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FIELD

e 'I'hzs mvenj:ton relates generally fo commumcatlon devxces, systems, and 7 7

o \} o methods ‘More particularly, the invention relates to a méthod, apparatus, and systéin for

- optimizing the operation of a constellation and Viterbi decoder for a paralle! processor
architecture, :

BACKGROUND

Devices and systems for encoding and decoding data are used extensively in
modern electronics and software, especially in applications involving the communication

and/or storage of data.




PCT/ US02/ 27834 During transm ssion, conmuni cations often experience
interference and disruptions. This causes all or part of the data or
content transnitted to becone shifted, altered, or otherwi se mie/03/2006
difficult to identify at the receiving side. Coding provides the ability of
det ect i ng wod3/e3smMecting errors in the data or content poeisgpgz9cessed by
a system Coding is enployed to organize the data into recognizable
patterns for transm ssion and receipt. This is acconplished by the
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| rrproveé I'ng typlc conprises first ‘encodi ng data
to be tﬁﬂﬁé@o&bﬁ&v&ﬁ&bbﬁﬂﬁﬁcultdeubﬁﬂﬁfgtﬂmcweﬂmﬂmbd data. Figure 1
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packet , cénterft being brdcessedbbyrd systtine Coding inemployed émorgamrathe datmisto met hod f or

encodi ng dat, a nvol ve onval uti onal e %ol | lustrates the
convol uf§easFed 3"%‘?”%%”? Iﬁcﬁpgcﬁﬂ gccf?ﬁ?%ﬂeﬁtbﬂ a contraint length
of one ﬁi@odudﬁoﬁuffbdﬁndahbﬁﬁfortmmmprmessedﬂ)ydiiamtmna{iu@ncoder for encoding

two bits of data |nt e ﬁ tta}s] but with a cons eﬁai - ﬁ% of K. The
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Theoretical]y, 0 nstr engt h provi des robust encodi ng
schene d¢cadiBE sud %P?i%gf}?tﬁ"l ﬂ%ﬁh{?ﬁﬁgﬁgﬁnﬁ | ng"zgwdg‘h i cul ar packet
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i's S ped i sig
const el Teagiveshnessags; pac ?t’?,’é}%i’lé?f’w fk‘iﬂ %Et Btlr?\coded bit segnents to be
mapped t Od atOne oommon metho& for cncodmg data mvpthr&i g;?al;ublgnomymmcg g. ERiglre s %/ m(:;o! may
correspond to a uni que sea 0 ni.t.u Y. Str{iﬁ'ﬁ&%ﬁ‘rnn ed in
terns #W@ﬁm‘aﬁ‘&?"{“ﬁ} %‘[W%é‘i‘t? alﬂ “ﬁ an oded bit
stream gEptlenMFRReé 3Hﬁb@a¢@sa§btﬁmnﬂﬂ1hhomamdeiﬁnenmdmgnwebltmf according to

such phase and/or rrﬁ ude Fi grre 4 | ustrates a quadrature anplitude
nodul at undred twenty-eight (128) synbols.

'I'he constraint iength indicates the number of previous input clock cycles
(previous iﬁput frames) necessary to generate one output frame. Theoretically, a longer
constraint length provides a more robust encoding scheme since the probability of
erroneously decoding a particular packet is diminished due fo its dependence on prior

received packets.
Before encoded data is transmitted, it is typically mapped into a signai
~_constellation. A signal constellation permits encoded blt segments to be mapped to a
" particular symbol. Each symbol may cotrespond to a unique phiase and/or magnitude -
- and may be represented in terms of coordinates (I,Q) in the constellation. Thus, an
encoded bit stream may be mapped into a sinusoidal signal for transmission according to

such phase and/or magnitude.
Figure 4 illustrates a quadrature amplitude modulation (QAM) constellation of

one hundred twenty-eight (128) symbols.
At the receiving side, a device must be able to first convert the sinusoidal signal

received into a bit stream and then decode the bit stream to extract the content or data.
That is, each received signal sample is first converted into 2 symbol in the constellation.




At the receiving side, a device nust be able to first convert the
sinusoidal signal received into a bit stream and then decode the bit
streamto extract the content or data. That is, each received 97 ®8/2006
sanple is first converted into a synbol in the constellation. 2 07/03/2006
WO 0310239%9 oB162Bs44J) S02/ 27834 The sel ection of a correspeodiup@nsssgbol in the
constellation for each received sanple is known as slicing. Then the
synbol is decoded to obtain the data or content. Typically, a_receiving
devi ce Fnopd@Yon bita domesiondity sympbuain thelednsteliativadortdach 1sheived sampleisor nagni t ude

of each_sanpl e, .and_maps each. s l.e, . j on according to its
phase amﬁaﬁ?HW{iﬂbﬁaﬁﬁrMﬂa‘ﬁ%g@f@‘t"%"%ﬁf‘&‘??@?}é’ﬁd@@o‘{f ot her disruption
during trangyficdyeceivispdavice samples the receiveduignab detetmifits thapldsst el | at i on
synbols. Even if th eceived ,sanmpl e, corr,espo 1, synbol in the
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shi ftedtd)i'tsﬁh%ib%%ﬁﬂa@ﬂ@ﬂem{mﬁldﬁdtowmbﬁeranceonmhelaiimﬁouldu@gmol . However,
an appropriate codi ng sch erves, .o corr.ect.l l.dentd fv.-a .recei ved
sanpl e. Wﬁ@ﬂcﬁ%gﬁm@h‘gﬂe% giwoenle dt“@?*ﬁ?qfahg%%b%?soﬁ VP%%- i terbi
decodi NgugiveiainbltBotrespoitdsds b exbEEnidE! id thiedohaelation, thwajsansat i ng f or
transm ssion errors in di git% CcO | cat,i on st ens. Q&z \ﬁlgerbi decoder
relies gwpranteedhat §remprstvied s4mmg} IPE;R%&H °h’§f"ﬁsea %ﬁ?%ﬂat%gre 'S. Atrellis
i 30T AL AR s AL B Rrekek{ slapbiopritBostlighée seh oot amally i n Fi qur e 5.
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- The object of the Viterbi algorit is to find the fewest nunber of
possi bl identifispseccivedqgpipdst di st ance netric, outgoing fromthe all-zero state

So, and r et uyp M@ntentibdd® allthe YREBI desddt 6r the Vitarbi duwoydigs slgarithmdd | i s. The
Viyerbi decoder performs maxi mum | ikelihqod decodi g&t%y calculating a
iBasur ewiskelygised asgamethodfor eannenssting oL FRAIHSISTIORIR signal and all the

code trgllhshicalah SateRidt €ring each state. The Viterbi algorithmrenoves
trellis paths that are not |i k%ﬁlg to be.canﬁ%glﬁ{ eipﬁ%‘ugr t£|€ maxi num
i kel i hood CFheiVatesbi denederaplissen fnHine reaprimumkelhosd R AP REEY o choose the
code V‘D&ﬂhé"" A Bellib @iapra 162 6Reltb ks (105) Gt @Réoding is usttatell in Fipntefer way, a code
word with the mninim di mr}ge mﬁ’él c s chasen. The conputation involves
accumul Hee obipct ofdhe,Viierbial &sdo fing thy fewest pymber of possible SIS,
shortest distance metric, outgoing from the all-zero state Sy, and returning to the all-zero .
state S for any given trellis, )
The Viterbi decoder performs maximum likelihood decoding by calculatinga
measure of similarity or distance between the received signal and all the code treilis
paths entering each state. The Viterbi algorithm removes treilis paths that are not likely
{o be candidates for the maximum likelihood choices.
o ~ Therefore, the Viterbi algorithm aims to choose the code word with the maximum
O " fikelihood metric. Stated another way, a code word with the minimum distance metricis -
chosen. The computation involves accumulating the branch metrics along apath.
| However, implementing a Viterbi decoder is quite complex. For instance, the
- dependence in the phase and quadrature of the transmitted symbols leadsto a
requirement that the Viterbi decoder compute a large number of "metrics", each of which
are measures of the distance squared (Buclidean distances) between the received sample
point and every point in the signal constellation. This computation can be quite time

consuming degrading the performance of a processor.




