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; e3el un r hhi KRnkj n6nTns™ TY | ~l A~~0~19 A METHOD OF CALCULATI NG | NTERNAL
SI GNALS FOR USE IN A MAP ALGORI THM FI ELD OF THE | NVENTI ON Thi s invention
relates to the nethod for calculating internal signals used in a MAP

“algorithm nore particularly, but not exclusively, for
max-| og- MAP (nmaxi mum a posteriori) algorithm BACKGROUND mm MML\)ITI ON

The max-| og- VAP decoding algorithmis & sinplified version of,sd;
decodi ng al gorithm which is also known as the BCIR decodi ng aI gorl thm The
max-| og- MAP i s used to decode a convolutional encoder. It is one of the

more popul AMEITHODUWR ¢ AKETRA TINGENTEINAD STENAES FOR ¥SEIIN Af mialre

max-| og- MAP decoder is in the decoding of turbo codes, which are generated
using two parallel concatenated cqRy b | encoders. Two max-| og- VAP
decoders are used as conponent decodersS in the turbo decoder. Today, turbo
codes have becone established as an inportant nmethod of channel coding in
the third generation W rel ess nobile conmuni cation technical specification.
However, as tine resses and demand for high data rate commrunicati on

i ncr eas BEEL DH@Fﬂﬂg INYENBON| s burdened with the task of performing with
very high processing speed. |Inproving the speed of the conponent decoders
~l al NRWNV

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
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- 2 of the turbo decoder, i.e. the max-log- MAP decoders, is the key to

i ncreasi ng turbo decodi ng speed. The conventional max-|og-MAP al gorithm

wi |l now be described. At the input of the max-1og- MAP decoder are two
"kinds of received signals: received systematic synbols X and recei ved coded
synmbols Y. Athird possible kind of input signal is a |lanbda ~, signal from
t he previous max-|og- MAP decoder outpuf if iterative decoding (turbo

decodi ngj theurbp plet@tdr, ikh deemax-ippMARdecodemdistthe keymolinerehsing dabo decading he
case of turbo decoding, new | anbda val ues. Several inportant internal

si gnal sggkdt he max-1og- VAP are defined: a, p, and Y. a and ~i are conputed
recursively - i.e. the conputation of the internal signal a or (3 at a
synbol sequence t needs the value of the internal signal fromthe previous,
for a, or follow ng, for (3, symbol sequence (t 1 or t+1). There are two

types of, T val ues [ d wi.th the ility of a systematic
symbol ih%g?qyantbqqal Blax\kﬂg'ﬁ‘&pfdgfnﬁg“ &'éliﬁ‘c‘ffvz;’f: ‘1?( the probability of the
systematic synbol being bit 1. r is conputed u5| ng X, Y and the | anbda from
t he previous max-| og- MAP decoder output, denoted by ~,p. Signal r is

cal cul ated according to a trellis diagram Table 1 gives and exanple of how
Y' 0 andAt the igputesf theames-log-MAR decddenlant ddoikinds of redeinted sigoals:singecived

systemati c convol utional (RSC) encoder with the foll ow ng transfer

funct i ogystdmatic sgmbolsDN agdiceRivedbsded sgmbblsY. A IMrdPbssibld kind Sf @baIstEdaDda | n
t he above polynom als, the Ds describe a set of different Hanm ng di stances

(Wi th respeat, hg@}%ﬁ HeOfrbvibidmak abg-REA P RIS RE BufphiP I ifer A RRVRCHihE TRk bo

encoder. Note t
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 f 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, gi(D)/ge(D)] where go(D)=1+D*+D* and



ractually referes to D (Hamm ng di stance of 0). Here, an 8-state RSC encoder
is taken as an exanple. In fact, mcan be other states, such as 16 states
or 32 states, depending on the application.

nmrtc(mr c(mMQ Yc-(Xc+~, PC) +Yc+( Xc+~, "'c)l- Yc-(Xc+~PC) +Yc+( Xc+~, pc) 2+Yc- ( Xc
+7~PC) - Yc+( Xc+~, ~' ¢) 3+Yc- (Xc+~,c' ¢c)- Yc+(Xc+7~" "' ¢c) +YC- (Xc+~ PC) - Yc+( Xc+~, PC)
5+Yc (Xc+~, Pt)-Yc+(Xc+~, Nt) 6- Yc- ( Xc+~, 3' ¢) +Yc+( Xc+7~' ' ¢) - Yc- ~c+~PC) +Yc+( Xc+
~ ~"1) g'lathB+D3 Inxtheabeveopolynomaialse thefI0s dascrbes sen dindifferehbHamynihg distanoesence
t and states m(total eight different states) is calculated using a and r

at t-1 fWigrdspbetdb fafueie%st) tﬁataéaﬁsoe( @Btﬁ‘l’ﬂgd Ton alddnFolufiod Bctder S No&t that, 1
conputing an unnornalized signal a ac(nm) = max-of 2 { ac 1(rr) +rc |(rr)

??1 I'I'falr)ﬂl éCt&alf}JT&ﬁréWB(l} ng&h?#g gtla%%g f(;qsaﬁe{eeﬂﬂ n%gtg corres poﬁm nge% o)
wh I d bi ht, diff
ot at o5 PTG Tt dp oA iscetiey s nichts | %s@%r%pﬁ“aﬁte%chmebaw%?”ﬁh

