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PROCESSOR PARTI CULARLY SUI TED Fﬁm@gﬁl NG DI G TAL AUDI O Cross- Ref erence to
c

Rel ated Application 5 This appli mmﬂmwm priority under 35 U.S.C.
119(e) to provisional U S. Patent No. 60/060, 710, which is

her eby inc r d by reference hereicmozn its entirety. Field of the
I nvention $ﬁg&w§é§ent invention relates to digital signallﬁ?ﬂgﬁggwﬁb and 1
o 'particularly to processing circuits for processing digital signals.
Background of the Invention A typical General purpose digital signal
processor (DSP) includes a contrﬁMM@um j ecodes instructions, by
~controlling operations of a high H ath, registers, and a nenory
address generator. Individual .. i 15 pstructions are fetched to the
controller, typically at the rate of one instruction per clock cycle (or
slower), and the controller decodes each instruction and sends control
signals to the data path, registers, and nenory address generator ', to
performthe actions required by the instruction. Through programred
conbi nati ons of i nsRIGH] N 4ah ARAH AR S {D BOBr at i ons can
be 2 0 acconpli shed. WO 99/ 14665 PCT/ US98/ 18699 A The hi gh speed data
path of a DSP typically includepEeOnMIeDIGITHI sexpist ers for storing data
bei ng processed, an arithnetic and logic unit (ALU) for perform ng | ogical
(e.g., AND, OR, _R@ At kDRSIaR8 AMBlikariag arithnetic (addition,
mul tiplication. division) operations, and a parallel s connected bit
shifting ugit for performmswnc&ﬁt%ﬂmﬁﬁgﬁaﬂ ki D0 sThe aRyRy Y addr ess

generator, mresponse to the controller, generates nmenory addresses for

retrieving data E{ogglo%ggglsg?%gﬁoﬁ lfc%on%&i“%gg 7t13, \Lﬂ@h B@Pe{cgyr for storing

dat a produced by e nmenory address genera must produce

sequenti al addre%%gsogﬁa@Dq£§§§%§h%%gﬁkgé¥£§ gqual!y spaced 1 o |ocations
in menory, to achieve a S|red1pa Cerh B ’Por mati on retrieval and

storage. Each DSE.’Erthﬂer m croprocessor) is associated with a finite,
wel | - defi ned set ions, which instructions are arranged into
prograns to operate the DSP., To provide an exanple, a typical. DSP
instruction 15 identifies E’FFPF %ﬁ?‘éi‘i"ﬁﬁ‘f‘%‘delﬁﬁs an‘ﬁ)lgﬁ?lrf’é@a&f"%‘?sflﬁéﬁnq he ALU or
bit shifting unit, identifies source registers) in the DSP containing

val ues on hi ch' Pr@cularly topyasessing girpwitsifer nseceseng digiaksignaltd i dentifies
destination registers) where the results of the operation are to be stored.
Tn sone cases t hé&akgoungclitianingeniio

operand for the instruction, in which 2 0 case the binary data incorporated
in the instruction is deli¥aypdaltggnerhlepuipdsa digitahsigmd posedsbn@BSR) t h dat a
stored in the registers by the ALU or bit shifting unit. - 2 WO 99/1 4665
PCT/ US98/ 18699 . includas b gpitadler ehlchudeaddes msmuaiohs, by qeatrbltingeperatsonk of h ows :
The nenory address generator obtains values frommain nenory for

processi ng. Once hightspe@Vdailh pdithaedibrelsp@idf Db effory JA4res ettt AdiGdugan t he

val ues, and the results are fed back into registers. The results in the

registers gge themsullibrsRfOfeRhbd® thE EortllEl typical Gt BTHE BIom nbmtbh N a
next instruction cycle. Finally, the nmenory addréess generator causes the

processed val ues 0,188 @Icfér(%gslg;@%,irﬁﬁtﬁé"@op%h& dXEORSs ¥achTHERR ¥ Ha Lhe
| nvention In accordance mnth principles of the present Invention, a DSP is
ol o Sog ot L SBARGAAN RIS e dofe B LRl (RORB SRk e BERE | 10

di gital audio. Specifilca arre i’s ‘enhance ormthe

| nvol ving a conbiRBETO BF o4 EGREE By bt B aRtg b pp B e

performed in a single pass .hrough t he conbiqed barrel. shifter/|ogi cal
unit. rather tharf® HﬁPlPlil mstructions, any variety of data processing operations can be

A

20 accomplished.
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5 separate passes through the barrel shifter and ALU, which would require
nore instruction cycles. One particul ar operation which conbines a | ogical
operation and shift, is a cyclic redundancy check. Another particul ar
operation is the unpacking of a bit stream Both operations are often used
in digital yoj #Ndkes2 O decoding, and particular instructi opgrhabs/18699
facilitating tﬁese operations are described. - 3 WO 99/ 14665

PCTNS98/ 18b99 I n accordance with another aspect, the DSP is inproved by ,*
reduci ng the nunber of instruction cycles needed for the nenory generation
unit to generate an addre it hin abl.e ' an.index and base
address. j Specifically, t S\P’A FPE sdagae‘?‘?é}}%agﬁégg%%%ﬁ%c?‘é@s?ﬁ@ St .
significant bits of the 5 base address of a table to the |east. significant
bits of the i nde¥ TP fPSIArhg data hepedpecessed A Aribmeicnddagodiitent s, the
address generator unit ~i includes an adder for increnmenting or

decrenmenti ng t helALAOERr pesforramgdegieal (©gi AND: (B PER). opetatioRess Welhas addr ess
generator includes a limter coupled to the output of the adder for
preventing the iarithxedo(@ddiden, myliipliasens division)@pearatioha,end a parglielat er t han t he
| ength of the table, or decrenmented to a val ue bel ow zero. The above and

ot her obj ests ancbnaehiattiiagefingunit fier perfeswng bit shifthtg aud msdvkink. The nade
apparent fromthe acconpanyi ng drawi ngs and the description thereof. Brief

Descri ption of thembreiddrgs génefatob/ i respoaEna the ddgirolied)\bdhgfates \Widntdty ar e
incorporated in and constitute a part of this specification, illustrate

enbodi ments of t fipirdsEeseBt refiRving dafdbront RERNREMYH fOr delBRACHahe BSBCHH Ption of
the invention given above, and the detail ed description of the enbodi nents

gi ven bel ow, ser g s{oAnedith BrdautdiyRhé BEPP RN Othe eI Y& RBnerstof Fig- 1
is a schematic block diagramof a'DSP in accordance with principles of the

present inventiop, .4 | ] : i is an
illustration of glufte{)tg?%lcf ﬁé%gn[gdrl %@%‘3@%@?&%@ gﬁg’rl'r%gﬁ%qruf/ﬁf %gg%quns in the
tabl e accessed b . DSP 1 i Fig. 2B is ap.ilJlustrati. f. a

it -1 ay b set  SEATE LN Erachle ¥loficeh Balin AP ool R LBl

| ocations in the table accessed by a DSP routine; 5 Fig. 3Ais a schematic
bl ock di agram of Stf’ﬁ'@e'marmry address generator of Fig. 1, Fig. 3Bis a
detailed diagramillustrating table | ookup |ogic used by the nepory address
generator to rapidly generZd (08 aPheEmIGTePTacessas) i 2p30siRfed WA IR ess and
index; 10 Fig. 4 is a_schematic block diagramof the barrel shift and

| ogi cal unit of ®icH:defined sef ofipstaictipgg, WhRIChinftRIcHeNs asharmeeh B¢ BIGEEES, bar r el
shifting and short adder portions of this unit with the registers of the
register file; Figopergte the DSH. | Trvprevide an exammeedypiosl PPeindoraed as part of a .
cyclic redundancy check (CRC) on an incomng streamof digital data, and 15
Fig. SB idsSa fl ovdeptifiestandpstatiphionige nenforterbbieerthet theiAdoU of bia ski@ingpmitt i on of
the operations of Fig. SA through the execution of two instructions by the
barrel shift andidengfiessdourenirégisértapin the [FPconiiniag valuéd ¢h whidh'ite a fl ow chart
of operations perforned as part of a bit unpacking operation on an incom ng
stream of di gi t abpétafich is &bk frirfme®Bnanitndfi&s GGtimition kéguerdd)artete wlescri bi ng
the inplenentation of a key portion of the operations of Fig. 6A through

the execution of rdsiRs bNBé bpkrhridi e RYbeldited A Bine Thick thainsnlcaeh &aly unit
showmn in Fig. 4. - 5 991 14665 PCT/ US98/ 18699 r

incorporate binary data to be used as one operand for the instruction, in which

20 case the binary data incorporated in the instruction is delivered to the data path

and combined with data stored in the registers by the ALU or bit shifting unit.




Det ai |'ed Description Of Specific Enboddiments ~ , Referring to Fig. 1. a
digital signal processor 10 in accordance ' with the principles of the

present invention includes various functional units which support

instructions that can be executed by the processor. Processor 5 10 responds
to a programof instructions stored in programnenory 16. Processor 10

i ncl udes avoFPd4fam control unit 18 which fetches instructCEVSH 1M program
nmenory 16 through a bus 19, and then decodes . these instructions, causing
ot her functional units in processor 10 to performthe instructed
operations. Programcontrol unit 18 fetches instructions from 10 program
nmemory 16 by delivering dntyaiaraleylagonmighibe porfomadrasdelimyysidhery 16.
Program control unit 18 may fetch sequential instructions in program menory
16, or may decoukmenddérssasneraipspbiaips valupTom @t megomfongsocessingequence
fromone section of programnenory 16 to another section under control of

i nstructions i rOpeoeriavadrtwroilyU performs la nimieric opgposen the veles and gier uct i on
fetched by programcontrol unit 18, control unit 18 produces control

signal s on | i nassultt awhied backrigtodedisterer Ftle teaulnd inahe fegizedrs aBahenudd trfio Of
processor 10 causing those functional units to performthe instructed
operations. Thené yRchiftRiRand Wskifig uiit BROKESEE inkButidl oydR. FlnAYdihess 2 o
generation unit 30 for responding to control signals and/or data froma
X-data bus 37, Gad.geiakead ddhdratth MRisks ﬁ@%}&%&fé& vgmesbaa%%%r&?bmgn fe The
menory addresses on-busses 29 and 31 are delivered to X and Y data nenories
33 and - 6 V%ng%e]mﬁ) 5 PCT/ US98/ 18699 _ "- . _ 35. The output of X data
menory 33 is delivered to bus 37 and the output of Y data nenory 35 is

delivered to bus 39. Pracessor. 10 includes a barrel shift and |ogical unit
32, which perft)g"}%m%‘@ﬁe'jmu ons such as AND, OR and excl usive OR
(XOR) as 5 well perform shift operatiaons op.binary .data. | ditionto
barrel shift and | ogical qﬂﬁ??“@“‘?@ 8?‘588@98&5 fgthier?ﬁsﬁ%tégv?uﬁﬁ’l ?tnPgﬁV/ add unit
34 which perfornms nultiplication . and addition operations on bipary val ues
recei vediPher ei PFOVIda¢ P"étg:?éo‘:é??éf‘gﬂmf‘%%’ﬁ@ﬁ& 36{;’0"9? e‘?%‘lirﬁiﬁc‘?drﬂn%g‘éitgt ers of a
register file 36. General purpose resisters in register file 36 can be
accessed by uni 2usliq.oSpppifigally. 3darrel shifler érqnhanned i@ BETBAthalogiGast r uct ed by
instructions received at programcontrol unit 18. The contents of registers
in register filepedBionamypicallyperformeddn o ALBlise ot apergfond invpjvingiat s 32 or 34.
The outputs of units 32 and 34 are delivered to a bus 42, and can be stored
i nto registers combiegimtada I6gita of&atieroandaushifd 2an Bbe petfiemedne a smgledi scussed
bel ow, barrel-shifter and logical unit 15 32 includes an adder, the output
of which i s usegaseitiirbigh tharcsebinshbdriet shifiadiobiogl wd, ratitdr thanreqarihg ol I ing its
operations. Furthernore, the output of this adder is delivered to bus 37
over |ines43. Dedparatd gusves @igfositethe barrel shffiet avd Al Bpwhithdaluld sigaite tordusses 37
or 39, to permt storage of data in data nenories 33 and 35, or output of
data to 2 0 ot hgiwadiRasvyiea peripheral interface 44. Referring now to Fibs.
? A ' 'B. 3A and 3B, détails of the operation of the address generator

un t 30 of the processor 40 6aRohe: gRtbon wi SHHARGIECHAISARI0090 _

r it a clearly understood. seen in Fig. a typica ration of a

digital signal preaeaser DR ALY HEACLETNASERRTL BBHRI X docat | ons 46

in a data tabl e or ano simla a str rograns ich access a
table of this kind, .tvypi.cally define addresses i.n the.table by reference to
a base address Rgpzwﬂnéﬁf % Bit' sedt’ BOR operations are often use m%lgltal mgnal

20 decoding, and particular instructions for facilitating these operations are

described.
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5 marks the beginning of the table in main nenory, and an index which
identifies an offset fromthe base address to a particul ar accessed

| ocation 46 in the table. Typically a Line in a source programrequiring
retrieval of a location in the table, will refer to an index into the
table, |eayJ@ kst he processor the task of converting thedpdedeso a.
menory address by adding the 10 index to the previously defined base
address 48. Oten, as shown in Fig. 2A, the nenory locations in the table °
accessed by software are randomy distributed in the table as. opposed to
being distributed in a particular pattern Fig. 2B illustrates. a nore

compl ex tabl e | ookup oper&?F‘E?ﬂ“ﬁﬂ%é)wﬁﬂ%a’?éléﬁaf‘ﬁe%dﬁ%bggﬁ ’E’Eﬂ’fﬁf?é’% ons. In
this operation, the nepory jncludes a 15 |arge table 50 of values, and a
plurality of indeducingsheBumberof MsEPCHARSYFiseBEISA SO the BIRMOBHEETERLPRe | ar ge
table 50. In a multi-level |[ookup table of this kind, a ..:, proeram

cal cul ati on caugwi te Bengsate gn address Wgdilnee table: Yping A tglex Bad basdaddressbl es 52,
and retrieve an index fromthe selected index table 52. The retrieved index
is then used to Spetificallyathesadidregs gametabar concagenatesthembd seamificanrhitsef tive
desired 2 0 value. A multi-level |ookup table of this kind may be used in
vari ous data corgaseskiress ofinchbienoaish lagst sighdivast Htsadf tiesindtsf ihteethe bl ng. _ g _
WO 99/ 14665 PCT/ US98/ 18699 @ One difficulty with menory accesses defined in

terms of base address and IhBpdcifitescléssd eBodiniEey, tHRfadBFeBC@mSIaRg uail(Cl es.
required to convert the index into a nenory address. Specifically, it is

necessary for thgcRIQGRSIQEr fBﬁnE@h‘feh@rY&%ﬁ&%réﬂ?e%ﬁn?%ﬁﬁ&& ihRésBokeqo r €gi ster,
retrieve the index into a second 5 register, add the index and base address

t oget her (typi Cailnlsﬁ‘ucﬂﬁl.eég\ %:Ul%rgﬁ%r’ Mdﬁgggénehﬂogiﬂau EOLIHRRQ cotipled to the

arithmetic/logic unit , and place the result Iinto a register where it
can be used to gsng; &R -

generator unit. Tn e{?ég}egagnce ; rteﬁgl[(alilxg?%erlﬁﬁgygﬁésge%q#ﬁgm%&gggn %ﬁ‘?leventi on,
10 address _generator war e f i ndex | ookup

of this kitfld wit HEHE" ‘?‘g‘a{heﬁ%%hn?cﬁ 9??2’}9’3?%‘? "tcﬁeé“‘?‘ﬁ%%‘ﬁﬁag"rﬁ ‘f%rbyfih‘%qgéﬂ%uch as the

ALU of the processor. Specifically, the assenbly |angua for progranmm ng
processor 10 requires thathea”g’P?é"sX‘Hja‘vgeré’%%ﬁ?mfé‘ldam’“f’°?68§ﬂ1€(95°§'?‘?t0ns whi ch
is an even power of two, i.e., tables pust have a length 2", where nis a
posi tive i nt eger invenfiop shel, s FfeapPRIent Bemihe peogEPRBREE dErviResSREA™SY so t hat
a table of 2" nmenory .- locations has a base address which is an even

mul tiple of 2". deseniptionheredf t hese constraints is that a menory address
for a location in a table can be generated by concatenating the bits of the
base address to BitfDescoptien effbeRrawing hout perform ng any addition or other
2 0 nunerical operations. Accordingly, as seen in Fig. 3A address
generator ugnit 30 conpri seTheacpbmpalying/drawingsgwhick as 16Gap@detdimgmd whi ch t he
current address in a table being accessed is stored. Registers 60 are

16-bi t regi st er scomtitutadparhof thiy specifiddBo Sk 4EHE eMEIdikioRS b 8fe3Rvention 16- bi t
addresses are stored. Address generator unit 30 further conprises four
16-bit index regusd, esgetRP it AtGendfalicsérgiton®? thY Bvdifiidal diven@Bbed, ahdthehi ch
store values for indexes which can be used in conbination with the nore

significant bitsgahijQiiacHiRADS HE boRARERS SiveR BBl lerfOioledplaitiz @ Menory.
address. Finally, 5 address generator unit 30 further conprises four 16-bit

mode registers 64anciples of the invention.

20 Fig. 1 1s a schematic block diagram of a DSP in accordance

with principles of the present invention;
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64d. Registers 64 are 16-bit registers which store values identifying a
node of operation of address generator unit 30, including, for sone
addressing nodes, a table size. The address, index and node registers 60,
62 and 64 are used in 10 groups of three to control the operation of
address generator unit 30. That is, address register 60a is_used |

conj uncti oY PYH5ndex regi ster 62a and node register 64a.P%§$9g/§&6g?egi ster
60b is used in conjunction with index register 62b and node regi ster 64b.
Simlarly, registers 60c, 62c and 64c are used together, and.registers 60d,
62d and 64d are used together. The manner of use 1 ~ of these registers is
di.scussed in further det aFlg. Balioam illEsietiopef atdbinin mémaentdnésseqener at or uni t
30 are controlled by a decoder 66, which is responsive to signals from
program cont r ol ofimemofyBloastibns & the reblesdoesssedivy & DISPybopivee, sndFigl 2Haan68

| eading to other functional units of address generator unit 30. Decoder 66

responds to decqouigtagséfl20huisiigysrlisa of tabldslin MeRfody hidindexs Bl valiéstin 18
i ndi cati ng an address generation node to be used by address generator 30 in

delivering an aggess 1466nsih BRIaAOadRsdel 6y XPRAIRARI Y 33, and an address
generation node to be used by address - io WO 99! 14665 PCT/ US98J1 8699 _

generator 30 in delivering; I Eﬁan?’ ry 35.

