2 August 2006  Traceback Operation in Viterbi Decoding for Rate-k/n

Convol utional Codes Field of the Invention The present invention relates
generally to inprovenents in traceback operation 5 in the Aigueirigosdecoder
that is used in decoding rate-k/n convol utional codes or trellis codes.
The present invention is applicable to the inplenentation of Viterbi
decoder in decoding the Trellis-coded nodulation (TCM. A typica
application of this invention is [[[ decoding of the encoded TCM synbol
data in the baseband signal of the PHY layer of a network. 10 Background

I'n nmost wirel ess TRIEBHKHdration ¥t VEeEhi IRR6AInGUbARaYe-k/AASsavoldtihnal @8ty cant ,
i ntersynbol interference, convol utional encoding and Viterbi decoding are |

used to 15 performerror detection and correction. The convol uti on encoder
achi eves err f i ssion by addi ng enough redundancy to the source
synbol s. Théﬁ§H3??§3% eﬁﬁgpconvolutional code is application dependent and
varies with the fihequerayinveltithaelaessi &ht@llyed ihpRvemamns h $Gtdaclrepbiias
well as the . desired transmssion rate. The Viterbi algorithmis a nethod

comonl y Jus &g theo VIgEE slgeorisr that 1 ppedhivsdesadiggaaterk/n zomenticsial eodss carfedlier s.

Figure 1 sh { di .terpl . Vit et - king is
mainly comportsy of B a " aRioR T dopfadle R iREAL oy bl ikl UERRELT
traceback cidecading (he303llis-ThdeddmoduilatsonoffCMpa tyiptual applidedadef thsligeodmitioh is
depend on the ncoder. 2 Lgure 2 shows, ex | e of a_ convol utional

code encode e?@q%ﬁpﬁﬁﬁn?‘%ﬁi&%@?ﬂi}b‘arﬁ]ia{asm?gﬁlbasg%d%?! OQ@ﬁf}D%ﬂ‘b’%oﬁg%put
and Q(n) apgw@k(n) are the encoded outputs. The rate of the convol ution
encoder is defined as the nunber of input bits to output bits. This system
has 1 idput and 2 outputs thereby resulting in a coding rate of %®. |Its

nunber of d?ﬁ@ﬂ ﬁ&ﬂ&ﬁ determ nes the nunber of states of a convol ution
coder. For a g

In most wireless communication systems, particularly those with significant

intersymbol interference, convolutional encoding and Viterbi decoding are used to

15 perform error detection and correction. The convolution encoder achieves error free
transmission by adding enough redundancy to the source symbols. The choice of the
convolutional code is application dependent and varies with the frequency
characteristics of the transmission medium as well as the desired transmission rate. The
Viterbi algorithm is a method commonly used for decoding bit streams encoded by

20 convolution encoders. Figure 1 shows the block diagram of a Viterbi decoder. Viterbi
decoding is mainly composed of an Add-Compare-Select (ACS) circuit (110) and a
l:raceback circuit (130). The details of a particular decoder algorithm depend on the

encoder.

25 Figure 2 shows an example of a convolutional code encoder having two time
delay units (210 and 220). x(n) is the input and GO(n) and Gl(n) are the encoded
outputs. The rate of the convolution encoder is defined as the number of input bits to
output bits. This system has 1 input and 2 outputs thereby resulting in a coding rate of Y.

Its number of delay units determines the number of states of a convolution coder. For a



1 2 August 2006 systemw th k delay units, there are 2 k states. There are
2 delay units in this systemand therefore, there are 2 2 4 states. The
system bl ock di agram can be expressed with the fol |l owi ng equaukim®s S
a(n) = x(n) + x(n-1) + x(n-2) A(n) = x(n) + x(n-2) If there are in
inputs, then there will be 2' state transitions. The total nunmber of state
transitions at a point intinme is the product of the nunber of state '
transitions and the 10 nunber of states, 2 mtk Figure 3 shows a trellis

di agram of the systens in Figure 2 which include tine in state

transiti ons.syflamhwitiodelclay unite, thérelard 3* dhtegrinerd &c DUcldonnkes ts s§tadd A
point in tine. The branchgs connecting the nodes denote the state

transiti ons theolre, these a2 e $talghsi ti ons are i ndependent of the system
equations. This a consequence of j including the input, x(n), in the state
definition. In certain systens, definition of the 15 states may be nore
conplicated and rihe sysiemi ecksfiggiralcas baskgressad wdthsthe f(;ﬁllb@ﬁltg'_ecﬂe%@d{(ng is
conposed of an Add- Co re-Sel ect (ACS) qgperation and a tracebac
operation. In ACS, tV\g’p(f(ﬁ}:ﬁégl)ir’gndéﬁé‘@ﬁ?every symbol interval (Refer to

Figure 2, 1 synbol = lgi\pdtkabidgg.o2 encoded bits): the accunulated netric
or path 20 netric, whi ch( ?;I gﬁe Xa(gt%ﬁti on between the correspondi ng branch
nmetric and the path netric of the originating state, is calculated for

h stat dt timl.i ' th. . or,maxi pum | i kel jhoad pat.h
nosoctated wth dadRrLi g et hePhuilt vge Bt i tons nd bt Bkt o ch
i s al so cal lsefl fasitiongat psibt MAMERGHe ?r&ﬁill& ofirtlel nﬁﬂae?%?fitﬁtgit%aﬁsiﬁ&?s andtRE age

unit. For the exanple fromFigure 2 w i nput, only IS needed to-

i ndi cat €925 nupderplogaes, gat hFigarasheevsaf trallis dideeeat efsthe gstemshis Rigpe 2rdueli ng
path of the.gi . j s the hes at,h whe a value of 1
Cndi cat es t ﬁ%&l%«%ﬁ%&q ?r}pgcgﬂﬁﬁzfagﬁgﬁlgss gra]eh noc{;'e 111%36 {relﬂs diagram Eﬁﬁf 4éhot& 2'5tar at
a point in time. The branches connecting the nodes denote the state transitions (320).
The state transitions are independent of the system equations. This a consequence of
including the input, x(n), in the state definition. In certain systems, definition of the

15  states may be more complicated and may require special considerations.

Viterbi decoding is composed of an Add-Compare-Select (ACS) operation and a
traceback operation. In ACS, two things are done in every symbol interval (Refer to
Figure 2, 1 symbol = 1 input bit = 2 encoded bits): the accumulated metric or path

20 metric, which is the addition between the corresponding branch metric and the path
metric of the originating state, is calculated for each state and the optimal incoming path
or maximum likelihood path associated with each state is determined. The optimal
;ncoming path, which is also called survivor path for each state will be stored in the
storage unit. For the example from Figure 2 with 1 input, only 1 bit is needed to indicate

25 the chosen path. A value of 0 indicates that the top incoming path of the given state is

chosen as the best path whereas a value of 1 indicates the bottom path is chosen.

