; €3elP1IWT6TYR6 June 2002 WDO9/ 14665 PCT/ US98/18699 DI G TAL Sl GNAL
PROCESSOR PARTI CULARLY SUI TED FOR 5 Thi s application clains pg;sg%ég Q;znder
35 U.S.C. 119(e) to provisional U S. Patent | ication No. 6 ; X
which is hereby incorporated by ref erenmﬂum @m its entirety. The
present i nvgiydoRiges el ates to digital ng and PEQ'/!E?& Adesgil arly

to processing circuits for processing digi talsm&rgnal s. Atypic gener al

propose digital signal processor (DSP) | troller which decodes
instructions, by controlling operations m Mmﬂﬁmm MFed dat a path,
regi sters, and a nmenory address generator. u 15 instructions are
fetched to the controller, typically at the rR%" of one instruction per

cl ock cycle (or slower), and the control | er decodes each instruction and
sends control signals to the data path, registers, and nmenory address
generator to performthe actions required by the instruction. Through
programed conbi nations of instructions, any variety of data processing
operations can be 2 0 acco I i shed 26 June 2002 V\D 99I 14665
PCT/ US98/ 18699 The RKgRASpdeNAalBOS ARIBEH 3 ZEORdes a
nunber of registers for storl ng data be| ng processed an arlthrretl c and

l ogic unit (ALU) for perforning DE@KBHW, XOR) operations as
wel | as arlthnetlc (addltlon rrultlpllcatlon di vi sion) operations, and a
paral | el 5 connecfss-Referenbs gediApplidagon per f or mi ng bit shifting and
maski ng. The nenory address gener ator, in response to the controller,
generates nnory addresses ma;rpatmoa\umgsﬁawyfmaeaﬁmm 1To(E) K/ fOF
delivery to the DSP, or for storing data produced by the DSP. Oten, the

nmenory address gegevisions! HSPatgd: Opplicataqite 8DI08D, 780l0vIE6IS Rhefdbyaddr esses
identifying equally spaced 10 |ocations in nenory, to achleve a desired

pattern of infor nRtdrperatedtvyireéfincédeitli®idbifiredrach DSP (or ot her
m croprocessor) is associated with a finite, well-defined set of

instructions, whighiysidMeldRas are arranged into prograns

The present invention relates to digital signal processing and

10 particularly to processing circuits for processing digital signals.

Background of the Invention
A typical general purpose digital signal processor (DSP)

includes a controller which decodes instructions, by controlling operations of a
high speed data path, registers, and a memory address generator. Individual

15 instructions 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 memory address generator
to perform the actions required by the instruction. Through programmed
combinations of instructions, any variety of data processing operations can be

20 accomplished.



to operate the DSP. To provide an exanple, a typical DSP instruction 15
identifies an operation to be performed by either the ALU or 28Uunsh0dd2 i ng
unit, identifies source registers) in the DSP containing val ues om which’
the operation is to be performed, and identifies destination registers)
where the r&NQI¥14665f t he operation are to be stored. In sofCTARI¥E86Phe -
instruction may incorporate binary data to be used as one operand for the
instruction, in which 2 o case the binary data incorporated in the
instruction is delivered to the data path and conbined with data stored in

the registers by the ALU orThaihighsipedd dafigpattibt a DSP ZypicalBGnclitd a3R@heVO
99/ 14665 PCT/ US98/ 18699 _ A typical calculation mght be perfornmed as

fol lows: The MenDgptreaelels 38 Si@RAAERInGRb A, ¥R efil HA 1B niTeMory far

processing. Once rettTieved, the ALU perforns a nuneric operation on the
val ues, and the r t | tQFﬁja' t The. in the
regi sters are the@f@ﬁﬁ%@%ﬁgﬁggg#{(é'g'hl tl’%ﬁgﬁsdﬁ)n%%e%ﬁ%‘g%%"%ﬁaguri ng a
next instruction cycle. Fj .he ry .addres ener at or .causes the
processed val ues %%E!Bgucs@%&f}gé&%%%ﬁ&fcﬁ 1?%@“%@?%0 e‘f%i‘?@.’ 2 ‘.Eﬁp%rég?c)lf dance with
principles of the present. i.nventio a DSP is.10 provided with _processing
circuitry pgrti cu?‘g‘PF‘i}e‘{@}Hhﬂ‘tlé'ﬁgf‘B? ?ﬁé’éﬁg‘i“ﬂ@g gltég’tﬂgﬂg aqdgnking, dbes i cal 1y, a
barrel shifter is enhanced to performthe | ogical operations typically
performed in an AREMOERdAress SRHSE RN MAREPORSHSO [IRA egtralieropenieraigs TAsMeTY a
| ogi cal operation and a shift, can be perforned in a single tgass t hr ough
t he combi ned bar r &ddrespgstereriesimesiala from & maimmameryt foa deliveguiorthe SPoosepar at e
passes through the barrel shifter and ALU, which would require nore
i nstruction cycl efor soring gate pradubesbydpe P&PI ftenhthe menmr nddrsssagehergiot al
operation and shift, is a cyclic redundancy check. Another particul ar
operation is the vmpgrédusgsajucmidnddressesearmddisedeh idepafyang equallpsmced t en used
in digital signal 2 o decoding, and particular instructions for
facilitating theswkcajums ot memsratcadieve bidbsiftd pattéin of information retrieval and
storage.
Each DSP (or other microprocessor) is associated with a finite,
well-defined set of instructions, which instructions are arranged into programs
to operate the DSP. To provide an example, a typical DSP instruction
15 identifies an operation to be performed by either the ALU or bit shifting unit,
identifies source register(s) in the DSP containing values on which'the
operation is to be performed, and identifies destination register(s) where the
results of the operation are to be stored. In some cases the instruction may
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.



26 June 2002 WD 99/ 14665 PCT/ US98118699 In accordance wi th anot her aspect,
the DSP is inproved by reducing the nunber of instruction cycggguﬁez for
the nenory generation unit to generate an address within a ta ) an
i ndex and base address. Specifically, the address generator concatenates

t he nost sigbiobnesnt bits of the 5 base address of a tabl eptpubdsastwast
significant bits of the index into the table. In specific disclosed

enbodi ments, the address generator unit includes an adder for increnenting
or decrenenting the index in response to instructions. Further, the address

generator includes a Iimmg?ieatemc@xqﬁwmigmegémel fas%A}gwgd?ﬁé for

preventing the index frombél ng increnented to a val ue greater than the

| ength of the t . i e The above and

ot her objects aﬁ%‘ﬁ“ﬂgﬁ?rgsg%{?%?@{ € og‘é@%er?fﬁ ollﬁﬁ\'}%ﬁ{ ?‘gﬁ%%@fv Pro5Esikde
apparent fromt acca nyi raw ngs _and.the descriptign thereof. 5 The
acconpanyi ng dr c%@?g&ﬁi%ﬁwpq 6‘8? bBP‘QF‘éﬂWqﬁatW“égﬁgﬁP‘fsmP"é‘{§‘epart of
this specification, illustrate enbodi ts of the invention and, together
With a general AEU prsiPdpackinip RRETEe hbG @ﬁulﬁmgrfraaa%s, arg gn{iebingfet ai | ed
description of the enbodi nents given below, serve to explain the principles
of the inventi oihe bit ghifting and maskipg whduring anest Bewugiongyelen Gmaly.e in
accordance with principles of the present invention; - 4 26 June 2002 WO
991 14665 PCTNSOShera®892ddess. gepgrafos causes the processed waluesfto he stabdddack imtaor y and
a sequence of nenory locations in the table accessed by a DSP routine, and
Fig. 2B is an ilmaisteatorpn of a nufti-layer set of tables in nenory and

i ndexes and values in nenory |ocations in the table accessed by a DSP
routine; 5 Fig. Shurhavaftelievatiog bl ock di agram of the nenory address
generator of Fig. 1, Fig. 3Bis a detailed diagramillustrating table

| ookup | ogic In accordance with principles of the present invention, a DSP is

pd

10 provided with processing circuitry particularly adapted for decoding digital
audio. Specifically, a barrel shifter is enhanced to perform the logical
operations typically performed in an ALU, so that operations involving a
combination of a logical operation and a shift, can be performed in a single
pass through the combined barrel shifter/logical unit, rather than requiring

15 separate passes through the barrel shifter and ALU, which would require more
instruction cycles.

One particular operation which combines a logical operation
and shift, is a cyclic redundancy check. Another particular operation is the
unpacking of a bit stream. Both operations are often used in digital signal

20 decoding, and particular instructions for facilitating these operations are

described.



.used by the nmenory address generator to rapidly generate an address in a
table froma base address and index; 1 o Fig. 4 is a schemat §

di agram of the barrel shift and logical unit of Fig. 1, illus ratrngzthe
interaction of the logical, barrel shifting and short adder portions of
this unit wwotidees r egi sters of the register file; Fig. S5APCINSE186% chart
of operations perforned as part of a cyclic redundancy check (CRC) on an
incoming streamof digital data) and 15 Fig. 5B is a flow chart describing
the inplenentation of a key portion of the operations of Fig. 5A through
the execution of two 'nStrHpidc&'&ﬁn&)(mﬁh&o%%%eé'il\éﬁSlaﬁqrﬂpQQJﬁ%& uni t

showmn in Fig. 4, and Fig. 6Ais a flow chart of operations perfofrned as

part of a bit unp gfngghé;@gﬁ b?ﬁsﬁﬁktt%ﬂ c&&%@ﬂédggd B! %&Bﬁo&bﬁaﬁ‘é data,

and Figs. 6B and ow charts descri |ngt e I np Rtatlon of a

key portion of the. operations, of execution, of two

i nstructions by tuﬁ’é?cg%ﬁ Fcd anﬁ{ess bv%hinoéstla@gr ' 8%“‘16‘?1“%“@"‘“& -5

26 June 2002 WO 9/1 PCT/ US98/ 18699 Referrl ng to i.tal

s gnal processor SPEFIR ?F‘?&cﬁ‘&ra8§ﬁ¥egeﬂffﬁﬁ?rfﬁ'é°abﬁ“f‘ﬁ6?’tﬂ‘8%5‘8%“1‘?1?&“‘ S bl

i nvention includes various_ functiqgnal units which support .instructions that
can be executed Bysaaddrass plateblsito therlershaignificant pars of fisdndex iplg the Bblsgr am of
instructions stored in program menory 16. Processor 10 includes a.program
control unit 18 which fetcglespeﬁﬁs?tdﬂﬁlg rbermbodimentsy g rddresregenerptor 8t hr ough a
bus 19, and then decodes these instructions, causing other functional units
in processor 10 ﬁmlqni;sfaoaddﬂrlﬁ@'ihwsmcmbtgedd@pemniinm&leimgmmspmnta ol wunit
18 fetches instructions from1l o programnenory 16 by delivering an address
over bus 20 to pringruatiome Fordier]l e afiregy genemontindtdasni limild coupled ©tthd
sequential instructions in programmenory 16, or nay decode and execute
various JUMP or Ghigut 6Dfieaads forprewgting iR ihdexnfrem demgdihdraneméd @raogiwm
menory 16 to another section under control of instructions in program

rr?ry 16.145 | N gr@sRInartht Rn8ACIT thd1able Ui delitricicdg d valhe DelRG F0.cont r ol
uni

(.

The above and other objects and advantages of the present
invention shall be made apparent from the accompanying drawings and the
description thereof.

Brief T . f the Drawi

is5 The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the invention
and, together with a general description of the invention given above, and the
detailed description of the embodiments given below, serve to explain the
principles of the invention.

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

with principles of the present invention;



18, control wunit 18 produces control. signals on lines 21 which are
delivered to other functional units of processor 10 causing those
functional units to performthe instructed operations. The f udR du2A02ni t s
in processor 10 include an address 2 o generation unit 30 for responding to
control sig /or data froma X-data bus 37, and gene i ry
addr esses on %%@Qg 29 and 3. The nenory addresses on bus§3§h§gwgﬁgp31 are
delivered to X and Y data nenories 33 and - 6 26 June 2002 WO 991 14665
PCT/ US98/ 18699 _ 35. The output of X data nenory 33 is delivered-to bus 37
and the output of Y data nmenory 35 is delivered to bus 39. Processor 10
includes a barrel shift antigl bénw illugirapio of a tehlean mpmndry and 2 besyercs|
operations such as AND, OR and exclusive OR (XOR) as 5 well performng
shift oper ati ons obmeinbrydogatidas m tht rblkddcdssairbyt DDBRrowineshidiHig ARiislangi cal
unit 32, processor 10 includes a multiply/add unit 34 which perforns

mul tiplication agithsasibntdfamuipasyt baios tables i hempryvaldindexes and vaakstiner ei n.
Units 32 and 34 respond to data found in registers of a register file 36.

General purpose n@gory Ricatidnd if 8@itsfieiccbdsbEbyps DSProtigncaccessed by units 10
32 and 34 to performconputations as instructed by instructions received at

programcorgrol unit 18. Thy GRRM £hheém@fic HIBA §hSfam dMnt ABnDHFAddtdsse 36 can
be retrieved via busses 40 or 41 by units 32 or 34. The outputs of units 32

and 34 are deliv :bus 42, and can be stored into registers in

register file 36%%r oar%lﬁ%f?lg'g.’ Furthernore, as discussed bel ow,

barrel -shifter and | ogi cal Luni4 .1 32 J4nclud n,.ad a1 Lhe jout put  of

which is used within barrerlgshlltgflﬁ ae?et%llﬁeg ﬁ%%?%iﬁ“%ﬁi‘?g gﬁfeclg%lfulp(}?%lfng its

oper ati ons. Furthenﬁ?nﬁ# t he O%%PUt of this adder is delivered. to hus 37
Yorr FEgosy &t

over line 43. Dat'd® T BENSEHOLR RN SepE AT AP s ses 37

or 39, to permt storage of datag.ip data nenories 33 and 35, or output of
data to 2 0 ot herf%2 %Se\?p‘éfeﬁeﬂ"gﬁwg?‘al interface 44. Referring now to Figs.

2 A. 2B. 3A and 3B, details_ of .the . ) L
10 Fig. 4 is a schematic block diagram of the barrel shift and

logical unit of Fig. 1, illustrating the interaction of the logical, barrel shifting
and short adder portions of this unit with the registers of the register file;
Fig. 5A is a flow chart of operations performed as part of a
cyclic redundancy check (CRC) on an incoming stream of digital data, and
15 Fig. 5B is a flow chart describing the implementation of a key portion of the
operations of Fig. SA through the execution of two instructions by the barrel
shift and logical unit shown in Fig. 4; and
Fig. 6A is a flow chart of operations performed as part of a bit
unpacking operation on an incoming stream of digital data, and Figs. 6B and
20 6C are flow charts describing the implementation of a key portion of the
operations of Fig. 6A through the execution of two instructions by the barrel

shift and logical unit shown in Fig. 4.



operation of the address generator unit 30 of the processor 10 can be nore
26 June 2002 WO 99/ 14665 PCT/ US98/ 18699 clearly understood. 4§ qferod2n Fi g.
2A, a typical operation of a digital signal processor may invofve-repeated
access to nenory locations 46 in a data table or another simlar data
structure. Woogness whi ch access a table of this kind, typipcaiusys/mesy ne
addresses in the table by reference to a base address 48 which 5 marks the
begi nning of the table in main nenory) and an i ndex which identifies an

of fset fromthe base address to a particular accessed |location 46 in the

table. Typicall ypa Ll Bel0 A SO GEREOALamM Leduiring retrieval of a
. location in the TabTe, rerer to anrtnagex rnto the table, leaving to

i

t he processor the task of verti he..index to a nemyry address by
addi ng the 10 index to thﬁ%?ﬂ?ﬁéﬁgﬁyﬁnaeqlgﬁ &‘%‘ég%m fﬁ’ng&nﬁ%ﬁ"r@?een, as
shown in Fig. 2A .the nenpory |locations in the table accessed by software
are randonly di sWithsaRICIpies9i ghe pipseat inventiopdadudes yapusfgnetiosalimBst ed in a
particular pattern.. Fig. 2B illustrates a nore conpl ex table | ookup
oper ation that i whishsuppont ingimstipsPthaioap be axécyred bylthe processarp Predesson, t he
menory includes a 15 | arge table SO of values, and a plurality of index
t abl es 52 &ont ai hd ragponvid ¢z & progfank ofmstinetisns stotelién pmpner metnbey BD. I n a
mul ti-level |ookup table of this kind, a program cal cul ati on causes the
programto sel ect from anohgcésher 1ndelMddsalprogramonaoldmitclitriidvie faidhes Nndex
fromthe selected index table 52. The retrieved index is then used to

sel ect an entry imuhétRnk &ofeprbgltmbtos B thiciizh g b E), dRS tHefdecbdes Val ue. A
mul ti-Ilevel |ookup table of this kind may be used in various data

ggggr ession and @REOMsHELBAL) LEBINSHES Bfcridubll HRE itAEtSor 10 8 perform?6 June

the instructed operations. Program control unit 18 fetches instructions from

10 program memory 16 by delivering an address over bus 20 to program memory
16. Program control unit 18 may fetch sequential instructions in program
memory 16, or may decode and execute various JUMP or CALL commands to
sequence from one section of program memory 16 to another section under
control of instructions in program memory 16.

15 In response to each instruction fetched by program control unit
18, control unit 18 produces control signals on lines 21 which are delivered to
other functional units of processor 10 causing those functional units to
perform the instructed operations.

