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THE | NVE LELD OF THE I NVENTI ON The present inventiitopuie2@08s to
encodi ng for &’ dr| ves and, particularly, to an inproved Viterbi detector
for sanpled anplitude read channel s. 10 DESCRI PTI ON OF THE RELATED ART
Viterbi decoders are typicalSYR¥MALBELEGTENRWE anpl i t ude channel s.
Viterbi decoders ar t L algorithm A
Viterbi detector unﬁﬁ%&@%ﬁﬁo@&kmﬁSXﬂé trics

associ ated wt Whﬂs%@dlrcanmtcma@w@ﬂ@eﬁomfu SerPbdsidnBl Appliddtidheddhf \ah
sequence is typically |labeled as a "path" and the associated netric is

desi gnat e@04! 52htth filed Beptembeied, 996. probabl e path is then deternined by
choosi gg a mninmumpath netric based on an iterative process i nvoI vi ng

successSive conparison of associated path netrics. This is ill mmmmmmﬂ"lm
way of exanple in FIG 1, BAGCKGROUND ©F THEIMVENTIONe! | is 20

response channel. In particular, as shown in FIG 1, a Viterbi detggiss iS
characterized by a | abel ed tr@ﬁh%oﬁ THEINYENEHONes s, ,s~,...,s~,. In the

exanpl e shown) ﬁdbsfs,ggﬁ ﬁ@&#} §t8"291c88 g,ffok%%dnvegc,agg& ﬁeuuxe{gd e

survi vor seque ri C SUI’VI vor equence up

initial staheimproed Viesrbindetecton farmsanepladringplitldeisdaditieghnets.* is the state
s, at tinme k-4. 2s Gven a state s (e.g., state 100) and a tine k , the
survi ¥&r sequence ss, (k) is a |label sequence in Hstarting froms' at tine

zero and ending on s at bE‘FC#%PTIHNJéHYHE(ﬁtgéﬁ-Eg )I\gitthel abel s of each

survi vor seguence are save e paranete truncation depth
of the Vit erbi Vitetkddiecodersrars,typinaliyl ésrmplbyeti:msamplémammwda chamnels. t er bi
det ectors g;eudgtlnqqrﬁrule are as fo | ows be the

pr edecess Yite& geceders ArgSPSC 'pémglemwta iprRs Ofmtheg\é'tqrhbalsaamm oA ity 1 Ju y
2003 the ggRtdr R '“Sllr?gtrs\gdﬁ? epfﬁbféﬁ?@iiamln%tnoﬁ%f?ﬁeth%’eaggéﬁt@ﬁ(vﬁ@{ ue of the

recei ved sequence. ng rules are: nt, (k) =
m n {5~ @akernble sequénceshof rgc@rded bits, wheseif kach sequénde is thpichlly 1abeledUpdat e

B T N L Il
Gores or BRIEHIELED Sl cblobhindpensss oty @Hﬁpeéth%eﬁﬂsﬁés?e?& B}
- me~( k) , anitekative. procesprwplving w@lsawa.companson of associated path metrics.
This is illustrated by way of example in FIG. 1, which shows an exemplary trellis
20 for a partial response channel. In particular, as shown in FIG. 1, a Viterbi
detector is characterized by a labeled trellis // having Q states s,,s3,...,50. In the

example shown, Q=4. For each state sand each time k, a metric m (k), a
survivor sequence ss, (k) , metric/survivor sequence update rules, and an initial
state s" are defined. In the example illustrated, s* is the state s, at time k-4.

25 Given a state s (e.g., state 100) and a time £, the survivor sequence ss (k) is a
label sequence in H starting from s* at time zero and ending on s at time & .
Usually, only the last ¢ labels of each survivor sequence are saved. The
parameter't is called the truncation depth of the Viterbi detector. Thus, in FIG. 1,
1=4,

