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5 where ai = 0 or t , Edges of Hl: There is an edge; e, from(ai a2 a3 ...
an) to (bl b2 b3 ... bn) if and only if (bl b2 b3 ... b(n-1))=(a2 a3 ...
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sanple_t [8] _whe AUy enltaioel resaivel ene bilrehImetrRddforh ahebreamhedd 91 =-1 ;
edge Iabel edge_| abel sanple 1[10]=1 ; edge_| abel _sanple

S ols e st bt te 1a qpfe\-']l&los patedpelTicaal dsterptiese @IUrally edge
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The T2 (AR PE R Betlf PR irdiePRnated e e e TR S BB G B A6SS
unit 102 updates the path metric by using the branch metric obtained from the
25 branch metric generator 100 at each deceding cycle and outputs a decision bit for
every state in the trellis. The survivor memory 104 stores the decision bit
obtained from the ACS unit 102, receives the original information sequence by
using the decision bit, and outputs it as Viterbi-decoded data.
The trellises are illustrated in greater detail with reference to FIG. 3. As
30 shown, a pair of trellises, T1 and T2, having identical connectivity are iltustrated.
In F1Gs. 3-8, it is noted that a solid arrow means the NRZ state is a “1" and a

dotted arrow means the NRZ state is a “0".




40 45 nunber of states=i8; previous_state_1[0]=0
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ate_l [2] =1 ;previous_state_2(2]=9 ;previousstate_1[16J=1 . .

, previ ous_ state _2[16] =9; previous_ state _1[3]=1 . 8 January 2
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- previ ousst at e8! Tine datepiransigos Hagresn N P STO -1 bqademmjastcatoevsl [ 14]

; t at te2(15] =15 ;
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egggel aggﬁ wg;rrrgluel ?z]n%ﬂp :-\i{ gg%gfaﬁﬁﬁﬁwgﬁcﬁéﬂ@gﬁgﬂfﬂa% ‘Q%I&éezg 9]1
edgel abé$ edgel abel sanpl e_1 (10] =0 ; 2oedge_| abel nrz_2[ 10] 0

; | abel : 1 edge_| abel Fel[11] =1
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edgel abel _s IeZé ; 25edge | abel nrz i[13]=
edge_| abel @ziﬁgFe(a 1:) @ aneaga4AIES, aAr ag| a@]&m) edgel abel

| e2(t 3] =- I I 17
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, edgel abel _sdingl tegltis bﬁﬁi?ﬁn sippdacPRIR! (oraaZiddddey PRML) constraint, and
edgel abeb@{’mﬁ %%4 -1 edge | abel nrz t[15]=1 ; 8e abel sanple t[15]=1
. edgé’l a AMZS nsu PRAle wiBarase r1@] exgendas PRI evith Fartyjrappi ng
bet ween tBRstFdinand T2 states is shown in Table 3 bel ow. ME2PRM.

St at esM2EPRML I stat es001122631043515f ~9 8 January 2004 11 :
81913107111112E13)1 Thddremn 1 8tbda praabine fallbwings noted that, while shown

above i nmpl enented with, 18 states, e above trellis may be inpleménted with
16 states as SHEQFTR Iﬁé‘@ﬁ&ﬂﬁi@ bS/]aéef Mg ﬁ%@”%f'geeﬁ‘é{tﬂégqgsdhandﬂ Thus,

the trel hi eedpcB¥@YPIRMMhEMITD hspd Jﬂﬁgmﬁ é@rtsqgér‘ﬁét ttc?]ﬂtet pgrgpove

detail ed descr | ption is not intende e specific form set
f or t B heP@PPRrtinatha(B) mithegredidd t o cover such alter natl ves, nodifications and

| ent | t h t f
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and let the coordinate p denote the parity information.
Thus if h1(D) and h2(D) are two channel filters with orders n and n-1,
respectively, then one can use the same underlying trellis to detect both h1(D)
30 and h2(D) with parity.
Such an implementation is described below. The trellises T1 and T2 of