The functional units in processor 10 include an address

20 generation unit 30 for responding to 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



WO 991 14665 PCT/ US98/ 18699 _ One difficulty with nmenory accesses defi ned in
ternms of base address and in index, is the nunber of processriﬁg

required to convert the index into a nmenory address. Specific Y, |t |s
necessary for the processor to retrieve the base address into one register,
retrieve th into a second 5 register, add the |ndex P@r}ﬁ, ddress
t oget her (tﬁg%gﬁ%g using the long adder in the processor' o
arithnmetic/logic unit (ALU)), and place the result into a regl ster where it
can be used to generate a menory address request t hrough an address
generator unit. cor danc th the p |nc e resent i pventi on,
10 address generé‘gor HP?“Q@%W@‘F&E@?% YF%PO‘&@?%P RPURREL | ookup
of this kind without requiring the use of the functional units such as the
ALU of the process8fa msgeey #3 Edeliyered buadlenbl y | anguage for programming
processor 10 requires that tables have a nunber of nenory | ocations which
is an even power of two, i Peocessonhb msludessa barre)ehift apginpidal pnit 33vvdrich n is a
positive integer. 15 Furthernore) tables nust be |located in nenory so that
a table of 2" nemerfprmobgicelopsratass aichas AN MFeasl anolusive OR @XORVasn nul ti pl e
of 2". The result of these constraints is that a nmenory address for a

| ocation insa tabkel spaforbmgghifespiaidnbyn biangajaendhiadditibhe Bantebshifi ashdie base
address to bits of the index, wi thout perform ng any addition or other 2 o

nunerical operat '16§i§a1 WRGR! ﬁbwko/r,toaﬁcm&eia nhtﬂnflg&dd it 334chSperfagher at or
unit 30 conprises a plurality of registers 60a-60d into which the current

address in a tab':ﬁut@iﬁhéﬁoﬁ%ﬁ@%ﬂ SpetkiBhE6h bR vaiueE fecBiledfiRreld- DI t
registers into whic June 2002 WD 99/ 14665 PCT/ US98/ 18699

16-bit addresses are stor ec{jtgé g§§§4%%8@f{da‘5%m§§hﬁdﬁqﬁ%&%‘? Jeyolgy ses

four 16-bit index regrsters Isters are DIt redisters

whi ch store val ueg g ddaxsa, iR &2 REHSRT dLEABEARLLA Wi D the

nore signifi cant ss$Tn an ress regr ster o0 orma
menory addr aII dress ener at or__uni further conprises four

16-bi{ modeor eg st-erﬂg* %‘43 BerT SR ORS Sy W R eGP i ch

store val ues |dent|f in e of operation of address erator unit 30,

i ncl udi ng, for géﬂh&é&fgfm U Hodle, coﬁteP'éBEéegssit%?n register file 36 can be

retrieved via busses 40 or 41 by units 32 or 34. The outputs of units 32 and 34
are delivered to a bus 42, and can be stored into registers in register file 36
from bus 42. Furthermore, as discussed below, barrel-shifter and logical unit
15 32 includes an adder, the output of which is used within barrel-shifter and
logical unit in controlling its operations. Furthermore, the output of this adder
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

-7 -



The address, index and node registers 60, 62 and 64 are used in 1 o groups
of three to control the operation of address generator unit 3€judd2d02 S,
address register 60a is used in conjunction with index register 62a and
node regi ster 64a. Address register 60b is used in conjunction with index
regi ster 62WORAA48Dde register 64b. Simlarly, registers 6BETUSEASENI 64c
are used together, and registers 60d, 62d and 64d are used together. The
manner of use 1 5 of these registers is discussed in further detail "bel ow.
The operations of address generator unit 30 are controlled by -a decoder 66,
whi ch is responscleazlytunderispndl 4s feeom Bigoh canmypival opsrationidf alifgimhsigaginer at es
control signals on lines 68 |eading to other functional units of address
generator unit 3ftocdestandrintdive epgaraddecdsoiciaemogdocanivns ab ivh gRatsble? 0 from
program control unit 18 indicating an address generation node to be used by

addr ess gener at Opr apBthiefsishelhr A4S dnBupd) Fa: § Svhithedccdss AQ8b1e 8f i kil XDATA
menory 33, and an address generation node to be used by address - 10 26

June 2002 VIO 99/ 4368, BT USAALORR: 1ap@BIGERIALC Ak blte iUl DlloR"

address over lin 31 to YDATA nenory 35. “Decoder ther receives the

contents of up t e i r forwards
t he conten%s of ?‘ﬁ'{ak\ségle?%é#g hé@@?oé‘ﬁg{%b%ﬁ%%ﬁ%a%gﬁ Zgéﬁ’ﬁg%n@de. 5 Address
Cyal o1 the. cont clfFRE a8ted et g bR A b aoksst i ar M cr e 10
mul ti pl exers 70a, apd b, as .controlled by decoder 66 responding to program
Cont bl uni ¢ 18- 0 BRI THSCHA IR BETHE PPEREUEaNIY THBERCLe; 10
Mul ti pl exers 70a and 70b deliver an output to | atches 72a and 72b, 10
respectivel y. Thic#ipnipihe 1able, willrefgstoanandexdntpshe taple. lealingdo 88 t o XDATA
menory address |lines 29 and YDATA nenory address lines 31. The data on
menory address | piseessorgherpgk gficonvearting 8 inflekily & memary addressAyddng thqyput s of
two arithnetic/logical units XALU 74a and YALU 74b. Index registers 62 are
connect ed 0o XI Ditdantd the préviously defied-bagarideasel4810%en, as shown imEigr 24t | on
cycle, the contents of up to two of index registers 62 are delivered to the
XI DX and YI DX bugizaesen2én lavator3lia theasble astessedl by sdofinyard acomedorty r espondi ng to
program control unit 18 and the

distributed in the table as opposed to being distributed in a particular pattern.

Fig. 2B illustrates 2 more complex table lookup operation that
is used in some DSP computations. In this operation, the memory includes a
15 large table 50 of values, and a plurality of index tables 52 containing indeces
of locations 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
is 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.



i nstruction being processed by processor 10. The data on the XnX and Yl DX
busses 29a and 31 a are delivered to the Index inputs of thej@gﬁ g @ 2
arithnmetic/logical units XALU 74a and YALU 74b. XALU 74a and 0 % B
operate upon the data provided at their Address and Index inputs, in
response t ﬁgg@gﬁé signals fromdecoder 66, - 11 26 JupeTA Ao

99/1 4665 P U 8699 to appropriately increnent, decrenent, or perform
speci al addressing nodes in response to a current address and an index. The
out put of XALU 74a is delivered and can be stored in any address register
60, index register 62, or node register 64. The output of YALU 74b is
delivered to and can be st &medifficuly with memorvacessegfefined imtermypgbaset put s of
XALU 74a and YALU 74b are also delivered to multiplexers 70a and 70b, so

t hat nul ti pl exer sadd@ss anddn #Blgxnia jhenppibss of preerssing sydlessreguiradde cgnverit o

| at ches 72a and 72b under control of decoder 66. The instruction set of the
processor 10 il | ubt indexethto amemgry dddréss.oSpsrificatiesit isarecassay iforshe potéssors whi ch
cause address increnenting, address decrenenting, or special addressing
nmodes. For each agdqétfiewd th@based@dretdiBtomd reiiter, Aitriéve thelthdes ftd £6Hcehdr, and
its correspondi ng i ndex register and node regi ster 60, 62 and 64, are

utilized ingdet erx@'giedeﬂadahﬁiﬁdﬂ&rﬁ%w&da}e@_@mg&ﬂemﬁmmnﬁin ke lofig Ul ting

address. If the inStruction invokes a special addressi hg 15 node, the node

register 6415 utiddafithd BolRlauhiifd A AALAL EA10Y. BRARAA/ e L3P

control the operations pertorne er t S generation Is

typically invoked . f. t g l,. 3 [ ruction
i ncludi ng d4 =x [%%?E%g]("}hﬁgdt %SS) %:;ug%({etg’ eh%éraeﬁgg%rgﬁa)&%%%q?%gf% r file
36, the contents of tgg gE%J@bneqpry 33 at the nenory location identified
by the address stﬂ}%g PETITE adiress regi ster adr2. Thus, in response to

this instruction, decoder 66 - 1 Jun 02 . .
n accorgancc w%g the pr?nc%pqes of the present invention,

10 address generator unit 30 includes hardware for performing index lookup of
this kind without requiring the use of the functional units such as the ALU of
the processor. Specifically, the assembly language for programming processor
10 requires that tables have a number of memory locations which is an even
power of two, i.e., tables must have a length 2", where n is a positive integer.

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

The resuit 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 piurality of registers 60a-60d into which the current address in

a table being accessed is stored. Registers 60 are 16-bit registers into which
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WD 991 14665 PCT/ US98/ 18699 controls address register 60c, multiplexes 70a
and latch 72a to deliver the contents of address register adpgJoisc2002 XDATA
menory address bus 29. In addition, because the instruction identifies the
"-" addressing node, the address stored in address register adr2 are

i ncrement edW@YY14665s part of 5 executing the instruction. TREBUSI8A8¢%r t-her
response to this instruction, decoder 66 controls XALU 74a to increnent the
address received at its Address input by one) and controls address register
adr2 60c to store the resulting output from XALU 74a. As is conventional in
digital signal prébiesddremges dresibredC Aiddress déhemeamitad® fosth@rooapsissarfod0 nmay
identify multiple operations to be perforned in parallel, e.g., a conplete
instruction may i@lBiindey rdeiversIE0624d. fRaigiferopR AR tlI6MISre@RienewhicAStoRy 0cessing .
to be perfornmed by barrel-shifter and logical unit 32 and multiply/add unit

34. E. 9., a typi ¢hesTOHMRESEES whithlchn'6¢ LRA iB3thBinBforOQitir tfé3ndre Qnifcahtd =

x[adr294 11 d5 = y[adr3++] 15 In response to this instruction (1.) register
dO of register fy; B&EEI N 68 addiEssREAS f 4] f gegisters d3
and d2 of reqi st%lkseoffi%ﬁea %‘%%(1§:3aa_ mﬂqt@p y/oatgéoﬁpn?t %4%5, ?%a&i gqgrlf\ag?’er d4 of
register fiile 36_js_| AN contents Of a r Lken in a
table in XDATA nf d%ﬁs/%%%?%?rmélﬁ&ga@ﬁ%e Sco%xﬁpéersnf? lﬁre% &Fgﬁ\dgaéﬁsg%gs k'}'r?aegi ster
adr2 60c, after ' Lndex regigter 62c and 2 0O de.regi.ster 64c are
conmbi ned to for n&@rﬁg 1%edﬂg‘é§r§qﬁ’§ll'if§g‘:§tefsa‘g‘i“gh F%Wk‘i%“ﬁdé@gggn%ﬂ@ﬁﬁ@gcri bed
bel ow, and address register ads? 60c is_| gaded with this new address, and
(3) register d5 operstgiofpddressigeperaigr pait 3O, dpcleding.(pr $qme addyegsing mpdes; ;ne 2002
WO 99/ 14665 PCT/ US98/ 18699 contents of a nenory |ocation in YDATA nenory 35

at an address dettbHis#ed from address regi ster adr3 60d, after which

address register adr3
The address, index and mode 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 in conjunction with index register 622 and mode
register 64a. Address register 60b is used in conjunction with index register
62b and mode register 64b. Similarly, registers 60c, 62¢ and 64c are used

together, and registers 60d, 62d and 644 are used together. The manner of use

13 of these registers is discussed in further detail below.

The operations of address generator unit 30 are controlled by a
decoder 66, which is 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 -



60d is incremented by one. The follow ng table identifies the normnal
addressing nodes that 5 are supported by the circuitry of Fi gy \?Uneaﬂgmt he
syntax used to identify those nodes. It will be noted that data may be
retrieved fromthe XDATA nenory 33 or YDATA nenory 35 using any one of

t hese addressing nodes, as indicated in the instruction syntax b

i dent i fyi ng"PA¥™%%ory "x" or "y" prior to the brackets (s@@”ﬁ’ﬁ@lléfﬁgve-
exanples). Wthin the brackets, the instruction 10 syntax identifies the
nunber n, nE {0,1,2,3 } of the address register adrn 60 and correspondi ng

i ndex and node registers idxn 62 and nodn 64 to be used. Furthernore,

W t hi n t he brackgensraitradOdy delivering abaddresslover linke 31 itd YEA TAemenorpas.t i cul ar
addressi ng node to be used. SyntaxNaneDescri ption[adrn](no operation) VEM
addr ess = <adr n>Dachder-6q funthtr riecsives theendoltehtsaafdpeas swe ofthd micdadegistersddy n +

1[ adr n- -] post - decr enent MEM address = <adrn>adrn = adrn - 1[ adrn% Speci al
nmodeSee bel ow| adamthmestand orfordirdsithe gaséntMihasddegisersto da@fmint el enent adrn =
adrn + 5-bit i mediate val ueencoded in instruction - 14 26 June 2002 WO
991 14665 PCT/ US98ddt&6R8 moasnt axNaneDescri ption(adrn-=i mb] i medi at e
post - MEM address = <adrn>decrenentadrn = adrn - 5-bit imedi ate

val ueencoded in instructi Oﬂgéerg?%rgéigtm@ia% %%ﬁgw,ﬁﬁﬁ?l}é%@gg%%%dnmb,

i nmedi at ei ndi rect val ue enco n I nstruction n an

identifies a spegj Felelels ' t 0.15 t ax_J adr ng t he
speci fic speci al ma%hr‘essfﬁgr?% é%%gglgxﬁsog p%%m&?§¥@feﬁ%§gb€e%4 §I°14, 13
and 12 of node regqister. nodn.64. e ial ad Si S are,.
Tdentified in thaae fﬁ%&wg“lf‘%ﬁffseﬂ@ﬁ? QE?«@B&H“‘B&E“%%Y dEodR 8 Respiniing

14- 12NaneDescri pti on%‘adr n%OOOdo bl e- post - NEM i)ddr ess = <adrn>i ncrenentadrn
= adrn + 2[ adr n9f ORI EBTHCB" B]o'g’t“-llt\éévﬁ NCTion Dee Preresied P RTOFIFAT = adrn -
2[ adrn% 010pl us i ndexMEM addr ess = <adrn>adrn = adrn + idxn[adrn% OL1m nus
i ndexMEM addr ess & Maudfinlexgrs fPa-and 4Pt delivieyam putgriioglatolesy/ap F-B‘gx@h address =
<adrn>increnentadrn = (see bel ow)[adrn% 101bit-rever seMEM address =
<adr n>adr 0= ( se&espeatizoly| dbe aupetsof ksthes M dpushiAbare delivess te XRAFA>adr n
(see below)[adrn% 111smal | tabl eMEM address = <adrn>l ookupadrn ="(see
bel ow) 26 Juneep@dadigess dings1BemdPGYAUBO8LMEBoBldResS tinesi 31g ThewataenFi g. 3B,
t he XALU 74a and YALU 74b hardware whi ch supports the specific operations
performed for theenmeryraddressdinep2fand 3 laatelalss delineredbidabe Addrefseinplasof | bed i n
detail, as well as the specific operations perfornmed in the cyclic

i ncrement, bit-reveastimetcibgicabldts| XakUV4a and YALU 74b.

