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Sinmplicity and efficiency results because | ess conputing and storage
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theory of MLSE for PR-1V signaling Is reviewed.

Survey of Transmission System:

65 Fig. 1 is a schematic representation of a transmission system in which present invention finds
application.
A sequence of binary values a,= +1 and a,= -1 Is transmitted at rate 1/T through a channel 11. White
noise w(f) is added during transmission. x(t) is the resulting continuous input signal of the receiver. v
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In the next section, two types of MLSE receivers with identical perfornmance
are di scussed, called the whitened-matched filter (WMF) version and the

mat ched filter (MF) version. They FROd33 480 Bhe receiver filters used
before sanpling the received signal at signaling rate, and in the

conmputation C]{ sh%ﬁltg }éi}{cﬁgd tﬂﬁtc dnﬁ§ 1 &ntaﬂg by b rmtic F&G&&lﬁd E&le&’,rﬂ% §§mlte4'%i5‘fswﬁ g
anot her  seglided My fistProttrdidg Shalteding, Anll el kit 38 thb Satobd dighal df & rhagnet wxemi adesy. | V
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and that e WHEQHS MaRRSEFIGEME B wit®e SRfRde thier.ndependent | y. For bi nary

Syst ens, g as |heHifdr Biitlt st cohtiEéls dighd y(t) bRy, Heddn@ing 6roths lybd &gl agr am of each

di code schemermgXibbbutit sl is0Bimpleti D réguldd Mforvak S b 3emsithg tnié@nsS 18, hy @ésult is a
Metrics it sbquedte obint-disciots ampsly,r Bhlespettively.di f f er ence survivor netric. 46
In a further Thestdamples edtiaralshee id & Vissitd debodet |10 Srewhichithey/haraitsed dhi g imbvdhum likelihood

I mpl ement atseqparge @stimdtidnefMBE)(heacosido sbtai bihary butput valyes| b, mitid a lgiserddelay gviteibi decoder

| nt er | eawed7 Bidehtiils cappasases sectmmd fof sutvivenmelde dejerhinhtion rapeh testativerselection of binary
metrics. Siontpitivalisasyandracsectiop 40 for storpod and uptatingfistyMivassedvirpies wiehealowssfinglsalpetipe d
by decodi ngf hé\binaryeutpif vay@® sequences in an interl eaved and pipelined =
fashi on. A diRrenget ireve'af'evj@rcowcgr"%@thélaﬁf@ﬂ?a%bt,M\ss%ﬂgFﬁ'"&|@?%%%@@f%ﬁ%%@! i% ¢
decoder with ik fﬁ‘lt‘%r§°5‘3\f%§g°%9ﬁ'de"}ﬁ1a'ﬂ?@?ﬂsn"f"hae YRR PEY o Anedrtailpd, desgrinten ofytbp

is sim|%r nveption addhgelecled YRRAMEHS with the signs of certain quantities
changed. Th% ‘2i isc%{ss.i on focuses on the partial -response cl ass-1V decoder.
The changed ™ MEEE%MIFy for the dicode and duobinary cases are given at the

d of each ' : ane. t . _
Schomt g T U Sde PRAUR iy oy bedon

i nvention f1nds appli1cation. A sequence of binary values [err]istransmtted
at rate 1/ T through a channel 11. Wite noise wW(t) |Is added during

transm ssion. x(t) is the i cont | L tsi gnal of the
receiver. 4 EP 0 133 486§§¥h%{fghoul dhgg?ﬁg'}egﬁ?@ chapnel 11 n al so
be a magsetic rdeC¥HiTg deviTe—That the™WATTE NOISE Wt)is added(gsn ng
recording and reading, and tQalrx(t) ise»thereumytytsi gnal of a magnetic
readi ng transducer. Signal x(t) Is applied to a receiver filter 13. For the
present case, this may be either a Wiitened Matched Filter WV, or a

Mat ched Fi | t el thefrequency\gompin.iis eorpsrandsdeithe ehapnel transfer charggierisigs| t er out put |s a
continuo¥s signal y(t) or z(t), depending on the type of filter. The filter
out put signal |Is sanpled at regular intervals T by sanpling neans 15. The
result is a sequence of {ime{qd screadpd -JawEmYg [erff] redp@m,i vely. These
sanpl es are furngeppds=t oi‘a \iterbi t%%@a?%{ 17 in which they are ud@d in a
maxi mum | i kel i hood seque cg esti mstTon eSE) process to obtain binary
output VBl ues [err] with a given delay. Viterbi decoder 10 17 essentially
conprises a Sﬁﬁeio%@ugu?mfe%fnanﬁéf%\éiréégl(re LipScoflgk €r m nation and tentative

sel ection of binary output values, and a section 20 for storage and

updati ng of survivor sequences which allows final selection of the binary
output vglues. R Nk VENLl @01eS GO Rned with the neans for E
decodi ngﬁcont ai n,Eegéfn egb%‘l(geggger {i}g-ﬁ)l n‘the sequel, some theoréctical
expl anations will be givgn prior to the detailed description of the 15
invention and the sel ected enbodi mrents. PR-1V Signaling: As shown in Fig.

1, PRIV signaling results fromsending a data sequence [err] at the rate
1/ T throsgh awi®® wihanaseumeghtoste additiyrowisie-band white | noise.athedaboyepdascrptien pf a SR-IV
gi ven by 25ransmission system appiipeps Woll ip 8 imagnefie deseiding sieiernwheretinthe ease ob sPwmige

to t he chanererding thedatasmplifidessare Bipangt an ¢ tB(Pnly a modest amount of equalization is required to
, shape the actual read signal into the form described by (1)-and (3). In practice this equalization can be

regarded as being combined with the further filtering required prior to signal sampling and detection.
50 The function ht) is shown in Fig. 2(a). The transmission characteristic of the channel is depicted in Fig.
2(c).

~ TWO MLSE RECEIVER VERSIONS

&5 Two receiver versions for PR-IV signals are described. They are equivalent in that both perform true
maximum-likelyhood sequence estimation (MLSE). As mentioned above already, they differ in the receiver

filters used. .
The whitened-matched-filter (WMF) version. is more commonly known. In the particular case of th_e

5



ot herw se. (2) 35 At the output of the
channel the received signal becones 40 [err]

(3) 46 where w(t) is assuned to gyegassladgo e W de-band white noise. The
above ‘description of a PR-1V transm ssion systemapplies as well to a
magnetic recording systemwhere in the case of saturation recording the
data anpl it Siges beracoiten By (3). the WMF Jra-beusedDpy 3 rogeiveptitesie jushaniidee! lof-pase fiter ivithaeut-offy
i s_requi red Teayergyd(3d- tisiansipissign phefaglarptia lsghrn In Fig.R(d)- e pulpubpidias fter i aienyy
(xand (3). In practice this equalizatign can be regarded as being conbi ned
withthe further filteri required prior to signal sanpling and detection.
o) The funct ¥dk)het )i a,3HamkTh FigltP(a). The transnission (4)
characteristic of the channel is depicted in Fig. 2(c). TWO M_.SE RECEI VER
VERSI ONS 55 Two rece®ver versions for PRIV signals are described. They
are equivalent In that both performtrue maxi mumlikel yhood sequence

Pl tors o ouhbreidy washoffRd by 05 B 4 hpih do 5Pl WO Hef id  aonbled e B8 bt
known. I n the famb iaidhednmsaMe) Rfsioh e Roeiver fﬁ@%ﬁa&hé@t@ e lenshingl ﬁaééie@?&tﬂ%w% MeN
u iver

by (3), theWE, & fasecnbra@shisitSasSnbiliR IFGES(c) THub.8f cabishiity Vosi%no%@. thélfedaivel MEF BaADRs
filter w thmeWand®dtundtogquency 1/2T. its transm ssion characteristic Is

shown In+ig. 2(d). The output of this filter is given by 5 [err] k

10 wh h(t defined b 1 d h in Fig. 2 , d

r(t) gtraﬁot ((as)\/\/nm?fe ﬁo: 2§ bazdf |)i?ﬁ?tEgg?’ﬁgi?g%g&gi«fﬁgm‘ﬂ%ﬁﬂeldgfiKég (ﬁ/g)

version, the re®ifler=fi4tB(Lp =mat(ch dto &Egeﬁuggagl characteristic given
ig.

by, (2) i.e., it has a characteristildc as sho 2(c). Thus, if
causal i tyois ignored, the receiver filter exhibits the transfer function 15
[err] ot herwi se. 20 The overall response of the channel and MF to an

i sol at ed i nputThp&yerglizesponge pighe qhangeland MF thgn isqipteddpnu a.37) * 1 is theppivemBY si gnal
observed at the output of the M becones [err] The noise p(t) is
band-linited to 1/2T and coffel at &M Hunction s(t) is shown iR Fig.
2(b). 40% Sanpk(gy khe owtputs-oi—the-WF and the M- at tines ? | eads,
respectively, to the sanpl ed,_sign bs [erJd 45 The last equality In (9)
expresses the fact that t he " fF oufffut saﬁ‘rpl es could al so be obtained by
digital filtering of the WW output signals. In the W/ case, the noise
sanpl es [1 bld #6 BgrdlGb8érealafhs Butpul Bnd ME bsdoink€! Y transmi tted sequence
[err]is 50 the binary sequence [err] 1 which mnimzes [err] 55

