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FIELD

This invention relates generally to communication devices, systems, and
methods. More particularly, the invention relates to a method, apparatus, and system for
optimizing the operation of a constellation and Viterbi decoder for a parallel 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.



Codi ng provides the ability of detecting and correcting errors in the data
or content being processed by a system Coding is enployed to organi ze the
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Before encoded data is transmitted, it is typically mapped into a signal
constellation. A signal constellation permits encoded bit segments to be mapped to a
particular symbol. Each symbol may correspond to a unique phase 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 a symbol in the constellation.



The sel ection of a correspondi ng synbol in the constellation for each
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time celtouviforgpnyEireadiolds-t he perfornmance of a processor. .
The Viterbi decoder performs maximum likelihood decoding by calculatinga

measure of similarity or distance between the received signal and all the code trellis

paths entering each state. The Viterbi algorithm removes trellis paths that are not likely

to be candidates for the maximum likelihood choices.
Therefore, the Viterbi algorithm aims to choose the code word with the maximum

likelihood metric. Stated another way, a code word with the minimum distance metric is
chosen. The computation involves accumulating the branch metrics along a path.
However, implementing a Viterbi decoder is quite complex. For instance, the
dependence in the phase and quadrature of the transmitted symbols leads to a
requirement that the Viterbi decoder compute a large number of "metrics", each of which
are measures of the distance squared (Euclidean 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.



3 WO 03/023974 PCT/ US02/ 27834 Anot her drawback of inplenmenting Viterbi
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Figure 5 is an exenplary trellis diagramof coding rate one-three (1/3) and
constraint-length five (5). Figure 6 illustrates pseudo code for an
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Figure 3 is another exemplary block diagram illustrating 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

calculating 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 calculated

in parallel according to one implementation of the parallel processing algorithm of the

invention.
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Figure 14 is a flow diagram illustrating an exemplary conventional method for

performing Viterbi decoding.

Figure 15 is a flow diagram illustrating an exemplary method for performing

Viterbi decoding according to one embodiment of the present invention.

DETAILED DESCRIPTION

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.

It 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.



Digital Subcriber Line (CDSL) services. However, it must be clearly
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bits of each seven (7) bit constellation symbol are considered, sixteen (16) of the one
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hundred twenty-eight (128) constellation symbols will have the same lower 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.

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
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the m nid@fa{ﬂce Z)ath) 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
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 (ie.,
SOn-1 through S7n-1). For the example illustrated in Fig. 8, four branch metrics must be
calculated for each new state SOn through 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, line 28) and multiple indexing (Fig. 6, lines 33-

34). This conventional method employs a sequential Viterbi algorithm to calculate the

branch metric, for each possible state or symbol and update the metrics for the minimum
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transi tHeHS 0&19“13?}9“95‘565%‘#%?‘173%\%‘? B%G%P%O&nﬁﬁagaq?} %%@gsgg%’% y%?é‘% i ous states
SIn-1, SRBaventizitf cdleul Atk Bé fouk-metAds fongich@ fitliencaw states Sén WeewegheVarn and odd
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010 i which sfebifids thé podsihlepreipus Bieten 6300 | Hpensh $Tn-1hieH 2 e¥ai2  and

| astly anch tr i tion L .SofhgnPstiehavei‘ctdnebenéed enent s for
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each conbination of el enents,is.uniqu LEhin te L AV, 3 er of the
el enent & 3907 ki %‘glﬂa?lpfes f)?%%%@é nrsgég}' g%d\??lg}%&v% ?g?;q{rﬁlg%tt?%%g?ﬁ 1g’ns
ori gi nages IRbSvaEK aﬁ%iﬁmfﬂ@gﬁﬂepm‘mds stntks S3n-dr 8anfloPSn-dtand ST8el-by t he
processing system so that each rall el .processor Kk i .hranch to
cal cul awaﬂ@ﬁgﬂlijmﬁé’rﬁ%‘b’é@e‘weﬁﬁgg 8&4 E?‘S?tEPnﬁipﬁl?n &S Po%‘r%f%ﬁ;}%gggygpar al | el
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operati on. r instance, "the nmetrics_ or distapnce ,hew e
P to highest transition values. For example, for new state SOn t et(ﬁ)ro Beafich transition is