Usual ly, a(0) is set to O and { a( 1), a(2),..., a(7)} are set to a large

negat i vaPmisal: | for exanple, -128. M |,
m 00, 113, 224, 537, 641, 052, 365,476, 7 Table 2: Exanple of mand ml val ues

correspandijndid m for a compymdti on After al| eight states are conputed,
all a valugs are normalized by subtracting a constant At. ac(m) = ac(m -
At (2) At_ils a fllnm‘lnn of t whirhp can be aobtained in sever al ways. Sonme
of thefParg XrGthak-of 8 {| BY(RFMeE{0,i,. ,} (3a) At = ( max-of 8 {
at(m }nE{qlI,..., ~} + mn-pof 8 { at(m }nEojl,..., ~} ) ~ 2 (3b)

1 -Y-(XeH\y) +Y XA

2 +Y (XA -YeH(XeH\ )

3 +Y - (XctA%) “Y XA

| YK Y XA

5 +Y (Xt -YHX Ay

6 SY (X AP +Y X AP

7 -Yt-(Xt"')\,pt) +Yt+(Xt+)\fpt)

Table 1: Example of Y values for states m

The o 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 o

a(m) = max-0f-2 { e (m®) + Y% (m®) , opr(m") + Y (m') } Y]

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



* 5 Elc = ac(0) (3c) Simlarly, (3 is conmputed using information from
different states (mand nm) and the synbol sequence t+1, and using r from
states mat sequence t. First, the unnormalized ~3 is conputed ~it(m =
‘"max-of 2 { actym+ rO)~ (~~+i(mM)+ r't(m ~ (4) Table 3 gives the val ues
of mand m corresponding to m using the same RSC encoder. The initial
val ue ~i L+1(0) where L is the frame sédze, is usually set to 0, while

{~i L+1(40d nr'lociresponding to-nl, wdherdih dtatescen uaulafd‘yars atletted aarbiaagh frematighe
nunber, for exanple, -128. mm , m 00, 414, 025, 131, 542, 656, 267, 373, 7 Tabl e
3: Exarrpifgr@{tsmegrﬁq m val ues corresponding to mfor (3 conput ati on 6
After all 8 states are conputed, all ~i values are normalized by
subtracting a constant Bt which is obtained in the simlar way as At ~c(m

— ~C(M The ﬁhuéli)alde@gb@ dré ﬁ&qmﬁgﬁgngéicaﬂs&ts “L{sugpg %0(0)% séh Oé&r?lt £l Jhe m

and m states for e sa s givenin max- o

}7( rTEE E), 0(5) t C+9’)(}mlg se}t to a{arge negative I}mmber, for examplfe zﬁé m +r=(m + | 3t 1 TT)

M m ,m
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 a computation

After all eight states are computed, all ¢ values are normalized by subtracting a constant A;.
o(m) = gy(m) — Ay )

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

A= max-of-8 { g(m) Imeo1, 7 (3a)

= ( max-of-8 { a(m) }meo,1,...7; + min-of-8 { a(m) Imeyo,1,...73 )/ 2 (3b)



As can be seen fromthe equations, two or nore synbols of a or (3 cannot be
conputed in parallel, and therefore nust be conputed in sequence. However,

t he sequential conputation of a can run in parallel with the sequenti al
“conputation of (3. Therefore, as a and ~i have exactly the sane conplexity
and are independent of each other, fromthis point, the a and ~i
conputations are referred as a single éntity called a/[3 conputations, for
conveni ApeeyBpke. Lanbda conputations, however, are not independ@e) of a/~i
conput ati ons. The | anbda conputation for synbol sequence t cannot begin
until a and ~3 of synbol sequence t are conputed. Looking at the algorithm

for co 3 for nbol uenc uations (d) - ¢S it can, be
seen’t hatmin. Bif somPied SmeruRRTb o AETEBLTEE fbinthe Ll Ry PO
stages. In other words, one stage cannot begin until the previous has been
conpl et eaﬂlueMrt+b,mdwlsegﬁfyom@mﬁma‘asqqecn@ynbol sequence t, the four stages
S1(t) - S4(t) are S1(t): Conmpute ~f'~ 1(m) and YIt_1(m ) using Table 1
S2(t): Conpute at(n) using equation ( 1 ) S3(t): Conpute A using one of

t he equtlo 3c (t): Conpute at(nm) using equation (2) It
i s poss Bfe@b‘%ﬁ@%‘ﬁé ‘#"H@zft‘%lng by starting S2 for the next synbol
sequence t+1 after S4(t) Thi s |s because S 1 (t) is independent of any
stage at any synbol sequence, ure, 1 illustrates an exanple of the

1 ol | N8 -5t P PeHeRYED: B H g aesunption hat the |@agth of

time taken for the stages S1 - S4 follows the proportion of T1:T2:T3: T4 =
1:1:1.5:0.5.

Table 3 gives the values of m® and m' corresponding to m, using the same RSC encoder.