Index registers 62 are connected to XIDX and YIDX busses
15 29a and 31a. In any instruction cycle, the contents of up to two of index
registers 62 are delivered to the XIDX and YIDX busses 29a and 31a, as
controlled by decoder 66 responding to program control unit 18 and the
instruction being processed by processor 10. The data on the XIDX and
YIDX busses 292 and 31a are delivered to the Index inputs of the two
20 arithmetic/logical units XALU 74a and YALU 74b.
XALU 742 and YALU 74b operate upon the data provided at

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

- 11 -



5 speci al addressing nodes. The inputs to each ALU 74 are an Address val ue
ADR and an | ndex value IDX. These val ues are mani pul ated by wgrupa 2002
conbi national circuitry to support the various normal and special

addr essi ng nodes, to produce an output value on line 78. Included’in this
circuitry i it adder 10 and bit-reverses 80. The fir 0 unit
80 is the A 3&?&2 received by the ALU 74. The second |npdﬁﬁio u#%f;SO IS
produced by a nultiplexes 82. Unit 80, as controlled by decoder 66, .
generates at its output a binary sumor difference of the binary nunbers

Versi on of i he ARArRty il FBEhO LY pARRR LR Aetind FUERDE
di tly del t h | t f . tj t t. I th
o1 1 ever sal  moES oI APPYCBALR R RS %eeg@u&o@ﬁ&m Sed. so that

the carry out put of the bit 11 adder is nnect.ed e carry ut of the
bit 10 adder, th&® lé‘éﬁr‘?‘{e/“rtﬁilﬁaﬁll?Fstﬁ’FEdt‘Héan i rsﬁiefsrr Q PdeE FERTD Pt e

carry input of the bit 10 adder, and so on, %dol exes 82 generates at
its output to unfOMSEEBIEeRGA t BrerPuEE of XAkl 7%’@ dOBYQE W @nAGen PRSierad t i pl exes

82 may be the I DX value received by - 16 26 June 2002 WD 99l 14665

PCT/ US98/ 18699 timanyraddreas registenfdy The outpatstifnghlyU Tdabed YALU He ané slso vy
nunber 1 or the binary nunber 2. The twelve |east significant bits of the
out put of unit 8delivwered anuldiptesers76a tdtk70bn pathat miltiplexkemndOn asptmae 1- bi t
mul ti pl exers 84. The second 5 input to each nultiplexes 84 is a single bit
produced by a nulbypsss exers rddtilts dikdctly prhte Ytdtes §3a arde72banidedonad] df\decsdat r ol
signals on lines 87 froma control circuit 88. The signals on lines 87 wll
be either: all zegpes (000 hexadecimal), causing all nultiplexers 84 to
sel ect the respective signals delivered fromunit 80; all ones (fff

hexadeci mal ) causing all mi!*lfehﬁsin%éﬁéxﬁse%f&x@p?&k%% 16 NRisfark®BAgELI, ve signals
delivered frommultiplexes 86; or the twelve |east significant bits of the

contents of,a ”th? LERIvaLiBis i tgﬂs wglraﬁc%\%@laﬁﬁes?lﬂ&]e&em g,e ts from

mul tipl exers 84 un er contro eco are conbi ne t he four
nost significant C Q t 5 L.tipl exers
84 in the sane re&s%pegi 3{119 % ‘3 %Cp%ﬁg‘{}gsss mod’é‘,’s E?;%%h%lm ngﬁctdee;qu 5 84

received fromunit 80 to &duce the 153 out t of the. ALU an l i nes
contents of an ‘'address régister, and its correspo g mdex register an mo

’U

)

register 60, 62 and 64, are utilized in determining the addressing mode and
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

- 12 -



78. Multiplexes 86 selects and produces at its output, one of three 16-bit
signals input to multiplexes 86, under the control of a |ogi GgCjneWighz88.
The five signals input to nultiplexes are: all zeroes (0000 hexadeci mal),
all 2 0 ones (ffff hexadecimal), and the index value IDX input to the ALU
74. - 17 %3 June 2002 WD 99/i 4665 PCT/ US98/ 18699 _ Logic circui%'88
control li ndN ?’Wfﬁ exer 86 and nultiplexers 84 is responsi PETUFP3E8 1 o
signals from decoder 66., and to an underflow signal on |ine 90, an
overflow signal on line 92, and an equal signal on line 93. The underfl ow
signal on line 90 is dgrived fromthe qﬁst 5 si ningﬁgt bit of the index
val ue |1 DX i nput oBtpis@ddress registen oo, multnicrer 494 apd lgfe forfigdxenig ue which is
| ess than zero and thus as a "1" value sign bit. The overfl ow si %nal on
line 92 is deri \ﬁ@atw%aadr@mgw&w%épcwgéﬁ)éTéimemmty adgrest busi 299 Im 12- i nput
OR gate 94, twelve two-input AND gates 96 and twel ve inverters 98. The

i nputs of the i 2additpant bedRusgdheingirection édtntifes the "ty addeessing mode,2hé nput  AND
gates 96. The respective inputs of the AND gates are the twel ve | east

si gni fi cant bi t saddfest foreddn rédrssswegister silRard ahdrarserged byl Af parfdf, and t he

i nverses of the respective twelve |least significant bits of the contents of
a node reggster ¢xecutinedhelpisirvaiond Thasdedotief réponstlié thid Meinedion,st r uct ur e
will generate a "1" value on line 92 whenever there is a 1 value in 15 any

bit position of ddeda@d ool XAIU MRo ifdtemant the/Rlde&s kdteivBEasig™® Di t
position of the twelve LSB's of the node register nodn delivered by decoder

66. The use of tﬂh&regs‘imib?'rbn\é’f Anld csﬁtrcﬁlwf]k&ése%gi;a@ﬂms&m skt Signal on

line 93 is derived fro conbi national lTogic™Tircuit conprising a 12-input

OR gate 100 and lteg\@{ixgﬂﬁ%?t\-sé%%qﬁl}l%g 0 gates 102. The respective inputs

of the AND gates are the e least 'significant bits of the address val ue

ADF el ver 10 AU T4 00 L ARRASH Gy B b, BLBALLEeT 1

10 executed by processor 10 may identify multiple operations to be performed in
parallel, e.g., a complete instruction may identify two memory fetch
operations as well as processing to be performed by barrel-shifter and logical
unit 32 and multiply/add unit 34. E.g., a typical complete instruction would be

d0=d3 * d2 || d4 = x[adr2%)] || d5 = y[adr3++]

15 In response to this instruction (1.) register dO of 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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26 June 2002 WD 991 14665 PCT/ US98/ 18699 _ 64 delivered by decoder 66. This
| ogi cal structure will generate a "1" value on line 92 only a$aund 2002t wel ve
LSB's of the address value ADR delivered to ALU 74 are equal to the twelve
LSB's of the contents of the node register nodn delivered by decoder 66.
The use of i so/fqgaction W Il be explained 5 bel ow. |n use,pdhesodagdodus
normal and speci al addressi ng nodes are inplenented as descri bed bel ow.
Post-i ncrenment and doubl e- post increnment addressing nodes are inplenented
by decoder 66 instructing multiplexes 82 deliver a binary 10 value of 1 Or’

2, respectively, t it . j cts j 0 t.0 _add this val ue
to the address valcgtétg&f)ﬂf?%ﬁﬁ}%f%gi{?ﬁq’gm%% 1ienrorlgg5 %tua%[aﬁlgfessdel ivers a

val ue of 000 hexadeci mal  to t control i s of ti.pl exers 84, so that
Ve out put of un; e8Red B8 & Brebor ety an R e whith pelied GhBien el ol exer s
84 to output lines 78. 15 Post-decrenent and doubl e- post decrenent

addr essi ng nmodes £08 15 BHICBRBISE BY OB decoder 66 instructing nul tipl exes 82
to deliver a binary value of 1 or 2, respectively, to unit 80. Decoder 66
instructs unit 80 to subtradhefdlosingtable igangfies the ngrmpl addressang modgsrthatnput
to ALU 74. Decoder 66 further delivers a value of 000 hexadecimal to the
control inpus of agesnppotted iyl g ereni®yiof He. 3,land thelsgntox tigrdtto adentifyi tho80 i s
delivered unnodified directly and via nultiplexers 84 to output lines 78. -
19 26 June 200ZnMiBs.9BMIY B6 nofeCTHAUEAS 1k 68 Fetrievddfronh tESKDARA mEmosy | ndex
speci al addressing nodes are inplenented by decoder 66 instructing

mul tiplexer 82 to JWIriYIBATAiferhdt(l 83 uviak by bidofithee hidessing Mbdés/dk t 0 uni t
80. Decoder 66 instructs unit 80 to add or subtract, respectively, this

val ue from the addp@ssey ! HeindPRtionRYrak By NektiSi §|4he EREREETX "R "{ruphider

delivers a value of 000 hexadecimal to the contro
to the brackets (see the above examples). Within the brackets, the instruction

10 syntax identifies the number n, n€ {0,1,2,3} of the address register adrn 60 and
corresponding index and mode registers idxn 62 and modn 64 to be used.
Furthermore, within the brackets the syntax symbolically identifies the

particular addressing mode to be used.

Syntax Name Description
15 {adrn] (no operation) MEM address = <adrn>
[adrn++] post-increment MEM address = <adrn> -
adrn = adrn + 1
[adrn--] post-decrement | MEM address = <adrn>
adrn = adm - 1
{adrm%) Special mode See below
{adrr+=imm5] immediate post- | MEM address = <adrn>
increment adrr = adrn + 5-bit immediate value
encoded in instruction
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inputs of multiplexers 84, so that the output of unit 80 is delivered
unnodi fied directly and via multiplexers 84 to output |ines & jyhB®ooyclic
i ncrenent special addressing node is used for sequential access to a cyclic
buffer of an arbitrary size less than 2.12 or 4096 10 entries. To use this
node, the b%g{nniqgeaddress of the cyclic buffer is stored in the index
regi ster 62WQHE46e| ve | east significant bits of the endi FETARVEEY of the
cyclic buffer are stored in the twelve least significant bits of the node
register 64. Wiile in the cyclic addressing special node, the address

regi ster 60 stores the next address to be accessed. 15 To explain this
node, consider ag¢ stoat LCc buffer tries, starting at
address of 1234h|{where-h rep Mﬂ%\.t&‘ hexa ‘:"e ati-0on sl adldr ess,
i ndex and node r ¢gidsA-efBms0r 2| PRifedidtel}ast6 ACMBENMIaddeL2 64irnT0 perform this
access, the addre¢ss registers| agdceerdnt t i al i (e Wiatid 1 NBjt ihdBRatead@=1236h
(address of first access), idk2=1234h (bed| gRrbdd iageesgoPf 2 o buffler),
nod2=4239h (endi s e t— A St—st-gr-+eaht—bt e to 100
to identify the ¢ymmib]i ncr enpmimedaei al njole addvess =t Ifebit anineidfareg | 20
26 June 2002 WO 99l 14665 PCT/ |UndB£ct8699 _ |sexussncedsdf iniimstuetiod i ons
generates the resurtrng nenory addr esses and nodifrcatlons 1o adrz.
d4=x[ adr 294 --~ d4=XMEM 1236hj; adr2=1237h d4=x[ adr2% -~ d4=XMEM 1237h];

G4oXVEM 1230h] _act o-125an TS AHPIon LRt i e AR e 1,

i npl ement this node Sj

66 d
18 that a speci a|s>’a‘8’af§§’§?ﬁ@‘er?88%§% gp%é%{?
i ncrenent nopde fro
i dentified Dy theYi

onlines 68. Inr

a 16-bit binary V&7

current address

nals fr

e mpde
) 00 I f bi 14-1
S g2 of gl i raci
es({ai:gnse to these (t:ontr,ol

asridentifigd ihing

3. AupreBE A arEy

sj gnal s,

B B O R o

egi ster
r ol
mul tipl exes 82 delivers
diewingiablegy adds this value to the

nmodn
signal s

Syntax modn bit 14-12 | Name Descﬁption
{adrn%) | 000 double-post- | MEM address = <adrn>
increment adrn = adrn + 2
[adrn%] { 001 double-post- | MEM address = <adrn>
decrement adrn = adm - 2
10 {adrn%] | 010 plus index MEM address = <adrn>
adrn = adrn + idxn
[adtn%] | 011 minus index MEM address = <adrn>
adrn = adrn - idxn
[adrn%] | 100 cyclic MEM address = <adrn>
increment adrn = (see below)
[adm%] | 101 bit-reverse MEM address = <adrn>
adm = (see below)
fadrn%] | 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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-val ue ADR delivered to ALU 74. Also, control logic 88 instructs nultipl exes
15 86 to deliver the index value IDX received by ALU 74 to i s JadnéR0O02
Control logic 88 also responds to the equal signal on line 93, to deliver
control signals of 000 hexadecimal to nultiplexers 84 via |lines 87, so |ong
as the equalwebgiagés on line 93 is not asserted; otherw se, EOMswhsedd gnal s
of fff hexadecinmal are delivered to nultiplexers 84 via |lines 87. Thus, so
long as the twelve LSB's of 2 o the current address, are not equal to the
twel ve LSB's of the ending address of the table which are in the node

regi ster, the increnented [ €SS i i |J-ver ed
~unchanged directly and vi aﬁgrr% nfgpqo%&tgﬁﬁg.gs%,% %&E’ﬁ‘gﬁnﬁé’gﬁﬁ% 26 June
2002 WD 99/ 14665 PCT/ US98/ 18699 78 of _ALU 74. 1f, however, the twelve
USE s of the cur PERERINEESPRATSIhe SR o BeaionsRertomped dfrint ACRTAY A3t ess
of the table, then the _end of the table has been reached, and nultipl exers
84 repl ace the tWR¢NA addsessinggpodes gan br-dssprbaddn dgladraseellassbeisrsaiisy unit 80,
with the twelve LSB's of the starting address of 5 the buffer delivered
t hrough nul ti pl ewperagens psripered ipdhacysho thersmant, Hit-reverpr andfabledeolapu 74 on
lines 78 which is equal.to the starting address of the buffer. The
bit-reversad spespedial addfesssgimedesnode i s used for special operations such as
fast Fourier transforns in which data in an array of up to 2'2 entries is
accessed by bit-reversing @he amitsas sadhoAlld 7é raream AddtesssaivecgfDRtaad an O adrn
60. The array nust begin at an address at a 2" boundary (i.e., an address
evenly divisi bl e ihiex@ajue IBX. TIRYEVARs a8coaspuidicddy varibaycontbidatiogslt ri es, to
generate an FFT of size 2", is performed by storing the value 2"'' in the

i ndex regi ster 6%iRmeyduppst e wRR0s Aéhal 5d §ptial éflifd}é%@ing?xﬂﬂe&%i ster 64.

To i nplenent this node. decoder 66 detects signals from program control

unit 15 18 that fiaréd?x%{?Lﬁbutﬁﬁi‘%ﬁ%&inﬂﬁxe%d%&lédéﬁ%kﬁié&i?&xiwﬁ?stael?-ﬁt écgil%rs Cor

bit-reversal nbde fromthe 101 value of bits 14-12 of the npde r

rode i dent i ed bygbgelahst BHOThOBrs Al Ubic 08k IEDRRAERLLAE 5Nt O

signals on Tines n response ese control signals, I pf exer 82

deliver e, 15 XELHR TLSRLNES, o b bl 20 200
D tet e o Lok 0 Fy B CRUSES L B SIS 28 e SR e L e
logic 88 deliver Sdi}fgr%ngevo\%ltﬁ/eebﬁlnim%];rs r{:?gv?d&nat-its %\go inputs, or alteratively

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 received by
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26 June 2002 WD 991 14665 PCT/ US98/18699 _ |lines 87 as control signals to
mul tiplexers 84, so that the bit-reversed address produced bysguung 28021 s
del i vered unchanged directly and via nmultiplexers 84 to output |ines 78 of
ALU ?4. The bit-reversal node can be used to performan FFT of 5 different
step sizes 2k, where k#n. To do this, idxn is set to the V?|#RE§Vwa@d t he
LSB' s of moRQ %468t to 1. For exanple, an FFT of size 8 &an be performed
. starting at address 7f30 hexadecimal, by setting adrn=7f30, npode=5001
hexadeci mal and i dxn=0008 hexadecimal. The tabl e | ookup speci al addressing
nodes are used for 10 accessing a table of values in nenory by reference to
a base address aW@Add Vheemay e thrdinasy avmber Qa#h@abla%inpwex/ﬁpuéebwame
table. The table nust be of a size 2" and begin at an address at a 2"
boundary (i.e., wumbaidress evenly divisible by 2"). To use nornal table

| ookup in a table of size 2", bits (n-1) to O of the node regi ster node 64
are set to a value of "1 "Thetthelvkdeast difshicnobitd dfehd bumpodef unitdiosirer are set
to the value 0110, and the remaining bits of the node register are set to a

val ue of "0". TheordeleErIhé RPLEIOEtwa Rsftive ] HRImilAplekers BUr The adeiess i n
the table to be accessed and the index register idxn 62 is set to the index

of the nexis entrjhphikolehéh ﬁaamgﬁxéxosma@ﬁ@fcaﬁ@ﬁoﬂ&dwmrﬁmplexgm. regular
tabl e | ookup node, decoder 66 2 0 detects signals ffom programcontrol unit

18 that a speci ahrideliensidiie ERIIE bREbiNeRS Bl SRUREL &7 hBR 0hGBI table

| ookup node fromt 110 value of bits 1 e node register nodn

identified by the |5 [ : ' he_ - ; WO
00/ 14665 PCT) USSR BaT0 2 sraal A EEt] Wl e Gl bdoes (R ipR-AHY

response to t hesgau%%gtaﬁlorrlmlg}lﬂg)rclg‘!s 84 to select the respective signals delivered from unit