However, inplenenting a Viterbi decoder is quite conplex. For instance, the
dependence in the phase and quadrature of the transmtted synbols |eads to
a requirenment that the Viterbi decoder conpute a |arge nunber 6f7/03/2006
"metrics", each of which are neasures of the distance squared (Euclidean
di st ances)WB&E8EM t he received sanple point and ever yPEHUSM/2/834 t he si gnal
constellation. This conputation can be quite tine consum ng degrading the
performance of a processor. 3 07/03/ 2006 &0_3@21239 4 P /U§02/27834
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cal cul at) g, and f¥kedioah AT il AD6g Botfam dddioe St at & of a
Viterbi © ego er \A%{\?g%h%ef%rrp ement | nggt he Vi tegrbi al gorithmrequires many
di st anc pathdat each siate of sYitgbisleecedsr.t he processor and/ or consunming a

si gni fi cant . BLER W TN istddee DRAW NGS Figure 1
is a bl ock dﬁéﬁ%&h@ﬁ%ﬁﬁg a ca(% nication 33%1% em where the

const el kaitilationsestowdeg thoprocéseor andionednsuming ¢ pgnidiat apapnt Oﬁp’ﬁﬁf”é" 2 is an
exenpl ary block diagramillustrating the operation of a rate two- three
(213), constraint-length one (1) convol utional encoder. Figure 3 is another
exenpl ary block diagramillustrating the operation of a rate two-three
(2/3), constraint-| [ ROAN jgure 4 is an exenplary
constel l ati on diagr scxl ﬁHNS ua% at uar ,mgr?pl | tude nodul ation (QAM
constel l.ati on of one hundred twenty-eight (128) synbols. Figure 5 is an
exknplary trebhis idl ﬂg&@ﬁ?g}hﬁﬂ%&%gﬁo&nﬁﬂﬁaﬁdﬂ@ﬁeﬁﬁﬁh thed
constraint-lefigth t1ve (5)~ Figure i1l ustrates pseudo code for an

exenpl aconstsiiationrdecaderaf the igwmtion may b8 eBRIPYS} at i ng branch netrics of a
Viterbi decoder. Figure 7 illustrates pseudo code for an exenpl ary

al gor i t hm f Of;eab GdtinRkbmplary Hleckliagih flinsttatiaf the opetationof aiwtedwer according to

the present 1nvention, )
.p three (2/3), constraint-length one (1) convolutional encoder.

Figure 3 is another exemplary block diagram iflustrating the operation of a rate
two-three (2/3), constraint-length K. convolutional encoder.

-~ Figure 4 is an exemplary constellation diagram illustrating a quadrature
amplitude modulation (QAM) constellation of one hundred twenty-eight (128) symbols.

Figure 5 is an exemplary trellis diagram of coding rate one-three (1/3) and
) -~ constraint-length five (5).
Figure 6 illustrates pseudo code for an exemplary conventional algorithm for

calenlating branch metrics of a Viterbi decoder.

Figure 7 illustrates pseudo code for an exemplary algorithm for calculating

branch metrics of a Viterbi decoder according to the present invention.

Figure 8 illustrates a trellis diagram for which branch distances may be caloulated
in parallel according to one implementation of the parallel processing algorithm of the

invention.




Figure 8 illustrates a trellis diagramfor which branch distances may be
calculated in parallel according to one inplenentation of the parallel
processing al gorithmof the invention. 4 07/03/2006 WD 03/023904/03/2006
PCT/ US02/ 27834 Figure 9 illustrates an array configured to provide a set of
four paral welosjpsgdessors the previous trellis states focrwsdwsati ng the
branch distances to a newtrellis state. Figure 10 illustrates one

enbodi ment of a parallel processing device configured to perform parall el
branch cal cul BighisAdllustraies ai smrpytconfigueed tn pevidearset of faw peralld prdcbssersr at es

anot her gaodidis Bbi bt for BALAM B N R E Voo 5L REY ebiis Fy@ur © 10 wher e
each processor 1s capable of performng nul'tiple branch calcul ations in
parallel. Figqure 12 illustrates one enbodi nent of a set of arrays that

stores previ otigwe{@illgiratesonp embodimentod 8 panaleliprogessing deviceewotigped h of a
trellis {4 greIet Lhg to the invention.
Fi gure 13%%%2?%%1%%?%%e eﬁgggl%%&g%o?&%?%%ﬁgﬁlg%&agrray in Fig. 12, show ng
how the previous state synbols may be represented as three-bit nunber for

an ei ght st atligure { biljusteates ppofherembadimentofithemeraliekuypeessor systesr inat i ng an
| 25l RS . og . Fi
(13)5(eim; :r,;if owﬁg?‘ggfﬁam i i usgta?%tc?ﬁgleaor@gﬁénpi%Irggm%\geeftbﬁiggﬁ* or per %r m ngI e

Viterbi mdleli ng according to one enmbodi ment of the present invention.
DETAI LED DESCRIPTION In the follow ng detail ed description of the

nventi on, NEROUSIERGES bideriiRitihdn? of Pdcf ofiitlayd @kiolbrtdhedidlRlsidd PTOVi de a

t horough understandi ng of the invention. I S contenpl ated t hat
the i nvawubdnforggehypaximum likelihgodpath efis trellistodynass theftrage-bask 2racsss | n ot her
i{p}tancggcowh tokhOMedilBh,n0ds, procedures, conponents, and circuits have not
been described in detail so as not to unnecessarily obscure aspects of the

I nvention. If,is yngderstood that, the [nvention, applies to conmunications
devi ces such le%_greﬁﬂﬁ%@fﬁtﬁw@@%ﬂ%@?Qfék%?netapaaﬁ@c@s-\ﬂ@r@,owmgdpm, and ot her
devi ces tiefévitis Biteymbols may be represented as three-bit number for an eight state

trellis.

Figure 14 is a flow diagram illustrating an exemplary conventional method for,
performing Viterbi decoding.

Figure 15 is a flow diagram iflustrating an exemplary method for performing
- Viterbi decoding according to one embodiment of the present invention.

DETAILED DESCRYPTION

In the following detailed description of the invention, numerous specific details
are set forth in order to provide a thorough understanding of the invention. However, it
is contemplated that the invention may be practiced without these specific details. In
other instances well known methods, procedures, components, and circuits have not been

described in detail so as not to unnecessarily obscure aspects of the invention.