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

BL+1(2),....8L+1(7)} are usually set to a large negative number, for example, -128.

m m ,m
0 0,4
1 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 f computation



“In general, the length of tinme taken to conplete the stages given L nunber
of synbols is T=T1+L(T2+T3+T4) Using the prior art, the pipelining

i npl enentation is |limted by the normalization conputation (S3 and S4). In
"ot her words, part of the conputation (referring to S2) of synbol sequence
t+1 can begin only after the normalization conputation in synmbol sequence t
is conpleted. One way to inprove this s to forgo the normalization

conput afiftenall 8statesfapevcaypited,all(frealues dre adinmalized by sebteactibg acongthrettBy wshich

el i mnated because it is needed to prevent overflow), but this would

pr oducejsdvtdifddantihd Gtk WaphAs! i ghtly increase the nunber of bits which
are set aside for the internal signals. 8 1t is an object of the
invention to provide a nethod of cal cul ati ng decodi ng signals that can

i nprove —piRgLiwi ng i npl ement ati on. SUMVARY OF THE | NVENTI n

accorda @ﬂ?w?gﬁﬁtgg present invention, there is provided a nefﬁg% of
calculating internal signals for use in a MAP algorithm conprising the

steps of; taining, first decodi i anal s,by processi recei ved

yot enabE8dh B Poldviie £ SAY LB FaR TR AR0R St e o RS pore as
recei ved signal; obtaining unnormalized second decoding signals for the
currentgﬁﬁﬂﬁbTﬂ@@éuence by processing the first decoding signals of the
previ ous sequence and second decodi ng signals of the previous sequence;
obtai ning unnormal i zed third decodi ng signals for the current synbol
sequenc & =hymgr-of:8 < si(ng) -t He(nh)i+r Bt (n8c)oeli g 3 gnal s of the current sequence
and third decoding signals of the next sequence; nornalizing the

unnor mal i zggﬁéggg?%&ﬂ.@g_gﬁmq tﬁgrﬁgi}n’rge{os,lipgp}al s; and wherein at (I65:ast one of

sai d secon

As can be seen from the equations, two or more symbols of a or B 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 B. Therefore, as a and B have exactly
the same complexity and are independent of each other, from this point, the o and

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

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

computed.

Looking at the algorithm for computing a/f 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

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



"previ ous sequence and said third decodi ng signals of the next sequence are
unnormal i sed. Preferably, said first decoding signals are of tw 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
systematic synbol being 1. Preferably, the step of obtaining current
unnormal i zed second decoding signals i§ inplenmented by: at(m = max-of 2 {
at _1(m st Compile ¥ i yand) Y (M yushid Tale1 A c-1 9 where at(m are said
current unnornalized second decoding signals for states m at_1(m and at _

~(m) aﬁqft ?ﬁﬁﬁ‘h%&#ﬁ.‘%ﬁ,&gg‘%&bﬂ?l unnormal i zed second decodi ng signals, for

states n t-i(m) are respectively said two types

of said ior, first decodin ignals f sk at mand m, At_1 is a second
decodi n@%)z %‘T‘P‘H'Br’%*st‘%lﬂ%°¥‘%8f'§eg‘fl‘éa\$ﬁ°8%g“?’i¢r@’ i od, wherein said states m
and m are selected fromsaid states m Preferably, the step of normalizing
sai d sedhiy CumpHe agmy ugipgequadip(Pses the step of calculating: ac(n) _-
ac(m _ At where, at(n) are said current second decoding signals for states
m at(m are said unnormalized second decoding signals for states m At is
a second decodi ng signal constant for the current period. Preferably, the

step of [tabtpakdible Jo Gmplegitht Pipalninp |byzedtife SOrfdr decastt 8gmboleghence 3+1 after
irrplemanteg)aby: at(n{j = magi-pof gg{b'yat_ 1§(r’r) +rt_ i (grr':) fmgc-i (m ) +r’

C_ | (23??00- T ﬁec%as(eaﬁ%l(ii)z% iﬁgéxgngﬁ roﬁm%g@ra%gp bof Sefidnéle GRLkirB 9

si gnal r states _ ) arere ctively said prior

et e G POIEBP Pl bbb, MU B bbb

~(" I t_~t 'y 5al sai d prior €CO

signal s _for state an , wherej.n id states mand.nm ar l.ected from
caid st lengd tw%ﬁ%%eabﬁ%p thLg Sapey tép ~ob4 foller the REOROLtN o Fule @é@ﬁ d
decodi n?lsll 'r(l)asl conpri ses the step of cal cul ating:

In general, the length of time taken to complete the stages given L number of symbols is
T=T1+L (T2+T3+T4) @)

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.



rat(m = at(m - At - (A1 + A2 + ... + At_1) 10 where, at(n) is said current
second decoding signals for states m at(n) is said unnormalized second
decoding signals for states m and Al, A2, ..., At _~ and At are
‘respectively second decodi ng signal constants for the first to current
periods. Preferably, said second decoding signal constant for the current
period At is one of: At = max-of all sBates { a,(nm } At = ( max-of all

st at es {t igtafilobject of tHerinedntidhlto Praxtids a mahdddf alclatthgNecodimg(gnahthaecat (M
is said unnormalized second decoding signals for states m The nethod of

the pre Véﬂl\égﬂ;éﬁgﬂlggh%flgﬁéﬂt%nfurther conprises a step of setting the
initial values of said unnormalized second decoding signhals to selected

constants. Preferably, the step of obtaining said unnormalized third
decoding signals is inplenented by: ~3t(m) = max-of 2 { ~.c+tOn+ Yt(m~
~t+0m ) £ r! o - = ~3t(m are the current unnormalized third
decodi nﬁUi‘?mgQ%ﬁ@?%%WQ t+i(ni )) and ~c+i(m) are respectively
two val ues of the future unnornalized third decoding signals for states m
and states m, rt(m and Y It(m are respectively said two types of said
current first decoding signals for states m Bt _ | is a third decoding

si gnal tmwasadancé evithathp presentpimvendbna totres & prosidad @smethad df whicalatng dtemak d
fromsaid states m Preferably, said step of normalizing said third

decodi ngi:%ﬁélglf@ wselifi al MAIPSAIESHBAL, BYmBAdifg kRt i€l of: dBtamidgirst deswidifg sigrdls
where, (3t(m are the current third decodi ng signals for states m ~it(m
are t heb§ Bch@&ting received systematic and received encoded symbols of each symbol sequence of
a received signal; obtaining unnormalized second decoding signals for the current symbol
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.