80; all ones (fff hexadecimal) causing all muitiplexers 84 to select the
10 respective signals delivered from multiplexer 86; or the twelve least
significant bits of the contents of a2 mode register modn 64. The twelve single
bit outputs from multiplexers 84 under control of decoder 66, are combined
with the four most significant bits produced by unit 80, with the outputs of
multiplexers 84 in the same respective positions as the inputs to muitiplexers
i5 84 received from unit 80, to produce the 16-bit output of the ALU 74 on lines
78.
Muttiplexer 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 (ffff hexadecimal), and the index value IDX input to the ALU 74.
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mul ti pl exes 82 delivers the value 0000 hexadecimal to unit 80. Unit 80 adds
this value to the current address value ADR delivered to ALU2@4uns&aote t hat
the output of unit 80 is equal to the current address value ADR delivered
to ALUS5 74. Control |ogic 88 causes nmultiplexes 86 to deliver the index
val ue ) DX dgld to ALU 74 to its output and ~ul tipl exer, ,
control Iogﬁghﬁg&gglivers the twelve LSB s of nodn on Iineg%ggéggﬁ%%ﬁtfol
signals to multiplexers 84. This causes those nultiplexers 84 receiving a
"1" value on lines 87, to select the corresponding bit output.from

mul tiplexes 86 in lieu of 10 the corresponding bit output fromunit 80.
Note that for a table of dioge drcutfs canirajping miydtinlexer Bo ard mulipiaxess 84r e set
to a "1" value. As a result, the output of the ALU 74 on lines 78 is equal
to bits the (n- lisyespongvegp cohigolisighels fiom decorentodand tpanagderglowtségnal an 74,
concatenated to bits 16 to n of the address value ADR delivered to the ALU
74. Thi s pr oducekna?l, anbperflowsignahaslitOand im eqalldegredonline 83t he addr ess of
the desired location in the table. The small table | ookup special

addressi ng nodes is al so uBedidderfioacsigsd online90 Gldeaived frumlthemoktn Menory by
reference to a base address and an index to the location of a desired val ue

in the tablse. Thﬁﬁﬁi’ﬁ&éﬂt bitaPtiR ih@aeTIeingif b ehsSAT UM, hkteis iREHRE of abl e
| ookup node, in that the snmall table 2 0 | ookup node includes features for

preventing under il Qe:0%a10¢ Fhich W& thhlSerb BAEHD £y LNG Jahfeswga_ri es of the
table. In the small table | ookup node, the index, if negative, is forced to
zero, and if positive, iIs ] i SHR 2 WO
99/ 14665 PCT/ US98/ 18699 _ md‘g*%gﬁ"gé’%ggfgﬁmte%r@ ?%ré’%ﬁg?f“zn’gﬁm | nga‘etx?"?‘glAs in
regul ar table Iog t abl.e 2" and b at._an

kup,. th t. b ' [

Cddress at a2 Bty SorBgts Tl Ko I 55eQe sPEREANP 85" 1 e
smal | table | ook in atable of size 2", bpts.(nl 0 of the node
regi ster nodn 648§F‘é‘{1§ve°t‘v°t‘ﬁvc<¥e\rﬁa?%eﬁ3ﬁmp‘¥s ?%{"ﬁé&?‘b‘%‘\l%@“ga@p&d“ﬁ@ node
regi ster are set tq the val.ue 1, and t remai ni ng bits of. the node
register arfe set bYg’eéww‘?lé(FE}ré“B‘f‘%.ga‘Fﬁg%E’gFéeégecf%ﬁf'g’t“ of ther S set to
the first address in the table to be accessed and the index register idxn
62 is set to the2ieibetwebte lease sigaificanthite pf fhe adfeesy valneADR dsdivered issed. To
i npl erent the small| table | ookup node, decoder 66 detects y o signals from
program control @& 74.8nd fgtingerspsof ithel respeeti vesichg leastisigniicans bity e thel,
detects the small table | ookup node fromthe 111 value of bits 1412 of the
nmode regi st er nodentenienf 4 miodelrdgisterhmeodnfat deliveried hy degedenies. i Thas bgichk
appropriate control signals on lines 68. In response to these control
signals, multipl serturd il gknerae 3 "1 healuabw En®9DGhtrexvadheienab 1tvalvem t  80.
Unit 80 adds

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 modn 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 bits of the address value ADR delivered to ALU 74, and the

respective twelve least significant bits of the contents of a mode register modr
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15 this value to the can ent address value ADR delivered to ALU 74, such
that the output of unit 80 is equal to the current address vagugnéd2hd?2
delivered to ALU 74. Control logic 88 delivers the twelve LSB' s of nodn on
lines 87 as control signals to multiplexers 84. This causes those
mul tiplexers 84 receiving a "1" value on lines 87, to select
correspondiW&”B’flf“ﬁ)ut put frommultiplexer 86 in 2 0 lieu O%cg‘h%gm%% il
corresponding bit output fromunit 80. Note that for a table of size 2",
the n LSB's of the node register are set to a "1" value. As a.result, the
out put of the ALU 74 on lines 78 is equal to bits the (n-1 ) to O of the
val ue - 25 26 WGudelivered By Werodey 664 688s PEFALISIBIE 8 G D getetate/at 1 drafue om
mul ti pl exes 86, concatenated to bits 16 to n of the address val ue ADR
del i vered to the 1Mel92bhly WhersthptweucESBanf distqddtesovalhe APR deliveved @h i s equal
to the address of the desired location in the table. If neither the
under fl ow si gnal ADUI74nge &fhal dGhe iWetveaVSHE'S bOe SoBBRE 0P the mdde rélsigr €
asserted, 5 control logic 88 causes nultiplexes 86 to deliver the index
val ue | DX del i verggd) @elitbidd 69 deSodet 86.0Thedie oRiils MIAkhibPWRNSY Spfithegand t he
output on lines 78 will be equal to the indexed |location in Phe table. If
the underflgw si gpalg,on line 90 is asserted, then control |ogic 88 causes
mul ti pl exes 86 to deliver a value of 0000 hexadecimal to its output and
mul tipl exers 84, forcing t | i 1 sing the
output on lines 78 to be tngdggglr?ge(‘é%qggé 9?%eﬂ%}¢§£ﬁag%§{sgﬁgIﬁ{rllﬂﬁi%%'t abl e.
(I'n an underfl ow conditio he..i X value IDX received by ALU 74 w ||
have a negative vlgfp& ,erg%d%‘a S%'bbegg%g?vm ned froma "1" value sign bit,
which is the MSB of the index value 1DX and forns the underfl ow signal on
line 90.) If there is not Sﬁﬁﬁéﬁ’?qnb%)éc%’r‘l’gfet’?%hfnuﬁﬁnf P&%ﬁlng\l}@dﬁ ow
signal on line 9? is asserted, then control |ogic 88 causes nmultipl exes 86
to deliver a val udcénpiepentef by daeader,e inssuquing rapftiplgrer S dichvar@ihnagler s 84,
forcing the index to its nmaxi num val ue, and causing the output on |ines 78
to be the a8dressvaite efheon X sespeasvalys ormitBO: Heecpden 66 ingtrustspuaet 8Qe adtbe of an
overflow condition, bits n to 15 of the index value IDX received by ALU 74
will all 2 o havethis vaiye to ghamddress valhe ADRnaput weALYi7ds Decdder 66 furdier t he node
regi ster nodn 64 will have a 1 value, and so the output of OR gate 94,
whi ch is the over ddhvarssi el of 90 hexededithal ti the corerd! iputd of nauitiplexars 84w
condition, one or nore of bits n - 26

so that the output of unit 80 is delivered unmodified directly and via

multiplexers 84 to output lines 78.

15 Post-decrement and doubie-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 mulitiplexers 84 to output lines 78.
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, 26 June 2002 WD 991 14665 PCT/ US98/ 18699 to 15 of the index value |IDX
received by ALU 74 will have a "1" val ue; under these conditp®0ane 2002
output of OR gate 94 will be "1", and the overflow signal on line 92 wll
be "1".) The i mredi ate post-increnment and i mredi ate post-decrenent 5

addr essi ng gRfR[4deaUSe an i medi ate val ue constant encodedpipfyRodifagos _
instruction received by programcontrol unit 18, to be added or subtracted
.fromthe current address value. These nodes are inplenented by decoder 66

- recogni zing the appropriate node, and generating control signals causing
the contents of the inmedigte.value.register of .th rogramecontrol unit to
be 10 delivered to the ind si“h‘%ﬁtm‘lﬁ%%ﬁfnd%ﬁlﬁp%?laﬁﬁlgfﬁ“%lr@gégér“%z is then
controlled to del.iver this val ue . adder 80.  Adder 80_.is controlled to add
or subtract this IWQ‘CWHW"'F@W‘F‘F@% instEuctipg Mydtipheyer f2 tedeliver thymdex) 74, At
the same tine, control logic 88 is caused to deliver control signals of

val ue 000 hexadedialgDXgeeaivad byl Abdd 74 tgunit &b Dergden Goanggtiersomitchofte adénce of
t he address value ADR 15 received from ALU 74 and the inmedi ate increnent
or decrenent val we sehtecdedspeatively, isrvabielfsonathd addrssnalue ADByapus tBALUO out put
lines 78. The | ast addressing node, imedi ate indirect, causes a constant
address encw®ded i7at ®ecbderion firthee tielersraahicv o @00 Yiexudegmamoahdiéonebl uni t 18,
to be used as the address. These nopdes are inplenented by decoder 66

recogni zing 2 o tihguappnolpipiente saNdehat ARCbyGRA OF adit BPisARIVred wkheifts
causing the contents of the i mmedi ate value register of the program control

unit to be deli vefi@ekly shd N€nARPIGRE A6 oAl BRS 781 nes 29 or 31. - 27 26
June 2002 WD 99/ 14665 PCT/ US98/18699 It will be noted that in a

ci rounst ance such as that il usdiclhatinkl sFidi) sdfesiehBad BEadgex i nto a

| arge table SO, is retrieved from another” table 52 ored in nenory, the

ndex retrieved CREet DB e i) E TR 9 d: Bog OATA bus

37 through the |

10 entries. To use this mode, the beginning address of the cyclic buffer is stored
in the index register 62, the twelve least significant bits of the ending address
of the cyclic buffer are stored in the twelve least significant bits of the mode
register 64. While in the cyclic addressing special mode, the address register
60 stores the next address to be accessed.

15 To explain this mode, consider accesses to a cyclic buffer of 6
entries, starting at an address of 1234h (where h represents hexadecimal
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=4239h (ending address of buffer, with most significant bits set

to 100 to 1dentify the cyclic increment special mode). Then the following
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5 74a/ 74b, and then via nultiplexes 86 to multiplexers 84, for generation
of the desired address in table 50 at output lines 78. Referpsngn&ao2o
Fig. 4, details of the architecture and operation of the barrel shift and
| ogical unit 32 can be nore fully explained. As noted earlier, the barrel
shift and lggical unit 32 includes a logic unit 240 10 which perforns |ogic
t asks such Qg) 650R and XOR (exclusive or), as well as aPSIYSERISHRY frer
242 for shifting a digital word a specified nunber of bits. These el enents
are used for CRC and bit packi ng/ unpacki ng operations in the manner
described below. Fig. 4 also illustrates in nore detail, the structure of
register file 15 s3fenddr ifis@badrlgehirkies thh edsUiRg nBinthy a@8BREAnPUT pose dat a
regi sters dO through d7. Four of the registers, dO to d3, are 56-bit w de
registers, and tRgdifdmabid BQdfE0i sters d4 to d7 are 24-bit wide registers.
The wide registers dO to d3 are separated into three fields: an extend

field doe to die, a high fiyel to p_%E,I . Li e d01 to d31. The
: tﬁ(ﬂglr%’(]] t he |Eﬁﬂgzn%h;%§§ 1834

extend field is 8-bits in w ow fields are 24-bits
in width. The extend field_ contai I i er. w, and the | ow
field contains precision bF??qﬁ%b‘?oiaﬁﬁ—%kﬁf#ﬁléﬁé—ﬁ mul tiplication.
The core 24-bit data is contai.n iin the hi jeld. The narrow - 28 26
June 2002 VD 991 14665 PCT/ H)@@’éﬁ‘%g%@g’ 54=@gﬂ§?ﬂ;58§5s 3d=4#3% e aligned to the
high field of the wide registers, as shown in Fig. 4. In other words, the
narrow registers d4 to d7 G6—Hadr2bed vedGuiMEMI1230n7dr2351d34ksi on bits. The
multiply/ladd unit 34 and the barrel-shift and |l ogical unit 32 5 operate on
56-bit data to produce 56- Bfexpd3id] rsd4TAMENHL 2fhdradg2H28Sover f | ow
extension and 24 precision bits. 56-bit operands are delivered to units 32
and 34 over 56- biTo impdemenBttisimeds dd@®danab detectsSbgriaist frome quibgrsmgeneolat ed by
units 32 and 34 are witten back to register file 36 over 36-bit C bus 42.
When a 56-bit valung li8shateadedizladiessingahiodehie asthardl, deaitstheegelidd 10 to d7,
the 24-bit value stored in the register is extended to 56-bits. This

function is0perf dadregemm@ierfaini trRVaD valmppf bigs K- ITof the hdde rdgibtdrimddn
operation, the 24-bit data in the narrow register is extended by

concat enating 24 j@sSied by M inGiARtioR 288 dsliver B hprbpidid@nn@l signald s, and by
concatenating 8 nore significant bits. The 8 nore significant bits have the
same val ue as thgjfiPgE. In response to these control signals, multiplexer 82 delivers a 16-bit
binary value of 1 to unit 80. Unit 80 adds this value to the current address
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 in 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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. 15 significant (sign) bit stored in the short register. Wien a 56-bit val ue
generated by one of units 32 arid 34 is witten fromthe C b2aJdhid 20020 a
short register d4 to d7, the 56-bit value is truncated to 24-bits, This'
function is perfornmed by a storage mapping circuit 122. In this operation,
the nore sigodhsant 8-bits are truncated and the | ess 2 Opergsedisednt .
24-bits are truncated, and the remaining 24-bits are witten into the short
regi ster. - 29 26 June 2002 WD 99114665 PCT/ US98/ 18699 These extension -
and truncation features provide a powerful way to round and clip nunbers

gener at ed dur | NGOt % I10halyed LW R setﬂgmﬁen& DML ng the

use of additiona uction triéeva and -
st orage mappi ng CI cyi 5 Iso :rOV| i on ctio useful in
per form ng cycl .‘av 3;(#1?0%%29 st g‘gﬁff{jb?ep ﬁ?ﬁ éﬁ%ﬁa%%er ations
as described below. Specifically ret ri eval ircuit 120 includes a
function for conbfépé??éb?dﬂﬁnqlﬁé“Hleéﬁs\%rr%l’l?qedhﬁg‘ﬁéve%eﬁ%P@ﬁheﬂféwg%edr egi ster
dO, with the |l ow word of another register such as register and

produci ng t he 102dssese arodneeddyy und Q) vith ghegwelvgdiSs' sstsﬁrgr sta@mgpédresﬁmfo A bus
40. The use of this functionality in CRC, bit packing and unpacking wll be
descri bed Isel ow. ﬂ)StboffagbliMa‘quth@ngimtdtjpbxerzﬁ, ¢ffestively praducmgah ogtpusof uncti on
for separating a 56-bit result fromC bus 42, separating the high word of
the result (bitsth24l2YJ4 b inestMBewiicniswaonal t@thetsteetitgeaddréss pbtheduffee. 0) , and
storing the high word and low 15 word into separate registers; e.g., the
high word of the result nEphdlft-vatadpidil addriessiny @6dedsibedfor Eggiast er do,
while the I ow word of the result i's stored into the | ow word of register

d2. The use of t Bpsrarfdndsich@E Fst Fdurith trhns¥brsies iR HEGSEd Bag LRk tup Withi n
barrel -shift and 1ogical unit 32, individual registers or 2°0 conbl nati ons

of two registers iRy RE.RCLEDIBH- r@Verélf?Qh&adﬂ?ésrs foiHa ¥ laft ah&r@?s%eéél% and 249 so

that logic unit 240 may perfofma |ogical operation upon pairs o

registers, oLOg' Cé%gfb. A0 2R mb Y bE B e B bddbess e BskSdad S BL.oM Mot a from

- 30 2 June

evenly divisible by 2"). Bit reversal access of an array of 2" entries, to

generate an FFT of size 2", is performed by storing the value 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 modr identifiéd 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
received 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 muitiplexer 86 to deliver the value 0000 hexadecimal at its output to

multiplexers 84. Also, control logic 88 delivers the twelve L.SB's of modn on
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WO 991 14665 PCT/ US98/ 18699 regi sters, produced by a masker circuit 248.
Masker circuit 250 utilizes a mask generated by a mask decodeé J@&rD2@0%
delivered via bus 252, and forns the bit-wi se AND of the mask with data
received fromthe registers, and delivers the result to logical unit 240. 5
Concat enat i | shifter 242 is responsive to the outp joC UuNi t
240 on Iine‘ggfg@(s%%oncatenati ng barrel shifter 242 obtai nsytkﬁ@fszldéﬁ?dgss'
significant bits fromlogic unit 240, and shifts the 48-bit word a defined
nunber of places to the left or right. The nunber of places to be shifted

are identified by a_digital signal on.lj|ne 8. The i mum nupber of

pl aces that 10 c sﬁg agﬁ‘i”"ftfoéa‘ggéls‘.9%‘rhﬂpl°§e’is§§t§?eth?té?€gxé?evref ﬁlagg)r?ﬁe out put
of concatenating barrel shjfter %&2 iis delivered by |ines 260 to C bus 42,
al | owi ng this ouPfafecef by mait 88 agdehivered ynehapeeddirestly ppd vieagpltplsres 8o hr ough
d7. Barrel shift and |ogical unit 32 also includes an 8-bit absoluter and
decoder circuit owputlingsdt ot £kUad decoder circuit 262 conputes the 15
absol ute value of the difference between two 8-bit values delivered at its
A and B inputs via |lines ZbB tanev@sd niodgrmambs kead t@ H8rfordi arcBFT 0262, produces
an output on lines 43, deliverable to the X DATA bus 37 (see Fig. 1 ) which
represent s st he abidfetent stepy sibese2* obhdrbie=mli T4 do ehis; édbeis watao thchallkilnand si gnal
on lines 264 and the binary signal on lines 266. The absoluter in circuit

262 is a 2 o si npleifgBbf@ndtintar@sties 1. Bokxamip hVEFY of &t 8lyn BOMPUt es this
di fference, thus providing rapid processing. Crcuit 262 al so produces a

val ue on lines 2pa&mihdhS@king& 8ddréss TR a@dcihill By sifCagpitftgd by
concatenating barrel shifter 242. - 31 26 June 2002 WD 99/ 14665

PCT/ US98/ 18699 T .oﬁni’ﬁioli'g'lemciﬁﬁlQrﬁfiidXFQ)(fO@%]@ddlaﬁnﬁ It put of the absol utes,
0

or have other values as determned by contr signals from program contr ol

it 18. As di d bel iQak | - d
Circuit 262 wi th concat enal I ATRep B AR BRI F oV
I ti Lo b f d i i.ngl [ LoELght - bit
abool ut es ha oGRS RIS 3R5 BIRG RAL VAR CHICp 0N B MAES270 R ch

i ndi cates whether the digital sigpnal on |ines 2 received at, i nput B of
circuit 262 is gl“%ﬁif‘é‘?g‘fzﬁ%“?%%‘l%&‘é}rf yalug Bh‘gFmggecéﬁ\Féﬁgiﬁﬁ“‘lsWFe 264 at
input A of circuit 2)@2. This signal is referred to as the "NEGATI VE"

signal . Finally, S&¢ecifidbesipoat ap addressat 4 BOHNdatY (bf £ ARATSSI SVAYY whi ch

i ndi cates when the digital signal on lines 266 received at input B of added
262 is equal to tdhasibiedyat Toiuseapmaa sahie logkemin 4 tabls of gize 41, bithgul) 18 of
circuit 262. This signal is referred to as the "ZERO' signal. |In addition
to the foregoi ng0ddhempdesisgisteemodn§4 rreettol a vale of 32" ghetour MHH's afdbe g
2-input XOR gate 277. A first input of XOR date is 15 connected to the nost
si gni ficants bit afhodriTegibterre vena thefvatued 130 cand|theoremaisn@ui®s ¢fithemods o bi t
47), and the second input of XOR gate 277 is connected to the nost
significant bit aégittlcart sasvto@waluebdf tie The gidressangibesadi4 60 (s seeto thbifitst 23) .
The output of XOR gate 277 is a 1-bit digital value on line 274 which w ||
be referred to aadiMks infthy 1able a6 Belacclissd UARG ¢ idxQ¥gistdr dxBaBL liedet ththé t er and
| ogi cal unit 32 also includes an exponent extractor 276, which cal cul ates

the number of redpgaTihetiedienthytifi thetableQo ¥ hétRssed.