Traceback begins after completing the ACS operation of the last symbol in the
frame, which is equal to the traceback length. The lehgth of the traceback is typically

30 chosen as 5 times of the constraint length. Traceback uses the survivor path information




Traceback begins after conpleting the ACS operation of the |ast synbol in
the frame, which is equal to the traceback I ength. The I ength of the
traceback is typically 30 chosen as .5 times of the const paiipusi 20gt h.
Traceback uses the survivor path information 2 2 August 2006 fromthe
storage unit to derive an optimal path through the trellis. The starting
state for the traceback operation is either known or estinmated to be
correct. During traceback, operation, the survivor path value is sent to
t he decoder output and the originating state of the survivor path is

det er mi ned. frofe theusiprage it feperivetdnopptingal pathi thropgh thestsellis Bapusdrtingstatetfne

traceback | act nethod is towait until an ti.re fr of
data is re?g?&gaet@g?g’?gmg&é% *h ﬁligﬁeé H?P&’&‘e%fa%s&‘m ierq tf’%es c‘?:“é%céfaﬂll%‘?g trﬁ?eﬁg&%r
tail symbol soparatioadile durvivor bathGRhidie skrhitab lheSddeoddriRiRRaRd s iindding \ual Ng a
known point to begin traceback. The order w th which the decoded output is
gener at ed i LTt BFeiver path isdetermined. Jibemumper pbuepefition foppus process is squal tom t he
end to the (Wafql; rel L ' [ Sqin t osite.digecti to 10

t he pathrat aﬁgﬁhg‘ffgb%%%%% ehr'a Hg% ¢ ntt ?dééde&sgr?p‘?agf 8@% z?lncfg@ggt Eﬁnﬁ/?to%%aéls
survi vor patreceinaldiefore degineingdi traeebdck. Betis ¢de tthie bile 0o @) sy brevidiiDE  any

ot her added Q erat| q{) L®St%'>é/’i the ordering of the decoded output need to
be rever sed P%6° BEEHNS o e GRSt taieProREIngAdsionn paigfite beginryacehask aAfhesider i bed

above, the tvﬁﬁp@ﬁ@ﬁlihé’ﬁé‘éoﬁ&& 8 B?f/sogen%ga%ﬁl i%/rgve?&ﬁyaggﬂé P%{ gﬁf?%olg;fﬁaceggék%/h at

needs | bit to indicate the surv or an indiv € an

particul ar Op¢ratipsisdean did andith cholesgjinmeny ofitredlid, wifictt lsdn decqpesite dimatvieto,

this method wil | t be ufficient (f it applies,to rate-k/n conyol utional

codes orIBl_t r BSp aéh g’%ﬁ%@}.’ A@g‘i}’_re?%li’ns 2 x%ﬂ‘r‘bql‘éené?lfyathﬁépfé"-lﬂ@a ue

encoder Wi t RaBbé HiEctlyGeAito UM E&oldlQutpt 2R} 3R herdided BpdtaQit § astys g}féWS
em

the trellis diagram (5 10) of the sys In order to get the desire

output of PrErascdks degodpd ohtwuhweebis bdesersebdd exacthyheecpnstmret thetsampte wi | |
need at Iea%puﬁkjﬂflts to indicate the survivor path and sonme | ook up tables
to determ ne“thié désired outputs from the survivor path information. This
will increase the conplexity of hardware

15 As described above, the traceback operation for a rate 4 convolution encoder
only needs 1 bit to indicate the survivor path for an individual state and that particular
bit is actually the desired output of the decoder. However, this method will not be
sufficient if it applies to rate-k/n convolutional codes or trellis codes. Figure 4 shows an
example of a rate-2/3 TCM encoder with 3 time delay units (410, 420 and 430) and

20 Figure 5 shows the trellis diagram (510) of the system. In order to get the desired output
of the decoder with the methods described i'n the prior art, it will need at least 2 bits to
indicate the survivor path and some look up tables to determine the desired outputs from
the survivor path information. This will increase the complexity of hardware

- implementation and time taken to process to gef the desired ouiput of the decoder.
25
The problem to be solved by this invention is to develop a new method for
traceback operation having less hardware and time complexities than the methods

described in the prior art to decode a rate-k/n convolutional codes or trellis codes.

30  Summary of the Invention



25 inplenentation and tinme taken to process to get the desired output of
the decoder. The problemto be solved by this invention is to devel op a new
met hod for traceback operation having | ess hardware and RiAlgee@@pbexities
than the nethods described in the prior art to decode a rate-k/n

convol utional codes or trellis codes. 30 Summary of the Invention 3 2
August 2,00,6 in accordance with a first aspect of the invention, there is
provided a nethod for performng a traceback operation in Viterbi decodi ng

for decoding a sty eam@inceGHHlE aSirS@ipsct fahel invehtion, therepisipsovigodia mashed t he
step of sequentially performng traceback operations_ on a é:.urre t frage
starting frdo perSoraiing tahirashhclnbperatian pratMitespi desogding: i dsaeding A& HLE Qbs
The new nmethod of perform ng traceback q [ f.or akil 40 Y@hd#hd onal
codes or tr éPA $1gBke $21dr BFOLAHITRFITHE ﬁfg{il?%lﬂ%n?ﬁﬁo‘iﬁuﬁgﬁﬁ‘gsc?f %égd as &
follows. The. oLgey og) ratiohb Bn SR TraRRt darfig fRAC h seita@iteoigh whichraopth of
interval that s st reé to the storage unit need 10 to be arranged in such
a way that idprébiblis Safelgaksest he process of determining the originating
state. All the states of the encoder will be equally divided into two

conditions: even or odd. The condition is the key el enent in determning

the originating tate of .t he survivor pat nd_obt ai pi_ng, t.he desi,red

out puts of the dé@Sd’SFV. mfg%) s?fs eé—yotgﬁmr%gpg %?p f“éc)}(nO]i’esrathoenePerarg Eeblggbctog?’%lu?%nea L

desired finabdewr el colfés, Sdr exbRPR ih Figdr& 8 (810) & ddst€bedsdsabliowg Thedtder of

cal cul ation stage. Two storage el ements are needed for storing the

survi vor patle BRdveratipior gaeiastatedn 8 symbol intsarql thehis séered to/ e sioatas it nepd

ori gi natjj,ng,stat ] . d r e, t ' i ng

otare by 4 1 Erblekd R RuERE o S 5 Bl Bl peDUID D, G BhREh

survi vor pabhginatiferstaeandl die 2@tepesf demengdsaivadlif be sdqusliypghvided dper ate on
poi nt er neans, condition, indicator neans,

are a counter ans, a nenpr
a dependent © %(ﬂg?r&hﬁvmr@daﬁhe gonghfian 1S g1 et srRaidn dSERISHRE EF AEIRETE h
resul t out pufarddlfiahdlivBFpath 368 obtenfh RE QBRI TugREs HSBS didgeSame

15 | Two stage of operation is needed to obtain the desired final outputs. First stage is
the error-free starting state calculation stage. Two storage elements are needed for
storing the survivor path and its originating state. Then, the survivor path of the

~ originating state will be used to determine the next symbol’s originating state that will
overwrite the storage element that stored the previous survivor path. Other means of

20  performing said first stage of operation are a counter means, a memory pointer means, a

- condition indicator means, a dependent constant means and a shift & mask means.
Second stage is the result output calculation stage. Said second stage uses the same
_;neans that performs said first stage operation and other additional means. Said
additional means are a third storage element and a dedicated logic means.