Preferably, 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.

Preferably, the step of obtaining current unnormalized second decoding signals is
implemented by:

a(m) = max-of-2 { ge1(m®) + Y (m®) , ger(m') + Y'ey(m') } - Ay



unnormal i zed third decoding signals for states m and Bt is the current
third decodi ng signal constant. Preferably, the step of obtaining said
unnornal i zed third decoding signals is inplenented by: ~3t(m = nmax-of 2 {
~t+i(m+ rt(m~ ~t+OM )+ rlt(m } where ~3t(n) are the current unnornalized
third decoding signals for states m fit+i(m) and ~t+i(nm) are
respectively two values of the future @nnormalized third decodi ng signal

for statvherengngrack suid cuffent (mmormalized lsédoml decodingesigatst fow sthigs saiod (i @es of
the current first decoding signals, wherein said states mand m are

sel ect eqn{'y A repectivlpifS Pﬂbr WitlofmliRE seéondQctBdihg 'si@ﬁil?%oﬂ sttzg? &’ degadi ng

signal nmay conprise the step of calculating ~c(m - (B1 + B2 +

... + Btol ere.a (3t( are the current third.decodin ignal for, states
=i ¢ Ry AT D A bR B bR yeer oh S FERY 6P BkOHife sieRha Ay
..., Bt_1 and Bt gre respectively third decoding signal constants for the
first t&aesm end mefi-oige seqond degpding gigsalgonstant fgnaprevinystimng pesiods whereie
current period y be Bt = nmax-of all states { ~3t(m) } B, _ ( max-of al
states §aidStafesjm’jand i are edleciddifremanidsstatesBt (n) }) / 2 Bc = ~c(~) 12
Where ~3t(m are the current unnormalized third decoding signals for states
m The nmethod of the present invention preferably further conprises a step
of setting the initial values of said unnornmalized third decodi ng signals

to sel ePf&&aﬁ?P%ﬁ@@% - of ﬁl@ﬁﬁél?ﬂ?ﬁ% saidObdtoRd Rbding es‘féml@ Qe ghsisgpabp of

the previous Sequence and said third decoding signals of the next sequence
are unng@g@llﬁti.lfed. Preferably, the calculation of the internal signals is
pi pelin égéby the cal culation for the next synbol sequence is conmenced

once the upnormalized signals for the current synbol
at(m?= am —"Ait g y

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

the current period.

Preferably, the step of obtaining current unnormalized second decoding signals is
implemented by:

a(m) = max-of-2 { ge1(m®) + Yy(m®) , ger(m') + Y'ei(m') }

where o4(m) are said current unnormalized second decoding signals for states m, 0r1(m®) and g
((m") are respectively said prior unnormalized second decoding signals, for states m” and m',
Y01 (m®) and Y'.;(m!) are respectively said two types of said prior first decoding signals for

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

Preferably, said step of normalizing said current second decoding signal comprises the step of

calculating:



*sequence have been cal cul ated. The descri bed enbodi nent of the invention is
a nodification of the calculations of decoding signals a and/or (3 in
algorithmto allow for an inproved pipelining inplenmentation and all ows
"S2(t+1) to be independent of the normalization in t, and can begin
conputation as soon as S2(t) is conpleted. The descri bed enbodi nent al so
retains the same final values of the iHternal signals (the values after $4)
as the pgmpr ogm) - BRI @ DESERL PALON OF THE DRAW NGS Enbodi nents of the
invention will now be described, by way of exanple, with reference to the
acconpanyi ng draw ngs, in which: 13 Fig. 1 illustrates a prior art

timng dhaer almpis daitcirednt sédoﬁd@l‘éc&fin%ﬁélgﬁawﬁﬁfmﬁted moB,(Mdlis §did @enchitatiedds i n
a pipelining inplenmentation. Fig. 2 illustrates a timng diagram of the

four st agesq Abecting s %ﬁ&i@%@%ﬂ thOhnd g,oe%z,sy 00!, SarldNAR aR2! R %%écﬂbéw second,

i npl enentation according to a |rst enbodiment of the i|nvention

illustr a ti t.he four ges of a/ (3 corrputatlonfor
t hree s? %SFWWL %%F%TWﬁ?r%?gﬂ?ﬂ é’Fr ?a‘ls according to a second
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS OF THE | NVENTI ON The enbodi nents of the invention use nodified
max-| og- MAP al gorithnms and a first embodiment will now be described. In the

modi f i eBreftrghlyi saidhnecarndedeceding signal somstant forghe-gureentpariodiAdiscanesd: t hat

pi pelining inplenentation can be faster than that of the prior art. The
mai n f eA} smeaxi-of-dlbstarak € of(ing }

A = ( max-of-all states { gi(m) } + min-of-all states { ay(m) })/2

A= ay0)

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

The method of the present invention preferably further comprises a step of setting the initial

values of said unnormalized second decoding signals to selected constants.