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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- 32 26 June 2002 WD 99114665 PCT/ US98/18699 _ it receives, to
facilitate normalization of register contents using exponent 2&lUumo2@da on
Referring now to Fig. 5A, an operation for performng a cyclic redundancy
check on incomng digital data can be explained. A cyclic 5 redundancy
check typi cd9g/idessol ves perform ng a sequence of XOR ( exclPggruses/18699
operations on words of incomng data, and ultinmately conparing the results
to a cyclic redundancy code appended to that data. Cyclic redundancy checks
require the use of a cyclic redundancy paraneter and cyclic redundancy

code. One manner ag,;s}omt@&rﬁmwgﬁaworrﬁ@a@damvesﬁ&@elfo the® dBRMoREARN f Or med by
the processor shown in Fig. 4, is described in Fig. 5A. The procedure of

Fi g. 5A begins 2 &£§9d9we Iﬂtfcmge @odé%@@ercﬁﬂﬁft@ﬁmtw'ennﬁaxd&e 8, 12,

16, 18, 20 or ts in Tengt or different applications, into register

o 1 25?25 er Soh?sﬂ@?@%ﬁ b0y Ufos YL Ak SRR S BT Y
generate in the

h f i data t
be redundancy ch88'IIPgQ° a‘fnétc!ggllﬁﬁ%u&g °n‘%‘%°‘frﬁeé’t?%§f'%ragl d‘\‘ﬁ}?élo' I%&Og@{?stgpa °
284). Af h | d heck i
per]zormeftler ttﬁzgﬂ E}O{lg'o d%gzlk ﬁgSStg,sgmalgpgxgg%ét&flep%eerrtggggl?)g%a@?ﬁ}% Iereati ng

the 2 0 foll ow n% steps n tinmes. In step 286, a value N is generated by
performing an ex&plivredtod 4 faiss opsryt 284 griluplexsns 84 Alspfconirel lagig8wor d of

register DO, with the nost significant bit of the | ow word of register d2.
Next, the bits i dekivess the®8elve L§B)s 06mbd6 68 lines 87 as control signals to

multiplexers 84. This causes those multiplexers 84 receiving a "1" value on

lines 87, to select the corresponding bit output from multiplexer 86 in lieu of
10 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 index value IDX

delivered to the ALU 74, concatenated to bits 16 to n of the address value

ADR delivered to the ALU 74. This produces an output on lines 78 which is
15 equal to the address of the desired location in the table.

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
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26 June 2002 PCT/ US98/ 18699 _ high word of register dO are shifted one
place to the left and a value of zero is inserted into the | easfune 2002
significant bit of the high word of register dO (step 288). Next, in step
290, the bits in low word of register d2 are shifted one place to the |eft
and a zero is placed in the least significant bit of the |Qw f 5

regi ster dz"."oﬂ&dﬂﬁs in step 292, the value N generated in S?gy@@gs ¢ used
to determ ne whether to include step 294 or return directly to step 286. If
the value Nis true, an exclusive ORis forned fromthe high word of
register d0, with the high word of register D4 (the CRC ararreterg. The
result of this dRéaxUsprraicrhan erpapmpmgndar. i4s ingegulardable tpoking thevadblpr ocess
returns to step 286. 10 After n repetitions of the |loop including 'steps
286, 288, 290, 28@sthndf294¢2%4nd bERG ava adiréssat & RebounBany<i.of ari addwmss ng dat a
stored in step 284, resides in register dO, high word. Accordingly, the
val ue in regi st edvenll§,divisigle @™ Trause hmall eafdatoekiug m 4 dableroésige 2 HitE<RC val ue
to determine if there have been any errors (step 296). 15 The foregoi ng
process, if carri)es 0@ftheimodeaByiemdt inodibs ehieGettala vau@Al 1R HRcoasMSB's
circuitry, would involve a | arge nunber of machine cycles because of the

need to pegfor mgpihd mBhiRrdRisteraftl def 1o tARSKuADT 10kAEIhe kQHAIARE DARBI @LI ONS 1N a
sequential order. In accordance with the principles of the present

i nvention, howevighay Rblstedbre!sd oQar\jaMeCol?l"O's.t'grgﬂlzsatd ff3s regfiffer adi60 i€ 9% t?ﬂg 294 2

0 can be perfornmed 1n"two machi ne cycles,” aki ng advant age o

specific archite e | t I I 4, -.34. .

99/ 14665 PCT/ US9 H%% 6@%@%@% ‘?‘ﬁ%gn‘i’%&?séfde?’ﬂ '%5 index E?%&&QEX'? {53% 40
architecture of Fig.. rovides a "cre” instruction which perforns all of
steps 286, 288 atﬁ&geZ@é?’p?ﬁgfﬁ%xS{'ﬁg mt?‘ﬁ&b eut(?tbletfﬁ?es’?eéltri eval mapping circuit
120 concatenates 299 the high word of reqgister dO and | ow word of register
d2 together, with regi stemcgﬁ’ﬂlﬂ“?‘t%ﬁér??g‘:"éblgil '“?i%tg%é\gtégéiﬁfe"ténd
delivers the result to barrel-shifter and logical unit 32. XOR gate 277
operates 8f the HEMlYEPBJPIOERELEEHEL WYt Ltbihat 2 spsaiabddssssing nqdsds excl usi ve OR
of the nost significant bit of the high word of register dO, and the nost
significant bit @etiveigd W&@Sm@biaékg@m mededpom ) 111 Ataluelpd bdaie ti ne,
during execution of the "crc" instruction, nmasker 248 nasks O the

concat enat ed cont2ef the gfode eggisieranedrddentifitddy the instrediioncandiglivers theask
decoder 250, which has the 56 bit value of OCOfffff7fffff hexadeci mal,
i.e., a 56 bit vaipnepriate euntrohsigrals drulinesié8. fmstsperisgmo fhiescagrintrol sigrafls, t he | ower
order word has a "1" value (step 301). This masking operation clears the
nost si gni fi cant mitipieder 8hdelivars the dene 0800chexhdacagalad anit 8Q. Uait 80uddsher
processing. Then, still as part of 15 the "crc" instruction, barrel shifter
242 shiftssthe otHigeluofo tho@irfentiiidres? 4Qlue AR Geldvelhio IEU P4 aseh that thbe | ef t,
thus shifting a zero value into the | east

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 modn on lines 87 as control
signals to muitiplexers 84. This causes those multiplexers 84 receiving a "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 modr register are set to a "1" value. As aresult, 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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~significant bit of the contents of register dO and d2 (step 302). Finally,
to conclude the execution of the "crc" instruction, the outpgé Jofe 2002
concatenating barrel shifter 242, output on lines 260, is stored into
registers d0 and d2. 2 0 Specifically, the high word output fromthe barrel
shifter is sicgdoadegsnto the high word of register dO and thedrweayssh out put
fromthe barrel shifter is stored into the I ow word of register d2 (step
303). , - 35 26 June 2002 WD 991 14665 PCT/ US98/ 18699 As a result of

t hese steps perfornmed by XOR gate 2 77, masker 248, logic unit 240 and

concatenating baryel shifter f the "crc” |ns uctl oper ati ons
Cdonti f1ed 1 ot dsiverBbongR GRlds. drcppgieia i ) eahBeandFur ad. s a
result, the operations of steps 292 and 294 identified in 5 Fig. SA nmay be
conpl et ed by 4 " COMGIAPRAahvoreFto e LD Tk Pradhises B oRAINeXER
instruction causes the retrieval mapping circuit 120 to deliver register dO
and register d4 twhiehis equalielthe agdeesseef thodasived legatiostia thezauly. Ifmsithgr theogi cal
unit 240 tests the value of Non line 274 and if Nis "1 ", logical unit
240 conput es and underfiowssigriaboxiipe 99, nohthe overflowtsignaf o kg %2 ae agiértadnd t he 10
contents of register d4 (step 305). If Nis "0", then the contents of

regi ster dOsare awhpollopy 88egises multipl@4pDRanaitingabe indexedlig TDX N st ep 306,
storage mapping circuit 122 stores the high word of the result into

register d0. Ref efelivér@d BOALUO74RbGts offput 2HAGHINEHIeRES BALAnd The/diiteild oh Sinksy/ pi cal | y
.perfornmed in digital signal processors can be explained. This operation 15

i nvol ves unpacki ng Riif e éqﬁ&lﬁtb‘ﬂ?éjinhékeé I6tafibd Rl thdiableS If 88 WhddrloWBigiaiencodi ng
schenmes, parameters in a digital bit streamare packed together, and

i nformation is Usﬁﬂlﬁe%d 0 gisEALE tmvxoma 1Bt 85 ShaM SlubRIHEPaFleR#LO

par anet er s. Accordlng y, to unpac such a bit stream it is necessary to

|oad a desired vayiARldonNEhRkeifh 1#a'&s%u[gupaqmﬁugtc&eétsaeﬁp&h%fhguﬁle&egl ster

and then 2 0 deco ese |ts n exanpl'e npacklhg pr cess of this

ki nd begin vvlthare ch fo i ster
d3. |ow WO?La | 029 g.lc oH”%ex’ongd causing theR u?pu? LR AR B Y addresgofr th

first location in the table. (In an underflow condition, the index value IDX
received by ALU 74 will have a negative value, as can be determined from a
"1" value sign bit, which is the MSB of the index value IDX and forms the
underflow signal on line 90.) If there is not an underflow condition, and the

15 overflow signal on line 92 is asserted, then control logic 88 causes multiplexer
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 0 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
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26 June 2002 WD 991 14665 PCT/ US98/ 18699 N bits received fromthe bitstream
Al so, another register, which for present purposes will be reg giherodZ,
storing the nunber N, i.e., storing the nunber of bits available in
register d3. In a first step 308, the nunber of bits needed for the first
par amet er d into a register, which for present pu Ll S be
regi ster d%sfgﬁﬁggi n processing, in step 309, the nunber i(;) :Segt%lsl%r?geded
for the first paranmeter, as identified by register d6, is subtracted from
t he nunber of bits available. as identified by register d7. If the result
is zero or positive. .then there suffici its for D,th ar amet er
avail able in reg;‘ic’sl(t-g(é’rf tllf?pde'&cvgiydﬁﬁ(gqc%lquryy@g 7gfﬁﬁ hayga Beé’iaﬁ‘gg‘“}ﬁﬁhber of
bits for the first parameter, as identified in register d6, are shifted
from the | ow wor@eScop@iypRs: e ayput of OR@2ateShwillhg "1 nend thsovertlow signall of
register d?, and then in step 311, the nunber ofbits previously shifted
fromregister d3omh 92vidheedi'$ter d2. as identified in register d6, is
subtracted fromregister d7, 15 so that register d7 accurately reflects the
nunber of bits from the bithesmmediata rosaingiemgni mdtimenedinie past-deapémentgi st er
d3. Next, in step 312, the paranmeter in register d2 is processed, |eaving
regi ster dg, hi giddvessidg noldescansk arFinonei$st vajueamnstitemcodedunto theo step 308 to
| oad into register d6, the nunber of bits needed for the next paraneter. 2
o If the nunber @bmibibs reteived BYbrogrdn sdridl Bi1P18, tebé &difed bhsubtlabied nuber  of
bits needed for the current paraneter, then the result of subtracting .

regi ster d6 fronyb@ghSdiRfentdidtést valle TRGE oMEs ard IndiBinsnte@BE dedoBersdeeP 313,
the - 37 26 June 2002 WO 991 14665 PCT/ 13598/ 18699 nunber of bits in the

l'ow word of regijig '£:§g %hg%{:%xgﬁﬁ&%io‘ag. ' HEE%%tﬁg%thﬁl’s\i,%ag %meiééeg‘?sf rom the

| ow word of register o eft and 11to ter d2.

Then, in step 3144 e NGk Rid i bPHR Yo th cbEbifEAT be

10 delivered to the index input IDX of ALU 74. Multiplexer 82 is then controlied

to deliver this value to adder 80. Adder 80 is controlled to add or subtract this
value from the address value ADR received by ALU 74. At the same time,
control logic 88 is caused to deliver control signals of value 000 hexadecimal
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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-‘register d3 and into register d2, as identified in register d7, is
subtracted from5 register d6, and the result is stored in r@§iJesheR00Z, so
that register d7 reflects the nunber of bits still needed to conplete the
current paraneter. In step 315, register d3, low word, is iaaded with N
nore bits tewoddneedsit stream bei ng packed. so that nore bi tggerais9g/mad | abl e
to conplete the current paranmeter. Then, in step 316, the nunber of bits
needed to conplete the paraneter, as i o identified by register d7, is
‘subtracted fromN, the nunber of bits then available in register d3, |ow

word, o determ ne whethery @it o @llfin BUFBGRalce Rhliracihfl ilialedthe 11

regi ster d3, low word, to conplete the paraneter. IT 1 n step 316,

suf ficient numbeg; 0 j j Iy r20d r t t.e the
paraneter, the rfél U%]%R’l(l)lic% ﬁéﬁ%dg%ﬁtgég% %enﬂaﬁﬁ Sgt 13%&%‘65%%5“%&5&;{%&%%1& 0 or
positive, and th rocedure proceeds ta step 317.tg shift.the desired
nunber of bits tgz@8&?@I“é’?’gmf’%eﬁ‘ﬁé?‘gﬁé?tgfe‘fedafgml&g’}ﬁ%f?a@c}’elﬂ}ref: i ster d7,
fromregister d3, |owword, into register d2, high.word, Then, the value in
register d7 is s%’t"F@é%&”ﬁF AA BB b Beaneh th inaNePt BF ALY s remmi ni ng
for further paraneters in reqgister d3, and the result is stored in register
d7. 2 D Thér eaf t éa/74bpandshemyiamattinlexer g tosmuktiplexers$4y fos gengration afdhe egi st er
d2 cleared (step 312), and processing returns to step 308 far the next
paramet er. - 38 desiredaddzess irPEDIZ SO@ 0GPUABES 7TRCT/ US98/ 18699 Aitematively, if
in step 316 there is an insufficient nunber of bits in register d3, |ow
word, to conplete the par defereing nbweo Fresdl detals of ke aciitecwmed ar@in i n step 316
is a negative nunber. In this case, the process proceeds fromstep 316 to
step 319, in whi operatich d¥tliei Hagrelbghéft arid tbbieal it 320fan e maxge SillBr ex@finddow wor d,
and into register d2, high word. Next, in step 320, the nunber Nis

subtracted from pegbetkrlie thedaftel ek HRBIBETcal ¥hitSI20nEHdésh logkhaiteuod7, so
that d7 includes the nunber of additional bits required to conplete the

par anet er jihat hagdagRFfoRRY 1bkiBkdsks &lthht ﬂ@hﬂ,@x@aﬁ&ﬂbﬁ%&cxd?we&f)tﬁrwét ep 320,
the procedure returns to step 31 ~, in which a new Nebit word fromthe bit

stream Lo 15 | 0adetrtdttnkothhAihififs «MIRE { lecURBERYENLRRL 1 O, of

the remaining bits nee romregi st I ster he foregoi ng

procedure, if perfolmethdil e GREYSTRE DA b b8 e/unpacking operations in the

manner described below.
Fig. 4 also illustrates in more detail, the structure of register file

