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Digital signal rocessors (DSP) often include 5 specialized hardware for
supporti rY& 8?’&?“55’1 signal processing functions, such as tperissiysoredrier
transform (FFT). For exanplé, many DSP' s i ncl ude nmodul o addressing

regi sters and other hardware support for. accessing data SMWHHM uch
as circular buffers, necessary for 10 mani pul ati ng and proJ ,, “ "
SUMMARY The present discl osuremgiaoMisdasdratha t echni ques, "an cappd atus
for modul o address generati on. T577T7ﬂﬂ?7ﬁﬂmxé§§aﬂ appar at us i Hefdides

mul tiple adders electrically connected in a parallel structure and -
configured to concurrertly output an uncorrect ed target mmmmﬂmmmmm" as
a function of an index address andlgh@gggééﬁﬁ val ue and at

corrected target nodul o addresses as—a—+ on of 20 the index«cadds ess,

' i fi | ue. Each
the modifier VBEB?tgﬁds%éﬂgﬁﬁﬁ}aﬁtééors (DSP) often include

5 specialized hardware for supporting digital signal
proceséing functipns, such as the fast fourier transform
(FFT) . For example, many DSP’s include modulo addressing
registers aﬁd other hardware support for accessing data
structures, such as circular buffers, necessary for

10 manipulating and processing data.
SUMMARY
The present disclosure provides methods, techniques, and
appératus for modulo address generation.
15° In one aspect, an apparatus -includes multiple adders
electrically connected in a parallel structure.and configured

Lo concurrently output an uncorrected target moduld address as

_a function of an index address and a modifier value and at

least two corrected target modulo addresses as a function of

20 the index address, the modifier value and a length value. Each
of the adders calculates an address independently of the output
of the other adders. The apparatus includes a comparator to
select one of the target modulo a@dresses independent from a
sign of the modifier value.

25 In another aspect, a method includes concurrently
generating an uncorrected target modulo address as a function

of an index address and a modifier value and at least two
_1_



of the adders cal cul ates an address independently of the output 2 HFJUN 05
ot her adders. The apparatus includes a conparator to select one of the
target nodul o addresses independent froma sign of the nodifier value. 25
i n-anot her aspect, a nethod includes concurrently %gneratin an
uncorrect ed $RFERICIDFFIEIBPEILC pddxepaRet ivPatligd RrRdexEWriessoind a
nodi fier value and at least two - 1 2 9 JUN 2005 corrected.target nodul o
addr esses i ntiRirindes agslrgspunelie o ierhwalweicandddlesgthtaluendi Ther
value and a length value. The concurrent generation occurs in a structure
el ectri cal | ycoreumrardd denepar &pn edcCcUkse inea horigtningded esbtrbealilg one of 5
the target nodul o addresses i ndependently froma sign of the nodifier

val ue. I n ancotmeectashdet pazaiyst emThecmetbsed aid astesresdeyt teyicoe oind a
processor with an nodul o addressing unit. The system includes nmultiple
adder s isn antled ecdrdgetalrodutonaédteskepanalibpéndéntsly Faour & 0 icfurced to
concurrently output an uncorrected target nodul o address as a function of
an i ndex addnesstiadd vluendi fier value and at | east two corrected target
modul o addresses as a function of the index address, the nodifier value

and a length val ugn dheriist-aPebas @ SR AheLul®s a Flash memory device
and a processor with an modulo addressing unit. The system
includes multiple adders in an electrically connected parallel
10 structure configufed to concurrently output an uncorrected
target modulo address as a function of an index address and a
modifier value and at leasﬁ two corrected target modulo
addresses as a function of the index address, the modifier
value and a length value. The system has a comparator to
15 select one of the target modulo addresses independent from a
sign of the modifier value. |
In another aspect, an apparatus includes multiple adders
electrically connected in a parallel structure and configured
to output an uncorrected target modulo address as a function of
20 an index address and a modifier value and at least two
corrected target modulo addresses as a function of the index
address, the modifier value and a length value. Each of the
adders calculates an address independently of the output of the
other adders. The apparatus includes a comparator to select one
25 of the target modulo addresses independent from a sign df Ehe

