~200200810-0 1 5 FEB 2002 Traceback Operation |;2\Qtp% oﬁii@g—f@r
Rat e-k/ n Canvol utional Codes Field of the Inve € EBJQ ention

_relates generally to inprovenents in traceback operation i terbi

“decoder that is used in decoding rate-k/n convol utional codes or trellis
codes. The present i nvention is applicable to the inplenentation of Viterbi
decoder in decoding the Trellis-coded nodulation (TCM. A typical
application of this invention is decoding of the encoded TCM synbol data
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achi eves err r gl?}s(m ssion by addi ng enough redundancy to the source
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code encoder having two tinme delday units (210 and x(n) i1s
and Q0(n) andetiqrk) are the encoded outputs. The rate of the convol ution

encoder ig defined as the nunber of input bits to output bits. This system
has | input and 2 outputs thereby resulting in a coding rate of %.
Background

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) cireuit (110) and a
traceback 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 G1(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 %.

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



Jts nunber of delay units determ nes the nunber of states of a convol ution
coder. For a | systemwth k delay units, there are 2k states. There are 2
delay units in this systemand therefore, there are 22 = 4 states. The
‘system bl ock di agram can be expressed with the followi ng equations: 5
A(n) = x(n) + x(n-1) + x(n-2) G1(n) = x(n) + x(n-2) If there are in

i nputs, then there will be 2' state transitions. The total nunber of state
transitions at a point in tine is the product of the nunber of state
transitions and the 10 nunber of states, 2+k Figure 3 shows a trellis

di agr am of t hgystess WitE ddlayiritd] Meré add12'Clated) Thidand D @elay nitd it tistsystamiandons.
.Each node in t%e trellis dijagram (310) denotes a state at a point in tine.
'The branches thsrefere: theg arhe Tdstes.denote the state transitions (320). The
~State transitions are independent of the systemequations. This a
~consequence of including the input, x(n), in the state definition. In
certain systenms, d&he systemoblock diagrem cai be expressedhwith the foklowsing equstipesit ed and
may require special consjiderations it h decoding is conposed of an
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things are done in ever Glgyahgh) + Rfns2)val (Refer to Figure 2, 1 synbol =1
I nput bit = 2 encoded bits): the accunul ated netric or path 20 netric,
which is the addition between the correspondi ng branch netric and the path
metric of the ori giffitree mlifpils, theh théte il e 2 slald rBRidnS  BhStoR Auinbér of
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| ength of the traceback is typically . . . _
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
incoming path, which is also called survivor path for each state will be stored in the
storage unit. For the examiale 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 length of the traceback is typically

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



30 chosen as 5 tines of the constraint |ength. Traceback uses the survivor
path information 2 fromthe storage unit to derive an optiml path through
the trellis. The starting state for the traceback operation is either
"known or estimated to be correct. During traceback operation, the survivor
path value is sent to the decoder output and the originating state of the
survivor path is determ ned. The nunber of repetition for this process is
equal to 5 the traceback |l ength. A nore exact nmethod is to wait until an
entire frane of data is received before beginning traceback. In this case,
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rate-k/n convolutional codes or trellis codes. Figure 4 shows an_ exanple
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and tine takeﬁhﬂuqu)pcess to get the desired output of the decoder. 25 The
problemto be solved by this invention is to develop a new nethod for

15 As described above, the traceback operation for a rate )2 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 in 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 get the desired output 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



:traceback operation having |l ess hardware and tinme conplexities than the
nmet hods described in the prior art to decode a rate-k/n convol uti onal

~codes or trellis codes. 30 Sunmary of the Invention 3 There is provided a

“method for performng a traceback operation in Viterbi decoding for
decodi ng a stream of code signals, said nmethod conprising at | east the step
of sequentially perform ng traceback operations on a current franme starting
froma state 5 through which a path of a previous frane passes. The new
met hod of perform ng traceback operation for rate-k/n convolutional codes
or trellis codes, for exanple in Figure 5 (510) is described as folloms.
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15 Two stage of operation is needed to obtain the desired final outputs. First stage is
the error-free startiﬂg 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 ealculation stage. Said second stage uses the same
means that performs said first stage operation and other additional means. Said
additional means are a third storage element and a dedicated logic means.