30 In traditional Viterbi detectors, the updating rules are as follows. Let
5., 5,,....5, be the predecessor states to the state s. And let 4, be the label on
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Y(k) = F(vst(1) wsa(l) ,...,vSQl) :ns, (k) ,m2(k) ~ .., mQk)). o Afirst
conventional inplenentation of the function F is shown below F1 (vsr(1)
,vs2(1) ,...,vsQ1l) :me~(k) ,mez(k) ,...,m~(k))=vs,~(1), for a fixed w
That is, the Viterbi detector output at tinme k is determ ngq §Qybmdhe
output at a particular state w. For exanple, in FIG 1, an arbinary state
wis state 52. According to F1, the Viterbi output is the path ending at

state 52 i eddt fbm Detolp, P@ﬁﬁérc ldtS, rﬂéﬂth@&mtent/tamcéteﬂheqe&eowonal
i mpl enentation i s shown bel ow F2(vér(1) , viz(l) ,vsQ(1) :ms~(kJ

, 82(K) , sequehce( Kinery thé LpdatihifFesBre:( K) = min {ms~(k) ,ms2(k)
..... nmsg( k(i F2 thus determnes a path netric for each state at tine k

(e.g., stdpdatedm) (k30 52(,k)54mnanc(k56))+e(mp e, .o pt - d))‘+(r’;|ehWt jerbi det ect or
S the sequence whi ch minimzes the branch netri ¢s over all the states and

al | possi bpdateasshek) : Tiheefjlhstateons, Frodsicesithe trinimooh aene (miyl)), thani s a
better function-- it pr oduces fewer detector errors. However, when Qis

| arge §2 s (bt (sfa8k- t)ohl)npl ement. 25 SUMVARY OF THE | NVENTI ON These and
ot.her drawbBacks i# the prior art are overcone in large part by a system and

met hod accor di pgr éwery laeatBr @sana timi &1t ON= (ladt Pa6&IdINELES of &, &y vi val
sel ection rule according to the present I nvention conpares pat hs at a

plural i tyln(germﬁabmmomwt of at\dteriyidetectaeat imeark, thik), isoa funationteér of endpoi nt
states. ﬁél BRI@E gRI PTI 831 OF. THE DRAW NGS A better

under st an(i’f‘ he ‘fs Lt &h s WWAEANPWE: £ ol | owi ng det ai | ed
descri pti %?) t:q:(gsg(q;l‘dzey)ed |v (EPM, HRC A, 0 W, tnﬂg(fk e followng drawings in 5

whi ch: FlI Viterbi trell e 2 is a diagramof an
exenpltary readestm@nuaamfml lraptﬁmnmtagom of theerpch@@ﬁtmshommemw FIG 3 is

channal of FI G Unge @ o G M E bty o et BReth J90R T e
DETAI LED PG tﬁél\ﬁl&rsfd&e&ot DN labtinfel £33 deterninkl us thieathe cutplittrbi
detector inplenmentation_according to the
particular state w. For example, in FIG. 1, an arbitrary state w is state 52.
According to F1, the Viterbi output is the path ending at state 52 for which the
15  metric is minimized.

Another conventional implementation is shown below:

F2(vsi(1) vso(1) ,...,vso(1) msi(k) \msa(k) ,....msp(k))=ve,(1), where

mg,(k) = min {my (k) ,me(k) ,... .mo(k)}.

F2 thus determines a path metric for each state at time & (e.g., states 50,

20 52,54, and 56) and the output of the Viterbi detector is the sequence which
minimizes the branch metrics over all the states and all possible paths.

The function F1 is easy to implement, but F2 is a better function-- it
produces fewer detector errors. However, when Q is large F2 is not easy to
implement.

25
SUMMARY OF THE INVENTION

These and other drawbacks in the prior art are overcome in large part by
a system and method according to the present invention. In particular, a survival
selection rule according to the present invention compares paths at a plurality of

30 endpoint states but fewer than the total number of endpoint states.



~5 present invention. A map F3 is defined, according to the present
i‘nvention, that is easier to inplenent than the map F2 descri bed above and
yet does not substantially degrade system perfornmance. Briefly) the present
invention relates to a survival selection rule for a Viterpy Agyedog. in
whi ch survival sequences are determned for a plurality of end states that
is fewer than the total nunber of end 20 states. In one specific

i npl enentation, a pair of end states are used. Turning now to the draw ngs

and, with particul ar at i ' m of a sanpl ed
anplitude read channel é@i%# @E%eﬁﬁiﬁﬁ’@‘ﬂﬁﬁe%@gwﬁg invention is shown
and identifi edAbb'etténMd@fﬁaﬁ@mP of e irilenB R is ébtaidd when dhe fallpwanlg i n
greater detail below the sanpled anplitude read channel 200 may 25