25 |

In accordance with a second aspect of the invention, there is provided a
method for performing traceback operation in Viterbi decoding for decoding a
stream of code symbols encoded using a high rate trellis code wherein the
constraint length of an encoder is K and the traceback length is m; each of K

30 -and m being a positive integer, said method comprising the steps of: reading the



i neans that perforns said first stage operation and ot her additional neans.
Said additional neans are a third storage el enent and a dedicated |ogic
means. 25 In accordance with a second aspect of the invent) Qagustdope is
provided a nethod for perform ng traceback operation in Viterbi decoding
for decoding a streamof code synbols encoded using a high rate trellis
code wher gimmiviohpathciofistmation fromea giohagefurdty deteemitdng hStadtimnstatehehich aceback
length is m.  each of . K-30 and.m being a positive |Integer, said nethod
conpri si nﬂ%h °§F8’bsfh69“8 r &ﬁbﬁhn@ g lifely RE%UEQSS%Qg%ﬁ% WSy ligmen
i nf or mat i Gt RERE BIGUIbY seqlEABAITY PerRStnfng LALLHARE cpbAkBn¥BhGhHe i S 2
state locati on@gtﬁr}wou h Wn?ch a)l_sfsgst Ii{(s}e??/_pat 1ﬁépasses 6]? ﬁt}lenprevi ous
frame; oBHESH figmeHeomenid stasting atate Bytesmguerhby akidystpp off aletsrngningaz eback

operatio t . . f fromsaid starti.ng state..determnm ned by
sai d stegﬁ %@Iﬁge %F ’rn%#li%gmaig Sé‘f‘ﬂ?‘%ﬁ“&g 03?%‘1”@; v ?%i%%‘l‘é%&flﬂ E’é%Lﬂrt pa6ﬂt puts.
whi ch i ncdyualieslst by |sequmia1>15£fdnniﬁg ebBadky op@aERY bRlshid QRfdne Mg

t raceback_ operations on said current frane fromsaid starting state

defined aSO3aId siartingestaje ed @y dhe istafe Zpw; cndaeversingdhe ordastef sedl resul t
out puts tehfigbd FR81t ol | %%_Iie : scription will now be nmade on
t he operation of tlhe g’?’a%@%ﬁﬁﬁ?ﬁgrg |o§0u|&r£§nt ed for viterbi decoding.
Said step of determining a starting state, |ocation begins wth
initializing said first and second storage elenment to zero, said counter

value to at heaedcriptioi® viill %W B¢ nfdlk bt BRSbpRhdtn bR facddbiick GRFarddpan said
t raceback I%gq?th and said storage unit pointer to a constant. Said

condi t i-oHY dor witerbidepodiogySaid atep wixbaterniining hestarting StafelgoationdB@ns val ue

of said §j \ t is even and one if the.yalue of .sajd first
St orage With HhicalifhR G STRN skt LG8 MR 10 oy Sl St iRald w11 om
sai d st oleagefiventitnes of said constraint length but less than sai_d traceback length and said

storage unit pointer to a constant. Said condition indicator updates value to zero if the -

4a



overwites said first storage elenment. Said condition indicator and said
second storage elenent determ ne said nunber of state location in said
first storage elenment to be right 5 shifted and masked. Sai MugRngHds on

i ndi cat or updates value but this time is based on said second storage

el ement. The operation repeats until said counter value decreases to zero.
The role of said first storage el enent and said second storage el enent

i nt erchanges whenever the operation repeats. The final value of condition
i ndi cator and_said storage elenent determnes the starting state for said
step of obt ajdHengt & d'lrﬁtnSt@F@%GE@e@mI%)m’@ and] Oneifethe vafue of sdié ﬁrsta&t@‘ag@k

I ength. The t: i g id i co ed out uts are

expl ai ned. Séa?l érﬁll%:?)tﬁﬁ a(ﬂll? gs‘?éélja C’fﬁ%ﬂ‘ﬁ‘a rspfcljtﬁl PﬁsellﬂlsF%a%ﬂtmlﬁge
el ement to mnvntsasaidd‘amtmge/alemm tsmdsmzﬁhﬁdlﬁﬁﬁnﬁ@k ah@ Rk eadid fathse

storage unit . pointer to a constant. Said values of said 15 first or second
storage el erfARent Agicrpmgiseidanmbes pE statsrlogtion an gaig fissti strager element tdépelght nes
sai d stanti ngifeiahe npbkafisdid . t ment
updates its vlal ue in aS rrannélr&?ﬁlgitgﬁgﬁhgﬁ @ttda%@va :bgtaql t[gg?lssb% o]

said bit | o@a@qndrstdragafelemantdme otatihaepges itk rsaﬂtcoﬁﬂtafna&ad dbcwa.%slt@uérof rame

and the nost«Si t is equal tao sajd condition jndicator from
sai d previ Oll;JTSh frgg g 1!cﬁtﬂ’('iﬁgfﬁl FneTH fnd o Smﬁtsé@a%e]\?ﬁleﬁtelﬁt@%@g@? i f

the val ue ofwieaivér e Sherta REPGuE THTEHa) | 'v§lu§\6? @o@g I?Hfaléaiqrtalﬂﬂ sYi! s;l:(ﬁ‘agg

said first storage elenent is odd. Reading survi vor
i nf or mat i on ckement %FP@HHQQ @ﬁé@@tmtate(fmemm stepsof obiathifig seid nsdmodgcboﬂ;bem;ent

Sai d conglit g n d second storage el enent determ ne said
nunber o? stat@reé ca |OHEbaaﬁ &gl&l'fi rst storage elenent to be right shifted

and masked. 25 The operation continues with interchanging the role of said
first storage elenent wth said second storadgé elenment. Said third storage
el enent updat es i1B& oparatigns af abtaipinm exid thatecodrd dwpits ass gnwf@xphianedbisaid S

caual Lo saiftilng SERHAR e GoNERRYB- A USEY fSUTRl Lo
i ndi cat or f toosnid tractbpcle lengthsarklr aaitesto@gh Gnlt Goditéd 0 bondiagatsald vﬁlﬁ'@t(ﬁ%afﬁa' ue
to zero § f {irs? or second storage eclement and condition indicator of said previous frame
determines said starting state of said traceback operation. Said third storage element
updates its value in a manner that the least significant bit is equal to said bit location 1 of
said first storage element from said previous frame and the most significant bit is equal
to said condition indicator from said previous frame. Said condition indicator updates
20 value to zero if the value of said first storage element is even and one if the value of said
first storage element is odd. Reading a word of survivor path information from said
storage unit overwrites said first storage element. Said condition indicator and said
second storage element determine said number of state location in said first storage
element to be right shifted and masked.
25
The operation continues with interchanging the role of said first storage element
with said second storage element. Said third storage element updates its value in a
manner that the least significant bit is equal to said bit location 1 of said second storage
element from said previous frame and the most significant bit is equal to said condition