modifier wvalue.
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15 select one of the target nodul o addresses independent from g gsjy@nogd
the nodifier value. In another aspect, an apparatus includes nmultiple
adders electrically connected in a parallel structure and configured to
‘out put an uncorrected target' nodul o address as a function of 20 an i ndex
address and a nodifier value and at |east two corrected target nodul o
addresses as a function of the index address, the nodifier value and a

| engt h val ue. Each of the adders cal cul ates an address independently of
the output of the .other adders. The apparatus includes a conmparator to

sel ect- one 25 of the target nodul o addresses i ndependent froma sign of the

modi fier value. - la 29 J P IDBRWAINGSRAW NGS Figure. 1'is a.
bl ock diagramillustrating an exanple of a programabl e processor adapted

to support noBibvreaddrisssi rylexicotihauam oilhestraethyoan Sx&inplleecz i S a
bl ock diagramillustrating an exanple nodul o addressing unit of the
progrannabpeogrammaba@.pﬁaqﬁﬁsbﬁ3ddhﬁﬁbdwﬁﬁwgggﬁyg@ RbdQepsration of the

nodul o addressing unit. 10 DETAI LED DESCRI PT
addressing according to the invention.
5 Figure 2 is a block diagram illustrating an example

modulo addressing unit of the programmable processor.

Figure 3 1is an example mode of operation of the modulo

addressing unit.

10 : ' DETAILED DESCRIPTION
Figure 1 is a block diagram of an example system 2

having a processor 5 coupled of a memory device 7.
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Figure 1 is a block diagramof an exanple system2 having a prp?eﬁgp?mgl.
coupl ed of a nenory device 7. 2 9 JUN 2005 WD 0ﬁ/054227 SCT/U581d58 F
Pr ocessor | es nodul o addressing unit 4 that, as escri be el ow,
conprisegvggg@%g??zed hardware to support efficient nodul CHEEQS
cal cul ations. Software applications 8 conprise machine instructions that,
when 5 executed by processor 5, create and maintain data strupturFs for
rocessin w-SUGh .as circular buffer 6. Menory 7 stores circular
Euffer 9?§§%§§Fﬁy% 9 S MOAt QPSS SIRGNgR1 BT 4 nehety addr esses
froma startin menory address to an ending nenory address. Menory device
10 7 may Sﬁﬁﬂﬂ?@ddihﬂr%nthmﬁ;@e& creol ol 2ed sacdwase FtASsuppegery,
static random access nenory (SRAM or dynanic random access nenory (DRAM.
In respon8éfigiens mechilwe adustesstdaiulssimus by sepfwawse applications 8,
nodul o addressing unit 4 15 cal cul ates the appropriate nenory addresses

necessar yapplicaterast Swiddmnpairseulmichitd einSe it Oises €105 6! OfReANd
retrieve data. The nmenory address range of circular buffer 6 can be

defi sied i@xacuugaebépfpx\@é%soliors,em@e s Useth+ O §xeLpl ary purposes
bel ow, the nmenory address range can
structures for processing data, such as circular buffer 6.
Memory 7 stores circular buffer 6, typically in linear"
fashion over a range_of memory addresses from a starting
memory address to an ending memofy address. Memory device
10 7 may comprise different memory technologies, such as FLASH
memory, static random access memory (SRAM) or dynamic
random access memory (DRAM).
In response to the machine instructions issued by
software applications 8, modulo addressing unit 4
15 calculates the appropriate memory addresses necessary to
iﬁteract with circular buffer 6 in order to store and
retrieve data. The memory address range of circular buffer
6 can be defined in a number of ways. For example, as used
for exemplary purposes below, the memory address range can
20 be defined in terms of a base address (B) and a length (L).