i pl ement detajed &eﬁpnﬂ@@@tms&ﬁeﬁ in ﬁ@myactuqrbwﬁh dhe fallowing ArawiRgs ir i ng a
wite opera on) data are witten onto the nedia. The data are encoded in

an encoder , such as an RLL or other encoder. A precoder 204 precodes
the sequence t BlGotwms ekemblary Miterlirteailis, er functl on of the magnetic
recordi ng chanpnel 208 and equali zi ng fllters As | | di scussed in
greater 3o det&IF. $i8 adiagram ehanexemplast '@H@EGCPWQ'%E%@UCh t hat

after pre ta has a pre- determ ned parlty structure. Turning
back to F?%g!eaglr{vﬁﬁ“ﬁ/rﬁlte circuitry 206 nodul ates the current in the

recordi ng headi’lﬁ)iii|sta>dragmmdlltastrhtlnglarﬁeﬂemmamWetblrdelt@cteeiqmehree onto the
medium A reference fr y,fret provides a wite clock to the wite
Ci rCUTerre?G’éW”fﬁ‘@ gggﬁgn&?n then provided to a variable gain

anplifier 210 g Wls%ﬁlayﬂé’tgadﬁad é*&?ﬁpl‘é?yf{@lﬁss' gnal. DC offset control 212
aln err

and loop filter/g correction 4 may be provided to control the
adj ustnent of the VGA 210. Further, an asymmetry control unit 215 including

o 23%&”52ratyea?'{)‘ﬁshﬁﬁ%ﬂﬁL&iﬁ&?@ﬁﬁﬁW@%ﬁf BVERTGR’ S Gral i & then
provi ded 10 2 ERIL 114 AR EHLE VilerbiderddBr intBleflbritlor SodbrdinUHbhE wor t

filter, for exa‘?rjp% to attenuate hi gﬁg@r equency nol se an
al i as15ng pne‘senbmsebmmj Afmep FSdsplefingd, adoerdingrialthe pradeat inveatiodetthat o an

2 o8 £ ool B o o T B RS B B el Aot e 1™
equal i Zaté&ﬁ%téﬁtléllg‘%ieﬁ'rﬂd@byétemt M&%ﬁc@d Br%ﬂ?toﬂ'ﬁeeere-géﬁt ﬁ’NbHHén Pdlafdie FIR

224 is provided an ~ interpolated timng'recovery unit 228, which is
used to rtecoewvivaheelgction aule for aditeerjuieteior, Trmwfmkt sunvivad semeriqetsarpol at ed

timng regqver ed to [,QVi eedback to th of f set
cont o1 Heteheddal a Rl oS ghe S RlesIBafind RSP Ry (B okl pulrherfee & 254
contrl ZAftesThR onet spdcifief impiémeRtaRiopOh fldnd stetesemefyed. 228 is provi ded
to a Viterbi detector 232 according to 20 the present invention. Further,

the | TR out put Tirging aow dedhe drawisgsandewish particadar atmiontailGi gf armation i s

The i £ il Bor iashPled ke & hdhnd EcbRuRE B ER SubthiRebl "
decodes tdfehenpemition n@sndwd@a\dhuehmdewmef&@aceHmenéfat?_m@l Adsfipekor 232

may inplenent the survival selection rule described below 25 FIG 3

i |1 ust r atdiscupsediie greatgedetaildrelpnothesannied @npldude read channel 208rmmayl e

accorgin I The Vittrbi

det eczgor qw&)??rﬁggfsgg)'%@?eﬁééﬁgﬁ?ﬁ?%ma% epéﬁgﬁpéi%{w@n%ggﬁl conpar e- sel ect
(ACS) unit 102:)umngsarwntemper@trmr ydal@éreawdtten suto/theainedid. ETHié data alee 106
according to t@Be pr esent e&%ég ranch nmetric generator 100

recei ves Qﬂ?ﬁg L PBrPJIqOF n%ls 3p rcetheteagedera Apearoderefdi c,
whi ch 1S defoddSitetsditieteatto cBRpehsatk BF b BAAERA{cRBh b HEE FaFidrie! gnal .