1t is understood that the invention applies to communications devices such as
transmitters, receivers, transceivers, modems, and other devices employing a

constellation and/or Viterbi decoder in any form including software and/or hardware.




constellation and/or Viterbi decoder in any formincluding software and/or
har dware. 07/03/2006 WO 03/023974 PCT/ US02/ 27834 The invention @r ?ﬁ,&ﬂf? %
novel systemfor perform ng slicer and Viterbi decoder operati . 9 6
are optim zg) for single-instruction nultiple-data streamyI(USI AM type
paral | el pt'QY&88H¥  For purposes of illustration, the dEBSEUFBIHA bel ow
relies on a rate two-three (2/3) 2D eight (8) state code such as that

def i ned V. ber, Li CDSL
Servi ces. | roudsor oo pblep Bl Gyl T e ol o ent R R0t 1 on 1 5 not
limted wperatians phichiacesmimizdder singlecinsruci@nimiipkalataafesi (SIMM) thpand may be

enpl oyed W Em ode rates and communi cati on standards. Initializing a
typi cal \9wt)er e?f”]é%s er requires that a nunber of constellation synbol

di st ances be Eorqmipdge.* odﬂlu'sﬁfqmﬁ&hddesﬁmoﬂbeleﬁﬁéhesﬁﬁhr@é(ﬁmhlﬁr @m a (r]I ag e
t wo-t hr egn | code 't onvo utionally encoded into
three (3 ‘ﬁ%@ Stﬁﬁ% tat(jgé}{)eg pjéhg’é ployed i CENSUEER to initial i ze
the Vit eDigltat&!bedﬁar msa(cmsu) Sehvigte CHOWSer, IEMTEBE BRAY irdeBioSPiat@E | ati on
symbol @ entl n La |ag hree &qB bit conbj natlon so t hat each of the

possi bl e™ it Gppded, (%8 fPEsBRcEienetandard gdauayoo1, 010,
011 10(beeh§j)loyediﬁthoiﬂeibodelrite§dﬂgc@ﬁﬂhﬁ18ﬁuﬁma§h§ ation (| | lustrated in Fig.

each sy 0] nt oI, nds t,o seven (7) bits._ Thus, each
p033| bl e th?gﬁlh %JM’ ?H& 5 ﬂ Pateumbes ofgepstellietion xt een ( 16)
synmbol s mbbhﬁstﬂﬁ%ﬁ@rbﬁ&éﬁ@mpﬂs%tﬂeﬂecddﬁr ¥ ¥xdndjffe, irOV¥Bfe tivlliteee (3) bits of

h v, It,.cons eIIatlon symhol are considered, sixteen (16) of the
one hudRLte (B GTBPE: me sosvolunuLBIonaqded e JHsdPLouE PUs) SRt { o s arme

one hur
njer t [(®)adistiubps Bt de roﬁm@atosﬁhame B/ ViAhSdesotet. AR 4bh AfktahBEmea ™ mMapped bits

i.e., the tg%je %s ]g b|t in this mstance% are known as cosets.
Typ| cal [CO/TespRRg 1g;a &ﬂ i ﬁ“’% r@Wﬁ“EPg 2 piqeq thee £3) bitgomhimatiausei ved sanpl e
are er’rﬂiaoya‘bﬁoﬂ&epﬁiﬁﬁl@c&nﬂ:ﬂaﬂ@n&ﬂﬂ:@d&@bﬁgﬁﬁ@ﬂ@ienteh"@’lﬁw oof, B¢ usually

require d ance between every constellation synmbdl and the
recei veglég%llﬁ]’b@o Ltﬁ&:ul ated. Then the snallest distance corresponding to
each of the mmsqmmsw@aenﬁbn @uﬁsuaﬁm F@t 40BN symBRbepdid as the input to
the Vi terbl ct%der%@%ﬁ Lllgl 5§0§1erb der determ nes the best synbol
mat ch, s, {HgPed) bit spmabinstion cormmRoBdS of t ho
- sel ect etd aaylobni:teen (16) symbols in the constellation. That is, if only the lower three (3)
bits of each seven (7) bit constellation symbol are considered, sixteen (16) of the one
hundred twenty-eight (128) constellation symbols will have the same Jower three (3) bits.
Each set of symbols containing the same mapped bits (i.e., the three (3) lower bits in this
instance) are known as cosets.
. Typically, the eight (8) symbols which are closest to the received sample are

\) " employed as inputs to the Viterbi decoder. However, this usually requires that the
~ distance between every constellation symbol and the received sample be calculated.

Then the smallest distance corresponding to each of the possible three (3) bit

combinations is selected as the input to the Viterbi decoder. Once the Viterbi decoder

determines the best symbol match, a slicer operation is performed to obtain the distance

of the selected symbol.

Om

ot - Figures 6 and 7 illustrates pseudo code for an exemplary convention Viterbi
decoder algorithm (Fig. 6) and an exemplary Viterbi decoder according to the present
invention (Fig. _7). These two figures illustrate the differences between the prior art and




Figures 6 and 7 illustrates pseudo code for an exenplary convention Viterbi
decoder algorithm (Fig. 6) and an exenplary Viterbi decoder accordi ng to
the present invention (Fig. 7). These two figures illustrate tRg/03/2006
differ ence% bg}oﬁzn the prior art and 07/03/2006 WO 03/023974

PCT/ US0212 V8. # present invention for decoding a QAMPEFASKEI&He| | ation
and a rate two-three (2/3) code as describe above. Note that all or part

of the code shown in Figures 6 AN 1) i e ' rdwar e and/ or
firnmar et%eR"eﬁ%‘F?é’ﬁml?F fﬁgct!ﬁ;?@?%/a @Wf 1289 Xﬁtﬂgﬁg?gﬁj %%feg&r g%erébéotgz}r%?ze t hat sone
of the cgldetd @stribtab6vee Notpthaifallionpatt dfithéd duele showreintNigmes|6 aad oyt hmin  Fi g.
6, such as, recursi,ve, | pops, are. ver ifficult to i | ar dwar e.
Vari ous beigjplementedm W&ﬁ@”éﬁ?ﬁiﬁw E%Reéso&og%d%rgxyn@leﬁrge P’itd cvi“g% ways for
per f or m ReogMizk Biablomelsiansialtglatibnssteps pefamed bytheiconventiatabalgerithtn Ini r st aspect
oymbol s BE, Febas R ooms enCLEOR 1 G BUIIRE. YHEEs ol ot ances. are
saved i NygpédR oRkHeANvenbe Seck RprOREs more effivierg waysdopperfosmingViterbilet er m ned, the
slicing operation nerely requires an array access (Fig. 7, lines 150-155).

Wi | e t HiegodingANERIRCAIEs T Wifenory, it obviates the need for a separate

slicer and gnegii péceBPEe fvbhtRn pitRidedd preMiibS schdwlicpsiaiot the eight he
operation. Once the eight jnputs are proyi deegitilo thgqn\ﬁ t erbi .decoder, for

each st dnput gymhokeare gineg apg they distrgess calqulated; these distances @ saveddl i st ance
metrics &?ﬁaﬁ@ﬂeﬁﬂ%%&ﬁhﬁt&h@@ﬁﬁb&ﬁdﬂeﬁManﬁ@dpmbaﬁ@gdpemﬁ@mi mum pat h
e fro

di st anc mthe new state to the zero St% H‘:Flé’% Iathter $rocess S
kngvvn agnerelpTadRiges ey peress(Eigot dpessiPlro )- ©IAPPREFLER T e state and
traces hacks tQviiesiid ibd fof a bdpiRtesliodrant Gred@Y Ridiides ehelover alfdiPSUM | i kel i hood
path (m nimim distance path) along the trellis. The conventional mnethod of

cal cul ateqyeBeEneHheeReIo8- f or each state of a trellis is conputationally

i nef fi ci ent. oRGS 8k kighGnhils &tk ProvideditoGRETVRAD] Quddllerfofdich sthidbther el lis (i.e.,
as defined in varjous |nternatiognal Teleco ni cati Onblu i 0 TU) and
Consul t itrpllis thestepgder mestifisst calqulae fhedistmgs mekzice %{%& h (CCl TT)