Preferably, the step of obtaining said unnormalized third decoding signals is implemented by:
Bi(m) = max-0f-2 { Busr (m°)+ Y4(am), Brry(m')+ Y'(m) } ~ B

where B((m) are the current unnormalized third decoding signals for states m, Be1(m®)) and
Bui(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.

Preferably, said step of normalizing said third decoding signals is implemented by calculating



-conputation of a/~i of synbol sequence t+1 independent of the normalization
of a/~i of synbol sequence t. Equation (1) is nodified so that ac(m is
conput ed usi ng unnormal i zed values at_1(m instead of normalized val ues
"ac_,(m, and a nornualized constant At_1 is added. ac(m = max-of 2 {
ac_1(m + rc_c(m ~ ac-i(nc) + ~("'c_,(mM) } - Ac_1 Equation (2) renains

t he sane. 14 ac(m) _= ac(m) _ Ac Simdlarly, equations (4) and (5) are
modi f i ef(hp=0EM)~Bm = max-of 2 { tic+ti(mM+ Y c(m, ~3t+i(m)+ rlc(m } -
Bc-1 (1~) ~c(m _ ~.c(m - Bc ( 11 ) The final values of ac and (3c are
still ewderel Pyhi)Carsaii® @frehiiehitd ideCodifid sigralsl M flkes hes B (MY ciré | thatduerens the
four dependent sequential stages described in the prior art are now

slightl i f.f 1 : 3 f : e
Four st Asrmafied hird cBbodie SEfs ROUERLRE iy B i EherfiRl uSQUERSRe enal®

Y' c_l(nl a d . Ylc.~(m) using Table 1 S2n(t): Conpute ac(n) using equation
(8) (A o f'ng known fromthe previous iteration) S3n(t): Conpute Ac using
one of the equations (3a), (3b), (3c) S4m(t): Conpute ac(m using equation
(9) Conpared with the prior art, the length of tine taken for these

modi fied stages is al nost the ) ) o
Preferably, the step of obtaining said unnormalized third decoding signals is implemented by:

Bi(m) = max-of-2 { Ber1(m’)+ Yo(m), Besi(m'y+ Y'y(m) }

where By(m) are the current unnormalized third decoding signals for states m, Bui(m”) and
Bui(m') are respectively two values of the future unnormalized third decoding signal for
states m0 and m1, 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.

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

Bi(m) = By(m) - B¢~ (B + B+ ... + By.1)

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, ..., Bt.; and By 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 { Bi(m) }
B, = ( max-of-all states { B{(m) } + min-of-all states { B«(m) })/2

B: = B«(0)



-sane. S1 and SImtake exactly the sane conputation tinme, and so do the pair
S3 and S3m and the pair S4 and S4m The length of tine taken for stage S2m
is slightly increased conpared with S2, because S2m further subtracts the

“constant At_,. As in the prior art, it is possible to inplenment pipelining
by starting S2 for the next synbol sequence t+1 after S4(t). This is
because S 1 (t) is independent of any K age at any synbol 15 sequence.

Fi gur e Whekd figh)y &t de anreakamprmalidedttined décodingrseznals fousthtesm. i npl ement at i on,
with the assunption that the length of time taken for the stages S1 - $4
follows the ratio 1:1:1.5 :0.5. However, the pipelining inplenentation can
now be i nproved because S2n(t+1) can begin after S2n(t). This is because

t he nor ' 10 t:] . : okl e ' rates an
exarpl o 10 TR 6P BRIk ol B LAl a Mo el L AR
to the first odi nent. of .t.h resent inyention, with the assunption that
t he Ien&‘[‘lﬂesoqfesf"i rfﬁmf’%’ﬁ‘e‘? H}’rdﬁfg(’@{%&@gagl¥9ﬁeﬁ§g‘?ﬁ $°9F%P8Rs t he proportion of
TITmT2m T3m T4m = 1:1.5:1.5: 0.5, which is the same as the assunption given
in the prior art description except for the second stage. Stage 2 can start
i mredi ately after the end of the previous stage 2. Therefore, in general,

t he | enBreficrablys both ofakaid seeondodgsbding sigrels v diass prgivicas sequaned emd ofaids shitsbl s
is TmeTI meT2me( T3meT4m) +(L-1) x (T2m-T3m+T4m T3m T4n) =TI mtL x T2m+T3m+T4m
(12) Bydesodhrsigi@alsviftthe hdxe s@juende @ tnnosmalised. substitute T1 = TIm T2 =

T2m 1.5, T3 = T3m and T4 = T4m and obtain
Preferably, 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.

