﬁ}4§§'%t}9beé\%\% e t%%’%gﬁg é@{g&’%c%%ed near the
m ddl e or endaof VLhE arnchihesttiugmesbiibsnat 2% tsi tsuwlbehédh@0 t hr ough 22. 1In
the preferred_genhodi . 1., he I . nst.ructd.on c s_are QQO0 .for NOP,
107 For ADDLSE0 bt TIITNR. SHnd T80 10 TP TReDSter B Eaae For ¢ he

gi ven DSP i mstuutttres. vafheesdapteddi oy landshato MakrX Cbnpacke drsl sel ected. In
the case of MhJI—‘T asrtlbaer waere gﬁ’att Qe SUcBalgeD Fhs gg cf:gr ari 091 or 010
for ADD, 108) orPoYT for | negative ADD ot sutst ractton; CHoT-br fox MN,
and 111 for rbBXirémente. pridfecopedardbodiaenthe RISSPMAAN LR-@mtbdare SUB OP
are not the_sane_ DSP instdétéct iton althocuilaq%]al terat irgns to the hardware
functi onal BFScKk3T ol &EEEmiTESt 821t Fhe 1%5vier “thefty? BT R 8P he
control exteadedatyadi conpSRx, nair tategey thimeextendedabticnai30 WO

011 55843 PCTI US01102627 control the signal processing unit, to perform
foundi ng, | FRTRE ng?s b eBIAIte & ARUene M AR FIFTSOR (P Gt ST Ghal

M N MAX opegatéon Wi dat=e@iiskeinVvahaepraie riidt BRposymdax f dshe dyadic
DSP instruction can be converted into text syntax for grogram codi ng. Using

the mul tipl PE5Ei BAT of 2TASET 9RGAR- EXEBRACSY iHs B TOITEA2 5T afl X SHAREY i ts text

syntax for pyktiptt oot iy MILT is
(vrmul wrul n) . (vaddwsubwmax~sadd~ssub~snmax y [,(psO)~ps 1 )]

da, sx, sa, S
The "vnul ~viul ReESTEIRP MRS Fo9BFEner HASHEWENBLYSF AL i%ati on or

negative vegherrnsittégiiat wantbeovngi sel Baiwdaasdt her M N rolihe next
field, "vadd~vsub~vnmax~sadd~ssub~snmax", refers to either vector add, vector
subt ract, vBBLbr3dtxitiiMdesca drtadaliee &S EREMaEteo0%r cal ar maxi mum

bei ng sel echedos ddere2ldB Rerdberngnd, firgld Jadars 1€6LrHd® el ecting one
of the registers within the accunul ator for storage of results. The field

"sx" refersafdtBBrELE i IRPIE MBGEstBFUW 4Hin & ARIRIBEI PRIt & file 413
whi ch poi ntgatp-8 feimier laacat bal L Nnrd@iver ad31ene19f e SQurGes of
operands. The field "sa" refers to selecting the contents of a register
within the &t¢ttntl BtRAIES SRe 20Pt2REIRDIHTEE Yol O6pkt @R distOMTHE ifGhe d " sy

refers to sgbesty i@ dLYigeheravbthidy the BeBerhed si@feddd£ 143 which
points to a nenory |ocation in nenory as another one of the sources of

operands. THREHi®FEPIf 20, THSORISHsFInyrol pgfér 302 olpaiesransddticon of
keyword PSCrgr £3JpBP6eR] faviareswbicho aif 4 hensyr cedesdd nald gl s of a

paral l el -store control Tregister. Referring nowto Figure 6E and 6F, lists
of the set 8&t20direPSPsanddcEAt Fo¢ $IBRFWATICSRSSEBY LS SRWY- the 31

300D. The RISC control unit 302 is a register to register
organization with load and store instructions to move data
to and from data memory 202. Data memory addressing is

performed by RISC control unit using a 32-bit register as

a pointer that specifies the address, post-modification
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WO O /55843 PCT/US01/ 02627 present invention is illustrated. Figure 6G
lists the set of extended control in;;tructions for the |ISA of the present

i nvent i oMo 01/5584gure 6H |ists the set of 40-bit DSP instru®CT8F81PHR7 t he | SA
of the present invention. Figure 61 lists the set of addressing
instructions for the | SA of the present invention. Referring now to Figure
7, a block diagramillustrates the instruction decoding for configuring the
bl ocks of the signal processing unit 300. The signal processor 300 includes
the final dé&?&@%s 2D4ALYRE PROANECahdle HF ¢ i éree7Pdaldhr ough 720N.