Alternatively, the range may be defined in terms of a base

address (b) and an ending address.



20 .be defined in terms of a base address (B) and a | ength (L).29 JUNE%E
Al'ternatively, the range may be defined in terms of a base address and
an endi ngWier/edd4227 29 JUN 2005 WO 02/ 054227 PCT/ USO01/ 507655\6@”&@1@@% war e
applications 8 are accessing circular buffer 6, nodul o addressing unit 4
is responsible for calculating the correct nenory address of the data. In
addi tion, nodul o addressing unit 4 includes detection logic 5 to determ ne

whet her an addriessléabbgtRulsi dgplihereRRLY g 3ddr 655 Lange of, cirncul ar
buffer 6. In such circumstances?p asadescfibeg belo%fsgﬁ A §LE&HESsi ng

the addrece range’ o arrsufarchurre Boi01Re recRtraab imdanin -
detect an G LrEe Ol R e bR neronensi 70 the fatger Sadrese past
momor y. e S TR AR LS prSPRARIs UL bt Lagardss datebéimnappedback |
into an acceptable address by subtracting the Iength of the buffer from
the %arget® diRfreSRin; Wpehhey, anhaddraesnbedlisepuEh)ides the memory
address range of circular buffer 6. In such circumstances,
as described below, modulo addressing unit 4 “wraps“ the
memory address to a corresponding memory address within the
address range of circular buffer 6.
10 One technique used in conventional systems to wrap an
address into circular buffer 6, is té detect an out of .
range condition upon incrementing the target address past
the end of the circular buffer 6 such that the target
address falls within memory region 7A. At this time, the
15 target address can.be wrapped back into an acceptable
address by subtracting the length of the buffer from the
target address. Similarly, when the modifier (M) is a
negative number, such that the circular buffer 6 is
traversed from the ending address toward the starting
20 address, an out-of-range condition is detected when the
target address falls below the starting address of the

circular buffer within memory region 7A. 1In this

situation, the target address can be wrapped back into the



negative nunber, such that the circular buffer 6 is traversed icgo%’p,{ b&s .
endi ng address toward the starting 20 address, an out-of-rangg n IfI?R S
det ect ed whaR ok target address falls below the starting address of e
circul ar buffgrh§Zthin menory region 7A. In this situati oBCTHUBVIFYet
address can be wrapped back into the - 3 2.9 JUN 2005 WO 02/ 054227

PCT/ US01/ 50765 circul ar buffer by adding the |l ength of the circular buffer

to the targst of ythe _conventiopal techniques exam ne the
si gn of thelﬁiﬁ%ger ;%gggg%r%$ %nghgha|$389£gn°flﬁhﬂhPéHQﬂTifnbuﬁﬂQr
buffer 6 is I ng. travers before 5 calculating a correcte ar ge
address. AS g:gxsecgqa&e%et baecf S frod P v def esBengonmentd opagp deichoiangss
checking and ,address generation independent fromthe direction in which
circul ar BIRERS S5 Hgn rel etlsednodl filee Roi detebhtnk d¢hagidmection
illustrating one 10 embodi ment of nodul o addressing unit 4 that may
cal cul at e1& whiiehl ther guirowhor youfitkess 16 beingachasesssy 8k rpilcul ar
buffer 6 within nenory device 7. Mdul o addressing unit 4 may includes a
nunbér of ceddulatieg st efcr A h #5g@t DA§8ress. As described
below, modulo addressing unit 4 supports range checking and
address generation independent from the direction in which
circular buffer is being traversed.
Figure 2 is a block diagram illustrating one
10 embodiment of modulo addressing unit 4 that may calculate a
final target memory address 16 for each access of circular
buffer 6 within memory device 7. Modulo addressing unit 4
may includes a number of modulo registers 20 such as a base
address register 21 and a length register 27 for storing
15 the base address and length of circular buffer 6,
respectively. 1In addition,‘modulo addressing unit 4 may
include index register 23 for storing an index address (I),
which points to a current location within circular buffer
6. Modifier register 25 may store a modifier value (M)
20 used as to increment or decrement the index address I for
each access of circular buffer 6. For éxample, after

