A METHOD ‘OF CALCULATI NG | NTERNAL S| GNALS FOR USE | N A MAP ALGCORI THM FI ELD
OF THE I NVENTION This invention relates to the method Tor Talculating

internal signals used in a MAP algorithm nore partic not
exclusively, for use in the max-1og- MAP (maxi num a posm W ”W ’M”’Igori thm
BACKGROUND OF THE | NVENTI ON The max-1 og- MAP decodi ng al gori a

sinplified version of the MAP decoding algorithm which i$%¥fso known as
t he BCIR decoding algorithm The max-log-MAP is used to decode a

o hode | RMESHIBVE CALEOIANANG INPRRIPAL SOAALS Kot UsRIPUIMARE oct 1

met hods. A main application o MAP decoder 1s in the decoding
of turbo codes, which are generat q%ﬁﬁh% wo parallel concatenated
convol utional encoders. Two nax-légf oders are used as comnponent
decoders in the turbo decoder. Today, turbo codes have becone established
as an inportant nmethod of channel coding in the third generation wreless
nobi | e conmuni cati on techni cal specification. However, as tine progresses
and denBHELPOF THEINYENTIANe communi cation increases, the turbo decoder
is burdened with the task of performng with very high processing speed.
| mproving the speed of the conponent decoders 2 of the turbo decoder,
i.e. the max-1og- MAP decoders, is the key to increasing turbo decodi ng
This invention relates to the method for calculating internal signals used in a MAP algorithm,
more particularly, but not exclusively, for use in the max-log-MAP (maximum a posteriori)

algorithm.
BACKGROUND OF THE INVENTION

The max-log-MAP decoding algorithm is a simplified version of the MAP decoding
algorithm, which is also known as the BCJR decoding algorithm. The max-log-MAP is used to

decode a convolutional encoder. It is one of the more popular soft output decoding methods.

A main application of the max-log-MAP decoder is in the decoding of turbo codes, which are
generated using two parallel concatenated convolutional encoders. Two max-log-MAP
decoders are used as component decoders in the turbo decoder. Today, turbo codes have
become established as an important method of channel coding in the third generation wireless
mobile communication technical specification. However, as time progresses and demand for
high data rate communication increases, the turbo decoder is burdened with the task of

performing with very high processing speed. Improving the speed of the component decoders

e
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"speéd. The conventional max-1og-MAP algorithmw || now be described. At the
i nput of the nmax-1og- MAP decoder are two kinds of received signals:
received systematic synbols X and received coded synbols Y. Athird

possi ble kind of input signal is a |anbda X signal fromthe previous

max- | og- MAP decoder output if iterative decoding (turbo decoding) is

appl | edof the@eBo HeBoHRE Si. kiR Maglod-MA®ARUEs! ATRYRey B inkfabifg tlﬁﬁé %e&icdlﬁg” bo
decodi ng, new | anbda val ues. Several inportant internal sigRals of

max-1 og; MAP are defined: a, (3, and Y. a and R are conputed recurS|ver -
i.e. the conputation of the internal signal a or Rat a synbol sequence t
needs the value of the internal signal fromthe previous, for a, or
following, for (3, synbol sequence (t-1 or t+l). There are two types of Y
values: _YO is aSSOflat?d with the probability of a systematic synbol X
bei ng bithe eenvpiiqnal paxilag-YAAR alegritum Wil Rowive descsibsdi 1 ity of the systematic
synbol being bit 1. Y is conputed using X, Y and the | anbda fromthe
previ ous nax-| og- MAP decoder output, denoted by X p. Signal Y is

cal cul ated according to a trellis diagram Table | gives and exanple of how
YO and AYlhe gnpuerofsthat max-log-MAP cat@lst aredwobrkiads 8f st@liedr sighdlsi VRceived
systemati c convolutional (RSC) encoder with the follow ng transfer

functi 0§ysteﬁrilat1cg?'ﬁ1%l'59@m fec¥Ved Sod#d PhbarsBE %@%ﬁbl&én&&ﬂh@& m%rﬁll {she

above pol ynom a he Ds describe a set of different Hamm ng d ances
lambda A signal from the previous max-log-MAP decoder output if iterative decoding (turbo

decoding) is applied. These signals are used to compute lambda, or in the case of turbo
decoding, new lambda values. Several important internal signals of the max-log-MAP are

defined: o, B, and Y.

a and B are computed recursively — i.e. the computation of the internal signal a or B at a
symbol sequence t needs the value of the internal signal from the previous, for a, or following,

for B, symbol sequence (t-1 or t+1).

There are two types of Y values: Y is associated with the probability of a systematic symbol
X being bit 0, while Y' is associated with the probability of the systematic symbol being bit 1.
Y is computed using X, Y and the lambda from the previous max-log-MAP decoder output,

denoted by Ap.

Signal Y is calculated according to a trellis diagram. Table 1 gives and example of how Y0 and
Y1, given states m, are calculated in an 8-state recursive systematic convolutional (RSC)

encoder with the following transfer function: [1, g;(D)/go(D)] where go(D)=1+D2+D3 and
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Table 1: Example of Y values for states m

The a for symbol sequence t and states m (total eight different states) is calculated using o. and
Y at t-1 from two different states (m’ and m'). This is done by first computing an

unnormalized signal a

o(m) = max-of-2 { o (m® + Y, (m% , o (m) + Y'i(m') ) (1)

Using the example of the same RSC encoder used in Table 1, Table 2 gives the values of m°



“and ‘'l corresponding to m wherein states nD and mL are sel ected
arbitrarily fromeight different states m The initial values ao(m are
set to appropriate constants. Usually, ao(0) is set to 0 and {ao(1),
ao(2),..., ao(7)} are set to a large negative nunber, for exanple, -128. M
m, m 00,1 132 245 37,6 4140 52,3 654 76,7 Table 2:
Exanpl e i &3 GRELESRRHITalP nih 48" sefecRANBYItALlP Froff kRt al |
ei ght sflg(g ggog(ﬁgqgé%ﬁﬁgﬁ, ’aﬂq a va?ﬂ&es a?e normal i zed by subt}?acti ng a
constant, At. a = at(m - At (2) At is a function of at which can be
obt ai ned! f‘i’ie"gék?iq(sgﬁ)" ways. Sone of themare At= nax-of-8 { at(m
}me(o,1,...,7) (3a) At =( max-of-8 { at(m }nme(o,1,...,7) + mn-of-8 {

at(m r_}}}elg (i)r’liltiél' \'/a'lﬁez)g)o(ré) gre(sgtb 20 aSppropriate constants. Usually, ao(0) is set to 0 and {ao(1),

06(2),..., ag(7)} are set to a large negative number, for example, -128.