25

A description will now be made on the operation of the traceback operation
invented for viterbi decoding. Said step 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

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



:invented for viterbi decoding. Said step of determning a starting state

| ocation begins wth initializing said first and second storage el enent to
zero, said counter value to at |least five tines of said constraint |length

“but less than said -traceback | ength and said 30 storage unit pointer to a

constant. Said condition indicator updates value to zero if the 4 value of
said first storage elenent is even and one if the value of said first
storage elenent is odd. Reading a word of survivor path information from
said storage unit overwites said first storage elenent. Said condition
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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



- Also, said value o

-el ement to be right shifted and masked. 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 nanner
“that the least significant bit is equal to said bit location 1 of said
second storage elenent fromsaid previous franme and the nost significant
bit is equal to said condition 30 indicator fromsaid previous frame. Said
condition indicator updates value to zero if the 5 value of said second
storage elenent is even and one if the value of said second storage
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- storage unit overwites said second storage element. Said condition
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Brief Description of the Drawings

Figure 1: Illustrates the block diagram of a Viterbi decodér.
15 '

Figure 2: Illustrates an example of a convolutional code encoder having two

time delay units.

Figure 3: Illustrates the trellis diagram of the system shown in Figure 2.

20
Figure 4: Ilustrates an example of a rate-2/3 TCM encoder with 3 time
delay units. '
Figure 5: Hlustrates 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.



Figure 5: Illustrates the trellis diagramof the system shown in Figure 4.
25 Figure 6(a): Illustrates the nodified trellis diagramafter bit-reverse
met hod and separates into odd and even condition. Figure 6(b): Illustrates
the position of the state |ocation, which stores the 30 survivor path
information. 6 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: Illustrates the
operation flow of the result output calculation stage w th consideration
of tail bits or tail synmbols. 10 Detail ed Description An enbodi ment of this
invention is shown in Figure 7. Before the Jeah t raceback perati,on
begins, the order Jfig¥Rd: sur Vilusgatep the qnsration How: g dhes egPEHee StatiRe ST age
unit need to be arranged i”cﬁ%ﬁﬂﬁéh _shown in Figure 6(a) and 6(b). Each
state location 15 will have 2 bits to 1ndicate the survivor path. The
arrangenent is nmade successful by bit- reverse every state of the trellis

diagramin Figure 5.and.categprize Lt to t. , '

even. The definiti %,}glg]e 8()dd gﬁus&%ﬁmeﬁp?@hé\ﬁ)gg\%% g)%% rf:gg‘ﬁ’%@é&@%ﬁll@gogl S?}g'rmst
significant bits of every current state (610-680). The order to read the
survivor path is fromthe tajl to the tip of the arro 610- 680) ..
According to Fi gur FIB{EY: thgilpséqaiesgheo@eg%ogﬂowhg‘ ?@Whﬁ?@@ﬁ@é@f’g stage
even condition while the rigRlirsdoSidthtidd\6r 8l BRY il SRYoRsent s the odd
condition. The 2 bits will represent the survivor path and stored

accordingly to the predefined state |ocation (690). The operation of the

enbodi nent g, sh ol ' 7 is now explained. Said step 25 of
determ ni ngoa @ ar"?ﬂ’g’“sﬂéﬁ’é‘ | ocation begins with initializing said first

and second storage elenent to zero, said counter value to at |east five
times of said const Af iereroc!liren%gtt &‘ 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,
which are 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



but | ess than said traceback | ength and said storage unit pointer to a
constant (710). Said condition indicator updates value to zero if the

val ue of said first storage elenment is even and one if the value of said
first storage elenent is odd (720). Reading a word of 30 survivor path

i nformation fromsaid storage unit overwites said first storage elenent 7
(730). Said condition indicator and said second storage el enent determ ne
said nunber of state location in said first storage el enent to be right
shifted and nmasked (740 and 750). Said condition indicator updates val ue
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information fr ﬂﬁht%ﬁ't&' a&ioﬁétaﬁe(slllw tSaRN%luésl bie§a1d FiétCorf debsiid &bﬁ"g@%nfén@@ﬁd‘t