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



state SOn to its possible previous states, SOn-1, S2n-1, S$4n-1, and S6n-1,
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above. M@E@E&fry cANSEH BB brach ifdtamicdd 1ngatalll|aITM @nsﬂnmmﬂyl n Figure 7

(l'ines not ed above, this aspe

L nvegt i Ogt?q;léﬁé ructures
t he Vit erbi Alcgmﬂmgﬁman@ihgﬁ erpbqdipent; %@Wﬂr%w tl FaG1 PERYST
i ot anc oMt M eE G b O e B e e

di st anc I ons conpar e-sel ect oper at |L$ns) g)grformed by
the Vi b@lbﬁlanabgd?h%hnmgle pchwsmed;iOQ‘lrm@y P%@%@B@ar Recaiqulations W8y (Fig. 7,

lines 4 r cal.cul a i h elfp@nsitions from

previ ou raélf'%fi’ég’nc rf?@’ %tgtgcgnd’ Iq%ét) %OEQ}Yaﬁdbnes 714- 105%@2erforms

cal cul atpASidrdiccuhtlfed 1006mutd mmltfarpmmqsssce\m%ﬁb parfaresthe pgggelt di ng to one
enbodi nent ‘which may be i

| tiple-dat
(51D | s spulanges on ol lprat T aantorst el Tk Ao bbb oyl | B TR
sel ect oper aty,pOgniHifyRRIboaIIRS of thisAgdrithmss shmn mﬁgﬂ'ﬂeﬂsﬂmtstfé K5%ps in

Figure 7, lines 35-
? As noted above, this aspect of the invention restructures the Viterbi algorithm to simplify

its implementatjon 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 operations, 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.



58 for calculating the even transition distances nmay be perforned in a
single instruction. Likewi se, the steps in Figure 7, lines 76-92 for

cal cul atiwg osle3sodd transition distances may be perforne®Crsa2/sissgl e
instruction. 9 WD 03/023974 PCT/ US02/ 27834 1In order to enable the parallel
processi ng of the add-conpare-sel ect operations, the path and branch
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di st ance. LI 1GSAN . | | . . t_new state
s sel et b Yiined SR AEleE Eirioten Ry RighirB LR LR b 4P e 101
68-72) . ihdeximpivieint inbaloopsipl enent ati ons of the Viterbi decoder, the process

O o ol L SR h Y LA R RN R LRC SRR o
time a newceadad saveai(iX., Fig. 7,rlﬁ1%§506@¥i&)b¢e&ﬁ6Beﬁlbﬁetn@fi@{%tdn%e aRfdhevd or each
trellis state and_the shortest hranc di stance for each new state is

sel ect edPeenprdeciedyfos el mewstatpse therhest negetiate és seirghbased 9 thesheresoveallmet ri cs

for the ymxiigumd (el ipQdkgppih for each trellis state (Fig. 6, lines
57-107). The1 shor z%t’path di s)t ance is then selected as the desired path. A

trace back rnsentsatipesfimplementasiodeeitheivitertd decadieh the pwceaofstate in the
sel ect Edca%ia'ﬁng E&eshB}tgsé g‘gél%}l’l;y%’lcﬁi(gﬁ{,@ﬁ &s &&’Jﬂéﬁ?%ggﬁstyf)%%lﬁyg% Gl ed state in

atrellis 'n tates conv nmentati ons of the
Vi t er bi @hgoning hnd peocessohmtdnsaviec Ordinadlyseverptimeal remgsaegddipmatie. These