accessing a first data value at memory address I within

circular buffer 6, the next data value accessed may



addréss.register 21 and a length register 27 for storing 15 th?zgﬁ%ﬂ"ﬁ@gh
address and length of circular buffer 6, respectively. In addition, | o

addr essi loky3, My include index register 23 for storing an index
addr ess N?%’O\%hé%h points to a current |location wthin ci PelUEIVIG5 er 6.

Modi fier register 25 may store a nodifier value (M 20 used as to increnent
or decrenent the index address | for each access of cirgglar brffgrhﬁ. For
exanpl e, after cessing .a first data value at nenory address | wthin
cirgﬁlar b1ﬂ%ﬁa§$Y?%% $8§Feﬁ§t§ VaMuewheses¥egamapizheribe 2005 WO

02/ 054227 PCT/ US01/ 50765 t{pica[ly be address | + M where Mcan either be
a positi O] RT veegateger intagerder to ensure that the target address
falls wthin the menory address range of circular buffer 6 -5 wi thout
testing the si g ofrdére nodensere(MhatmbHel eargddr asgi-egsumial 14 i ncl udes
three adders, 12A, 12B and 12C that cal cul ate three possible target

addressesWﬂtnxnzﬂﬂaﬂmeméﬂﬁeéddﬁésé?§§h§€Sth§iEE@@érvﬁkzie&l% and the
modi fier value (M and outputs a first target address equal to I 10 +

M Adder 13Buqaeinastide thdexiyal ye the. nbAgsTRdl fl§r nualyg (M and the
| ength of the buffer (L) and outputs a
addressing unit 4 includes three adders, 124, 12B and 12C
that calculate three possible target addresses in parallel.
Adder 12A receives the index value (I) and the modifier
value (M) and outputs a first target address 14A equal to I
10 + M. Adder 12B receives the index value (I), the modifier
value (M) and the length of the buffer (L) and outputs a
second target address 14B equal to I + M + L. Adder 12C
receives I, M and L and outputs a third possible target
address 14C equal to I + M - L. TIn this manner, target
15 addresses 14A, 14B and 14C represent: (1) an uncorrected
target address, (2) a corrected target address for use when
the uncorrected target address falls below the acceptable
address range, and (3) a corrected target address for use
when the uncorrected target address falls above the
20_ acceptable address range, respectively;
In parallel to the computation of the possible target
addresses 14, comparator 17 receives the index address (1),

the modifier value (M), the buffer length (L) and the base



‘ i M and
second target address 14B equal to | + M+ L. Adder 12C receiv I
L' and outputs a third possible target address 14C equal to | +§§Iﬁhlﬂm5n

t hi s manri¥0,021084292t 15 addresses 14A, 14B and 14C represenbtrk%bﬂaﬂﬁs
uncorrected target address, (2) a corrected target address for use when
the uncorrected target address falls bel ow the acceptable address range,
and (3) a corrected target address for use when the uncorrected target

address faddxred®wvery) he Qgsggcggtgﬁéeigggngsagggg%s éeipe tively. In

parallel to the computation of the pos e'target —affr&siePNa,

ar at ors4 i t Lnd ss_(L),, the nodifier value (M, the

Eﬁ?? er lenssébﬁma?%:qa%g@? h‘ggﬁggeﬁ lg\%‘%gi‘%ﬁﬁért@ §e}8ﬁat_2@@ﬁ Oﬁigr{?sgéﬁ §2765
dress : e.inputs sserts selection signals .