Decoder 66§furt her recei vgg?ﬁggg%ﬁ?@ﬁﬁgggofkgg to %fm%gﬁ%gmaan%%g regi sters

64, and uses and/or fopg)@g\dﬁ the contents of these registers to determ ne
ddr

the a addressi nfe’rlr% e. ess registers 60 are connected to nultiplexers

70a and 70b. In any instruyctign cycl .he capt ent.s to two of address
registers 60 are delivere 15’3 ﬁﬁ?ﬁ?lﬁﬁé&%f’gm?‘d “sé‘f?gmglg%}elﬁggk JREFol | ed by
decoder 66 respondihg,. to programcontrol unjt 18 and the instruction

bei ng processed "1§§IA W?@Eé%%‘b‘f"yi IresH 2ERTTRICR IS PRIAROSENSTAE ATAIAERSE MAtEDlSn out put
to latches 72a and 72b, O respectively. The outputs of |atches 72a and 72b
are delivered t dTomAPaseAdHsES2dBI&ss | i nes 29 and YDATA menory addr ess
lines 31. The data on nenory address lines 29 and 31 are al so delivered to
the Addred® inputs of two Fagi4tihmseicsatiegloskidiagram of thabyrelshifeand YALU 74b.

I ndex registers 62 are connected to XTDX and Yl DX busses 15 29a and 31 a.

I n any instruct ilogicdywmitef Fighé, dlostrating shoifitemgrtip of the lodicallshere] shifiingt er s 62
are delivered to the 3~DX and YI DX busses 29a and 3 fa, as controlled by
decoder 66 r espoadishert bddep pagioaswitbistundlwithnthe rébstan df theeegistet filact i on bei ng
processed by processor 10. The data on the XI DX and Yl DX busses 29a and 3la
are delivered to the |ndexig s fifw tHeer df\wperdtibnAidriobied acpdragiacal units
XALU 74a and YALU 74b. XALU 74a and YALU 74b operate upon the data provided

at their Addresscyanélrddif@ncy Biidk SCRCoR &S RRBSehgl Prea@YdlitabigNahe from
decoder 66, - 11 WO 991 14665 PCT/ US98I1 18699 to appropriately increnent.

decr enment 3 501 pepigosmssm&w BharPGERRRS 1 iﬂﬁﬁ%_&n&a@ioﬁ ®FRREP FortiBn Bf ! F €Nt
address and an i ndex. The output of XALU 74a is , delivered and can be

stored in any ad%?@%BE Sﬁfi%tf,& tﬁgug'tﬂgﬁﬁ%cgﬁ&l St @lo iﬁ&mcﬂén%&f‘tﬁe%&géﬁter 64.

The out put of YA I's delivered to and can be store any address

regi ster 60. The . 7 . YALU 74b are also delivered to

mul ti pl exers 70a51’g%é&%’%f08{5%&%§ “ﬁfﬁngl ae@ers 70a and 70b may -.:'; bypass
these results directly intlp I@t‘chag@ 72@ anfd 72b. undef contr ol off lgecoder
66. The instruction set of ‘BH¥ Briode% o APPeraiges perfosmes gs prpefaPit 1

i ncludes various instructions which cause address, increnmentin addr ess
decr enenti ng, or“%pﬁélSP%Pp%YEqu“e‘gb?’HQC%’&éﬁm%P?é‘&EHd&EPcI Ejef Brﬁi'ge t he
contents of an address register, _and its correspondi ng i ndex register and
node regi 2Per 600CaE figyyclgats dgscaibing the Feplempntaiareef kaAYmgrEeneidlifir essi ng
node and

operations of Fig. 6A through the execution of two instructions by the barrel

shift and logical unit shown in Fig. 4.



producing the resulting address. If the instruction invokes a speci al
addressing 15 node, the node register 64 is utilized to determ ne the
particul ar node and also to control the operations performed under that
node. Address generation is typically invoked as part of a data retrieval.
For exanpl o @®f4de8struction including d4 = x[adr2-f--L] 2 pddrhrbgiRRyes. i nto
register d4 of register file 36, the contents of the XDATA nenory 33 at the
menory | ocation identified by the address stored in the address register "
adr2. Thus, in response to this instruction, decoder 66 - 12 WO

99/ 14665 PCT/ US98/ 18699 control s address register 60c, multiplexer 70a and
| atch 72a to dePRaded PaEnpien alpneciic FANOAERENts ogi st er ‘adr2 60c t o XDATA .
menory address bus 29. In_addition, because the instruction identifies the
".." addressing node, theReferringdefissd. adigiteldigng! praenseard Oripgeostrdancedr 2 ar e
increnented by 1 as part of 5 executing the instruction. Thus, in further
response to t hi withikd prirciplesmf thieprestar ingéntarinclodes varAduly fid@ional unitsr ement  t he,
address received at its Address input by one, and controls address register
adr2 60c to st ombidhheppesinbtictgnottiiah bk eeeowédlHy tHdprocdsorl Preédessoent i onal in
digital signal processing, Instructions 10 executed by processor 10 may

identify multipherapeidit 8pfogkan BEinBRldOh§ B Bretifin PREAINl Rlemof; 15., a conpl ete
instruction may identify two nenory fetch operations as well as processing

to be performed by barrel P%@EJSB@TOEHQdés%&g:aMnﬁo%ﬂgg\N@HﬂégétMeyé ch_i uni t

34. E.g., atypical conplete instruction would be dO =

x[adr294 ~~ d5 % - ~§,H1m L,St1d ' 1.)
regi ster dO of }nes‘é?gt'?gexgtﬁ‘oﬁ%é? re%@?@gs%st&&gg%%tgﬁé%ﬁé{!h%é&tedlegdgiﬁ%ents of
regi sters d3 an . Lster f] ita myltiply/a uni.t- 34), (2)
regi ster d4 of %éeg?zls@{er?&ﬁgf‘é:tag%n% étk%ofégcetg’\ﬁ\z}mﬂf%gt%@%%éoé ?rglg)ttg PEFoR menory

| ocation in a tabl.e in XDATA .ne 33 at a ss determ ned from

addr ess regi st et QYD co,pc%?flf”é%?&w ﬁC’HHgQ“fP‘cei&r‘gFE?S BIHCHAY 2°B node
regi ster 64c are conbi ned txpgor nf.a new a&i&ir ess usi ;g a tabl e | ookup
address e dePRSHBIRIRAHNP PY ol egae 8- addressi aVerus 3,10 PERSERT Re95¥ed wi t h
this new address. and (3) register d5 of register file 36 is loaded with
the - 13 WO 967 Pressam pentralyot /13 serydeich spusnial ipsrugtions iHPEPEIa at i on i n
YDATA nenory 35 at an address determ ned from address register adr3 60d,
after whi ch addmesseoryd§i @iresy degpds BOEXPRE FRTFupEHMEPrifyAlolh eommgadsiip| | owi ng
table identifies the normal addressing nodes that 5 are supported by the
circuitry of Fi geq@ncafiomione sepyinnafplagedh memiogelf ofapothhoseetiorogtaler 1t W |
be noted that data may be retrieved fromthe XDATA nenory 33 or YDATA
menory 35 usi ng camyolariénstriictidys s prgrhnessimogy hbdes, as indicated in the
instruction syntax by identifying the nenory "x" or "y" prior to the
brackets Isee the above elmrasp&ss to dich struttich f2tchekBy progtaiecdnisl tmict i on | 0
syntax identifies the nunber n, nkE {0,1,2,3 } of the address register adrn

60 and correspongi shtiol 36K 1 PFbIRE R ofitedisidnBlson 1F%H2 PR hRAGrd i®ed 1d 0 be
used. Furthernore, within the brackets the syntax synbolically identifies

the particular afgle9wii6gal WRAEof FobRsd+39Lausing those functional units to

perform the instructed operations.
The functional units in processor 10 include an address
20 generation unit 30 for responding 1o control signals and/or data from a X-data
bus 37, and generating memory addresses on busses 29 and 31. The memory

addresses on busses 29 and 31 are delivered to X and Y data memories 33 and



b

Synt axNameDescri pti onl5[ adrn] (no operati on) MEM addr ess
<adr n>-[ adr n++] post -i ncrenent MEM address = <adrn> adrn = adrn +

1[ adr n- -] post - decr enent MEM address = <adrn>adrn = adrn - 1[adrn% Speci al

nodeSee bel ow adr n+=i mm~] i nmedi at e post- MEM address = <adrn>i ncrenmentadrn =
adrn + 5-bit | i ate val ueencoded in instruction - 14 65
PCTI US98 186d¥/148nt axNaneDescr i ption[adrn-=i nm-] i nmedi at ePép?&S[%?/}\éﬁaGaddress
=<adrn>decrenentadrn = adrn - 5-bit imedi ate val ueencoded in
instruction[inm 16]i nredi at eMEM address = 16-bit i nmedi atei ndi rectval ue
encoded in instruction Wien_an instruction identifies _a special addressing
mpde by the synt3x THERUHYY of X Hatadproeqry Pé Isrbiverst 1 bty H2ad iy R of 0 be used
is determned 5 by bits 14, 13 and 12 of node register nodn 64. The speci al
addr essi ng nodesY &p@ meregty 3P iedelivered ebus@Pl owi ng tabl e: 10 i 5 Synt axnmodn
bit 14-12NanmeDescri ption[adrn% 000doubl e- post - MEM addr ess =

<adr n>i ncrement adrn = adr rPraece2fond P i 0i04 &l bard! shificasd-10ginal it B2.sxhich
<adrn>decrenentadrn = adrn - 2[adrn% Ol Opl us i ndexMEM addr ess = <adrn>adrn
= adrn + i dxn[ adperfdrik ldbidahoperitiote xnivkuk AN, 3R amd esatirsiveddR (XORask n -

i dxn[ adr n% 100cycl i cMEM address = <adrn>i ncrenentadrn = (see

bel ow) [ adr 8% 1014kl pergotaiimedMEMbpeations on BinsAddate A@raddition &EBarrel shift and

bel ow) [ adrn% 110t abl e | ookupMEM addr ess = <adrn>adrn = (see

bel ow) [ adr n% 111gapb] udicdd ?%Ms@xdﬁmﬁaﬁdg_s aTAGIIPRY LRkmRAd Which geRembel ow) -
15 WO 991 14665 PCT/ US98/ 18699 Referri ng nowto Fig. 3B, the XALU 74a and

YALU 74b har dwar eh . hi i I med for the
nor mal and specigu%gaggﬂggaﬁgoegﬁgﬁﬁﬁgﬁBglggf‘%%&%ﬁlggfg{g? , as well as
t he specific operations peyf. i Cl.i.Cel ene i.t-r.eyerse, and
tabl e | ookup 5 speci al adg?élgsgﬁ%dégége%snﬁﬁoed%l[an%)hﬁ(g{I}%Elg%{:sh&,&kfé@gf are an
Addr ess val ue A n_, ' lndex val.ue X.-.These val ues are mani pul at ed
by vari ous conb::)ﬁ};\eta:{%g n(g‘?"ercai1 P%rﬁﬁerrﬁé ftgrsslﬁbe&i)sr% ql?'lgg\(}agr eoaﬁ%esﬁegﬁ)%"}mtﬁnd
speci al addressi s, t roduce.an out put | ue on. line .78, Included
P his ctfourtr o2 pel & GipepPrt soaraors anipeoied B Radiopb e ted 31 ot | nput
to unit 80 is the ADR val ue received by the ALU 74. The second input to
unit 80 is produBEWEIEY contel PR b$-e§%%°°8§’?‘50fir?glﬁﬁs ipEegist {ilo}q @8 b8y decoder
66, generates at its output a bi nar)é sum or difference of the binary
nunmbers provi dedrefievedyia hyssqs 49 or 41 by pnisy 3201k i Wheloptnytsrpfugited? apd 34
bit-reversal version of the Address value ADR received at its first 15

i nput, or may di rescdeiyerdéld a/ys 42handcah be siopgsuintofregisterain régitendde 382 to its
output. In the bit-reversal node, the carry bits in the twelve LSB's are
revei sed, so t hatfrotthisusci@r Fyrtbertome, apflistuseeddieiow, barradshéfteriasd tgimakertied to t he
carry input of the bit 10 adder, the carry output of the bit 10 adder is
connect ed 1t t he 3Randlydes apdden,fthe tapitiof whithae desd, wistiifl baeel @hifteRarid

Mul ti pl exes 82 generates at its output to unit 80, a sixteen bit value. The

val ue out put by iéd] Rhie XESonS311HR Vs RBeratighs! Prriédréte, HIRCARMRA obhis adiér WO
991 14665 PCT/USan#llSGQQ Hgsop

is delivered to bus 37 over line 43.
Data from register file 36 can also be delivered to busses 37 or
39, to permit storage of data in data memories 33 and 35, or output of data to
20 other areas via peripheral interface 44.

Referring now to Figs. 2A. 2B. 3A and 3B, details of the

operation of the address generator unit 30 of the processor 10 can be more
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the ALU 74, or may be the binary nunber 0, the binary nunber 1 or the
bi nary nunber 2. The twelve |east significant bits of the output of unit
80, are connected to the inputs of twelve respective 1-bit nultiplexers.84.
The second 5 input to each nultiplexer 84 is a single bit produced by a

mul tipi exerwWo@/14465t i pl exers 84 are controlled by control $igrR’bsisee | i nes
87 froma control circuit 88. The signals on lines 87 will be either: ail
zeroes (000 hexadecimal), causing all nultiplexers 84 to select the r
respective signals delivered fromunit 80; all ones (fff hexadeci mal)

causing al | nul télgirgmders@dd.t As 6&h actigt NE %{cﬁ?@%%iog%fiidﬁﬁi %g‘}'@ i ver ed

fromnmultiplexer 86; or the twelve |east significant bits ontents

of a node regi Stﬁbcdﬁﬁﬂ%a@‘}nvoneﬁé%‘eld\éeﬁg &q'h&\r,’m&]?'#%‘té’%%iﬁ%%% {%} tipl exer s

84 under control of decoder 66, are conbi ne Sni ficant .
bits produced by, UHhfheEimily ut of | tiplexers 84 in the sanme
respective posi tions s The c%a%p%{agm{éb %@F%WE%%C sgp "e%‘g‘ihifé‘d“q"rom uni t

80, to produce t - bj ut_.of. t LU 74 on lines 78. Miltiplexer 86
sel ects and pro 8%1%@{'}‘? g&l%rgsts%t}fl ,theot%i]@eﬁ?' TSfEreRcs tpd-hase addregs B avhtistput t o
mul tipl exef 86, ung%a{h Itbhe cont gg}l &glie a logic circuit 88. The five signals
input to nultipl™® K PESININE 0L R A0 AR MsEeRy aaf galindexatticty 0 ones (ffff
hexadeci mal ), ang t{fle [ ndfgx %al ue )DX input to the ALU 74. WO 991 14665
PCT/ US98/ 18699 L'8FHIcE fh pidset ram thebase addressde anaticplapaawess8é lavatomds t i pl exer s
84 is responsive to control signals fromdecoder 66, and to an underfl ow
signal on |ine 98thedablgylsmiqallyia dingjivcd soyreelprogrard 2equaring reieglefa si gnal  on

| ine 93. The underflow signal on line 90 is derived fromthe nost 5
significant btt legatipnin thagable, wall tefer 10X indpuiintd thettitde Abd¥iddto @O i S

i ndi cative of an index value which is less than zero and thus as a "1"

val ue sign bit. processpheéeossirdflcaweningniad inGex foi YReBary AdARE by 86uifs B0 @

combi national logic circuit conprising a 1 ~-input OR gate 94, Twelve

t wo- i nput1®. ND gadexso &6 pedodsiyedefied Bae bidES 438.Offdie ad MWSL ¥y bhe 12-1 nput
OR gate are produced O by the twelve 2-input AND gates 96. The .respective

.

inputs of the ANh:@emesy iBEfRiohiiR tha\@b¥AclLasthySbaWafd | of the
address val ue ADR delivered to ALU 74, Cand tl%é I nveérggg&gphﬁ)ﬁe respective

twel ve | east si Gidtfibhiedin thé (a8leQf £R0 t e r.egi ster nodn 64
del i vered by decoder 66. Thi s | oallgﬂgg? strb%u t@%@ﬂ%g?ﬁoggﬁéf‘gfuep 4 val ue

on line 92 whenever theregis, iﬂusm’!e%‘ﬁrxiopeé“on? any.bit position of the
Ja Rif B es‘Pf’?‘H’no

address value ADR, and a Ovalue in the sane RFFaUCR&hat e ve

LSB's of the np i ivered. by decoder 66. The use of this
function will bggﬁg%%?gg%w i oéls‘eﬁh"&fs PFHHAR- BR MemaEy gludgs ger i ved

froma c i nati IG.circuit conprising a 12-input OR gate 100 and
twel ve t\%g-j i nputlggﬁlbbgo%) Ogé'? iél S fﬁé?p Iy %@Bg@ﬂab@s PASORBINGTS Indese\ND gat es

are the twel ve |

o??osc%tions in the large table 50. In a multi-level lookup table of this kind, a
program calculation causes the program to select from among the index tables
52, and retrieve an index from the selected index table 52. The retrieved index
1s then used to select an entry in the large table 50 containing the desired

| 20 value. A multi-level lookup table of this kind may be used in various data

compression and encoding schemes such as Huffman coding.

R —



significant bits of the address value ADR delivered to ALU 74, and the
respective twelve |east significant bits of the contents of a node register
nodn, - 18 WO 99/ 14665 PCTI US98118699 64 delivered by decoder 66. This

logical structure will generate a "1" value on line 92 only when the twelve

LSB' s of t%%gl%@ss value A DR delivered to ALU 74 are eq;&}ugggwg;be twel ve

LSB s of t énts of the node register nodn delivered by oder 66.
The use of this function will be explained 5 below. In use, the various
normal and speci al addressing nodes are inplenmented as described bel ow.
Post -i ncrenent and doubl e-post i ncrenment addressing nodes are inplenmented
by decoder 66 instructing qiffisudty drthgpergesy jagensses defirrsk ip tarmswibese of 1 or
2, respectively, to unit 80. Decoder 66 instructs unit 80 to add this val ue
to the address vaddiessADRin ingex, isttbe miriber 4f pideessihgrcygls fagrirbdio cdevarver s a

val ue of 000 hexadecimal to the control inputs of nultiplexers 84, so that
t he out put of unite iBddxiistodehémeyeddrassmepedifiedlyditiendckssagnidr thie provedsbi pl exer s
84 to output lines 78. 15 Post-decrenent and doubl e- post decrenent

addr essi ng nodes t@feiel 8THe @B HdeksD hi6leROEBkich RetkiB®d the GldeRGntBdistdopliexer 82
to deliver a binary value of 1 or 2, respectively, to unit 80. Decoder 66

instructs unit BRgifersiithdmlied Mdbai@hdifest chgaﬂehgy%eﬂrmgvtﬁé WggADR i nput

to ALU 74. Decoder 66 further delivers a value o 00 "hexadecimal to the

control inputs O%dd’)erglﬁw wceéssegﬁ%ﬁx&@gﬁc@gitﬁt%ﬁkm )’3*2‘5 ?HEe ok rééﬂitﬁméo Is

delivered unnodified directly a exer o output [t nes 78. -

19 WD 99/ 1466 : ; i.nde 1 I spegi al
addr essi ng mdeséé‘?g *,‘*frﬁegééﬁ?@% %sfggpgg%ﬁg‘l?e %’é‘%ﬁ?ﬁ@g 5 h%qrgrﬁlﬂfrlg'fﬁ%exer 82
to deliver the inde§d val ue ItDX received by ALU 74 to unit 80. Decoder 66
instructs unit 80"fESAE RO BUbtract, respectively, this value fromthe
address value ADR input to ALU 5 74. I?g oder 66 further delivers a val ue of
000 hexadeci mal to the contt#FoiapG"dtihe pungiplss 8§@F§re‘8ﬁ§“ IREOHPNt t he
output of unit 80 is delivered unnodified directly and via nultiplexers 84
to out put 39 nes PdadressrEenergier peit P ackiignhardyarsifern peavanmedndfy laglwe of s used
for sequential access to a cyclic buffer of an arbitrary size |ess than 2
“2 or 4096 10 entthis kind withousiequipng thepue of the sunsaighaininiig suchds dipsAldy of he
cyclic buffer is stored in the index register 62, the twelve |east
signi ficant bits tofprotrssandpemyiicadigy s gssembiyhiangnpgt far phegriremingmossssored i n
the twelve |east significant bits of the nbde register 64. Wiile in the
cycl i c addressi ndOspeiieathataties hovesr mohthee s Smemghsloestiond wdiichriesn ¢vee next
address to be accessed.

power of two. 1.e., tables must have a length 2", where n is a positive integer.