The nul tipl %?ﬁ_qro%rs7go)9‘a£_bé9%%‘f %%Qlﬂranenéﬁpaséaerﬁca_taeV%uggow@ana% td pl exers
514, 516, 520, and S22 in Figure 5B. The predecoding 7 is provided by the
. RI SC control"fifist 3é2sandlieepi @ E66t REFRBORELUAE -i nSPEUERFBRRNFS provi ded

to the pr edecquicgg,ngg sPsd a8 Avedviadier D%efﬂdﬂécgno@oﬁggex-r@;?ca
predecodi ng 702 provides prelimnary signals to the appropriate final

. decoder s 704Ac18CodHhMFOAN ofefyWghe fuhpgp| @k droekFeeR1nEr ough 720N are to

be sel ected far . the;given fnstructi ef er.ri Figure 5B, in a
dyadi ¢ DSP fﬁ%?ruct%ghgfhe %ﬁ%r$%§gsggﬁéfg$l%ﬁééékéyﬁgkg , is perfornmed by
t he bl ocks afertdalptbrspln edatvl ns04As vonpreshiorie®®@8)y -adder Al 510A, and

adder A2 510B. syl t 1S stor ip,on e.registers_wthin the
accumul at or reé;ggg%§%% %ﬂ%.t?ryaﬁagedsédi% 41%&? iy i%% ?Yéf%ﬁi% oP
general ly, iprogessangiOPnit s3qgerifsoridddsbyatde Wligdkseprethertadaer A3 510C
and the mul t.i plier 5 .ador a , he i¢c.DSP.instruction is
to perform ilélsgﬁ%ﬁ Ngfangﬁl%iél:s 3toﬁénqph§'A&?%hpe%fg¥%%n%5 §?rl1e MAIN OP is
per formed byrokesadderuldltslA dmdlubes SUBIOR itypeer Bodnedidmyet he

g‘z“ tiplier M,504A:; Ihe RIAYGHAY,NH, 780, RNd, 1, ladl,  dggoder s, ;704A through
adder Al 510A, a second adder A2 510B, an accumulator
register 512, a third adder A3 510C, and a second
multiplier M2 504B. Adders 510A-510C are similar in
structure and are generally referred to as adder 510.
Multipliers 504A and 504B are sgsimilar in structure and
generally referred to as multiplier 504. Each of the
multipliers 504A and 504B have a multiplexer 514A and 514B
respectively at its input stage to multiplex different
inputs from different busses into the multipliers. Each
of the adders 510A, 510B, 510C also have a multiplexer
5204, 520B, 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 504A, compressor
506, adder Al 510A, adder A2 510B and accumulator 512 can

receive inputs directly from external data buses through
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WO 01/55843 PCT/ US01/ 02627 704N appropriately select the respective
mul tipl exers 720A through 720B to select the MAIN OP to be perforned by the
adder AWG08584hd the SUB OP to be perforned by the nultiBFTASNE6E04B. | n
the exenplary case, nultiplexer 520A selects inputs fromthe data typer and
aligner 502 in order for adder Al 510A to performthe ADD operation,
mul tipl exer 522 selects the output from adder 510A for accumulation in the
accurul ator 512, and nul ti pl exer 514B sel ects outputs fromthe accunul at or
512 as its iUt tPo "YREF i tHS MBETSSRB ! e AVGTRTOPdand SUB OP can be
ei ther execwgdsageuent hahdy o andehlali sxecHinoB QR paraliel words) or
in parallel (i.e. parallel execution on parallel words). If inplenmented
. sequenti al | inRWE FEST EROFAFENIACRTOPL g™ bearP Bpeitangd=er the SUB OP.
The final decqdensoA0dA:tbraugh Q4N havepihel fogncent 60k | 9giL to
properly time the sequence of multiplexer selection for each el ement of the
. signal procdsls@lodp0apd addah Aheé¥Bpel i ne execution of how the MAIN OP and
SUB OP are exeqfiglan REOLA) NS eBAELAL o O n P Al Rlon@XBgUshen. The RISC
control unit 302 g%gmthe %ﬁ%e contrgl 3040In cg%ﬁtnchbn mjth t he final
decoders 704hitdhy dughudes Nupijpeitimngs ipnsbe ke ¥ ohadxectsi an byliael i ni ng
the instructy iLseLf apg b -dLA9LRE ineq ,go pgnals. This
all ows for tcgﬂﬁé%g pat h tob%gﬁ%g%%g??gugeg yﬂ?hélsg%%ag?gé?nstructions
each cycl e. eibadhosetohasridienaapadiititywf |helktiognifzar t he present
i nvention has n nt ages.. vant of t r nt _invention is
that the IS&%%?%E éggé ’tggﬁéﬁ1§¥§8??%§ﬂiggﬁﬁ?%é?ﬂ%g% g?ggia?%ﬁggbnpact
har dwar e t o JX@nsedecksw powerwashiconsoaad ben statetsilng hghealgonput at i onal
reqUirenent%inéggggeE agW? t%%%é?hc anQBduryﬁ)Q%&§%§é3uEgI/Q%91/02627
present inventionis Phat T he signal proce55|ﬁﬁ uni £<°have di Yect access to
oper ands i n preapay Loopeduce processi ng overhead associated with | oad and
store instructions. Another advantage of the present invention is that
pi pel | ned i nst UGLEQOLEXEGH IO o5 BT 0] ded50. Lhaly B! pgELons may be
i ssued every cycle. Another advantage of the present invenfion is that the
si gnal procesisigmgmunft she aurse iconfli jleeks cyrod ey bagckerudtergraf erred
enbodi ments Qf th e i i e, ib i t he present
Tnvent i on hidbead seEE Tt sk Shr s SR Baaf® e 0
i npl enent ed instracdwane, asofdossridlef beomase of tEhecetriunatrenatder eof and
utilized in stens, . subsystens,. conponent s _or, subconponent s. t hereof. Wen
ol emont ed SN COPPRATEY WS Gesant S0h ¢ RE b SUSREIRRIE R ar o
essenti al | y durpucodeégsebsrentss domppenif onm ¢het e ceissanly pras&ssod B0 Pr ogr am
or code segnen cagn _be staqred.i r ocessor adabl e _medi.um or
transmtted Qﬁlyttg‘ecgrr%ﬂ%%?t atta Ssa‘iggglégmé oti%ada:atnag arr i_"récri é\;}a%/%nea”i/er a
transm ssi orsozedi Onpot coymmin @kl onupiek. iMmhe tlpr ciessdrpreasadde nmedi uni
may i ncl ude medj um,that .can s e_or transfer inf ion. anpl es of
t he process&%%yggdgk g&n%ﬁﬁ%ﬁﬁﬁuﬁckgéea%% %I%ﬁﬁ%%nﬁ%? é??ggbf?u%PE%%e
sem conduct alfateenppyr dend ca,icgmeRObMp2a f Lasdrmelrinry thandet asapper ROM ( EROV) ,
a floppy diskette, a an opti.cal dis a . hard disk, . a fiber optic
medi um  a réﬁ%%aﬁF%HﬁEnc (RS 3 5&%?66?%F‘%ﬁéié%ﬁbgbeOHB%% &% gifi® may
i nclude any i gwakiphbér qan gouepaganprevesr &6 44 ankidessAoNsned) um such as