(10) -

1
z(t) = - h(-t) * y(t) = D as(t-kT) + p(t) . (7)

T k

Nt The noise p(t) is band-limited to 1/2T and correlated. The function s(t) is shown in Fig. 2(b).
40 Sampling the outputs of the WMF and the MF at times nT, leads, respectively, to the sampled signals

Yo = @p-apz + Iy, ()]
Zy =82+ 22+ U = Yozt Vn.  (9)

The last equality in (9) expresses the fact that the MF output samples could also be obtained by digital
filtering of the WMF output signals. Lo : -

In the WMF cass, the noise samples (i'..) are uncorrelated. The most-likely transmitted sequence ('a",,) Is
50 the binary sequence a, = .1 which minimizes

X lyy-(at-a;_,))° =Zy";ranf*'ae ~2[yy(a,-ap_,)+a el
-2 k™ Ak Bg.2"2 Yy (ay-ay o)+apa, ).

X
65 k | (10)

a, designates here an undetermined value. It may be either +1 or -1. The most likely sequence (aw fora
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[err] designates here an undeterm ned value. It nmay be either + 1 or -1.
The nost |ikely sequence [err]) for a 6 EP 0133 480 Bl gi ven sequence of
recei ved sanples (Yk) is the one WhERR 138480 Blibstituted for the [err] in
equatiton (10) yields the m ni nrum sum 5 _
[err] The sguared ter of the right-hand side of (10) are identical for
al'l sequené %’%E%‘F?f{.e °Eéﬁ?f"é’d (FRPRIGR: (e 5; then ongr Which p¥hen subsifited, oy th @« 15N AReliaR; (1) ng
the cost fJdREETSMYEURSE For the MF case an equival ent cost function is
obtal ned by replacing in the term[err] of (11) the index k by k + 2, which
does not .change the result of the sumgii«dr Replacing then from(9) [err]
|l eads to 20 [err] k 25 In the sequel ,ktHé X574 owi ng notation is used for

t he cost function: 30

(13) [err] whfikesduled skt di e/ nfhiRsl S bED] b® MGt A6 AF seiperctd. (e, 4%nce,
[err] minimization of (10) is equivalent to fakimikiA§ thd @64 RiN&Rn WNI Ch maxim zes J1's
determ ngd by the Viterbi decoding alogrithm 45 BASIS OF | NVENTI ON

I nterl eaving of Sub-Sequences (Di code. Sequences): so The cost function
J can be rewityten ag~yerr], Hence [ts maxim zation can be carried out
separately for JE wi r ct YiPkez]t Ryk8yep),, and for JO 7 0 133
480 Bl with respect o [err] odd). As illustrated in Fig. 3, this 1 nt of
vi ew cor®esponds to treating PR-1V sequences characterized by the

polynom al [err] where d refers to a delay T, as two | ndependent

i nterl eaved "fgr ew'cyqqqavmwwmnﬁmweéywm Ip Btoyei®ryiaxz o1 theipdsx o
d refers t & P4 kdéi whichsoennet changs the,resultoh the surpmalian: Slerlaning ere o Blir¥ies b« Igads
abpve- nent %bned article by P. Kabal .et al.: "Partial -response signaling").
A Wter® decoder o ating In an interleaved fashion on the two di code
schenmes requi rds™>f oi%acraf‘s(ajgn'e a;p_lzy) two states. Viterbi Decodi ng of

Interl eaved D code Sequences: 10 The Viterbi algorithmis nowmiRNel oped
as it applies to one¥of the two interleaved di code systens. '

26 _
In the sequsl, the following notation Is used for the cost function:

%0 I= 20 vidagag ;)
X

{13)

where the auxiliary function vy is defined as

35
. Yilag = ag_,) + alal , WMF case,  (14)
St Vg (@grak o) =
40
Zpay +toagay o MF case. (15)
The sequence which maximizes J is determined by the Viterbi decoding alogrithm.
45
BASIS OF INVENTION
Interleaving of Sub-Sequences (Dicode Sequences):
50 The cost function J can be rewrlitten as

J=JE+30= ) vlal,al ) + Y vlal,al ,) . (16)

56 k even k odd

Hence its meaximization can be carried out separately for JE with respect to (a'y, k even), and for JO

7



] [
Hence, in the follow ng derivation indices are either even or odd. A
general description of the Viterbi algorithmis given In the
above-nentioned article by G For negp ¢ 183aghigier bi al gorithm', and In a
publication by J.F. Hayes: "The Viterbi algorithmapplied to di gital data
transm ssi on", Communication Society Migazine, Vol. 13. March 1975, pp.
15-20. 15 with rg8pect¥d @erkisdd)al gorit hm for one dicode system s Illustrated in
Fig. 4. |t detefiiniieied in Fig. 3. higpoigtichyiew correprionds tol reglincaPif-tVined chrrastofized by the
whikgh maxi nioeemigiet-&y wherp dosfrs e delpy (T189 twoTipdegerdant nterissyed i"digedel” pat a'-response
recur si vel ySeSRRERE It @olyrpmiab el wheraghrefors e deigy; of 21, dfor H’b?’ﬂ”ﬁ%“’" o ﬁf’r? uenges
whi ch r effr eSfefhovermeationed amipla Py Bsiabgl st olo "Parikresponsessionaling i A Wiierhh decodsy opegating in
synbol [err§® '"t"’JPi"eglfﬁfhh’i"“ th%@aémﬂle\f*&*rey‘es ’PH%"'SBE?( Parh Arhemp qinastaeas | t i ng
from (17) a{"emzﬁl? sur v‘fr seﬂuences denoted by 30 [err]
The survivo ' §"§6 C Wi vor sequences are extended by t he

recursion, 36 ere Le% ed'a§ it %n CINE fothi %it%'a\%ﬁ JE%

the right” hgn, e%}, rt a oﬁ& :F tlgrj)ﬁi

and MF ver sy 6 g .eemi emoxe%rsn e b | Sk

MF versi on: p] @il Hagbs: plfe@rtﬁ]dléﬁl'm Pbris REGHC Goruniefion §&fety

Metrics: 6 Magaz,;[gm%.wat ﬁgllan. uﬁgq;@disrm process tor binary di code sequences can

be si gni fié cantrhy visriRlgbrithns tbr BiYe GEUAS ispbls isiiNGtralatin FIGL4. MEdetefmifds IS X% [Dvd-stitd trellis

SUrvi vor medisgr@s the Bbqueme)., & e ad bf.f ewfihaeaxirRion @ or JOe ghven by (18) THiEls aécdBipiished

I . e., [err] byl@cdrsiainchbiputinglfor aath tigen "suevvor bteds™f our possi bl e extensions o
[ ] e breids" f bl f

t he survivor sequences are to be considered: 15 (a) [err] [err] (26)
[eg;} [err] The correspondi ng path selections are indicated on the right.
Corrsi der 2#hg tme (abgve four cgsgs. and £21) ahl ows
determnation B ge follomnng 30 recu ‘?br kheé dl%herehcg str ﬁ@gr

metrics: VWFVerS|on (cerlp 4080 5)
k<n

25
which represerit the maximum cost up to timg n, for an hypothesized last symbol a'y = +1 and -1,
respectively. The optimum sequences resulting from (17) are called the "survivor sequences”, denoted by

%0 qfal) = [....8, _,(al),a _,(al)], ap=+l,-1 (18)

The survivor metrics and associated survivor sequences are extended by the recursion

% ]
Jn(ar‘x) = max [Jn_z(a;!-_z) + v (a"an 2, (19)
' = -
\/ | an_2-+1, 1
©
q,(a)) = {qn_zlﬁn_z(ar'l)].ﬁn_z(ar'l)], “.r'{“"l"l , (20
45

where E,..z(a‘,.) is the value of 'y, which maximizes the right-hand side of (19). The recursion of survivor
metrics for the WMF and MF version are explicitely given below.