15 Furthermore, tables must be located in memory so that a tabie of 2" memory
locations has a base address which is an even muitiple of 2".

The result of these constraints is that a memory address for a
location in a table can be generated by concatenating the bits of the base
address to bits of the index, without performing any addition or other

20 numerical operations. Accordingly, as seen in Fig. 3A, address generator unit
30 comprises a plurality of registers 60a-60d into which the current address in

a table being accessed is stored. Registers 60 are 16-bit registers into which

- 9 -
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15 To explain this node, consider accesses to a cyclic buffer of 6 entries,
starting at an address of 1234h (where h represents hexadeci mal notation),
usi ng address, index and node registers adr2 60c, idx2 62c and nod2 64c. To
performthis access, the address registers are initialized with the val ues
adr 2=1236hwiceddussss of first access), idx2=1234h (begi nni rgTasdds/ess of 2 0
buffer), nod2=4239h (endi ng address of buffer, with nost significant bits
set to 100 to identify the cyclic increment special node). Then the
following - 20 WD 99/ 14665 PCTNS98/ 18699 _ sequence of instructions

generates the reqgphitadiddssdE BRIsor@d Ak RFeS eﬁéﬂﬂoﬁ&ﬂi io fthePESprReffbug:
d4=x[ adr29% --~ d4=XMEM 1236h]; adr2=12 i d4= x[adrz% ~

d4=XNVEM 1237h] 4=xhad ; 1239h
d4=xj adr 204 -r 2%@%&3’%’“@5(& 1248 ﬁ%ﬁmg@ﬂ” adr 23%@ W F1234h] ;

adr 2=1235h To i %@{f‘ég ndEPés%tﬁ&d%a pSQAG o gm‘lﬁ&?% 15 %@gé ﬁ%ﬁ ihe b ot anm

control unit 18 speci a ressing node I's activa s the
cyclic 1 o incr e from.t e 100. v its of node

regi ster nmodn | dgreﬁ/mtaﬁ‘ S rregl'ﬁef éﬁ?o %ﬁ‘& adg?mv@raid%{eﬁ% %B% Popri at e
control signals Ilnes 68. onse to cont nal s,

nul tipl exes 82 & F?&ﬂgerétoil%“‘b?q 5&55*25?%?\%%@ ?g?“tnbo‘{?ﬁ%‘s%% 64pnit 80 adds

this value to the current address value ADR delivered to ALU 74. Al so,
control |ogic 8&4inRegistersd4aig 16-bit eseisters whigh stase walpesidentififingiapede ofal ue 1DX
received by ALU 74 to its output. Control logic 88 also responds to the
equal signal on operaBorDaf addressigdnerasar Wi 30r orludingnfer sore addyessingxmetissi mal t o
mul tiplexers 84 via lines 87, so long as the equal signal on line 93 is not
asserted; otherwitsdesieontrol signals of fff hexadecinmal are delivered to
mul tiplexers 84 via lines 87. Thus, so long as the twelve LSB's of 2 o the
current address, are not &feaddreés, index dndahode rhSBess 6, 62 had 6hdiengediddr ess  of
the table which are in the nodn register, the increnmented address produced
by unit 80pis delrbupeiof thred s kamgst dhadbpersioh bf addteséig@néralot upit 88 eThat8g t o
output lines - 21 WD 99/14665 PCT/ US98/ 18699 _ 78 of ALU 74. If,

however, the twelqiRsd3Bistr B0a & RSedHchRRhCtRAMBSHASAHR stdr 582 hEh¥8e LSB's of
the endi ng address of the table, then the end of the table has

register 64a. Address register 60b is used in conjunction with index register

r

62b and mode register 64b. Simila.rl)", registers 60c, 62¢ and 64c are used
together, and registers 60d, 62d and 64d are used together. The manner of use

of these registers is discussed in further detail below.

u
ut

The operations of address generator unit 30 are controlled by a
decoder 66, which 1s responsive to signals from program control unit 18 and
generates control signals on lines 68 leading to other functional units of
address generator unit 30. Decoder 66 responds to decoded control signals

20 from program control unit 18 indicating an address generation mode to be
used by address generator 30 in delivering an address over lines 29 to the

XDATA memory 33, and an address generation mode to be used by address

- 10 -
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been reached, and nultiplexers 84 replace the twelve LSB's of the

i ncrenmented address produced by unit 80, with the twelve LSB's of the
starting address of 5 the buffer delivered through multiplexer 86,
effectively producing an output of the ALU 74 on lines 78 which is equal ~o
the starti ng address of the buffer. The bit-reversal special addressing
node i s us®®PA#63peci al operations such as fast Fourier FTFAYSPHBAY in
which data in an array of up to 2~'' entries is accessed by bit-reversing
an address found in an address register 10 adrn 60. The array nust begin at
an address at a 2" boundary (i.e., an address evenly divisible by 2"). Bit
reversal access goferaipr ¥yingglivsnng an eddresseoyer linesgdrie A AT AmdaoFy 86. si ze 2",
is perforned by storing the value 2"' ~ in the index register 62 and the
val ue 5000 hexadecodenb6 furthicheceraciahe emitgtteof Wplto tWo of itz reodentgitleisv4node.
decoder 66 detects signals fromprogramcontrol unit 15 18 that a speci al
addr essi ng node ahéuss hihd/ad Poewardethe eoiterith of theke regiseiswldeteptlefties mthe | OL
val ue of bits 14-12 of the node register node identified by the r
instruction, anddgelsintahéde he appropriate control signals on lines 68. In
response to these control signals, multiplexer 82 delivers the index val ue
TX receivegd by ALU 74 10 WalifesBiaistcR do 80 caiile et uiidiend RalahE 681 ent
address 2 o value ADR delivered %o ALU 74, I1n its bit-reversal node.
Control logic 8 Lt Lyer

hexadeci mal at i g@@%@ g&%ﬁ%ﬁe‘&nﬁe&gg‘%}h “Xﬁé’g?&g%s\é?ér%ﬁ”?ggg? 88
delivers the twe]ve LSB s of npde,on ,-,.22 99/ 14665 PCT/ US98/ 18699

| ines 87 as co\rll\ﬁ;tdl eresqsté) r%‘lﬂgpltﬂ’éer?rz?ata}ngl78)%&?556%%&%‘1263{ é%? éetrﬁg%slppr_lﬁg%er sed
addr ess produced b}/ unit 80,is Flglivtgred unchanged directly and via

mul tipl exers 84 ' BrOgTATHEINTO! HE [& gndfhe jiSpucyon Being propessed A RIGEeS$de can be
used to performan FFET of 5_different step sizes 2k, where kin. To do this,
idxn is set to tie Mulipiexgs 7%1ﬂ‘dt7lqg dpliyer an opinph Hlatches Laand 42k, For
exanple, an FFT of size 8 can be perforned starting at address 7f30
hexadeci nbf, by reweeively. aherputirusoo! laphps73a0nd Kk agselivaaed @REDAdRN=0008
hexadeci mal . The tabl e | ookup speci al addressing nodes are used for 10
accessi ng a t ablmemnéry\adingesslines 2 Y PARA memeore addressdings basbhexdirerss and an
index to the location of a desired value in the table. The table nust be of
a size 2" and begemorytaddmessiditts 88 andid 1 are2lsolzlimerad yo (he Agldresaimpadaf ess evenl y
divisible by 2"). To use nornal table |lookup in a table of size 2", bits
(n-1) to O of tthe antddecticAggisilanitHARbMacard VAL Ut@ba val ue of "1", the
four MSB's of the 1~ nodn register are set to the value 0110, and the

remai ning bits of the nbdand&gegibers 62raee Sdtinetted fo XBDNn@YTHR bussbbe addr ess
register adrn 60 is set'to the first - address in the table to be accessed

and the ipgex reﬂja%GBli.dl?ﬁrhn?znsitrﬁct&ﬁ‘ltcyE& iReohRER6rab td K& saNdexentry in the
table to be accessed. To inplenent the regular table | ookup node, decoder

66 2 0 detects Sﬂegi@é}ssﬁzf drO B IRVeRE S MO Qhd Y@D?( Eh@i)éls 29‘{1 aftl $He& al

addressing node IS activated, detects the normal ta ookup node fromthe
110 val ue of bitg

; ) élgr?llgdzb}p&echg'& 6@&%05&% ?c;&rogxtmgg'oﬂitr%ﬂi'ﬁii ié grgi tlﬂx the
instruction, and delrvers the
instruction being processed by processor 10. The data on the XIDX and
YIDX busses 29a and 31a are delivered to the Index inputs of the two
20 arithmetic/logical units XATLU 74a and YALU 74b.
XALU 74a and YALU 74b operate upon the data provided at

their Address and Index inputs, in response 1o control signals from decoder 66,

- 11 -
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- 23 WD 99/ 14665 PCT/ US98/ 18699 _ appropriate control signals on lines
68. In response to these control signals, multiplexer 82 delivers the val ue
0000 hexadecimal to unit 80. Unit 80 adds this value to the current address.
val ue ADR delivered to ALU 74, such that the output of unit 80 is equal to
the curreniypfddi@ss val ue ADR delivered to ALU 5 74. Cont rdrahgagigse$88
causes nmuitiplexer 86 to deliver the index value IDX delivered to ALU 74 to
its output and multiplexers 84. Also, control logic 88 delivers the twelve’
LSB's of nodn on lines 87 as control signals to nultiplexers-84. This

causes those nmuld ity SbrdiRGei débifhet, olperftAnUPedn a!dmesﬁn%ﬁodésqnsel ect
the correspondi ng 'bit output frommultiplexer 86 in |ieu of o the

corresponding bidenSilboRih chirilaiels £ an MRk, &h%}nfpa{o%ma'ﬁas){f' ze 2, the

n LSB's of the nregister are set ares t he

out put of the Al 0 0 of the
i ndex val ue 1DXE§{ ‘er?/cg%ne agt;%%t %ﬁe%ﬁﬁg)?gg&%%ﬁg%gg e@eg‘ regbs"% s()tzil%r to n of
t he address val ue ADR. ed to t rod ces, an out put on
lines 78 which fodfEegl Elra 4 et%é""é&ﬁ?éé’%‘{b‘tsﬁé chﬁ‘b]éfiﬁt‘brﬁgl n the
table. The small table Iooku S al addressin nDdes is_also used . for
accessi ng = tabluéalﬁfads%?sﬁé%glg @E%ﬁﬁ?"wmr‘gf ‘38 2 gpd Y ARAE Ho8ple% s and
.., an index to the location of a desired value in the table. The small
tabl e |1 ookup nodelivired ermultiplexensdOp angiT0bs sq Hist multiplaxars T9aded 79tnmenat t he
smal | table 2 o | ookup node includes features for preventing underflow or
over fl ow of t he bypabethdseyasnlis dinestil anin detice I2énd Tidd undbt eontrbhofidecodenal |
tabl e | ookup node, the index, if negative, is forced to zero, and if
positive, is foreéed to the nmaxi num- 24 WO 99/ 14665 PCT/ US98/ 18699 i ndex

if greater than the maxi mumindex. .4s in regular table |ookup, the table

must be of a size 2" and RgiifmstAktiGnseddfiihe psocaisonl@illuspatadlayBig(i,. €., an
address evenly divisible by 2"). To use small table |lookup in a table of

size 2", Phts (NndihddsTaBo@f inktRetidRERhicE dhifsk QAdRRARCIRtheatis, S@freds0 a val ue of
"1 ", the four MSB's 5 of the node register are set to the value O 111, and

the remaini ng Didesreffentil® oMRA:d1 88dredshis BE&esS Bbr dRh AdNRisHE Rbde, he- The
address register adrn 60 is set to the flrst address in the table to be

accessed and e RRGLRGlSR ok Sth 481t SodGhotding ek AR 8h kiage nex:

entry in the table to be accesse ookup

mode, decoder 66re%§1tﬁ§§(té,sﬁl2gan§'&P@e?ﬂifﬁe%rﬂm LA ARG s ook et @

speci al addressin

producing the resulting address. If the instruction invokes a special addressing
15 mode, the mode register 64 is utilized to determine the particular mode and
also to control the operations performed under that mode.
Address generation is typically invoked as part of a data
retrieval. For example, an instruction including
d4 = x[adr2++]
20 retrieves into register d4 of register file 36, the contents of the XDATA
memory 33 at the memory location identified by the address stored in the

address register adr2. Thus, in response to this instruction, decoder 66
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activated, detects the small table |ookup node fromthe 111 value of bits
14 12 of the node register nodn identified by the instruction, and delivers
the appropriate control signals on lines 68. In response to t hese control
signals, multiplexer 82 delivers the value 0000 hexadecimal to unit 80.

Unit 80 adds 5 this value to the current address value ADR delivered to ALU
74, such tﬁﬁvmﬂﬁﬁsoutput of unit 80 is equal to the cur r eACTARAVEEY val ue
ADR delivered to ALU 74. Control logic 88 delivers the twelve LSB s of nodn
on lines 87 as control signals to nultiplexers 84. This causes those

mul tiplexers 84 receiv hl” on li_nes el he
correspondi ng bF?mE?ﬁﬁidﬁife%f F%’ﬁ“’ﬁ? fl"ﬂ)‘f 85%@‘”5@ P‘Pﬁ@‘é‘ WQlia dé’fvef

corresponding bit output fi omunit 80. Note that for a table of size 2",
the n LSB's of FfcHbabaddeys sqeasiorafe Ustio XPAT A mempsy addresadbug29.gloyl t | t he
output of the ALU 74 on lines 78 is equal to bits the (n-1) to O of the
val ue - 25 Welddjopn. beemsethemsgyguorgeguities ghel ve pédressinarmedsh thepl exer 86,
concatenated to bits 16 to n of the address val ue ADR delivered to the ALU
74. Thi s produceddrass starepintaddress regster 2& 2w inbrementedball aspattioé addr ess of
the desired location in the table. If neither the underflow signal on line
90, nor tie overkéaningihgnadtruonod.i Mbudh fartkerassgonsetd,this aastrucdonl, ogi ¢ 88
causes nultiplexer 86 to deliver the index value IDX delivered to ALU 74 to
its output and metddepb®raitdlBRALEMIa tdBicReptiihe @ldreisteceived a0itk | be equal to
t he indexed location in the table. If the underflow signal on Iine 90 is
asserted, then GQirdsQinpuPBy 6nd8ndaihdh Jihletd RERIEERIBEOE D d6leitver a val ue of
0000 hexadeci mal to its output and multiplexers 84, forcing the index 10 to
a val ue of zer o, QMfthoCRlsk BYni RRI PUiARUt on lines 78 to be the address of
the first location in the table. (In an underflow condition, the index

val ue | DX received by ALUAS%S %A\)c%m\ﬁﬁn%lﬂﬁagﬁrzhﬁﬁref

determ ned froma "1" val ue sign whiT éﬁ%f the |ndex val ue

I DX and forms t @ecuu%et;r?r r?%es&!f%'aa}na Oafntlf\r/] A a% 0 Jrat%oqgrtoe Bézgerﬂ)%e@m

underfIOM/condltlon oW s1g 'S asserted,

t hen control i C causes mul ti xer 86.to.deliver ue of ffff
hexadeci mal to ﬁ)@ﬁaugﬁte@uta Cgm‘%l“ﬁ?‘b‘i 190 pay 1donufy W%Fﬁﬁ‘ophf\é?:hndex to its
maxi mum val ue, and causin he output on lines 78 to e dre s of the
| ast | ocation i rPPEFRECRSE Ee }ﬁmeﬁ H%Hsferpééowedaw wff?ﬁh%tw e@ﬂeﬁlﬁ bits
nto 15 of the index val ue )DX recelved by ALU 74 will all 2 O have a "o"
val ue. At the st i%%mlﬂtlpig/aﬁdyntté OE@h aHRicHaEPlayingTestionsuldRe wi | |
have a 1 value, and so the OUEPUt of OR gate 94, which is the overfl ow
signal on line 92, will bed0Fa3 "¢ lhdd ox 2% ¢origladdi] one or nore of

bits n - as VWO 991 14665 PCT/ US98/ 18699 to 15 of the index val ue | DX
recei ved by ALU IRgespohse thalvie instrudiion (VA registerul@chd register file 36 receives the

product of the contents of registers d3 and d2 of register file 36 (via:
multiply/add unit 34), (2) register d4 of register file 36 is loaded with the
contents of a memory location in a table in XDATA memory 33 at an address
determined from address register adr2 60c, after which index register 62c and
20 mode register 64c are combined to form a new address using a table lookup
address mode described below. and address register adr2 60c is loaded with

this new address. and (3) register d5 of register file 36 is loaded with the
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these conditions, the output of OR gate 94 will be "1 ", and the overfl ow
signal on line 92 wll be "1".) The i nmmedi ate post-increnent and i medi ate
post - decrenment 5 addressi ng nodes cause an i medi ate val ue constant encoded
into the instruction received by programcontrol unit 18, to be added or
subtract ed woeondspe current address val ue. These nodes ar epecrpbssnmgedoed by
decoder 66 recogni zing the appropriate node, and generating control signals
causing the contents of the |Immedi ate val ue register of the programcontrol’
unit to be 1 o delivered to the index input )DX of ALU 74. Ml tipl exer 82

i S then contr Ol ! & n{eﬁts%?l IHYC?IJI‘O C%llo\ﬁal}‘l%é’r?% g&t ﬁgzgﬁl}e 0 i S

controlled to ad subtract TH;HS va ress val ue ADR

received by ALU t 1ol 8 caused ,to deliver
control signals o‘#’ eré?neﬁrf%gg?ﬁes d%?s‘er%&}t%ﬂhu cehxagfige%‘%fgls erafi at the

sum or di fference t he ad ss val ue ADR 15 recel ved from ALU 74 and the
i medi at e mcrerre%ot B CHEETES rqg’ﬁt "al ue are -- delivered di rectly and vi a
mul ti pl exers 84 to output st addr essi n i mredi at e
indirect, causes a constantfhégﬂu%’%‘gg@ﬁ g"éﬂ iehths neFaal; aﬂg‘?eﬁﬂ%ffﬁﬁesr@é’el ved
by programcontrol unit 18, to be used as the address. These nodes are

i npl enent edShy de¥saEmPoped baé@@gﬁptﬂrh@f Bigo3 .rand thasypep et o idouidy thesel
generating control signals causing the contents of the inmediate val ue
regi ster of the pmodgsalt widiitemoleduhdtdataandyebedetrievest feam the XPé Tepmeory at e
address lines 29 or 31. 27 _ WD 991 14665 PCTNS98118699 It wll be
noted that m a ci3TondPaldemsuaty Jasisingany bhd efthesataddressingmgdes2B; where t he
index into a large table SO, is retrieved fromanother table 52 stored in
menory, the indexindihtet @&ythe idstracndnasighax b3 ideatifyies e feaidry "dedr "vepsior f rom

* the XDATA bus 37 through the IDX input of the ALU 5 74a/74b, and then via

mul ti pl exer 86 t ototHE biapke®X(@ESthS 4bove @kargSIBY ! aWitiaA tifbridketsdgsiinfaicasdr ess in
table 50 at output lines 78. Referring nowto Fig. 4, details of the

architecturg and epenratéificothetdimbbat helo shiftoranddifel fatsidtRidtn GParfan be
nmore fully explained. As noted earlier, the barrel shift and |ogical unit

32 nct udes a | 90k g QachCertho BERERTE, LOBHG IS WGkpS D CR

and XOR (excl usive or as a b for Shifti ng a
digital word a spg n Iy e ed for

and bit packing/ un;ﬁ)}aliek&grc g'{{g‘r%a é)%rﬁg!elﬁsﬁh% #n&& ﬁ’% bg[rgq c %&5%'%’& oW. F| g. 4
also illustrates in. dgﬁtall tru&ture of reglster file 15 36. The

register file |ncPﬁr8es el etssué%mé)de c’bﬁuurs Ose data registers dO through d7.