el ectronic network _channels, optical fibers,. air | ectro netic, RF
li nks, etc.aﬁwgrcéaesé%%héﬁFgaﬁﬁymﬂiaﬁ8ﬁm¥%ﬁﬁﬁﬁfiﬂé§ ég%puggglhit ks such

34 WO 01/ 3R&43cPpdt USd/NA6Rérasobheoh Id eianed ,dduat basebs €bEplirdy any

case, the present i1nvention should not be construed as |limted by such
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
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enbodi ments, but rather construed according to the clains that follow
below. 35 WD 01/55843 CLAIMS What is clainmed is: PCT/US01l/ 02629 1. A

si gnal pwoaesssas for performing dyadic digital signal proBEE4iSAY02627

i nstructions having nain operations and sub operations, the signal
processor conprising: at |east one signal processing unit including, a
first multiplier and a first adder to execute a main operation of a dyadic
digital signal processing instruction, a second nultiplier and a second
adder to exeelreudt suPWperttatpsa b P IBadiremdEhe t aFCWihgRdopr ocessi ng
instruction, .gach. of A& fi LStoapde sesond Addensqangd; &g figst and second

mul tipliers having a multiplexes at its input to configure the signal
. processi ng uMiltiplExedlit &0thehpai Puspertat iconPaaditheowutogetat kba of the

dyadic digitahpsional BOLRRSIA0LASIACTIRR, AR 2 8 gbor havi ng
registers to c%up e to the rst multiplier or the first adder to provide
» operands or 5i0Be dud éthredicatmul ason t seqisgeghr 6 ahd. t o Goyplessbo t he

second nul ti pl ] r C der_t rQvi, perand fqr the sub
operation ofgb%§£%§§ﬂ%%ghﬁgi?gﬁpgggh% (%r ggs%ﬂﬁaap%gtﬁﬁ%g%bﬁ&and to store
results of thaédsuRopartdt iaod, atier a&Z AMfEat oAddegi 51 el dfa\hHasg aabuegi ster to

coupl e to the buffef, meory, Lo store hhe digilaleskonal; rggesggd output
gener at ed by the d%adlc dIgIPaF S|gn§f€§€
Adder A2 510B has buses to couple its output into the
accumulator registers 512. Accumulator registers 512 has
buses to couple its output into multiplier M2 504B, adder
A3 510C, and data typer and aligner 502. Adder A3 510C
has buses to couple 1ts output into the multiplier M2 504B
and the accumulator registers 512. Multiplier M2 504B has
buses to couple its output into the inputs of the adder A3

510C and the accumulator registers AR 512.

INSTRUCTION SET ARCHITECTURE

The instruction set architecture of the ASSP 150 is
tailored to digital signal processing applications
including audio and speech processing such as
compression/decompression and 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
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WO 01/55843 PCT/ USOL/ 02627 processing instruction. 2. The signal processor
of claim1 for perform ng dyadic digital signal processing instructions,

t he si gwa ossessessor further conprising: a reduced instruREVEMIGR627conput er
(RISC) control unit and a pipeline controller to predecode the dyadic
digital signal processing instruction into a plurality of prelimnary
instruction execution signals, and wherein the at |east one signal
processing unit further includes a plurality of final decoders coupled to a
plurality ofremdtigiexeush aachunftidre dallst/ rghdrsecond adders and first

and second HHé&ilcPi'éi%rn%ﬂ)%‘éEHQtgcgnifgjg%mrég'a%id%%ﬁéhééfmérﬁf‘ Josuegl ity of