M mO,ml
0 0,1
1 3,2
2 4,5
3 7,6
4 1,0
5 2,3
6 5,4
7 6,7

Table 2: Example of m® and m' values corresponding to m for o computation

After all eight states are computed, all a values are normalized by subtracting a constant A;.
ay(m) = ay(m) — A ' )

A is a function of a; which can be obtained in several ways. Some of them are

A; = max-of-8 { oy(m) }meio,1,...,7} (3a)

A= ( max-of-8 { a(m) }me(o,1,....7y + Min-0f-8 { (M) }meo,1...,73) /2 (3b)



At ='a,(0) (3c) Simlarly, Ris computed using information fromdifferent
states (mand n) and the synbol sequence t+1, and using Y fromstates m at
sequence t. First, the unnormalized J is conputed 1,(m = max-of-2 { (3t+i
(m+10t(m, (3t+l (mi )+ Y 1t(m } (4) Table 3 gives the values of m
and m corresponding to m using the sagre RSC encoder. The initial value
3]_ +1(QQ (yﬂ@ re Lis the frane size, is usually set to 0, while gc)

, H (1), ,H(2),..., 3 ,+(7)} are usually set to a large negatlve
nunber for exarrple, -128. mm ,m 00,4 140 251 31,5 42,6 56,2

6 7,3 7 3,7 Table 3: Exanple of mand ml val ues corresponding to mfor (3
conput atSimHardy, Baisteempatdd Wing ifermatio froongiffesent states (m'\aafl me'3 2ad shenwimhal zed
by subtracting a constant Bt which

sequence t+1, and using Y from states m at sequence t.

First, the unnormalized B is computed
Bi(m) = max-0f-2 { Bui(m")+ Y'(m), Buwi (') + Y'(m) } @
Table 3 gives the values of m” and m' corresponding to m, using the same RSC encoder.

The initial value B;.+(0), where L is the frame size, is usually set to 0, while {Br+i(1),

BL+1(2),....81+1(7)} are usually set to a large negative number, for example, -128.

m m’, m'
0 0,4
| 4,0
2 5,1
3 1,5
4 2,6
5 6,2
6 7,3
7 3,7

Table 3: Example of m® and m' values corresponding to m for B computation



"is obtained in the simlar way as At Pt(m) = At(m - Bt (5) Lanbda is
conputed using a, Rand Y of all states. The mand nt states for R are the
same as given in Table 3. Xt= max-of-8 { at(m) + Ytt(m) + Ri+t(m) }
me(o,i,...,7) - mx-of-8 { at(m + Yt(m) + R+1(m } me(Q1,...,7) (6) As
can be seen fromthe equations, two or grore synbols of a or 0O cannot be

conput ech fid a1 RAtAES &k copplicdNBN BHvAIRSs BMSiorR8li FRANRU B adttheSLEHRAGER, WiREVEr ,
the sequential conmputation of a can run in parallel with the sequential

conput at.| . . . a8 a and (3 have exactly the sanme conplexity
and aregéﬂﬁggé%FéHgggpﬁég%ﬁzgt er, fromthis point, the a and (3

conputations are referred as a single entity called a/R conputations, for
conveni %Rgﬁzm_ Lanbda conput ati ons, however, are not indepeK ent of a/R
comnput at s.* e ?anbda conput ati on for synmbol sequence t can begi n
until a and (3 of synbol sequence t are conputed. Looking at the algorithm

for computing.a/ (3 for synbol sequence t (eguat)ions (1) -.( , it can be
seen t hatmbea 1%@@&%@%%% l#)émgi?\ﬂ?&ﬁétqt?ﬁ IHs sltﬂ’ran@éb'eﬁ%%fior Qﬁ%ﬁt%ﬁ as
stages. In other words, one stage cannot begin until the previous has been
conpl et eivenfodaklkdnpl e, to conpute a for synbol sequence t, the four
stages S 1(t) - S4(t) are 7 S1(t): Conpute TOt i(m) and TIt i(m) using
Tabl e |

.....

- max-0f-8 { oy(m) + Y*(m) + Prra(m’) } mefo,r,...7 ©®)
As can be seen from the equations, two or more symbols of a or § cannot be computed in
parallel, and therefore must be computed in sequence. However, the sequential computation of
a can run in parallel with the sequential computation of . Therefore, as a and B have exactly
the same complexity and are independent of each other, from this point, the o and B

computations are referred as a single entity called o/f computations, for convenience sake.

Lambda computations, however, are not independent of o/ computations. The lambda
computation for symbol sequence t cannot begin until o and B of symbol sequence t are

computed.

Looking at the algorithm for computing o/p for symbol sequence t (equations (1) — (5)), it can
be seen that the algorithm can be divided into four dependent sequential stages. In other
words, one stage cannot begin until the previous has been completed. For example, to compute

o for symbol sequence t, the four stages S1(t) — S4(t) are



"S2(t): Conpute at(m using equation (1) S3(t): Conmpute At using one of the
equations (3a), (3b), (3c) $S4(t): Conpute at(nm) using equation (2) It is
possible to inplenment pipelining by starting S2 for the next synbol
sequence t+1 after S4(t). This is because S1(t) is independent of any
stage at any synbol sequence. Figure 17illustrates an exanple of the

timelineg@f). eibhudd?. IEOY AL 9 usitd tAblke assunption that the |ength of
time takeﬁ)for%&he sttgg%oz Si -‘HGSA,W%I?)I‘I%OWS the proportion of T1:T2:T3:T4 =

1:1:1.5: . I n general,.the | en of time taken to conplete the stages

gi ven Lsﬁﬁg-bngB e%ﬁ@d{sglgieguatﬁorﬂ%;l + L (T2 + T3 + T4) (7) Using the prior
art, the pipelining inplenentation is |jmted by the normalization

conput a§38‘ﬁ Comyputgfy using ong Qf Hierrgpatipns §42), GgP’tG@f t he conputation
(referring to S2) of synmbol sequence t+1 can begin only after the

nor mal i 2d{t):ofompriguwE)iusingaquale@) sequence t is conpleted. One way to
inprove this is to forgo the normalization conputation for a few synbol s
(normal i zati on can never be conpletely elimnated because it is needed to
prevent overflow), but this would produce different results and slightly

i ncr easegy fshsfyrRDSinPleniddt pipdlingly B Sadidl SArdRe hekt dyitdol Béfreh@ 91 geal S.