The ACS est metrics fromt
gener at orremmungadhlannéiémﬁtmd e:qauailzmg filtess pAstwithberdiscussed id gredtér Jul y 2003

det i | t f di d th A 10 h th
o1 ur dB1 1 yetal BplbkS the B Codaecede nih enrads Hie AR sisDithel A6eia ot at es)  of
ACS pat h grBEédiRg {Re dafa ﬁé@a?ﬁé%ﬁénﬂn@@banw aﬂﬂ:r’éh?uﬁ’ﬂﬁ’? b%éfc tcﬁ’??(@ getric,

and out puts the newy selected path netric an he co resu narrely
t He deci shewrite circgitryizf6ausdulates thexcurpaiirethet tesording headrood tbyewdrag t he
branch netric obtained 3




fromthe branch nmetric generator 100 at each decodi ng cycle and outputs the
Q decision bits (one for each state) to the survivor nenory 104. The
survivor menory 104 updates each state with the information fromthe ACS
unit 102. Finally, the survival selection rule 106 picks ong §Ltlgth@Ed
survivor according to a map F3 descri bed below. The map F3 is dI scri bed
with reference to a pair of end states, it being understood that the

i nvent i onbinannsequendei ontodbe niediumi tA cafetence fraquencytfat proyidasd wnité nt eger

p, let G (s ={ al] states the detector trellis that can reach s in p
steps}. 1 O%E‘;m{QWH Cﬁ.m‘@“(/gﬁgtv\o states s' and s") let D(s;s'~ = mininum

p such that (($pe Bt daqtiehce jSiheh proliagn tb keydrmibid aﬁ%m?ﬁfi&eﬂd"l%dacﬂﬁst
follows: Let F3(vsf(1) ,vsl(l) ,...,vsg(1l) :me~(k) ,nsz(k)
, . .., rnsgthie)gmpltude [of thevaignal. nPC, offdet centipl2 {and kgop filker/gain errof or t wo

fixed ! " Eurth | ' and_s" ith |
a5 aditarmion 4 ey fehievdanoantie! B adialiod B a58 YRR tace for a
particul ey bhasyRiMesy cbhgoln@ane2 falinthiding 8n B3ynihélry AdieRhehsumt trel lis

Hl havi ng sixteen 2§ states ((Q=16). States are denoted by rectangul ar
boxes. Ea’lP andiasyimmetnnbenteal 2 tBhsay betyrovideddo compensats faswnagnetot s
correspondi nﬂ] box vm'tt} a Ri él}ary four-tuple. There are two | abel ed edges
ener gi ng Rl vg@éwmg?gxg_e Re trellis H1 may be used in an E2PRM. system
I n addition toThskigtal Rehbh@rblidedilo atddntivubes inetite? 220! whitth magthRda
forced the 30 state survivors not to go through states 8-15 every 52 cl ock

cycl e, TRButtgmiogthrfiter; fes examplsi ta@tiendateshigh feeqsiensy neise and munigrize s* =8,

A | :
et oct or pPifto Badear after sehtpid, T2 kidnal 8 el bgRlRso ARBAIEY ,°
maps F1, t6aligital¢oRBertERER RHOAMBIE the LIRS GoRARGIREHRAEIMBR Q075273 As

can be seen, the nunber of errors _for _the exanple of a |large Q=16 when
usi ng the 5 mefipte dppulegiragrense fiterZ2dsravides adsitional equalrationfiteet o t hat
achi eved | / e | Lres fewer
conpari son %ftggﬂé%]ﬁe%r'ep?dr @gb\?gr%ﬁégﬁ \aéndj tPQ{ ?@F\gﬁleg%@%ﬁ?\é@gﬁ gbiaﬁpl enent

t han fshe inwppdidtedtiminglretovery2MMIB228 avhicls iclsediorecbvér thet discretetimaur vi val
selection in a Viterbi detector, characterized by: 2 selecting a plurality

of end St%@nﬁémgrt‘et%ﬁmamttaﬁémtﬁfﬂpI%tﬁdsthm'ﬂgéﬁgogqrﬁt%‘ét ] u§9@ o gpovide, 56) ;
and a feedback control to the DC offset control 212, the gain error 214, the

asymmetry control 218 and the FIR 224 control 226. The output of the
interpolated timing recovery 228 is provided to a Viterbi detector 232 according to

20 the presentinvention. Further, the ITR output is provided to a sync detector 234.
Sync mark information is then provided to the Viterbi detector 232 for use in
sequence detection. The Viterbi detector output is then provided to the decoder
236 which decodes the encoding provided by the encoder 202. The Viterbi
detector 232 may implement the survival selection rule described below.