mul tiplexers to recelive operands re ve to t sel ection’by those of
» the plurali¢pevitifdnmal(sdeboder srolipad tingeatropt 3trapehaiagdal processor of

claim1l fothﬁéffHéﬁéHé %é%gkgfﬁ%ééééﬂﬁﬁﬂ %Q%¥r859cessing i nstructions,

wherein, the malin -operation g tal signal processing
»instruction is one of the set of nultiplication, addition, conparison wth
a mni num or mMsisrANgalnee, tandiguee dder &N eFeMRlaTHelrgtgnuit ighocessor of

whor o1 n, - CHEoQUE O (on Br T R AdRE  OPal oG pPaEEas g

i nstructi onmede breedfoytihg sbe Diis3Fuct WD GEIr5884B1 PETYWSO 02627

Bt kPl AL AR R TR SO BT P oAl v, anc
outer loop 601 and an inner loop 602. Because DSP
algorithms tend to perform repetitive computations,
instructions 605 within the inner loop 602 are executed
more often than others. Instructions 603 are typically
parameter setup code to set the memory pointers, provide
for the setup of the outer loop 601, and other 2X20
control instructions. Instructions 607 are typically
context save and function return instructions or other
2X20 control instructions. Instructions 603 and 607 are
often considered overhead instructions which are typically
infrequently executed. Instructions 604 are typically to
provide the setup for the inner loop 602, other control
through 2x20 control instructions, or offset extensions
for pointer backup. Instructions 606 typically provide
tear down of the inner loop 602, other control through
2x20 control instructions, and combining of datapath
results 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 units 300 in a single instruction multiple data
execution mode, memory access for operands, dyadic DSP

operations, and other DSP functionality through the 20/40
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5. The signal processor of claim1 for perform ng dyadic digital signal
processing instructions, wherein, the main operation of the dyadic digital
si gnal pwooessishg instruction is selected to be one of thBCERIS0HI2627

mul tiplication, addition, conparison with a m ni mum or maxi nrum val ue, and
no operation and the sub operation of the dyadic digital signal processing
instruction is selected to be a no operation. 6. The signal processor of
claim?2 for performng dyadic digital signal processing instructions,

wher ei n, théeiRl 8EPconstobctuimirts iofckbde3sSa hwkedladgersenn meverntyiaddr ess
generator a_multi I|er nee hifter to decqde the dyadic

di gi tal S|gn§ﬁ 6P0§ ?ﬁfﬁ snﬁugtéon Pnto T %?[ﬂﬂ% § ?F@ of prelynlnary

. instruction ﬁ)gﬁ(itﬂh.baﬁt sir@maj\&me'ht Theopegmalomprloegssot ety chay el f or

per form ng dic digital naI rocessi ng. instructigns, the S|gna
processor fg¥$%gV 85%%%?%? Dﬁ% ﬁgﬁ%$ 1%%UpP§ﬁHP PReIBIEE Lont r ol
- unit and th@y&ﬁibeaﬁktfmmtﬁﬂdﬁﬁﬂndpﬂgé&$6IE$Plﬂhétrh@tishsrIﬂgtMMErandS and

results of the execution of the d adic _digital signal processing
instructionfhﬁnaég %ob?%ﬁﬁﬁﬁﬁﬁ?y efils) F%ﬁgto the pipeline control, the

program menory the sheteudlyiasi Gedi glrbﬁlltéd:lglmﬁé qfr atesaspy 880 caMDH¥ll 55843
PCT/ US01/ 02629 instructjons for execution by the at Ieaﬁi ope digital
si gnal procé§§ fg B8R P12t SOMGREFbrdtEstorrst BESFnt St or perforning

dyadi ¢ di gi {rrebpBalifg 0CeSHNRIBAStoHEEGDNEnitt RedskgBahe pr gosssor furt her
conprising: a host interface to interface to an _external host conmputer, an
external nedS?y FAt BRE R (B P2 Panat Wit SR PEOSRSEXTESr MRt CShenory,

clock and phage- | epkefrs@0isA aLanteghstbe vdddngrehieperatéons of the
application specific signal processor, a nenory novenment engine coupled to

the buffer rE¥dk{irg %%%ﬁﬁﬁﬂaﬁﬁ@lééﬁéstHé?%&%)%ﬂﬁiq?ﬁéPEFFoﬁi artt herein the
at |east ong3hgnahePhOEEEH NG WNhbmbiythfSed NEldREcture with

efficient digital signal processing instructions. The
instruction word for the ASSP is typically 20 bits but can
be expanded to 40-bits to control two RISC or DSP
instructions to be executed in series or parallel, such as
a RISC control instruction executed in parallel with a DSP

instruction, or a 40 bit extended RISC or DSP instruction.