(813) Said condition indicator and sai d second storage elenent determ ne

sai d nunber of condition indicator of Faid spipviows fiames dejermjnese Paidesiarting state (qfgsaid
shifted angs mgketack&péraabs! ($155)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 (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

20  (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



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 manner that the least significant bit is
‘equal to said bit location 1 of said second storage elenment fromsaid
previous frame and the nost significant bit is equal to said condition

I ndi cator fromsaid previous frame (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 storage elenent is odd (821). Reading a

word of survi ¥@faghaldment s06dWB82P)) ReMgSawdrd 6f QUrdler path tinforRdtivni frdn saidi d
.second storage elggment (822). nglqd concFStlon I ndi cat o?ﬁgnd sai,d first

storage el enestorageuait pveravrises sgidserend sterpgeselament| (322); iSgid sondition dndieateyand
_Storage el eng hfﬁ&gtb?ar% e@éﬂlen%ﬁ binfifle 806 n Eéed} s(a@@l%?ﬁm ﬁ%ﬁh seddnd Qtorae! d

val ue of cond| I on cat or eterm nes t excl usi ve-or
operation to plenfeot tn bmnghtc&lﬂetdoar@enaskad @823 m;iu$24).01A1§Iutsgld(%&) of cimdition
operation repea sai glrcount al.ue decr

rol e of sard F‘?‘ﬁ%afor ‘i etsrmines e lyRn T SHAUSIYEoF ER agqua gtp %’ég E'g?rél(r?e Phet sdid®
i nter changes wWaiaR@uuts (8250 PFhébperatisreRpadts ubiidddld c&iih&arf“aliﬂlded&ﬁske& @6l zero

outputs that are &ual to the source data_coul d be qbtai ned by reverS| ng
the order of 830 cdheurolg of saidh firgtsstorage mleqnent andsspidsseeond sioEagg Nty
the second st aggrch %g&?%hkﬁe%ﬁﬁﬁ%e%@ﬁ %ﬂeﬁt’g (82“))t |'Iﬂe3iullal labilﬁadcﬁutﬁlﬁé that are
symbol s, which I's obtaining saidresult "outputs. Said initialiZing step

i ncl udes i nit ieghdlze tbealseurcet date ogulglrbﬂ;ebteinedrémrevemcgwrﬁhp grder aljéalélfélmlﬁedand
third storgger%sg eI enent to zero, said condition indicator to zero, said
counter value said traceback Ilength and said storage unit pointer to a
constant (910). Said third storage el errent updat es its val ue in a manner

that the |east SIgLfIC bit is equal sald t |1oc

first storage el e géh‘?‘gﬁp’ﬁ o P’&‘H@ ? St?g'i’e %E%agquﬁﬁf f’?%%fﬂ“ bi t
is equal to S#itkalt @ﬁ@ibxtﬂan@ymwls GafieH is bbRMisdail REGYOApgs.f SaAditidizing stepai d
condition indicator 20 updates value to zero, if the value of said first

st orage el emertclpdes dnigiplizensaich fist jstoragg cclement, ecend Harage element andotbird starpgsnent
is odd (913). JReadt B z&o0 ehid cOidiet Midkafor R zbho, said counter value to said traceback

length and said storage unit 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
26 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 (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 determine said number of state
location in said first storage element 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 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 (920). Said condition indicator updates value to zero