25 FIG. 3 illustrates a Viterbi detector 232 employing a survival selection rule
according to an implementation of the present invention. The Viterbi detector
includes a branch metric generator 100, an add-compare-select (ACS) unit 102, a
survivor memory 104 and a survival selection rule 106 according to the present
invention. The branch metric generator 100 receives convolutionally-coded data

30 and calculates a branch metric, which is a distance between labels on each
branch from a received signal. The ACS unit 102 receives the branch metrics
from the branch metric generator 100, adds them to the previous path metric, and

4



4 selecting a Viterbi output by determining a mninumpath netric for paths
s ending at said plurality of end states. ~ 2. A nethod according to claim
1, wherein said plurality is two. 3. A nethod according to claim2, said
sel ecti ng a plurality of end states 2 corrpr|S| ng: 3 sel ect g tes,
s' and s", having a predetermned D(s ;s'~, where 4 D(s W:‘Mm%% p
such that &s; p) n gs'; p) ~~, wher e G (s) p)={ all states 5 on the

detect or He®rhiises Splurahty dfeasbidstapaths. i ThPASIEPS2 the‘h campBidioeaccor di ng
to claim3, wherein said selecting a Viterbi output conprises defining a

map F3 su@}ur@lﬁm(a@epg( tnp-byt-fewegtian-the, total\nyq(bar of ,egWstatmgi PkACS path
""" et @aiueé an&sé’l‘@{té) o h’h%v) rthd sef égth mettfe, a%)gutmt;%rth%m

fixed sta €s s e sur val ences, and

branch mehewbsselécted péth endtiic aptahé @b)npa@e@rewm@anfélﬁt@de{mmh el ection
uni t (106%H_‘ apted to select a plurality of end states 3 fewer than a

totali%y % usitdl 02 ypdates the B%ﬂhéﬁﬁt"& by veipgithe bfaneh flﬂ?tftfe@fétﬁlﬁqﬁ’i ng 4 a

m ni mm p . 6 A
i erbr BEpl. B 5rafoh pebBAeRc) A3 cadl doBARg A lq SR AR

A Vi ter bi déatsmtmrs (anecfbpleav@w Et@té)|taithe@ur\ﬁ®érdnémo‘ry wau Trleegiriier uni t (106)
2 adapted to sel ect said plurality of end states by selecting two states,

s' and s' me@”%v“i%%ﬁ%?%&é@’éﬁmtﬂé‘ﬂtmp§ infprmation iogn tyesACS Ynit 182 ni mum p
such thatg ) I V\RW aI I
states on f@y he es’é’trf.\g\r""”tse}%:f"})lrll e %@ n%‘r%"é‘@ﬁg‘afe and gtiRiVdr a%céﬁq.n%}?
Viterto deiapdiddescribeddbelgwt o claim 7 wherein said survi vaI sel ecti on uni t

2 (106) is ad ed to_sel ect ald \fte out put by _defining a map F3 such
3 that 4 F3(vs %‘F)’“aR/Egaﬁ FGSCT ewlﬂa |f§{9f%qe(t9)a PR 2f Rd states, it being

, ,rrr g {rn,~(k) 5, ms,~ (k)}, for two
f| xed stat"é(gér)s‘:'m\b'a tgﬁnhe IWO?ﬁtforg?réendsturV| val ‘sequences, and m;(k) are s
branch netri csDeﬂmtténéa@Wadaatqibutardbameﬁdgeﬂya,rlete@ (s, )wpall statgs aniteans for

recei ving,encod and 3 a Viterbi detector (232) operably coupled to
sai d recef& MY rﬁ@ﬁﬁ?“agﬁ?'ﬂrgﬂ%‘r'ﬂll’ P8kt or including a survival sel ectl on

