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Digital signal processors (DSP) often include 5 specialized hardware for <2§;>
supporti ngo@db@sfed signal processing functions, such as tperiwget/soeuri er
transform (FFT). For exanple, many DSP' s include nodul o addressing

regi sters and ot her hardware support for accessing data structures, such as
circular buffers, necessary for 1o mani pul ati ng and processi ng dat a.
DESCRI PTI ON OF DRAW NGS Fi gure & Esla QES%E dig ramillustrating an exanple
of a programmuabl e processor adaﬁgeg—gﬁ—Sﬂﬁﬁ%i%—gndulo 15 addressing
according to the invention. Figure 2 is a block diagramillustrating an
exanpl e nodul o addressing unit of the programmabl e processor. Figure 3 is
an exanpl e node of operation of the nodul o addressing unit. 20 DETAI LED
DESCRI PTION Figure 1 is a block di &YAEEUNMNh exanpl e system 2 ' having a
processor 5 coupled of a nenory device 7. WO 02/ 05-t227 PCT/ USOL/ 50765
Processor 5 i ndligddsInoigre laderessisuyuniiSk tdfdten dsaleskr i bed bel ow,
conprises specialized hardware to support efficient nodul o address

cal cu at i GiseciSafial ehaqd eatfonsuprarine el iEaiingdigistlr uct i ons t hat,
when 5 executed by processor 5, create and maintain data structures for
processi NG, ey s iSHF ARGl dridY] udWid Lt fast fourier transform

(FFT). For example, many DSP’s include modulo addressing
registers and other hardware support for accessing data
structures, such as circular buffers, necessary for

10 manipulating and processing data.

DESCRIPTION OF DRAWINGS

Figure 1 is a block diagram illustrating an example of
a programmable processor adapted to support modulo
15 addressing according to the invention.
Figure 2 is a block diagram illustrating an example
modulo addressing unit of the programmable processor.
Figure 3 is an example mode of operation of the modulo
addressing unit.
20

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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Menory 7 stores circular buffer 6, typically in linear fashion over a range
of nmenory addresses froma starting nenory address to an endi ng nenory

addr ess. wermnys20evi ce 10 7 may conprise different nmenory peals0okogs €s,
such as FLASH nenory, static random access nenory (SRAM or dynam ¢ random
access nmenory (DRAM. In response to the machine instructions issued by
software applications 8, nodul o addressing unit 4 15 cal cul ates the

appr opr i atpgg JERIEN Ok @Cirrﬁélﬁﬁzﬁaé‘%ﬁ%y%&&éﬂﬁffglaﬂ@ th Gifcul g buffer 6

in order to store and retrieve data. The nenor ress range of circular

buffer 6 AL cq:%. b%ec{ i%%govx\fl% ’nt on[f'purnibsec—:r 5 Osf D da\é:ﬁ.yas_l:iqﬁaca)c{] dugaxrgcg%\l 1%6 tgoz sg%eﬁdcﬁfetgr in

exenpl ary purposes b e ‘nenory ess
terms of a hase address (B) d a | engt L). Alternatively, the range nmay
be define& r}ctléar“qusnlﬂ Lbl%aaﬁrfcﬁﬁ o S eitfitgefddress. - 2 WO
02/ 0.1227 PCT/ USOL/ 50765 Wil e software applications 8 are accessing
circul ar PGt I S1d uF PR S 953 Gy fni N st fue riggyso rfdiagt e wheam
calculating the correct nmenory address of the data. In addition, nodulo
addr éssi ngremiutetl i |Rdese geedt i arrdady @il i idgtadmrideeavhet her an
address falls outside the nenory address range of circular buffer 6. In
such circwshaeAsss 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 memory 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
interact 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.



as described bel ow, nodul o addressing unit 4 "waps" the nmenory address to
a correspondi ng nenory address within the address range of circular buffer
6. 10 Onwa e@usmi2que used in conventional systens to w ap pow/esidssems i nto
circular buffer 6, is to detect an out of range condition upon increnmenting
the target address past the end of the circular buffer 6 such that the
target address falls within nmenory region 7A. At this tine, the 15 target

address can beym appsdrbrskei BHP1 8P BEEEH! @béseagléé%&lbg suptyagting the
length of the buffer fromthe target address. Sinmilarly, when the nodifier