.information fromsaid storage unit overwites said first storage el enent
(913). Said condition indicator and said second storage el enent determ ne
said nunber of state location in said first storage el enent to be right
"shifted and nmasked (914 and 915). 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 manner
that the least significant bit is equal to said bit |ocation 1 of said
second storage elenent fromsaid previous franme and the nost significant

bit is equal if theS@hit sTRAT debdtid stlagdélemantas ebdnomdSeneds fhealahRUS shidag#Bondd20) .
- Said condition indicator updates value. to zero 9 if the value of sajd

. e & .
second st or agoragecelementiis odd, (92 1% Reading prward of survinor pathsinfogmation frem saidor age
element is o ' : i td:d til sai d
atorage uni ¢ Sertg¥thit oVeRL Gid UBH sBlag? WHcHORIPR!Shid Sl et 08 °°
i ndi cat or andsaidsfitstistérages¢lerens datgemink said mumber eff stite éocgtidndinrsaidinecondfstaraget e

(923 and g2aennord 36 B8 et JAEw: edTH o o Bl by e bl BRI e
of excl usi ve-indicsiped@érntinestthe Bpelofretlusive bt BperitionOetpesfoinl in bRttt gatsaldut s

(925). The operation repeats until said counter yalue decreases to zero
(930). The rd‘F%ﬁto‘P“tB'gf 2&‘5 r dihe Opgratign "%Heéﬁ%é’l‘?f‘iaéﬂi couyyter ‘é”i‘f?oﬁ?ﬁ?“’é‘f%rtagz@m

el ement i nt qosdyangms YENRY §lid LSt QiRipR! LieRedteRiGRstid( S48Ad stdispel Eledlent
desired outputs that are to equal to the source data coul d be obtai ned by

reversi ng t hentgrahangesfwhsnevgr ¢hel eperationdrepaatss(0). The Snalrdesined owipys dhat @ees an
Fficent. It ! ) . .
ot eckin Sonna foon bl Huba' GREPBE bRRRKTY Rlersily d HELP lof SR ASe

further inpraeslthe accuracy of Viterbi decoding wherein the error-free
starting state is determ ned before perform ng the traceback operation to
obtain the desired outputs. This nethod reduces the hardware and tine

conpl exities to perHi®iVentidnoHrobiIek a® Rfcidnk Pibtidd AVSUrfdkd Grackifack Dpétatied il 00k
up tables in order to determne the .
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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desired outputs fromthe survivor path information. The ability to separate
the survivor 20 path information into two basic conditions with proper
arrangenent is the key elenment in this invention. 10 WHAT IS CLAI MED | S:
1. A nethod for perform ng traceback operation in Viterbi decoding for
decoding a stream of code synbols encoded using a high rate trellis code
wherein the 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; wAAICLAIMMEDSIS2rti ng state which is a state |ocation
-through which a nost likely path passes of the previous frane; 10

obtaining the result outputs by sequentially performng traceback

e o ony £ heACHERSTE R SRR ML O IR

said step of ermnin out puts
whi ch i ncl udestrd:am bf bodessymbotsa¢ricodedmimingsa lhj,gh mizqnellis icadd whereinf the wonggraint

traceback atjons on s |d.c fra said startl tate
er s ned. asst nisnghopbas gngpeisck dche Rk IGRIEE B A of Biang bRt 8,
outputs to gepogmfeﬁltegat smﬁm@dcaﬂp@sﬁgsmest% sdhe nmethod of claim1,
wherein: said high rate trellis code_ is a rate-k/n conyol uti onal code

wherein the nunberreﬁfhngﬁ?ﬁuﬁﬁmrpéﬂ‘15??“@%&@9‘“%”!%&%‘% he nunber of out put
of an encoder is Ndetdmidilg aRIRPARE WhidhiSh sRRLIoldti oﬁlrtlr?rt'gt[% wﬁlf'ch%l rﬁéé’t”l&ely