WMF version: ¥
50
dn(+1) = madpe(+1) + 1; Jpal-1} + 2y4-1]  (21)
dn(-1) = maxfp(+1) - 2yp~1; Jao(-1) + 1]  (22)
s§5 MF version:

dn(+1) = maxfdna(+1) + za+1; (1) + 2011 (23)



35 [err] O O 40 MF version: 45 [err] [err] 55 The
conditions in the above recursions reveal that extension (d) can never
occur. The non-occurence of this exERAIBHABEBH be seen In Fig. 4. The

t heoreti cal background for the di code (1-d) and the duobinary (1 + d)

systens is sr Iar hat n,eq ions (1)-(28). The follow ng
8|7\?ey tﬂ%sfl nal results.

summari zes tﬂ cé% The equati ons
correspondrdgg b%e‘{egce)ofgﬁ}@ (,g@d gre directed to the dicode and 9 EP O 133
fe processrng of sanples froma di code channel

48Q,Bl duobi'na Iy cases IS
the same,as tHe Wi P&é&dﬂ b !az:ﬂ déé’téﬁiqgéfg;? n@?ghé@%ﬁlﬁ%& fied! @%Qnsderf
M‘W ©| %é o

partial-- i €3y HoPtho r§§lsex it s netrfi:@réQUQ

(28) are obtained by changi ng a

n-2, and K-, =Myt+ - sie1yd,  Nest,

even and odd subsequences as descri bed by equation (16)
recursi ogs for the survivor

(28) are:
(a) DJ
[err] 25

occurrences of tinme Indices
andkl 5

respectively. Splitting into
s omtted. The

[err] ME Dicode Version:
The duobinary versions of equations (8) through (28) can be

20

metrics corresponding to equations (27) and
VWH=rbih Ryl 64, e i taen seeit Othat four possible extensions pfeths |survivor sequences are to be
= cirsidered:

ng the signs of ce&tsdn ternk.

obt ai ned fromthe dicode versions by chan?|] - e \\g
Bl )The ¥leF 3i onsNf or t he
n

For exan@l e, (63) 198 ' petbhes tbrrd, [efa
di fference survivor netrrcs for duobinary are: 35 W DuBbi rfar ry
Ver si on: O~E3¥b) 40
[err] MVE Duobi HRY Pnaztisit i &) The rdnt2t3 InEVHOA MENFS ¥F MLSE, DECODERS
é%n the following section, embodinents of the Viterbi decoder” of2¢yLSE
decoder 27 whi cor v 3l 5t he inventio are escribed. Asepshgwm
generally In Fé(} %’) ﬁrbr die’cggde-rZ@o of']a<f=|?st s€Ction 19 for
determ ni ng survivor netrlcs and for obtalnlng |nterned|ate dmP?entati ve

val ues for theigieqei vefg 0 t QL = 0
(&)(K%_ (agupyt <0, 8 _ola' =-1) = +1 ., °>xz
% o” Yo
The corresponding path selections are indicated on the right.
Considering the above four cases, and observing (21) - (25), allows the determination of the following
s0 recursions for the difference survivor metrics:
WMF Version:
O—>0
35 Yo * 1 if +1 < (DI, o~Y,) (a) <=> o\o
= . 0—»0 i
D..'In = DJn—z if -1 < (DJn_z-yn)_ <+l (b) <=> 8__>8(27) )
\/ Yo = l if (DJn_z-yn) <=1 (c) <=> io
' 40
MF version:
45
. O0—>0
z, 1 if +1 < DI .2 (a) <=> o\‘o
= T . _ .90
o DJn = zn+DJn_2 if -1 <« D:In__2 <+] (b) <=> o 0(28)
(]
zp, =1 if DI, <-1 (c) <=5 7

The conditions in the above recursions reveal that extension (d) can never occur. The non-occurence of
this extension can be seen in Fig. 4. The theoretical background for the dicode (1-d) and the duobinary
(1+d) systems is similar to that given in equations (1)-(28). The following summarizes the differences and
gives the final results. The equations corresponding to (27) and (28) are directed to the dicode and

56
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EP 0133 480 Bl signal, and a second section 21 for storing and updating the
survivor sequences furnished by section 19, and for making the final

sel ection of output values. Three emEparigsemoBiare discl osed for Section 19,
in connection with Figs. 5 .6, and 7. A suitable inplenentation of a
limter-decision.circuit used in the second and third enbodi nent wll be

- di scl osed wiuwhin®y c3sgf.erence to Fig. 8. Finally, one |nplenmentation of
section 21 | STB‘?(B"P%S?!W§FFBP'%5HW F"ﬁ"dﬁl cjanng is é&é‘ﬂ“%ﬁs thehpragessingiob the e (o ng)
d e i bed ffqbgqquqnﬁe dQsH@eB fgr ppriig IV They qua tioR3. (8) through (28) are
rmdr fi cat i oPigains h‘g °E‘i9ﬁ‘?ﬂ§?st ‘51 ‘E“f?s d‘r*@o Bri il 1% rfgls and k-1,
descri bed afes'?eﬁ “P'P?S & ° ° Vaﬁq"%‘P'ré [ rQmitted. The
di scussed |T’?c'fﬂ@s °3WN'HZI"5 "é?°5'?%°§ F@"' 0t ¥t i es which assune
ei ther value 0 _or g are therefore desrgnated as [err].. In the previous
di scussi on. TUFtRécgfjﬁn PrERBRENts were anpl i tudes whi ch assume either
val ue + or -1, and ey Wer ¢ cdesi gn as or [err <EBe ansition
from onelform to the. ?herwi i1"'orr§r'rag 353'317@ é# ow I n eql?]tl ons 9) and

(30). First Enpgdi aen Circyigt f<or ter mying+AWo JW)vikwor Met r{i2qay 15
In Fig. 5, an en®odi PPnont sgcftr)g'n 19]%1%'%ew)t er bi d§co)der i §~ghown

whi ch determ nes two By viwvQqr jEetrics (DJ, Itl[re-yvp Stiat es(af <tre coder,

and whi chs f urni shes i nf & nedi ate val ues [’b ] dhd "a tentative out put val ue
[err]for furweDitad WMegsiorsection 21. This circuitry is suited for both,
t he WWF case and the MF case and |r’g/{11 enments the functi on gi ven guation
(19) 20 It conpri§&, * dnit 25 k[ﬁd?ﬁfp.uges for an(&bpi eg ::ﬁput

th I f I d
catett i on R 14) G 1) "z\@?ﬁ‘j&s,izé r#mﬁi LS r{rﬁﬁ"?éc@rﬁ & g aig | (AR2)
vaI ues, can both be +[1 as_ =1 so tlgjrt V upjt 25 F k%cénput
oc

val ue furnr shes four wput aI uesismr ch aren's?(-ore inc sters
27, 29, 31, and 33. These [err] val ues can be considered nmetric increnents

becauss WS G ew%%gggf ol *‘s e %M: Pl T U b v
our

chafigin thesr
the contents o Ter prevrously stored val ues
of [err] an ;\go,,grn_e\urously determ ned rretrlc val ues [err] as required by
equation (19)= olhe sLsibls greysiargd in clocked registers 43, 45, 47, and
49 respeggively. For determning the maxi mumvalue for each pair of
regi ster contents, two subtractors 51 and 53 are provided. They determ ne
the sign bit G‘heEebﬁsiﬁﬁsffcfr(ﬂfe&iﬂﬁﬁn@fsuivhﬂ'rﬁéﬁ‘&ﬁ&ﬁt‘lﬁdbar[balier of val ues, and
furnish these as binary values b [err] and 30 [err] to two fIiprop
circuits 55 an Rr.evi ou stored contents of these two flip
representasthew?’&ﬁ) i%%’%?rh‘es [err] which are furnished <1
and 61 as output val ue ;f elctié)n 1% Bg for )rel ati or]gy RefRet
md t [

decoded val ues [err] He “act ual=bi nanylou put val ues [err] i s
folovvs 35 [eridy +1 > >e1 b) <=>

(2 [err Wthdth'e ai of Mﬂtirfpl e:!'(ers or"g&tr n&’cr rcurts( 6)3 and t he
sign bits” available at {tyie out pugs of sgboragtews )S5k+and S sed=act e
maxi mum of each pair of Vhlues stored in r@g stefs 43/45 and 47/4%F X35
respectively and furnish the resulting two values as retric values [err]to
cl ocked regi stpEspGébandr§OVeEsdomevi ously stored val ues i n(v\gg’s

nes 59

regi stergferrjare on one hand furnished to adders 35. ? ppe ? ousl y
mentioned. On the other(lgnd, X hey dife “flrrlu%ﬂgdlto a subt 2 5F>7 i ch
on its output deIivers he" sign brt of t h ferenc [err] Thrg { bi t
is conpl enent ed Dﬂ t@# npesﬁl' IS tra sterr S

bi nary val ue [err] ipflop circ

75 pre usly ed,s
contentssef this fli pr (N e‘prjesentsl% he te gghbﬂe’ g’coderstté{?[ put walde
[err] which is furnished on line 79 as the third output value of section
19. The formal relationship between survivor netrics [err] and the

tentative binary outgut- values [err] is as
EMBODIMENTS OF MLSE DECODERS

85
In the following section, embodiments of the Viterbi decoder or MLSE decoder 17 which incorporate the
invention are described. As shown generally in Fig. 1, the Viterbl decoder consists of a first section 19 for
determining survivor metrics and for obtaining intermediate and tentative vaiues for the recsiver output