TS B RS SRS e LS SRR B e R R P,
distance 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 algorithm 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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is processor intensive. Athird aspect of the invention provides a nethod
to inplenent the Viterbi decoder w thout continually performng a trace
back. Ratwero3ibzm perform ng a trace back and savi ng thepcmrarss2/tisens al ong
a path, the previous state synbols ('survivors') along the path are stored
instead (Fig. 7 lines 116-142). Once a m ni num di stance path 10 WO

03/ 023978 s@@ﬁdmg/agmall stayed path clissances; Bn deswedynthipredown sade patbe di st ances,

t he desi u this
manner . Frdel f3rEiEEe h Blehiuleh ool (Rl MMM bl 1 2 10
recal | tlhendefsmaasltmebalbﬁmﬁesiuﬁmh@reeuouﬁzefa&rr| ng to F| gure 12, exerrpl ary

storage arrays .of. the_si xteen previous trellis..states al on

et mom 11 ke egaaE B F IR Yoot a8 Srevsf dtasicech isyers b b Cthe *n
previ ousstféadl G thy eipat Sakiin hlé@Ihobd paths (€0 fhrbu%p 7pSe @RSk AIFéGatihne

shortest branch distance are_ stored. Each of the eight paths YO through Y7

may cor riééh#dnt Breyious sigtes sgnhols NX%@FP“SIM i §ic ):P‘QTGSBOHC]IPQEQ@C spriepl ust r at es
how, i n RRRhHRARE TR tore§ 2 BHIRES @Y efgg )}Fat%uw ﬂg)r 7%y cfb%gﬂ d ;‘5@0 Each

saved previous state Is represented Thus,
for any Sgﬁv&@n&hr@xghoﬁisllpﬁg@d three bits (s2, sl, sO) represent the bits

correspondi ng; t e gt h. Not e that the
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ei ght ( dynate/disggce fogicachpath.af %O%Ykéb%lﬁmgofeé leaﬁypqxgte@ﬁpy Ehight (8)
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known for the preéevious sixteen ock revious states) wthout

any trace- badier the @AdgES @msﬁlh@@mmﬂ naﬁdweatb@s: (24?& Codft dustratedoabovef r eads
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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 number 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
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 typical values of Ns (i.e., eight states) and Lt (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 arrays for storing the previous state symbols merely need to be configured to
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t he shorlt %Ia ?ﬁlsf%erfogn g‘f?f rttg BreTRg 5y™ }ig%tl{?@pm’gltﬁ%& ﬁé ﬂ?e c”ﬁléep ormed for
the pr e\symbslsslxlmnol s 1408 and then for the current synbols 1410. In
contrast to the conventional npethodill strat ed_iLn Fi e. 14, .the invention
descri bed he&'éF?PtfﬁiE/ Oﬁg B@}VFB?WEH%A@O#I‘ fediia figuse Ikg’gfh? nvestiongy anch
netric deaddbul ﬁéﬂeﬁf‘rﬁaﬁBQpéﬂfdnﬁieﬂ&s aAnstrRed orige 1503ra8h ARt | ed above. Then
the previous  shortest paths for each state (the survivors) are stored

1504. Féplcalpbions dglishgmrepcrigrmsd |l 5P esdajaled abavg. yIhandhe prviouat hs
(survi V%hé&esﬂéﬁ?@ﬂﬁ] €%eh &ame %f;rvhv%?éj a§ee4t&fe33§04 1§<ﬂﬁe¢efy RAY il . The

short est pat .SUI’VI VOI’S are then conpar e to the previ ous short est
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the invention has broad plication than the constellatiaon and code rate