V. 32 angheX3Acihi thexhMafah §ith dishneeYick 8 reRGR B thh@ysstatb:oThicltér new st at e
oS bl ErPYRHITONGHS HPGRE BIAE Bt dsppusteiac BB dae pebdin i g 394 B g 571 1).
For t heygikasleSiritlih dnie st de@mith@the haxifnan likéloedpal {pibioammust be
distance path) along the trellis.
The conventional method of calculating branch metrics for each state of a trellis
is computationally inefficient. Referring to Fig. 8 a conventional eight-state trellis (i.e.,
as defined in various International Telecommunication Union (ITU) and Consultive
Committee for International Telephone and Telegraph (CCITT) V.32 and V.32 bis
o ?‘\) ' - standards) ‘n’ states deep is shown. For each new state (i.e., SOn through S7n) branch
metrics must be calculated for every possible transition from the previous states (i.e.,
- SOn-1 through S7n-1). For the example illustrated in Fig. 8, four branch metrics must be
calenlated for each new state SOn throngh S7n. Calculation of these metrics typically
requires recursive loops of add, compare, and select operations.
As illustrated in Fig. 6, lines 24-44, the conventional method of calculating such
metrics requires recursive loops (Fig. 6, fine 28) and multiple indexing (Fig. 6, lines 33-
34). This conventional method employs a sequential Viterbi algorithm to calculate the
branch meiric, for each possible state or symbol and update the metrics for the minimum




~calculated for each new state Son through S7n. Cal cul ati on of these netrics
typically requires recursive |oops of add, conpare, and sel ect operations.
As illustrated in Fig. 6, |lines 24-44, the conventional nethod 6f7/03/2006
cal culating such netrics requires recursive loops (Fig. 6, line 28) and
mul tiple i WOSRZG74 Fig. 6, |lines 33- 34). This conventi eoriuseerssad enpl oys
a sequential Viterbi algorithmto calculate the branch netric, for each
possi bl e state or synbol and update the netrics for the mninum?7

07/ 03/ 2Qlisganvepal/ Thagmidal bemehusetzic sagdation (Bigahdmen2d-3t) 19998 ypi cal  branch
metric cal cul af i F | STk ' dinB $F£88kat@&n | ndex in
menory (aé?&gsﬁ%i i@??’élgk%g]g%ﬁ@@g?@gssponwﬁ%eg&g '?fgel lis %at e. This

i ndex i THisisdexdnthenymployed taaecesss second rsmeryiopgsiop (BraehM sﬁ] ranchMetrics[])
cont ai ni ng_.i nf oramat | C 0¥ di HRCdnsulits g Met hod consunes a
signi fi c?ﬁ%{“mr?ﬁr’f'%’ "%ﬁﬂgrcreo"{oﬁﬁssptb?%ﬁ | on(gl';}g%ﬁs%ecoqdn% MPS) due to its
sequent isighificadt humber of midHodnstriictions perisensad Q8IS drotedtsgegientidhe- consuni ng,

the | nvatarEn St bE4P dratlims i Etimthe AU CanduileRPRT BEPECL OF
cal cul atimgledentes haridwad. above by enpl oying parallel processing systens.
States Son. Anrcsagime ot e AR e B bbiaRildho BAER BT | 10 CeY
cal cul airepitsalchlagansalebotibed sbove bhaenmosmpparalicl progéssing systamen Instﬁ_aﬁi g. 8 an
o) ey B 55 S o B0 Mgl eyt ovs
S cBesholtm o o ot e o
7/ and” Son- Hor g upizpfy e @ Y S REGGAOND B VR O B, S0 b
t ransi t ivhioh specifics thelpossililelpréviots stitesqS0m i tizrbughfS7onh) farddch swestdtous st at es
i i IR s SOR S 40 ShA Brsaieyer o
the trafngisitionss, 2, 4, d 6 which dighafedronSEnyn’ previcus stateg S6n-s Fir 1. Skt to
rane tbdit el STpEl) it 8 SRt PPl B hhch bR, 07 ot 1o
010" i 8§, 5 sndwhikh ofigihhte fienk ‘bgd’ previvus states Strel £S30ri, Shod; and§788n- 1, and
lastly Rrang r:g tiag gn‘an%} ﬁéfv?gen\e%‘e]ﬁoénd io&cl &&sﬁ%ﬂé ﬁem;ﬁg Yectorizing the metrics ‘

calculations. Additionally, the transitions (i.e., 0,4,6,2 for SOn) are arranged from lowest

to highest transition values. For example, for new state SOn the “000° branch transition is

to previous state SOn-1, the next highest branch transition ‘010’ is to S4n-1, follqwed by

branch transition *100° to S6n-1, and lastly branch transition ‘110’ is to S2n-1. The

order of these elements for each state (i.e., SOn: 0,4,6,2) permits the system to identify

the previous state symbol based on the order of these elements. That is, since each

combination of elements is unique within the array, the order of the elements identifies

the previous states from which the transitions originate. This array may be generated and

stored for later use by the processing system so that each parallel processor knows which
" branch to calculate for a given state.

The array in Fig. 9 is employed by parallel processors to calculate the branch
metrics for new states in one operation. For instance, the metrics or distances for new
state SOn to its possible previous states, SOn-1, S2n-1, S4n-1, and S6n-1, may be
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order of these elenents for each state (i.e., SOn: 0,4,6,2) permts the
systemto identify the previous state synbol based on the order of these

el enents. That is, since each conbination of elenents is uniqué Aid3y a00ie
array, the order of the elenents identifies the previous states from which
the transi WO#3E238Hi gi nate. This array may be generated aauuset20s¢d f or

| ater use by the processing systemso that each parallel processor knows

which branch to calculate for a given state._The a‘%ﬁﬁ% in Fig. 9is
enpl oyed-alsylaled ima single suction yping paalichprogessers This 2yt OBt s for new

states ;04008 PRR'BhvcRfonat Abhbd8dsaiked abdvee Metrics or distances for new
state S [o”Its ﬁ’&?ﬁi bl e previous states, SOn-|, &‘é@’é?lf 84},? and S6n-1,
maybe 07/ 03/ Faue Moilosatss 3 systenptofRofparalict grogessors O SRS S ngl e

I nstructdon j I imentio? thd ieforl 18 ohe®OpPi Ng and

i ndexi ngé’dT'L?ﬁ’gﬁg(%b%teﬁkogPd%e%? glg&giggcri bed above. Ij;%ur_e 1Q illustrates
a syst erimplet@ntationp thepracessorsrlgBdars eensiguryd 4o pevform, plealeplagionsop, |

whi ch &lad SW% i edifl drfdy Thdt M) eachdf e

I mpl ermren agffglﬁ{,m%ﬁ}e/ pr ocgse%gggls %ﬁ??ﬁnfiguﬁg 1ti'i(l)\ﬂ'?e;mfcorm aral |l el

cal cul atpamiisl podcessorsel@dhcateiatésdbe branchidisianse &3 opoiransitiea ff BEAFESHS; ng t he
speci fi ﬁgﬁ&é@p re-félﬁ:}%{roﬁ?g%g&%ﬁb fob State®Bh 3 dr& brREQGEERARLRs #R04 cal cul ates

the bra ance transftion of the new state. For exanple,
ref err i bemtlodiftauperte stat® Sdnd, Psecorshprencsgor cabpHates the brenchyligancs fate a| cul at es
the brapch dis 0 o 199 8504 fodth cul at es the
branch g?@"?a%%gaﬁgo%séﬁcg&h%ﬁﬂﬁ@%% Ir &grgggteeior “cal cg?l ates the branch
di st anc erdcessartcaleelais the bianch digtancefto statet$3ngl dhe fissrseemdctlirdta@d t he branch

di tanc&%pﬁggg&;ﬁ%{ befajaéhstﬁstan%%ciﬁ% 1k tSheuftBisly. f OUrth processors

cal cul a ances I n parallel or concurrently. According to
anot her enbositconting toshother embofimgat, shown in Figure s erchpsesessopERAMAY  have a

I i f btipli lit
Ot par al P el b Redk Ll (a0 A ARy BE gl 0 LY the
par al | etaledations. dTlusywsitgle probssard A04hay perfoes tef pamlickeplanlations fof . e, san in
Fig. S)B?RF%%@QH)@& m?ﬁ]eggbgrﬂﬁlmgr /mmbﬁ}fg&s 1006 would permt a

process 0 perform anch I stance cal cul ations_for all four
transi t noliphierslccucratore W vaauld pesmit e peocessor| 144 do perform tasteagshar y enbodi nent

of this @tlmg:%rc b 5B thnbiliGi o bné héw BSte 39 dddmbed abdVe. NOt €d above,
this as%‘ec 0 e rnvention restructures the Viterbi algori b mto sinplify
An exemplary embodiment of this algorithm is shown in Figure 7 (lines 35-105).