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

can be a multiply, add or extremum (min/max) class of
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a data typer and aligner to order the bits of the operands for execution
with the main operation, a third adder to add operands together and a

conpr esvo o01/858@®NPress nore than two operands into a pair PET/USPEI2&ZHs. 9. A
met hod of perform ng dyadic digital signal processing (DSP) instructions,
the nethod conprising: fetching a dyadic DSP instruction having a main
operation and a sub operation; predecoding the dyadic DSP instruction to
generate predecoded instruction signals; and decodi ng the predecoded

i nstructi onopegpalient ongemerdtiwes ebertnds ghalB, tamds€l. ecthée hBSA mfut s of

mul ti pl exer f ctional. bl ock xecut e -t h Ln.3 WO 01/ 55843
PCT/ USOL/ 02%5’% éggrgait ?gnw%lnc the Gggﬁggégrg??sgen.caf@l ?L‘?‘Egorrlrsét%lold) “6f claimo9
. of perform rgfdyadnc dhginalg sirgdalf fpresesseniginadSBhsi astructi ons, wherein,

the main operation and the sub operation ar Cperf rmed in parallel during
the same oySPEr2t1oMThe TRITHRT OFoEral A Bf Terrorig ayam< digi tal

 signal processeagopOERAs NsiHdycueRSheWhaed Eldahld he RReNpopessdidan and t he
sub operatiogn are pegformad equent i al lﬁ during different Cég reﬁas. 12. The

method of cP&MYET of PPEFIBT hiftfy IRYAGF cSHF QiR HATET gridi “Pr ot e myS( DSP)

i nstructi ongcrubetees N, bdhdvitaim iepeini tod ehdddheesubropesdd ipm are two

different operations selected fromthe set of multiplication, addition,

conpari son WPEhVESHPhi Wi Oreaf cHirf VAP bR, Ah PUTo “5p8R 5T i BHO3. The

nmet hod of chabm 9refis peid wimivke dyadhsdad) sdal =8 gnak progessi ng (DSP)
instructions, wherein, the DSP functional bl ocks include a first and second
adder and aSPPMEsETrFRPRYIYITI SAHCRpIEERIN tHee ISP S BREEFHRAT Hcks to

per f or m addirhie0Bni s8bFAEIIDOEANBeapLOBBAT 115N IMet Brar Ak Ni-&i stealsue or a
maxi mum val ue.
of the accumulator 512 or the RISC register file 413. 1In
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 type of instruction. After fetching, the instruction
is grouped into two sections of 20 bits each for execution
of operations. In the case of 20-bit control instructions
with parallel execution (bit 39=0, bit 19=0), the two 20-
bit sections are control instructions that are executed
simultaneously. In the case 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), the two 20-bit
sections are DSP instructions that are executed serially.

In the case of 40-bit DSP instructions (bit 39=1, bit
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14. An instruction set architecture (1SA) for execution of operations
within a digital signal processor, the instruction set architecture

conpri siW@ 014588t of instructions for operation within a XET/USNPXIT 55843
PCT/ US01102627 digital signal processor wherein each instruction includes a
first operand accessed directly fromnenory) a second operand accessed
directly fromnenory of a local register, and a destination register to
store results, the set of instructions including, a 20-bit DSP instruction,

and a 40-bi t19P /i (€ G¥Pi 8R, Pihesations £REM et | BHENGdaPEE er at e

cal cul ati ons, ya {:Ridt e Wik Ght Ale S4ANAc Rr Q6RESOEn&IudiRe type where D = [ (A
operation one B) operation two C] where operation one and operation two

. are separate sifallPr 0fesbEndSODerH ilon$111s. PR $3fsd peeveAisgt

ar chi tect ur eg ;| SAk R i6hapMdfod Qn exgauhianc ol operat igRs whhbiy) a digital
signal processor, wherein, the twenty bit instruction uses node bits in

- control registErqliion. vabvdean@dil érlspisndxthrddd RSP dinstirnstioketi on has a
control extgpsip hte‘}eogﬁéf'bdﬁié@d& re%@h%ﬁé%ru%@ior? eicfl%g/’iaﬁt 'hf?é‘ set
architecture (1SA) of claim14 for execution of operation thin a digital
si gnal processdoumingediinate heegigitegfs vashiacthonRISY deatrphchpydies a
gifggg 4i3”~°|5” .B‘i;b%%ﬁ%ﬁ&“&&ﬁ W3, ORELALEQRR LP ONE dARhUEE on 41 WO
register, instruction execution can conditionally change
base on its contents.
In order to access operands within the data memory 202
or registers within the accumulator 512 or register fale
413, a 6-bit specifier is used 1n the DSP extended
instructions to access operands in memory and registers.
Of the six bit specifier used in the extended DSP
instructions, the MSB (Bit 5) indicates whether the access
is a memory access or register access. In the preferred
embodiment, if Bit 5 is set to logical one, it denotes a
memory access for an operand. If Bit 5 is set to a
logical zerxro, it denotes a register access for an operand.
If Bit 5 is set to 1, the contents of a specified
register (xX where X: 0-7) are used to obtain the
effective memory address and post-modify the pointer field
by one of two possible offsets specified in one of the
specified rX registers. TIf Bit 5 is set to 0, Bit 4
determines what register set has the contents of the
desired operand. If Bit-4 is set to 0, then the remaining
specified bits 3:0 control access to the registers within