30 indicator from said previous frame. Said condition indicator updates value to zero if the




5°2 August 2006 val ue of said second storage elenent is even and one if
the value of said second storage elenent is odd. Reading a word of
survivor path information fromsaid storage unit overw i pespsgiodosecond
storage elenent. Said condition indicator and said first storage el enent
determ ne said nunber of state location in said second storage elenent to
be 5 right shifted and masked. Al so, said value of condition indicator
determ nes the type of exclusive-or operation to performin order to get
S,, The operation repeats until said counter val ue

said result outputs, _ .
decreases t ova;%?r#fsa‘flrﬁé"?f’éll storgge elgingnsis exen andoymggéthel velnem saidhwecensd torage ond

storage ele i h Qﬂﬁ% V, Lon _repeats. .The final.
desi red out ﬁ%ﬂém{t Egat(:% Hg'rg eq W%ﬁtﬁsﬁg?ggﬁég%‘g %tb?rggﬁgl 823%[5?%%&3 't]ﬂ}t
reversing thweovriles said Beawid stirdge eletishrtSaill seedition. indicitef ah¥ &Mk wrag@f t he

Dr awi ngs Fi %lfreﬁil‘&: %Ilustr tes the block diagramof a Viterbi decoder. 15
Figure 2: | ¥R etsaming sa ber it state dorpbion ) snid sceondesternge glemenkipi bry t wo

time del 8y uipht Shiftkd Gl Biasked! hiddStd; i€ ingi R em
shown in Fi g{t}grh e 2. 20 Fi‘gtfr e 4.7 I%?h’gﬁ? té)?ggﬂcgﬁéﬁeﬁlglr(r%#ogngﬁe%lﬁ{eg{tﬁe]ﬁﬁ %&FCM
encoder wi t [exglugiverer ogesiatign dmipesfortFiiguorderSto étl sait ratulk soutpues.t The op&aibragr am

f th t in.Fi . .25 Fi 6 -l ustrat th dified
Crel [1s: i aoaRaHRL b chtEdatie. ddtaeammtlo i 1Dk ol i 5814 Rreboiatsde SRRy en
condi tion. khdusi@ sédondl storhgeUséhaitQfiteldhn RIWHeh&Rr Ble SMPatRindefedtOARE AR

whi ch stores the 30 survivor £at h informtion.
desired outputs that are equal to the source data could be obtained by reversing the order

10 of said calculated result.
Brief Description of the Drawings

Figure 1: IHustrates the block diagram of a Viterbi decoder.

15
Figure 2: Ilustrates an example of a convolutional code encoder having two
time delay units.
Figure 3: Hlustrates the trellis diagram of the system shown in Figure 2.
_ 20
Figure 4: Nlustrates an example of a rate-2/3 TCM encoder with 3 time
delay units.
Figure 5: [lustrates the trellis diagram of the system shown in Figure 4.
25
Figure 6(a). Illustrates the modified trellis diagram after bit-reverse method
and separates into odd and even condition.
Figure 6(b): Illustrates the position of the state location, which stores the
30 ' ~ survivor path information. |




6 2 August 2006 Figure 7: Illustrates the operation flow of the error-free
starting state <calculation stage. 5 Figure 8: Illustrates the operation
flow of the result output calculation stage. Figure 9: |Rlaghketoes the
operation flow of the result output calculation stage wth consideration
of tail bits or tail synmbols. 10 Detail ed Description An enbodi ment of this
invention is shown in Figure 7. Before the real traceback operation '
begins, the order of the survivor path for each state stored on the storage
unit need to be arranged in such a way shown in Figure 6(a) and 6(b). Each
state location 15 will have 2 bits to indicate the survivor path. The
arrangenment is made successful by bit- reverse every state of the trellis
di agramin Fi gur &18radd catBewietcsethet opesatiano flgmowssthe gimorcficen startongy stated
even. The definition of od in this context is based on the 2 nost
significant bits of every %ﬁ@plgﬁ&%?g%e (610-680). The order to read the -
survivor path is fromthe tail to the tip of the arrow (610-680).

According to Figure 6(a), the left side 20 of the diagramrepresents the
even congi tion WHIS¥®e fhe rilpairatss dhe Qpreratina fhﬁ%@ﬁ%ﬁfesﬁgﬁﬁ@ﬁ @latioa stage:
condition. The 2 bits wll represent the survivor path and stored
accordingly to the predefined state | ocation (690). The operation of the
enbodi ments showtigure fi gur éllistiates mowpexgioni flvad of Bairesubitcepput 28lcothtion stage
determining a starting state_location begins.with initializing said first
and second storage el errentWIThoc‘)?%‘FlB",a“%‘h?g‘aﬁgﬂﬁ?’é?aﬂvgéﬂ“b%lsto at least five
tinmes of said constraint length but |ess than said traceback | ength and
said storage unit pointer to a constant (710). Said condition indicator
updat es Wal Jlstaibdzlgescripﬁonhe val ue of said first storage elenent is even
and one if the value of said first storage elenent is odd (720). Reading a
word of 30 survivor path information fromsaid storage unit overwites said

first storage el egkdmhbodiment of this invention is shown in Figure 7. Before the real traceback
operation begins, the order of the survivor path for each state stored on the storage unit

need to be arranged in such a way shown in Figure 6(a) and 6(b). Each state location

15 will have 2 bits to indicate the survivor path. The arrangement is made successful by bit-

reverse every state of the trellis diagram in Figure 5 and categorize it to two groups,

: -Whichrare odd and even. The definition of odd or even in this context is based on the 2

most significant bits of every current state (610-680). The order to read the survivor path

is from the tail to the tip of the arrow (610-680). According to Figure 6(a), the left side

20 of the diagram represents the even condition while the right side of the diagram
represents the odd condition. The 2 bits will represent the survivor path and stored

accordingly to the predefined state location (690).