exanpl e TR APFFEYFS AR Formad on thie prev1oustly stored symbols for the previous
symbols 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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For instance, in another enbodi nent the invention nmay be applied to
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rate 2/ R11GR¢kits b%bwbén thla@stwel dbice Sip cpmshteﬂy envertahsotthopessREY of r equi r es
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meking this ’ QKL Htlllé)éiﬁﬁrﬂl Richgilige, deCindetionidebwaibed any menory.
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descr i babowran be readilyprastioed enithin¥.34, ARSI gleceding sehems: &@’k?ﬂg‘ls e the art
will reco e i n n eadiBuyther acti ced on
this V. 3% ehﬁglflel}@’c%ﬁ]i%eb ég} an%etﬁ%_hkf%%nﬂg@iﬁxf&&?glﬁ S%iack depth will be
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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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acconpanying drawings, it is to be understood that such enbodi nents are
merely illustrative of and not restrictive on the broad invention, and
that this WRAPEHEIBh not be limted to the specific constr petji@psaed
arrangenments shown and described, since various other nodifications nmay
occur to those ordinarily skilled in the art. Additionally, it is possible
to ipl enent the present inventi onChAIMS®e of its features in hardware,
programuabl e devices, firmmvare, integrated circuits, software or a

conbi nati on thereof where the software is provided in a processor readable
st or 3ge Whdiisiclasuedhisias a  nmagnetic, optical, or sem conductor storage

medi um 13 WO 03/ 023974 PCT/ US02/ 27834 1 CLAIMS 2 What is claimed is: 3
1. A nethod for decoding an encoded signal conprising: 4 perform ng one or
nmor e3parlal | elA ethed fomdsicnding @aleocddztlisignal dompoisigi n t he shortest 5 branch
distgnce to a new.trellis state fromthe previous.trellis. stat.es: 6 storing
the Brevi ous RePgTTE Sor BT oS RTaH BHEEsBicG s mE R isrb ¥ issancn 7
netrbc fopinchdAdtance s 4 he tieHisstat omBihe pleviuk n@llishetelew state with the
shortest overal] path djstance; and 9 recalling the nt revioys state
symb8l al ong Sf%’é‘géléq%r@Y’@Bsgfﬁﬁﬁsts@éftsyé‘?@@&%eé‘P 1ﬁgt°ti‘32.°‘%ﬁ‘bbrﬁ%‘i od of claim
1 furt hehetHO MReh S MGy trallis8&ed:Vi Ng an encoded signal; and 3 sanpling the
encoded signal to obtain synbol sanples of the encoded signal. 1 3. The

net h8d of cl splertingthe npwstatorithitly shgrtest overel pribrdistengs; endsest constel | ati on

nbgl s f : [ : ' l.egt ed
Constel | ati onceyupaenin PEAPLEHEEET RN, sdetugRs BSREREE O 1 ai m

1 further conprising: 2 storing the overall maxinmumlikelihood path

di st gnces forTh%%Féﬂhnftf@f&aiﬁf‘w}%e} E(glsj%%%ne%t 3 and 4 perform ng new parallel

branch métric cal culations en su synmbol 5 sanples are received.
1 5. 2The mnet Wewtivafig ant eowddd $ignalhand conpri si ng:

3 sampling the encoded signal to obtain symbol samples of the encoded signal.

1 3. The method of claim 2 further comprising:

2 selecting the closest constellation symbols for each symbol sample received; and

(68 ]

storing the selected constellation symbols in a first memory location.

4. The method of claim 1 further comprising:
storing the overall maximum likelihood path distances for each state in the trellis;
and

performing new parallel branch metric calculations when subsequent symbol

O &= W N =

samples are received.

5. The method of claim 1 further comprising:
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

N O = W N =

branch metric calculations.
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2 calculating the shortest overall path distance for each new state'

i ncluding, 3 adding the shortest branch netric for each newtrellis state
to the st oW8E®¥0%9%hxi num i kel i hood path distance for the selragheshspy evi ous
trellis state, and 5 updating the stored maxi mnum |likelihood path di stances
based on the new 6 branch netric calculations. 14 WO 03/023974