10



foll ows: 55 EP 0133 480 Bl (30) [err] otherwise. It should be noted
that the survivor netrics are not nornalized but are allowed to wap around
the 10 maxi mumvalues In their twoEBO33¥PBANt representation. Wth a
sufficient word I ength, the add and subtract operations will still produce
correct results. At_the bgtt of Fig. .5 0X i.th I ndice

which 111 usﬂ%ﬁiﬁﬁe} "?ng";;e' gﬂ]’%@‘°’:ﬁ%’l}§ﬁ‘?§'§9 i oy st i 38000 .
the toubl & Veijebd ghndalnidtia erd' Wt ol 1BNR hrebithtith FRIB! 8, SR 7ShULABR
unkis” that S60ALR6n GrakiSrdel .Ioﬁlbéufdsg?in_tﬁeaéé naShd 1hid) ermiSidinfaht Vill A WINCIodeH WS
ei ther wigt NofaMaId thHY. BCFIndMY, ofb imbiderliatidir $60on 261s cRBIaifRRGHd ShoWpkin Fig® Eabh&
whol e cont efdss emBodibnisti€bstribBitie 6 thd -rb$pohsd RIaEAN ehdnRél. Tho rolifidations necessary
pr ocessi Ng, o kéHverNBemiodidddes RatdosHhia eadiBecEat @i ehdldexed val ues occurs. This
shows that i nitisktaidweabed Giat HE dibitay circlith disdubsed GOtheioliddng \Yorieratdddthafotltpatvmantities
i ndi ces, r eginhbdumeloither @@ Chan (and dretinsigidre tedlgriatacegadb ot 'B" als thiepekivioas distudsion,
Fig. 3, hutthd sig@helbménty Wera amplitas whithpadsineeltharavalver+1 dde-v.cantl Wely owss, desigasted as
sequence of"a"mptd.".val ues and the sequence of output val ues are continuous,
i .e. they 20 Thecksdsitop fromenafomy odhel ojhesie framally aiver] heloy in oquationd(2Deand Rk e s
because this splitting occurs automatically within the circuit of Fig. 4

due to the Relanbedimgs - Gircully feydletepyinieg Bradueyvet MetdeSe units, and due to

sui t abl e™¥ eedback bet ween st ages. Second n‘Bo iment - CGir itr% Det er m ni ng
T Su T 5y ER PTG sagn O B; orhslqdor s shongyyhEh st &%Eﬁ-%ﬁ'
PMBHEE Lo ey bl iy e
the two sur'®ft 'Eé?hz P’ﬁf#’“a me.f: 'é/fi"}: q%ig%:: I:ﬁgqﬁal;u rﬁs g rhi Susd LR 'engop | ment
s suited 187 |trt:1t}§prl§§zv ;}ﬁ@s ok th: dpliddSiiplit v4 i‘%!ﬂé?g A vElb{ofraﬁﬁIPa}y\#ﬁ{cﬁon
7 e Vel ST dhing'd dr ol 18/ (%5, Veluod L, GATHIEY WAABh hb-assbBd recelved

I

. . , n
circurtry i GEValuss, SaHHBd B8 +§ ¢ Wl 2301 so that N&it @5 &n bach YnpSt VAN funfishbs foGr RAGN
line in Fi Qs Wikh drbt6idd intfockid Toiterd$7, ba, 136, dhél 88 Thee Vi thluRE can it cohdidbfod! nibtric
paral |l el . |iRcrdriddtsdBSRE ReyHavd1Bib6 Bdell RAhSANVOETetics pfeliowsiiacamalaed. t hr ee
possi bl e al uesur alideds 35, 6% @bSand 21 afd, provitied S8 @ddigLtad Eadtent Jof registes, 27i..83, t.biahe famrge
[err] shoul gleisls st esues@in dl.,j aikd awos proviouble dewerartined cotic @sltes|Jey/ €4 Bquired byl iequatimd
Into [err] sgbinevebsts ate stordd lin tiscked egisgpudd; @8l 470 and 9 esspastive]ye For] detenmining We' s
conpl enent majmups el ddrieach. palF of registbit contens dionybtractaes 51 ahd) B3 4re providedh Hhely defeenine
chosen bet vibesigPbitefdheldifie@dice of theArpsientlys paineftvalues: andoumigh thesecasdiinegy Malups/b a4 and
Fig. 6 i 90 thigs to twp fligflapchireuits 56 And B Pregiousingtared qopfant pithese twgfliRflopgjepresent the two
i nt er medi atietosneriale yalges br 4s 3% B wechoh @pdurpighed Ae lnep B & 94 7 Biipub valuss piseglion 49-ne
with shorter phreofores riyorship hetwepn fecodad values s G Y19 3Ctual DBy, RHIRYE X&IUSE Ryp 5,37
i nput sanpl®@9¥&rr] an output sanple Gk and internediate values b k and
[err] in accordance with the followng rule: 40 (a) [err] (b) [err] (c)
[err] LiMiter-decision unit 81 can be.inplenented either as a read-only
store (ROS), as a progr mlablfer4ﬁn_|5(!§i1¢ aer ayl(PLA), or by discrete |ogic.
An exanple is gftown g RBig. 8 and wi'll be explained |ater. Referrigg)agai n
to.Fg. 6, an i npad val [err] is stgred in clocked register 83 ;gn al so
furfii sheg, to one input df Osuberadyag (88) THe olher input of subtractor 85
receives a previously obtained survivor netric difference value [err] which
is stored in clocked register 87. The output of subtractor 85 is sanple
[err] which | mdthard a8 of muliblels af gaify eevitseadi and B51 the sign filie rmesiigble btathé sytputs ef.
whet her t hesubirdc®ts, 51 &rioFadseleat the mhaxichumaat dhadhi mair db Qaluasfstopaplintregistes @45 angndf/49,
(31) apphé emspedtivaly @ort futnish izel resuitihe two] vaigés dsi meticevalueio izl 1o sndudi(i) 18 Elopked sealsietsd
in a cl ocke@¥ and§p.shhe ipre8iguslyCGiredalues ip thepecigpisierarizs(83) anf dnSD). 2rp en aradiepd fuppished

adder 91 t otociddess #5..41 88 was pievipuslyrmeptigned. On the other hand, they are furnished to a subfractor 71
which on its output delivers the sign bit of the difference DJ. This sign bit is complemented in inverter

crucit 73 and the result is transferred as binary vaiue P to flipflop circult 75. The previously stored

s0 contents of this flipflop represents the tentative decoder output value bn.¢ which Is furnished on line 79 as
the third output value of section 19. : .

The formal relationship between survivor metrics Jp.4 and the tentative binary output values by is as

follows:

§6
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difference value [err] in accordance with equation (27), which is then
stored. in register 87. Limter-decision unit 81 also furnishes the two
binary intermedi ate values [err] whigpo gseaget@red in flipflop 93 and 95,
respectively. Previously stored binary internmedi ate values [err] are 55
avai | abl e on output |ines 59a and 61 a, which also constitute two of the
outputs of the whole circuitry of Fig. 6 One output | ine of adder 91, i.e..
the-one carrying the si¢n 4bi ted to D nverter 97 which
coRplrenent s t he S|gn of [errﬁ°r1$n Cﬁﬁgrenfnn4 S he tentative out put
value [err] whi By igs=st@dred in flLipflop 12 'EP 0 133 480 B1 99.
previousl$ stored tent affi e QUiEri & ?Iue [err] is available on line 79a
whi ch constitutes the tiNrd out put the whole circuitry. Simlar as for
Fig. 5 also at the bottomof Fig. 6 boxes wth Indices are shomn These

boxes I ndi cat ar at terne ate cl cked e nits
50 111 ust rahIPRE 3, |}*@§§§ofuaﬁei gttﬂcaaren Eﬁfgﬁ@ i ”g@gﬁgg
of alternat f"r],g:::im nes". o OB A em prese" ef—’ eVeaI St
l ess stages ar tﬁeewtlb F Fi .O vﬁth 5r¥ sﬂéwn': wilch Iﬁ:str&&'tﬁ% fé& HaPhe Rty has

del ay and ng te SR6s arfhcbf‘%%oubm:aﬁ al GicEiBE vhere b Eifcuitrl EdmprSdsGlordgh Lkl that
Oi fference SbHaMteV%esMR{ ért @ifme,f dakh S¥EtiolY @énteiire By ¥dlues eithewith bvérinddde QEMNRAY indibos.
section 49 of edch@iod i b wiole ashidntsiis stiiftel i oaé Gieigel 18 tHel r@xt fof. furlhér FbcasSing, but no
directly detwmingibe@eerldae asdiéven ddxedilubs 6ccate.f f erence value [err]. The third
enbodi ment i s Thisishea thadiin thé @hddciuchay, efvcsib-bacubress withardd ianhevef intlibes, reeppetivelgr are
|.e. it opeharidies csmblatelyesparetely waingidated iheffig.] 3, alsit dre fan risteHerved cand axipelined (1H3nner.
and |t inpl &averihelessthensequenceé 2B Input [velugstand V1 sequsace ofavpuevaluas aescoftionqup, igsthese
( without 2poinead)not broexpiegely $aparatpd; intogwo sub-sequences 29039394hi$ ppliting: eacura autematicallyiiwithin
equat i on (9jhe cirepifof Fasemtn@eag@rahor{cénstaqesw tsloglee [stprage units,ang) dyesto spitablp dedkagk
to repr esentbetf'%?"rs}ag?ﬁ‘l t he range [err]. The circuit ry of Fig. 7 conprises
the sane limter-decjision unit _as the C|rCU|tr of Here, this unit