The operation of the embodiments shown in Figure 7 is now explained. Said step

25 of determining a starting state location begins with initializing said first and second
storage element to zero, said counter value to at least five times of said constraint length

but less than said traceback length and said storage unit pointer to a constant (710). Said
condition indicator updates value to zero if the value of said first storage element is even

and one if the value of said first storage element is odd (720). Reading a word of

30 survivor path information from said Storage unit overwrites said first storage element



2 August 2006 (730). Said condition indicator and sai d.second storage
el enent determ ne said nunber of state |ocation in said first storage

el enent to be right shifted and nasked (740 and 750). Sapdupandigoson

i ndi cator updates value but this tinme is based on said second storage

el ement. The operation repeats until said counter value decreases to zero
(760). The role 5 of said first storage el enent and said second storage

el enent interchanges whenever the operation repeats (770). The final val ue
of condition indicator and said storage el ement determ nes the starting

state for SE(UBIO)S Seid @hditbhahditag S Wid secofl SdREe Qbnidht SeteMiQE Sajld huniber t he
traceback | ?929 10 Figure 8 shows the enbodi nent of the second stage of
the traceba %‘éll%ap% in syifh st stcyagﬁ)plsmnw bearighty Sifiqd; ansumpsked (74hned

initializi NG 53}, eRid %dﬂféﬁim’th@étélg ‘%Ja(lfc Ivgl?l%fg ﬂne Eg)%etad% & &l LB rgd §t8r8§6r 0,

said counter value to sali sal rage ‘uni it er
to a const arrﬁemﬁﬁﬂrhe Geerationatpeas wofil saaddoﬁntelsaalwd@ma@aado Sto1(2e. 'ﬂ?h@fmé\t
and condl tian i cator of said previous frane determnes said startijng

state of Ssait 4 HrtsiuRse glemgt and;isgidl segondostorage, plgment ngprdapgasgrhesresrdhe
updates its Jalen] 'r%e@ts@?@eﬁ“hé Bakl vaieos &‘Bﬁﬁloﬁ'l lﬁétblcéﬂ?lt sabl Liola e%ﬁﬂ?eln% to

said bit location | first storage elenent from sald prévious tranme
and the m)stdemrl@mes itlicastartibg lstatesfoesmélstep@f satathicgpdd i devolletiowpbisy wherem

sai d previous frtarrel?a&gi Sai d condition indicator updates value to zero
if the val uds ¥t ™t storage elenent is even and one if the val ue of
said first storage element is odd 20 (812). Reading a word of survivor path

information fromsaid storage unit overwites said first storage el enent
(813). S&id condifigwn S shawe dboembgtimeat of the@@mdﬁa@paﬁééhe shashakt ombedtionni ne

Shi 1t od and "eaek b e T ot BkE Sebd B diRR BRI ey Rl el

i nt er changi rsgarig‘beelélﬂérﬁ t0eroasail Edunsdr vatue ft@@aﬂd @la8sHRGE lenghl dhdsaiddt&agOnlt
storage elenent. Said third storage el ement updates its value in a nmanner
that the | e®SNt& igni fcPBHHE GILY)- S§ldea@la¢8 ) S@élféfS‘th s¢eoBdtsiaspgel elgment prf

second stor Q:gﬁdltIS]!l elgﬁl%ﬁto; rcﬁmsa?@' Iﬂ'eﬂf)ﬁél % TEAMRIRI Lald Stalfie stk @ T dagant

bit is equal to said condit
15 traceback operation (810). Sald third storage element updates its value in a manner that

the least significant bit is equal to said bit location 1 of said first storage element from
said previous frame and the most significant bit is equal to said condition indicator from
said previous frame (811). Said condition indicator updates value to zero if the value of
said first storage element is even and one if the value of said first storage element is odd
200 (812). Reading a word of survivor path information from said storage unit overwrites
said first storage element (813). Said condition indicator and said second storage
element determine said number of state location in said first storage element to be right

shifted and masked (814 and 815).

25 The operation continues with interchanging the role of said first storage element
~ with said second storage element. Said third storage element updates its value in a
manner that the least significant bit is equal to said bit location 1 of said second storage
element from said previous frame and the most significant bit is equal to said condition
indicator from said previous frame (820). Said condition indicator updates value to zero

30 . if the value of said second storage element is even and one if the value of said second




i ndi cator fromsaid previous frane (820). Said condition indicator updates
value to zero 30 if the value of said second storage elenent is even and
one if the value of said second 8 2 August 2006 storage 2ehwgeito06s odd
(821). Reading a word of survivor path information fromsaid storage unit
overwites said second storage el enent (822). Said condition indicator and
said first storage el enent determ ne said nunber of state location in said
second storage elenent to be right shifted and masked (823 and 824). Al so,
said value of condition 5 indicator determ nes the type of exclusive-or
operation t atgregd elementnis ddgB21)0 RQdir%od dord 68 Hhrlvivou pRtisfofB280n fréResaid
operation repeats until said counter value decreases to zero (830). The
rol e of sai FHTRESEINILYEIYHES spidsesmdateragaelamenic§Ad). sYait eqpditianeingisator and

i nt er changes;,when ' ( fi '

out put s thafQS are Féé%%% Qlt%gl%gﬁ%&ésrggﬁecgea?@g aﬁ%rooﬁl%ga)r%lec;ggtgqnalp%gig %g&lrd(res\?geir? & ng-
t he order ofelsadérd tedkaighathkified hOd meskbd (8231 gidr 824. shlewssaidealasoddondisn of

t he second st%ge of the traceback_ operation wth tail bits or tail )
synbol s, whilBHeqter Sﬁﬁlal?lﬁ?%@*eM%oﬁ stveRft gRerationdgingtfomm dg grdes fto getstaish

i ncl udes i nitd@ bizbuis 85 1Rt ot RI0R tgaj r elent, and
third storagre 15 e errgnt )to}%e(l)’p(?,} sa?gp%éﬁg@?isghé?n :R%gtsag% (?eg%ggérso, sg?d
counter val U83@)o sHiedrale acfebad kfirst etmrage abmnani ahds sxd ageonthistorpgs rlearent 0 a
constant (910). .Said third siorage.el enent dates.its, value in manner
Chat the | odRFrebRoe oTRERYerghs opasenboris (o Bk fn dirshovods hlary
first storaggual @@BlsofiiceMatAtshl®HRVIMMAd bRTBvARAg HRE ARS br ShidNddidutAe] Di t
is equal to said condition indicator fromsaid préevious frane (911). Said
condi ti dA i ABulat or 20 updates value to zero if the value of said first
storage elenent is even and one if the value of said first storage el enent
is odd (912). Reading a word of survivor path information fromsaid

storage unit overRigrt Osshodis dhd embbdiflcol e0eake@NtadedfIhe tBadbdck 6?ﬂdﬁéﬂ on
i ndi cat or and sailg_tsecond storage el ement determ ne said nunber of state
f

| ocati on i n V&H @pits oF tadsymbple, Whishisebtpigingesaid rgsit aiputs. e3nid Hultishraneder 914

and 915).  includes initialize said first storage element, second storage element and third storage

15  element to zero, said condition indicator to zero, said counter value to said traceback |

length and said storage umit pointer to a constant (910). Said third storage element

updates its value in a manner that the least significant bit is equal to said bit location 1 of
said first storage element from said previous frame and the most significant bit is equal
to said condition indicator from said previous frame (911). Said condition indicator |

20  updates value to zero if the value of said first storage clement is even and one if the

value of said first storage element is odd (912). Reading a word of survivor path
information from said storage unit overwrites said first storage element (913). Said
condition indicator and said second storage element detérmine said number of state
location in said first storage clement to be right shifted and masked (914 and 915).
25 '