FIG. 3 itlustrate NRZ (non-return-to-zero) states. Using the NRZ convention, a




12 8 January 2004 Cains |I. A Viterbi decoder, conprising: a Viterbi
trellis structure having a preset nunber of states and supporting preset
transitions frombeginning to end states in the trellis structure, each
state in the trellis structure having a state |abel for |g99§ é%bﬂ@4
consecutive bit values represented by the state, each transi Supported
by the trellis structure having an edge |abel for identifying one or nore
paramnmeters for the transition, wherein7he decoder has an EPRM. node* and an
E2PRM. node, Shereln in the EPRVL node the state |abels and the edge | abels
have a fiF&t( é?pf@ﬁe%ﬂ%eérﬂpalaé@ﬁﬁsw@ﬂ ahmMePREtizatq5e ackamrelio @dniothdrhe

val ues 1o eanae of PRdRe BN Cath Rlis e A FRT Brd MG (PR Blagh i ons
in the trOetbnss reprasentadin tﬂnar?ms oeodden 1 of). dEadhdithevdabeh kifakd EPRVL

type chanpel F Pr edeterm ned parity. The decoder of claim2, wherein said
parity i §9Weﬁﬁa SIOYEFPpgECcUlive "tﬁ@@ﬂ@’ﬁ SEHes!| ANflaliieXsY reprasentseX | i s

Struckur & HRY wint 8RS 2lamoRn Ja B! 146 (RWACWHAREH LOUSenddakd e EPRM.

node the decoder is configured to invalidate sixteen fransitions het ween
st at es i AaTE vaklesi(8, 1s2.1 i faran @Mtyd PutiepakddaftR sequbeces Rikdesor e bl ock

| ength Ots B réaggllu\é ﬂonégd@l}fe)glgggg g of cI aiml, wherein said E2PRM. type

channel Gonpri $es HUSE The decoder of claim 5,

wherei n the decaser bé SeeanidreWidety Witk h@feFe?rFé%Mb prede, %Bqééwa} fnﬁ@%?w{uour

transitions between states in the trellis structure ever
cycl es, ®A8FEIKT{ £agy the same FGRZB\}aIU%ésdmédﬁesmndW@temgﬂes ofvtreilisi F2.each

transgti I e al ue and a sanple

val uiéfofﬂ{tﬂgﬁt%gs&% Aﬁ[%e 1%“@‘%%@%?&)@ %‘6 'es Rz‘rl;it%éﬁ' Srsa@?ﬁlfl guring a
Vi t er bi dampbkewalueemsrthsurl@grres@@rﬁ:ﬂwg@@1 as oEﬁ’Bl\(Lhcﬁ.?h @ n¥Bhsesssang, an E2PRML
set- of vgl ues in the r\rlégcoder t hat has an EPRM. e and an E2PRM: node and

i ncl udesNavafhesamehiBe values)r dbusr @ Viteibiniptectpr basad aotsdis f candtees and
Support | RedMRPRS opdrafisbh LRl 12 BMAALLAR! 4 AORIVEISALES 1RNRDS el s

structure, each received set includi'ng s entifying
consecut V&lgeblctf TMal ues for each state in the trellis structure and edge

| ab | t d b the trel| truct f th
decolier i 5.1 ni't PRI *Eogen SLFRETS Hf Seastopaban SrFMichP Bl an
edge | absiktean @@&g Iaftté%@gbé 'aPé‘“énrr‘thf%cf" kbl £ c?éékliﬁ}c‘rgﬁ v&%ggM{ gond' ng

state | abel and ed val ues, respect’ vel of val ues
to suppob'@clﬁﬁﬁ@ﬂlﬂ_th@/ﬁ@d%h&hmlcu@rdgetd@eprmmz peslimimansdsTppeet ed by
recei ving an