has Iref [er enC&°NE fFpkgdinent - c"(QHE‘f Beteretping Rii8EnaRsiyE g'HYW\?? f?’ﬁmﬁ aers'g?j The out put

sanpl e l.é t 81a IS .St ork eo%csdte &\O&Ees Od"‘;

provi ded Lo J¥ ?Jiﬁ" ﬁﬁ?? ‘ﬂ"ﬁ?ﬁ 4 5 it o “‘Wﬂ; gﬁ e

oo ey ﬁg‘“g? kgt e ey
rsﬂé

which is to
reQdﬁ‘ IIFI@QI' A %rlndt&{és %errﬁ%eryw Tb% ttdnferted M thaPfine in

di fferenq,g[err e' qaan

l'im ter-decipghf) idhb labsbhcePSt ndidéReCsamplod by cah\UasuRidithred PosSible Ivhilis] & 16U 105,002
unit 81 fur eala Jabtsh €01 TRE, ¥ tietrigh mﬂkauencml BeSBvelrddl, &rid iMbHvelid bofebh Sia@ér véidbre
filpflop 10 vﬁ&?ilnbegsubfe@&QECﬁ b bl ae reguired to rephRBNit 9 2 td's dohpRMerit rdpRfsérilion. ar e
furni shed as iror sdftrgectding,ahe dlub & L [siiukibe @hoseiibapisien R iamb& 59b and 61 b,
respecti vl y. ﬁhmpmagﬂ‘p&ﬂoh oD the Rinduitdy i oh €igoé Isathiel imite-Oedisios unib 8 &ith et didbof this unit,
i nverter 11lntasinbdidte ealusp|bSnemt s definedyin enbatipre 29)] are nitalfiadr withssharer pendssing veay.
out put val udinfiter-depisionT it §1agenerates fors troinpd sempld Pi pf dutut datBle Qidrad (nteswediates Yajues
stored bi narbykandlbuén paspndancg witlf the fellavkngalulé:r om f 1 i pfl op 113 to output line
7967 The out put |ines 59b, 61b and 79b are connected to the inputs of the

survi vor 4ed@enf&=stlop age ArF 1) 'FIg_ section 21 shown In Fig. 9, as wll
30 be expl &ned«rEe n*" ‘THé‘b‘?’ c1<§Paf tsﬁ bottomof Fig. 7 with indices
i nserted Ill‘ﬂst r‘%ﬁ" Po‘t’ ?”P§ caseail e di fferent stages of the

ci :’th.II try sep & si u i ked e e er aswm v «orﬁngtgre (RB easDI p ap\%gblef
and i nter e«t‘og § ' ﬁowﬁ ; %%HEBE%&X o4t
Figs. 5, g lﬁe n Etal dju nished to one
TeLT i - CoNPYLA hol e ot e e e e
metric cal Cl&fﬁlteh&r\laﬁxgltg,,.z Ja:chqt fsefea ut aeckla@vseeter 87. T84 blitput O BbBackdr W6 is sample Pre
capabi l'ity QhicRRaicaéd i Whigk oflthred@gibns theitfdkenBiDrallspiel whettieP five arsf; bdcend, br talll caiiition
consi der adoi @Npquainsl (¥ ardt (@6 tapsiied. ave bmp@wmtzrbgtirhueﬁaéc,aodem 81 Brtovedl inl & Slocked
Anot her adv asistgy 8e0Coritdnes croregistets B Chndl [80rstb edded (i EddRE 91 QY @btaih kendwi suivor etric
that the di fdflefeaceceluerbdyy incactardance with equation (27), which is then stored. in register 87.
Limiter-decision unit 81 also furnishes the two binary intermediate values b n-2 and b™n2 which are
stored in flipflop 93 and 95, respectively. Previously stored binary intermediate values b na and b=, are
s5 available on output lines 59a and 61 a, which also constitute two of the outputs of the whole circuitry of Fig.
6
One output line of adder 91, i.e. the one carrying the sign bit, is connected to an inverter 97 which
complements the sign of DJ,.;. This complement is the tentative output value b..1 which is stored in flipfiop
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automatically normalized. Equations (27) and (28) show that it does not
accunul ate as the individual 40 survivor netrics do. There is no need to
provide extra word length to allow FBO #8480 Bfound. Liniter-Decision Unit:
Fig. 8 shows an enbodinent of |imter-decision unit 81/81a for the case L=4

f?rpn})(ralnzln? g 9§ ?Cr[ﬁ‘ %ih ! %ﬁoredﬁ?nteﬁiée °‘éﬁ"‘é H%Iue ﬁ%df qu‘l%:fnedlge a w |chSI dstit hsI t?ne lt'i{?rlcl

Sanpl e Pk |§| lige 3s af the pdttglﬁ FIB Vpbo§es ri( althhégrbo& cating
si gaif i cantg, ﬁkg g’iﬁg.la@a;&@%fa&ue@&o b aiet Idé@atfﬁ“ sy Bl hanihg
bit [errk 'd?tv; gt o “QBrnQﬁ\ sQngplé(sa lt':@ 8%55 betwebr #14.3 dnll Figl b YeRedid thit UdsS stBges
provi ded f Qfe foh\fired oV fRe Bircufry 8F Figl 6 SIRUETH rfas fokis dofy Bhd Bds 16s8Pardwar& Pl enment
notation [err]is nost, significant b|t in position having value [err]is

| east si gnlfhlr@ErﬁﬁodbA*t-lG‘kcﬁﬁy D@IRining Ofeldms SUGiviraMdiRs Br BIF vefsioht her nore, two
outputs for binary internediate values b k and[err] are provided. The five
I nput |ies f Arthiidhemtoairients ofgsection CENGf 106 t\iterbif ddekdet iis ilestreted O IFigl @)t ateo edirectly
connect ed tdatetniigesi tiigpsutdvonmnetde ifferarice i@ BJ.r Thaithird leibodimeht i siled far Hel I (matgiredup
of i nver t erfer] tersianooftthee receiysntie. ibbpasatescwithrrdcoarsagiples @i s defiged iFraguation Bb apdh But
lines for tinplementssaaualiony(@B% i cant digits of Pk (fractional portion) are
connect ed t hr btarMRcage.sampieeluot t, sssumerltitied nqise) the §va Ipelsi-h oty Os * 1 * &in Rpgerdance
circuit TZS'V"hr?G‘-'atﬂ?ﬂ {9 éhv%ﬁwgmsﬁg%n grwbvedﬁ LFHPE%a’NMdEﬁ’ {gpieesny 2gn “‘PHé“ge
out puts of & ts 115 an 119 § it 12

the out put FEe

%-n e, Hi
il m lm hown h .ou sample o
et 'rmdrg Lot il ”ﬁgﬁ% Mﬁé
Qﬁ ger polrl ' 3 ﬁ:t in ;’E E elrr ce val
sigri ficant rqss o brbidub sl erﬁ:@ mn,wg fofthe .re@ﬁ
of NOR ci rqhgb,];,p ,tfredg‘g dni 8 yssa ree out put I nes for e east
si gni ficant Jrvvosoﬂﬂs & liith wﬁf saaﬁtuh@auaium&ﬂmel bRy iRdrRedias el 81, lafd bH§ whidh Bt S
of the threagrdd@sishop G0 4nd 138) Pespde@ey. Second i nputs are connected to the
out put ofs NORcERNG of thése lghGpsQiid Rihishdd d3antérMbdidtd Raides bk ald BraL ¥n buue e BLodng
val ue [ err ]eib,Sedpodkinedt trRelsigr bitcoutpht line BiARIERr 03 is borhecieddo lvertdh T1e eicly cdntpleiviants the
out put of NfyNB DJ,raddl fuinish@Owematile buiput tetuel pite. laktériestaréd ih Mipflapoid 8. The gaiibusty Biwted
[err] bit, tvary valwe bouis funished iirem ffiipflopt 18 te eudpuh thelii9h.afhy oulpttdinesegtba8id, and| 78k are
[err] is coomectbetd hdinpugdf tie SIBRoCsenuance stdrd® adil updsatingysettion 2h shaymtip Gig- Has MIR
circuit %l13eznplaiveddatert o the input |line of the nost significant [err] bit.
Gircuitry forTethieckye thafption ablig-Tgvihfindisas ipseyted il é'ﬁ‘t@&th'sl%s‘ijé? difigrant slages
section 21 ethetdireuity; sepgrged %‘E!QPB@( %99 ‘Fﬁﬁ' WP'PD&"'@'P'BF dpipolinad aﬂ&)'ﬁ‘&f’?aﬁij‘ ngcessing
survi vor setjihefteadicods eubsagiRpeosn . It cons s esse t|a ﬂﬁ'@q
(1]