ﬁgltipleigbrfgaﬁgﬂée e%% %%558% 4 TeEfAr L&A pod4Ppredt dlFemsaddeestinkds, 14B
and 14C ag the fin target address 16. Mre specifically, conparator 17
is 5 adapt@d 3§ ?s%efgcti%ﬂrgi@R%stlgaiéYSebempaaatoapnﬂoﬁm;atg
target address 14 in based on whether the target address falls outside of
the dccepfafPéechrige aFsert selection signals 19 to select an

appropriate target address 14 in based on whether the
target address falls outside of the acceptable range of
addresses and, therefore, must be corrected. Notably,
comparator 17 need not determine the sign of the modifier
10 in selecting an appropriate target address 14. Because
modulo addressing unit 4 includes a élurality of adders 12
that calculate an uncorrected target address and two
corrected target addresses, comparator 17 need not
determine the direction in which circular buffer 6 is being
15 traversed. 1In this manner, comparator may select the
~ appropriate target address 14 independently from the sign
of the modifier. In one embodiment, selection signals 19
comprise two signals defining four states for selecting one
of the three possible target addresses 14 provided by

20 adders 12, as illustrated in the following table:
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Figure 3 is a flowchart illustrating an example mode

of operation 30 of modulo addressing unit 4 for calculating

and selecting a target address within circular buffer 6

5 independently from the direction in which the circular

buffer 6 is being traversed.

Although illustrated

sequentially, many of the operations may occur in parallel,

as described above.

First, modulo addressing unit 4 of processor 5

10

I +M+ L and

(3)

I +M-1L (31).

calculates three possible target addresses:

(1)

I+ M,

(2)

As described above, the

second and third possible target addresses are calculated

to wrap the target address back into an circular buffer 6

- in the event the target address is below the starting

15

address or above the ending address, respectively.

e

n
+ M



11--'Figure 3is aflowhart illustrating an exanple node of Qgpgqhhpagéo
of nodul o addressing unit 4 for calculating Table 1 and selecting a ta

addr ess Wyph hcul ar buffer 6 5 i ndependently fromthe direction in
whi ch thgwgpggﬁﬁgf buffer 6 i s being traversed. Al though PFTHSIVHTEY

sequentially, many of the operations may occur in parallel, as described
above. First, nodul o addressing unit 4 of processor 5 10 cal cul ates three

ossi bl e target. addre s: (D 1.+M (2) I +M+Land (3) | + M- L
531). A desor negadaa%% ?lt‘ﬁﬂe%h s%%%n@déﬁﬂsﬁhpﬁélcléégfrilbhe medgdb addr esses
are calculated to wap, the target address back into an circular buffer 6

in the ev8fCSS 1 g¥ttadtirdaerminges owhehbest thei hgrigbtaddaesssor above
t he endi ng address, respectively. 2 9 JUN 2005 WD 02/ 054227 PCT/ US01/ 50765

In paral | éPL4iS PUTEl dfidike A ecdrialal e onddneds| pangddaaasi REewBiford,
determ nes whether the target address falls outside the acceptabl e address

range andneeldsr efoormsct imeeds Mare &iﬁé@ﬂfié@lﬂy?pﬁ@&ﬁlﬁabhﬁregggﬂlgo
addr essi ng
5 unit 4 determines whether I + M is < B, i.e. whether the
target address falls below the address range of circular
buffer 6 (32). If so, multiplexer 10 selects térget
address #2 as provided by adder 12B (35). If not, modulo
addressing unit 4 determines whether the target address
10 falls beyond the uppér end of circular buffer 6 (33) and,
if so, selects target address #3 as provided by adder 12C
(36). If not, modulo addressing unit 4 selects the target
address #1 as supplied by adder 12A, which falls withiﬁ the
acceptable address range of circulaf buffer 6 and may not
15 be corrected (34).