06) ad !
unit {s106) a aggﬁfﬁuéﬁ’%@n%ﬁtv@oéta&)éélj i, Rt [)&Pterb%ﬁﬁn&ﬁ??%y de erm ni ng

totality of said end states and to select as I outpu

a m ni munGpgtA) Sl p) #@r. paths ending at said plurality of end states. 1
10. A sanpled a Iitude read channel according to claim9, wherein said 2
plurality is t !‘P mﬂpférmaada%%ﬂmqm%fqﬂea@ channel according to claim

of end states By EOPREV gl Do 3ol ) RPE ol R T, RS LT v

of end states a predgterm ned
D(s;s' ~) whdndmbis;,m; fk)‘f fm Mmﬁmd)statwﬁtanﬁha't Farther, 1) s'rand(ss’ be o ~ ~
where on the detector trellis 5 that can reach state s

inp& ep%t?&')sl‘é'th l@rg%l féd) anpl i tude read channel according to claim 7,
wherein said 2 survival selection unit (106) is adapted to select said

Vi t er bi output by defining a 3 map F3 such that F3(vfr(l) ,st(I)
..... vse(l) :mer(k) ,msl (k) ,..., m Ea(dn)pl:evs ~(1) where 4 rn"~(k) = mn

{ms, (k) , s ed state S are survival 5
sequences, and-h'}t% FI’(‘?mﬂeemﬁ? ?F? ﬁ%@"PP@'Ve p%'Pormance hhdd i’ particular
. A AYL. At \bEtwREn the-mapd FPFEL pd{rpkei Y 8%&% i) %1 ﬁé%@%}iﬁ@ caj ca|
ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] caU] cal] ca] ca al cal] ca] cRa
$. d "28 K states (Q=16). States are denoted by rectangular boxes. Each state is
numbered. The number of a state is shown in its corresponding box with a binary
four-tuple. There are two labeled edges emerging from every state. The trellis
H1 may be used in an E2PRML system.
In addition to using the trellis H1, the Viterbi detector, as tested, forced the
30 state survivors not to go through states 8-15 every 52 clock cycles. To apply F3,

the following states were selected: s'=0 and s" =8, resulting in D(s"s") = 4.
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1 2 A method according to claim 1, wherein said plurality is two.
1 3 A method according to claim 2, said selecting a plurality of end states
2  comprising:
3 selecting two states, s’ and s”, having a predetermined D(s’s"), where
4 D(s's") = minimum p such that G(s’, p) N G(s", p) = ¢ , where G (s, p)={ all states
5 on the detector trellis that can reach state s in p steps}.

4. A method according to claim 3, wherein said selecting a Viterbi output

-

comprises defining a map F3 such that
F3(vs(1) wv2(D) ..., vso(l) ‘mgi(k) mga(k) ... .mso(k))=vsu(1),
where my,(k) = min {my (k}, ms- (%)}, for two fixed states s’ and s", vy(%) are survival

sequences, and m; (k) are branch metrics.
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5. A Viterbi detector, comprising:
a survival selection unit (106) adapted to select a plurality of end states
fewer than a totality of said end states and select a Viterbi output by determining

BWON

a minimum path metric for paths ending at said plurality of end states.

1 6. A Viterbi detector according to claim 5, wherein said plurality is two.

1 7. A Viterbi detector according to claim 6, said survival selection unit (106)
2 adapted to select said plurality of end states by selecting two states, s’ and s”,

3 having a predetermined D(s's"), where D(s’s") = minimum p such that G(s’, p) N
7
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A sampled amplitude read channel, comprising

means for receiving encoded data; and

a Viterbi detector (232) operably coupled to said receiving means, said
Viterbi detector including a survival selection unit (106) adapted to select a
plurality of end states fewer than a totality of said end states and to select a
Viterbi output by determining a minimum path metric for paths ending at said

~N OO o AWwN

plurality of end states.

1 10. A sampled amplitude read channel according to claim 9, wherein said

2 plurality is two.

1 11. A sampled amplitude read channel according to claim 10, said survival
selection unit (106) adapted to select said plurality of end states by selecting two
states, s’ and s”, having a predetermined D(s’,s"), where D(s’s") = minimum p
such that G(s', p) " G(s", p) # ¢ , where G(s, p)={ all states on the detector trellis

g W N

that can reach state s in p steps}.

12. A sampled amplitude read channel according to claim 7, wherein said

—a

survival selection unit (106) is adapted to select said Viterbi output by defining a
map F3 such that F3(vy,(1) veo(l) ,...,vso(1) :ms(k) msak) ... ,meo(k))=vs,(1), where
my,(k) = min {m (k) ,mg« (k)}, for two fixed states s’ and s”, vy(k) are survival

g AW N

sequences, and m,(k) are branch metrics.
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