The operation continues with interchanging the role of said first storage element
with said second storage element. Said third storage element updates its value in a
manner that the least signiﬁéant bit is equal to said bit location 1 of said second storage
clement from said previous frame and the most significant bit is equal to said condition

30  indicator from said previous frame {920). Said condition indicator updates value to zero



25 The operation continues with interchanging the role of said first
storage elenent wth said second storage elenent. Said third storage

el enent updates its value in a nmanner that the | east sighiAugastr2000it is
equal to said bit location | of said second storage elenent fromsaid
previous frame and the nost significant bit is equal to said condition 30
i ndicator fromsaid previous franme (920). Said condition indicator updates
value to zero 9 2 August 2006 if the value of said second storage el enent
is even and one if the value of said second storage element is odd (921).
Readi ng a waf theofalwustvdaibsecpad Ktotagt @ldidnt &NeviehQiild oak df thetvahRasr dail fecond
overwrites said second storage el enment (922). Said condition indicator and
said first StUpesgeledpridsnddd8ir Retdingaa worbirbayrviypr pethtiaformatien §am; widai d

Sroond ot 9" et GEORMLR S8 LAl RO (ERoAdNERE oo o hnd

Al so, said valu conditron 1ndicato
excl usi ve- orsadpEsadtompe tlemper dasrminasadd denbérofgeite Baatthn ihasid decandt foruge

(950) The oS Baifihf Hhilied Spemigbot Elome S i SeLsee of srueon
el ement i ntigdicieNIQSmIhENBY ¢pd SRR efa?iBgeal% Z)eiéfgl?}?én Bﬂé? td g?lﬁgggi by

desired outputs that are 10 equal to the source e obt
reversi ng t hesulreiputs 927 dheaipetdtianedpeatsesutiltsaidTnumter rvalet desreagasoviztes an

efficient d per,f orm tracepack operation i.n .Viterbj decodi for
rate-k/n cgﬁé%ﬁm ﬁgﬁaf‘)k&o%f??ld %éptsg%a%e? & ggengfanpr (e bsﬁﬁflind i r?ﬁ?e??f%e%
further inphg¥¢RhbdiRs aifedeas YhObpethid Ripesl® ¢RMl) NIrHeh@H 2 idBsitdaColpiits thdt fRe
starting state is determ ned before perform ng the traceback operation to

obtain tiRe cquditpdie sousatdsta qild beeabiained byl uewessing éhehenddnaf saidneilauilated
conpl exi ti eg.&,q perform traceback operation by avoiding the usage of |ook
up tables in order to determne the desired outputs fromthe survivor path
information. The ability to separate the survivor 20 path information into
two basic conditi ?uns, with proper arrapngenent is the key elenent in_
_ This invention provides an efficient method to perform traceback operation in
Viterbi decoding for rate-k/n convolutional codes. The two stages of traceback
15  operation further improve the accuracy of Viterbi decoding wherein the error-free
starting state is determined before performing the traceback operation to obtain the
desired outputs. This method reduces the hardware and time complexities to perform
traceback operation by avoiding the usage of look up tables in order to determine the
desired outputs from the survivor path information. The ability to separate the survivor
20 path information into two basic conditions with proper arrangement is the key element in

this invention.
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this invention. 10 2 August 2006 WHAT IS CLAIMED IS: | . A nmethod for
perform ng traceback operation in Viterbi decoding for decoding a stream
of code synbols encoded using a high rate trellis code whermigust006
constraint 5 length of an encoder is K and the traceback length is in,
each of Kand in being a positive integer, said nethod conprising the
steps of. reading the survivor path information froma storage unit;
determning a starting state which is a state |ocation through which a nost
i kely path passes of the previous franme; iu obtaining the result outputs
by sequent i M’E‘y‘%ﬁﬁ&ﬁﬁ@ﬂﬁaceback operations on the current frame from
said starting state determ ned by said step of determning a starting
state; obtaining said result outputs which includes tail bits or tail

synbol s by 1sequeniicthol Yomssifoamnifigteadebak ko® REV kb BécodihgSet decodingant
frame fromsaid starfing 15 state defined as the state zero; and reversi-ng
the order ofredn @f spdapyrabply eaended aisinga bighgatsetrellingods whereit dier @ustinimiput s.

2. The net hed L ai in: ' ' t r i '
rate-k/n conv ugfgﬁgﬁb%dg&‘ef@%géde‘méﬁh%b%%g o]feé &Qg&%hn?oﬂ 0 d g?lbgﬁ%(?der
i s k and t hpositinbimtegef, said patiododongprishncthdeteps &: n. 3. The nmet hod of either

one of claiml or c¢laim?2, wherejn said step of reading the survivor path
“information fartF&™H aﬂ%ﬁqr%‘é’gr]?ar#é“éfg’é’&%m&fﬁ%ﬁéﬁoﬁ%?i“ﬁ&the order of said

survivor path foﬁeﬁﬁﬁﬁi@ta?sttﬁﬂﬁ%gtraﬁéiw%&ﬂ iw@tai%_tl@éa%on%ﬁohgg%icmf dgdiied on

said storage unit; assigning t (n- nost significant bits of every
current st apathgesseaptihs previonsifrangat h val ue; and

10 obtaining the result outputs by sequentially performing traceback operations on
the current frame from said starting state determined by said step of determining a
starting state; '

- obtaining said result outputs which includes tail bits or tail symbols by
sequentially performing traceback operations on said current frame from said starting

15  state defined as the state zero; and

reversing the order of said obtained result outputs to get the final desired outputs.

2. The method of claim 1, wherein:
said high rate treflis code is a rate-k/n convolutional code wherein the number of

20 input' of an encoder is k and the number of output of an encoder is n.

3. The method of either one of claim 1 or claim 2, wherein said step of reading the
survivor path information further comprises the steps of:

determining the order of said survivor path for each state stored and the state

25 location defined on said storage unit;

assigning the (n-1) most significant bits of every current state as said survivor
path value; and

dividing the trellis diagram into two conditions: odd or even which is determined
by said survivor path value and indicated by condition indicator. '

30
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dividing the trellis diagraminto two conditions: odd or even which is
determ ned by said survivor path value and indicated by condition

i ndicator. 30 2 August 2006 4. The nethod of any one of t ReawheCRdsNY
clainms, wherein said step of determining a starting state |location further
conprises the steps of: initializing first and second storage el enent to
zero, a counter value to at least five tinmes of said constraint |ength but
| ess than said traceback |l ength and a storage unit 5 pointer to a
constant; determning the condition of said first storage el enent and

updat e sai d % ondilhedpethodhaf @ aneof theaueseding ahaimg, Whespinsaidstent afrdgteeminiig t o

said first st Eﬁggg ] i i the .storage unit pointer; 10
determ ni ngsassgl Sﬁtg e@%“?@@#&%‘%‘ﬁ%@ﬁ@%%@ﬁ& id first storage elenent to
be right shift edpitishtihg ifing auddeomelkitorggs dlethehi foSters ! DEAGRerlaRFED at A8t
decreasing said. cour}t er. value Dby one; and determ ning said counter val ue;
15 and wher &% tRasPIspid rogsiraral ighgth hptlgss: than saichtreesbeek lanpth avd arstgrags enit by
i nt er chargi NRididiqo HRbAstAt; sai d first storage element with said second
storage elenent and vice' versa if said counter value is not equal to a
const ant val ue otdhErmirseg theeondicvmbt arid fivit lstorgyectlerent and Tipdateredidh oshdifiorany
one of the preceding clains, wherein said step of obtaining said result
outputs furt"?‘fg?a%ronpri ses the steps of: initializing third storage el enent

to zero, said cousifiy ¥YoHPHbM A ShrbiPaPBAid fiR(AbREBRRRM ShaShaeams, uni

pointer to a constant; determning said starting staté& from sai
val ue of sailf s5eregs enitpsintene of