8 It is an object of the invention to provide a nethod of calculating

decodi ngah IFRL s HEAsE (1) iTRIdeYEdEREoPARL M B0ady B BHENeahdRB. Figure 1
illustrates an example of the timeline of such an implementation, with the assumption that the

length of time taken for the stages S1 — S4 follows the proportion of T1:T2:T3:T4 =

1:1:1.5:0.5.
In general, the length of time taken to complete the stages given L number of symbols is
T=T1+L(T2+T3+T4) (7

Using the prior art, the pipelining implementation is limited by the normalization computation
(S3 and S4). In other words, part of the computation (referring to S2) of symbol sequence t+1

can begin only after the normalization computation in symbol sequence t is completed.

One way to improve this is to forgo the normalization computation for a few symbols
(normalization can never be completely eliminated because it is needed to prevent overflow),
but this would produce different results and slightly increase the number of bits which are set

aside for the internal signals.



"SUMVARY OF THE | NVENTI ON The invention is defined in the independent

clains. Sone optional features of the invention are defined in the
dependent clains. In one nethod, said first decoding signals are of two
types, one type being associated with the probability of a said systematic
synbol being 0 and the other type being associated with the probability of

a said gy éta%n@&jé& oD HveRESN S providd LRRMIBIIIRAIculdifg HebitiRd s@ﬁ&l@itﬁﬁt Rdn
current unnormal i zed second decodi ng signals nay be ~inplenented by: at(m

= bl bl Db 2 (P T () % R et

urren second decoding signals for states m at-,(m

and at _ i(m are respectively said prior unnornmalized second decodi ng
signals, for states nD and mL, Y Ot t(m and T t_1(n) are respectively
said two types of said prior first decoding signals for states mand nl,
At isSJJMg@bRH QEJHEAYVENRMPNconst ant for a previous tinme period,
wherein said states mand mi are selected fromsaid states m In one

nmet hod, the step of normalizing said second decodi ng signal conprises the
step of calculating: at(nm) = at(m - At 9 where, at(n) are said current

second dmeaavengios iigaefiedfiarths irfependent, claiin{s) Sahe€ optidrdl faanured ohthezaeensiogond
decodi ng signals for states in, At is a second decoding signal constant for

are defined in the dependent claims.

In one method, said first decoding signals are of two types, one type being associated with the
probability of a said systematic symbol being 0 and the other type being associated with the

probability of a said systematic symbol being I.

In one method, the step of obtaining current unnormalized second decoding signals may be
implemented by:

a(m) = max-of-2 { gei(m”) + Y0 (M), ger(m') + Y'ei(m") } — Ay

where ay(m) are said current unnormalized second decoding signals for states m, 0ri(m®) and g,
1(m") are respectively said prior unnormalized second decoding signals, for states m® and m',
Yot-l(mo) and Y't_l(ml) are respectively said two types of said prior first decoding signals for
states m® and m', A, is a second decoding signal constant for a previous time period, wherein

said states m® and m' are selected from said states m.

In one method, the step of normalizing said second decoding signal comprises the step of
calculating:

a(m) = af(m) — Ay



‘"the ‘current period. In one nethod, the step of obtaining current

unnormal i zed second decoding signals is inplenented by: at(m = max-of-2 {
at , (m +T0t_, (M , qt-i(M +1't_, (mM } where at(m are said current
unnormal i zed second decoding signals for states in, at-,(m and at_ ,(m)
are respectively said prior unnornalizegl second decodi ng signals, for

states tgai cdnd i ; [ ai t s of
said pr %}%pﬁgi %IP) d%go |(§1ga uﬁgﬁaﬁ-gg&?dogd@ws%lg% gséérﬁsgﬁglt rﬁyaﬁés\y\h@’r gl‘qrr?t) o

i sai d states

m and ni : t fromsal.d states. m _I.n.one nethod,. sa.d step o

nor et | ARG PP P TR BBt St e s FROUi DT LB s for
calculatjng: at(m = at(m - At - (A + A2 + ... + At-,) where, at(n) is
sai d curt#’ee‘%'}”egbé‘?ﬂﬂﬂi' decoding signals for states in, at(m is said

unnormal i zed second decoding signals for states m and A, A2, ..., At_,
and At are respectively second decoding signal constants for the first to
current periods. In one nethod, said second decodi ng signal constant for

t he cur dendnepaeitod, Abe istepon€ obfainingt currenayunobémallized tsatweal feaid{ng) signdls is (
max-of-all states { at(m } + mn-of-all states { at(m }) / 2 10 At =
at (0)  implemented by:

a(m) = max-of-2 { g 1(m®) + YL (Mm%, @i (m') + X'y (m') )

where g(m) are said current unnormalized second decoding signals for states m, a;.;(m°) and q.
(m") are respectively said prior unnormalized second decoding signals, for states m® and m',
YO (m% and Y. /(m') are respectively said two types of said prior first decoding signals for

0 1 . . .
states m® and m', wherein said states m° and m' are selected from said states m.

In one method, said step of normalizing said current second decoding signal comprises the
step of calculating:

a(m) = af(m) — Ac— (A1 + Ax + ... + Avr)

where, o:(m) is said current second decoding signals for states m, a,(m) is said unnormalized
second decoding signals for states m, and Aj, Aj, ..., Ay and A, are respectively second

decoding signal constants for the first to current periods.

In one method, said second decoding signal constant for the current period Ais one of:

A = max-of-all states { ax(m) }

A¢ = ( max-of-all states { a/(m) } + min-of-all states { a,(m) })/2



“wheré at(n) is said unnornalized second decoding signals for states m One
nmet hod further conprises a step of setting the initial values of said
unnornmal i zed second decoding signals to selected constants. |In one nethod,
the step of obtaining said unnormalized third decoding signals is

i mpl emented by: Lt(m) = max-of-2 { Lt+4p(m+ 10t(m, flt+xi(mM)+ Ttt(m } -
Bt-t mhqgeqﬁbin) are the current unnornmalized third decoding signals for
states m At +1(nD0)) and flt+t(nt) are respectively tw val ues of the

future unnormpl{zed .thir ' i S . nD and states nt,
YOt (m avglhcfrer%qﬁ?%s%glp eunpggnbacei%tg ?\g/éeﬁggdggﬁq)gﬂ{%ér%;ifspfgggtgﬁeg?éi d current first
decodi ng signals for states m Bt-t is a third decoding signal constant for
a prior period and said states mand nl are selected fromsaid states m
In one nethod, said step of normalizing said third decoding signals is

i mpl enerfinegnethod fythen camprisesm ften obsettingnhe initigl ahuas of spid uppornalized secondr ent
third decoding signals for states m flt(n) are the current wunnormalized

t hi rd delecdlimgsigngntl wldctmd wnsthds. m and Bt is the current third decodi ng
signal constant. In one nethod, the step of obtaining said unnormalized
third decoding signals is inplenented by: 11

In one method, the step of obtaining said unnormalized third decoding signals is implemented
by: |

B(m) = max-0f-2 { By (m")+ Y'(m), Buwi(m')y+ Y'y(m) } — Bry

where [i(m) are the current unnormalized third decoding signals for states m, ﬁm(mo)) and
Bwi(m') are respectively two values of the future unnormalized third decoding signals for
states m® and states m', Y(m) and Y'(m) are respectively said two types of said current first
decoding signals for states m, By.; is a third decoding signal constant for a prior period and

said states m® and m' are selected from said states m.