(M is a begalive THOBElo gﬁabeg%g; fyf! d gggaieggémbf el fob! ”avefsed from

t he endi ng addresS toward e sfart ress, an ou

d det ect ed h ddress fal h
cond 11 on £ PLEEL e R 00 AT orent onroAa T, ?hft""”'“g

situation, the target address can, be mmaE ped back into the - WO
02/ 05. 12299%E} PBOIT8EES BRAEGPEINEURRE 6yll&@ﬁ?ﬁ98t%t%ﬁg@lh bPIifie
circular buffer to the target address. Many of the conventional techniques
exanPne the degareinehehabietien adddeser fkhbst hetdidecthenmémonhi ch the
circular buffer 6 is being traversed before 5 calculating a corrected
t arget adddeéssssAsadgscofbedirbelaw, bubdelrocadinessengclnttimdt SupPsEts range
checki ng and address generation i ndependent fromthe direction in which
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 to 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 conditlion is detected when the
target address falls below the starting address of the

circular buffer within memory region 7A. In this

situation, the target address can be wrapped back into the



circular buffer is being traversed. Figure 2 is a bl ock di agram
illustrating one 10 enbodi nent of nodul o addressing unit 4 that may

cal cul at ewa d2iosk7t arget nmenory address 16 for each acces®cafusoi/seigs ar
buffer 6 within nenory device 7. Mdul o addressing unit 4 may includes a
nunber of nodul o registers 20 such as a base address register 21 and a

| ength register 27 for storing 15 the base address and |l ength of circular

buffer 6, smsnecii leed oRddidien, RO 0y ad B LSS G U £ Biye £0¢! ude

i ndex register 23 for storing an index address (1), which points to a

current | %ﬂﬁﬁ &%@@ godaeehar Duliero O o MDA { SUM Hedm MR SIOTE @

nodi fi er used as to increnent or decrenen e1n dress
for each access of circularopuffer 6 xanpl.e, after . accessing a first

. For
_data val e ST RSO ATt est | TR (AT LT T B ar T S, Ph SIS TR a

" value accessed may - 4 = WD 02/0S-t227 PCT/ USOL/ ~0765 typically be address
| + M whet: Wi ©1e netrpelar Josf 195 e of S Refg Verawreipd PaiPr der to

ensure that the target address falls wthin the nenory address range of
circul ar biA¥erlatonaa eexreesed Miprdrt Adgrads + hgstifdribgdy) , nodul o
addressing unit 4 includes three adders, 12A, 12B and 12C that cal cul ate
t hree posshdlevt angbil @dddéssesing paial 4 edupports 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. In 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 example, after
accessing a first data value at memory address I within

circular buffer 6, the next data value accessed may



Adder 12A receives the index value (1) and the nodifier value (M and
outputs a first target address 14A equal to T 10 + M Adder 12B receives
the i ndexygaboa241), the nodifier value (M and the | engt hcofusoha7éuf f er
(L) and outputs a second target address 14B equal to T + M+ L. Adder 12C
receives I, Mand L and outputs a third possible target address 14C equal
tol + M- Z In this manner, target 15 addresses 14A, 14B and 14C

represent it ph)o AN MAROTIRALL tRL08] HANLSS A target

addr ess foe&%gé mﬁgn the uncorrected target a ressi?g%{gﬁ%ngM/the
accept abl e _addr.ess range,_.and (.3), a corrected target address for use when

t he uncorFég?gﬁj¥hfﬁéfggﬁﬁ%@§% %ﬁﬁQ§I€bove the 20 acceptabl e address range,

respectively. ILn parallel to the c utation of the possible target
addr esses 14, éﬁm&ﬁé%HNIQrfqﬁﬂﬁﬁ rngrﬁbqrﬁﬁﬁg%ﬁkﬂQ£%??Q)§all§he modi fi er

* value (M, the buffer length (Z) and the base - 5 WD 02/ Caa227 PCTI USO

1/ a0765 addiddd) (e mBaay GfldiRss ApReEe Hs samalsy dufifsr dgnals 19 to
cause multiplexer 20 to select one of the three possible target address
14A, 514B andhMCG ds=dthiad ithe sigrgetf ddor esglilfs e Mo spesidlical |y,
conparator 17 is 5 adapted to assert selection signals 19 to select an
appropri atRidrygeindariasst lihdludess athae Wikidey, timt araetarpddress fall's
outside of the acceptabl e range of addresses and, therefore, nust be

(r:rg(r:hr ?f;redtl‘kﬁt ahldou RPN Jos iead nAfrgiat A dde St phefs tde,
Adder 12A receives the index wvalue (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. In 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 (I),