Various embodiments of the invention have been
described. The processor described above may be
implemented in a variety of systems including general
purpose computing systems, diéital processing systems,

20 ‘laptop computers, personal digital assistants (PDA’s) and
cellular phones. In such a system, the processor may be

coupled to a memory device, such as a Flash memory device

or a static random access memory (SRAM), that stores an



5'unit 4 determines whether | + Mis < B, i.e. whether the target address
falls bel ow the address range of circular buffer 6 (32). If spg Jun 2005

mul tipl exgro dfhsgphects target address #2 as provided by adder 12B (35). If
not, nodulo addressing unit 4 determ nes whether the targBETAGVESES 10
falls beyond the upper end of circular buffer 6 (33) and, if so, selects
target address #3 as provided by adder 12C (36). If not, nodul o addressing
unit 4 sel gﬁé?a%he targgt address #1 as supplied by adder 12A, which falls
wi t hin t he®Paceeptdbré~580r 8¢ rihge Foftiwand applifdasri dhsand THRYsNOt 15
be corrected (34%. Var i ous enbodi nents of the invention have been

descri bed. 27 e°pRBE c8BBPAdmenitish adt cawivh impyt Hee sdope rentRd A1 13 d ety
~of systens including general purpose conputing systens, digital processing
systens, 20l&#dPseop conputers, personal digital assistants (PDA's) and
cellul ar phones. In such a system the processor may be coupled to a
menory device, such as a Flash nenory device or a static random access
menory (SRAM), that stores an 8 2.9 JUN 2005 WD 02/ 054227 PCT/ US01/ 50765



operating system and other software applications. These and other
embodi ments are within the scope of the following clains. 9 2.9 JyNB005
What is clainmed is: 1. An apparatus conprising: a plurality of adders

el ectrically connected in a parallel structure and configured to
concurrently output an uncorrected target nodul o address as a function of
an index 5 address and a nodifier value and at |east two corrected target
nodul o addresses as a,.function of the index address, the nodifier val ue
and a | engt éﬁdéPmﬁﬂé$ein each of said plurality of adders cal cul ates an
address independently of the output of the other said adders; and a
conpar ator 1o sePa@ppyamisebmprigingar get nodul o addresses i ndependent from a
10 sign of the nodifier value. 2. The apparatus of claim1l, wherein the
plurality of addephlirdaypfadders eedtiically aadentedianf pagalltet stricdure uh@ dbnfipuiréd St
target nodul o address equal to the index address plus the nodifier val ue;

15 a secondtoadderr&@Rfdugpit @f uhorfididdUtrgd: HEGNABAdArREORT RGNV raddhRsS equal

to the index address plus the nodifier value plus a length value; and a
third adder o faakiadifftbdiferdiitingds IdkiTihol BBk A LD AR MBS EUAl tO the
i ndex address plus the nodifier value mnus a len val ue. . The

apparatus OI”un%éig‘rll ot t%b ir];d'égctaggrress(,: HPho 1hrellg\:/alue and a length value, wherein each of

said plurality of adders calculates an address independently of the output of the other
said adders; and
a comparator to select one of the target modulo addresses independent from a

10 sign of the modifier value.

2. The apparatus of claim 1, wherein the plurality of adders comprise:
a first adder configured to output a first target modulo address equal to the index
address plus the modifier value;
15 a second adder configured to output a second target modulo address equal to the
index address plus the modifier value plus a length value; and
a third adder configured to output a third target modulo address equal to the

index address plus the modifier value minus a length value.

20 3. The apparatus of claim 2, further comprising:
an index register to store the index address;
a modifier register to store the modifier value; and

a length register to store the length value.