PCT/ US02/ 27834 1 6. The nethod of claim 1l wherein storing the previous
trel hi s gtat erpyiBfbd bQhife Hvmdr Sbhifigna praids &éfﬁ@étaﬁexék&goﬁinﬁugésew ous.
trellis state synmbol in an array for each'state. 1 7. The nmethod of claim
6 f uft hestoringriprales idgntifyingdhepicntpus krellis stakd systbod ipamearsayofoe dadhrstathe ar r ay
every tine a previous trellis state is 3 selected as having the shortest
branch di stance; and 4 inserting the selected previous trellis state in the
array. 17.8. The metheddl daimcé finthet cotprisingl t he nth previ ous state synmbol is
t he desired . 0 e . Dner L. t had of cl ai.m.,1 further
corrp‘réi si ng: grglg%glggg]?en%arges}r%&n%rsﬁ ?%iélatth%glﬁa o g%ﬁ%‘le% Ifdrﬁgm%i#?al mtatg )}%O|

cor r 8spawelicted ak hatihg the3hbeat bramtck Histante;taheé recei ved synbol sanple. 1 10.
The thod of. claim 1 erein the branch nmefrics cal cul ati ons are perforned
2 acCording tBSEX nt]lhﬁts%{g"tﬁ‘g@@a?%“?@ﬁéf?ée.‘gllilt‘ﬁil?ayrhe met hod of claim1
wherein the decoded synbols correspond to a quadrature 2 anplitude
nodulatipn ( constellatjon. 1 12. The nethod of  c|ali 1. rein the
oo dondbon | AeRSRAES Erteh b Wit GG mmbE SRy S gRboL B38) dSiRoMR 11 13,
The met g thfce Bhéd. m 1 wherein the encoded signal is encoded with a rate
two- 2 three (2/3) code. 1 14. A conmunication device conprising: 2 a
receiving circuit to receive an encoded signal and provide synbol sanples
of 3 the receieupéthsd gNahim # fiatlePbshptidiad:i on processor coupled to the

receiving circuit, to select the 5 constellation synbols closest to each
recelved s y mMAGFessigggraemeyydocation to obtain the current symbol corresponding to the

3 best match for the received symbol sample.

10.  The method of claim 1 wherein the branch metrics calculations are performed

2 according to a Viterbi decoding scheme.

1 11.  Themethod of claim 1 wherein the decoded symbols correspond to a quadrature
amplitude modulation (QAM) constellation.

1 12.  Themethod of claim 11 wherein the QAM constellation has of one hundred
twenty eight (128) symbols.

1 13.  The method of claim 1 wherein the encoded signal is encoded with a rate two-

2 three (2/3) code.

1 14, A communication device comprising:

2 a receiving circuit to receive an encoded signal and provide symbol samples of
3 thereceived signal,;

4 a constellation processor coupled to the receiving circuit to select the

5  constellation symbols closest to each received symbol sample; and
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15 WO 03/023974 PCT/ US02/ 27834 6 one or nore parallel processors

comuni catively coupled to the constellation 7 processor and configured to
cal cul at e WR3MBERAth netrics for each newtrellis state inparRosiiagl e
instruction. 1 15. The conmmuni cation device of claim 14 further conpri sing:
2 a storage device coupled the parallel processors to store an array of
previfous 3 tanglor moreparekel pregessspemainngicatycbacivpledvio theddnssllatiat e, arr ay
is eppl I ulate the branch nmetrics
for ch (F)P\fﬁ%\?vg%tag gorgfgru?%det%scglr‘rjéﬂa?‘{{r?flgj%a%%éfett%e %%ﬁ%\%‘ ﬁlglc %iﬁso%ataé%?ce of

cl ai B 15inglemsiructiohe st orage device is configured 2 to maintain |ist of
previous trellis state synbols corresponding to the maxi mum 3 |i kel i hood
path for each trellis state. 1 17. The comuni cati on device of claim 14
wher &i n She reabhetunicatior dsvics openinot sfurthenemmpmding:c cal cul ati ons when