the trel I n met ho

eprad | s&ides AR Ral S ibie A ailstha e fincheb e edereddreinate | o oach
set edgeof abetewstdirsichaathé vqéuﬁejeeéctblRZnVcﬂh@ﬁwam% foSSUBH £ s¥aigke for each
tran5| t| Io_n S éported by the trellis structure. A method according to

cl ai 78 SR vadid) In eneimplemeniation %Fx&ben st ates and supports
thirty- tWO ”Qﬁ'ﬁl'latr!f%% 'shd0A) IWéebnthé’ﬁ&ﬁg\f? an W@?‘%’tﬁ{@ val ues and

an E2PRML set of vdlues i1 ncludes réeceivin thirty-two

~ transitisempancesshioar NRZ:)fmlamﬁSImes‘eiudlrEE’&Meve??tld@k Rk 9 afagd kaﬁ' d
E2PRML sgt of ¥ éues net hod according to claim10, wherein receiving

an EPRMsét 4of: Shl [ﬂe%arﬁﬁ‘dahﬁhﬁﬁmﬁgtsﬁ arg-Rlifeisatase| udes receiving for
et of val ues e TioR (e RT L Aa T s e B R o
cl aidh 11with eferencectonpG. §1 aug:{ Table 1 and 2 below. In particular, FIG. 7 illustrates
three states: an end state M, and two beginning states K and L. As can be seen,
the transitions from states K and L are associated with NRZ labels u1, u2,
respectively, and sample labels, v1 and v2, respectively. Thus, transitions to
state M may be defined as follows:
30 Previous_state_1[M]=K
Previous_state_2[M]=L

Edge_label_nrz_t1 (M] = u1




if the decoder is in said EPRM.L node, invalidating sixteen edges
transitions every P clock cycles, where Pis a block |length of an

associ ated code, every tine a sanple that corresponds to a | ast coordinate
of a codeword reaches the trellis. 14 8 January 2004 13gAqhEi26804
according to claim12, further conprising: if the decoder is 1n sard E2PRM.
nmode, invalidating four transitions every k nod 9 clock cycles, where k is
{1, 2, 4, 6, 8. 14 A method according &0 claim8, wherein said EPRM: type
channel conpri ses an MPEPRML type channel and said E2PRML type channel
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- edge_label_nrz_1{0]=0 ; edge_label_sample_1[0]=0:

30 edge_label_nrz_2[0}=0 ; edge_label_sample_2[0]=-1;
edge_label_nrz_1{1]=0 ; edge_label_sample_1[1]=-1;
edge_label_nrz_2[1]=0 ; edge_label_sampie_2[1]=-2 ;
edge_label_nrz_1[2]=0 ; edge_label_sample_1[2]=1 ;
edge_label_nrz_2[2]=0 ; edge_label_sample_2[2]=0 ;

35 edge_label_nrz_1[{3]=0; edge_label_sampie_1[3]=0;
edge_label_nrz_2(3]=0 ; edge_label_sample_2[3]=-1;
edge_label_nrz_1[4]=1; edge_iabel_sample_1[4]=1;
edge_label_nrz_2[4]=1; edge_label_sample_2[4]=0;
edge_label_nrz_1[5]=1; edge_label_sample_1[5]=0;

40 edge_label_nrz_2[5]=1 ; edge_label_sample_2[5]=-1;
edge_label_nrz_1[6]=1; edge_iabel_sample_1[6]=2 ;
edge_label_nrz_2[6 ;edge_labei_;sampie_z[e]ﬂ ;
edge_label_nrz_1[16]=1; edge_label_sample_1[16]=2 ;
edge_label_nrz_2[16]=1 ; edge_label_sample_2[16]=1 ;

45 edge_label_nrz_1[7]=1; edge_label_sample_1[7]=1:
edge_label_nrz_2[7]=1; edge_label_sample_2(7]=0 ;
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109%&' () - ﬁ@mme{l;nwi&ﬁa%kww_ﬂem_@;mle 1{15}=1;
edge_label_nrz_2[15]=1; edge_label_sample_2{15]=0 ;
20 o Table 1
The T2 trellis is described with reference to Téble 2 below:

number_of_states=18;