Four of the regist —Wi-de—eg-st-erSs—are———
t he~remai ni ng reg Syrems d4 to bNaraee 24-bi t Msdﬁptrdagl sters. The w de

registers dO to dg-are Separatged rTnto tnreg frefas—am extend ffefrd doe to
die, a high3ield Bealto d3h, bRaorereR)f i o MENDaddress g3RdmPhe ext end |fi el d

is 8bits in wdth ndthehlg 0 _| oW are its in wdth.
- The extend field a%f s gui dpqufngmfrﬁ]{ ové}’[f'iﬂywsdr %’ﬁ'g'bﬁ ow field

contains precisiop_bits ta reduce rounding bré dll-nn_
ladrn--] post-decrement | MEM address = <adrn>
adrn = adm - 1
[adrn%)] Special mode See below

{adrn+=imm3] immediate post- | MEM address = <adrn>
increment adrr = adrn + 5-bit immediate value
encoded in Instruction
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mul tiplication. The core 24-bit data is contained in the high field. The
narrow - 28 WO 991 14665 PCT/ US98/ 18699 registers d4 to d7 are aligned

to the high field of the wide registers, as shown in Fig. 4. In other

words, the narrow registers d4 to d7 do not have guide bits and precision
bits. The nmulti /add unit 34 and the barrel-shift and logical unit 32 5
operate on ‘3@9?’!;)‘15 Yata to produce 56-bit results, includi ngCHHSBIBGP -
overfl ow extension and 24 precision bits. 56-bit operands are delivered to
units 32 and 34 over 56-bit A and B busses 40 and 41. 56-bit results
generated by units 32 and 34 are witten back to register file 36 over

~6-bit C bus 42. a 56- bilt lue is re¢ one of the short
regi sters d4 10 fé%l £ fhn 2 I\LBIYI% ualnn S %g\(&l{pﬁg}lf hn rnnl cster g F\Xt ended

to 56-bits. Thi (s)] [bamchi®iT]i S |pRbhfetiategtbsPy MEMtal’ddﬁ‘gs’ﬂ:wpl ng circuj t 120.
In this operation, the 24-bit| ddakmehtn t he|aam-oMrh €gitst iiméSarexdignded by

concatenating 24 | ess si gnl fijcant preci si (plangydtggslﬂ’n@yﬂrﬂgmﬁO" vaI ues,| and by
concat enat i ng 8 ot e—st o1 f-gant—btts- TII% o 11Ot-€—St g|n1 eatt—btts—have t he

sane val ue as theflimpd6) 15 si dninfiedatet  (si ¢ MEMiaddssordad-tinintmiador |
register. . Wen a 56-bit val|usdigener at ed | gluenaccdtd iminksucdidnari d 3¢ is
witten fromthe bus 42 1Tnto a short register a4 to a7, the ~o6-pbrt val ue
is truncated to 24-bits. This function is performed by a storage mappi ng

circutt 122. In this Oper%&ggx %&%c@ﬁ?ﬂeﬁhﬂ&'ﬂcé %%gfad%rdgsnhgn?ordg }‘iﬁéncat ed

and the less 2 0 significant Its are trunca remar ni ng

24-bits are wrltten 4 res [
bCTiUsos, 1a660 Thitl Bbfu e BBl hET Shleuing fidde 1o b8 “6?‘2 d?‘ig‘"’”&mﬁ%werf ul

way to round and,c ner at ed durln | ex. tal si gnal
processi ng?’ Wit hBXIt) ‘{)é‘gﬁgbﬂ‘%? ?ﬁgo SIS Ty oﬁg'?sﬁeﬁ ”” WEESEE cycl es.
Retrieval mappin CI r cul 0, .a ora pping circui t 122 5 al so
provi de additiondl® F%‘Hﬁf 8 eddg_gt?etf?) ¥ é?hg%r m ng cyclic redundancy

checking and bit, perations as described helow -

Specifically, ref By Big 141 CUNEmd 20 i nc Dg%paoﬁunctl on for
concatenating the ro—fromomerregtrster—stretras—regrster—do; - th the

| ow word of anot hEdm%pi f0&r such as|dapispest- d 7M’t§‘dddpm@ﬂfasa¢rg>the 10
concatenated resptlt as a|single 56-b|incomeput opedrnA &g +40. The use¢ of

this functionali 1 CRC Dri packihg and_unpag W TT De Jescri Bed
bel ow. Storage maétﬁif’?’/g] ol P¥uit 122 i g‘? YhlsROsEn 1%#?}% G’?S? TAe¥T8n f qr

separating a decrement adrn = a
10 [adrn%] | 010 plus index MEM address = <adrn>
adrn = adrn + idxn
[adrn%] | O11 minus index MEM address = <adrn>
adrn = admn - idxn
[adrn%] | 100 cyclic MEM address = <adrn>
increment adrn = (see below)
[adrm%] | 101 bit-reverse MEM address = <adrn>
adrrn = (see below)
{adrn%] | 110 table lookup | MEM address = <adrn>
adrn = (see below)
15 [adrn%] | 111 small table MEM address = <adrn>
lookup adrn = (see below)
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56-bit result fromC bus 42, separating the high word of the result (bits‘
24-27) fromthe |low word of the result (bits 23-0), and storing the high
word and |l ow 15 word into separate registers; e.g., the high word of the
result may be stored into the high word of register dO, while the | ow word
of the resukbob/fsegd ored ..~ winto the | ow word of registepcedsoshisepouse of
this functionality wll also be described below. Wthin barrel-shift and
| ogical unit 32, individual registers or 2 0 conbinations of two registers
may be accessed by logic unit 240 via Iines 246 and 249 so that l|ogic unit
240 may perform a Iogical [ %9 44891 € unit 240
may further access a naske%ngﬁééﬁﬂub h ronSJE%%&%{ﬁéé) ﬁl4665 -
PCT/ US98/ 18699 reqgj st er pr oduc nasker r ) circuit
250 utilizes a ‘i&”ﬁ%ﬁﬁ%ﬁ%@%&?e‘?%ﬁ%‘gcaﬁ%ﬁ%‘}spﬁé G BianraREd: o bus
252, and forms the bit-wi se AND of the mask w data rec ved fromthe
regi sters, and dBFTIYeddressieg ‘F“@g‘?flcﬁ“%’BdF%?BPE%nciﬁ‘ﬁlbaszYt’Su agt H?Péfﬂ‘”enatl ng
barrel shifter 242 is responsive to the out put of logic unit 240 on lines

r

i 253. Concat enat i ap§rasany reriosmed ingthe oyehicansremeny. bikievare| anddable ingkep cant bits

fromlogic unit 240, and shifts the 48-bit word a defined nunber of places
to the left or répgd:ial.adfttﬁ:esinmmbéﬁ- of places to be shifted are identified by
a digital signal on line 258. The nmaxi nrum nunber of places that 10 can be

shifted is 28 bits to the Thefihpuss toredacthALUT¥eare uh pudiirest valoe dBRearaitanng bar r el
shifter 242 is delivered by lines 260 to C bus 42, allowing this output to

“7 be returned to amyeoBudlDN.NEheseghlatLars niidipulitaligvaibus Banb@biisthi f t and

| ogical unit 32 also includes an 8-bit absol uter and decoder circuit 262.

Absol uter and degRURFy BishEgdrt the Oidi® MBHhASnd Becld 23@sSind Bodad! e of the
di fference between two 8-bit values delivered at its A and B inputs via

lines 264 and 2 oaﬁ&%%ﬁ%lﬁ?oa@é% Jifd 7§U1naua@8m tarscmﬁﬁlsy 188 1948{Rdkeron | i nes
43, deliverable to the X DATA bus 37 (see 1) which represents the

absol ute yal ue O%ndtﬁ}teﬁegérfs,ér%%g%%ﬁﬁﬁégﬁgg? &@?86’1&%)&&%@4 ré:gélvéd 15;135 264 and

t he binary signa I nes Incircu

i mpl i i ed 8-bit 1}%74%}9&{ SR ARG Mo %ggammpfexgh{zference

t hus providing r r ocessing. CPrcui uces*a value on |ines
258 indicative o 88 qug%&%e%? gg shifted b¥ concat.enatin barrel
shifter 242. - 3¢™t v%“%‘f‘i U a‘a"eféré‘éeﬁ Ay SR UGB denved
fromthe out put 8& the a hﬁtes r have_o%her val .ues as Fetep&;ned by
control signals FHGHRET OGPERPRE] erg proyideg at B TRYEEFHBIHREY t he
conbi nati on of absolutes and decoder circuit 262 with . .

generates a bit-reversal version of the Address value ADR received at its first

15 input, or may directly deliver the value input from multiplexer 82 to its output.

In the bit-reversal mode, the carry bits in the twelve LSB's are reversed, so that

the carry output of the bit 11 adder is connected to the carry input of the bit 10

adder, the carry output of the bit 10 adder is connected to the carry input of the

bit 10 adder, and so on.

20 Multiplexer 82 generates at its output to unit 80, a sixteen bit

value. The value output by multiplexer 82 may be the IDX value recerved by
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=i concatenating barrel shifter 242 pernits relatively conplex operations
to be 5 perforned in single machi ne cycles. Eight-bit absol utes and decoder
circuit 262 also has an output on line 270 which indi cates whether the
digital signal on lines 266 received at input B of circuit 262 is greater
than the digital signal received on |ines 264 at input A ' I b 262.
This si gnal“g? #%erred to as the "NEGATI ~~E" si gnal . Fi ng'{qr@srgg/?dr%guif 26Z
produces an output on line 272 10 which indicates when the digital signal
on lines 266 received at input B of added 262 is equal to the digital
signal received on lines 264 at input A of circuit 262. This signal is
referred to as tKeARGERST naayedhe bipary JuEber Srthe bingryanunghes d or g binsay r el
shifter and logical unit 32 also conprises a 2-input XOR gate 277. A first
i nput of XOR gamemp&r 2] S connected to the nost siariificant bit of the high
word of the si~rial on bus 246 (i.e., to bit 47), and the second input of
XOR gate 277 is connect edThotwelne lpast siguiifiganit it ahthelputpup b1 ukie8d, ey Wor d of
the signal on bus 246 (i.e., bit 23). The output of XOR gate 277 is a 1-bit
di gital val ue orohnened 2vthe wiyiucdofiwwelve bsspecsive  rietmubipiexet'sN4, Thesedoa@sons

di scussed below. 2 0 Barrel-shifter and logical unit 32 also includes an
exponent ext r actiggut &7dch whitplexeab4L 14l aafigge bi froausddesy Oiultgéxegnt sign bits
in the value - 32 WO 99/ 14665 PCT/ US98118699 _ it receives, to

facilitate nor mghizplekQd 843farercﬁgtircﬂ_leﬁ%y%@ﬂﬁ’ﬁ@ﬁ%aﬁ%nﬂ%e@%pQﬂﬁrpﬁ EéHtronot at i on.
(0]

Ref ermg now to Fig. SA, an operation'for performng a cyclic redundancy

. check on i ncom ngedlt g8 e dataft Gittheb87 VUPELRRE: 1RSS! 060 RedBElIRLRNCY
check typically i1nvolves performng a seqguence o? (‘exclusive of)
operations on i ) t1at \ Ml .he
results to a cyc |cng$£éh{3%§nmé€g c?gg‘é?eé%%g% gé ek%ﬁﬁalsd%ﬁqgg}%&/ﬁgﬁggﬁp
redundancy checks,. uir ) f.a cyeclic redundanc r.ameter and
cyclic redundan(@’ %:lggrée.s (@%&%%Hg?l?faﬁsﬁgia@kwgmggé?rfggrt% dﬁcgé}hecy check 1 G
may be perforned by the.processor.shown.in Fiqg. 4, is described in Fig. SA
The procedfire ofreig?é&weﬁ# Bg&eﬁgﬂgﬂ 38‘?%““2@6"?5%%?%1@3%6 &° par anet er
which may be 8, 12, 16, 18, 20 or ?4 bits in |length, for different
appl i cations, i ri@uficyt isaf thyconignispl gapefe registeh@gdnftn Thabvassinglext in
step 282, the high order word of register dO is cleared, so that the CRC
code for the 15 WbeWPwaiomanyuplsres Hunger corirdiof Heapdetioh fare eiibitedr  do.
Next, n bits of incom ng data to be redundancy checked are placed into the
| ow word of regiw%itlethedour(rastpgrigigint bug produedddyeuningQ, mathi the nypes eps, t he
cyclic redundancy check is perfornmed on the n bits of incom ng data stored
in register d2 byuktipjpaat BAdgn thesarBe Gspastivoposigorstasplse inpisnesultipiexstsep 286, a
value N is generated by perform ng an exclusive OR of the nost significant
bit of theshi gh #oreceivdd freegusit 80, tBProducd the 16-bit output of the ALU 74 on lines

78.

Multiplexer 86 selects and produces at its output, one of three
16-bit signals input to multiplexer 86, under the control of a logic circuit 88.
The five signals input to multiplexer are: all zeroes (0000 hexadecimal), all

20 ones ({fff hexadecimal), and the index value IDX input to the ALU 74.



the nost significant bit of the |ow word of register d2. Next, the bits in
the - 33 WO 99/ 14665 PCTNS98/ 18699 _ high word of register dO are
shifted one place to the left and a value of zero is inserted into the -

| east significant bit of the high word of register dO (step 288) Next, in
step 290, 4RoRids N low word of register d2 are shiftedpeRfispd/e®d t0 the
|l eft and a zero is placed in the |east significant bit of the I ow word of 5
regi ster d2. Next, in step 292, the value N generated in step 286 is used '
to determ ne whether to include step 294 or return directly to step 286. If

the value Nis true, an exclusive is fornmed. fro he, hi gh. wor d  of
register do, with the hi gbﬁ)?“&f“&fggr%@@?%li‘@? ‘Pé?’%?gk%:ﬁ@‘ﬁ‘agﬁ’r‘f“é@é . The
result of this exclusive ORis t{he | aced mregister dQ and the process
returns to stepS3&BONSYS tﬂf?@rolﬁlwgéfw HE504oRAS, ﬁlwztowadwd?l%ewmborst eps
286, 288, 290, 292 and 294, the CRC value for the n-bits of incomng data
stored in step &0, prayerBawisignaben Lnet2, aud aheqyrl siepad on §ge 83di ngly, t he
value in register dO, high word can be conpared to the received CRC val ue
to determine if there havEhehmdarflonysignal onding 80 épleriged from3hamestf or egoi ng
process, if carried out in conventional digital . - signal processing
circuitrys woul dgmnifivat be ofitHeandex valued®X mbunmain AEUCKC hebislhmdicatiseobf t he
need to perfotirl nmultiple bit shift, mask and ot her |ogical operations in

a sequenti al or geinded Val@cehicH aiess thint Perb Bed thiub BEd Pl "eahefsidgdwsit. pr esent
i nvention, however, all of the critical steps 286, 288, 290, 292 and 294 2

0 can be performed in tworHBGRHNSY SigRAION lineY2tilidred Howpn taa8in&fonkine
specific architecture illustrated in Fig. 4. - 34 WO 99/ 14665

PCT/ US98/ 18699 .f%%?ccdixfchﬁ%rhymsiﬁgﬁfiﬁfihﬂg Or0ghit ba, twBive W6 i BINISEhy € of Fig.
4 provides a "crcC" instruction which perforns all of steps 286, 288 and