As noted above, this aspect of the invention restructures the Viterbi algorithm to simplify

its implementation on parallel processors and exploit the benefits of parallel processing.

The distance/metrics calculations (add-compare-select operations) performed by the
Viterbi algorithm are divided into two loops. The first loop (Fig. 7, lines 40-73)
| \) performs calculations for the ‘even’ transitions from previous states, and the second loop
(Fig. 7, lines 74-105) performs calculations for the odd transitions from previous states.

According to one embodiment which may be implemented in a single-instruction

multiple-data (SIMD) processor, four add operations, four compare opergtions, and four
select operations are performed in each instruction. Thus, the steps in Figure 7, lines 35-
58 for calculating the even transition distances may be performed in a single instruction.
Likewise, the steps in Figure 7, lines 76-92 for calculating the odd transition distances

may be performed in a single instruction.

on




its inplenentation on parallel processors and exploit the benefits of

parallel processing. The distance/netrics cal cul ations (add-conpare-sel ect

operations) perforned by the Viterbi algorithmare divided int@7tA®3Y2a006

The first loop (Fig. 7, lines 40-73) perfornms calculations for the "even'

transiti onWB@HHr evi ous states, and the second | oop PETASOZRISHI nes

74-105) perfornms cal culations for the odd transitions from previous states.
, be_inplemented in a -

Accordi ng to ogne .enbodi t I ch nma .

singl e-instru ?TSFFmﬁﬁ?@?‘ﬁ?@%@fﬁaf%%wf%ﬁa%w&#e&momwper ations,
four conpthe patiopmiibedrich Rftrios fet chelistate &€ bAGH PP BIJIRN EndHoR-iREHILT Med i n each
i nstructi_on. ﬁ?@?@i’ e ste in Figure 7, lines 35- 58 for calculating the
even trarfs® ges%vea nEYETAE prsdemposardy stpred (e Fig (7dines i on.

Li kew se 4038 msfi19ns Ficllitdté Sbtiifing thd hinRsimy Gs@fce/bBnck kAl mBfcd 2 0dd
tran5|t|8€‘3 di s%%ncgs may be performed in a single instruction. 9

07/ 03/ 2008 THe5 81008 st5tes atostoresin an srrerde facilitee Ahecquentapdsbeo ivee paral | el

pr ocessi gtehotiidie ThS GvABAL ArRAlIERlood B AskABStor edchSiaBAL Bosh Dranch
metrics for each state are saved In an”expanded and non-i1rregular array.

The br anR2ZEYSt-aniigs ¥nge 163 i, rRathMeteiesi] ) pewelbessbe previoys stator ed (i.e., Fig.

7 lines eadh bath li.d Piof Aghdsithat @ghgf",&g'@g‘ - A 5 di st ance
branch. Sls?e $a$51, mePr'_i ?s ft)g];?ﬁ?éﬁeugh&% and o ’nglsledsg}gir%ored in an
array to FUERAYSrYEdt atosing thesn valiies tpmexesany requiromen forshaffingvemmiltipe  The overal |

maxi mum jpid, 'iﬁmmpgi stance for each state is stored in an array
(i.e., Fig. lines 113-114, "PathMetrics[i]') as well as the previous
sfsgt e  symbolFer ¢ash ngw stateshe best metgic orshgrtesy distanesgo therrawions stas vi vor YO |

“SHI Vi v Ojellied dillkaved 4BV FipOT, e ?0~§§300h&&h5 BEPGad dlfinck GIERE BaDY
requirement for shuffling or multiple I ndexi ng 1n e i nner ?oops. For
each nev@?eﬁﬁﬁe@t"@ﬁ@@é@f"S%éqsrﬁhéb@ﬁﬂ@hwﬁéﬂsﬂeledﬂ@seﬂmﬂdh@@oﬁbQomm ous state

is sel gttafiktais (@ Velndsi6ser). Fig. 7, lines 50-58). Once the best branch
di stance netrics have been Selected for all new states, the best new state

is select ba¥ensentiond inplementgtions pfthe Viterbpdecndet; the mrecesspfi g. 7, | i nes
68- 72) . chIoulGEHRMRSEHoRER bvirdPh RN BRb#h hPRiR b ' der, the process
of calculating the shortest overall. p%_%g%ﬁfcggpf?ggﬁ%g back) is
typi cal IfPVBHE aPﬂR%’“%?fri_&WYfg Crarily ayeeydiome 4 pavesaoiplepoidisli nari |y, évery
time a pevivebdRraichiBétics isconipBfeThrdath Rellif 416 badihs kRS g OTPUt € for each
trelli sdﬁagte and the shqrtest branch
_ ce for each new state is selected. These distances are then used to update the
cumulative metrics for the maximum likelihood path for each trellis state (Fig. 6, lines
57-107). The shortest path distance is then selected as the desired path. A trace back,
must be performed to determine the nth previous state in the selected path. The nth
previous state corresponds to the desired state in a trellis ‘n’ states deep.
_ Typically, conventional implementations of the Viterbi algorithim save the branch
transitions along each path, These transitions are then employed to determine each state
along a path until the desired nth state is reached. As noted above, this type of trace back

is processor intensive.

A third aspect of the invention provides a method to implement the Viterbi
decoder without continually performing a trace back. Rather than performing a trace
back and saving the transitions along a path, the previous state symbols (‘survivors’)
along the path are stored instead (Fig. 7 lines 116-142). Once a minimum distance path
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di stance for each new state is selected. These di stances are then used to
update the cunulative netrics for the maxi num i kelihood path for each
trellis state (Fig. 6, lines. 57-107). The shortest path distan®d/AG3YR&06
selected as the desired path. A trace back, nust be perfornmed to determ ne
the nth pr¥@B4%9% ate in the selected path. The nth prPeviUSBR%#4at e
corresponds to the desired state in a trellis ‘'n' states deep. Typically,

e Viterbj algorithmsave the branch

convent i oLnaI1 A enent at i.ons @

transiti ofiSS S GHPTLHEM SFPYB‘%W& stegogh Serdegjred n mreviResstEmpREFed to

det er mi nae@aedwﬁemmmge.atnqnﬁn@anﬁ@tflaeg@&ésboﬂ%eﬂ@adzg%ﬂgd*i, Sk | S reached.
As noted above, This t of ,trace be I S processor gen5| ve. Athird
aspect of™ Wywmﬁﬁéﬂg@gﬁ“&é§ Prevuasiaiet o i npl ement the Viterbi  decoder

w t hout conti Ruﬁh{n\gt@gfgﬁ@rm S@nplay ebﬁi%ﬁof@%ﬁﬂeeﬁ@@ﬂ RaffiRr M ng a trace

back and saving the transitions along ous state synbols
(" survi vé@sﬁﬂn&%ﬁ@ht chwsiaamﬂieghovm |Ronessh 116- 142) .