10 determining said number of state location in said first storage element to be right
shifted;
shifting and masking said first storage element and decreasing said counter value
by one; and
determining said counter value;
15 and wherein said step of determining the condition will be repeated by
interchanging the role of said first storage clement with said second storage element and
vice versa if said counter value is not equal to a constant value otherwise the operation

wilt end.

20 5. | The method of any one of the preceding claims, wherein said step of obtaining
said result outputs further comprises the steps of:
initializing third storage element to zero, said counter value to said traceback
-lqength and said storage unit pointer to a constant;
determining said starting state from said final value of said previous frame of
25  said first or second storage element and condition indicator;
updating said third storage element wherein the least significant bit is equal to
said bit location 1 of said first storage element and the most significant bit is equal to
said condition indicator;
determining the condition of said first storage element.and update said condition

30 indicator;

12



25 said first or second storage elenment and condition indicator; updating
said third storage el enent wherein the least significant bit is equal to
said bit location 1 of said first storage el enent and the2mghsisioani ficant
bit is equal to said condition indicator; determning the condition of
said first storage el enment and update said condition 30 indicator; 12 2
August 2006 reading a word fromsaid storage unit to said first storage
el enent and increasing the storage unit pointer; determ ning said nunber
of state location in said first storage elenment to be right shifted,
shifting and masKeadnsawerd fremsaidtstoragreunt ormant firstigdage nlgmeai ahdtiheneasing

storage ele Ln.the least significant bit is equal to said bit
| ocation | gﬁé‘lggl @é@%g%ﬁj&g’[ orage element and the nost significant bit is

equal to said caetithingiy daitim@aelof sEied BEAXIdR if aild TRstGRREEd élamemifto B igdht
second storag_e eg! enment and update said 10 condition indicator; reading a
word from santt torage unit to said second storage elenent and increasing
the storgge unit I ; t k1 ' nber of state location in
sai d secgnd_storgg@ﬂg%r%ﬁsm?%%@rﬁﬁ%ﬁﬂagghllg?l?ed; 15 shifting and maski ng
sai d second st or agdatmigesaiinthirddedregareleiegt sheddinvhkUeasobigaidivdnt biois édudi eat or
to performex.((:il operation to obtain said result qutputs and

decr easi ng S &’lil bﬁ’c"g;l aPifesepgndotierase plgmeat @1dihe mest Sgnifcans bide pauphioue;

and wher ei ngggicAnditisPirdicatypdat i ng said third storage el ement wherein the
| east ’

determining the condition of said second storage element and update said
10 condition indicator;
reading a word from said storage unit to said second storage element and
increasing the storage unit pointer;
+ determining said number of state location in said second storage element to be
right shifted;
15 shifting and masking said second storage element;
determining said value of condition indicator to perform exclusive-or operation
to obtain said result outputs and decreasing said counter value by one; and
determining said counter value;
and wherein said step of updating said third storage element wherein the least
20  significant bit is equal to said bit location 1 of said second storage element and the most
significant bit is equal to said condition indicator will be repeated by interchanging the
role of said first storage element with said second storage element and vice versa if said

counter value is not equal to a constant value otherwise the operation will end.

25 6. The method of any one of the preceding claims, wherein said step of obtaining
said result outputs which includes tail bits or tail symbols further comprises the steps of:
initializing first and second storage element to zero, a third storage element to

zero, said condition indicator to zero, said counter value to said traceback length and

said storage unit pointer to a constant;

13




20 significant bit i.s equal to said bit |location | of said second storage
element and the nost significant bit is equal to said condition indicator
wi Il be repeated by interchanging the role of said first>sA@hagregl enent
with said second storage el enent and vice versa if said counter value is
not equal to a constant value otherw se the operation will end. 25 6. The
nmet hod of any one of the preceding clains, wherein said step of obtaining-
said result outputs which includes tail bits or tail symbols further
conprises the steps of: initializing first and second storage elenent to
zero, a third st oipdafingesaidrthntd storage element iwthersim thet least significaat bit id equakbtom,

sai d counter_wmal. to said traceback | ength an said storage unit pointer
to a const ar??*;Yia*ﬁF"faﬁ?i’gﬁsO? SYIJESt et © giegaﬁwd (o6 TR sieBHicgH! B dtveaal to
wher ei n t he shidashdisivgmdiégant bit is equal to said bit location | of said
first storage elenent and the nost significant bit is equal to said

condi ti on i ndi catisterminéngthgicanditon nEsard fidit tstopageciemsant dnd ipdate stid camiition

el enent gndiﬁl{}gﬁ&e said condition 5 indicator; reading a word from said
storage unit to said first storage el enent and increasing the storage unit

poi nter; deterni méadingsavdrdfioinanidatorsiaitt loarl fi@Nstdrags dlefhehi dndtin&tRiHYe
el enment to g%tri ht shifted; 10 shifting and masking said first storage
el enent ; up@TMHGESUWHEPRICED st orage el enent wherein the |east significant

b el Lo, dhhnd oS TSRO NGB RS
condi ti on of:hiﬁaq‘i;d second storage el ement and update said EL5 condi tion
e g <2 Mg R Task D o frschioragS Semens | © 5% @ second storage
updating said third storage element wherein the least significant bit is equal to
said bit location 1 of said second storage element and the most significant bit is equal to
said condition indicator;
determining the condition of said sccond storage element and update said
15 condition indicator;
reading a word from said stdrage unit to said second storage element and
increasing the storage unit pointer;
determining said number of state location in said second storage element to be
right shifted;
20 _ | shifting and masking said second storage element;
determining said value of condition indicator to perform exclusive-or operation
to obtain said result outputs and decreasing said counter value by one; and
; determining said counter value;
and wherein said step of updating said third storage element wherein the least
25  significant bit is equal to said bit location 1 of said second storage element and the most
significant bit is equal to said condition indicator will be repeated by interchanging the
role of said first storage element with said second storage element and vice versa if said

counter value is not equal to a constant value otherwise the operation will end.