shift re |stef”‘s°°TBaf's%[h f Ff eg ﬁ" ?‘“8'8 b'ﬂ‘sg‘? .
Fl% \RE‘R ra o\“ec iroutt géy n%’ﬁgr on)c%” H st

in seque cesc

mul ti pl exer %gjaﬁ | ve rans

successor ff° Jmm kol 52 ik fsth;t tﬁaoé;&e@acéhaa@.sof
¢ sane Sgaio?\aﬁcg hz&f nQWbé) oW GHaf §H3S" tr&c mute hO the ShdhifRiaiOf

the ot heg, vbr rhétts 9b.Srhere & nG&n wa rdéa&wm&d%gtﬁkdauswioma g%@ias/ gat 1 ng

circuits of one shift register are comonly connected to the input of the
respective shitef-DedisgiUatter, i.e. the binary value of the bit just Inserted
into the first stage of a shift register also determ nes the sel ections
made by al | nBbi8 poexar avlgdimentgf initecddctsion oifit &118ta foethp etspiLyd comprising diserpte fagic.
20 Thee draditp.As nienfiquéd pviasiadhisunifimplendntsshetion (BBgi sters are connected to
an addi ti onal trived eightlinexisrfgrofba piohy biis plcaisamplel B Wiighds presentad in Pigary dep'pgomplement
bi nary si gristatienn(megt] sianificash bit B Ip de posifien haxing vaiuee2*o l9asS glanifieant it Ryss in the position
mul ti pl exerhrayeg vake &7 Similprivy five pulpuls: 3p Prpvideq for f"Pn‘ﬂ? Pf'pﬂ P%SEP'% £ b“i%t‘””
havi ng out pReMPPMeE netation Qe it Mashsiepificant Riclh gesitigy h ?g’vﬁ't "
Fig. 9, FhpRedl °"8Pa"t"ﬁé’a't‘9\x? th‘f"f‘erf"@@ g’f°ef?“§p“§3‘?" Sy 1'5*?5'“5‘?' VaHeTe ﬂ‘eaﬁdt ot e

t | nt er me?Y | t 1
5\3?592/ grQb f?sq f‘:nrcu gﬁasgfr lgn can oI Perss(e1 %—?SIELO thonz refogfnect % He ﬁ\?
control |ing 142 s AR e ahe Qg,ﬁﬁa &EctBhﬁlB o) 8L Wnrbeti ol

section 1‘59 ' of inverters 121 to the inputs of a NAND circuit 123 and to the inputs of a group of three NOR circuits 125,
The outputs of NOR circuits 115 and 119 are combined in a NOR circult 127, and the oufputs of NOR
circuit 119 and NAND circuit 123 are combined in a NAND circuit 128.
The two output lines for the most significant digits of Qy (integer portion) are connected directly to the
X
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I.e. output line 79/79a/79b of Figs. 5 or 6 or 7, respectively. Operation
is as follows: The two shift registers store the two binary sequences which
have the hi ghest probability of beingp ¢gidddgargt0 the transmtted sequence
[err] . Each sanpling tine two new internediate 30 = val ues [err]appear

whi ch are inserted into the two shift register inputs and control the

mul t i pl exer med|sciiicaptispudi inei of G Wditirough gn alverteh E31ttouthe slipittof N@Q iclquit i1 85, resprotivelyy
updat i ng t h&hestge autou dlpagifordie Isastiziantficent bitsrrd O Kiastionabpertian) arg ceninedted 1 ittlecauipiie o
wi kb ir especthe e NRR eitsuits AP yhase sasendiinnuis dreseonnectad te tosf oulputt NPR et 18% [err] .
Of the two ol dB3putpytilige fios R el binae Istpimeriate vglie; bayie conpented thyadgh| a; NARD e'ccpiéd%
each sanpti fl °i'31 ‘ﬁt?‘ tPE‘YRS Mﬂ%ﬁuitﬂ@rﬂ"ﬂﬁ& ‘U%'“B‘Gt"f.’ﬁﬂf themasksignifican P'a‘%? "r%'

t he out put H‘TTQ toofRlue & 'e'étcP'B'ﬁctE"? Heh @ NPR eirquit3! gl\a;ectly tehe
finally sel 8'8‘(%5 e ‘r‘ésﬁﬂﬁ?ﬁ%‘h@a N dnR Pl tfednast S'eicant RiePt1 47 which 1s the

out put |ine 17..Section 21 shown in Fig. 9 has
an additip C?Ju't%m?smi pdgt gPBg”?"q 0ﬂg‘aqzlie"scequence of tentative output
val ues Wh' ch Hotand %Héﬂf)r? Q1 Ef%e \%P& E&oé ?Q'P\fo?rt% %d%toio%b}op rq&%ces are
receiver. Thiogn $ERbI & &R laé alfy”of érﬁf{ BB rsY ?H&h ribi 1 flop
each correspapdi 'a%g&@m%@&h 6 )PsBc e?llibﬁopl ch Sctdd/\D 11§ Q&cﬁéss&r%u%ﬁ%ﬁﬁul ﬁir@a“
40 139 (exgfiRg cirdift aBBlows anél%bﬁvemﬂﬁn b SERosBérNIAEY SGSHs bif frbkA teprétading
shown, angl fibmpistgeor b s@he bnit Aglsted SR Bit frénk thef dofrésbor@Ing Kiiplich <t4Y8 b8 G Bthek shifel
mul ti pl exer tegistet. Mo Contrél Ukputs \bh alSMAulfiplRers/pating Bircaitscof @A $hitCrogistertae Edinonly icpinbets
an associ at edhd inpyp bt @ respeaatp@ shift rdgiseer,fi.b.rthd bifahovijue ahitle BiEs derted Xy the Fiist stage of
regi ster, respcyistieedso dobimainasdint selpbtionsupadesyaf! maltiplexersigting |cieoults of thervegpective gift
149 as wel | registet. he input to the first pair of flipflops are connected to
control |2 ne The output dipfiapcstages 9f eth shith esgipigrs (agsr comBpgted PGy )addifong) muitiplexpr/ga¥eg eilceit
section 19. 14FhM’§'°h tit econtrplled:, by pytbipagyf signg on| ?'QF?‘%@“F'?I Wer 1430 The smitputo yalyen ef
with the ouf"ﬂ'&li'e’@'ffgaf"rq ﬁ!fF‘i"b‘d’ fssstorerip 2 figg! fliflop s shaﬂ'iﬂ ‘?“FPQ‘ o f%“‘ﬂé’h{cfe@mde

of tentati vE Ry, PP ues ery vvh ch i s not e u but alre adlate
(P%Egmé'r‘g% 5:% @gii? %%@ %ES‘%%E i

to the final
ae ou ut 'ne 79, ectlvel
of Fig. 9 cghp ﬁ'QOcQCLe le.bpp. &5 eﬂanzﬂr P{WA @E&m f\]ceg'rrﬁ?nﬁgav?&;%ﬂ b

receiver. 5

avai | abl &° é’é‘ﬁe‘i&'
much nore u

i ndi ces réozv bfl; ancB rteE'lrﬂ) th@two@sﬂlﬂ rég%te'rl?l vl dditrol RE uﬁlpl e!a
t he out put s sédctidnls during shifhﬁé@ﬂﬁétwu Qﬂnﬂ/ regil'tbﬂd Stherét} ublieling tHe stbra® sunNdEaqlienbedandBus
repl aced DY iniprobing fhef? iikeMioo with reSiRBIED tHelBotually takaRtIE Gedubiite Bf HfkiY vallRE b.S.i0P the two
val ues [ err bidéx b Ralng thé Gt idpiitets, bRy bhe ¢ sBlectbd Bach Samiing) imb by Qfie few@st tehtative
res 'pect i vel yutpub Balue b; agpbarih Eicthes dutpiiedf agetigreTondnt thus drihselestion gbrtrolting 1432gi st er s
(flipflops) S5ThdThalp sel&dddotiic 2y, fumisbedlddyentadP on Ede314Xiwhich i the Iéulgut lind of e e 7
buf fer the Viaripdecoda/ides can be om tted, thus reduci ng processing del ay, by
one si gnal i ng Seetion 84 sha@inri Figr 9 Bdsrep| adeillanalt Hodins 149 for pbvickngreoseqidnteofi tentative otput
COQ/eCt i on Waluon wich axpi reqyirecbiar Hining teceyeryiantl gpin contrelrin therredetyer. ThiDsestinh qomerisps #ml
deci’si on, i fdditiopat griovp of 2l fiiptigps, each gprreposding o gne Higflop EFFQeﬁ’é'Fhe Hypeshifirecistess 137 and
per f or med® wi 1?‘1}(‘°’E°ﬁ@§'@ I35y Stage) e °3’3 a'&SUa'ET’ &g 'F?eﬁs hown