wherein said step of readln the survivor path |n 0 urt
conpri ses thepsﬂ‘l@pasebﬁfthepl@kuﬁfrﬁge‘t he order of said survivor path for each

asei gni ng Phe- (n- 1yoABLE B oAl BERE B rethiARy epfoRihe uitSediions ang
survi vor 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 trellis 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

u A0 T



.path value; and dividing the trellis diagraminto two conditions: odd or
even which is determned by said survivor path value and indicated by
condition indicator. 30 11 111111 fill 21111111 IN S 4. The nethod of any
“one of the preceding clains, wherein said step of determning a starting
state location further conprises the steps of: initializing first and
second storage elenent to zero, a counter value to at least five tines of
said constraint length but | ess than said traceback | ength and a storage
unit 5 pointer to a constant; determning the condition of said first

storage el ement anghewRiRddeofany dn€ontle ptedtding Sldineaivherein’ sariktéiOofadetdmthidg om
. said storage unit to said first storage elenent and increasing the storage
unit poi nt er ;a sttipgstate focatiomfusthercomprpes thesteps oft e | ocation in said first

storage el ement tqléi'ﬁglizriﬁ%ﬁkt aﬁmcbg&i ;stoﬂr%iefeﬁén%]t @&Qerg,eé KouterSald fol di ast

storage el ement and decreasing sard counter value by one; anIl det erm ni ng
sai d count er fineltinees of Saidrednsiraimt déngthshait dess thap said trhsebackilemgthopndiresteragaiimit on
will be respeate b(g 'nier,changi ng the role of said first storage el enent
with sai dsedSH8s 8r°3‘ésan enent and vice versa if said counter value is

not equal to a conktieafiningsthe comlitisi off sarl filsestorage elemeitit andiuptate ssid cafdiion The
nmet hod of any, g,ne of the preceding clains, wherein said step of obtaining
said result OB#GHPS further conprises the steps of: initializing third

storage el ement t Qezfigs word Forh 90 sBiragéainitQo s4d Frdt dtokdR hirBKand increasing
the storage unit pointer;
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 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.

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
length 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;
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lLength and said storage unit pointer to a constant; determ ning said
starting state fromsaid final value of said previous franme of 25 said
first or second storage el enent 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 element and the nost significant bit
Is equal to said condition indicator; determning the condition of said
first storage el enent and update said condition 30 indicator; 12
1111111211211112121211 M ILILEITTTTTT reading a word from said storage unit to
said first storage r&lifigaiwordTrbnh 544 SdPdg Ginit té Said Fitkt 8@Eagy BleineROand iRéreasing
determ ni ng said nunber, of state location in said first storage el enment to
be right shi fthesforage umt peintey and nasking said first storage el ement;
updating said thir I POSE 843 WPkt ShdBd il teo Bk tof
‘equal to said bi t%ﬁ%&r@@ﬁ%ﬁsa@@@ég?d seg%c'ra\t&{s]?logr age teﬁglq n%lblg?\lgt?lﬁgh tzt
significant bishifted; equal to said condition indicator; determning the

condition of said second storage el nt and, update said to condition

i ndi cator; °r eadi ng$ ﬁi\’ﬂ%ﬂ’%ﬂ?ﬁﬁﬂgé‘i‘ﬂ%ﬁ&%@g elfffreflet o said second storage

el ement and i ncreapldtihgtsaRl thir@shit9gelélerherl Gilithdih the leae tsipnificahibit $eqhahtorber
of state location.in said second storage el enent to be ,ri%_ht hifted; 15
shifting and riaikbitigcationd ofseihyeendsstorage deraent and theapest signilicant bifiis equal th of
condition i ndisﬁﬁf&%ﬁ%ﬁﬁnﬂﬂi&ﬂfr{” excl usi ve-or operation to obtain said '

result outputs an ecreasi ng said counter value by one; and i
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;