the register file 413 or to registers within the signal

processing units 300.
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17. The instruction set architecture (1SA) of claim16 for execution of
operations within a digital signal processor, wherein ' the two operations
of the dy@dissssumstructi on for execution in one instructi oRCEUSIIIBE27
operations. 18. The instruction set architecture (ISA) of claim17 for
execution of operations within a digital signal processor, wherein the DSP
operations are of the set of operations of multiplication, addition,
extrenmum and no operation. 19. A dyadic digital signal processing (DSP)
instruction for execution in digilsd IFSGREFTEPNEessor, the dyadi c DSP

instruction conyid.si NG .[1B af%ﬂpﬁi perati gp ﬁgg fhégghéQ§P gp%ration to be

executed in one processor cyc rst freld cating CexXecution of the
- mai n DSP opertat iA@$Pand ot hbesebamp operation to be executed in sequence
serially or executed substantially sinultaneously in parallel; and a second
field indicating a first operand, a third field indicating a second
* oper and, andjawhﬂmﬁphyfiEUdTindiQ&ﬁdn@gsatﬂesékémudxnh o0 chéheadiyadi c

di gi tal S|gnal ceSS|ng éﬁsei Z%;uc on o claim19 for execution in a
di gi t al szgﬁ&1 & $soP 3" PBEFFUS01102627 the DSP
oper ati ons ayentafolishe aeﬁn@in@penati@ﬁSmoitnylylpllcatlon, addi tion
extrenun1 and no operation,

Ay. A
A A& A PErRtESAonAVi\CFAO’A dat Afpﬁc&ﬁ?ﬁ Q?:f%%&‘ KPR éA.e}l\d in
A ALe. Ag. ARAASE. Apghsfedy. AF. AD9CU

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 value 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.

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

common in DSP applications to perform scalar operations,
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F, 10%& () - 10%<& aﬁ 1S @10%G <G <& ()-!3&10%B B & ()-

3810%&' () | EBREBYELRE () - UBaBf, ) 109\ ()-!f10%<& ()-z10%<& ()-yF10%& ()-y

109%<& () - le?K&oﬁiroiﬁgﬁd)ébaq;@lg%fékéénsﬂ&h%fﬂhétlQﬁﬁgﬂlde 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 further allow a large immediate value (16 to 20

bits) to be specified in the instruction and powerful bit
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109%& ()-6:10%& ()-"! P/ %0%<D<& ()-y--10%& ()-789HK~"?4@
10<8 10%<& ()-! FA#10%<& () -
I SMLOY%< Wb 0)/588410%<& ()-S: 10%<& ()-M 10%<& () - MJH@ 10< " PCOHEER1/9262T " 04 0%
< <& ()-18@&10% <, <& ()-"10%& ()-L10%& ()- 10< 10<"_= 10<!.
8&10% (& ()-S!. %A0% (& ()-S!10% & ()-910% & ()- 10< 10<
10<8 109%& ()-"-12z|}"?4=
10(8 10% & ()-'@10% (& ()-@10% & () - A0 & ()- A0 & ()-T' @AO% (& () -} ~&*
gH= 10(F @LO%R&rp)atlou(Engyrusté&eost & ()-M ! 109%008& ()-!$ ! 10% (& ()- 10(
10("*>v' dEH= Efficient DSP exzacution is provided with 2x20-bit DSP
instructions with the first 20-bits controlling the top
functional units (adders 501A and 510B, multiplier 504A,
compressor 506) that interface to data buses from memory
and the second 20 bits controlling the bottom functional
units (adder 510C and multiplier 504B) that use internal
or local data as operands. The top functional units, also
referred to as main units, reduce the inner loop cycles in
the inner loop 602 by parallelizing across consecutive
taps or sections. The bottom functional units cut the
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. In this
case, efficiency is improved in the manner that data is
supplied to and from data memory 202 to feed the four
signal processing units 300 and the DSP functional units
therein. The data highway 1is 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 Z 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
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simultaneous computations. This reduces the cycle count

from 4 cycles ordinarily required to perform four MACs to

only one cycle.

DYADIC DSP INSTRUCTIONS

All DSP instructions of the instruction set
architecture of the ASSP 150 are dyadic DSP instructions
within the 20 bit or 40 bit instruction word. A dyadic
DSP instruction informs the ASSP in one instruction and
one cycle to perform two operations. Referring now to
Figure 6B is a chart 1llustrating the permutations of the
dyadic DSP instructions. The dyadic DSP instruction 610
includes a main DSP operation 611 (MAIN OP) and a sub DSP
operation 612 (SUB OP), a combination of two DSP
instructions or operaticns in one dyadic instruction.
Generally, the instruction set architecture of the present
invention can be generalized to combining any pair of
bagic DSP operations to provide very powerful 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 1instructions or operations in
the preferred embodiment include a multiply instruction
(MULT), an addition ainstruction (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
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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 multiplication, and positive or

negative addition (i.e. subtraction).