25
previous_state_1{0]=0; previcus_state_2[0]=8;
previcus_state_1(1}]=0; previous_state_2[1]=8 ;
previous_state_1[2]=1; previous_state_2[2]=9 ;
previous_state_1[16]=1; previous_state_2[16]=9 ;
30 previous_state_1(3]=1; previous_state_2[3]=9 ;

previous_state_1[4

1 6; previous_state_2[4]=10 ;
previous_state _1[5]

]

]

previous_state_2[5]=10 ;
previous_state_2[6]=11 ;
previous_state_1[7 previous_state_2[7]=11;
35 previous_state_1[8] - previous_state_2[8]=12 ;
previous_state_1[9]= 4 previous_state_2[9]=12 ;
previous_state_i[m]zs; previous_state_2[10]=13;
previous_state_1{11]=5; previous_state 2[11]=17;
previous_state_1{12]=6; previous_state_2[12]=14;
40 previous_state_1{13]=6", previous_state_2[13]=14;
previous_state_1{17]=6; previous_state_2[17]=14;
previous_state_1[14]=7; previous_state_2[14]=15;
previous_state_1[15]=7; previous_state_2[15]=15;

previous_state_1[6

onoionon

-P(JJ(AJI\J—‘

45 edge_label_nrz_1[0}
edge_label_nrz_2[0}
edge_label_nrz_1[1]
edge_label_nrz_2[1}]

=0 ; edge_label_samgple_1[0]=0;
=0 ; edge_label_sample_2[{0]=-1;
=1, edge_label_sample_1{1]=1;
=1, edge_label_sample_2[1]=0;
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edge_label_nrz_1[2]=0 ; edge_label_sample_1{2]=2 ;

|=
edge_label_nrz_2[2]=0 ; edge_label_sample_2[2}=1;
edge_label_nrz_1{16]=0 ; edge_label_sample_1{16}=2 ;
edge_label_nrz_2[18]=0 ; edge_label_sample_2[16]=1
5 edge_label_nrz_1(3]=1; edge_label_sample_1[3]=3;
edge_label_nrz_2[3}=1; edge_label_sample_2{3]=2;
edge_fabel_nrz_1[4}=0 ; edge_label_sample_1{4]=0;
edge_label_nrz_2{4]=0; edge_label_sample_2[4]=-1;
edge_label_nrz_1[5]=1 ; edge_label_sample_1[5]=1;

10 edge_label_nrz_2(5]=1; edge_label_sample_2[5]=0;
edge_label_nrz_1[6]}=0 ; edge_label_sample_1 [6]:2
edge_label_nrz_2[6]=0 ; edge_label_sample_2[6]=1
edge_label_nrz_1{7]=1 ; edge_label_sample_ 1[7]-3
edge_label_nrz_2{7]=1; edge_label_sample_2[7]=2 ;

15 edge_label_nrz_1[8]=0 ; edge_label_sample_1[8]=-2;
edge_label_nrz_2[8]=0 ; edge_label_sample_2[8]=-3;
edge_label_nrz_1[9]=1 ; edge_label_sample_1{9)=-1;
edge_label_nrz_2[9]=1; edge_label_sample_2[9]=-2
edge_label_nrz_1[10]=0 ; edge_label_sample_1{10}=0 ;

20 edge_label_nrz_2{10]=0 ; edge_label_sample_2[10}=-1;

edge_label_nrz_1[11]=1; edge_label_sample_1[11]=1;
edge_label_nrz_2[11]=1; edge_label_sample_2[11]=0;

edge_label_nrz_1[12]=0 ; edge_label_sample_1[12]=-2 ;
edge_label_nrz_2[12]=0 ; edge_label_sample_2[12]=-3 :
25 edge_label_nrz_1[13]=1; edge_label_sample_1[13]=-1;
edge_label_nrz_2{13]=1; edge_label_sample_2{13]=-2 ;
edge_label_nrz_1{17]=1; edge_label_sample_1[17]=-1;
edge_label_nrz_2[17]=1 ; edge_label_sample_2[17]=-2 ;

edge_label_nrz_1[14]=0; edge_label_sample_1[14]=0;