T



determ ning said counter value; and wherein said step of updating said .
third storage el enent wherein the least 20 significant bit is equal to
said bit location 1 of said second storage el ement and the nost

'significant bit is equal to said condition indicator will be repeated by

i nterchanging the role of said first storage elenent with said second
storage elenent and vice versa if said counter value is not equal to a
constant val ue otherw se the operation will end. 25 6. The nmethod of any
one of the preceding clains, wherein said step of obtaining said result
out puts which i ncl ygpgng 34il third StoRige leftintent WHBIRINSthb Uédsh Signigioaie bitSie eqlidl o
.Steps of: initializing first and second storage elenent to zero, a third
storage el emesid i loeation 1seff said: firstistoragn element andothe repsh sigpificant;bit is sgualde

val ue to said_t.f . .h and said storage unit pointer to a

" const ant; .11%&%@%‘?&1%&%}4 LTI Errrrrtl 13 ro s *Il updating said third
st orage el enent whdetainining ¢chd @adition iofj said ifirst stordgetelensené guchbpdate saghdosdition

| ocation 1 _of .said first storage el ement and the nost significant bit is
equal to daj PYBHY: tion indicator; deternini ng the condition of said first
storage el ement angeadingatveord Fokh seid stofalg® tnit to daitPifikBstorage Elementpd dncresihgf r om
said storage unit to said first storage el enent and increasing the storage
unit poi nt er; tReHAAgA ynitRPiNde d nunber of state location in said first
storage el ement t 0qemih 3 said SobbbCEY statl1oRBidd inWiaPHite Stalel dlémarbnd gt
storage el enent; updating sard third storage elenent wherein the | eas

si gni ficant bishifted; equal to said bit location 1 of said second storage

el enent anl(g t he m%ﬁiﬂnsﬂggagh];ﬁagl?iﬂésa%hrskgtorea lejgfemtegt; said condition indicator;

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 second storage element and update said
15  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;
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.

_
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.determ ning the condition of said second storage el enent and update said
“15 condition indicator; reading a word fromsaid storage unit to said
second storage elenment and increasing the storage unit pointer;

"determ ning said nunber of state location in said second storage elenent to
be right shifted; 20 shifting and maski ng said second storage el enent;
determ ning said value of condition indicator to perform exclusive-or
operation to obtain said result outputs and decreasing said counter val ue
by one; and determ ning said counter value; and wherein said step of

updating sai @t hi Mie Shethéd of RlaAHE3)t whdt€inedaitl 58 dfaRfdimintiy Sdig rddrCaftheri t
.1s equal to said bit location 1 of said second stora?,e el ement and the nost
signi ficant bngludes biyeyarsingevery epreahandmeststate i ambol igteryalpe 1 epeat ed by
interchanging the role of said first storage elenent with said second

" storage elenent and vice versa if said counter value is not equal to a
const ant val B ot [Thewethod: dfeanypoe af claimsd, | oréipavherein saiid step of detdrmining thes ~ ~

MI111111111 7. ..Lhe t hod, of claim 3, erein.sald step.of determ ning
sai d orde foPP‘Ng?n °f%b$ﬁ'i§%§°%ﬁa?@ﬁ&%éc%t{}%r?sﬁs gﬁrsfeggﬁf'and next state in
a synbol interval updatinghthe velubaf said conyition énditaterl tol o i, th® valie ©f sudefirsi n

said step of detere:]n ning the g condition of said first storage el enent
further conprif®ase e'qpent issyen; updating the value of said condition

i ndi cator to zero ubﬁatidgethé‘ ke dtfsaritddhditioh ShdicatbOtoPSR F1tREPMbe lof sSiveist and
updating the value of said condition indicator to one if the value of said

first storagéoragesaiemant ispdddd. 10 9. The nethod of any one of clains 4, 5
or 6, vvhe{oei n said step of determ ning the -

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 indicator 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 element 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.