In one method, said step of normalizing said third decoding signals is implemented by
calculating

Py(m) = By(m) — By

where, By(m) are the current third decoding signals for states m, B(m) are the current
unnormalized third decoding signals for states m, and B is the current third decoding signal

constant.

In one method, the step of obtaining said unnormalized third decoding signals is implemented

by:



“flt(m = max-of-2 { flt+t (mM+ Tt(m, flt+s (M )+ T't(m } where flt(m
are the current unnormalized third decoding signals for states in, fat+i(n
and fat+i(m) are respectively two values of the future unnornalized third
decoding signal for states nD and m, TOt(m) and T t(n) are respectively
said two types of the current first ddgoding signals, wherein said states

m and mpg @& $5t-8609P, S (R SAR), H,. + I id step of nornalizing said
third deﬁ(t:(ogi ng Si gnglcbtrh(ay con%r?’?é hz stt(eng)a%)f calculating Pt(m = flt(m
- Bt - (Bt +B2+ ... +Bt-1) where, (3t(n) are the current third decoding

signal f ' ' n i .thi.rd ecodin j fQr
states Mergpigaed e GlrdlaRofoatRe IR bafik ks BRI R HediEY ohf
signal constants for . the first to current periods; The i rd,. decodin

si gnal SonBE AHe BPRivePhave oiaﬁ%:ﬁtofp@?ifawrwwaize%{ﬁna& 5&9&%‘?8 Senalofost e
{ Art(m } Bt = ( nax-%f-all states { f3t(m } + mn-of-all states { A3t(m
1) / 2 sBites=mpj andOm VAR (m) fagd (K)(nar aretaspectivalie rsridutwin typessi ofethet dvirredt first
decoding sighals for states m One nmethod further conprises a step of

set ti ng debelihdsighaAs, wirkeln Saidfstasaim® aminat s lstlzadd flohr shid slereodi.ng signals to
sel ected constants. 12 |In one nethod, both of said second decodi ng signals

of the previous sequence and said third decoding signals of the next
sequence are unnornali sed.

Said step of normalizing said third decoding signal may comprise the step of calculating

B(m) = By(m) — B, — (B + B2 + ... + By.y)

where, Bi(m) are the current third decoding signal for states m, B(m) are unnormalized third
decoding signal for states m, and By, By, ..., Bi.; and B, are respectively third decoding signal

constants for the first to current periods;

The third decoding signal constant B, for the current period may be :

B = max-of-all states { $(m) }
B, = ( max-of-all states { B:(m) } + min-of-all states { B(m) })/2

B = B«0)

Where §i(m) are the current unnormalized third decoding signals for states m.

One method further comprises a step of setting the initial values of said unnormalized third

decoding signals to selected constants.



"The ‘descri bed enbodi nent of the invention is a nodification of the

cal cul ations of decoding signals a and/or Rin algorithmto allow for an

i nproved pipelining inplenentation and allows S2(t+1) to be independent of
the normalization in t, and can begin conputation as soon as S2(t) is
conpl eted. The descri bed enbodi ment al 39 retains the sane final val ues of

the inteiLRanedNBbih AR YRbUE eI sighhls 85thk MReRbULseqiélce BBRISET third
DESCRI PTI ON' OF THE DRAW NGS Enbodi nents of the invention wll now be

descri b%gc‘ifﬁ%g_ %@yﬁlﬁ%@??%&gq%@%& Qreru%glr[ﬁ%?ﬁgd.t o the acconpanying draw ngs,

i n which: rror art timng diagramof the four stages
of a/(3 conputation for three synbols in a pipelining inplenmentation. Fig.
2 illustrates a timng diagramof the four stages of a/(3 conputation for
three synbols in a pipelining inplementatign according to a first .
embodi rré'rﬁ‘? dsseribgd embpdmmsnd of the wverntiqn is ganpdifigation ofj the salculatignseh dscoding
four stages of a/l1l3 conputation for three synbols in a pipelining

i npl enenstgatisom aadoorfdimglgooitlem gecallosy orbard iimproved fpipdliming)inepleimentatidrs and
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON The
enmbodi metlb®s S2(t+ hetoibevisddpeadent § £ theu@irhalégtioR X {, agd bPbeddig 06thpittatiortdtkoan
first enbodinent will now be described. In the nodified algorithm the
conput aty @) i@ oRplidl anitilséiRd &RbddMaEntPIIRLAhH She same final values of the

internal signals (the values after S4) as the prior art.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example, with reference to

the accompanying drawings, in which:

Fig. 1 illustrates a prior art timing diagram of the four stages of o/ computation for three

symbols in a pipelining implementation.

Fig. 2 illustrates a timing diagram of the four stages of o/f computation for three symbols in a

pipelining implementation according to a first embodiment of the invention.

Fig. 3 illustrates a timing diagram of the four stages of a/p computation for three symbols in a

pipelining implementation according to a second embodiment of the invention.



“inpl'émentation can be faster than that of the prior art. The main feature
is to make the conputation of a/f of synbol sequence t+1 independent of
the normalization of a/J3 of synbol sequence t. Equation (1) is nodified
so that at(m is conputed using unnormalized values at-1(m instead of
normal i zed values at-1(m, and a normaljpzed constant At-, is added. at(m =

max- of - Zi)liTﬁiLEb”bE'séﬁmme F fmz) P’RE@“I?RRE!ﬁ) MBoﬂiMENﬁs) oFd EO”

(2) remains the sane. at( = at ( Slm arly, equatlons 4) and

(5) are WT to Lt(n) = max- of 2 { Lt+, (mM+ Yt(m, Jt+i (m')+ Y "t(m
f Jt(m - Bt (11) The final values of at and Pt are
st|II exactly the sarre as the prior art. 14 Follow ng these nodifications,
t he four dependent sequential stages described in the prior art are now
slightly different. For exanple, to conpute a for i/'rrbol sequencet t he

four st AdEseBpodimgats npfithg é@ve@qeatwssngwéaﬁeﬁ( fpx=lo P)algerithmsngnd 2 Geput e
Y,-, (m and T"t_, (m1) using Table | S2n(t): Conpute at(m) using

equatl orembBylinfeat W will bewrbg deswoibedf r om t he previous iteration) S3n(t):

Conmput e At using one of the equations (3a), (3b), (3c) S4m(t): Conpute

at (m using equation (9)

In the modified algorithm, the computations for o/f are modified so that pipelining
implementation can be faster than that of the prior art. The main feature is to make the
computation of a/B of symbol sequence t+1 independent of the normalization of a/f of symbol

sequence t.