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



|0 in selecting an appropriate target address 14. Because nodul o addressing
unit 4 includes a plurality of adders 12 that cal cul ate an uncorrected
target ad@pagmsgntd two corrected target addresses, conpar @carusby/soveed not
determne the direction in which circular buffer 6 is being 15 traversed.
In this manner, conparator nmay select the appropriate target address 14

i ndependently fromthe sign of the nodifier. In one enbodi nent, selection

signals 19 ¢onpLdsegt Wwo sigoal sndehdni ur \ ting one of
the three possi bl eﬁ%;r get addr e%ses 14%%% daeﬁéﬁy@%oggid%%ﬁs&g& as

oSt atelgat e oL LGt Allery a8 208 Y0001 08 dg T PTLYSO 1 so7es

Sel ection ndrtion tinati ess T+ M
(14A)011 + M< Bl + M+ L (14B}10l .+ M>= B+L] + M - 14C) 11 --- Table 1
Figure 3 i'$%e% IR% Jl:ZI/ka’eri F%ﬁ%?%a?ﬁi?l’@e%‘ﬁ ]e%er%Bn%% t?éo?)%r%ﬁ? oL of
modul o addressing unit 4 for calculating and selecting a target address

wi thin cirearget haddeess 56 nddpeadeperifi¢ad yhecampaeaion 1 h iwhich the
circular buffer 6 is being traversed. Although illustrated sequentially,
many ®f thedaopeedttonsssaytoselecthopasidhzls % Ueszelded above. First,

nodul o addressing unit 4 of processor 5 |0 calculates three possible target

addr esses:afgdgopriath €2rgét-+tadliressand {B)bdsdd Mn khéBler #Ase descri bed
above, the second and third possible target addresses are calculated to

wrap the teggels adgiesssbaskisnberanasi sEULRE DUELSFaB1L Nrihge e¥ENt the
target address is below the starting

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 plurality 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. In this manner, comparator may select the
appropriate target address 14 independently from the sign
of the modifier. 1In 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:



15 address or above the endi ng address,

PCT/ USCL/

WO 02/ 0r 4227
nodul o addr essi ng

respectively.

50765 In parallel with the address cal cul ati on,

unit 4 defyergdioaesy Wwhet her the target address falls outsi deciihgoaseept abl e

address range and, therefore, needs correction. Mre specifically, nodulo
addressing 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
so, nultifplexelcdPiSET TS Tar@elqadds €SS #2[as Pho etk Py, addar 12B (35).
I f not, nodul o addressirng unit 4 determ nes whet her the target address |0
falls beyond er gnd of circular buffeq 6 (3 if so,| selects
t ar get addres%fﬁ%ggg pravi ded by adder 12C (36). I?L%g nndulo addr essi ng
unit 4 seleects—thetargat—address—#l-as—supphied-by adder—12A_hich falls
within tHe accefabl e addPess faig¥ 6f Beir Cullar buff &f 6L4Hd may not 15 be
corrected (34) . Various lenbodinents of the |nvent10n have been descri bed.
The procdgssor dédcri bed aboveihaybbe<ﬂﬁplenemtéﬂ tMat viar { B4B) of| systens
i ncl udi ng _general purposle conmputing systens, {digital processing|systens, 20
| apt op cgnput er 4,0 per sonal dEgHtMI>asBH$tantj (FDA's)- amd( 4t ) ulfar phones.
In such g8 system the priocessor may be coupled to a nmenory devide, such as
a Flash nenory dqvice ™ Jor a statLc random a¢CesSs nenoLy ( SRAV),| that
stores an _ g _
Table 1
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 calculates three possible target addresses: (1y I + M, (2)
I +M+ L and (3) I + M - L (31). 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.



WO 02/ 0y227 PCTI USO01/ 50765 operating system and ot her software
applications. These and ot her enbodinents are within the scope of the

f ol | ow ngwelodigr27 - 9 WO 02/ 0S. 1227 PCT/ US01/ 50765 Whapcirajsol/eo7eed is: 1
1. An apparatus conprising: 2 a plurality of adders to concurrently out put
an 3 uncorrected target nodul o address as a function of an index 9 address
and a nodifier value and at | east one corrected 5 target nodul o address as

a function of tfie Jndex addfess. ¢ themd fler. l?uﬁgrgngnﬁdeﬁgtsh val ue;

and 7 a conparator to select one of the target no

i ndependent om. igP_. of , t i fier value. 12 The par at us of cl ai i,
wher ei nt herél dp I}’Jerszﬂl?}%s/ 0 tad4de$e§te(r;g§r?rlprll'elssem?guﬁl} s%%eaataaeﬁ'geg‘gaapc{ T out put
afirst target. nodul o4address equal to the indexaddress plusthe nodifier