Kleood
Once a MpghHen ngﬁ%&ﬁ&@%@%ﬁ@% @ﬁ?{}g& ETSL%%Q 2/ 27834 is

sel ected, frogmanong all stored st an previ ous
state caRrageh distancs arestpred: cﬁﬁcbf’ agishtpﬂﬂlsmltbronﬂnﬁémaytcmspmﬂdess of trace

back i's guRISHRthroWphE 7R M. Menory access to recall the desired nth
previous state. Referring to Figure 12, exenplary storage arrays of the

si xt een pr eviligme {3 él“F‘F%WWamBGmM@mwBeaehmyMﬁgmmlﬁMa}km i hood pat hs
(YO thro goréd revi states synbol s
(XOn, XO%lﬂlﬁ "'ﬂcﬁsﬂéﬁ orrogg%%n%e#ﬁ{e?ﬁgmﬁ Pﬁe@? ﬁb‘f’“ﬁﬁ@}‘l di stance are
st or ed. 'ﬁﬁEi‘fOb#ﬂYtaﬁ@n@Wpm%mhfklfsﬁwhsoyiepmntdbsmmspond to a state
SOh thr %@spgg N enbodi nent
each array in (Itzi?gft%)rtg‘lg&mgmhh_;']%fgém:’con@‘nlli IH%M Egcﬁ%ﬂ%g%ggv r@V/ us state is
repr eseﬂ?’@@ﬁmﬂ‘ﬁr@'éeaﬁhrﬁh,(whroyghY&ndab@tmedﬁmsepafatﬂmmym ven previous
peri od,

Cr ot o i RuRsTeREly Salbadingthe b btk % AN Gpb IO D gt Bl T pacn
| engt h/ di st afiekthe @AMAZhequateHation@nd tatedwgtihred (2/3)3:061& iilistedtairabove, N a separ at e
merory SULE) LA RA Y TUEHL Mobdle, 5136 B8 FepBt ool ol (213)
code i | sirieen Ch6d #ixtasn (16) three-bitwords (Fig.iiguss shise) aue savied ut efichrof thee Vi t er bi
decoder ejghi (8 fatkd) erifledeRutigh c$ﬂ3é§p5ﬂ'd§f6%opﬁﬁ§ ofﬂ? eight (8) three-bit words.

Therefore, at any given time the bits for each state are known for the previous sixteen

(16) clock cycles (previous states) without any trace-back.

Although this method increases the total nmumber of reads and writes, because

these are very regular sequential memory accesses, and because the need for the irregular
. operation of trace-back has been bypassed, this approach results in an overall savings of
: j clock cycles. The additional memory requirements incurred by this method are
| negligible. In general, if the number of states is Ns and the trace-back depth is Lt, with
the method disclosed herein the number of memory accesses is proportional to Ns x Lt

bits. With the conventional trace back method the number of memory accesses is
" proportional to Ns+Lt. For fypical values of Ns (i.c., eight sfates) and Lit (i.e., depth of
sixteen), the method disclosed herein will be better.
A person of ordinary skill in the art would recognize that this aspect of the
invention may be applied to trellises of various number of states and of different depths.
The‘axrays for storing the previous- state symbols merely need to be configured to
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si xteen (16), sixteen (16) three-bit words (Fig. 12 s2, sl1, s0O) are saved
for each of the eight (8) states. This operation corresponds to _copyin
only eight (8) three bit words. Therefore, at any given tine tﬁe’/tf?

each stat i"ﬁﬁ vvn for the previous sixteen (16) clock cycles (prevr ous
states) wiYHIUPZ4My trace-back. Although this nethod i nBfFESRE™BHe ¢ ot al
nunber of reads and wites, because these are very regul ar sequentlal

-menory ag mf e for r on of
trace- bacE aas e Jg%g&gigmﬁ%}%lﬂs;%a %%ﬁ“f"g {aﬁsﬁg@ E’F savi ngs
of cl oclnumb@‘IOéslemWecmwpdndmgad)thﬁﬁmmegttra@scﬂwptherrents i ncurred by this

met hod are negl 1 £ the n and the
trace- back depﬁh‘wf ?‘%d 15qu%§Q%aﬁ8xW%8o% ’le[bqng];%%’g?fg@ E‘?)taﬂa Munber of
trrermr ybaeﬁbm?trgfﬁﬁmbﬁmd (Fiz. N§ for fetforrhing Viteri Hétoﬂ]hg.t convlent i OREIH_t
race back nefho e nunber .0 cess S rtiopal to :
For typical VAFGRUEP FY%OnﬂHgDWX@PQi?%%ﬁ% qcogqrﬂglstra th of

s Ik xlt Iee n) Flggt#-emnmm%] d?ﬁém&w&bﬂilﬁ%aﬁlﬂﬁtdﬂe@@oo%&h@{ad?ﬁcoﬁ@ﬁﬁ%d?f or di ngr y
ski in wou €eco e tha | S, aspec nvention maybe
appl i ed ¥ “’f 05%35387‘%%‘&'?‘?3@‘%6%&1‘16&3 ﬁ’éle %BarﬂF B-efient dept hs.
cont a”"""““"?‘“‘{?""ﬁ??jé% ls %gﬁ*mo%“g‘m?r?;%%& e L odat e th

con |gur]§as Q accommodat e t he
necessaryPHiTBEpe 5P %EIEWP'I‘%’FQI“;OIM 05 fox the suresphbhol and t he
nunber GfymbbleiBIv. S correspondl ng to the desired trace depth. Figures 14 and
15 illustrate an, e conven | et hod (Fig. 14) and one

eggodi ment o W@“%%Q@FB‘%%@ Wﬁﬂﬁi“(‘ﬁﬁ i8PTeidy g AERRPV ¢ er bi

deéodi nglescribedigsrelh Ag taepéﬂr@me@wmétraeaﬂﬁgtﬁ%l@ﬁm&ﬁhhﬁmcof a Viterbi

decoder trat .Ln Fi e 14 ranch metrics are cal cul ated 1402 as
det ai | e&aﬂﬁ 19?{?%%9@09%@“@@@%‘? dper e PENiousr e perf or med

1404 t 0 shketest eortdaaléws(thém&m HOtore@ § 5040 'R Evbry Rew Efpil Si Ve trace- back
S perforrrleog ., C Icu e the shortest ath, for eac state 1406. Lastly,
slici ngS18 P‘ﬁé’ﬂ“ °’tt?‘f'épﬁ5]?s«a(%ﬁ§r%§ﬁﬁ‘éﬁe§’ opmpgredapdsselested or t he current

synbol s1mpmu¢1nmmguam9(s Mﬂ&ﬁ@hﬁ%&@?@i&u&lstrat ed in
Fi gure h tion rlbg*d }e{ﬂsln may be orrred as illustrated
in Fi gu%lbo’tfg GWP’@ 5?56 the Ty areipdated 1308, Jastive sipwler or ned 1502 as

det ai | eﬂzeﬂrbgr\mcesg'dnefb peiformpedeot theipreviously stored symbols for the previous
symbois 1510 and then for the current symbols 1512 to obtain the best symbol.

A person of ordinary skill in the art will recognize that the invention has broader
application than the constellation and code rate examples described above.