11.  The method of any one of claims 4, S or 6, wherein said step of determining said
number of state location in said second storage element to be right shifted further

comprises the steps of:

* c L N § *
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.condition of said second storage el enent further conprises the steps of:
updating the value of said condition indicator to zero if the value of said
second storage elenent is even; and 15 updating the value of said
"condition indicator to one if the value of said second storage elenent is
odd. 10. The nethod of any one of clains 4, 5 or 6, wherein said step of
determ ning said nunber of state location in said first storage elenent to
be right shifted further conprises 20 the steps of. right shifting said
nunber of state location which is equal to the value in said second

storage el ement i frighbehiftdlgURidhuriir &f GRitslidchtivh Whith 49 tQial t6 tiR\Wilie @andid i ght
.shifting said nunber of state laqgcation which is_equal to the summation of

sai d val ue i nfirsksterageelement ifthe ¥ajue of seidsonditiny indicatosds@yenrandonst ant, if the
| tloaid oe o SUDY O3 . . : f
. value ol sai r\%gigg]’uhh%rkal It g Fia%elggﬂron]v}hlcﬂ_ﬂeeﬁgf ﬁﬁﬂ%g&ngﬁﬁoﬁﬂﬁ 0

clainms 4, 5 or 6, rein-sail ermning sal state

| ocati on i n ssidivalec anshid tfiost stpragel alersent and abdepeidght caristant, dfi thieuvaluecef said
conprises the st s.q%: 15 L i 11111211111212132 11 bYEl right
shifting sai dendian AR | ocation which is equal to the value in said
first storage elenent if the value of said condition indicator is even; and
right shifting said nuer}Eer of state |ocation which is,equal_to the )
summat i on of ai diheanethod pf eitherjone ofclaigs éroé&ewg?rél?é‘ﬂd steppoffetrmimingsaid

constant, if &%Mﬂﬁﬁ&iiﬁ%grﬁmh@p{émﬁrv\}?%:b%b§%OI‘ is odd. 12. The

met hod of either one of clains 5 or 6, wherein said step of determnin
said value of corptrformingiexdusive-or operatidnebetwesnpsaid third: sterage element and sai

R e
sai d conditi ogwvenyahdcator 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 outputs if the value of said condition indicator
20 iseven;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 logic has (n-
1) bits which the value depends on the nature of said encoder.
30
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-perform ng exclusive-or operation between said third storage el enent and
said first storage elenent and a dedicated logic to get said result
outputs if the value of said condition indicator is odd. 15 13. The net hod
"of either one of clainms 5 or 6, wherein said step of determ ning said

val ue of condition indicator further conprises the steps of: performng
excl usi ve-or operation between said third storage el enent and said second
storage elenment to get said result outputs if the value of said condition
indicator 20 is even; and perform ng exclusive-or operation between said
third storageeéel enehicthad dosgirfdrmigaafideldcR opéati®l prveikirbiadtdoding fuitidecddirtl
.logic to get said result outputs i f the val ue, of iaid condi tion indicator

is odd. 25 14 Sten Qfcade signalg said methed semprisingrat iegst; the stpp. of jspauentiaily

dependent co ol i ®ladle %%eﬂo i
"~ encoder divi gggﬁﬁﬁmg\?\rg%&%%kyp#%ﬁprg%gghlg?&elthesr one o‘?fa(?l&gfﬁr}lsﬁl%gfwg?‘ﬂlg, _

wherein said m&mtéqzrewdomﬁgammsss( n- 1) bits which the val ue depends on the
nat ure of 5sai d encoder. 30 16 I111111aN1211212 (bt ererrrrrrtlr 16. A nethod
for performng a traceback operation in Viterbi decoding for decoding a
stream of code signals, said nmethod conprising at | east the step of
sequentially perform ng traceback operations on a current frane starting
froma state through which a path of a previous frane passes. s
tererrerererrerererrr mMmrr1111111 17
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