val ue; 5a %&adﬁbﬁﬁﬁ AR aéfde"c%?ﬁ et Bid e iR es equal
to theindex address plus the nodifier7value plus a | ength value;and8a third
adder adapi®afio FRHEFRATERM r dezs gEre Fofdtaiod reesdu lay i d e g Heg

i ndexaddress plusthe nodifier valuelom nus a |length value. 1 3 The

apparat us wfitcldidetBriineherhetdnpr ikindg! i ah B ndiexe r edistssr tithest ore t he
i ndex address; - 10 WO 02/ 05. 1227 PCTI US01/ 50765 3 a nodifier register

to store the godidddereval £l ansk Qw drengidureg stfigd o staradher | ength
value. 1 4. The apparatus of claiml, further conprising a 2 nultiplexes to

sel ect ongpfedines tpsge! il afdronsesced fo dheapparaiy: of claim4

further conprising a 2 conparator adapted to output a p y of

el eotion Shl el ey Lo, oty oled sy UALP pxeo(3d) O dheppparglys of ol aim

5, wherei na(% e ‘conpara assertsthe sé as ‘afinction of a
base3 addre b) for a circular buffer,g length (L) of the4 circularbuffer,
o Fcdox. AATERITS die SRS TIRE U Y B C RS RIS of ol ai m
6, wherein the conparator2 assertsthe selection signals to afirst state
whenld +M <B 13 s hestrlisthe R ndeeBiqi eqibl at ki et o el herfBl< 4 | +M <

B+L. 1 8. A nethod conpri sing:
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 within the

acceptable address range of circular 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, digital 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



- 11 WO 02/ 0e227 PCT/ USULl/ 50765 2 concurrently generating an uncorrected
target nodul o 3 address as a function of an index address and a nodifier w
4 val ue aR@ ¢alosd2enst one corrected target nodul o address ipaTthspas@bs el
address as a function of the index address, the 6 nodifier value and a

| ength val ue; and 7 selecting one of the target nodul o addresses 8

i ndependently froma sign of the nodifier value. 19. The nethod ofclaim8,

uher el n gERLAL{ N N, d alged 2 @r@ﬁ&?%?ﬁe%%a:f orts 9ENAALL NG T Tt

a target equal to thedindex a e nodiTier val ue;
5generatin second target nodul oaddressequal to theG pndex a Ss, pl ust he
mod 11 or VDS «HEF SR vRl TES M aeon i THPSIH e ap e orihD
nodul oaddr essequal to the9i ndex address plusthe nodifier val uem nus the

| engt h10vatt@ims4 10. The method of claim 9 further conprising: 2 storing
the index address, the nodifier value and the 3 | ength value in nodul o
registers. - 12 WO 02/ 05.t227 PCT/US01/50765 1 11. The nethod of claim
8, wherein selecting one of the 2 target nodul o addresses conpri ses
selecting the target 3 nodul o address as a function of a base address (b)
for a 4 circular buffer, a length (L) of the circular buffer, an 5 index
address (1) and a nodifier value (M. 1 12. The nethodof claim 11,

wher ei nsel ecti ng one of the2 target nodul o addresses conprises: 3 sel ectinga
first target nodul oaddress when | +M <B; 4 sel ecti nga second target

nodul oaddr ess when5 | +M>=B+L; and6 sel ectinga third target nodul oaddress
when B <= | +M/ < B+L. 1 13.. A systemconprising: 2 a Flash nenory devi ce;
and 3 a processor including an nodul o addressing unit 4 conprising: 5 a
plurality of adders to concurrently output an G uncorrected target nodul o
address as a function of an index 7 address and a nodifier value and at

| east one corrected 8 target nodul o address as a function of the index
address, 9 the nodifier value and a |l ength value; and - 13 WO 02/ 0y227
PCT/ USOL/ s076S



| 0 a conparator to select one of the target nodul o 11 addresses i ndependent
froma sign of the nodifier value. 1 14. The systemof claim 13, wherein

t he modulyoades@ssi ng 2 unit conprises a conparator to sePeTison®7ef the
target 3 nodul o addresses. 1 15. The systemof claim 13, wherein the
plurality of adders 2 conprise: 3 a first adder adapted to output a first
target nodul o 4 address equal to the index address plus the nodifier val ue;
5 a secondyppfders adapigeyt ps out put a second target 5 nodul o address equa