The described embodiment of the invention is a modification of the calculations of decoding
signals o and/or B in algorithm to allow for an improved pipelining implementation and
allows S2(t+1) to be independent of the normalization in t, and can begin computation as soon
as S2(t) is completed. The described embodiment also retains the 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:



=TIm+ L (T2m 1.5 + T3m + T4m (13) The nunber of tines of inprovenent
in speed conpared with the prior art is 16 T/ Tm=( Tlm+ L (T2m 1.5 +
T3m+ T4m) ) / (TIm+ L x T2m+ T3m + T4m (14) For there to be an
“inprovenent in speed, the ratio T/ Tm nust be nore than one. Further
simplification of T/ Tm> 1 yields L >1 + T2m/ (3 x T3m+ 3 x T4m- T2m
(15) It can be seen fromequation (15)13hat there will be an inprovenent in

speed aBig Aniflugttatés® plibABR thhiag diggriv@tofahe fowrsSstdgd@of o/ csmpatition Jox thidem -
T2m is likely to be | ess than one. Practically, this neans that there wl|

be an I%wgmlp@ﬁmﬁ@}{nﬁlgﬁgﬁaﬁége Usi ng the exanple of Tlm T2m T3m T4m =
| :1.5:1.°5: In equation (14), the nunmber of tines of inprovenent in speed

approaches 2 for | arge L. However, the inprovenent should be smaller in the
case where S3 is conputed using a nore corrpl ex nethod such as in equations

(3a) an o] because, a rel ati roduces. a T/ Tmratio.
0% Sobisnd binsis RdHRIng dipgrag Qgﬁletfﬂﬂﬁ Toses OF B AP HioN DY Do MBI can
be slight lf/ nodified and still retain thgwi)ropertl es of independent

nor nal i pweliving émplemgniation aedording teeasfiest embedimenicofithenveménat i on (8) and (9)
can be rearranged as at(m = max-of 2 { at_1(m + Yt_i(m , ac-ym) +
Yit_ym) } (16)

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

pipelining implementation according to a second embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE

INVENTION

The embodiments of the invention use modified max-log-MAP algorithms and a first

embodiment will now be described.

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

sequence t.

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

a(m) = max-0f-2 { gu1(m®) + Y (m®) , gei(m") + Yley(m') } ~ Ay (8)

Equation (2) remains the same.



-17 and ac(m = ac(m - Ac - (Al + A2 + ... + At_1) (17) This shortens the
procedure in (8) and nmakes the procedure in (9) longer, but the effect is
the sane. Simlarly, equations (10) and (11) can be rearranged as ~c(m =
“max-of 2 { ~c+~(m+ rc(m~ ~c+ti(mM)+ ~lc(mM ~ (18 ~t(m - ~c(m - Bc - (B
~+ B2+ ... +Bt_1) ( 19) The stages SImand S3mare still the sane, but
S2m and S4m are slightly different. Fal4 exanple, for a conputation of
second egpdiga)t, At he four stages are Sl n2(t): Conpute Yc_1(m (8nd
1"~c_1(m ) using Table 1 S2n¥(t): Conpute ac(m using equation (16)
S3m2(t): Conpute Ac using one of the equations (3a), (3b), (3c) SAn2(t):

Conput eSagil¥ly, sqiafieneAYahd ) atelhbdifiedeo store (A + A2 + ... + Ac) for
future use (in the next synbol sequence t+1) Conpared with the prior art,

the length of time taken for these nodified stages is alnost the same. S 1

and S 1 L _ 5 I & C -t 1 thme, and so do t pair S2
and SZnPtgiE% ?ﬁ%%ﬁ?hggng@ﬁ&é%g%ﬂpy It3t\/\1/o tines Ionger(mt an $4
because instead of subtracting

By(m) = B(m) — B, (1)

The final values of a; and By are still exactly the same as the prior art.

Following these modifications, the four dependent sequential stages described in the prior art
are now slightly different. For example, to compute a for symbol sequence t, the four stages of

the modified equations S1m(t) — S4m(t) are

S1m(t): Compute Y% ;(m®) and Y'.;(m") using Table 1
S2m(t): Compute oy(m) using equation (8) (A;.; being known from the previous iteration)
S3m(t): Compute A; using one of the equations (3a), (3b), (3¢)

S4m(t): Compute ou(m) using equation (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



-_18 one constant, 54nR2 subtracts two constants (the second one is the
stored value fromthe previous 54n2 synbol). In general, the length of tine
taken to conplete the stages given L nunber of synmbols is TneTl m-T2m+T3m+L
X T4m (20) By conparing with the prior art, we can substitute T1 =T 1 m
T2 = T2m T3 = T3m and T4 = T4m 2, and obtain T = TIm+ L (T2m + T3m +
T4m 2) The nunber of tinmes of inproverdht in speed conpared with the prior
art is fchenceTFiguien #lustratesrart exanifl wf theTidmelineTefisuzh ah impleiientatiof,2with thE3m +
L x T4m (22) For there to be an inprovenent in speed, the ratio T/ Tm

must bead@ﬁlﬁi?_tiéﬂ‘ﬁﬁt 9B genghitibf tBE takeARirithd &@dds® -084 followkheraliot el d0.4. > 1 +
(T2m 2) / (T2m+ T3m - T4nm 2) (23) It can be seen fromequation (23) that

there will be an inprovenent in speed as long as the frane size, L, is not
one, as the ratio (T2m2) / (T2m+ T3m- T4m 2) is likely to be | ess than

one. Practically, .this nmeans that there w,ll. be an i nproy, at _gny. frane
o'ze. " Hoygve ik ibelning GORFmPRGto O Gt gEro T ROREI el Dyore TR oved
pi pelining inplenentatjon according.to the second enbodi nent of the present
i nvent i afier $3m(). Jhigis becapss the g\gpﬁ@glugaﬁgp copwputations 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,
which is the same as the assumption given in the prior art description except for the second

stage.