290. 1 the "Cr 6; ol USHIlhrs SLTPASKAL BRARIIGngil ke 120 r6RRGAL enat es

299 the high word of register dO an W wor regi ster oget her, with
register .d0 in h re-.sianjfrhcant qposition, .and del | rﬁnphe result to
barrel - srﬁ%f ter g B’eﬁggﬁgélmﬂni@?f%&iag géféesﬁéf?vgbn@glgs'tog\s{ﬁeon he'Gel i ver ed
concat enated word, . and ner at es. t he .excl.usi.ve OR.of e, nmost . significant
bit of the hi gha{ﬁd‘r"ﬁ“‘éﬁ“gﬁﬁéﬁf Sienifican) bis 0g HepddmsTTaes 6{3’%‘?‘3@3%‘1@‘1 t of |ow
word of register _d2_ (st 300). At the sanme nne, dunng .executiopn of the
"cre" instructi @Y §R§B’CZE fﬁﬁ{éhfdefqﬁgﬂ%wgg‘ieé?ﬁf %‘gm?‘(i?ﬂ‘gﬁf %P‘B?
registers d3 and dO with the output of nask decoder 250, which has the 56
bit value of COFPHiEHE oF% MPfc FREikdRqdrf4 delivered by degodss 6. HNE=cAl whi ch a11
but the nost significant bit of the |ower order word has a "1" value (step
301 ). This naskiregiuepal genespie@l"davalue pe ling 82 wherpver thewns 2 pivelugfn
15 any bit position of the address value ADR, and a 0 value in the same bit
position of the twelve LSB's of the mode register modr delivered by decoder
66. The use of this function will be explained below.
The equal signal on line 93 is derived from a combinational
logic circuit comprising a 12-input OR gate 100 and twelve two-input AND
20 gates 102. The respective inputs of the AND gates are the twelve least

significant buts of the address value ADR delivered to ALU 74, and the

respective twelve least significant bits of the contents of a mode register modn
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the | ow order word of register d2 for further processing. Then, still as
part of 15 the "crc" instruction. barrel shifter 242 shifts the output of
logic unit 240 on lines 253 one place to the left, thus shifting a zero
value into the least significant bit of the contents of regi ster d0O and d2
(step 302). F to conclude the execution of the "cr ion,

t he out putW "igélgh%atenatlng barrel shifter 242, out put oncqmqug%%%g% s
stored into registers dO and d2. 2 0 Specifically, the high word out put
fromthe barrel shifter is stored into the high word of register dO and the
| ow word output fromthe barrel shifter is stored into the | ow word of

regi ster d2 (step?@gppredby3igcoder §f By lopsmh stcire/SoB Le8BT9 2 " Ksvauerassul t of
these steps performed by XOR gate 277, nmasker 248, logic unit 240 and
concat enat i ng baline$2 ey frhen tipawelve LSBseol oy addrése yalug ADRogeliveted toper ati ons
identified in steps 286, 288 and 290 of Fig. SA have been conpleted. As a
result, the oper AllbTsarekqu épthe 298 vah8B294 thedontenfsiof tha mode regigter SA nay be
conpleted by a "conditional XOR' instruction. The conditional XOR

i nstruction causg®dh delivesdd byedsabderBpPpThE us dfahiis turk?ion 16l Bebipished egi st er dO
and register d4 to the A and B busses 40 and 41 (step 304). Then, | ogical
unit '40 tests thgowal ue of Non line 274 and if Nis "1 ", logical unit
240 conputes and outputs the XOR of the contents of register dO and the 10

contents of register d4 (syPpe3ovaridus ndrha ah@specﬁii%@d&&ﬁxg%&ﬁe@%s of
regi ster dO are output by logic unit 240 unchanged. Finally, In step 306,

storage mappi ng ﬁhél%fﬁ'eﬁteﬁ%gdébgﬁe%soe%&e hi gh word of the result into

regi ster dO. Refer now t o A, anot her operation which is typically

perfornmed in digital si gnaboR Egggﬁrﬁ%ﬁaﬂilgﬁ %Xx?cr%cxﬁ%ddr %lmsgrmgoer ation 15

I nvol ves unpacki ng bits recei ve ream encodi ng
schenes, paraneters i stream are cke e and
information is ugéed“lpg WW@Q&%’CW%N%? AEUBFERE @Hlé\%?&erbgz éfﬁ‘g BE%B&V nt o
paranmeters. Accordjn , Lo unpack such g bit stre ecessary to

| oad a dest%ed, \Yélrquﬁ?(Qr AUGERSFUYALY. fip pat g?'oPF‘forﬁiér B?atnsg't‘cr‘%‘élﬂ% ’?%‘Pd‘ regi ster

and then 2 0 decode t hese bits. An exanple of an acking process of this
ki nd begins wi t h tis valyp & e addimssciluechD n&‘@%&’é?ﬂ%@r?ﬁ@s@@od\ﬁfl 66 fgheregi st er

d3, low word, |oaded with - 36 WO 99/ 14665 PCTI US98118699 N bits
recewed from t he delivess p galne oADYbhexadrsithal to thegiogtrelrinpuihpEmultiplexgrs 84ent
purposes will be register d7, storing the nunber N, i.e., storing the
nunmber of so that the output of unit 80 is delivered unmodified directly and via

multiplexers 84 to output lines 78.

15 Post-decrement and double-post decrement addressing modes
are implemented by decoder 66 instructing multiplexer 82 to delivér a binary
value of 1 or 2, respectively, to unit 80. Decoder 66 instructs unit 80 to
subtract this value from the address value ADR input to ALU 74. Decoder 66
further delivers a value of 000 hexadecimal to the control inputs of

20 multiplexers 84, so that the output of unit 80 is delivered unmodified directly

and via multiplexers 84 to output lines 78.
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bits available mregister d3. In a first step 308, the nunber of bits
needed for '~ the first paraneter are |l oaded into a register, which for
present purposes will 5 be register d6. To begin processing, in step 309,

t he nunber of bits needed for the first paraneter) as identified by

regi ster dodogacybtracted fromthe nunber of bits avail alpgmusesisestentifi ed
by register d7. If the result is zero or positwe, then there are sufficient
bits for the paraneter available in register d7. .Accordingly, in step 310/
the desired nunber of bits for the first parameter, as identified in

register d6, are shifted fy M’%‘%’*hgﬁ‘a‘wﬁﬁeﬁ%e&ﬁgﬂh&tﬁ%ﬁf’% ec,)MKLehe | eft and

into the high word of register n-step e nunber of bits

previously shifted from.,register d3 and intog.reqi r.d2. as.identified in
Pegi ster do. | s Risteie oy R pbgeERans tinet 32 ot B it "oy '
accurately reflects the nunber of hits fiomthe bitf stream. remaining in
the | ow word of ‘eBgilBrgrEcdyed We&%?l%ﬁﬁo g 0 3pecodenRb instructsnil 80 tg add

regi ster d2 is processed, |eaving register d2, high word, cleared.

Processi ng can tqlié\ﬂbtl?aét’msﬁe‘ttb(eb’tg’p‘ fragn thepddiesy vrlpeetyPBiiaput §6ALLhe nunber
of bits needed for the next paraneter. 2 o If the nunber of bits avail able
in step 309, is Medpcodra®bifmhen deliners ¥l ¢fH0A bexrddcifmal torthe cangot ent
paranmeter, then the result of subtracting register dé fromregister d7 wll
be negative. | n ihpitsotmskiplaxarsSiem tBa3he duvput-of 87t 80 1sViBli9&EA dfi6adified

PCT/ US98/ 18699 nunber of bits in the ow word of register d3, as identified
in register d7, difeetlyhd tiechulimerc® bo@utpadhsesaB. regi ster d3 to the left
and into the high word of register d2. Then, in step 314, the nunber of
bits previously shifted froigched Btremestdpadisl ddflesiNERibaed Bluséor as
identified in register d7, is subtracted from5 register d6, and the result

s stored in reglegidfiatoedf b BiluchRlbsiah kSTl Tt o mypabeg of bits

still needed to conplete the current parameter. In step 315, register d3,
| ow wor d, 1%?5 ! Oaéh‘?r‘{’es‘."‘T_to*LsE'FHPﬁm‘SdQ'tﬁestfef imﬂﬁj&dﬁ%spﬁkth{?wﬁ@%ﬁgﬂ i0Gopacked. so
that nore bits are available to conp &6 the current par amet er. en, in

316, th ; . i J .
dent 11 ed by r o et pela SETHE B e PRk R BRRTRI R pu

S
f7Drts then
available in register d3 w word,,.tq determ ne.whet her. a sufficient
nunber of bit s apangoulr RaE feh ot it fervale e ot b et he
parameter. If in ste 16, .a .sufficient nunber of bits are available in
regi ster d3 to cf?ﬁﬁfegpg' mgﬂ’éﬂﬁﬁ@flécr?ddf%ﬂnig SREG1A mofie 2 FERYSon i n
step 316 will be zero or positive, and the procedure proceeds to step 317
to shift the desP?Berepthsgiext idress fabaascessithl et e the paranmeter, as
identified by register d7, fromregister d3, |low word, into register d2,
hi gh word15Then, the val uel'¢ pxplag s mede Fonsides aerepses taericyalis prfEr afé product
the nunber of bits remaining for further parameters in register d3, and the
result is storedentnes; sigitmget aniFddress ©f T2ihdwhereh, repragengscheaadscimal i n r egi st er
d2 is used, leaving register d2 cleared
notation), using address, index and mode registers adr2 60c, idx2 62c and

mod2 64c. To perform this access, the address registers are initialized with the
values adr2=1236h (address of first access), idx2=1234h (beginning address of
20 buffer), mod2=4235h (ending address of buffer, with most significant bits set

to 100 to identify the cyclic increment special mode). Then the following
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(step 312), and processing returns to step 308 for the next paraneter. - 38
WO 99/ 14665 PCT/ US98/ 18699 Alternatively, if in step 316 there is an
insufficient nunber of bits in register d3, low word, to conplete the
‘paraneter, the result of the subtraction in step 316 is a negative nunber.
In this case, the process proceeds fromstep 316 to step 319, in which all
N bits are‘%ﬂ??’l‘é?fpout of 5 register d3, |ow word, and int¥FYEFBLEEP d2,

hi gh word. Next, in step 320, the nunber N is subtracted fromregister d7,
and the result is stored in register d7, so that d7 includes the nunber of
additional bits required to conplete the paraneter that has been partially
shifted into regegledte 8fnstAlctiBhs SheRied A8 redulttoRhORSY AHEreERE URA1S tO Step
315, in which a new NNbit word fromthe bit stream 10 is |oaded into
register d3, | ow,yREchias Sipsequent shifting of the remaining bits needed
fromregister d3 into register d2. The foregoing procedure, if performed in

a conventional signal pro@?%%@?’f%ﬁp'%g:wg?@gi&ﬂb spunber  of

instruction cycles. Speci in atypl Itecfure in which the

tarithmetic logic unit is sgparate - fram 5.harrel_shifting unit, it may
take twel ve nmachi ne cycl eﬁ?ﬁa&aﬁ{g d%l%&ﬁ@tlaﬁﬂﬁ aﬁ?ﬁ%cle‘gg%r to first

determ ne that a sufficient nunher. of bj ai | abl or the next

par anet er, >t hen shift the %&&H@J]nﬁ%'mgg’@ﬁﬁ%%@ﬁg{‘regi ster to

anot her, and then update a counter.  indicati nazt he nupber of bits renaining

for future parameters. |n UcEBAEAnCe GrXMEME 23Phned st E34Bf the present

: invention, 2 o these various operations can be perforned in one "extract"
or "extract residue" instrdfcKiagrz%}—~I¢=XMEM]1384hl4aBE=3FNS08118699
Specifically, refenrmg to Figs. 6B and 6C, respectively, an _ "extract"

i nstruction and amimpsgmeridhis mesle digedder A6 tietews signals fipwoprogtinbgontdeé | ogt ¢ and
barrel shift unit 32 can be used together to achieve all of the .. .
functions identi @nietB ihat sipepisl RdSssiBd hodBkheti G, dates tidlyclid17, 318, 319
and 5 320 of Fig. 6A. The remmining steps of Fig. 6A, nerely involve

| oadi ng t he nunbikregfenbinbde from the PHNAMRIEDit{ $4-¢P oBh8)modeaedstegmbédt s t o be
unpacked (step 315), and processing a paraneter after unpacking (step 312),

as wel |l as condi {degii@dd B8O fRiridion! SReli s R LBHIIbALB GontRASREaR BNt he
conparisons performed by the "extract"” and "extract residue” instructions.

which of these 10,QRR" a4 t3PShst B Melef @h#bilsicniRemuBipidkerss adifstsraeibion
perfornms all of the operations of steps 3%, 310, 311, 313 and 314 of Fig.

" Poud T S50 AT 85 G S R e bR Bt 001 19

value ADR delivered to ALU 74. Also, control logic 88 instructs multiplexer

i5 86 to deliver the index value IDX received by ALU 74 to its output. Control
logic 88 also responds to the equal signal on line 93, to deliver control signals
of 000 hexadecimal to multiplexers 84 via lines 87, so long as the equal signal
on line 93 is not asserted; otherwise, control signals of fff hexadecimal are
delivered to multiplexers 84 via lines 87. Thus, so long as the twelve LSB's of

20 the current address. are not equal to the twelve LSB's of the ending address of

the table which are 1n the modn register, the incremented address produced by

unit 80 is delivered unchanged directly and via multiplexers 84 to output lines
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register d6 in the low word. and delivers the result to the B bus 41 (step’
321 ). 15 At the sane tine, retrieval mapping circuit 120 concatenates

regi ster d2, high word, to register d3, |low word, and delivers the result
to A bus 40 (step 322). . Masker 248 then delivers 8-bits fromthe high
word of B bwoshdééand 8-bits of the |ow word of B bus 41, tyeq k@ g&?d“d B
i nputs of absoluter and decoder circuit 262 (step 323). Grcult %’ f t hen
subtracts input B frominput A 2 0 effectively subtracting the needed
nunber of bits identified by register dé6 fromthe nunber of bits available

ideiltified by registef-d7 Gy, t 2 includes circuitry for
produci ng di fferZ%t)fsout 5& g( gé]ﬁ ieﬁiégavg&e%%ﬁ ¢ sursent adgrgss equiptho 9/ 14665
1 PCT/ C)S98/ 1869 on, whet her. .t he | ues received fromlnput A
(register d7) is&ﬁé‘gegf%??js?ﬂgﬁe ng addres ﬂ’é efq??ée’\‘}éﬁndbe?@cféfit%@bkrlwminput B -
(register do6). S'Ffecnig‘%lulﬁ%je tf. fhe result of subtracti n? regi ster dé6 from
regi ster d7 prodUfEBS mulfipiexrs 84 rendacs thaavelvsr LSRje af the dnczementedsi r cui t

.. 262 produces 5 an, output on lines 258 which is equal to input A i.e.,
' equal to the nundfidFesyprogged bydimtishi wih the twelye 458's af3hasanidgnidkisad by

regi ster d7 {steps 326 or 327). If .i :.-.1 the result is negative, circuit
262 sets tRe " NEGAPrifE defivered Grough mesgmexet 86 yifed@vely produbidlz @abatpulist  an

i nsufficient nunber of bits were available to conplete the next paraneter.
If the result i sthe&Ld] 740m budst78 26ichsie equal hetht RREs dddags onthe buirge 272 (step

+ 326 ) to Indicate that a dust sufficient nunber of bits were available to

conpl ete the next paranet he bileesrsatpechl xddrEJsirIghﬁo&iiEE%d%Pﬁaepﬁf ween the
needed nunber of bits identified by input B (register d6) and the avail abl e

nunber of bits iderdiohd @dh by fasriitieArdds@FHnS {1 Wwhih)dalaS n,Zer o
(step 325), circuit 262 15 outputs on |ines 258, tF?llea 33{1%&?%&}{]@@ circuit

262 on input B, dnufes.s QebREd By bilgevRE N register dé) on
|ines 258. At the sane tine, 'cilrcuit 62 Jgdﬁéragou?égpa@eﬁ?f@mgnd " ZERO'

f1a0s o0 Lbnes 2 a0driany et AlulABRE GISRROGSLERS 22Raadeh O 327),

the absolute value of the difference between i SBOEEESS s out put

by circuit 262 e . o t.er stoxage vi DATA bus 37 into
regi ster d7. Ongeevglélﬂaclz‘lﬁ%l?@%ggﬂh%P%géﬁ%?léfgas ?%‘é‘saé'raéd’glzﬁf'?tﬂﬁ%}o circuit 262

has produced on | indi.cati on of . an appropriate nunber bits to
Shi f[) Tl VO %%é@%&ﬁ&‘mzeg , 18 per?ormed by stongg thepvalue 2™ in the index

register 62 and the value 5000 hexadecimal in the mode register 64. To
implement this mode. decoder 66 detects signals from program control unit
15 18 that a special addressing mode is activated, detects the bit-reversal mode
from the 101 value of bits 14-12 of the mode register modn identified by the
instruction, and delivers the appropriate control signals on lines 68. In
response to these control signals, multiplexer 82 delivers the index value IDX
recetved by ALU 74 to unit 80. Unit 80 adds this value to the current address
20 value ADR delivered to ALU 74, in its bit-reversal mode. Control logic 88
causes multiplexer 86 to deliver the value 0000 hexadecimal at its output to

multiplexers 84. Also, control logic 88 delivers the twelve LSB's of mod»n on
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PCT/ US98/ 18699 for the current circunstances. Accordingly, in step 328,
the barrel shifter 242 shifts bits received fromthe A bus 40, from
regi ster d3, low word, into register d2, high word. The nunber of bits

'shifted by barrel shifter 242 is equal to the :_;; nunber of bits

identified _on |ines 258 produced by circuit 262. In step §o result
of the con&: 93ﬂé#gd shift perfornmed by barrel shifter 242%@%% Stored
back into the high words of registers d2 and d3 by storage mapping circuit
| 22. At the sanme tinme, in step 330 storage mappi ng circuit 122 stores the
absol ute val ue of the diff rence co CI rcuit 262 an I|vered to
XDAT A bus 37, 1RESrasGPey F‘gﬁ?“‘i{ﬂ‘n&?ﬁﬁﬁ 4. s iha %P&t%"ﬁ e85 red by
the 10 "extract" instruction. The "extract residue" instruction perforns
all of the oper Bf9d8¢ed Wf““é‘t%’ﬁ%d@T’Gred?P?haI@E‘éd“%ci’Q and yizgppltiglexers §4 15 A, | n
decodi ng the "extract residue" instruction, first, retrieval mapping
circuit 120 del iovepslineegpof ALUIA.t 0 t he low word of the B bus 41 (step
332). At the sanme tinme, retrieval nmapping 15 cucuit 120 concat enates

regi ster d2, high word, toheesgroesal ddde tambewsedlto rendrmehif¥dres t he resul t
to A bus 40 (step 333). Masker 248 then delivers the 8-bits fromregister
d7 on the d ow wdifferaft stepeizB Duwhé k#ho Tohie this idpuiis sef toahs odiud eandnd decoder
circuit 262, and at the sanme time, supplies a fixed value equal to the

nunber of bits igk ESEHoDIEKark eadsd. Fot exangé, 5h FTHT s(24/8i ah beay be 2 o
programmed to be 1 b or 24), frominput A to the A input of absolutes and

decoder ci rcui t pgfgmical ik hadrEAOT30 GbidabliinaR 69 st basssgonput B 17 om
i nput A, effectlvely subtracting the nunber bits needed to conplete the

paranmeter - 42 mod%%&'ﬂe&@c@@uﬁ%@%ﬁ%&%%xa&e@ﬁ@&' fied by register d7,

fromthe nunber N of ts avallable 1n regi st (step 33S). Circuit 262

| ud t f 8, 270 and
272, "based on whet her t he JaMTRGOVEELP veﬁf%@géﬁ?l“%ﬁm‘i‘@s e U B o a7) i s

greater than or |ess xed val 5.Spec al | if the result of
subtractlﬂ r egi s?feé?m%?%{f% 150 I‘P 5?8’&0 vu’é‘:fel=r ncﬁt u%%sera\év\fr?sc"ﬂmla%l | ess than
or equal to zeraq, .circuit 262 duc n.o S 25 |ch IS
equal to input ADdsx1gthe 18&15‘8{‘ 0?63'?% Hﬁﬁ‘ﬁ L{N éﬂ‘le b??%‘a%dw% f&%step 337
or 338). At the sang tine, if the result is negative. circus 262 sets the
"NEGATI VE" flag %‘T’Fq PRgD %T’é)a‘("é‘taé‘ﬁreé%g)azt @OBn‘?aﬁﬂflt?ata@ affrgss S¥SPRX bits need to
be shifted to conplete the paraneter. If the result is zero, circuit 262
sets the "ZERO' 41V1a@160‘?v2?n£0 BSENOMSldpble dqokup an ¢ trlecefisizerhdtits ke i e bit s

need to be shifted to conplete the paraneter. Alternatively, if the
di fference bet we@pf thhmode eagestermadned 20¢ sdiite & valdenf 1" bd foy MbBaof e
(register d7) and the avail abl e nunber of bits