30 edge_label_nrz_2[14]=0 ; edge_label_sample_2[14}=-1 ;

edge_label_nrz_1[15]=1; edge_label_sample_1[15]=1;
edge_jabel_nrz_2[15]=1; edge_label_sample_2[15])=0;

Table 2
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ME2PRML - | M2EPRML

States states
0
1 12
2 6
3 10
4 3
) 5 15
8 5
7 9

The mapping between the T1 and T2 states is shown in Table 3 below:
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Table 3

It is noted that, while shown above implemented with 18 states, the above

trellis may be implemented with 16 states as shown in the figures by eliminating

5- states 16 and 17. Thus, the trellis is exemplary only.

The invention described in the above detailed description is not intended

to be limited to the specific form set forth herein, but is intended to cover such

alternatives, modifications and equivalents as can reasonably be included within

the spirit and scope of the

appended claims.
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RRRRRRgG v10%#& () - m' 109%#& () - nt 10%#& () - ni 10%#& () - ' ;
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10%#& ()-C=0 10%#& ()-C =0 10%#& ()-C=0 10%#& ()-C VWVWWVWWWWi\ <c"2=0
10%#& ()-C =0 10%#& ()-C=0 10%#& ()-C =0 10%#& ()- C=0
10%#& () - CVWWWWWACr2 10%" p& () - ") 10%" p& () - =#10a#10a#10a#=0
10%#& ()-C =0 10%#& ()- CWVWWWMWKS7¢42h* 10%" p& () - 10) shfan&Qrﬂﬁz'U@& ()-1h*
10%" p& ()-1) &* 10%" p& ()-1h* 10%" p& () - VWS W
10%" p& ()-1h* 10%"p& ()-1) h* 10%"p& ()-1h* 10%" p& () 1) h*
10%)" p&' () - IVWWWWWx X@h 2) h* 10%" p& &) 1h* 10%"p& ()-1) h*
10%" p& () - 1h* Bovp" p&rrethod fossppiguningyr ¥iterbi degeder, comprising:
receiving an EPRML set of values and an E2PRML set of values in the decoder that has

an EPRML mode and an EZPRML mode and includes a Viterbi trellis structure having a preset
number of states and supporting preset transitions from beginning to end states in the trellis
structure, each received set including state label values for identifying consecutive bit values for
each state in the trellis structure and edge label values for each transition supportsd by the trellis
structure; . '

if the decoder is in the EPRML mode, setting a state label of cach state and an edge label
of each transition in the trellis structure to corresponding state label and edge Iabel values,
respectively, in the EPRML set of values to support an EPRML type chaanel using the preset
transitions supported by the teellis structure; and

9 The method of claim 8, wherein: _

receiving an EPRML set of values and an E2ZPRML set of values includes receiving in
each set edge label values that include an NRZ value and a sample value for each transition
supported by the trellis structure.

10. A method according to claim 9, wherein said trellis structure hag sixteen states
and supports thirty-two transitions, and wherein:

receiving an EPRML set of values and an E2PRML set of values includes receiving for
sixteen of the thirty-two transitions the same NRZ values in said EPRML set of values and said
E2PRML set of values.

11. A method accerding to claim 10, wherein receiving an EPRML set of values and
an EZPRML set of values includes receiving for sixteen of the thirty-two transitions the same
sample values in said EPRML set of values and said E2PRML set of values.

12. A method according to claim 11, further comprising:
if the decoder is in said EPRML mode, invalidating sixteen edses transitions every P

clock cycles, where P is a block length of an associated code, every time a sample that

corresponds to 2 last coordinate of a codeword reaches the trellis.
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