subsequent symbol s | es eceived, select the 3 shortest. distance
branéh netri & %Pgeei%;ﬁcencé’b%ﬁegéﬁ%?a@ﬁp{?ﬁawg 'OFBrRE AERY MRFPYIZY i kel i hood
pat h3di stellicfedREREpAHAIAIS cASMMEY ABIA s, hirfy Fsaénﬁilb?éd ke pdralld. The

co ni cation device of claim 14 wherein the parallel processors calculate

2 thé broapressostorgalcylate the/bmaneh mpedries 191 pachgiewgiete i thg sampéime: 1 19. The
comuni cati on device of claim 14 wherein the parallel processors are

single- 2 instruction nultiple-data stream (SIMD) type of parallel
procéssdids. hsgommrmicadpndayica et Jamy by wheresr the sigrage evign & eanfigured

consbel lighlARaiRNRESSHNioRs FAROUER Mt %L@H@ﬁﬁ%@ﬂgl}ﬁ teOmBxifiadr at ur e

anplitude nodul ation (QAM constel [ati e communi cati on device
of cPai fikebhegdaradi for eich tyilis sfeisst el | ati on has of 2 one hundred twenty ei ght
(128) synbols. 1 22. The communi cati on device of claim 14 the wherein the
constel | ation processor 2 selects the eight (8) closest constellation
symbdl s {eor dhepomnaini¢ation davice pf deinpid whereinsho prolisigrdacRET: bsiate7834 1

>3 Th : ) . ) A . e
or oc sos b ERLURR ARG S Bhodib bt MBRIE e IREHEESIBLE o7 2 ap
trel Bi s shorst distantd lmanch theRit. foresysicerstdigand epdate sigrel madainsi gnal

conpyi si;

X@tihood path distances based on the new branch metric calculations.

18.  The communication device of claim 14 wherein the parallel processors calculate

2 the branch metrics according to a Viterbi decoding scheme.

1 19.  The communication device of claim 14 wherein the parallel processors are single-

instruction multiple-data stream (SIMD) type of parallel processors.

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

decodes symbols according to a quadrature amplitude modulation (QAM) constellation.

1 21. The communication device of claim 20 wherein the QAM constellation has of
one hundred twenty eight (128) symbols.

1 22.  The communication device of claim 14 the wherein the constellation processor

2 selects the eight (8) closest constellation symbols for a 2D trellis constellation.
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2 means for receiving an encoded signal and providing symbol sanples of the
3 encoded signal; 4 neans for selecting synbols in a constellation which
are cl 0sesVO3039%h recei ved 5 symbol sanple; and 6 nmeans pi@fysesbRyy ating
t he branch metrics for each branch of a trellis in parallel, 7 storing the
maxi mum | i kel i hood path di stance for each state, and storlng the previous

8 trellis state synbols along each path. 1 25. The system of claim 24

further goNPr B dgamdniBRAISIH R T Hh| 1&%&1&11 M@Qll&icﬂﬁﬁ%oés%ro btai n
synb sanpl es of the encoded 3 signal; and means for ‘storing the

sel ect edssHshefou{fsossstronptsllation szfelboilsrferw@ttmihmoneueaamm further
conprising: 2 neans for updating the stored maxi mum|li kel i hood path

di stalnces based on the 3 new branch netric calculations. 17
4. A system for decoding a coded signal comprising:

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

3  encoded signal;

4 means for selecting symbols in a constellation which are closest to each received
5  symbol sample; and

6 means for calculating the branch metrics for each branch of a trellis in parallel,
7 storing the maximum likelihood path distance for each state, and storing the previous

8 - trellis state symbols along each path.

1 25.  The system of claim 24 further comprising:

2 means for sampling the encoded signal to obtain symbol samples of the encoded
3  signal; and

4 means for storing the selected constellation symbols.

1 26. The system of claim 24 further comprising:

means for updating the stored maximum likelihood path distances based on the

3  new branch metric calculations.
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