15 modnr register are set to the value 0110, and the remaining bits of the modn

register are set to a value of "0". The address register adrn 60 is setto the first
address in the table to be accessed and the index register idxn 62 is set to the
index of the next entry in the table to be accessed.
To implement the regular table lookup mode, decoder 66
20 detects signals from program control unit 18 that a special addressing mode is
activated, detects the normal table lookup mode from the 110 value of bits 14-

12 of the mode register modn identified by the instruction, and delivers the
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identified by input A (the fixed value N) is greater than zero (step'336),‘
circuit 262 outputs on lines 258, the 8-bit value received at input B,

i.e., the needed nunber of bits fromregister d7. At the sane tine, circuit

262 clears the "NEGATIVE' and "ZERO' flags on lines 270 and 272. In any of
t he above o@as®Aa4dest eps 336, 337 or 338), the absolute 2 0 pcaluses/mseod he
difference between inputs A and B, is delivered on lines 268, for |ater
storage via XDATA bus 42 into register d7. If the negative flag is not set,
d7 will then identify the nunber of bits remaining in register d3 for

further - apio 7&?&(@6&1@%1 Egééoéﬁ%%%%ﬁ?esg@gs&msé&mbi5&‘11?5 negative

flag is not set then“identify the nu of addition bits that

st be Sh'ftednﬁx(?tcpqg){gpkgﬁgé\%&e{hg%lw&ﬁ)&hexg@ﬁﬁnﬁ'tgﬁh'x't%%5§§n@6§d&0npl eted

t hese operation Ircult has produced on |1 nes
an appropri at e s to 5 far curr.ent t :
Accordingly, i %éag“%g’éhe fhe" ardrr%sf v%‘HF fdté l?%‘hv redhmf’AtlgU B Sﬁ@@éﬁ%ed from

t he A bus 40, fromrelst d rd. The
nunmber of bits QHWPY%@"W%H%F\‘“@F totﬁl’??‘fré?“? €3S Vaﬁ’&uﬁ%%ﬂ%@'ﬁﬁ%r of bits
identified on |ines '758 produced by circuit 262. In p 340, the result
of the corfcat endfe§oufpll 9slﬁé§'ﬁa+smuwl%arf%$o dejiver;the H@a&vﬂgem?én 10 stored
back into the hi gh word of register d2 and | ow word of register d3 by

st orage mappi ng delivesed to AlAD 74 fq its olspw ape muylpplexdary 84t Ajsoluintret logia§8 mappi ng
circuit 122 storage the absolute value of the difference conputed by
circuit 262 and ddivyarytheadelvoLEBADATdE 08 Tines &1 as jantrol siggplstoer d7, to

conpl ete the operations performed by the "extract residue"” instruction. 15
As a result of nhanplexsegdd.nhiopersed thosesnylepleaendd réneivanga higlhvaldeext ract " or
"extract residue" instruction in accordance with the principles of the
present inventi Gies 81,lio Sdlect tR coRePOREINY DRIOVERS FoAgmb Fle&@rmﬂiﬂtliieﬁIGfStepS
309, 310, 311, 313, 314, 316, 317, 318, 319 and 320 of the bit unpacking

process ofg Fi g. t&%&ﬁap&ﬂnﬁqmlﬂm%wuﬁlem rR6fe thaA RSt 2 @¥lkofGike tefedue”
instructions. 2 0 Specifi cal | y, to perform an unpacki ng operation, register

d3 is |oaded w tiy 3 pb?t‘ﬁeHo@H‘ré*ﬁerbdré st kd £aMm vdh?eg'ﬁgz?fe]gﬁ? theSoiik opqual to

N, and regi ster d6 is |oaded with the desired nunber bits for the first

paraneter. - miiR09s ?&E{u%ﬁg%}tg’%g@l lgT o?ﬁ{% %&%Afa de§bxParanet er

e ARG et
Into resister dé ea single extract® nsttucuon | execute he extract

instruction. if &eﬂ@er%ﬂ XEJ J7fgoﬁc§1tegglted $§ Bx’ts *(pt%rh of the address value

ADR delivered to the ALU 74. This produces an output on lines 78 which is

equal to the address of the desired location in the table.

o}
ut

The small table lookup special addressing modes is also used
for accessing a table of values in memory by reference to a base address and
an index to the location of a desired value in the table. The small table lookup
mode differs from the regular table lookup mode, in that the small table

20 lookup mode includes features for preventing underflow or overflow of the
index beyond the boundaries of the table. In the small table lookup mode, the

index, if negative, is forced to zero, and if positive, is forced to the maximum

- 24 -

&N indi cation of’



il

the paraneter in register d2 is conplete, and may be used. In this case,
after ' the paraneter in register d2 has been used and register d2 cleared,

register dé6 5 may be | oaded with the desired nunber of bits for the next

paranmeter, and the extract instruction executed again. Wenever an extract
instruction is executed, the paranmeter in register d2 wll | et e,
unl ess t heWP2Y8ATI VE flag is set. Thus, the process descFF%@&sﬁgﬁp *he-
precedi ng paragraph can be repeated until all of the paraneters have been
extracted or the NEGATIVE flag is set after executing an extract
instruction. Wien the NEGATIVE flag is set after executing an_extract

i nstruction, th@denifigsserthandhs paymam index. cAtip 1saelar hlgilegkap, higtaple | oaded
with n additional bits fromthe bit stream and an extract residue
instruction is mredstodd sizgR( and kg dtenpddressatd 20 hewndanh@ e NEGXKArSE flag i s
set, to conplete 15 the needed paraneter. Thus, all of the operations
needed to extr aetenty dewsibiecny Hunbe nsectnmabii thisle igadmy tihe tabiet of stze @3 rbits (bt ai n
further bits fromthe bit stream and keep track of the nunber bits

avai | abl e can beg) tpdrdfangmdddnegistee moex toh aed set ardvalexéf atithe fmr MBH's
instructions. This represents a substantial reduction of the 2 0 sizable

nunber of si NSt r YEthe eHvtin Wik a005H8: & the varudionar, iahy thearemaraifthiis@fitEp! enent t he
procedure of Fig. 6 A and provides for a substantial speed - 45 WO

991 14665 PCTI USRR4] 8098er drdlsck RASGaltX ofP100C RS hdteddYedibler Dbl BlseSbgnal
processor in accordance with the principles of the present invention. It

wi || be noted thalhd AaldeinaROuSIh BEUISLON oS afcaBLEACT i0aNds XY act

resi due instructions, the nasker ogi cal unit 240 are not used 5

for functional erg%ﬂg%\g@n%é‘ ig&@gg@gg}%eegcgﬁg&ents of registers d2

and d3. The nas I"ogi cal’ "uni't can, however, be used for sign

extension of paraneters shifted into register, d2. To,achi eve i s, masker
248 includes a function f P“B%“:E‘Fﬁ‘itﬁ? %%ﬁ%ﬁ%@%‘%ﬁ%ﬁ?ﬁ? erl%s\t/\()b%%
received fromA bus 40 has a "1" or "0 val ue. Thig bit w Ié be the scan
bit of the 10 pAERRSTOM PRSI SR Mt f P A P ERfeldl Bfdrass e iPedsiagi ster d2.
When sign-extension i s enabl ed, nasker 248 produces a 56-bit_output to

| ogi cal unit 24@°®yatqd; Aetectdthy smah biglopkep pade Bowrthe {1 yalpg ofguigddo

hexadeci mal when the MSB of the |ow word received fromA bus 40 has a 1

val ue, indicat i g of theapedei rogistsamae idsntifies byhthe insguetinn, gad dedivers 000000
000000 hexadeci mal, when the 15 MSB of the | ow word received fromthe A bus
40 has a 0 val ueppioheste spmirpl edgnelaon dined 68. dnakdpeuse tb dhse adntrphisignal® f orns t he
OR of the output of masker 248 with the 56-bit val ue received fromA bus
40. Thi s causes migpiskg82hictivays thiclvelup H080rbt e imaf toachit@t 1hfit 80egidst er d3
into register d2, to be extended throughout the upper portion of register
di. 2 0 li1zw || thikvalube theeder: AddresshaliexA DReieliodred eXALHCM, sieh iticht the
instructions can be used for bit packing operations as well as bit

unpacking - 46 output of unit 80 is equal to the current address value ADR delivered to ALU

74. Control logic 88 delivers the twelve LSB's of modr on lines 87 as control
signals to multiplexers 84. This causes those multiplexers 84 receivinga "1"
value on lines 87, to select the corresponding bit output from multiplexer 86 in

20 lieu of the corresponding bit output from unit 80. Note that for a table of size
2", the n LSB's of the modn register are set to a "1" value. As a result, the

output of the ALU 74 on lines 78 is equal to bits the (n-1) to 0 of the value
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WO 991 14665 PCT/ US98/ 18b99 operations, by pro~~idina an progranmabl e shift
direction in the extract instruction. As one exanple, to pack 6, 12 and 5
bit paranmeters into a bit stream by extracting these paraneters from -
16-bit fixed-length words, the 5 followi ng steps can be taken. First, put
the first Lo iseds xed ength word into register d3. Next,pSi#Qgs18¢9¢ nunber
of vacant bits in d3, to be renoved by packing, Into register d6. Then
store into register d7, the value 1?, which is the length of the second
paranmeter to be packed. Then put the second 16-bit fixed | ength word nmto

regi ster d4. Thep., .use.the extract instruction t.o ift fromd4. the
nunber of bits i%&ﬁfﬁe?&fé’a’ IF’H}“B%“E %)é?f?]%ca'ﬁaﬁf‘?fonmgslgéains#grfe " Then use the
extract instruction to shift fromreqgjster, .d2 to the left and i_nto register
d3, the nunber o‘fahlﬁ‘?‘-ﬁRi‘?f H‘ErF‘ilfoe%‘eiAﬁ'%’S?‘f' } PRARCHIFRPPIRY eheErs Jfber of bits
identified in d7 to the nunber of vacant bits identified in register d6. If
nei ther of the NEmalrpEgypl totesddress ef the desiief logqunr wothe kbl itheeibeihe r egi st er
d? into register d3, then there is roomrennining in register d3 for the
next paraneter. underflavssigaal on line 8P enar thepvedlpivssignal on fine Phareagseied,5, whi ch
is the length of the third paraneter to be packed. Then put the third
16-bit fixed | engintrologd d8tapsasayilplexer @4 to déiper isandeherabieiHct i nstructi on
to shift i'romd4, the nunber of bits identified in d7, to the >sght into
register d2. 2 Odeliveredus AN @ty dgiut andinultipldxern f4pamihthé butbttun liregi st er d2
to the left into register d3, the nunber of bits identified in d7, while

conparing the nunbeiil B ediial & thélRiakkdd 18€ktioR itlihe tab1d. NE tiAHAEITIoO sigtarant bits
identified in register db. - 47 WO 991 14665 PCTI US98J18699 [1f during

the step of shif & nge 66 RMs4PGh ShE cohéol RER F5edhEh Mulfilexer 861 Mivet D
NEGATI VE or ZERO flags are set, then register d3 is full. In this case. the

contents of d3. WLE: @08 nedadiemith Al butplank Afudlibe! £ MR@TR QHELPUL L0

menory. Then the extract residue Instruction I's repeatedly eXecuted, as 5
descri bed .above, ,t0 | f4. i j f [.S i regi ster
a3. “when dtt ner 1HE Ritkatael inf ERID BPoRblbniinEyS ERShERaGR Pl {0 0
extract residue k.nstructio nfeturn to refi,ll register d2...th further
bits as describe rsggotf\?té(.m \’)fqﬂf fagﬁat I‘%’ ad‘r‘g@gﬁw Cr”?\%ﬁioflbﬁgllfgis?xt‘)%lgﬁ | ustrated
by a 10 description, of ~~ odi nents and whil e these e di nrents have
been descri bed iFFCE{yﬁiP&%Véwﬁﬁﬂﬁa’neﬁmﬁs‘/a tast%BbFQFtﬁﬁP‘i“g‘ﬁgBTat he
applicants to regtrict or in any Wa%%l jmt the scope of thcf appended cl ai ns
to such detail. AHdVAYoRE! bisgvairh BiRsMaRPifbtindrtalohX apd formati | y appear

to those skilled in the art. The invention in its broader aspects is
therefore not |i #ngetowgignpombnesb): ifthere fonoyan ynderlpy egrdition: @y@thappar at us

and nethod, and illustrative exanpl e shown and described. Accordingly,
depart urestimay beverddw signahes linh9Yistassared.iherneantroblogierisi aayses rwHntexer spiri t
or scope of applicant's general inventive concept. Wiat is clained is: _ ~8

_ 86 to deliver a value of ffff hexadecimal to its output and multiplexers 84,
forcing the index to its maximum value, and causing the output on lines 78 to
be the address of the last location in the table. (In the absence of an overflow
condition, bits n to 15 of the index value IDX received by ALU 74 will all

20 have a "0" value. At the same time, bits n-1 to O of the mode register modn 64

will have a 1 value, and so the output of OR gate 94, which is the overflow

signal on line 92, will be "0". In an overflow condition. one or more of bits n

- 26 -



WO 99114665 1. A digital signal processor, conprising PCTNS98118699 a
digital data bus connected to a digital data nenory storing digital data to
be mani pul ated by said digital signal processor, said digital data

i ncluding a table of data beginning at a base address within said nenory, a
program conyk e, dgg{t fetching a plurality of instructions ﬁgﬁ@&ﬁ pQe2
program for sai Igital signal processor, and responding to $%rd

i nstructions by generating conmand signals controlling operations of other
units of said digital signal processor; a register file stonng digital

data; at | east [ ni.t. c ected ram.control unit and
said register fﬁ?is gﬁ% P eﬁd’ﬁ‘d‘l z]g rsceév(?fir#?&@ig%&é}f e VF‘SFTH’%BF gital
data processing data in said r ster file;,and address generator
unit connected tgg§§?rdia‘d‘?rljl ‘E’SIO“WQE%F@%?EQ& Hg i F%ftg‘fiol"%‘ fowpignal g
program control unit and respondi ng to command S|gnals to remeve and store
data from and t ®ndiied2avifi ﬁ) Hata nenory to and fromsaid register file
via said digital data bus, said address generator conprising a base address
register storing digital dJhgramsdisspoasacrementaad snmediate nogsdecaiuimess of
said table, an index register storing digital signals representative of an
address of 5a desiddedsingmadesranse anmeedaite whlegconghnitenceet ntedhed a<. ~<' G ~.r
‘7 ~~" ~ ;~.i1,~t o, i~-P"'" -s~"'"~"'" ~_ | base address, and a
concatenat or foringonden eoaivediby piogiatradonsblnad 18, stteraided or subtracted ~ - ' -
.-t a" c~ ag WO 99/ 14665 PCT/ US98/ 18699 said base address reglster
to digi tal si gnafrém se@uardnt dddeas daliid) dibesd BOdS a6 implerf@nal B @coderaddr ess of
said desired data entry in said table in said nmenory. 2. The digital signal

processor of cl ajefdghiAMENE bpproghde MdBd. %ndﬂ@é‘ne?ahﬂ%@@xﬂfol@fgn@l@tcﬁﬁs%% ggual to
two raised to a positive integer power. 3. The digital signal processor of

claim2 wherein saidhCAMALRRRGAL vﬁ@él% fs&raffgegggfmﬁ{mﬂfo%mko §d gnal's from

said index register for concatenation to sal si~rials fromsaid

base reai $her SSRHTPEL iffex ik 13K o2t 7 MBRLISOMZln L QoRRILPOST L1 Ve

i nt eger power. SI gnal processor erein said

concatenator tr ut%Caahvert 1s vzlljl cPdar essé(?sﬁ?ddse {sfc:gj{ﬁa chﬂggdci‘ﬁ u é’g{lﬁlgs from

the digital S|gnals regls
remai ning digital si |aI fromS|d Yf%res r to sald dlgltal
signal s from sai ‘6“‘?%%%9 theladtdéejf’ ¥? AB c‘&m [{.ﬁg ?‘éetleaﬁm*fl
truncated fromthe dl/ %8 na Wéiep sai d hase ad ress regl st er be| ng
equal to said poSqHTOYVRSICHCdEEFUS 1vag cortrQl stgngls o value Qi pexsfesimals or ~of
claim4 wherein said . )
to multiplexers 84, so that the sum or difference of the address value ADR
15 received from ALU 74 and the immediate increment or decrement value are
delivered directly and via multiplexers 84 to output lines 78.
The last addressing mode, immediate indirect, causes a constant
address encoded into the instruction received by program control unit 18, to be
used as the address. These modes are implemented by decoder 66 recognizing
20 the appropriate mode, and generating control signals causing the contents of

the immediate value register of the program control unit to be delivered to the

appropriate address lines 29 or 31.
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concat enator selects a ntunber of digital signals fromsaid index register
for concatenation to said digital signals fromsaid base register, said
nunber of - 50 WO 99/ 14665 PCT/ US98/ 18699 digital signals selected from.
said index register being equal to said positive integer power. 6. The

di gital signabypeescessor of claim 1l further conprising an pdgesosaesaect ed
to said index register and having an increnent/decrenent input for

receiving digital signals representing a positive increnent or negative
decrenent value to be added to said digital signals stored in said index

register, said adder recej\Wifnge db@d il inS GRS hEOMCR AL Fhat ﬂﬁ%@fatéc?ﬁh' ster,
addi ng said increnent or decrenent value to said dieital sisnals fromsaid -

[ ndex riogi ster. pAndnshAk iR Mlaibel I8 0RRISd SHERRRA LB ARG G NG Sum

in said index redister Igital signa processor alm 6 further

co_rrprr sing a | gg? orddI G %0?9 thé mﬁg{ gmaeggtﬁﬁbm tgblg SL’I ﬁ;ilrgcttlectI ng whet her

sai d sum produc y sai T adder €SS an-zero, “and T F€6 st or i ng in

sai d i ndex register Lepresenti ero. 8. The
digital signal EF% e‘;sds% @r @Pgﬁ% 5132?9’ ¥ &‘8&%#&"1‘{6 g”el‘l"‘r‘rﬁer connect ed
to said adder ter detectj ng ether said_ s oduced y said
adder is dreat er‘Wﬁ F@Hdlaﬁ“‘blf‘p%é‘?ré\gq‘ém “Rl?ﬁes%r?‘ﬂ%ﬂ’eg%ﬂ prRton Ff so
storing in said index regl ster digital signals representing a val ue equal
to said | ength @esizgiagdresiipable Soat outpuinesd/R1A665 PCT/ 1 JS98/ 18699 9. The
digital signal processor of claim8 wherein said Iimter detects whether

sai d sum produced by sai dRaf¢dens noy todsg 4 Hemilyeftbe arghidedifregnd st ores i n sai d
index register digital signals representing a value of zero. 10. A digital
si gnal processoroperbompoef thé bgra sipfiagd dopicdnbit 32 cambd mbetfoliy egplangd.ural ity of
instructions conprising a programfor said digital sienal processor, and
decodi ng sai d i ristronet daeires, thy baresh ehifitahé togieammin @2 ichial s lepdntnio24d ng
operations of other units of said digital signal processor; a register file
stonng digital daiiet peafoshi deld @giseadh 46MNDCORNEE DEOR (& chivé og), @givam cont r ol
unit and to said register file and responding to command signals to perform

digital data progesahsy sthEé@'MZjﬁﬁ-anﬁfhosaadxgxtil%?dréE%f)ccﬁﬁédenun%‘r drei ft/1ogi cal
unit conprising: a Logic circuit respondr ng to command signals to perform

data n Said ?Z‘S{*%%@e?“‘r@'fﬁaﬂg‘*“ﬁ@ R b 2 e R R S

stored in said rrgg{nsl;ggsuflg relo@ﬁd an XOR gate for perform ng an excl usive
OR of a first and a second gital signal respectively selected from
digital signals stored i nPag

file.