n o a (¢] re OW
SR ot %if"ﬁ

regli sters a

regi ster or ohbhdds aﬁ)ﬁ\ é‘mspo GA %t th Fw-i ‘ir%&h ffoBH'#édeﬁJ& af- SR Iirﬁgim'etas
I nputs di reG Sheb Qf{eﬁtﬁ’dvé ofrtBift 'vERdd ;] BN 96, QUL Slsn ﬁhaﬁ Ut dikdd ﬁveTnPsi ffar KPP HRA
are 43, 45, o ut s £g&ri quétléMr h lifé P47E i avdifiblaSfowbibr, Fthien “dariier theh thd final
FIG 7 and ncel: rhuchlm&e sl forlfiming aidgaldSontrél rEduﬁad & thd h@:uldd)fQﬁBje
enbodi nent sre@am;rbe converted to. 10 duobi nary enbodi nents by the foll ow ng
modi f i catsh OnsS.AsWae meMiodét darlier Indicés jFahd3-15&t tﬁd\ﬁwtibfg@ﬂel‘:@iaﬂnoﬁdltoﬂhdidwh-4 and n-5 at
accordi ng t ¢hetdumpuie Wb Bighsirty indeesh-2raad af3 @ diaadutpdB Df Fiy4g, aad b ipdiCes:n-1Land[re2 &t]the
outputs of Fig. 7, respectively. Thus, ln Fig. 9, the indexj can be replaced by n-4, n-2, or n-1, depending on
whether the binary decision values b’ . b7, and b, originate from the circuitry of Fig. 5, Fig. 6, or Fig. 7
respectively. -
66 If circuit delay permits, the single-bit registers (flipflops) 55/57/75, 93/85/99, and 107, 108, 113 which in
Figs. 5, 68 and 7 buffer the output values can be omitted, thus reducing processing delay by one signaling
period. Similar simplifications are also possible in connection with deriving tentative decisions from portion
148 and the final decision, if circuit delay is not critical in the further operations performed with these
. H
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A )
a

20 Subtractor 85 in FIG 6 should be changed to an adder, and adder 91
shoul d be changed to a subtractor. The designations of 6l1a and 59a shoul d
be Interchanged. Further, the adderEP@ 183@80Btshoul d be changed to a
subtractor. The designation 61b and 59b should al so be Interchanged. 26 30
36 40 45 50, 55 EP0133480 B1 TABLE OF SYMBOLS USED 5

Val ue Rangé9@ri ne Rel ation a= di screte anpl i tude b= binary c= conti nuous
10 - =.sangpl ed an transmtted vaI ue

. i D h
a Embodimergs for, ?S:Ode r_arédc el.llo\t}lg d’y C anna

y( t) fi l ter e?h %ﬁ'gl rys%nse class-IV embodfments described above can be &n%?@él to( MQ enﬂngd}nents
filtered’ I Qfy &? ng the registers andCflipfiops used for nlrlterlaavlnétE ipelining. Removi aXbgiiiét or fufiap
[ ERR] r Qﬁéaahé’ %Ietlﬁ@ﬂﬁ?oﬁi Mé‘rt:ﬁ'tpult and connécting its inputs directly to tieirl Bfrésbonding loBpEE.He
sanmpl e val Ugsments to beCremoved are 43, 45, 47, and4d if FIid. 5 witRSiSHeHRCB3] SCIRIFIGRE, 10RUG. 7and @
25 [ erfs), 153, 1551987, GG eI U os, RA@ BRI FIG. 9. The dRUEDbHbAGRAEHE dabb Jconverted to
inter ”Edioatdaomfymﬂbodlﬁbn&bybthe following modifications. TheS'V3fit" 25 in FIG. 5 should fenbrale ap eutpit
final deci deebrdigae the diobinary verions of equations (14) and (18): out put val ue [err]

survivor metric, cost c s 35 factor [err]
di fference of two sur- S Viyoy netrjcs " [err]
auxiliary quantity | Yilay + ay.1) o [%k?]}.-q aulliF; § P-?bduantl ty
16 & - k-g&xr-l iqry quantity 5 46
h(t) transm ssion characterist{g (Ehanngligor filter) (t) tr ssion,
characteristic (filter) T Si gl’l‘alli ng;hes)arlpﬂ ng period L ME ggspﬁes t he
number 2L of subl evels between receive 50 signal levels dains

K_/- 20 Subtractor 85 in FIQ. 6 should be changed to an adder, and adder 91 should be changed fo a
subtractor. The designations of 61a and 59a should be interchanged. Further, the adder in FIG. 7 should be
changed to a subtractor. The designation 61b and 59b should also be interchanged.

26

30

36

§0
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55 1. A nethod of maxi mum i kel i hood sequence decodi ng of the output signal
of a communi cation or recordi ng device channel, said channel synchronously
transnitting or recording a sequencegeb 183 agg g1 synbols [err] = + 1 or -1 ,
n being an integer synbol tine index, said output signal being filtered and
16 EP 0133 480 Bl sanpled to obtain sanples [err] with intersynbol
interference of the partial-res e jbed by the polynomals 1
+d,1- d, or [err] the nethodH%%§§r§#§§§§ﬁ¥$oﬁ$%he sanples [err] the nost
likely transmitted or recorded sequence of binary synbols, said nethod

bei ng executabl e on a decoder of the type hawsilge m@nryﬁgrnﬁgﬁdﬁg

bi nary vafued indicia of state transitign% :én Sr ] saj d decoatng 5

nmet hod, characterized by the steps of: " re Fege Elé"‘g‘g’rﬁﬂ% ng a difference
metric at each sanpling instant, whi cheTrdtdmagyrepresents the difference
between inplicit survivor nmetrics, eacé=iggntiaubugurvivor netric indicating
the probagility of occurrence of the b;g iHEVi vor sequence obtai ned and
stored In the decoder nenory; and 10 generating two binary synbol decisions
and using these to extend the binary survivor sequences stored In the path
nmenory, the signagf thtranddittedceabneric detergining at each sanpling

instant which ong @h thge | & quences curgently stored ip the path
! Fived ggﬁég from whi chéthe out put of ‘?he decoder

menory i st he mor e groglafl'e Se : |

is to be selected !tls 5iltennd regedves, ding to €laim1, for ¢©
maxi mum | i kel i hood seqetgred dWMBYi ng of sanple Signals with intersynbol
interference of LNR)pagij@rdEeeBIfes! ass-1V type being described by

pol ynom al [err]. charagteriz In that the two sequences of even and odd

i ndexed SAnples [err] ﬁf?ﬁlh 2ndent |y decoded based upon i ndependent
state transition¥gi agreeceivexh sampletvdalae at each sanpling ins¢ant. 20 3.
Appar atus for naxl numfég@j,}etpgqmﬁgg% decodgng of sanple sgquences with
i ntersymbol interfer- ence t he Q%ti | -response class-1V type descri bed
by pol ynogial 1-&p saf & FEFgd v‘f“ﬁd’ea whi®ened match fil%er (13),
sanpl i ng Freans (83), afitnaludeicidedsrecmives st orage and updatirg nmeans (21),
characterized by netrigutMrituqad@ber mning circuitry (19; Fig. 6) which

conprises: 25 + S for adding.,a recent sanple value [err] and
the range |initel ®i f%@%@%%tga?ﬁé‘%%g%ﬂuga%l e value [err]%nd a '
previ ous i fference suff@T &'yt +cof ea'y] =andd for delivering a new
difference survi bor nefinal [@eciflednpédeivied5) fap subtracting g new sanple

[err] froma recent di rvivor netric [err]; means (81) for
limting the out put ofg,{l%&g&%t]'?acti ng nmeans (85) to a range between + 1

and -1 and 30 Jnfor SRAEVET Rgtrél. 9088 nedi e binary deci 8 on val ues
[err]; nmeans (97) conngedwd to the output of said adding neans (91) for
generating a binggy O l.ue_ ke AAp resenting the sign of the new

di fference survi 93:1 rrg‘?%%e%gﬁ ?&4& srﬁ%rgat us %ccor ding to cl%im 3,

ch%r{act erized In that YH®L MSEE3C8f sai d addi ng means (91) are 36 _
confmiect ed t hrougk, cl ockexiJiegxysgeanti3, 89) taca sanple inputg[err] and to

the out puf of thgkl [ m;&miqﬁnﬁugmtyrespectigel y, the inputs of said
ected to said sanpl e input (YnssS and,

substracting rreag} (85% )g]r,rl con
through a cl ockedkr egi ¥% ) TeRBEI YL out put Bf sai d addi ng Seans,
respectively, so that output values can be generated for even and odd

i ndexed sgnpl e valiups tAdaRARIEBH! ¥ndsackeRiBELE NRthainaGCSS £ ffkerj APParatus
for maxi mum | i kel i hood_seguenc decodl‘r}g of, s?rrpie sequences W th
8P istic "(filted)