to the index address plus the nodifier 7 value plus the Iength value; and 8

a secpond der u ird target nodul o 9 address equal to
t he iﬁdexagddréggégﬁﬁgr%ﬁ%gn%%#éfg?$€%Jue to mnus the length value. 1 16.
The systemof claiml5s, . the dul o_addressi ng unit. 2 further_ conprises: 3
an i n%ex r egi staerp][n%ragltjo?% ?ﬁle)a#%%i UF RGO SR T (¥ ster to
store the nodifier value; and 5 a length register to store the |ength

val ue3 - pcorygsipd 019‘?12?9’@6??‘@)5@/%‘8‘7%%5% 3% 2 Thereystrrbfar| BrHe43,
wherein the nodul o addressing 2 unit further conprises a nultiplexer to
sel ect oneaddrese 3daz geedhbiel ovabide esr@sat 11a8st Tore syereesiofdcl aim 17,
wherein the nodul o addressing 2 unit further conprises a conparator adapted
to output waget uicdiily addsebecsson Sugoal sntof cond rizhdéheadaitdspl exer. 1
19. The system of claim 18, wherein the conparator asserts 2 the selection

signaks astie fihet £ POr OFa Bubased agddiesgrik byaBud pragdcircul ar buffer, a
| ength (L) of the circular buffer, 4 an index address (I) and a nodifier

value, (M. 1 20 im 1l r el r asserts 2
the sél ection s?d%gﬁgégﬁﬁgg}?§s§ég%g%egaﬁgﬁgl§%§<%§f%§§qg%%%%§ st at e when
gL s LI S a0Ef Bk LAl S Bibye iodrigfigaiue.

YN vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cRa] ca] c*a] ca]
cal] ca] ca] cMa] cal] ca] cfa]ca]ca]c”alcaUca 6 ( &l JS o0

1 2. The apparatus of claim 1, wherein the plurality of

2 adders comprise:

3 a first adder adapted to output a first target modulo
4 address equal to the index address plus the modifier value;
5 a second adder adapted to output a second target

6 modulo address equal to the index address plus the modifier
7 value plus a length value; and

8 a third adder adapted to output a third target modulo
9 address equal to the index address plus the modifier value
10 minus a length value.

1 3 The apparatus of claim 2, further comprising:

2 an index register to store the index address;

- 10 -
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1 6. The apparatus of claim 5, wherein the comparator

2 asserts the selection signals as a function of a base

3 address (b) for a circular buffer, a length (L) of the

4 circular buffer, an index address (I) and a modifier value
5 (M) .

1 7. The apparatus of claim 6, wherein the comparator

2 asserts the selection signals to a first state when I+M <B,
3 a second state when I+M>=B+L and a third state when B <=

4 I+M < B+L.

1 8. A method comprising:
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1 9. The method of claim 8, wherein generating the target
2 module addresses comprises:
3 generating first a target modulo address equal to the
4 index address plus the modifier value;
5 generating a second target modulo address equal to the
6 index address plus the modifier value plus the length
7 value; and
8 generating a third target modulo address equal to the
9 index address plus the modifier value minus the length

10 value.
1 10. The method of claim 9 further comprising:
2 storing the index address, the modifier value and the
3 length value in modulo registers.
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2 | a Flash memory device; and

3 a processor including an modulo addressing unit

4 comprising:

5 a plurality of adders to concurrently output an

6 uncorrected target modulo address as a function of an index

7 address and a modifier value and at least one corrected

8 target modulo address as a function of the index address,

9 the modifier value and a length value; and
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3 a first adder adapted to output a first target modulo
4 address equal to the index address plus the modifier wvalue;
5 a second adder adapted to output a second target
6 modulo address equal to the index address plus the modifier
7 value plus the length value; and
8 a second adder adapted to output a third target modulo
9 address equal to the index address plus the modifier value
10 minus the length value.
1 16. The system of claim 15, the modulo addressing unit
2 further comprises:
3 an index register to store the index address;
4 a modifier register to store the modifier value; and

5 a length register to store the length value.
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2 unit further comprises a comparator adapted to output a

3 plurality of selection signals to control the multiplexer.
1 19. The system of claim 18, wherein the comparator asserts
2 the selection signals as a function of a base address (b)

3 for a circular buffer, a length (L) of the circular buffer,
4 an index address (I} and a modifier value (M)}.

1 20. The system of claim 19, wherein the comparator asserts
2 the selection signals in a first state when I+M <B, a

3 second state when I+M>=B+L and a third state when B <= I+M

4 < B+L.
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