Referring now to Figure 6C and Figure 6D, bitmap syntax
for an exemplary dyadic DSP instruction is illustrated.
Figure 6C illustrates bitmap syntax for a control extended
dyadic DSP instruction while Figure 6D illustrates bitmap
syntax for a non-extended dyadic DSP instruction. In the
non-extended bitmap syntax the instruction word is the
twenty most significant bits of a forty bit word while the
extended bitmap syntax has an instruction word of forty
bits. The three most significant bits (MSBs), bits
numbered 37 through 39, in each indicate the MAIN OP
instruction type while the SUB OP is located near the
middle or end of the instruction bits at bits numbered 20
through 22. 1In 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 to what MAIN OP code is
selected. 1In the case of MULT as the MAIN OP, the SUB
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. 1In the preferred embodiment, the MAIN OP and the
SUB OP are not the same DSP instruction although
alterations to the hardware functional blocks could
accommodate it. The lower twenty bits of the control

extended dyadic DSP instruction, the extended bits,
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control the signal processing unit to perform rounding,
limiting, absolute value of inputs for SUB OP, or a global

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

(vmul|vmuln).(vadd|vsublvmax|sadd|ssubjsmax) da, sx, sa, sy [,(ps0)|ps!)]

The “vmul |vmuln” field refers to either positive vector
multiplication or negative vector multiplication being
selected as the MAIN OP. The next field,
»vadd|vsub|vmax|sadd|ssub|smax”, refers to either vector
add, vector subtract, vector maximum, scalar add, scalar
subtraction, or scalar maximum being selected as the SUB
OP. The next field, “da”, refers to selecting one of the
registers within the accumulator for storage of results.
The field “sx” refers to selecting a register within the
RISC register file 413 which points to a memory location
in memory as one of the sources of operands. The field
“ga” refers to selecting the contents of a register within
the accumulator as one of the sources of operands. The
field “gsy” refers to selecting a register within the RISC
register file 413 which points to a memory location in
memory as another one of the sources of operands. The
field of “ [, (ps0) |psl)]” refers to pair selection of
keyword PS0 or PSl1 specifying which are the source-
destination pairs of a parallel-store control register.
Referring now to Figure 6E and 6F, lists of the set of 20-

bit DSP and control instructions for the ISA of the
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present invention is illustrated. Figure 6G lists the set
of extended control instructions for the ISA of the
present invention. [igure 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.

Referring now to Figure 7, a block diagram illustrates
the instruction decoding for configuring the blocks of the
signal processing unit 300. The signal processor 300
includes the final decoders 704A through 704N, and
multiplexers 720A through 720N. The multiplexers 720A
through 720N are representative of the multiplexers 514,
516, 520, and 522 in Figure 5B. The predecoding 702 1is
provided by the RISC control unit 302 and the pipe control
304. An instruction is provided to the predecoding 702
such as a dyadic DSP instruction 600. The predecoding 702
provides preliminary signals to the appropriate final
decoders 704A through 704N on how the multiplexers 720A
through 720N are to be selected for the given instruction.

Referring back to Figure 5B, in a dyadic DSP instruction
the MAIN OP generally, if not a NOP, is performed by the
blocks of the multiplier M1 504A, compressor 506, adder Al
510A, and adder A2 510B. The result is stored in one of
the registers within the accumulator register AR 512. 1In
the dyadic DSP instruction the SUB OP generally, if not a
NOP, is performed by the blocks of the adder A3 510C and
the multiplier M2 504B. For example, if the dyadic DSP
instruction is to perform is an ADD and MULT, then the ADD
operation of the MAIN OP is performed by the adder Al 510A
and the SUB OP is performed by the multiplier M1 504A.

The predecoding 720 and the final decoders 704A through
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10! multiplier M2 504B. In the exemplary case, multiplexer
520A selects inputs from the data typer and aligner 502 in
order for adder Al 510A to perform the ADD operation,
multiplexer 522 selects the output from adder 510A for
accumulation in the accumulator 512, and multiplexer 514B
selects outputs from the accumulator 512 as its inputs to
perform the MULT SUB OP. The MAIN OP and SUB OP can be
either executed sequentially (i1.e. serial execution on
parallel words) or in parallel (1.e. parallel execution on
parallel words). If implemented sequentially, the result
of the MAIN OP may be an operand of the SUB OP. The final
decoders 704A through 704N have their own control logic to
properly time the sequence of multiplexer selection for
each element of the signal processor 300 to match the
pipeline execution of how the MAIN OP and SUB OP are
executed, including sequential or parallel execution. The
RISC control unit 302 and the pipe control 304 in
conjunction with the final decoders 704A through 704N
pipelines instruction execution by pipelining the
instruction itself and by providing pipelined control
signals. This allows for the data path to be reconfigured
by the software instructions each cycle.

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

computational requirements. Another advantage of the
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present invention is that the signal processing units have

direct access to operands in memory to reduce processing
overhead associated with load and store instructions.
Another advantage of the present invention is that
pipelined instruction execution is provided so that
instructions may be issued every cycle. Another advantage
of the present invention is that the signal processing

units can be configured cycle by cycle.