Stage 2 can start immediately after the end of the previous stage 2. Therefore, in general, the

length of time taken to complete the stages given L number of symbols is

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 = T1lm, T2 = T2m/1.5, T3 = T3m, and

T4 = T4m, and obtain
T=TIlm+L (T2m/1.5 + T3m + T4m) (13)

The number of times of improvement in speed compared with the prior art is



-length of tinme taken for the stages Sim- S4m follows the proportion of
TITmT2m T3m T4m = 1:1:1.5: 1. Using the above proportion in equation (22),

t he nunber of times of inprovenent in speed approaches 3 for |arge L.
"However, the inprovenent should be larger in the case where S3 is conmputed
using a nore conplex nmethod such as in equations (3a) and (3b), because a
relatively large T3 produces a large TI§ Tmratio. This algorithmmy stil
si gni fi Tamud ¥ (Taster (T3380.5E3RH Pim)B/(TImReL ATl + Tadi-oMmf a/ (8l4)
conputation in the max-|og- MAP al gorithm as explained in the first and
second enbodi nents can al so be applied to a BCIR (full-MAP) algorithm or a
| og- MAP al gorithm Furthernore, the algorithmmmy be applied to the

cal cul at,i op of or =3 or both. In nar.y, thod.for cal cul ati

Gocodi nEolgiteioced fp RmmetrgpispRee T EHOAL 7 1R TG ohtiors Tt P e
been di scl gsed, The above-descri bed enbodi ments of the invention are

i nt endedi™y ﬁﬁgquqf&fT@t? Lxieyls) y. Numerous al ternative enmbodi nents may be
devi sed by those skilled in the art without departing fromthe scope of the
fol | owi bg cHdi2ms/ (3 x TAmGLAKNREmM 4 T2A)net hod of cal cul ating i ntern@l5)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 of each synbol sequence of a received signal; obtaining

unnor mai 264, S860RdnASARALAY 5 ERAhSre 9l 58 FHESAher MARBLeSAIRRGE 1Y

frame size is not one, as T2m / (3 x T3m + 3 x T4m ~ T2m) is likely to be less than one.

Practically, this means that there will be an improvement at any frame size.

Using the example of TIm:T2m:T3m:T4m = 1:1.5:1.5:0.5 in equation (14), the number of

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 { g1(m®) + Y (m®) , gri(m") + Y'ei(m) } (16)



-processing the first decoding signals of the previous sequence and second
decodi ng signals of the previous sequence; obtaining unnormalized third
decodi ng signals for the current synbol sequence by processing the first
*decodi ng signals of the current sequence and third decoding signals of the
next sequence; normalizing the unnormalized second and third decoding
signals; and wherein at |east one of shld second decoding signals of the
previ ousndsequence and said third decoding signals of the next sequence are
unnormal i sed. 2. A nmethod according to claim1, wherein said first decoding
signals are of two types, one type being associated with the probability of
a said gygshe C Ayhgl+ Aekng+Q.gnd the other type being assoqiated with
t he prob%b?l??%ﬂof % sai d Zystenﬁ??c synbol being 1. 3. A nethgdigccording
to claim2, wherein the step of obtaining current unnormnalized second
decodi ngnsl S the ploBphRETI e Cardding@h (MY procelitfe B (97 dngBh bh e cffebitis the)
ac-anp) + ~("It_1(m) } - At’1 21 where ac(m are saird current
unnornaLized second decodi ng signals for states m at_, (m and ac_ 1(ml)
are resd%%?ively said prior unnormalized second decodi ng signals, for
states mand m, Y c_1(nm) and ~L'It_1(m) are respectively said tw types
of said_prior first d di i |s for states mand mMl, At_~ is a second
decodi néP‘g‘ilad[Yan‘t%ﬁgf @@3%‘8&@%}%&%{5@@&@ period, wherein said states m
and mM are selected fromsaid states m 4. A nethod according to claim 3,
wherein the step of norn%lizgngsaidlsecpnd decodi ng signal conprises the
step of Bém) cumaroig { Bacih)+ Y (e Br(m )Y «@here, ac(m) are sai d1®urrent
second decodi ng signals for states m ac(m are said unnornalized second
decoding signals for states m At is a second decodi ng signal constant for
t he cur pémd =Bem)edB;— (B; + By + ... + Bt.y) (19)

The stages SIm and S3m are still the same, but S2m and S4m are slightly different. For

example, for o. computation of second embodiment, the four stages are

S1my(t): Compute Yot.l(mo) and Ylt.l(ml) using Table 1

S2mjy(t): Compute a(m) using equation (16)

S3my(t): Compute A; using one of the equations (3a), (3b), (3¢)

S4my(t): Compute oi(m) using equation (17), and store (A + A + ... + A) 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 S1m; 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



-5. A method according to claim2, wherein the step of obtaining current
unnormal i zed second decodi ng signals is inplenented by: ac(m = max-of 2 {
a, 1(m +rt_ ~(m , ac-i(m) + ric_i(m) ) where ac(n) are said current
“unnor mal i zed second decoding signals for states m ac_1(nm) and ac_ 1(m)
are respectively said prior unnornalized second decodi ng signals, for
states mand m, rc_~(m and Ylc-i(m)l&re respectively said two types of
sai d profy constfit, Seapdubtgact prdlcsndtaits $thatseond anel istthe wbrdevalues &iloch $heat es
mand ml are selected fromsaid states m 6. A nethod according to claimS§5,
wher ei Np3idts ShRP spthpdlgr mal i zi ng said current second decoding signa