Equation (1) is modified so that a,(m) is computed using unnormalized values g ;(m) instead
of normalized values o.;(m), and a normalized constant A..; is added.

a(m) = max-of-2 { g1(m’) + YOui(m®) , ga(m') + Y'ei(m') } - Ay (8)
Equation (2) remains the same.

afm) = o(m) — A, 9)
Similarly, equations (4) and (5) are modified to

By(m) = max-of-2 { Be1(m°)+ Y°(m), Bs(m'}+ Y'(m) } ~ By (10)
Bi(m) = By(m) — By (11)

The final values of o, and P are still exactly the same as the prior art.



"Conpared with the prior art, the length of tinme taken for these nodified
stages is alnost the sane. Si and S 1 in take exactly the sanme conputation
time, and so do the pair S3 and S3mand the pair S4 and S4m The | ength of
time taken for stage S2mis slightly increased conpared wth S2, because
S2m further subtracts the constant At_34 As in the prior art, it is

possi bl ¢4 igx{lngnkl%??g:ﬁ nl'h@?o&}yd Edleht g%%lt il Q{agEJWes@ﬁ&d P Blior art

sequence isis ause I s I'ndependent of any stage

at any synbol ure |II t |.i pe of

fsuch an ﬂéﬂi‘?@t‘ﬁg \MEP ﬁe’iat%n © grﬁ%‘ft?gﬁﬁf %g?&ii hg(meg%é;{’ rtlﬁegt?j {%té%stogken
or the stages Sl - S4 foll ows, t ratio 1:1:1.5:0.5. However, the

pi pel i nlli‘f‘gmpﬁlﬁle‘éﬁé‘l‘ﬂt‘&?? SAME R 51481?5@&& i nproved because S2n(t+l) can begin
after S2m(t). This is because the normalizati on conputations have been
deferred. Figure 2 illustrates an exanple of the timeline of the inproved
pi pelining inplenentation according to the first enbodi ment of the present

i nventi ®m@i Conipute ¥& seifprad’ f el usihg Teslegt h of time taken for the
st ages Slﬂ]- SAm follows the proportion of TlmT2m T3m T4m = 1:1.5:1.5:0.5,

15  whi gh %@g&r@@ﬂm e@aﬁeﬂg@ ém BN, l@ndth tbs thE P%l(ﬁ‘i‘%%%%%ﬁ)" ption

e?ceﬁt for the sta can s art imedi ately after the end
of the Ther 8 | ength of tinme taken
to conpﬁépg)tK% gggkumn%%Peé?t Lmho%%% 5&%@1%‘? TmeTi meT2me( T3meT4m) +
(L - 1) x (T2m + T3n1+ T4 T3m E4n) Ti mrLXT2m-T3m+T4m (12)

S4m(t): Compute a(m) usmg equatlon 9

Compared with the prior art, the length of time taken for these modified stages is almost the
same. S1 and S1m take exactly the same computation time, and so do the pair S3 and S3m and
the pair S4 and S4m. The length of time taken for stage S2m is slightly increased compared

with S2, because S2m further subtracts the constant A.;.

As in the prior art, it is possible to implement pipelining by starting S2 for the next symbol
sequence t+1 after S4(t). This is because S1(t) is independent of any stage at any symbol
sequence. Figure 1 illustrates an example of the timeline of such an implementation, with the

assumption that the length of time taken for the stages S1 — S4 follows the ratio 1:1:1.5:0.5.

However, the pipelining implementation can now be improved because S2m(t+1) éan begin
after S2m(t). This is because the normalization computations have been deferred. Figure 2
illustrates an example of the timeline of the improved pipelining implementation according to
the first embodiment of the present invention, with the assumption that the length of time

taken for the stages S1m — S4m follows the proportion of T1m:T2m:T3m:T4m = 1:1.5:1.5:0.5,



"By conparing with the prior art, we can substitute Ti = TIm T2 = T2nm 1.5,
T3 = T3m and T4 = T4m and obtain T = TIm+ L (T2m 1.5 + T3m + T4m (13)
The nunber of times of inprovenent in speed conpared with the prior art is
T/ Tre( T meL(T2m 1. 5+T3m+T4m) ) / ( Ti mtLxT2m+T3m+T4m) (14) For there to be an
i nprovenment in speed, the ratio T / Tmipust be nore than one. Further

si npl i fivadéd RNh@kanke /as T asshmpti®h divek i tHe pridrZdR GescApon’ &E@egt forthd 4ond T2M
(15) 16 It can be seen fromequation (15) that there will be an
irrproverggl@g. in speed as long as the frame size is not one, as T2m/ (3 x
T3m+ 3 X 14m- T2m is likely to be less than one. Practically, this
nmeans that there wll be an inprovenent at any frame size. Using the
exanple of TImT2m T3m T4m = 1:1.5:1.5:0.5 in equation (14), the nunber of
times of i nprovenment in, speed approach 2 for large L. However, the

i Mpr ovemSHE SHEU H@mgﬁjr‘ﬁ{)e Xei"ﬁ"?rntﬁ? ﬁg 8§§’6 RipdPes $ags 3 Thsayforee i gverad the nor e
conpl ex net hod such as in equations (3a) and (3b), because a relatively
smal | T3engtloefiiras taken tmedmplatetherstagestgiven I mumbesef syndbelsirodi nent, t he

al gorithm described as the first enbodi ment can be slightly nodified and
still retain the properties of independent normalization and sane final

val ues as now descri bed.