a'iso 111@5@%&% it %%Qengeth Qhess[treuc:tu% 0 r%lglcsiteg ﬁ%‘ ster

15 36. The register file includes eight general purpose data registers d0 through
d7. Four of the registers. dO to d3, are 56-bit wide registers, and the-remaining
registers d4 to d7 are 24-bit wide registers. The wide registers d0 to d3 are
separated into three fields: an extend field dOe to d3e, a high field dOh to d3h,
and a low field d0l to d31. The extend field is 8-bits in width and the high and

20 low fields are 24-bits in width. The extend field contains guide bits for
overflow, and the low field contains precision bits to reduce rounding errors in

multiplicanion. The core 24-bit data is contained in the high field. The narrow
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11. The digital signal processor of claim 10 wherein said program control
unit is responsive to a CRCinstruction to performpart of a - 52 WO
99/ 1A665 PCT11JS98/t8699 cyclic redundancy check operati on by generating
command signals to said register file and to said shift/logical untt,
wherein in_re e to said CRC instruction, said XOR gat an
excl usi ve Yﬁ%ﬂ%{l siatials sel ected from said first ang)cg. %%Wg

regi sters, said | ogl c circuit generates a logical AND of digital signals in
said first register and digital signals of a predeterm ned mask, said
shifter concatenates digital signals output nomsaid |logical unit to

di gital siarial gegisiorndddp d7 srecdiguedrie hedtigh fieldrnd ththwidegegiberscorsbawenat ed
string of digital siartals by one place, and said register file stores
digital signals aFipudt If pther waidel tsdmartoer registens daicdd T do sdt handgwae vitssecond
regi sters. 12. The digital signal processor of claim1ll v~~herein in
further responseardd®réidish K8BC i nstruction, said logic circuit generates an
exclusive OR of digital signals in said first register and cyclic

redundancy check paramet ergheafdisiy/adeenil $6ad theGageDitifn@iogRal i 32 sai d
first register. 13. A digital signal processor, conprising a program

control ungt fet Do 5RLbiaak td Yrod®i '635”&9&1&50%11&%{?12?3&@5{!% Kogram for
said digi tgl Si g((r;l%lk p(r)ocessor ot 1¥ro Cgcbodllng sai d WO 5§P§4665

PCT USO8/ 18699 L ASkidiGh Qm?,rég%mg%ggr 36-bROpEANBRRY 31i00al & HADES & ghding

oper ations of ot units of sal igit gna processor

bus. connect ed to%éiavcaglstbatl Qr?&ébﬁg‘)‘{oyan%tﬁ”%gb& {ﬂtt %eél a# btélougx?tgﬁg ng

mani pul ated by s |g| S|gna processor

digital data; an ress tor un| nect_ said digital data bus,

said register fi F’é‘ SRYE PG g%gﬁiﬁ?i)eéfsé% %%ﬁé]%ﬁfr Dﬁ%lf 85’9?84Sespond| ng to

command signals to retnev nd s ore data éc([:lgm and to said digital data
i

menory to and fromsaid r E’E%? Pt Valug fsFead ramgng e Paridestiers d4

shift/logical unit connected to said ﬁro gram control unit and
10 to d7. the 24-bit value stored in the register 1s extended to 56-bits. This

funcuon is performed by a retrieval mapping circuit 120. In this operation, the

24-bit data in the narrow register is extended by concatenating 24 less

significant precision bits having "0" values. and by concatenating 8 more

significant bits. The 8 more significant bits have the same value as the most
15 significant (sign) bit stored in the short register.

When 2 56-bit value generated by one of units 32 and 34 is
written from the C bus 42 into a short register d4 to d7, the 56-bit value is
truncated to 24-bits. This function is performed by a storage mapping circuit
122. In this operation, the more significant 8-bits are truncated and the less

20 significant 24-bits are truncated, and the remaining 24-bits are written into the

short regster.
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to said register file and responding to command signals to performdigital
data processing upon data in said register file. said shiftJlogical unit
conprising: a short adder for conputing the absolute ~~alue of a difference
bet ween the binary value of digital signals stored in a first register of

sai d regi stfodfisb®d and the binary value of digital signal spst@éRFsded 2
I

second register of said register file, and a shifter shifting digita
signals stored in a third register of said - register file into a fourth
regi ster of said register file, said shifter being connected to said short
adder for shifting a nunb of bits identified_.by an output of said short
adder. 14. The digital si ?ﬁ‘&fﬂ eﬁﬁ’%’é‘é@?ﬂ?“&’f‘ca&‘%f S IRSISE APV progr am
control unit is responsive to an unpacking instruction to performpart - 54
W0 99114665 PCT/VAGE REES cp nam\\i"srﬁe%svféatg%ﬂ'gw ceRlex fighglisgral oper ation by’
generating command signals to said register file, address generator unit
and shift/] ogi cdIFOEATIRG, WFROHETCAUTIAS thesse AS addidonaA s TUFHPICRPISE nstruct ~on,
sai d short adder conputes the absolute value of the difference between the
bi nary val ue of digital sikpta¢wel sappieglcironisi@iOdnfistosagerragyipsngedircaitd22 he

bi nary value of digital signals stored in said second register, and when

t he bi narysval ueslsafprovige additisnal fimlcsorsst wsefatlin perfoainthgf dyck¢ radegdanter is | ess
than or equal to the binary value of digital signals stored in said second
register. said sdweckingaslhit pickirfuriphekimbeerations ¥alicseribdd sel@v.di f f erence in
said second register, and outputs the digital signals stored in said first

regi ster to sai dspebifichl®y, retfievaMA@RpnBRirBhi0 87/ inkRldbea BinclbWidral si'ttals
stored in said first register is greater than the binary value of digital

signals stored iRnsakthupea ek 88tSEEM 0nd Atk &NALR a@ggﬁfergb,%i%thr: he
absol ute value of the differefce in said first registéer, ~and outputs the

O oo s el St s s sttt gl e, o

sl gna tored 1'n sal ird register

i 0 snor adder= e p EbreaRiic: HUATPSTLBRhAR B8 pheal, PR AR B 1T O

processor of claim 14 wherein.in further response . sai d..u cki ng

i nstruction V\henhlf‘ﬁtéonﬁﬁgdp?%l%tepa{f T e ] Cg’inéﬁ‘&hg’esd?%ﬁ@aggﬂo‘gai d first
register is less_than or equal t he, hi nar alue_of .digital a signals
stored in said seCH$a™EG tcé’ic?“g%é chﬁ’gasr@b%“%%‘f&? Q’t”&?"‘h%rtseﬂaéat“ingéves
digital signals fromsaid di %i tal _data nenory. via said data bus, and stores
said digital sigraPETsSHitdamyCits A scaypdngethe orehef thegespli R 24-4Ral s are
stored tn said first register, said new digital signals havma a ~~al ue

i ndi cative of thEomihblow werdipfghe weuls(bita 3P D) radstara thehchevasd gnddaw st or ed
in said third register. - 56 .A h. AU@ ALh

A S. AL{ L3AA@ A®DId into saparaAegisiars; Ag., tashiglawand bf the reshlt mag@balstoredA{ , . A. . A&U

A9y, Al LA Yy. ABA Auy. A. . ALh_. Af. AsU. AAS. A hr. A&h. AF;
% A. A9L. A. A&L. Ahtritoe Ajgh word of register d0, while the low word of the result is stored
. A&Y% AU _. A9. A{f% AL{ . AF. AOHyL. A{. Al % A{, . A39. A4. A% A )gwKb  #hU
into the low word of register d2. The use of this functionality will also be
described below.
Within barrel-shift and logical unit 32, individual registers or
20 combinations of two registers may be accessed by logic unit 240 via lines 246

and 249 so that logic unit 240 may perform a logical operation upon pairs of

registers. Logic unit 240 may further access a masked version of data from
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] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Gh3} gO

[d}xsni d_z]]U ] ca] ca] ca] Cahﬁﬁll%ﬂ]f?ﬁ]d%lzﬁé]&1@39%5%%89&&%%1%’&8%1&a] ca] cal

ca] ca] ca] cal] ca] ca] ca] ca] caJ ca] ca] cal car

LT EE T o b e e

e val 9 ered a

]l_c_a]n}c)a]sc]a]jcg] ]C?JL;]@%E L]tﬁ +ﬁ;‘£%?g%i;;é]a§égn] I?eLiilfcél ] 6a] 4 ae]sca] ca] ca]
C?]C?i]sfa] ;a] \sa} Cb CHes ] ; ca cal ca ca]r((::l:] ca Z;] ::la] ca] ca] ca]

\ 1ca] ca] cja] cg] cg] g&]‘“ﬁ'}] %{‘Lf'&‘!&]‘@ %%L}f@&f%awéﬂé]f&%% ps 37 (see Fig. 1} whic

[6:{b" 1L(V_&, | wnmhc™Y]] U] cal] ca] cal ca] ca] ca] ca] ca] ca£ca] ca] ca] ca] ca] cal caU
] ca] ca] ca] ca] ca] ceressnis dccabpeltecincqfdby ¢isferearebatveen thr binarysigne) on

G wr mhc” X] ] UU cagca] cal ca] caélca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalcal]c
a] ca] ca] ca] cal] caipes}tednddhebinawy|stariaton es26%] I8¢ @sokueriid cirtgitkd2]isa] ca) ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]lca]ca]ca]ca]ca]c
a] ca] ca] cada! P, |shmplified 8-bit adder, and relatively rapidly computes this difference, thus

a@ ~K+~I | wmmhc”Y] ] UY] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] ca] ca] pajwidihg edpidiproadssmpc diaj 08} aRb $yodgtss a value on lines 258

+}f TX| vpkf a\ W] ] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] capdiediv ot ahampeiedfitie ke B Sahed/sy ¢datmest b Hage khiflel 04d.ca] ca] ¢
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calcalca]calca!]F5i-{F.vY4 wmnmhc”Y]]]]ca] cal ca] ca] ca] ca] ca]ca]ca]ca]lca]ca]c
al ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]ca] ca] ca]talcalca]calcalcaljcal @ =1 \

*lo
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This value may be dertved from the output of the absoluter, or have other
values as determined by control signals from program control unit 18. As
discussed below, the combination of absoluter and decoder circuit 262 with
concatenating barrel shifter 242 permits relatively complex operations to be
5 performed in single machine cycles. Eight-bit absoluter and decoder circuit
262 also has an output on line 270 which indicates whether the digital signal
on lines 266 received at input B of circuit 262 1s greater than the digital signal
received on hines 264 at input A of circuit 262. This signal is referred to as the
“NEGATIVE” signal. Finally, circuit 262 produces an output on line 272
10 which indicates when the digital signal on lines 266 received at input B of
added 262 is equal to the digital signal received on lines 264 at input A of
circuit 262. This signal is referred to as the "ZERO" signal.
In addition to the foregoing, barrel shifter and logical unit 32
also comprises a 2-input XOR gate 277. A first input of XOR gate is
15 connected to the most significant bit of the high word of the signal on bus 246
(i.e., to bit 47), and the second input of XOR gate 277 is connected to the most
significant bit of the low word of the signal on bus 246 (i.e., bit 23). The
output of XOR gate 277 1s a 1-bit digital value on line 274 which will be
referred to as “N”, for reasons discussed below.
20 Barrel-shifter and logical unit 32 also includes an exponent

extractor 276, which calculates the number of redundant sign bits in the value
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notation.
Refernng now to Fig. 5A, an operation for performing a cyclic
redundancy check on incoming digital data can be explained. A cyclic
5 redundancy check typically involves performing a sequence of XOR
(exclusive or) operations on words of incoming data, and ultimately
comparing the results to a cyclic redundancy code appended to that data.
Cyclic redundancy checks require the use of a cyclic redundancy parameter
and cyclic redundancy code. One manner in which a cyclic redundancy check
10 may be performed by the processor shown in Fig. 4, is described in Fig. SA.
The procedure of Fig. 5A begins at step 280 by placing a CRC
parameter, which may be 8, 12, 16, 18, 20 or 24 bits in length, for different
applications, into register D4. high word. aligned with the MSB. Next in step
282, the high order word of register d0 is cleared, so that the CRC code for the
15 data can be generated in the high word of register d0. Next, n bits of incoming
data to be redundancy checked are placed into the low word of register d2
(step 284).
After these initializing steps, the cyclic redundancy check is
performed on the n bits of incoming data stored in register d2 by repeating the
20 following steps n times. In step 286, a value N is generated by performing an
exclusive OR of the most significant bit of the high word of register DO, with

the most significant bit of the low word of register d2. Next, the bits in the

- 33 -



& ()- XFLMNQ zodY70A! | @ 109 ()-& 10 10 1097109 ()-! $, 10%& ()-y!C $,
109 ()-y! $, 10%}& ()-yj!|J 6'!wU3dY70Al  “'10% & ()-! ' 109KK& ()-!

T"10% HH&E ()-'g '10%g Mg M& ()-'oY 110%HE () -! +@ 10%-HHHE () - & !
<" H=H#A?2dYT70Al , 10% & () - ! *#10%H& () -! ™ " &&10% HY H& ()- $-10%K () -
| " 109H& () ‘wd 9918688 () - =#u#\ $bSc$d$e$SS{ Y70A! I 9(10%° 2P PCT/NUSIS/18699
2& ()-@19(10%&' ()- @10H 10H 10H7109%4& () -! #0Y%d0%#& () - !
, 109HH. () - $$>%0086&N&a?2{ Y70AI! 1 09 %40% r & ()- 109 ()-109%& ()-!
09 %0% _ :
high word of register d0 are shifted one place to the left and a value of zero is
inserted into the least significant bit of the high word of register d0 (step 288).
Next, in step 290, the bits 1n low word of register d2 are shifted one place to
the left and a zero 1s placed in the least significant bit of the low word of
5 register d2. Next, in step 292, the value N generated in step 286 is used to
determine whether to include step 294 or return directly to step 286. If the
value N is true, an exclusive OR is formed from the high word of register d0,
with the high word of register D4 (the CRC parameter). The result of this
exclusive OR 1s then placed 1n register d0 and the process returns to step 286.

10 After n repetitions of the loop including steps 286, 288, 290,
292 and 294, the CRC value for the n-bits of incoming data stored in step 284,
resides in register d0, high word. Accordingly, the value in register d0, high
word can be compared to the received CRC value to determine if there have
been any errors (step 296).

15 The foregoing process, if carried out in conventional digital
signal processing circuitry, would involve a large number of machine cycles
because of the need to perform multiple bit shift, mask and other logical
operations in a sequential order. In accordance with the principles of the
present invention, however, all of the critical steps 286, 288, 290, 292 and 294

20 can be performed in two machine cycles, by taking advantage of the specific

architecture illustrated in Fig. 4.
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Specifically, referring to Fig. 5B, the architecture of Fig. 4
provides a “crc” instruction which performs all of steps 286, 288 and 290. In
the “crc” instruction. retrieval mapping circuit 120 concatenates 299 the high
word of register dO and low word of register d2 together, with register d0 in
S the more-significant position, and delivers the result to barrel-shifter and
logical unit 32. XOR gate 277 operates on the delivered concatenated word,
and generates the exclusive OR of the most significant bit of the high word of
register dO, and the most significant bit of low word of register d2 (step 300).
At the same nme, durning execution of the “crc” instruction, masker 248 masks
X0 the concatenated contents of registers d2 and d0 with the output of mask
decoder 250, which has the 56 bit value of OOffffff7fffff hexadecimal, i.e., a 56
bit value in which all but the most significant bit of the lower order word has a
“1™ value (step 301). This masking operation clears the most significant bit of
the low order word of register d2 for further processing. Then, still as part of
15 the “crc” instruction. barrel shifter 242 shifts the output of logic unit 240 on
lines 253 one place to the left, thus shifting a zero value into the least
significant bit of the contents of register d0 and d2 (step 302). Finally, to
conclude the execution of the “crc” instruction, the output of concatenating
barrel shifter 242, output on lines 260, is stored into registers d0 and d2.
20 Specifically, the high word output from the barrel shifter is stored into the high

word of register d0 and the low word output from the barrel shifter is stored

into the low word of register d2 (step 303).
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instruction, the operations 1dentified in steps 286, 288 and 290 of Fig. 5A have
been completed. As a result, the operations of steps 292 and 294 identified in
5 Fig. SA may be completed by a “conditional XOR” instruction. The
conditional XOR instruction causes the_retrieval mapping circuit 120 to
deliver register dO and register d4 to the A and B busses 40 and 41 (step 304).
Then, logical unit 240 tests the value of N on line 274 and if N is “17, logical
unit 240 computes and outputs the XOR of the contents of register d0 and the
10 contents of register d4 (step 305). If N is "0", then the contents of register d0
are output by logic unit 240 unchanged. Finally, in step 306, storage mapping
circuit 122 stores the high word of the result into register d0.
Referring now to Fig. 6A, another operation which is typically
performed in digital signal processors can be explained. This operation
15 involves unpacking bits received in a digital bit stream. In many encoding
schemes, parameters in a digital bit stream are packed together, and
information is used to indicate how the bits should be unpacked into
parameters. Accordingly, to unpack such a bit stream, it is necessary to load a
desired, variable number of bits from the bit stream into a register and then
20 decode these bits.
An example of an unpacking process of this kind begins with a

register, which for present purposes will be register d3, low word, loaded with
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purposes will be register d7, storing the number N, i.e., storing the number of
bits available 1n register d3. In a first step 308, the number of bits needed for
the first parameter are loaded into a register, which for present purposes will

5 be register d6.

To begin processing, in step 309, the number of bits needed for
the first parameter, as identified by register d6, is subtracted from the number
of bits available. as identified by register d7.

If the result is zero or posmive, then there are sufficient bits for

10 the parameter avatlable in register d7. Accordingly, in step 310, the desired
number of bits for the first parameter, as identified in register d6, are shifted
from the low word of register d3 to the left and into the high word of register
d2, and then in step 311. the number of bits previously shifted from register d3

and into register d2. as identified in register d6, is subtracted from register d7,

=
8]

so that register d7 accurately reflects the number of bits from the bit stream
remaining in the l;)W word of register d3. Next, in step 312, the par'arneter in
register d2 is processed, leaving register d2, high word, cleared. Processing
can then return to step 308 to load into register d6, the number of bits needed
for the next parameter.