15 36. The register file includes eight general purpose data registers dO through

d7. Four of the registers, d0 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 d0e to d3e, a high field dOh to d3h,

and a low field dOI 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

multiplication. The core 24-bit data is contained in the high field. The narrow
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processor, would involve a sizable nunber of instruction cycles.
Specifically, in a typical architecture in which the arithnepgQuh®ad@2 unit
is separate fromthe 15 barrel shifting unit, it my take twelve machine
cycles for the digital signal processor to first determ ne that a
sufficient nunber of bits are available for the next paraneter, then shift
the desiredVAWHE65 of bits from one register to another, aPCR/P$EA8date a
counter indicating the nunber of bits remaining for future paraneters. In
accordance with the principles of the present invention, 2 o these various
operations can be perforned in one "extract" or "extract residue"
instruction. - 39egisterd@4 dudear2 @ghel\d BO hiphGdd POHe WHAS1dgBeRS abpiesnd i cal | y,
referring to Figs. 6B and 6C, respectively, an "extract" instruction and an
"extract residue'jy FpShr HCth@ward) R mheew Bygisthe d4asidg canmt Rive lidepisft unit
32 can be used together to achieve all of the functions identified in steps
309, 310, 311, 3134 pRtftiondk, 317, 318, 319 and S 320 of Fig. 6A The
remai ni ng steps o Blg. 6A, nerely involve |oading the nunber of bits for a

t t 308), | oadi ' ]li;.e%l.g -
B?ggggsie;g(z ;e)gr arre% er g?t g-?gﬁlﬁgggﬁdﬁdpﬁg?én‘%ag 2), ﬂ%ﬁ@eﬂg’l}i ]%caégﬁlgﬁ%i onal
b hi t f t i.i based .th ' f d by th
Yextract” ahd " e PPAROT BT LSS O MERRL 2P BT S EROSE HRREOHer at i ons

to 'perform The "extract!_ jnstructio erforns, all qf the operatiqns of
SLeps 300, 310, SEENSIgn PSSO it S5 DIEORETENS e dYERRY ¢ R anact -
instruction 320, first, retrieval mapping circuit |20 concatenates

regi sters d7 and ¥®ve $ﬁ1btﬁégqn§t3ebu5%48ﬁn3ﬁé PorRitiesudts espaatgd by Yeitss3% he
result to the B bus 41 (step 321 ). 15 At the sanme tine, retrieval mapping

circuit 120 concanéA4rEswiie back o ragistehillgBoyenso-b8 G b4k er d3, | ow word,
and delivers the result to A bus 40 (step 322). Masker 248 then delivers
8-bits fromthe high word dVhes digsbiuvialuenndeag-fiim onepf thshdrvweistarsiddf B bus
41, to the A and B inputs of absoluter and decoder circuit 262 (step 323).
Circuit 2620t hen tedBithal4-ditivajuaistoB:dfin dm regipiet iskxtehded ef Jelits. Vigiisy
subtracting the needed nunber of bits identified by register dé fromthe
nunber of bits aviahdtiiliepdrftemed by eckuaval mgpsing circlit (20. €lp thid éperation, ehei t 262
includes circuitry for producing different outputs on |lines 258, 270 and
272, - 40 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 a 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 register.
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26 June 2002 WD 991 14665 PCT/ US98118699 based on whet her the val ues
received frominput A (register d7) is greater than or |ess 26duna R@02/al ue
received frominput B (register d6). Specifically, if the result of
subtracting register dé6 fromregi ster d7 produces a nunber which is |ess
than or equijqbdag@r 0. Circuit 262 produces an output on |igfesucsafisashi ch is
equal to input A 1.e., equal to the nunber of bits remaining In register
d3 as identified by register d7 (steps 326 or 327). If the result is
negative, circuit 262 sets the "NEGATNE" flag on line 270 (step 327) to
indicate that an insufficiept nunber of bits were available to conplete the
next paraneter. |f the resdifsq&iepsiop and rpRaaripn HEBIELPrOVIdRE POYER' £ | ag on
10 line 272 (step 326 ) to indicate that a ~ ust sufficient nunmber of bits
were avail abl e t dvaydaptuwdand gip pusaberp gengratedduring commler digisahsignat ¢ he

di fference between the needed nunber of bits identified by input B
(register d6) andredsesuagaiithebl rquiging the ust obaddstiorg mstrhitaa dygles.nput A
(register d7) is greater than zero (step 325), circuit 26Z 1 5 outputs on

|l i nes 258, the val ue i nput Retrievial mappin®&ifcudtri 20rapd stofgei mappingoeitcpin 122 t he
needed nunber of bits (register d6) on lines 258. At the same tine, circuit
262 clears she " NMuohiade additiordERGCiblsagefubih perfoafing MYychditbddndincy N each of
t hese cases (steps 33S, 326 or 327), the absolute value of the difference
bet ween input A ahgckinPatid B packin@Hinphtkidblopetditiods ks dderiBedbeisv | i nes 43, for
| at er storage via XDATA bus 37 into register d7. Once circuit 262 has

compl et ed these oRtibiiRNFemichd Hibbind SrollpP2eRlGES AR Bgs 258 an

i ndi cation of an appropriate nu its to shift - 26 June 2002 WO
325, the barrel SrrraRi8sele P ofl FEHiR LA oo DAY | Mo
Shi'fred by barr el Cune oF abaHeabEl R p Mt B e PORHERE] 0, 1 Sa on

| i nes 258 produced by circuit 262. In p. 329, 5 the |t of .the

concat enat 28 shi f ?”fab‘?drfgﬂ“lbﬁf axfé’?%‘%ﬁ'i’ﬁﬂ‘f"é‘? oy A pgs {(ﬁzﬂ“s"t%%&“sback into
the high words of o SalshS i e, PN patiing Ynd inatie Wl R Mscribed below.

Storage mapping circuit 122 includes an analogous function for separating a

56-bit result from C bus 42, separating the high word of the result (bits 24-27)

from the low word of the result (bits 23-0), and storing the high word and low
15 - word into separate registers; e.g., the high word of the result may be stored

into the high word of register d0, while the low word of the result is stored

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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circuit 122. At the sane tine, in step 330 storage mapping circuit 122
stores the absolute value of the difference conputed by circuyestjudg20end
delivered to XDATA bus 37, into register d7, to conplete the operations
performed by the 10 "extract™ instruction. The "extract residue”
instruction perforns all of the operations of steps 316, 317, 318, 319 and
320 of Fi g.W@AY14665 decodi ng the "extract residue" instructPEHUSHIBEP
retrieval mapping circuit 120 delivers register d7 to the iow word of the B
bus 41 (step 332). At the sane tinme, retrieval mapping 15 circuit 120
concatenates register d2, high word, to register d3, iow word, and delivers

the result to A Russid@ §ro&RRd 83 mashbrTieiit 248 1BQRr SigduiBouili& 8- bits from
regi ster d7 on the | ow word of the B bus 41, to the B input of absol utes

and,decoder ci 1 ¢l 260ty Bl Becm 0o URRY iEBun ] Koghohgl Ue equa

to the nunber of In ea ock lToaded into register may be 2
0O programed to 5 , OH” Al nput  of absolutes and
decoder circuit Bgczgl?ﬁ%p@&fm e%%ﬁ?é@%}{#&ﬁ%@ﬁgﬁg er%és%e%i’ %‘“ﬁt B from
i nput A effectively sybtracti .tage n %Eger of bits needed to conplete the
paraneter - 42 d%%erﬁﬂﬁécs?gd%ﬂ%ﬁ 5’?11?1 5 PCT/ US98118699 identified by
register d7, fromthe nunber N of bits available in register d3 (step 335).
Grcuit 262°incl udes ci rculORGRAIFRHIng pamel shifigr 4F% is srseprsivfo s K of | nes
258, 370 and 272, based _on whether the values received from.input A
(register d7) is logieynit4Q amhnes253e Soneaienating barrgl shifier; 242 ebtains e d8i f i cal | v,
if the result of subtracting register d7 fromthe fixed value is a nunber
whi ch is | ess thdesssignifépant bisdrare fagic iy 244, anddifigthe d&rbitsvard adafipadt on
lines 258 which is equal to input A i.e., equal to the nunber N of bits
avai | abl e (step 3B¥hber o33&es toithetl¢feosaghe. Thenmyumbdr of plcesas bk shifted aegat i ve.
circuit 262 sets the "NEGATIVE" flag on line 270 (step 338) to O indicate
that mare bits ndee¢htifledibe astigifdl eignil@ndime25@t The haxipaintAwhbdr.of bfacéstRat
10 can be shifted is 28 bits to the left or right. The output of concatenating barrel
shifter 242 is delivered by lines 260 to C bus 42, allowing this output to be
returned to any one of the registers dO through d7.
Barrel shift and logical unit 32 also includes an 8-bit absoluter
and decoder circuit 262. Absoluter and decoder circuit 262 computes the
15 absolute value of the difference between two 8-bit values delivered at its A
and B inputs via lines 264 and 266 from masker 248. Circuit 262, produces an
output on lines 43, deliverable to the X DATA bus 37 (see Fig. 1) which
represents the absolute value of the difference between the binary signal on
lines 264 and the binary signal on lines 266. The absoluter in circuit 262 is a
20 simplified 8-bit adder, and relatively rapidly computes this difference, thus

providing rapid processing. Circuit 262 also produces a value on lines 258

indicative of a number of bits to be shifted by concatenating barrel shifter 242.
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result is zero, circuit 262 sets the "ZERO' flag on line 272 (step 337) to
indicate that no nore bits need to be shifted to conpl ete thespanareo2r .
Alternatively, if the difference between the needed nunber of bits
identified by input B (register d7) and the avail abl e nunber of bits 1 ~
identified Ryghs)pidks A (the fixed value N) is greater than zZgrPnksdBhe336) .
circuit 262 outputs on lines 258, the 8-bit val ue received at input é
i.e., the needed nunber of bits fromregister d7. At the sanme tinme, circuit
262 clears the "NEGATIVE" and "ZERO' flags on lines 270 and Z72'-. In any of
t he above cases (gte 336, . 337. or .338 t he ol.ute 2 0 value of the

di fference betweer§ \ﬁetg’a%\b%ﬁ‘aw%?ﬁO?%EP?WB?‘ggﬁ%?PSPF SOTIEHE OFISE | at er
storage via XDATA bus 42 into register . d7, |If the negative flag is not set,
d7 will then iden Waiﬁ%ﬂlﬂumyC&P‘fﬁ#%@alsefﬁfavﬁfmﬁm%iuytéﬁ- &3 fox
further - 43 26 June 2002 WO 99| 14665 PCT/ US98/ 18699 paraneters. if the
negative flag is deusssdpeloyythgicombingden pipbselufey andidecadersaicub 628t i onal
bits that nmust be shifted to conplete the paranmeter. Once circuit 262 has
conpl et ed t hese opParaenating barrd! shidtet 242qRrhus refatiydiycothpdex drierssion® Bbean

i ndi cation of an appropriate nunber bits to shift 5 for the current

ci rcunst ances. Agmofotinedinsinglemadheme G8Rs. Elpht-banbwlutstdaridtdecoddd2iratii fts bits
received fromthe A bus 40, fromregister d3, low word into register d2,

hi gh word. The nuriedisotfaslah bepshid ik 70Wwiig melcasbivhtmer Bd didial dgual to the
nunber of bits identified on lines ''S8 produced by circuit 262. In step

, 340, the result ofp kMg 266 RGcaivenatigput b dirciR REL S BE AR BligiahtiEhar 242
is then 10 stored back into the high word of register d3 and ?ow wor d of

register d3 by stQrage JRRRkPe4 & ihfHiA ofdruitAbat @ﬁis%fﬁﬁli%ir%rre&ﬁéttﬁeo 34l
storage mapping circuit 122 storage the absolute value of the difference

comPuLed b o T clbimdiapdgiet] LA ORTAIS. ol 6l 17 0 e

e "extract resi

nstructiony 15 Asaytepull e lliestonsagkng, pRenak LR RerLarEd-by @
ract or X ue 1 ns 10

single "ex extract resi ruc NI n accordance  wth the
principles of the pr t inventiop,. all aof the negess processjng for
conpl eting steps %‘gjﬁgig‘?ﬁ,qu’i@? thffggmgi‘@agi‘ﬁw%f?fimﬁgélgllﬁp‘ﬁﬁ&aog20 of the
bit unpacki ng process of FEjg..6A can. be conpl e} y ."extract” and "extract
resi due" instruct P 263. gjhgﬁé%‘ié}’isé FITSA 103§ ﬂbeerﬁ:gﬂ'@ $8%npacki ng operati on,

register d3 is

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 is a 1-bit digital value on line 274 which will be
referred to as “N”, for reasons discussed below.

20 Barrel-shifier and logical umt 32 also includes an exponent

extractor 276, which calculates the number of redundant sign bits in the value
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| oaded with N bits fromthe bit stream register d7 is set equal to N, and
register dé is | oaded with the desired nunber of bits for thesflunéR2002
parameter. - 44 26 June 2002 WD 991 14665 PCT/ US98/ 18699 To | oad the
first paraneter into register d2, a single extract instruction is executed.
After the extract instruction. if the NEGATIVE flag is not set. then the
par anet er iwor%)é’f‘g‘?er d2 is conplete) and may be used. In tpﬁ:ingse%{E‘é?g after
the paraneter in register d2 has been used and register d2 cl eared,
register dé 5 may be | oaded with the desired nunber of bits for the next
paranmeter, and the extract instruction executed again. Wenever an extract
instruction i s exXbweatises, to faeilippss rovmelkaatipn of wegister epntergs yiing expenensiabl et e,

unl ess the | ~TEGATIVE flag is set. Thus, the process described in the
precedi ng par agr aptetoan be repeated until all of the 1 o paraneters have
been extracted or the NEGATIVE flag is set after executing an extract
instruction. When t he NEGAReYrmhg agv tsFiges A adntoperaciae Grtperformiing e xydliact
instruction, then a loop is performed; in each pass register d3 is | oaded

~with n additi onalrefirdindy (hetk SEinbérhing diGRAMard Bsh tﬁabmerrca.cmcr ¢ due _
instruction is executed. This loop is repeated until the NEGATIVE flag is

set, to conpl et e rliuridifey @RACHDRANPIFORES peliBinglcbafinet BEXORET at i ons

needed to extract a desi'red nunber” of bits fromthe bit stream obtain

further bits from.ihgsidl gﬁﬁ;s : : t bits

avai |l abl e can ber%;ér ?scl)r rr(lgzia%{f t egﬂgyﬁg@t‘ﬁ&gﬁﬁg %e(??targg(‘:li %@ due”

i nstructions. Thi S .antial r tio f 0 sizable
nunber of instr ucctsq"{ %@g‘gﬁ“ﬁ%ﬁ&\%‘gb‘i %gﬁielgﬁd&f‘ ‘l'rilae{lrc ??§&%a€p§%&e%8é%&§%gﬁwﬁpl enent the
procedure of Fig. oD e NGl WbEFedut 1 RY3FL AN HaSRERS paramirer

and cychce 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. 5A.
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
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-26 June 2002 WD 99/ 14665 PGTI US98/ 18699 i ncrease of processing by the
digital signal processor in accordance wth the principles of26tloaae poezent
invention. It will be noted that, in the above discussion of the extract
and extract residue instructions, the masker 248 and | ogical unit 240 are
not used 5 ©@roofiwgsst i onal mani pul ati on of the concat enat ed pegunisesrigsonf .

regi sters d2 and d3. The masker 248 and |ogical unit 240 can, however, be
used for sign extension of paraneters shifted into register d2. To achi eve
this, masker 248 includes a function for determ ning whether MSB of the | ow

word recei ved fr%"%rfwgsasofél%eﬂasd e shini@one Biacy Bl M€ 1ol Blilie Y0 Jeko 98 Lhe

sign bit of the pararre NRE romregl O TeQister.

d2. When si gn-ext.ensi S. uces.a 56-bit tput to
ogi cal uni ¢ 240 ERned fu s 7GR %@P%@”F?Efrtbeﬁﬂga g ?feﬁwﬁr@( 53t
hexadeci mal when t he NMSB Bé t he | aw, wor d r?celved from gus 40 has a 1
val ue, i ndi catinﬁeétﬁgatgt’- Q thespitsR iy Worgo ﬁ%ﬁ}%tﬁgd%%sv&? 87%Pl2eR3900000
000000 hexadeci mal, when the 15 MSB of the | ow word received fromthe A bus ’
40 has a 0 val ue.théeéirand dgarods plased g theleaskrigmifieant bit@ithedpwiwend 040 f or s t he
OR of the output of masker 248 with the 56-bit value received fromA bus
40. This ca%ises trbgistst dih Méxt, infstepR82,he vabust M igensnattd gusteni286ofs usaifost er d3
into register d2, to be extended throughout the upper portion of register
d3. 2 0 It will alesombe wistledtd inaludt $siep 294t aracturmadickcdy to stefp 28& Sif thee
instructions can be used for bit packing operations as well as bit

unpacki ng - 46  valife N isnfue2fiDexcWeive DR # GormeREGonUBR 81 I8 w01 ofregiskt d0)s. by
provi di ng an programmabl e shift direction in the extract instruction. As

one exanple, to PaAgkihe highdverddf fegidr DHAKRITER © harainted). aTkY resifit sRE by
extracting these paranmeters from 16-bit fixed-length words, the foll ow ng

steps can be takeiciufive IR isRkkn ﬁlﬁ&d L rre§ffste9-§0 Bid thE Ip¥Resd @%ﬁﬂo‘@&b@% nto

regi ster d3. Next, store he nu “vacant bits in d3, to be renoved by
packing, ipgo register d6 egiligng tt R y ¥y .12, which
is the length of the secon para ter tdg eop‘ggﬁ"@nﬁr%eepn put "t he §econd

16-bi U Tixed | engid yaud, ol Briceghal el udhy xtI%?ncg,gl%,gn&%stX{edq?g b3gducti on

to shift 10 fro he nu nt| right into

i 2
{ ﬁgl f;?{ gnd ITEteg o gsxtgh%;s er c{()aﬁlzhlvpo% r H&;[olr 1£‘g1§;,°th§ Q!alfute in rreogggterr gl hsltgher d2 to

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 principies 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.