Tm=TIm+ T2m + (T3m + T4m) + (L - 1) x (T2m + T3m + T4m — T3m — T4m)

=Tlm+L x T2m + T3m + T4m (12)

By comparing with the prior art, we can substitute T1 = Tlm, T2 = T2m/1.5, T3 = T3m, and

T4 = T4m, and obtain

T=TIm+L (T2m/1.5 + T3m + T4m) (13)
The number of times of improvement in speed compared with the prior art is
T/Tm=(Tlm+L (T2m/1.5+ T3m + T4m) )/ (TIm + L x T2m + T3m + T4m) (14)

For there to be an improvement in speed, the ratio T / Tm must be more than one. Further
simplification of T/ Tm > 1 yields

L>1+T2m/(3 x T3m + 3 x T4m - T2m) (15)



"Equation (8) and (9) can be rearranged as at(m = max-of-2 { at-t(m +
Tot-1(m , at_ t(m +Y t I(m } (16) and at(m = at(m - At - (Ai + A2 +
+ At-,) (17) This shortens the procedure in (8) and makes the procedure
in (9) longer, but the effect is the sane. 17 Simlarly, equations (10)
and (11) can be rearranged as Ait(m =1gax-of-2 { Pt+i(m+ Yt(m, ~t+t(m+

Yt (m  Jt dahBe sebsittom) equaftio'h((ﬂ)hthagﬁhere (81 be #in BApiovementtinBipedd aé i(%)g aShfe

stages Sim and S3m are still e same, but S2m and S4m are sl i ght

differe o at e four
st ages 3‘%‘3“" 1&%%? e i- Y/fot%ﬁ? ??nﬁﬁi(ﬁgﬁﬂs.@g Fgl%“

Conmput e _at (.m usi.ng equ n (1 S3mZ(t) Conmput e At usi ng one of the
equat i or?éacélgﬂ by, thigpeany t g%t)t g&ﬁ‘ﬂ‘? libg-an dmpp\YemeRY AL AY fFAMS§1ZEquat i on (17), and
store (Al + A2 + ... + At) for future use (in the next synbol sequence
t+l) Conpared with the prior art, the length of tine taken for these

nodi fied stages is alnbst the sane. S| and S 1 nR take exactly the sane
conput afUsorg the rxamatedo &' 1 ohol 2rhd 3paT4mS2 laingt 1 S201d iareduitioe (d),r thSXuarbdr SBm
SAnR2 is only two tinmes |longer than S4 because instead of subtracting

times of improvement in speed approaches 2 for large L.

However, the improvement should be smaller in the case where S3 is computed using a more
complex method such as in equations (3a) and (3b), because a relatively small T3 produces a

small T / Tm ratio.
In a second embodiment, the algorithm described as the first embodiment can be slightly
modified and still retain the properties of independent normalization and same final values as

now described.

Equation (8) and (9) can be rearranged as

a(m) = max-of-2 { a1 (m®) + Y%, (m%) , gei(m") + Y' (m') } (16)
and
of(m) = (m) — A= (A1 + Ax + ..+ Apy) (17)

This shortens the procedure in (8) and makes the procedure in (9) longer, but the effect is the

same.



"one ‘constant, S4nR subtracts two constants (the second one is the stored
value fromthe previous $4n2 synbol). In general, the Iength of tine taken
to conplete the stages given L nunber of synbols is Tm=T 1| m+ T2m + T3
m+ L x T4m (20) 18 By conparing with the prior art, we can substitute TI
=Tim T2 = T2m T3 = T3m and T4 = T4m 2, and obtain T = TIm+ L (T2m +
T3m + T@%aarly(,%&aaﬁoﬁb@lo%m@n%%nbb PRsrafifed 43pr ovenent in speed conpared
with the prior art is [ Toe( T mL( T2meT3me T4 2) ) / (TI meT2meT3m+ LxT4m)
(22) For there to be an inprovenent in speed, the ratio T / Tm nust be

nmore th al —|F o I gatd of )Y Tm> 1 yields L ggyl + (T2m 2)
[ (T2m @Rlpgm%a’llz'g{r?g) ‘C@fﬂﬁftk%éi?‘ E)(Igngeﬁ( f)r{)m equation (23) t(r1a2;L t here
will be an inprovenent in speed as long as the franme size, L, is not one,

as the ratio (T2n 2) (T2m + - T4m 2) is likely to be les an one.
Practi cglakw,_[{‘(fwz)s'ﬁ‘eé{‘]%'Jfﬁéf" 't%ﬁé)vw || be an inprovenent at ai;lléijr ame

size. Figure 3 illustrates an exanple of the tineline of the inproved
pi pelining inplenentation according to the second enbodi ment of the
present invention. In Fig. 3, it is assuned that the Ilength of tinme taken
for the stages Sim- S4mfollows the proportion of TImT2m T3m T4m =
1: 1: 1. 5:The stagend lnhendifdwe apsr sigbithe same, rhus dat posh S¢opyre slightly differenofori nes
of i nprovenent _

example, for a computation of second embodiment, the four stages are

S1my(t): Compute YOH(mO) and Y'.,(m") using Table 1

S2mj(t): Compute a(m) using equation (16)

S3m;,(t): Compute A, using one of the equations (3a), (3b), (3¢)

S4m,(t): Compute o(m) using equation (17), and store (A; + Az + ... + Ay) for future use (in

the next symbol sequence t+1)

Compared with the prior art, the length of time taken for these modified stages is almost the
same. S1 and SIm, take exactly the same computation time, and so do the pair S2 and S2m
and the pair S3 and S3m. S4m; is only two times longer than S4 because instead of subtracting
one constant, S4m, subtracts two constants (the second one is the stored value from the

previous S4m; symbol).
In general, the length of time taken to complete the stages given L number of symbols is

Tm=TIim+T2m+ T3m+ L x T4m (20)



"in speed approaches 3 for large L. 19 However, the inprovenment should be
| arger in the case where S3 is conputed using a nore conplex nmethod such
as in equations (3a) and (3b), because a relatively large T3 produces a
large T/ Tmratio. This algorithmmay still significantly faster than the
prior art. The nodification of a/(3 congutation in the max-| og- VAP

al gori t gy %@g%pﬁ‘]ﬂf ok %il‘? W Ea%.tsubﬁﬁgtesﬁw'i‘@'me@‘?‘ldl“%ﬁnfﬁ @1%% ah§q4he

appl i ed to a ‘al gorithm or | og- VA gorith

Furt her e orithmmay be applied to the cal cul ation of a or (3 or
bot h. Igﬁéﬂgﬁ%2§}%%gnethod for calculating decoding signals in a MAP

al gorithm such as nmax-1o0g- MAP al gorithm has been disclosed. The
above-descri bed enbodi nents of the invention are intended to be
illustrative only. Nunmerous alternative enbodi nents nmay be devi sed by those
sklIIed'TnTﬂﬁb+éﬂﬂ7ﬁ]Tﬂaﬂt+aépé@k|ng fromthe scope of the foll ovih

clains. LLOYD WSE 20 CLAIMS: 1. A nethod of calculating internal signals
for use in a MAP algorithm conprising the steps of: obtaining first
decodi ng signals by processing received systematic and recei ved encoded

synbol s THe after 6§/tiiaed oSiatpieviaten®in speedcsthyed ithniad prior art is
T/Tm=(Tlm+L (T2m + T3m + T4m/2) )/ (T1m + T2m + T3m + L x T4m) (22)

For there to be an improvement in speed, the ratio T / Tm must be more than one. Further

simplification of T/ Tm > 1 yields
L>1+(T2m/2)/ (T2m + T3m — T4m/2) (23)

It can be seen from equation (23) that there will be an improvement in speed as long as the
frame size, L, is not one, as the ratio (T2m/2) / (T2m + T3m — T4m/2) is likely to be less than
one. Practically, this means that there will be an improvement at any frame size.