-10 -



an index register to store the index address; a nodifier register to store
the nodifier value; and a length register to store the | ength v@ YQielUN- 2009
2.9 JUN 2005 4. The apparatus of claim1, further conprising a nultiplexer
to select one of the target nodul o addresses. 5. The apparatus of claim4,
further conprising a conparator adapted to output a 5 plurality of
selection signals to control the nultiplexer. 6. The apparatus of claimb5,
wherein the conparator asserts the selection signals as a function of a
base addres$ (b) Theppraraips efiglaim bfhrtker comprigingernyltipleer to seleetiane of the
buffer, an index address (I) and a nodifier value (M. 10 7. The apparatus
of cl ai m 6, tanget neidola drklressespar at or asserts the selection signals to a
first state when I +M <B, a second state when |+M>=B+L and a third state
when B <= [+M < B+L. 15 8. A nmethod conprising: concurrently generating an
uncorrected target nodul o address as a function of an index address and a

modi fier vabue afge gipakRASLE N @%ﬁﬁ&%@&@%@ﬁ%@%& aﬂgggﬁozﬁgwgma

parallel as a function of the iIndex addre I er
| engt h val ug; . . i 0..the. I ener.ation occurs in a structure
e|ectriéﬁ||§m8%ﬁf§£§%§“§ﬂ§§@g§§$%%ﬁgﬁ?gaﬁ@‘§%¥§bting one of the target
nodul o addresses i ndependently froma sign of the
6. The apparatus of claim 5, wherein the comparator asserts the selection signals as
a function of a base address (b) for a circular buffer, a length (L) of the circular buffer,

an index address (I) and a modifier value (M).

10
7. The apparatus of claim 6, wherein the comparator asserts the selection signals to
a first state when I+M <B, a second state when I+M>=B+L and a third state when B <=
[+M < B+L.

15 8. A method comprising;

concurrently generating an uncorrected target modulo address as a function of an
index address and a modifier value and at least two corrected target modulo addresses in
parallel as a function of the index address, the modifier value and a length value;
wherein the concurrent generation occurs in a structure electrically connected in
20  parallel; and
selecting one of the target modulo addresses independently from a sign of the

modifier value.

-11 -



nodi fier value. -11 2 9 JUN 2005 9. The nethod of claim8, wherein
dgenerating the target nodul o addresses conprises: generating 2i9 JuN 2005
target nodul o address equal to the index address plus the nodifier val ue;
5 generating a second target nodul o address equal to the index address plus
the nodifier value plus the Ilength value; and generating a third target
nodul o address equal to the index address plus the nodifier value m nus
the length yalue, 10 10. The nmethod of claim9 further conprising: storing
the index addresdhe msthadudiclaim, yhersin geigrating thesaggeh mpgdpigeaddressesdul o
registers. 11. The nethod of claim8, wherein selecting one of the target
nodul o addr ee8pi#ses15 conprises selecting the target nodul o address as a
function of a base address (b) for a circular buffer, a length (L) of the

circul ar buffer, garerathgeisiadrgs mofulo addeesaedquatio theindex alidtess(pis thé2. The
met hod of claim11l, wherein selecting one of the target nodul o addresses
20 conpri sefiod¥Rr @8lubng a first target nodul o address when | +M <B;

sel ecting a second target nodul o address when | +M>=B+L; and selecting a

third tagget m)dgé&rﬁgl%raes%tiom&eﬁm%ﬁuﬂo"éMir%s@é'dn‘al to the index address plus the

modifier value plus the length value; and

generating a third target modulo address equal to the index address plus the

modifier value minus the length value.

10 10.  The method of claim 9 further comprising:

storing the index address, the modifier value and the length value in modulo

registers.

11. The method of claim 8, wherein selecting one of the target modulo addresses
15 comprises selecting the target modulo address as a function of a base address (b) for a
circular buffer, a length (L) of the circular buffer, an index address (I) and a modifier

value (M).