- 34 -



d3, the nunber of bits identified in d7, while conparing the nunber of bits
identified in d7 to the nunber of vacant bits identified in peguaéeoozl6. If
nei t her of the NEGATIVE or ZERO flags are set when 15 shifting from
register d2 into register d3, then there is roomrenmaining in register d3
for the next par ter. In this case, store into register ¢cl7, the value 5,
which is th&'qosgﬂg of the third paraneter to be packed. Tﬁ’gﬁ%{}mﬁ‘??e third
16-bit fixed length ward into register d4. Then use the extract instruction
'to shift fromd4, the nunber of bits identified in d7, to the.right into
register d2. 2 0 Then use the extract instruction to shift fromregister d2
to the left into register SEcificaby.nefeng toFighPBsthedrahite¢tueecpfiFng.db7, whil e
conparing the nunber of bits identified in d7 to the nunber of vacant bits
identified in regrotdes adéic” insgactipnrvehiGOB2fovis 8I9 61 stEE2F6CTRRIBYBIOD3GHO | f
during the step of shifting fromregister d2 into register d3, _ either the
NEGATI VE or ZEROthd ‘ags imn@cisat, rettitvahmapgjhs tieouitd20i contarerates|299ti igigase, the
contents of d3, which are ?4 packed bits of the bit stream are output to
menmory. Then the vad bfiekistef80 sitElownedrd WE Fdgierid 16! with Yegt@@otigd, as 5
descri bed above, to shift the remaining bits fromregister d2 into register

d3. vihen eig her - tyhermNeGiet ianOfosioRCAd IPers i B8 @ a@l dniflr smyecuting an

extract residue instruction, then return to refill register “with further
015 55 oser! betoBgey TR el el I UEBL AR RSCBRRA LS 1 2 0
been desct e | Mo SRS APLEIS U o i By SOERS SRR BT 1 o e
Lo those ki1 ed Proen. ard B RE FRGERRY B oT o 1ERaGaaaR  plgdo) L *PPe
and et hod, and 1 DSHFR TG AR SIE AR BT BRGTSRE Sy
departures may be nmade from -such details w thout departing fromthe spirit
or scope otCappl itBasircaterpisioaienisinf segistere dé ahd dpitbipeputpyt ofimaasked is: - 48
decoder 250, which has the 56 bit value of OOffffff7{ffff 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). p
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.26 June 2002 Clainms: 1. A digital signal processor, conprising a digital
data bus connected to a digital data nenory storing digital @atiane 800
mani pul ated by said digital signal processor, said digital data including a
table of data beginning at a base address within said nenory, a program
control uniwofetswbs ng a plurality of instructions conprisi RGTASY 1 am f or
said digital signal processor, and responding to said instructions by
generating command signals controlling operations of other units of said
digital signal processor; a register file storing digital data: at |east

e oo o oot o e SRS AL Al 3O B mbdieP 201

responding to command signals to perform a pracessi hg upon data
in said register

il e .and d tor. .uni t t id
gital Uara bus, - SaRlae 2DaRe FriataRctre! DG A BOREN OE uni ¢ and
di t mand si s t i.eve and dat a_f 1and t id
i o1 Lol (ata menoPgREYORILe PRRHASaIAm B & ehps B o480 330 O Eiegp BEVedat a

bus, said address generator conprising a base address register storing
digital signals resspeewplcidi Ve agesuliathg apgratongfistaps 282 aad2Qf Wamified inn i ndex
regi ster storing digital signals representative of an address of a desired
data entry Bn sai bigt ¥bmaybelcampietediy as'pondibana XRT mstuctiond Theconcat enat or
for selecting digital signals fromsaid base address regi ster and/or i ndex
regi ster and concamnditenali§ORiigsttuatiorscayses thbe_sttmevatimapping 8ircuit20tane 2002 WO
991 14665 PCTI US98118699 sai d base address register to digital signals
stored in said indgiver egiset 60 ahdregiredatethan astiB dasseof0 and 4l depizoeyl dat a
entry in said table in said nmenory. 2. The digital signal processor of
claim 1 wherein sahdh, taabudifSd0aeaisiifeaalu@lof@Néd @62 Podnalif NGs t 10 1dgRiased to a
positive integer power. 3. The digital signal processor of claim?2 wherein

sai d concat enat or y§ed &Fdotnphrdd WAR Bhupefs th MORBY S thE Btk bf r@PisANG add@eX
regi ster for concatenation to said digital signals fromsaid base register,

sai d numben qof di girfghs éfirggl@tlelsdp@;éﬂgjogﬂuﬁly 15008 ahdh RO SAME of RLRRAEH POVET .

4. The digital signal processor of clalm2 wherein said concaténator

L oS DR s Blugh P bl 40ROl | Bloaft 2B 3D6 Wbckilkimdliyild 2!

signals in base address regrster, e orrcat enat€s t re€mai Nt ng _
o1 gnal s {1om o2l e Al s g AT och G Rtcefl Bl onc > L om s
poner . 5. The. di gi tal si gnaeiSPOERERGP 19F Br-arnes treRerBd & "R enat or
sel ects a nunber of .digital. signals fromsaid index regjster for
concat enation to BEHUTERLR g‘éﬁ*“sﬁ‘%ﬁgl’ré’c?sﬁefﬁfé%f’ﬁe’ﬁﬁ%‘ée‘fgﬁf‘% PRFAUT,i d nunber
of 15 mvolves 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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- 50 26 June 2002 WD 991 14665 PCTI US98/ 18699 digital signals selected
fromsaid index register being equal to said positive |Integepsparer00d. The
digital signal processor of claiml further conprising an adder connected
to said index register and having an increnentl decrenent input for
receiving digital signals representing a positive increnent tive
decr ement Mgﬁ%!“'ﬂﬁ be added to said digital signals storedPFﬁ)i@%?‘g%lgndex
regi ster, said adder receiving digital signals fromsaid index register,
addi ng said increnment or decrenent value to said digital siutlals fromsaid
index register, and storing digital signals representing the resulting sum
in said index redstsaeceived fidme thei bifistreaim. SA 3nadnogreo eszsset which dbrgiresef f ur t her
conprising a limer connected to said adder, said |imer detecting whether
sai d sum produceguipgsesavitl badeltisier &7, kiofifig tHeammer N, i.aNsdotihg 50 nGhbé&idtg i N
said index register digital signals representing a value of zero. 8. The
digital signal pbasessiable repistdr@sb If 4t elep GOSNRAE firABerdfbitihieatd fpnnect ed
to said adder, said limter detecting whether said sum produced by said

adder is greater oidad: dirkfag b Raadfinf 4 lsﬁerjwm%ﬁlif&g{&mr%m%&ggmf SO

storing in said index register digital signals representi e equal
to said length Ofbe?%ésq?ﬁﬁbl e. - 51 26 June 2002 WD 991 14665
[

PCTI US98118699 9. gital signal processor of claim8 wherein said
limter detects whether said,sum produced i d adder is less than zero,
and if so stores in said i NASXEY ?°§fsé‘?g’8?%¥? zﬁé’gﬁ‘eg‘h‘ﬁ?e‘%ﬂl”gbﬂ‘%‘é%ﬁﬁﬁ a

val ue of zero. 1Q. di gital signal_.processor, GONMQrisi a program control
unit fetching a btPelﬁAréﬁ l?a??n?ﬁ”' Fﬁ%ﬁ? i Y ESIEGRAP 1S 5 aatcgg@&'gﬁf‘\‘“&]msai d

di gital signal prgﬁessor, and decaqdi ng said jnstructions by generating
conmand si gnal s CbRES Blre a§hemsbed RE rests'Fidier units of said digital
signal processor; a register file storing digital data; a shiftll ogical
unit connected to said prodftheresuliszsro enositysdthen ther are sefficisnehitstfpn e and
respondi ng to conmand signals to performdigital data processing upon data
in said relf ster the pasameiai avagdhhle in tegigiec d7. Hacardinghypin semyto, theldegfrad ci rcui t
responding to command signals to performdigital data nmani pul ati ons

i ncl udi ng AND anchuetbet afSiitsdorGRe dijpse parametes, aspdmridiad #n registmidd, are shified

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,

[
u

so that register d7 accurately reflects the number of bits from the bit stream
remaining in the l.ow word of register d3. Next, in step 312, the par'ameter in
register d2 is processed, 1eav'ing 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 309, is less than the
number of bits needed for the current parameter, then the result of subtracting

register @6 from register d7 will be negative. In this case, in step 313, the
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.register file, a shifter for barrel shifting digital signals stored in said
register file, and an XOR gate for perform ng an exclusive ORgjund ddopst
and a second digital signal respectively selected fromdigital signals
stored in a first and a second register of said register file. 11. The

di gi tal sigmebogmessessor of claim 10 wherein said program Gilnidekngeest 1S
responsive to a CRCinstruction to performpart of a - 52 26 June 2002
WO 99/ 1466 PCT/ US98/ 18699 cyclic redundancy check operation by generating
command signals to said register file and to said shift/logical unit,

wherein in responggntie? o8B inERGNBL 1...Sal d .FOR gate perforns an
exclusive OR digital signal s sel ecté@%??%t%tgalgdasflfl?@{f% AT RRIHd: Fegi st ers,

said | ogic circuidy; ical . AND.of digital. signals in said first
regi ster and di gi%’ét?ﬁ%'ﬁrgﬁs@f‘béa}gﬁ?ée&&% Hh g ‘%ﬁ%‘!@,m & hughivware of
concat enat es di gi t.al..Skgnal s out pu m said | ogical unit to digital
signals from sai cffegl%atgg!ri]% ﬁéfa’i’ ér{%%g]a‘gg’céwnlbﬁrsoﬁbﬁé PEHeusheshifieddran ri ng of
digital signals b% one :?I aﬁe. and ng’d register file stores digital signals
output from sai d SHFE &t SHOL SRS 22 identified witagister dhds subgasttdfiem 12. The
digital sigpal process of claim 11l wherein tn further response to said
CRC i nstructi on, 'S&F§ &%@Pé the resuli is sigesden sessterall, sxthusgiver ORredlec kg t al
signals in said first register and cyclic redundancy check paraneter, and
stores resul ting TPt of bits sillalesdddrto sempliefej ths turrenghahmeter. 1B.-stef) Fgi t al
signal processor, conprising a programcontrol unit fetching a plurality of
i nstructions conpegisEnd,dovmegd,dsidaded wiah N mdrgibiafrosd ®B8): shEREESRPT . and

decodi ng said
packed. so that more bits are available to complete the current parameter.
Then, in step 316, the number of bits needed to complete the parameter, as
0 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 sufficiemt number of bits are available in
register d3 to complete the parameter, the result of the subtraction in step 316
15 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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- 53 26 June 2002 WD 991 14665 PCT/ US98/ 18699 instructions by aeneratinb
command signals controlling operations of other units of saia Alingi2082
signal processor; a digital data bus connected to a digital data nenory
storing digital data to be mani pul ated by said digital signal processor, a
register file storing digital data; an address generator i ted to
sai d digi téYo?Pélt“ggsbus, said register file and to said progﬁrﬁgzqusggﬁfh?gl uni t
and responding to command signals to retrieve and store data fromand to
said digital data menory to and fromsaid register file via said digital
data bus; a shift/logical unit connected to said programcontrol unit and
to said register file and PdEpdHueiNg! inoserothvdhere & riasudlicigntumbss of di gi t al
data processing upon data in said register file, said shift/logical unit
conprising: a shdifs imtkgister [ddr loworrdt toregmplete thb parhmeter, theaepdt ofthey di f f er ence
between the binary value of digital signals stored in a first register of
sai d regi ster filsabashoh irestly BET i avnagaiye abmmberilh #lis sisgrthe prosesred in a
second register of said register file, and a shifter shifting digital
signal s stored i rprécdeld froimispilsbes siof 3 BRiwhiehiall Nebitsfaré shifted outaff ourt h
regi ster of said register file, said shifter being connected to said short
adder for shiftinggigendIThew wakd,dhll sntb ekdibidridn el Word) 1084t AH istepf326ahel short
adder. 14. The digital signal processor of clarm 13 wherein said program
control unit is resRANS Y eucal ﬂaﬁp@gm&ez) A LEhiA8 sbofedlf kbR art - 54
26 June 2002 WD 99/14665 PCTNS98/ 18699 of a variable | ength code unpacking
operation by genesdhiing ifAIIRHL AldRAbPaddhich] fisiEQliRhES cdihbre EIIT €55
shift , wherernin

gener at or unit an ogl cal unl

parameter that has been partially shifted into register d2. Afier 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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response to said unpacking instruction, said short adder conputes the
absol ute value of the difference between the binary val ue of26diuget28p2
signals stored in said first register and the binary vaiue of digital
signals stored in said second regi ster, and when the binary val ue of
digital sigph@bgreggsored in said first register is | ess thanrowugsguddsto the
bi nary value of digital signals stored in said second register. said short
adder stores the absolute value of the difference in said second register,
and outputs the digital signals stored in said first register-to said
shifter, or when the binar | . gi oS r kn_said first
register is greater than t §¥‘§¥°ﬁ§’f§éf$’gir‘gé3g*=sd¢%| a%c’zrfg%ﬁg vs‘:’llySta%red in said
second register, . sai d,short addg:anst res t.he .ab te val ue ‘())f t he

: ol
di fference in sai QP SEUPRITAR vt SOtEaR BHPATELPYRE s st or ed
in said second register to jd.shifter; said shifter shifts a nunber of
digital signals nggb‘:r"@g qaﬁelssgfa{'jﬂ“‘i‘hﬁ‘a‘“ﬁ’édisg‘? e‘?‘ﬁ’t‘B aghipye ?II)%&PF] regi ster,
sai d nunber being equal to the value output from said short adder. 26
June 2002 WO 991 Tunshonspientificd s sigs921510, Thie 343 gt 1¢ap 16 Py hal18ptdsor  of
claim 14 wherein in further response to said unpacking instruction when the
bi nary val e of ar¢pile. G ghks wmaimsresiensoidag. ¢4, mesely mygivetleadingstheess t han
or equal to the binary value of digital signals stored in said second
regi ster, sai d addmbgfhantoratperamerrr(stered8)cloading bigs todde wipapkat ¢stépr om sai d
digital data nenory via said data bus, and stores said digital signals in
said third regi sBes), astoteesinglh garhletes bfjerainpacking @tep3ed), arwshiagl first
regi ster, said new digital signals havnme a val ue indicative of the nunber

of digital signaksndifdral BaechifsRpTEEOdraiaing takaror e S&hPariddhe d regi ster.
- 56 .AH A .A AY.y. AFL. Af. Al . Af

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 d6é with
register d6 in the low word, and delivers the result to the B bus 41 (step 321).

15 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 (étep 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 d6 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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10 “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

15 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

20 programmed to be 16 or 24), from input A, to the A input 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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5 Specifically, if 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
negative, circuit 262 sets the “NEGATIVE” flag on line 270 (step 338) to

10 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.