Figure 3 illustrates an example of the timeline of the improved pipelining implementation
according to the second embodiment of the present invention. In Fig. 3, it is assumed that the
length of time taken for the stages SIm — S4m follows the proportion of TIm:T2m:T3m:T4m
= 1:1:1.5:1. Using the above proportion in equation (22), the number of times of improvement

in speed approaches 3 for large L.



“obt @i'ni ng unnormal i zed second decodi ng signals for the current synbol
sequence by processing the first decoding signals of the previous seqguence
and second decodi ng signhals of the previous sequence; obtaining
unnormal i zed third decoding signals for the current synbol sequence by
processing the first decoding signals g the current sequence and third

decodi in i d
ecodl n% decg dl ng&gnltogﬁrgfﬂtegh{)umﬁ%? 'ﬁ%r‘f%é hHeROS3 e capREdTasi hggc}n&gcon

and thi in at ast one of said second

decodi ng_si nals of, t reV|o S | i al s
of the ﬁﬁ%ﬂ’?%ﬂﬁgﬁgéug} ﬁhﬁﬁ?ﬁ% @gﬁ (Fﬁg? e%&%lnreagb& lggﬁggﬂgﬁdo ?he
i nt er nal %nals is pipelined whereby the calculation for the next synbol
sequencéa%§ F#E#E®ed once the unnornalized signals for the current synbol
sequence have been cal culated. 2. A nethod according to claim1l1, wherein
said first decoding signals are of two types, one type being associated
with the probability of a said systematic synbol being 0 and the ot her

t ype beiTigs algstthinaimad still signiflventhy fisebthanthe priorartsai d systematic synbol
being 1. LLOYD WSE 21 3. A nethod according to claim2, wherein the step
of obtaining current unnormnalized second decoding signals is inplenented
by: at(m) = max-of-2 { at_t (m + TO0t_1 (m , at_ (M) + 1't_t (m } - A

t_t The modification of a/p computation in the max-log-MAP algorithm as explained in the first

and second embodiments can also be applied to a BCJR (full-MAP) algorithm, or a log-MAP

algorithm. Furthermore, the algorithm may be applied to the calculation of a or f or both.

In summary, a method for calculating decoding signals in a MAP algorithm, such as max-log-
MAP algorithm, has been disclosed. The above-described embodiments of the invention are
intended to be illustrative only. Numerous alternative embodiments may be devised by those

skilled in the art without departing from the scope of the following claims.



"wheré at(n) are said current unnormnalized second decoding signals for
states m at _i(m and at_ 1(n) are respectively said prior unnornmalized
second decodi ng signals, for states mand mL, YOt t(m and T't Léga) ar e
respectively said two types of said prior first decoding si gnal§ WISE
states nD and mi, At _t is a second deco@i ng signal constant for a previous
time perdogpvherein said states nD and M are selected fromsaid states
m 4. A mat'hod according to claim3, wherein the step of nornmalizing said
second decoding signal conprises the step of calculating: at(m = at(m -
At where, at(m are said current second decoding signals for states m

at(m are sai unno |i zed secand decodin ignals for states At is a
second dle@omeﬂ@dsq @ﬁ&ﬁ%&g!@tgﬂpfﬁlgpals élSEd‘?Pgﬂg%ﬁé%‘?rB&“’ SOMPIIAg HGfeps

according to claim2, wherein the step of obtaining current unnormalized
second ecoding signals is inplenented by: } at(m = max-of-2 { at_t (m
+ 10t _ i (m , at_t (M) + Tt_i (mM where at(m are said current

unnor mal i zedtasiogdustdiEcoding gignalyrinl professing tratededrgystamati¢ apd agndivat -entgded)
are respectively said prior unnornalized second decodi ng signals, for

st at es rgyadlsiof eachl§imbol B3quanét of 4 retdidd Agmaly espectively said two types of

said prior first decoding signals for 0 1 0 states mand m wherein said
states m anghidihingMSindfhAHeq kebsRMis@dathgStigh@s 6 the- EMRMY FEbol sequence by
processing the first decoding signals of the previous sequence and second decoding signals of
the previous sequence;
obtaining unnormalized third decoding signals for the current symbol sequence by
processing the first decoding signals of the current sequence and third decoding signals of the
next sequence;
normalizing the unnormalized second and third decoding signals; and
wherein at least one of said second decoding signals of the previous sequence and said
third decoding signals of the next sequence are unnormalised; and
wherein the calculation of the internal signals is pipelined whereby the calculation for the

next symbol sequence is commenced once the unnormalized signals for the current symbol

sequence have been calculated.

2. A method according to claim 1, wherein said first decoding signals are of two types, one
type being associated with the probability of a said systematic symbol being 0 and the other

type being associated with the probability of a said systematic symbol being 1.



"22 6. A nethod according to claim5, wherein said step of normalizing said
current second decoding signal conprises the step of cal cul at LEK?Y at(m =
23

at(m - At - (A + A2 + ... + A _, ) where, at(m is said curr Wstnd
decodi ng signals for states in, at(m is said unnornmalized second decodi ng
signals for states in, and A, A2, . 21At _, and At are respectively second

decodi ng_ 3| ﬁi@ﬁﬁbd ‘a@é&aﬁgt@ cfa% o Whefeirt B st STWbkfihg Refre@dfnornalPedBéddad
according to claim4 of claim 8, vvherel n said second decodi ng signal

const ant r, f: At = f-all stat
at () }dﬁg&f‘”‘%glg’gal%‘ﬁ‘gﬁm%?%dt s { alt?n';) nf ?r mn of -all states ? at (eﬁ){}

)
2 At = ((0) where at( unnor, .secqnd decodi ng signals for
st at es rﬁt(“ﬁ ‘Ra’f'r@fﬁd Q&éf’ gmtd)o’ c)l}al -13-7, furt?herg
conprising a step of setting the ini t| aI vaI ues of said unnormaljzed
second déenliufly) ot gridicorren unapmenlised sasprd devoding Signalsfer figes megofmi)igdto any
one of clains 2 to 8, wherein the step of obtaining said wunnormalized
third dq(mblam@resp@naéls shiel privplueremiadedyecohd ti¢aiding sippaloffer? statdsin +and(m), +
TOt(m, t+ (m' )+ Yt(m } - Bt-, where At(m are the current unnormalized
third delwo‘éﬁlpﬁgarﬁl' ﬁhf(hg faf%"re%e%ﬁ@é{%f ThidAwb: tgfﬁas)oﬁ&fh pibit fitst Gedodfigesignals for
;espectlve y two values of the future unnornalized third decoding signals
or

/

states m® and m' , Ar1 is a second decoding signal constant for a previous time period, wherein

said states m° and m' are selected from said states m.