conpri ses the step of cal cul ating: 22 ac(m = ac(m - At - (A1l + A2 + ..
+ At_~) where, ac(n) is said current second decoding signals for states m
ac(m is said unnormalized second decoding signals for states m and A,
A2, .... Ac 1 and At are. respectively second decodin i gnal constants for
the 11 r L edgiabdhs lsnethitfimsfakeno campleie I SLaeeo BiPhly AUBRET S RFIPOR IS¢ i m 6,
wherein said second decodi ng signal constant for the current period At is
one of: At = max-of all states { at(m) } At = ( max-of all states { ac(nm }
+ mn-of all states { ac(m }) / 2 Ac = ac(~) where ac(n) is said

unnor malThzed1seE @2nh € E8mct bg Bdmgnal s for states m 8. A nethod g2@pording to
any one of clainms 3-7, further conprising a step of setting the initial

val ues of said unnormnalized second decoding signals to sel ected constants.
9. A nethod according to any one of clains 2 to 8, wherein the step of

e Y SRR TR A N T LB -

T4m/2, and obtain

T=Tim+L (T2m + T3m + T4m/2) (21)
The number of times of improvement in speed compared with the prior art is
T/Tm=(Tlm+L (T2m + T3m + T4m/2) } / (TIlm + 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.



where ~ic(nm) are the current unnormalized third decoding signals for states
m ~3t+~ (m) and ~t+~(m) are respectively two values of the future
unnornmal i zed third decoding signals for states mand states m, Y c(m and
Ylc(nm) are respectively said two types of said current first decoding
signals for states m Bt _~ is a third decoding signal constant for a prior
period and said states mand nl are sel®cted fromsaid states m 23 10. A
met hod Hipmes diitlgsttatescdraexantple wifi ¢he timediae df she pmpfovad i in#ignign s emehthtidr d
decoding signals is inplenented by calculating ~c(m - ~c(nm) - Bt where,

(3t (M  aéRrdiRe to-the lsedindletbodirflé e @8 kOpredcan Alvenddi. 1S FaL 85itMy ass@ieMhaAkge t he

current unnornalized third decoding signals for states m and B~ is the

cur rent b b 0 LA BorthONahesCAR L Al plibuns DA AR AL Ml oA N
Yt RResSTR P f . ks

of clains wher ei n step of obtaining s unnornal i1 ze hird

decodi ng sjgnal s,1s i enent ed .by: ~c = - of { &3t +~ + rc ~
T ep Ct SaE58, B hREE TSN in bt Pl iR BlmRint s ticprtieht
decoding signals for states m fit+i(m and ~c+~(m) are respectively two
val ues B¥spegbannipanngs 3 1da88il zed third decoding signal for states m and
m, Yt(m and ~f'~t(m are respectively said two types of the current
first decoding signals, wherein said states mand m~ are selected from
said states m 12. A nethod according to claim1ll, wherein said step of

nor mal i HoRgvéaild infprovkntkae elibuld be ilgaed inctheRaseSwhert 183 is icompaied aingud alokd1g

pc(m _ ~¢(m - Bc - (B1+BZ+ ... +Bt_Owhere, (3~(m are the current
third degAgeRmethd@lchfaQin 3§ @h®as Pa) ahd @9{, BERud R ARy fafbel TH gﬂ)dﬁ@ ogi ng
signal for states m and Bl, B2, ..., Bt and Bt are respectively third

decodi ngargé'g?%lmlgd%stants for the first to current periods.

This algorithm may still significantly faster than the prior art.

The modification of a/B 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 B 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.



-~ 24 13. A nethod according to claim 10 or claim 2, wherein the third
decodi ng signal constant Bt for the current period is Bt = max-of all
states { ~3c(m } Bc = ( nmax-of all states { ~3,t(m } + mn-of all states
{ ~it(m }) / 2 Bc = ~c(0) Where ~it(m are the current unnormalized third
decoding signals for states m 14. A nethod according to clains 9-13,
wherein further conprising a step of s#ting the initial values of said
unnor malCLAEMS: hi rd decodi ng signals to selected constants. 15. A nethod
according to any one of the preceding clains wherein both of said second
decodi ng signals of the previous sequence and said third decodi ng signals
of the next sequence are unnornalised. 16. A nethod according to any one of

pi pe | noctian g o R b Siials 18, e R FAL AEGHARE AR Ehl IR Sebe o

once the,unnornmalized S|gnals for the current synbol sequence have been
calcul aPBd. . AFI.A A | A3 AK.A A2 .AY .A Al. AAAAL.A. AAAAAY A .AA
A Gnt, HNPJ)#.*hu$ o : . : :

obtaining first decoding signals by processing received systematic and received encoded

symbols of each symbol sequence of a received signal;

obtaining unnormalized second decoding signals for the current symbol 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.

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.

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

ai(m) = max-0f-2 { gr1(m®) + Y°ui(m’) , gri(m’) + Y'oi(m') } - A
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a(m) = max-of-2 { ae1(m?) + Y (m®) , ger(m") + Y'ei(m') }

where g,(m) are said current unnormalized second decoding signals for states m, a;.1(m") and .
1(m") are respectively said prior unnormalized second decoding signals, for states m® and m',
Y01 (m% and Y'.i(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.

6. A method according to claim 5, wherein said step of normalizing said current second

decoding signal comprises the step of calculating:
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constants for the first to current periods.
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13. A method according to claim 10 or claiml?, wherein the third decoding signal constant B,
for the current period is :

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

B =[+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.

16. A method according to any one of the preceding claims 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.