12, The method of claim 11, wherein selecting one of the target modulo addresses
20  comprises:
selecting a first target modulo address when I+M <B;
selecting a second target modulo address when I+M>=B+L; and

selecting a third target modulo address when B <= I+M < B+L.
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-12 2.9 JUN 2005 13. A systemconprising: a Flash nenory device;, and a
processor including an nodul o addressing unit conprising: a pIZJpaNNt ;UUE)f
adders in an electrically connected parallel structure configured to 5
concurrently output an uncorrected target nodul o address as a function of
an index address and a nodifier value and at |east two corrected target
nodul o addresses as a function of the index address, the nodifier val ue
and a Iengtﬂ val %gé; and a conpar ator to select one of the target nodul o
addr esses | htepeAdINEMSUMRTEEES| gn of the nodifier value. 10 14. The system
of claim 13, wherein the nodul o addressing unit conprises a conparator to
sel ect one of théFiaéP@&m%éﬂYlée;é‘ﬁéresses. 15. The system of claim 13,
wherein the plurality of adders conprise: 15 a first adder adapted to

out put a first taptsessopiheluwlingllrwedule gddiessing utiecammtasing: addr ess pl us t he
nodi fier value; a second adder configured to output a second target nodul o
address equal t oapheality f eddeadidranssecplidatly icbendrrdi farlel Malouge Rbafguréetd engt h
val ue; and a second adder configured to output a third target nodul o

addr ess £qugdnchiftehtiifoutgt dnFRSrrédel Rfset RlodSlotda8re¥PN £ idbtiddbitsh s the

length value[[.]]; "and a third adder configured to output a third target

modul 0 addr g5 8B h& il antd W%t ?qurt%scoﬂje&éd fﬁ?gétfrﬂo%qllovz?ddlljgsség A4S the

| engt h val ue.

function of the index address, the modifier value and a length value; and
a comparator to select one of the target modulo addresses independent from a

sign of the modifier value.

10
14.  The system of claim 13, wherein the modulo addressing unit comprises a
comparator to select one of the target modulo addresses.
15.  The system of claim 13, wherein the plurality of adders comprise:

15 a first adder adapted to output a first target modulo address equal to the index

address plus the modifier value;
a second adder configured to output a second target modulo address equal to the
index address plus the modifier value plus the length value; and
a second adder configured to output a third target modulo address equal to the
20  index address plus the modifier value plus the length value[[.]]; and
a third adder configured to output a third target modulo address equal to the

index address plus modifier value minus the length value.
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- 13 2 9 JUN 2005 16. The system of claim15, the nodul o addressing unit
further conprises: an index register to store the index addre&8;JUN 2005
nodi fier register to store the nodifier value; and a length register to
store the length value. 5 17. The system of claim 13, wherein the nodul o
addressing unit further conprises a nultiplexer to select one of the target
nodul o addresses. 18. The system of claim 17, wherein the nodul o addressing

unit further_co ises a .10 c ratqr, confiqured to.output a plurality of
sel ecti on sﬁ%nalﬂvgh‘f’ @'Si%ﬂf’féfl"? Egptﬁ nglﬁlaggéeﬁgng_@mt %“H@‘eg eS8t cl ai m 18,
wherein the conparator asserts the selection signals as a function of a
base address (b) a1 Bydex registenfpstorgtieriedex addressigt h (L) of the circul ar
buffer, an 15 index address (lI) and a nodifier value (M. 20. The system
of claim 19, wheneiadifidrecgistaptarstirotheansdifiesvalie asél ection signals in a
first state when I +M <B, a second state when |+M>=B+L and a third state
when B <= | +M <alBnlgth 2Qister to store the length value.
5
17. The system of claim 13, wherein the modulo addressing unit further comprises a

multiplexer to select one of the target modulo addresses.

18. The system of claim 17, wherein the modulo addressing unit further comprises a
10 comparator configured to output a plurality of selection signals to control the

multiplexer.

19. The system of claim 18, wherein the comparator asserts the selection signals as a
function of a base address (b) for a circular buffer, a length (L) of the circular buffer, an

15  index address (1) and a modifier value (M).

20. The system of claim 19, wherein the comparator asserts the selection signals in a
first state when [+M <B, a second state when [+M>=B-+L and a third state when B <=
[+M < B+L.

20
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