For instance, in another embodiment the invention may be applied to decoding
communications based on the Asymmetrical Digital Subscriber Line (ADSL)
Specification T1E1.4. In this example, the constellation symbols are divided into four
(4) 2D cosets. Under ADSL, two received sample points are needed to perform the
constellation decoding. For each pair, the closest Euclidean distance in each of the four

'(4) 2D cosets is found as was described above. That is, the four closest constellation

points are selected for each sample point. Two sets of four symbol distances each, each
set corresponding to a sample point are obtained. Cross permutations of the two sets of
distances are then calculated according to the ADSL Specification T1E1.4, Table 12.
Thus, a total of sixteen (16) distances are obtained. These cross permutation distances
(which are 4D distances) are calculated by adding the two 2D distances. This is possible
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shortest paths for each state (the survivors) are stored 1504. For every
new sanpl e synmbol received, newy shortest paths (survivors) are added,
conpared, and selected 1506 in parallel. The shortest paths (sOrNQ/b{Q}JOG
‘are then conpared to the previous shortest paths and the survivors
(shortest WPOBME9Wwo) are updated 1508. Lastly, sinple POTTRRR78¢cesses are
performed on the previously stored synbols for the previous synbols 1510
and then for the current syrrbol s 1512 to _obtain the ”tg A person
of ordi rhpﬁgussthﬁlsquarmﬂmeﬁﬂﬂn {or the Buglideg flistan ?%&Pe"teﬁ%“l‘i“fﬂ?@n%/q % has broader
appl i cat]Qn & and code rate exanpl es descri bed above.
For mstﬂaﬁ‘%é“Jf\?"ﬁ%%%S"f rr!ti)&?jrrent the invention naybe applied to decoding
comuni cat i ons based on the Asymetrical Digital Subscriber Line (ADSL)
Speci fi cati o aﬂ:ﬁ{% estes kg0l s are

di vi ded int o g?43ﬂegﬁbicac§§nﬂ 'e§ﬁ1te¥ﬂ*ﬁec%ﬁ&91§,\gﬁrt€%/gl (?/Hed | e points
are needesleight (pnrmnbMommmmqmaqslemht @éd@wﬂmpeﬁmﬂs@a@ﬁrﬂg&, t he

| t E d 2 f d
e dos PP BLU GRRE) 4 ARE b AnRRSDpdlhodBF TIELY, TAMIID BuapabRwed, |OUNT 26
sel ect e®yfchoosmgdie ma;ﬂpdtdxspnc&hetwmmﬁlmncmaﬂ%ﬁwm@@ es each,
coch, <oy REGRPRE i B s Benyans e o o

ces are ed a g to the ADSL
Speci f i amdkinga nfibtikelbetweeh dlmsetwicshould hessry dow. anmab:ngshx&d@ewn(ths) di st ances

are obt e a di st ances)
are cal ?QHI@EI%V&BSE@% é%?‘ﬁ%j’s‘?’ﬁ% F%Iéﬁyg?'d@aotﬁ@%gg #\s&ltfsfé%%ég le 12
0§03/ zeﬁammtemagmmusﬂmemmmm&se the square root operation

t he Euclidean distance i.,S,h0& Wed s of two can
be j ust addeﬁsf’Bﬁ'@%él 'd}%&g%]?%ﬂ“ég%% one |% |on e Vi t er bi
decoder abveaar It readilypravticksl onShis Vi34, Aﬁswemmg@emsﬁlbmethﬁansl tions and
it requ .S f g of the eight
(8) 4D hﬁ?%@&%ﬁ@be%ﬂﬁe?%ggf%%s ﬁg‘}f %(%fﬁéTﬁl S I's achieved by
choosi ngvérmastmnm-d1estrydnmlaatnctheUéﬂhndmoﬂhéawmem%@yﬁ@el!wm&mlabl e for each
4D coset the hits ly inverted,
so the 5?5155?18, S %Pnsﬁ"? i’%%l%gs%%sﬁﬁ&wﬁdgg &%ﬁ@ﬁ%ﬁ&%ﬁgﬁl d be very
| ow. Byoflﬁkn(ngcdnm@hﬁmmsstﬂes,ktmmMﬁdadmémohmsmﬂwe%l ded wit hout any

TEMDIY. o haQl ARk doQidle fleflSw it be Wiff vd Ruf &) 6B St

While certain exemplary embodiments have been described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely
illustrative of and not restrictive on the broad invention, and that this invention not be
- limited to the specific constructions and arrangements shown and described, since
. ) various other modifications may occur to those ordinarily skilled in the art. Additionally,

it is.possible to implement the present invention or some of its features in hardware,
-programmable devices, firmware, integrated circuits, software or a combination thereof
where the software is provided in a processor readable storage medium such as a

magnetic, optical, or semiconductor storage medium.
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‘bits the Viterbi algorithm described above is inplenented. As a person of
ordinary skill in the art will recognize, the invention described above
can be readily practiced on this V.34, ADSL decodi ng schenme. ThOJ /40342006
trace-back depth will be bigger, and the trellis will have sixteen (16)
states. But the overall structure is very simlar to the V.32bis decoder
because it is a 2/3 convolutional code, and the transitions from previous
states are divided into odd and even for each set of four (4) consecutive
new states. In this instance, instea&-8M™Swo | oops in the add-
corrpare-se‘lmﬁcttls §a¢tan(]:§'isqn, there will be will be four (4) loops. Wile certain
exenpl ary enbodi ments have been described and shown in the. acconpanyi ng
drawings, it is to be understood that such enbodi nents are nerely
il lustrative ofaaadodTeidetRifmlah 6hdoded Sghal dempiiir@ad i nvention, and that this
I nvention not % orI %n&“ Lrgl%l Ergnc%r}n%tﬁc%g@l tloﬁs t%%@gﬁ-\!‘a%ﬁér{egmarﬁﬁgiséﬁc[qu'gerrent S
shown and descri ge@', SiMce -varlous other  moarfications may occur to those
or di nar i | yresrelis ggtejfram theereyjoys trelligdtal§sonal |y, it is possible to inplenent
the present i nweiihg Hpreddus HOMEstAE syritl Eopaigoh@sy tb thelsadribaEbrench metio gir ammabl e
devi ces, féagmt%ﬁsgtg{eegr ated circuits, software or a conbi nation thereof
where the software I's provided in a processor readabl e storage nedi um such
as a T'Ragneti c seleping 8 asw stete wiletie sbergsiovepl rethutisigyes:edi um 13 07/ 03/ 2006
CLAI M5 What i S relad@ihganthtt @évidus $tateAyinbdl Bloag the Eelateahiregt dutanes pallfean si gnal
conpri si ng, Al I . petri.c calculations to obtain a
short est %annfﬁggfegﬂ?%ggﬁg%t?egﬂ%égwﬁgﬂlpIm%ssgolgﬁgét e fromthe previous trellis
states; storing a previous trellis state synbol corresponding to the
shortest [2r anchhéméthddoof tlaim 1 fadeh caraphising:el | i s state; 10 sel ecting a new
state with ther&@%&%ﬁénc?&éﬁ%@{;}él; fgth distance; and recalling an nth

synbol al ong

previ ous state [ 'he sel ected shortest distance path from anong
the previous t F&Aingthe pagodedspnpldp gbtaip syeg! seRPlen af 18] eficpdey sigval The net hod of
claiml further conprising: 15 receiving an encoded signal; and sanpling

t he encodgd si gnal .t o oqggi%iﬂu%pp%pﬁgiﬁ&pl es of the encoded signal.
selecting closest constellation symbols for each symbo! sample received to produce
20  selected constellation symbols; and
storing the selected constellation symbols in a first memory location.

4. The method of claim 1 further comprising:

storing overall maximum likelihood path distances for each state in the trellis;

25 and
performing new parallel branch metric calculations when subsequent symbol samples are
received.
5. The method of claim 1 further comprising:
30 calculating the shortest overall path distance for each new state including,

adding the shortest branch metric for each new trellis state to the stored maximum
likelihood path distance for the selected previous trellis state, and

updating the stored maximum likelihood path distances based on the new branch metric
calculations.