Altematively, if the difference between the needed number of

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

)
wn

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.¢., the needed
number of bits from register d7. At the same time, circuit 262 clears the
“NEGATIVE” and "ZERQ" 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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Once circuit 262 has completed these operations, circuit 262

has produced on lines 258 an indication of an appropriate number bits to shift
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 principles 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 do 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 dé
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

i0 parameters have been extracted or the NEGATIVE ﬂag 1s set after executing
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 is 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 Fig. 6A. and provides for a substantial speed
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increase of processing by the digital signal processor in accordance with the
principles of the present invention.
It will be noted that, 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 shified from register d3 into register d2. When sign-extension
is enabled, masker 248 produces a 56-bit output to 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 .rnaskcr 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 1t will also be noted that the extract and extract residue

instructions can be used for bit packing operations as well as bit unpacking
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(Z109%8&' () -! OnQuOVrOMOXOO0OLC 10" S10% h&' () -, fml0% h&' () - y#, - 3®%um2@)2 100
100 1007&10%0& () - @10%& () - OO, PGPPPRIELC 1010% h&' ()- fF10% h&' ()-z10%
h& ()- 10% h& ()-10% h& ()-s10% h&' () - RARRRRSSAEbC 10C$10% h&' ()-f Y"10%

h& ()-& 10% h& ()-S 10% h& ()-910% h& ()-3 10%

- SS( SNDBIEUSKL. C TC$10% ha&! () - f C310% h&' () - f C5L10% MR () o PP 10%

-f C$10% h&' () - f USASnESSSSSoU6C C$10% h&' () - f C$10% h&' () - f C$10%

-f' TC$10% h&' () -fC$10% h& () -f C$10% h&' () - f SSSSSSSSI R8C C$10%

-fC$10% h& () -f' TC$10% h&' ()-f C$10% h& () -f C$10%

- f ' TSSSSSSSPRVBERES 1MopraRid{ng-an' PTogTanoed s &hif) difeciamin theextyact C$10%

-f" TFC$10% h&' () -fTT) T*T+TS5TYTZTKL. C Tf C$10% h& () -ff C$10%

-f C$10% h&' (nstrinttidnC$10% h&' () - f f C$10%

-fZT[ T\ TsTt TuT| T} T~TuTG ' T10 10 7&10% & () - C$10% h& () f' TC$10%

-1 C$10% h&' () - f C$10% As one example, to pack 6, 12 and 5 bit parameters into a bit
-f~TTTTTTTTpPO: 109%M & ()-109M & ()-109M & ()- "109%M & ()- nlO0YM & ()-C
#S-109M & () 10 gtream, by extractin these parameters from 16-bit fixed-length words, the
TTTTTTTUNLL, : 109M & () -109M & () -' 3a109M & ()-109M & () - 109 & () 0' 3aUs W&

gUHEJ{UBUUSEJI/ @10 (%’/g&fegg ihg &é%%%ﬁ@( ;kﬂs@\%lﬁtuﬁé tzép%\/b#ﬁ&)sd 1e%§t%qa/@{h%3& %JQUUBB

i DS deA - BB e
LORE ) 10% Lldon AR AR PR

N N N N N N N N N N

& (
' (
' (
' (
' (
' (
' (
' (
' (
' (

SO SSSSISIST
R0 R0 R0 R0 R0 R0 Ro Ro Ro Ro

() -
109% & ()-#3W (h; 1
Toos & Ei-wwm{iﬁéiwﬁ) éﬁhefowewa g e e%qxf%o’%égrzwmm lfo‘%& ()-(n
10% & () - (h; 109 cma/\a W ?/: 1Q%#( h; 10% 10%
10% & 8-;(#3W(h % ?fdib'%f f‘}’r%\a}&m\%% I!Wi& 6“)8“8?0&3“(th
109 & ()-(h; 10% & () 10%&() #3W (h; 109 & () - V\Y/\Y/\Y/\Y/\Y/\W</ 109%+3W ( h;
10% & () - (k8 10% &rq) dfé Hﬁqmm?r Y bnidensiied ip 17 Qe meRtyRpIeRister 42 Then
109 & ()-(h; 109 & () -#3W (h; 109 & ()-(h; 10% & ()-(h; 1098 & ()-(h;
1098 & () - VWAKXXX xge:the(emrmwsmcmv/m&h(fy frqm TaDIEIY tp-tihle o yegasier/ (h;
109% & ()-(h: 10% & ()- X3X4X<X@LXaX_?,: (h: 10% h: 10% & ()- (h: 10% & () - ( h:
109 & () - (h: 109% &3 Jhew@uibeho lomaidentified kod e Xumipainy, the numbesrd\hité h’
109 & ()-(h; 10% & ()-(h; 10% & ()-(h; 109% & () - #3W yXXXXXXX D, : (h; 10% h;
109% & () - #3W ( h; lidedtidied )n ¢ hiclBemsnbir-of vadRtbiss idpnt{fred 10 ¥8g8étér)d6XXXXXXXhH, : ( h;
10% h; 1098 & ()-(h; 109 & ()-#3W (h; 109 & ()-(h; 10% & () - (h;

1098 & () - XXXXXXXcC, : (h; 10%Ihndith4 & the NEGATIARo(IERQ MagOafe ot(Whet3W ( h;
109 & ()-(h; 1098 & ()-XY YYY YYYYreX7( Y#@@l0% & ()-10! 10! 10! (

YO7' 10% & §%- (h; 1ifs ﬁbnﬁ@%(ehdiﬁ% &o(s)er‘d&%é@&i%&ocﬂ%?&naﬁdh@@% & ()-1
Y10% & ()- Y S109% & (}- Y ~10% & ( S 10%& ()-3 ,S 10%!!

& ()-3ZZ7[[[!\ o) |rbgi’§t>é7 43 fof thel i é‘a.rﬁﬁxét%r Yﬁstﬁxg éﬂﬁ% §ibre 1%@ %e&d'f )the value
Y, 10% & () - YlO/é& Y 10% & WV B tAA 17 exXi( 10% & ()-1

Y 010% & () - 0/%4 (§s)the ICIY%M &f # (léxfﬂ Sgramgéﬁtjo%;%cl@d' 'Men :lagt/élg‘tl@d' _

g%"‘@”v(”f‘ ¥ varil e o e . PR o bR )

alaaa’creve| [ vUA4 shlﬁ %om 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 identified in register dé.
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YF311000 M&' ()-Y Y/ 109 M& ()- Y- 109 M& () - .
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ot ()3 Y o D SR “‘%f p
Mbgersar il Vv fﬁ%f@%@%a%ﬁ% gme e XaaRPAS by iR .

Y, 1:109% & Yf 1004 & YL

Y MLO% & (§) rern‘Fﬁﬁ?nWFfS‘%iﬂﬁt ‘%1 FE"jC %#ﬁ%‘&%‘ f‘ieam(are%’@%‘& ()-
Y, 10% & ()- YI 109 & ()- Y, t10% & ( -nnpepppp p| I NA41010| 10! 10!

Y88109% & ()- YS 3a0emery )Thev%eﬁfe%r@%e IHSF'@Q Reptedivexecuted, as

109% & () - p?apeqqq r|[:NA41010 Y: 109 & ()- YlO%&() Y 10% & ()-
)

y 11098 ()-B y' ! Hes@iked yboze,\g sidEtbosegiaming ity from sqg]lqterrd&mmregmsmb% & () -
YFI 10% & ()-G Y,s109% & ()- Y910% & ()- Y s10% & ()-
Y10% & () - tt: uuuWher dithbivhd DTEG ANVE o FHBRD _(Thes are sct @bt ¢f exedijti@Hns () -

Y*10% & ()- Y(9l0% & ()- YY& 10% & ()-uvvvvvvvvvvU410 Y"109% & () -

YmLO0% & () - Y#SCOkRtackrdsjdut dsiriéuddl thel érdd % & fil) register d2 with further bits as

Y, &3 109 & () -vowPw{ www [ : vU410 Y YI " 109 & ()-Y YI0%W & ()-Y YI'10% & () -
YIy10% & ()- Y ~ 1d28fr%ed dbov¥. F 10% & () - whx| xxyPyy|[:vU410 Y Y& 109 & ()-Y
YI0B & ()-Y YFIOB & ()- Y 108 & ()- Y s10%B & () -

Y109 & ()-yy: z2{ | KI| [: VU1 pRaArSekdonhay ¥aerkediddpys Y, ) 1098 & () - Z

YYL' 10% & ()- YFOH0% & ()- Y, # 1008 & ()-K| | ||]]1]<}}vU410 Y 109%@! 9&' () -
YSs$10909& () - - @éﬁ@p@u@$9&r@xs ex:lllgod]hq 1;119 na( SRB&HA &adlodiments have been
Y, 510% & (J-1}' ~y~~UI: vUATO )-Y Y310001 0% (V- Y

described in considerable detall. it 1s 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 is claimed is:
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$1090 M8 ()- Y "109M M8 ()- Y y 109V M& ()- Y s109V M& ()- YY1098M M& () -
Y3S1090 M&' ()-)z9| [ : A4109! 9Y Y30 109 M&' ()- YI.' 1098 M&' ()- Y

, 10940 VB! () - SRRImET 00 M () - Y (1098 MR () - Y &109%V' M&' () - 9vU410

Y, mMO%&! &&' ()- Yy#@O0%&! && ()-10M MLOM MLOM M Y&7&109 M&' () -

Y,, 5109 M&' () - Y&3109%V' N&! é‘ﬁlgaaqspgn@mgc@ssvr,vqu&m&' ()-Y Y YI09%&! &&' ()- Y |
109! &&' ()- Y f 109&! && ()- Y L109%&! &&' ()- Y"109%&! && ()-\@[:vU410 Y
Y9$Z10%&! &&' () -Y Y3" &10%!d&gtal data bys cqymgeteigo @ ligityl datagngmaggstoning Y3 @

109&! &&' ()- Y mlO%&R! &&' ()- @VY|[:vU410 Y YFOL0%&! &&' ()-Y Y. z10%&! &&' () -
Yy, 10%&! && () digial-data dofg nganigujatedby(saiduigaitalesignpl proqegnk sodiedal data- >v U410
YZ10%8"s& ()- Y#@ 10%8"s& 9 -10&! &10&! &10&! & YIF7; 10%&! &&' () -

Y, 41098 &&' ()mclp,dgng@q@!le&g-del)a %Tr[n_ag,q‘g,gp@se\ftdqress within said memory,

N7~ 1

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

a register file storing digital data;

at least one logic unit connected to said program 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 retrieve and store data from and to said digital data memory 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 relative to said
base address, and a concatenator for selecting digital signals from said base address

register and/or index register and concatenating digital signals stored in
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. L10%8"s& ()-Y Y F10%8"s& ()- Y , 10%8"s& ()- YY10%s8"s& ()-

109%68"s& ()-3 YF'10%8"s& ()-3pB[[:vU410 Y Y *10%8"s& () - Y28 JOAOB® s& () -
Y& 109%8"s& ()- Y Z10%8"s& ()- Y 109%8"s& ()-
f,10%8" S& () +| nuv|[ -410s8"sY Y7:10%8"s& ()-Y Y S5109%8"s& () -
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YSMLO% & ()- Y#@L0% & ()-10s8"s10s8"s2Y|[: A410s8"sY Y@ 10% & ()-
YF109% & () - Y 10% & ()- YL0% & ()- YL0% & ()- Y 10% & ()-1~h|[: A410$8"SY
YO 10% & () - % & ()- YS nil B(+ g*loo i %(&10%&'()
109 & () - W ‘anf?} ¥y 66%/“'%5‘6&“@‘%“ SR Fgsd 1B S%‘g  IBEXTG R l0\/7&10% & ()
Yy51098 & ()- Yf310% & ()-z&?y|[:V 10 Y Y1 1096 96 Y Y . 10% % & () -
£10% % & () - Ygiréﬁ%t@/&“&d%‘)ass of saif gs ke d gatgyentry e %ée;éa&’;elasﬁlﬁﬂye!&ﬂr{' vUu410 Y Y
$L10% % & ()-Y Y "F10% % & ()- Yy 10% % & ()- Y “10% % & ()- YF
10% % & ()- Y GLO% % & ()- q;'|[:vU410 Y YO10% % & ()-Y Y .10% % & ()-
Y ,10% % & ()- YY*10% % & ()- Y ( 10% % & ()- Y&L0% % & ()-' wU410 Y@
10% % " & ()- Y#@0% % & @) Thedigital 5ighsbpra@sser of viairg d6wiserdin id table has
Y,510% % & ()- Y 310% % & ()-a:j|[:vU410 Y Y ml0% % & ()-Y
Y1 109% 9% " & ()- ¥ nbfesds diugas-cqival td 696 fsedid 3 positive inBYEOFoWEL( ) -
Y -10% % & ()-jC|[:vU410 Y Y

3. The digital signal processor of claim 2 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

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 signals 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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9: $10% 996 & ()-Y_ Y, 10% 984 Y .Y, 109 %% - Y310% 984 &
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Y7:10% 986 & ()-X| [:vU410 Y Y@y10% & ()-Y Y@10% & ()-Y Y9l 104 & ()-Y Y,
10% & ()- Y109 &regsterysaid gifpgregsivingigital ignas frorSaitiogdey register, wdiingos & () - Y
Y10% & ()-Y YI0% & ()- YAO0B & ()- YBL0%W & ()-F+/ [:vU410 Y Yf,/10% & ()-Y
Y-10% & ()-Y Yf*s@dagrgnenyoyfigcrdnang value tovRidl@igh# s(gnals from said index

Yf $109% & () - +}"#$%| obU410 YSmL0% & ()-10! 10! 10! Y Y7: 10% & ()-Y

Yyf510% & ()- VYykSnd6ons sidring\igiyal 538MI8 réprest iy the besdliflg Yurd ih 084nfeX ) -

Y 3ml0% & ()-Y Ym0 & ()- Y Ys10% & ()- Ysl0%W & ()-3 Y

1090&' ()-151 E| [ réidd0 Y YS210% & ()- Y010% & ()-Y Y@ 10% & ()-Y

Y@10% & ()- Y(310% & ()- Yy&310% & ()- ELMNO U410 YF10% & () -
1 10% ()- !10%!\& ()- Y#S@O0% & ()-10!10!10! YLI 7' 109 & ()- U=+ [:vUL410 Y
Y109 & ()-T YsZ10% & ()- YI 10% & ()-Y YS10% & ()- Y910% & ()- Y

1098 & ()-+vj|[:vU410 Y I &10%&1§ﬁ51212¥a%9c@s§6r6}cla¥n GJEQPfﬁé?L Qn gl
109% & ()- Y,10% & ()- Y 10% & ()-ZB|[ 10 Y Y@ 3109 & ( Ey 0% & () -

Y@/10% & ()-Y Y@ LAY saredred WRAD WM dr, (hig n‘ﬁ@&%&&:&s 9}‘4‘(%&%&{ 109 & () -
YS 10% & ()- Y#10%2 & ()-10! 10! 10! YL710% & () 04 & ()-ne|[:vU4l0 Y Y

Va310% & ()< RHCSOID ¥4 o e 1 A i ieparh e i M g ()
05 R e L o 0
Yy*Gl0% & () - mt uvw U410 109 & () -
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 is 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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logic circuit responding to command smnals 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 responsive to a CRC instruction to perform part of a
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Y2g109®! 9&' () - r neyfclic redundanyy dhetld) oSEr@&in(by-g¢nerating command signals to said
register file and to said shifi/logical unit, wherein in response to said CRC
mstruction,

said XOR gate performs an exclusive OR digital 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 digital 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 1n further
response to said CRC instruction,

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

digital signals 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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from said register file via said digital data bus;
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 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 wherein said

program control unit is responsive to an unpacking instruction to perform part
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Y3109 & ()-HHI ZI 1 1 J] [: vualftrstregister is'less than or equal o the binary value of digital

signals stored in said second register. said short adder stores the
absolute value of the difference in said second register, and
outputs the digital signals stored in said first register to said
shifter, or
when the binary value of digital signals stored in said
first register is greater than the binary value of digital signals
stored in said second register, said short adder stores the
absolute value of the difference in said first registcr,.and
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.



SF109 M& ()-Y Y3YL00M M& ()- Y S@O%M M& ()- Y &LO%M M8 () -

1098 M&' () - Y! 1098 M&' () - IWIJIKUKK| [: vU410 Y YY109M M () - YZW'EWRQQ?& () -

YFf 1090 M ()- YF1098' M& ()- Y1090 M& ()- Y y109V' M& () - KKKLL(MKM [ : vU410 Y
Y | 1F1098 M& ()-Y YS/ y10964 M& ()- Yl L-10980 M& ()- Yl $109%va! M&' ()- Y

" 109 ME! (g 9@( oM M () - XMVMVMMMMVINVUA10 Y 109! &8 () -POIDSBSAE () - Y3@
109%&! 8& ()°9 0%&! &&' () - 10M MLOM MLOM'M Y

3- 1090 M& () - INNNOTChOO [ vU410 Y Yl &109&! &&' ()-Y Y ~109&! &&' ()-Y Y

109! &&' ()-Y Y1 Z109%&! &&' ()- Y 109%&! &&' ()- Y 10%&! &&' ()- OO*P1P|[:vU410 Y

Y &109&! && ()-Y Y " 10%& 0%&! &&' ()-Y Y97 1QU&! &&

YFS10%&! &&' () - Y@10%&! &g&‘é )rhNSHFé S‘g“af‘é&'é?ggsﬁ‘g‘ °}§{ q“lﬂé‘}f&?‘ﬁ

"Headi ng 33]c" "Headin c" "Headin " " Headi ng 63] " Headl ng 73] c"
"Headi ng 83]c" " HEBYSH @ wopAcking, E‘?%Op&%hé@ﬁ%n%ﬁ?me oi@

\ahmsyw D $NvX, Xi w &+05&; 2EJIMRTVXZ\ A bdf hj | nprtvxz| ~

| B#+' 5% >( GNYakr k Ford iz saif/frs) ssgiseavisless than on equalkig e bingry vajugof digitalz g U

=* >?GABChEG JKXM OORSUSSSTZT~TTUGUU. VWVWGW WAV XaXy XXXXYZo\ _

avcd8f gi kkmmp. r t sigealy kipiediie saiBsezend fegbess] +1 EU+<m | WJ, G bO FF or 6] GnX
"#RU&R) ), . P033689; =?>V?@ BBCi EHHIKXMINOLP ! "#$9%&' () *+, -./0123456789:
<:>?@\BCDEFGHI J KLI\/NCPQ?STLMWQGZMS]S ’ggﬁwdmdnﬁtg’airjekésrﬁig'mmghumﬂoyrz{did ~6Ti mes
New RomanAri al Courier New'h Root EntryWrdDocunent

" #$U& () >+, - . | Olp4bdutBAemory via said data bus, and stores said digital signals in said
<=>?@\BCDEFGH JKLMNOPQRSTUVWKYZ[\]"_° abcdef ghi j kl mopqr st uvwxyz{| } ~

P #$%& () * +, - . | OhdrrheBidR and

<:>’?@\BCDEFG—II JKLMNOPQRSTUVWKYZ[ \ ] ~_"abcdef ghi j kIl mopqr st uvwxyz{| } ~

new digital signals are stored in 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.
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