The preferred embodiments of the present invention are
thus described. While the present 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 present invention are essentially the code
gsegments 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
radic 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
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as the Internet, Intranet, etc. In any case, the present
invention should not be construed as limited by such
embodiments, but rather construed according to the claims

that follow below.
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What 1s claimed is:

1. A signal processor for performing dyadic digital
signal processing instructions having main operations and
sub operations, the signal processor comprising:

at least one signal processing unit including,

a first multiplier and a first adder to
execute a main operation of a dyadic digital
signal processing instruction,

a second multiplier and a second adder to
execute a sub operation of the dyadic dagatal
signal processing instruction,

each of the first and second adders and the
first and second multipliers having a
multiplexer at its input to configure the signal
processing unit to execute the main operation
and the sub operation of the dyadic digital
signal processing instruction, and

an accumulator having registers to couple
to the first multiplier or the first adder to
provide operands or store intermediate results
therefrom and to couple to the second multiplier
or the second adder to provide an operand for
the sub operation of the dyadic digital signal
processing instruction and to store results of
the sub operation, the accumulator register
having a register to couple to the buffer memory
to store the digital signal processed output

generated by the dyadic digital signal
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processing instruction.

2. The signal processor of claim 1 for performing

adic digital signal processing instructions, the signal

processor further comprising:

un

a reduced instruction set computer (RISC) control

it and a pipeline controller to predecode the dyadic

digital signal processing instruction into a plurality of

preliminary instruction execution signals, and

wherein the at least one signal processing unit

further includes

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

final decoders coupled thereto.

3. The signal processor of claim 1 for performing

dyadic digital signal processing instructions, wherein,

the main operation of the dyadic digital signal

processing instruction is one of the set of

multiplication, addition, comparison with a minimum or

maximum value, and r.o operation.

4. The signal processor of claim 3 for performing

dyadic digital signal processing instructions, wherein,

the sub operation of the dyadic digital signal

processing instruction is one of the set of
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multiplication, addition, comparison with a minimum or

maximum value, and no operation which differs from the

main operation.

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

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

selected to be a no operation.

6. The signal processor of claim 2 for performing
dyadic digital signal processing instructions, wherein,

the RISC control unit includes three adders, a memory
address generator, a multiplier, and a barrel shifter to
predecode the dyadic digital signal processing instruction
into the plurality of preliminary instruction execution

signals.

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

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

a program memory coupled to the pipeline control, the

program memory to store dyadic digital signal processing
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signal processing unit.

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

a host interface to interface to an external host
computer,

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

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

a memory movement engine coupled to the buffer memory
to transceive data thereto and therefrom, and

wherein the at least one signal processing unit
further includes,

a data typer and aligner to order the bits of the
operands for execution with the main operation, a third
adder to add operands together and a compressor to

compress more than two operands into a pair of operands.

9. A method of performing dyadic digital signal
processing (DSP) instructions, the method comprising:

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

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

decoding the predecoded instruction signals to
generate select signals to select the inputs of

multiplexers of DSP functional blocks to execute the main
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herein,
the main operation and the sub operation are

performed in parallel during the same cycle.

11. The method of claim 9 of performing dyadic
digital signal processing (DSP) instructions, wherein,
the main operation and the sub operation are

performed sequentially during different cycles.

12. The method of claim 9 of performing dyadic
digital signal processing (DSP) instructions, wherein,

the main operation and the sub operation are two
different operations selected from the set of
multiplication, addition, comparison with a minimum or

maximum value, and no operation.

13. The method of claim 9 of performing dyadic
digital signal processing (DSP) instructions, wherein,

the DSP functional blocks include a first and second
adder and a first and second multiplier, the DSP
functional blocks to perform addition, subtraction and a

comparison with a minimal value or a maximum value.

14. An instruction set architecture (ISA) for
execution of operations within a digital signal processor,
the instruction set architecture comprising:

a set of instructions for operation within a
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memory, a second operand accessed directly from

memory of a local register, and a destination
register to store results, the set of instructions
including,
a 20-bit DSP instruction, and
a 40-bit DSP instruction,
the set of instructions to accelerate
calculations within the digital signal processor
of the type where D = [ (A operation one B)
operation two C } where operation one and
operation two are separate signal processing

operaticns.

15. The 1nstruction set architecture (ISA) of claim
14 for execution of operations within a digital signal
processor, wherein,
the twenty bit instruction uses mode bits
in control registers (i.e. mode registers) and
the forty bit instruction has a control

extension to override mode registers.

16. The instruction set architecture (ISA) of claim
14 for execution of operations within a digital signal
processor, wherein,
the set of instructions further includes a dyadic

instruction to execute two operations in one instruction .
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17. The instruction set architecture (ISA) of claim
16 for execution of operations within a digital signal

processor, wherein

the two operations of the dyadic instruction for

execution in one instruction are DSP operations.

18. The instruction set architecture (ISA) of claim
17 for execution of operations within a digital signal
processor, wherein
the DSP operations are of the set of
operations of multiplication, addition, extremum, and

no operation.

19. A dyadic digital signal processing (DSP)
instruction for execution in digital signal processor, the
dyadic DSP instruction comprising:

a main DSP operation and a sub DSP operation to be
executed in one processor cycle;

a first field indacating execution of the main DSP
operation and the sub DSP operation to be executed in
sequence serially or executed substantially simultaneously
in parallel; and

a second field indicating a first operand, a third
field indicating a second operand, and a fourth field

indicating a destination.

20. The dyadic digital signal processing (DSP)
instruction of claim 19 for execution in a digital signal

processor, wherein
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the DSP operations are of the set of
operations of multiplication, addition, extremum, and

no operation.
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