35
6. The method of claim 1 wherein storing the previous trellis state symbol includes storing a

value identifying the previous trellis state symbol in an array for each sfate.
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“3. The nethod of claim2 further conprising: selecting closest
constellation synbols for each synbol sanple received to produce 20

sel ected constell ation synbols; and storing the sel ected constel7atd 32006
synbols in a first nenory location. 4. The nethod of claim11 further
conprising: storing overall maxi num|ikelihood path distances for each
state in the trellis; 25 and perform ng new parallel branch netric

cal cul ati ons when subsequent synbol sanples are received. 5. The nethod of
claim1 further conprising: 30 calculating the shortest overall path

di stance for eambmeeiad stoling 6 furéridinp@ingaddi ng t he shortest branch netric
for each new tr } t t : I i j th di stance
for the sel ect erﬁ%éf)\}}né\}f?eo%g@?tr%%ﬁ stgeilb g{eg“‘ﬂa%%}y%g]&‘#ﬁgg% {@8% (t)eﬁgd maxi num

| i kel i hood®®§eehathaving Hie shorisaibarnciyiisiense: 3w branch metric cal cul ations. 35
6. The smet hod disecihg@ihasdecidigreions BlBrstatgn thearrpy.evi ous trellis state synbol
i ncludes storing a value identifying the previous trellis state synbol in
an array for each state., 14 07/03/2006 7. The nethod of claim®6 further
conprisi nd r enBEiMRY oL REclaim A wheren tha i erevigug siste Syrbel frdhedesissd deoBifatine a
previ ous timedback state is selected as having the shortest branch di stance;
and 5 inserting the selected previous trellis state in the array. 8. The
met hod _of claim 1 wherein the nth previous state synbol is the desired
depth 8t & trdRemphede! ey bluthereomRSBIRSd of claim 1 further conprising:
accessi ng a neawessiigaoadmonniot¢atiorotd toltiain ther@rrent syneist coirgspoadingto thedggtondi ng t o
the best RhER tHeQbcohBPsyBERMeEd synbol sanple. 10. The nethod of claiml
wherein the branch nmetri'cs cal cul ations are perfornmed according 15 to a

Viterbi decoding schene.
10. The method of claim 1 wherein the branch metrics calculations are performed according

15 to a Viterbi deceding scheme.

11. The method of claim 1 wherein the decoded symbols correspond to a quadrature

amplitude modulation (QAM) constellation.

20 12 The method of claim 11 wherein the QAM constellation has of one hundred twenty eight
(128) symbols.

13. The method of claim 1 wherein the encoded signal is encoded with a rate two- three (2/3)
code.

25
14. A communication device comprising:

a receiving circuit to receive an encoded signal and provide symbol samples of the
received signal;
a constellation processor coupled to the receiving circuit to select constellation symbols

30  closest to each received symbol sample; and

parallel processors communicatively coupled to the constellation processor and

configured to calculate branch metrics for each new trellis state in a single instruction.

35 15 The communication device of claim 14 further comprising:
a storage device coupled the parallel processors to store an array of previous trellis
‘states corresponding to each new frellis state, array is employed by the parallel processors to
calculate the branch metrics for each new state at a same time. '
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#11. .The method of claim 1 wherein the decoded synbols correspond to a
quadrature anplitude nodul ation (QAM constellation. 20 12. The net hod of
claim 11 wherein the QAM constell ati on has of one hundred tment97dTbh(2006
(128) synbols. 13. The nethod of claim1l wherein the encoded signal is
encoded with a rate two- three (2/3) code. 25 14. A communi cation device
conprising: a receiving circuit to receive an encoded signal and provide
synbol sanples of the received signal; a constellation processor coupled
to the receiving circuit to select constellation synbols 30 closest to
each receled SUTBOlGRIR:Gual BRT il Rh OGS SSiot ARTHBIERI VE! ¥
coupled to t he constellation processor gured to_calc ﬁte branch
metrics fdpainajefist ﬂféwvw%if?"i%staéﬂt ynkolp PP@S@ﬂnﬂ'gq’ o therf@%*f"ﬂt?t Ik 8'W°°d3%al118 The
comuni catdacitrafidéta@e of claim 14 further conprising: a storage device
coupl ed the parallel processors to store an array of previous trellis
states corresponding to each newtrellis state, array is enpl oyed by the
paral l el pgf oceér%?‘g“'?‘ﬁ“ca‘éfﬁld@ﬂ?ed{fé'a‘f'h@ vheeeindhe pAstUeY pé%ce?st‘i?s pgg@w r%‘gw state at
a sane ti netrickblcQatiotSWRREGbstGuenildymbaiaampins arataceiveddsaldctibe shforigdtdistande5 wher ei n
the storag %nggr\ﬁétﬁgfo} ach gm LG 4nd uLcﬂlte émbcwhgahrnurh ||k%ﬁh09(§ pdlh E¥thUdS bhdeg! | i S
state synbol s correspon to t he maxi num |1 kel |hood path for each
trellis sP&F@"eBbTVd‘Tﬁ@3 fcation deV|ce of claim 14 wherein the
paral 16l processors performnew netric calculations when subsequent symbol

sanpl es ang regfl %ﬁ‘ﬁinunégtloﬁg&wcteré?c@inlol'hrwﬁlérte:nq!'legﬂa@é‘\gl%roc@is@@Q:chﬂ&& flec for each
new state, and update stored nmaxi num | i hood path di stances based on

the new bPE‘H@H"‘?ﬂéctsrai"?f’“H?ﬂtEGIVQ?rPd'ﬁ?d’"%dfg‘e The communi cation device of
claim 14 wherein the parallel processors calculate the branch nmetrics

according4$0 ap\d éoﬁ{nﬁjhic&%ﬁﬁwlda%fé&imﬁ%erlﬂ theTJ&?aIIQI‘BFHEEH%zQ%Fe' Sdedevi ce of

claim 14 wherein the (P Bll’ ocessors are Si ng e-
_15  instruction multiple-data stream (SI D) type of parallel processor

20. The communication device of claim 14 wherein the constellation processor decodes

symbols according to a quadrature amplitude modulation (QAM) consteflation.

20 21 The communication device of claim 20 wherein the QAM constellation has of one

hundred twenty eight (128) symbols.

22, The communication device of claim 14 wherein the constellation processor selects the

eight (8) closest constellation symbols for a 2D trellis constellation.

25
23. The communication device of claim 14 wherein the constellation processor selects the
four (4) closest constellation symbols for a 4D trellis constellation.
24, A system for decoding a coded signal comprising:

30 means for receiving an encoded signal and providing symbol samples of the encoded
signal;

means for selecting symbols in a constellation which are closest to each received symbot

sample; and
means for calculating the branch metrics for each branch of a trellis in parallel, storing the

35 maximum likelihood path distance for each state, and storing the previous trellis state symbols

along each path.
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15 instruction nultiple-data stream (SIMD) type of parallel processors. 20.
The comruni cation device of claim 14 wherein the constellation processor
decodes synmbols according to a quadrature anplitude nodul ati onO7@M\g/2006
constellation. 20 21. The comruni cation device of claim?20 wherein the QAM
constellation has of one hundred twenty eight (128) synbols. 22. The
communi cati on device of claim 14 wherein the constellation processor
selects the eight (8) closest constellation synbols for a 2D trellis
constellation. 25 23. The communication device of claim 14 wherein the
const el | atd%on piheewsworf chipl Ziduthet trenprificair (4) cl osest constell ati on synbol s
for a 4D trel | infeahORBaRlplifithdhoodet sightt BYSHtFRy B sHRGQMF R eAcdiRdiSithat! Onal
conpri sing: 30 neans for receiving an encodeg signal and providing synbol
sanpl es of fhe encoded signal; neans for selecting synbols in a
const eldl at i on weachfoest@ing fheselstted engdeherrsyobelved synbol sanpl e; and neans
for calculating the branch netrics for each branch of a trellis in
paral lel, stori the 35 i yum | i kel i hood path distance for each state,
and stori nzé thgn%?yé oolﬁgla'f"rr%?‘l'rﬂur%"f“eﬁf'séngsyrrbol s along each path. 16
07/ 03/ 2006 25. mEARs fenuptiating the storedlimaxPauint likelthbaet pathodigtarices baged ongthmsevf or
sanpl i ng thacensadatbusligigal to obtain synbol sanples of the encoded signal:
and 5 nmeans for storing the selected constellation synbols. 26. The system
of claim24 further conprising: neans for updating the stored maxi num
| i kel i hood path distances based on the new branch netric calculations. 17
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