4. A method according to claim 3, wherein the step of normalizing said second decoding
signal comprises the step of calculating:

ay(m) = a(m) — A,

where, o;(m) are said current second decoding signals for states m, a(m) are said
unnormalized second decoding signals for states m, A, is a second decoding signal constant for

the current period.

5. A method according to claim 2, wherein the step of obtaining current unnormalized second
decoding signals is implemented by:

a(m) = max-of-2 { @i (m”) + Y(m? , @i (m') + Y'ei(m') }

where a(m) are said current unnormalized second decoding signals for states m, o.1(m®) and .
1(m') are respectively said prior unnormalized second decoding signals, for states m’ and m',
Y (m® and Y'.;(m') are respectively said two types of said prior first decoding signals for

states m° and ml, wherein said states m® and m' are selected from said states m.



"LLOYD WSE 23 states mand states m, 7t(m and T t(m are respectively
said two types of said current first decoding signals for states in, Bt-1
is a third decoding signal constant for a prior period and SaLL‘d)Y%WW%ES m
and m are selected fromsaid states in. 10. A nmethod according to claim9,
wherein said step of normalizing said tRird decoding signals is

i npl emented by calculating It(m = flt(m - Bt where, (3t(n) are the
current third decoding signals for states in, f3t(n) are the current

unnor mald %étﬁb& QCaﬁﬁ?lgons %alwc‘neieiﬁ sﬁitdagtgﬁ of) no%ggllg}l sﬁldt E'Lﬁ-re(fﬁj (f'orﬁtd

third deco |ng 5| nmet hod™ accor di ng £d any one o

clains 2,to the. s talnlng said wunnornmalized third
decodi ngdeg?‘BH%F‘§“ SCOF}%HS%%‘BHP‘SB gflalc = max-of-2 { fat+i (m+ 7t(m,
Pt+i (M+ Yt(m_} wh flt(m are the current unnormal i zed third decodi ng

si gnal s %@P)SQQPEEAvﬁ(A¢§T54T Ténd flt+1(nm) are respectively two val ues
of the future unnormalized th| rd decoding signal for states mand m,
TOt(m) and T 't(n) are respectively said two types of the current first
decodi ngvkargyra(n), is wpidresirient sgcand degodingnsignads for states meuem) sosafd wrnosmpliged
states m 12. A nethod according to claim 11, wherein said step of

nor mal i zéeoondsd¢cddingi sighale fodstatgs ns,i gmhAl,cAEcp.r.i #es ahteAsirepesfectwally skamidng

decoding signal constants for the first to current periods.

7. A method according to claim 4 or claim 6, wherein said second decoding signal constant for
the current period A, is one of:

A = max-of-all states { o;(m) }
A¢ = ( max-of-all states { a(m) } + min-of-all states { a,(m) })/2

A= 04(0)

where o,(m) is said unnormalized second decoding signals for states m.

8. A method according to any one of claims 3-7, further comprising a step of setting the initial

values of said unnormalized second decoding signals to selected constants.

9. A method according to any one of claims 2 to 8, wherein the step of obtaining said
unnormalized third decoding signals is implemented by:

B(m) = max-0f-2 { Bee1(m®)+ Y’(m), Buri(m')+ Y'(m) } - By

where B(m) are the current unnormalized third decoding signals for states m, Be+1(m®) and

Bw1(m') are respectively two values of the future unnormalized third decoding signals for
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are the current third decoding signal for states in, ait(m ar@LOYDWIgE
unnornalized third decoding signal for states in, and Bl, B2,

and Bt are respectively third decoding signal constants for the first to
current periods. 13. A nethod according3to claim10 or claim 12, wherein

the thi rsfilté?,‘?ﬁ@ﬂld"gat& gnayo, af‘nlt( are I‘ chb@lg%ﬂ dGRY ty?%{ fﬁ% igu_{renﬁhrst

max-of -al | states A3t ( r’r) ta es {

m n- of at.es X \Where fil are. the current
unnor rra?if:%oe & ?{??ﬂi 8%0%%?%18‘} 13 thiva stﬁl‘é)fie%"gdé‘%gegg?% C%tag’g} W&E peEied pd Ing
to clains 9-13, gwherejn further conprising a step of setting the initia
val ues éwd§5WﬁfﬁnﬁEVHaWFf%@°@ﬁf H1§338@Pﬁglslgnals to sel ected constants.
15. A method according to any one of the preceding clains wherein both of
said second decoding signals of the previous sequence and said third
decodi ng signals of the next sequence are unnornalised.

10. A method according to claim 9, wherein said step of normalizing said third decoding

signals is implemented by calculating

Bi(m) = B(m) — B,

where, By(m) are the current third decoding signals for states m, B(m) are the current
unnormalized third decoding signals for states m, and By is the current third decoding signal

constant.

11. A method according to any one of claims 2 to 8, wherein the step of obtaining said

unnormalized third decoding signals is implemented by:

Bi(m) = max-of-2 { Bui(m®)+ YO (m), Beri(m")+ Y'y(m) }

where Bi(m) are the current unnormalized third decoding signals for states m, By (m®) and
Bui(m') are respectively two values of the future unnormalized third decoding signal for
states m” and m', Y%(m) and Y'(m) are respectively said two types of the current first

decoding signals, wherein said states m° and m' are selected from said states m.

12. A method according to claim 11, wherein said step of normalizing said third decoding
signal comprises the step of calculating

B(m) = B(m) - B{— (B, + B2 + ... + By.))
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where, By(m) are the current third decoding signal for states m, B(m) are unnormalized third

decoding signal for states m, and By, B, ..., B¢ and By are respectively third decoding signal

constants for the first to current periods.

13. A method according to claim 10 or claim12, wherein the third decoding signal constant By
for the current period is :

B. = max-of-all states { B«(m) }

B, = ( max-of-all states { B(m) } + min-of-all states { B«(m) })/2

B, = B4(0)

Where B(m) are the current unnormalized third decoding signals for states m.

14. A method according to claims 9-13, wherein further comprising a step of setting the initial

values of said unnormalized third decoding signals to selected constants.

15. A method according to any one of the preceding claims wherein both of said second
decoding signals of the previous sequence and said third decoding signals of the next sequence

are unnormalised.