I nt ersynbol int ef t:.:'an migsion character
T signaling/sampling period
L defines the number ZI‘ of sublevels between receive
60 signal levels B .
Claims

56
1. A method of maximum-likelihood sequence decoding of the output signal of a communication or
recording device channel, said channel synchronously transmitting or recording a sequence of binary
symbols a, = +1 or -1 , n being an integer symbol time index, said output signal being fiitered and
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ence of the partial-response class-1V type described by pol ynom al 1-d2,
sai d apparatus having a matched filter %é sanpling neans (15), and
survivor sequence storage and updatFh§ 1R2482B1 21) characterl zed by metric
val ue “det er mi ni ng neans (19 Fig. 7) which conprises: means

( ]-‘03) for add'sarr]r%leg gb I? g % %lﬂy%te[' EJI |n reﬁ(‘.e o@%epalltihl% E 'dggf{ass\ée %aned

di'fference sufVg k #0 hgr bietSt #6m tHe W ¥ e Hidst likel
SUrvivor metr ph i&}’fﬁﬁé@ j:f&b & sl e
di Merence supy b8 haviFB ta hemok Vafﬁlr Rg BindrfWlBd @R fatd trahsiidhe undbrifihald %codmg

generati gg t Wehdl, SfaFie@iiRl 8y thb BRpordeci sion values [err]; and nmeans (111
connected to the output of said-adding neans (103) for generating a binary

output so red@sivefy Ediipiling! £ QIESA0RL inctlc Yl Bachi @iMpidG ihdAt, Whidh Chétce feprasets the
sSurvi vor net r difergneé bbtwedn. imPIRD 3Gréivdd Snelics, Gach irPlicitGueivai nstriz, indidatigathé probebitity df n
that the i npubcurmshcesditid binddfishgiviraeduence bbiaihedone sioea nditt dadodsomemasiwpd € i nput
[err] and@, through a clocket register (101), to the output of said limting
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E

Mitte! (91) zum Addieren sines neueren Probe-Wertes (y,4) und der bereichbegrenzten Differenz des
50 neueren Probe-Wertes (v.1) und einer vorangehenden Uberbleibende-Differenz-Metrik (DJn.g) und zum
Liefern einar neuen Uberbleibende-Differenz—Metrik (DJpa),

Mittel (85) zum Subirahieren einer neusn Probe (y,.) von einer neyeren Oberbleibende-Differenz-Metrik
(Ddn2),

Mittel (81) zum Begrenzen des Ausganges der Subtrahiermittel (85) auf sinen Bereich zwischen +1
und -1 und zum Erzeugen zweler zwischenliegender bindrer Entscheidungswerte (b n2 Und b7h2),
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und b-24), 19Kiassedf-Ait,alie dutth)ejn Rhly@omi1td? desthridbergial) aact @er Meltblode raet Edigel mif Bichsterum
Er zeugen4ssi ne VahmchelinichkeAusehangie \iwichimg (< #9is \aesublagielcangepafds Filie (1B)e Abtdsimitiel

Vor zei chen def15neddlveBlobervbEpigedupichdd: frideAkimisiolveitial (2t) {ub@ist, bpkenregicnst durch eine
sentiert. metrikwertbestimmende Schaltung (19; Fig.6), die aufwelst:

Mittel (91) zum Addisren eines neusren Probe-Wertes (y,.1) und der bereichbegrénzten Differenz deé
80 neueren Probe-Wertes (vy.1) und einer vorangehenden Uberbleibende-Differenz-Metrik (DJy.) und zum
Liefern einer neuen Uberbleibende-leferenz—_‘l.yletrik (Ddna),

Mittel (85) zum Subtrahieren einer neuen Probe (y,) von einer neueren Uberbleibende-Differenz-Metrik

(Ddn2)s

§5
Mittel (81) zum Begrenzen des Ausganges der Subtrahiermittel (85) auf sinen Bere:ch 2wischen +1
und -1 und zum Erzeugen zweier zwischenliegender bindrer Entscheidungswarte (b n2 Und b™p0),
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6 4. Einrichtung nach Anspruch 3, dadurch gekennze ' '

Ei ngdnge der Addiermttel (91) ‘durch getaktete Regi l;mm'ﬂ{mga‘mﬂ“m ei nem
Probe- Ei ngang (yn) bzw. nit dem Ausgang1sE4golsOr enzekr ne t tie 83) vwerbunden
sind, -di e Einglnge der Subtrahiermttel (85) mt dem Probe-Ei ngang (yn)

bzw. durch sin getaktetes Register (87) mt dem Ausgang der Addiermttel
ver bunden si nd\ittejdeFadiermt gem dusgang der fAddiennitteh @8 aymdErasngpareinge binfiren Ausgengswertes
Probe- Werte udﬁbhm@ngem sindevelebag 4as Yenzpiehsn derdpuen (@PTQB\DQ’FSWP@W@@( (BJna1) repré-
kdkeen. 5. El n?enteﬁtung zum Decodi eren von Probe-Folgen mt einer

Zw schensynbol -interferenz der Teil antwort- Ki asse i V-Art, die durch ein
Pol ynom 18 d% b"é%’l?Pﬂ"rge'E?ém Ai'sgf“ch ?raR?H"fﬁbQGk '°P‘%919 agefiet Adplipamitiel d91) durch

Wahr schei nl i c 1"?'8 '“8? s“‘éanPQ der Begrgyzermittel
Abtastm ttel "e? " (Yn) bzw. urftg ?(lln
Aktivi erm ttelge % an U“ 93%5; gswerte flir
sti mmend e (UES dlz % bh eﬁ\?@ ﬁe- %u?gf tPt werden
si nes neuen Pro Eer t es (zn) und SI ner bere| chbegrenzten vorangehenden

Qber bi ei benge- BhichGhE A Dhebdidrn i rébe-Aoch fk FinbiSFwidchen fFinteFersn2 der Teilantwort-
Qoer bi ei bende- hdsé- ﬁvﬁ;ﬂam"&kﬁ b Palinom 1-d¢ bakBhriebe!idt t:ﬁl:h& mhowaar%ssmaméh s
Vertes el ner newafscRsmioksi, blvsteh el caitchtiny OMZ ahddbantes ElRt. (13), AbthstrRiftdle@s) und
Berel ch zwi schigerbleibbndéFdige-Spdichek- am:&ﬂere.mglqzn)amua.rgewenﬁzsnm Lireh G Ylstiikwertbe-
bi ndrer Ent schgimeiendgs Mattel @9; Fla.7nidds aufmbisb- . 1) und 25 Mttet (111), die mit
dem Ausgang der ‘Addiermttel (103) zum Erzeugen ei nes bi ndren
Ausgangswer t esMiftpl)(103ezunuixidiersn Sinexineueve Probee\Wertba $z.Mmd aiaercuaeichhjagrenzmrangehenden
Cber bl ei bende- iefifeihendeDiffdranz-Meatrlk [DUR)) wndpzums Hisfernt 4ingr neueg dee'@leibEmdefqiftQMngﬂk
Ansgfuch @hldadurch gekennzei chnet, dal die Eingtnge der Addlernittel

(103) mt ei nem Probe-Ei ngang (zn) bzw. durch |n et akt et es Regi ster (101)
mt dem Ausgang'“ﬁlé*?‘ala@' fy Bagteaten dag Werdas singringyereridpe Matrik (DJ,.1) auf einen

Addl ermittel (R 2MsPoR wdgbv'}gkzv@t%%e“mgW@?féw‘S%th}B?e" rio 'ﬁ@hﬁfﬁfca@]%mgswaé?
Begrenzer m tteﬁb '(‘8‘1‘?:1? "\!)é'%unden si nd, sodaB Ausgangswerte fUr gerade und

gpgng? ewepg;ﬁl{/l r{ 1é dle%ﬁt e un gd n%le’ P Os?lzurr]r??zt-)PLtlggn elnes%mgrrer? %\usgangswertes
verbundén sind, we orzenchen der neuen Uberbleibende-Differenz-Metrik (DJ,) repréisen-
tiert
g0 6. Einrichtung nach Anspruch 5, dadurch gekennzeichnet, da8 die Eingéinge der Addiermittel (103) mit
einem Probe-Eingang (z,) bzw. durch ein getakietes Register (101) mit dem Ausgang der Begrenzer-
‘mittel (812) und der Ausgang der Addiermittel (103) durch ein getaktetes Register (105) mit dem
Eingang der Begrenzermitiel (81a) verbunden sind, sodaB Ausgangswerte flir gerade und ungerade
indizierte Probe-Werte unabhéingig in einem Pipeline-Proze erzeugt werden kénnen.
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