i4



increasing the storage unit pointer; determ ning said nunber of state

| ocation in said second storage elenent to be right shifted; 20 shifting
and masking said second storage el enent; determ ning said2vabduet 2006
condition indicator to performexclusive-or operation to obtain said
result outputs and decreasing said counter value by one; and determ ning
said counter value; and wherein said step of updating said third storage

el enent wherein the least 25 significant bit is equal to said bit |ocation

| of said second torag}‘eo elﬁerre_nt and the npst significant bit is equal to
sai d condition i nthcECBIdWT Flage 3 opheacia sais step tafr deierrgning seideorden Fusthst

sal d 1St ShonagsiehauRl deh b Al st ol adenalgiRal and vice versa

if said counter value 1Is not "equa constant”val ue ‘ot ierw se t he
operation will end. 14 2 August 2006 7. The method of claim3, wherein said

step of detegym ni said.order further includes bit-reversing every .

current ande%iext F@%a{?gthf’?ln Oga%ﬂ%‘i’tl?qﬁfnér“vélqr bg W pad s ob detspyinisgahe

claim 4.5 5 d@hdiion Wh8Hig iy SRsbe dher i} Eith MR fighs o7: CONMI {1 0N OF said
Step p

first storage. el enent further conprises the S 0 ating the val ue of

sai d condition i rdda#nothet qluephHsaid comrbtiomindécatdr toadeth iff thetvalustadrsagefirst

elenent is : datin he value of said condition indicator to one
if the val ugsyogggesa%e'#%r%‘fen’ %ﬁ)rage el enent is odd. 10 9. The nethod of any

one of clains 4, updatingStheWrieeoNsdidicOnditi@P ificalG! B MifMbe WhRe MR fhﬁ?” of
said second storage el enent further conprises the steps of updating the
val ue of saiSH’r%%’rf‘g‘?‘F@Bl‘F?%i cator to zero if the value of said second
storage gl ement is even; and 15 updating the value of said condition
indicator to one if the value of said second

9. The method of any one of claims 4, 5 or 6, wherein said step of determining the

condition of said second storage element further comprises the steps of:
- updating the value of said condition iﬁdicator to zero if the value of said second
storage element is even; and
15 updating the value of said condition indicator to one if the value of said second

storage clement is odd.

10.  The method of any one of claims 4, 5 or 6, wherein said step of determining said
number of state location in said first storage element to be right shifted further comprises
20  the steps of
right shifting said number of state location which is equal to the value in said
second storage element if the value of said condition indicator is even; and
' right shifting said number of state location which is equal to the summation of
said value in said second storage element and a dependent constant, if the value of said

25  condition indicator is odd.
1. The method of any one of claims 4, 5 or 6, wherein said step of determining said

number of state location in said second storage element to be right shified further

comprises the steps of’

15




storage elenment is odd. 10. The nethod of any one of clains 4, 5 or 6,
wherein said step of determning said nunber of state location in said
first storage elenment to be right shifted further conpri sesaugit 2008 St eps
of . right shifting said nunber of state |ocation which is equal to the
value in said second storage elenent if the value of said condition.
indicator is even; and right shifting said nunber of state |ocation which
is equal to the summation of said value in said second storage el enent and
a dependent constant, if the value of said 25 condition indicator is odd.
11. The net hod ofrightyhidties edid ciumibes ofl sta locatBn whieh és eqwhital thet egiuoin said

det er m ni ng i r of.state l.ocgtion.in.said second storage el enment
to be right fglﬁ{l g?rggg%ﬁeﬂtel%thegs Of S8 pRYtign gksﬁléca lﬁ‘?{epzqn-d_- oee-- 2
August 2006 i ghigtsRhiflinggnié atbaUsakte AbcatibA vihiPFagu@NtoWhE GhmhSriegual to
the value in said first storage elenent if the value of said condition -

i ndi cat or i el eHue #hepid ifigsistearnes elemgnt andi a migntrslentogonstant, of fhecealiconf seid ch

i s equal Stoéoﬂﬁit'%ﬂ'ﬁ[ﬁ' Ld said value in said first storage el enent and
a dependent conslt an , #(?n?ﬁzéd‘val ue of said 5 condition indicator is odd.

12. The method of either one of clains 5 or 6, wherein said step of

det er m ni ng ) aid, val utggi)f conditiop indicator further conprises the steps
of : performlfg exdedusthed of cifisepng plotlaims: ek veherein shtl stepsi shetsgminingssnicht

and said 1Q{afdero?tcol§&iﬁéﬁﬂlﬁic%{0??fﬁ{%rE&ngﬁ%:sglgé.rg%éseiﬁ‘yl t outputs if the value

of said condition indicator 1's even; m ng excl usive-or operation
bet ween sai d t hi pérfetmuing gaclekiserenbpemntos dietweeh isait thivtl ctage: ckmerinindagyid a

D Eig | ?ﬁl:i;tcstgrgggeeltémg&i tg gréte ssalilc!l }es?lﬁto%ltjl;[u%s iffthé \r/]aelue\al g% gae{‘d ggn it?(in{j indicator is
even; and |
performing exclusive-or operation between said third storage element and said
first storage element and a dedicated logic to get said result outputs if the value of said
condition indicator is odd.
15
13. The method of either one of claims 5 or 6, wherein said step of determining said
value of condition indicator further comprises the steps of:
performing exclusive-or operation between said third storage element and said
second storage element to get said result outputé if the value of said condition indicator
20  is even; and |
performing exclusive-or operation between said third storage element and said .
second storage element and a dedicated logic to get said result outputs if the value of

said condition indicator is odd.

25 14 The method of either one of claims 10 11, wherein said dependent constant is the

value of said total number of states of said encoder divided by two.
15.  The method of either one of claims 12 or 13, wherein said dedicated lo gic has (n-

1) bits which the value depends on the nature of said encoder.
30 '
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condition indicator is-odd. 15 13. The nethod of either one of clains 5 or
6, wherein said step of determning said value of condition indicator
further conprises the steps of: perforning exclusive-or opesahisppodset ween
said third storage elenent and said second storage elenent to get said
result outputs if the value of said condition indicator 20 is even; and
perform ng exclusive-or operation between said third storage el enent and
said second storage elenment and a dedicated logic to get said result
outputs if the value of said condition indicator is odd. 25 14. The nethod
of either ont-of 4mgthed o performing pdiapetagk dpetetiemibeViterbiodsbding forsddchding
val ue of sai I er: stat es .of. said.encoder divided hy two. 15.
The met hod o%j S]tér? eorfn‘l(')ﬁr?e3 % af(I: > & s TFOg, C%Pmmragﬁ??sg gﬁd“@%cﬁcﬁ’ﬂ@ﬁ“ﬁéﬁi c
has (n- 1) bierformirigatactieek vpbratotlapedelirn bk spalind Sorfa sbad thrQEHOHGER 4 30
16 2 August 2006_.16.- A nethod for perform ng a traceback operation in :
Viterbi decd¥i @fﬁﬁﬁev@éggamﬁﬁassﬁs-stream of code signals, said method
conprising at |least the step of sequentially performng traceback
operations on a current franme starting froma state through which a path
of a previous franme passes. 17
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