20 If the number of bits available in step 3009, is less than the
number of bits 'needed for the current parameter, then the result of subtracting

register d6 from register d7 will be negative. In this case, in step 313, the
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number of bits 1n the low word of register d3, as identified in register d7, are
shifted from the low word of register d3 to the left and into the high word of
register d2. Then, in step 314, the number of bits previously shifted from
register d3 and 1nto register d2, as 1dentified in register d7, is subtracted from
5 register d6, and the result is stored in register d7, so that register d7 reflects the

number of bits still needed to complete the current parameter. In step 315,
register d3, low word, is loaded with N more bits from the bit stream being
packed. so that more bits are available to complete the current parameter.
Then, 1n step 316, the number of bits needed to complete the parameter, as

20 identified by register d7, is subtracted from N, the number of bits then .
available in register d3, low word, to determine whether a sufficient number of
bits are available in register d3, low word, to complete the parameter.

If in step 316, a sufficient number of bits are available in

register d3 to complete the parameter, the result of the subtraction in step 316

i5 will be zero or positive, and the procedure proceeds to step 317 to shift the
desired number of bits to complete the parameter, as identified by register d7,
from register d3, low word, into register d2, high word. Then, the value in
register d7 is subtracted from N, to product the number of bits remaining for
further parameters in register d3, and the result is stored in register d7.

20 Thereafter, the parameter in register d2 is used, leaving register d2 cleared

(step 312), and processing returns to step 308 for the next parameter.
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Aliernatively, 1f in step 316 there is an insufficient number of
bits in register d3, low word, to complete the parameter, the result of the
subtraction in step 316 is a negauve number. In this case, the process
proceeds from step 316 to step 319, in which all N bits are shifted out of

5 register d3, low word, and into register d2, high word. Next, in step 320, the
number N is subtracted from register d7, and the result is stored in register d7,
so that d7 includes the number of additional bits required to complete the
parameter that has been partially shifted into register d2. After step 320, the
procedure returns to step 315, in which a new N-bit word from the bit stream

10 is loaded into register d3, low word for subsequent shifting of the remaining
bits needed from register d3 into register d2.

The foregoing procedure, if performed in a conventional signal
processor, would involve a sizable number of instruction cycles. Specifically,
in a typical architecture in which the arithmetic logic unit is separate from the

15 barrel shifting unit. it may take twelve machine cycles for the digital signal
processor to first determine that a sufficient number of bits are available for
the next parameter, then shift the desired number of bits from one register to
another, and then update a counter indicating the number of bits remaining for
future parameters. In accordance with the principles of the present invention,

20 these various operations can be performed in one “extract” or "extract residue"

instruction.
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99 number of bits for a parameter (step 308), loading bits 1o be unpacked (step

315), and processing a parameter after unpacking (step 312), as well as
conditional branching steps for determining, based on the comparisons
performed by the "extract" and "extract residue" instructions. which of these

10 operations 1o perform.

The "extract" instruction performs all of the operations of steps

309, 310, 311, 313 and 314 of Fig. 6A. In decoding the “extract" instruction
320, first, retrieval mapping circuit 120 concatenates registers d7 and d6 with
register d6 in the low word. and delivers the result to the B bus 41 (step 321).

15 At the same ume, retrieval mapping circuit 120 concatenates register d2, high
word, to register d3, low word, and delivers the result to A bus 40 (step 322).
Masker 248 then delivers 8-bits from the high word of B bus 41, and 8-bits of
the low word of B bus 41, to the A and B inputs of absoluter and decoder
circuit 262 (step 323). Circuit 262 then subtracts input B from input A,

20 effectively subtracting the needed number of bits identified by register dé from

the number of bits available identified by register d7 (step 324). Circuit 262

includes circuitry for producing different outputs on lines 258, 270 and 272,
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the result is negative, circuit 262 sets the “NEGATIVE"” flag on line 270 (step
327) to indicate that an 1nsufficient number of bits were available to complete
the next parameter. If the result is zero. circuit 262 sets the "ZERQO" flag on

10 line 272 (step 326) 10 indicate that a just sufficient number of bits were
available to complete the next parameter.

Alternauvely, if the difference between the needed number of
bits identified by input B (register d6) and the available number of bits
identified by input A (register d7) 1s greater than zero (step 325), circuit 262

15 outputs on lines 258, the value input to circuit 262 on input B, i.e., outputs the
needed number of bits (register d6) on lines 258. At the same timé, circuit 262
clears the “NEGATIVE"” and "ZERO" flags on lines 270 and 272.

In each of these cases (steps 325, 326 or 327), the absolute

value of the difference berween input A and input B, is output by circuit 262
20 on lines 43, for later storage via XDATA bus 37 into register d7.
Once circuit 262 has completed these operations, circuit 262

has produced on lines 258 an indication of an appropriate number bits to shift
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d2, high word. The number of bits shifted by barrel shifter 242 is equal to the
number of bits identified on lines 258 produced by circuit 262. In step 329,
the result of the concatenated shift performed by barrel shifter 242 is then
stored back into the high words of registers d2 and d3 by storage mapping
circuit 122. At the same time, in step 330 storage mapping circuit 122 stores
the absolute value of the difference computed by circuit 262 and delivered to
XDATA bus 37, into register d7, to complete the operations performed by the
“extract” instruction.

The "extract residue" instruction performs all of the operations
of steps 316,317, 318, 319 and 320 of Fig. 6A. In decoding the “extract
residue” instruction, first, retrieval mapping circuit 120 delivers register d7 to
the low word of the B bus 41 (step 332). At the same time, retrieval mapping
circuit 120 concatenates register d2, high word. to register d3, low word, and
delivers the result to A bus 40 (step 333). Masker 248 then delivers the 8-bits
from register d7 on the low word of the B bus 41, to the B input of absoluter
and decoder circuit 262, and at the same time, supplies a fixed value equal to
the number of bits in each block loaded into register d3 (which may be
programmed to be 16 or 24), from input A, to the A mput of absoluter and
decoder circuit 262 (step 334). Then, circuit 262 subtracts input B from input

A, effectively subtracting the number of bits needed to complete the parameter
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identified by register d7. from the number N of bits available in register d3
(step 335). Circuit 262 includes circuitry for producing different outputs on
lines 258, 270 and 272, based on whether the values received from mnput A
(register d7) is greater than or less than the fixed value.

5 Specifically, 1f the result of subtracting register d7 from the
fixed value is a number which is less than or equal to zero, circuit 262
produces an output on lines 258 which is equal to input A, i.e., equal to the
number N of bits available (step 337 or 338). At the same time, if the result is
negattve. circuit 262 sets the “NEGATIVE” flag on line 270 (step 338) to

0 indicate that more bits need to be shifted to complete the parameter. If the
result is zero, circuit 262 sets the "ZERO" flag on line 272 (step 337) to
indicate that no more bits need to be shifted to complete the parameter.

Alternatively, if the difference between the needed number of

bits identified by input B (register d7) and the available number of bits

=
u

identified by input A (the fixed value N) is greater than zero (step 336), circuit
262 outputs on lines 258, the 8-bit value received at input B, i.e., the needed
number of bits from register d7. At the same time, circuit 262 clears the
“NEGATIVE” and "ZERO" flags on lines 270 and 272.

In any of the above cases (steps 336, 337 or 338), the absolute
20 value of the difference between inputs A and B, is delivered on lines 268, for
later storage via XDATA bus 42 into register d7. If the negative flag is not

set, d7 will then identify the number of bits remaining in register d3 for further
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5 for the current circumstances. Accordingly, in step 339, the barrel shifter 242

shifts bits received from the A bus 40, from register d3, low word into register
d2, high word. The number of bits shifted by barrel shifter 242 is equal to the
number of bits identified on lines 258 produced by circuit 262. In step 340,
the result of the concatenated shift performed by barrel shifter 242 is then

10 stored back into the high word of register d2 and low word of register d3 by
storage mapping circuit 122. At the sam‘e time, in step 341 storage mapping
circuit 122 storage the absolute value of the difference computed by circuit
262 and delivered to XDATA bus 37, into into register d7, to complete the
operations performed by the “extract residue” instruction.

15 As a result of the foregoing operations performed by a single
“extract" or "extract residue” instruction in accordance with the priflciples of
the present invention, all of the necessary processing for completing steps 309,
310,311, 313, 314, 316, 317, 318, 319 and 320 of the bit unpacking process of
Fig. 6A can be completed by "extract" and "extract residue” instructions.

20 Specifically, to perform an unpacking operation, register d3 is
loaded with N bits from the bit stream, register d7 is set equal to N, and

register df is loaded with the desired number of bits for the first parameter.
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the parameter in register d2 has been used and register d2 cleared, register d6
5 may be loaded with the desired number of bits for the next parameter, and the
extract instruction executed again.

Whenever an extract instruction is executed, the parameter in
register d2 will be complete, unless the NEGATIVE flag is set. Thus, the
process described in the preceding paragraph can be repeated until all of the

10 parameters have been extracted or the NEGATIVE flag is set after executng
an extract instruction. When the NEGATIVE flag is set after executing an
extract instruction, then a loop is performed; in each pass register d3 is loaded
with n additional bits from the bit stream. and an extract residue instruction is
executed. This loop 1s repeated until the NEGATIVE flag is set, to complete

15 the needed parameter.

Thus, all of the operations needed to extract a desired number
of bits from the bit stream, obtain further bits from the bit stream and keep
track of the number bits available can be performed by the “extract” and
"extract residue" instructions. This represents a substantial reduction of the

20 sizable number of instructions which would be ordinarily be needed to

implement the procedure of F1g. 6A, and provides for a substantial speed

- 45 -



$F10%Y( Y& ()-( Y !'10%/( Y& ()->| [ NAAY 10Y( Y10Y(YLOY(YY Y 7' 10%/(Y& ()- Y
AmL0%r( Y& ()-Y Y 210%( Y& ()- YOL10%(Y& ()-( Y I.glo%wr (Y& ()-RE|[: NA4Y 10
0" S&I0% & ()-Y YY 10%& ()- YF 10%& ()-Y YF 10%& ()- Y "y10%t' & ()-(
YI mLO% & ()-E: v|[:NA4Y 10 310% & ()-Y Y, 104 & ()- Yl 10%& ()-Y

T&L0% & (- 0% & ()-( Y310% & ()-J2|[: NAAY 10 " (&10¢ - Y&
EO‘V(&'(E)-(‘Q%’@TG@(&('(()% g/ | 10‘V§&' 8 Yl[S S109% & ()f( YM%SQ‘)SG%

L310% & ()-lal[:NAAY 10 Y 510% & ()-Y Y 3:10% & ()- YOS 10% & ()-Y Y

CI0% & ()- Y LZ1I0% & ()-( Y *10% & ()-"ivuay Y S 109B(3& ()- Y

L109B(3& ()- YI"10%3(3& ()- Y109%3(3& ()-210(10(10(( Y710% & ()-1 P?|[:vuay

Y Y | 1098(3& () - Mc&AddOMpSode3sing by the eigfi3l&ignal procdBos o atqriianc&sSRERA & ()-( Y
| 1098(3& ()-?.y|[:vUAY Y Y9$109B(3& ()-Y Y "s10MB(3& ()-Y Y 10%B(3& ()- Y
Ys1098(3& () - Y3paamiesof the presenl GBfid&. () -e; | [ -4103(3Y Y F7109B(3& ()-Y
YA@1093(3& ()-Y Y,2109%3(3& ()-Y YYO 1093(3& ()- YY(1093(3& ()- ( YF@
1098(3& () - ChbA4103(3Y Y Vit wlB%4iéiéd {hht, in'the above discussion of the extract and

extract residue instructions, the masker 248 and logical unit 240 are not used
5 for functional manipulation of the concatenated contents of registers d2 and

d3. The masker 248 and logical unit 240 can, however, be used for sign
extension of parameters shifted into register d2. To achieve this, masker 248
includes a function for determining whether MSB of the low word received
from A bus 40 has a "1" or "0" value. This bit will be the sign bit of the

10 parameter to be shifted from register d3 into register d2. When sign-extension
1s enabled, masker 248 produces a 56-bit output 10 logical unit 240 on lines
249, having the value of ffffffff 000000 hexadecimal when the MSB of the
low word received from A bus 40 has a 1 value, indicating a negative
parameter. or having the value of 00000000 000000 hexadecimal, when the

15 MSB of the low word received from the A bus 40 has a 0 value. When sign-
extension is enabled, logical unit 40 forms the OR of the output of .masker 248
with the 56-bit value received from A bus 40. This causes the sign bit of the
parameter shifted out of register d3 into register d2, to be extended throughout
the upper portion of register d3.

20 It will also be noted that the extract and extract residue

mstructions can be used for bit packing operations as well as bit unpacking
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As one example, to pack 6, 12 and 5 bit parameters into a bit
stream, by extracung these parameters from 16-bit fixed-length words, the
5 following steps can be taken. First, put the first 16-bit fixed length word into
register d3. Next, store the number of vacant bits in d3, to be removed by
packing, into register d6. Then store into register d7, the value 12, which is
the length of the second parameter to be packed. Then put the second 16-bit
fixed length word 1nto register d4. Then use the extract instruction to shift
10 from d4. the number of bits 1dentified 1n d7, to the nght into register d2. Then
use the extract instruction to shift from register @2 to the left and mto register
d3, the number of bits 1dentified in d7, while comparing the number of bits
identified in d7 to the number of vacant bits identified in register dé.
If neither of the NEGATIVE or ZERO flags are set when
15 shifting from register d2 into register d3, then there is room remaining in
register d3 for the next parameter. In this case, store into register d7, the value
5, which is the length of the third parameter to be packed. Then put the third
16-bit fixed length word into register d4. Then use the extract instruction to
shift from d4, the number of bits identified in d7, to the right into register d2.
20 Then use the extract instruction to shift from register d2 to the left into register

d3, the number of bits 1dentified in d7, while comparing the number of bits

identified in d7 to the number of vacant bits 1dentified in register d6.
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If during the step of shifting from register d2 into register d3,
either the NEGATIVE or ZERO flags are set, then register d3 is full. In this
case. the contents of d3, which are 24 packed bits of the bit stream, are output
to memory. Then the extract residue instruction is repeatedly executed, as
5 described above, to shift the remaining bits from register d2 into register d3.
When either the NEGATIVE or ZERO_flags are set as part of executing an
extract residue instruction. then return to refill register d2 with further bits as
described above.
While the present invention has been illustrated by a
10 description of vanous embodiments and while these embodiments have been
described 1n considerable detail, 1t is not the intention of the applicants to
restrict or in any way limit the scope of the appended claims to such detail.
Additional advantages and modifications will readily appear to those skilled in
the art. The invention in its broader aspects is therefore not limited to the
15 specific details, representative apparatus and method, and illustrative example
shown and described. Accordingly, departures may be made from such details

without departing from the spirit or scope of applicant's general inventive

concept.

What 1s claimed is:
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umits of said digital signal processor;

a register file stonng digital data;

at least one logic unit connected to said program control unit
and said register file and responding to command signals to perform digital
data processing upon data in said register file; and

an address generator unit connected to said digital data bus,
said register file and said program control unit and responding to command
signals to retmeve and store data from and to said digital data mcméry to and
from said register file via said digital data bus, said address generator
comprising a base address register storing digital signals representative of said
base address of said table, an index register storing digital signals
representative of an address of a desired data entry in said table relatlve to said
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base address, and a concatenator for concatenatmg digital 51gnals storedin ~ a-
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concatenauon to said digital signals from said base register, said number of

digital signals being equal to said positive integer power.

4. The digital signal processor of claim 2 wherein said
concatenator truncates a number of less-significant digital signals from the
digital signals in base address register, and concatenates the remaining digital
signals from said base address register to said digital signals from said index
register, said number of digital signals truncated from the digital sighals in

said base address register being equal to said positive integer power.
5. The digital signal processor of claim 4 wherein said

concatenator selects a number of digital signals from said index register for

concatenation to said digital signals from said base register, said number of
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7. The digital signal processor of claim 6 further comprising a
limiter connected to said adder, said limiter detecting whether said sum
produced by said adder is less than zero, and if so storing in said index register

digital signals representing a value of zero.

8. The digital signal processor of claim 6 further comprising a
limiter connected to said adder, said limiter detecting whether said sum
produced by said adder 1s greater than a length of said table in said memory,
and if so storing in said index register digital signals representing a value

equal to said length of said table.
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detects whether said sum produced by said adder is less than zero, and if so

stores 1n said index register digital signals representing a value of zero.

10. A digital signal processor, comprising

a program control unit fetching a plurality of instructions
comprising a program for said digital signal processor, and decoding said
instructions by generating command signals controlling operations of other
units of said digital signal processor;

a register file storing digital data;

a shift/logical unit connected to said program control unit and
to said register file and responding to command signals to perform digital data
processing upon data in said register file. said shift/logical unit comprsing: a
logic circuit responding to command signals to perform digital data
manipulations including AND and exclusive OR operations upon data in said
register file, a shifter for barrel shifting digital signals stored in said register
file, and an XOR gate for performing an exclusive OR of a first and a second
digital signal respectively selected from digital signals stored in a first and a

second register of said register file.

11. The digital signal processor of claim 10 wherein said

program control unit is responswe to a CRC instruction to perform part of a
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instruction,
said XOR gate performs an exclusive OR digtal signals
selected from said first and second registers,
said logic circuit generates a logical AND of digital signals in
said first register and digital signals of a predetermined mask,
said shifter concatenates digital signals output from said logical
unit to digital signals from said second register. and shifts the concatenated
string of dignal signals by one place. and

said register file stores digital signals output from said shifter

into said first and said second registers.

12. The digital signal processor of claim 11 wherein in further
response to said CRC instruction.

said logic circuit generates an exclusive OR of digitél signals in
said first register and cyclic redundancy check parameter, and stores resulting

digital stgnals in said first register.

13. A digital signal processor, comprising
a program control unit fetching a plurality of instructions

comprising a program for said digital signal processor, and decoding said
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an address generator unit connected to said digital data bus,

said register file and to said program control unit and responding to command
signals to retrieve and store data from and to said digital data memory to and
from said regisier file via said dignal data bus;

a shift/logical unit connected to said program control unit and

to said regster file and responding to command signals to perform digital data

processing upon data in said register file, said shift/logical unit comprising: a
short adder for computing the absolute value of a difference between the
binary value of digital signals stored in a first register of said register file and
the binary value of digital signals stored in a second register of said register
file, and a shifter shifting digital signals stored in a third register of said
register file into a fourth register of said register file, said shifter being
connected to said short adder for shifting a number of bits identified by an

output of said short adder.

14. The digital signal processor of claim 13 wheren said

program control unit is responsive to an unpacking instruction to perform part
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outputs the digital signals stored in said second register to said

shifter;

said shifter shifts a number of digital signals stored in said third
register into said fourth register, said number being equal to the value output

from said short adder.
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15. The digital signal processor of claim 14 wherein in further
response to said unpacking instruction when the binary value of digital signals
stored in said first register 1s less than or equal to the binary value of digital
signals stored in said second reguster,

said address generator unit retrieves digital signals from said
digital data memory via said data bus, and stores said digital signals in said
third register. and

new digital signals are stored 1n said first register, said new
digital signals having a value indicative of the number of digital signals

retrieved from memory and stored in said third register.



