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B,jTCIEP SPJci1aL IULL CODIS POR PARTIAL 

llSZQKSE CBAl!lf~LS 

1'J:tis !Avent.ion relates generally to e:nc:odinq 
and 4eood.iDq of :bin~ dat..a over partial response 
allannela usiDq mazilllua lilcelihood sequenc• detection 
CltRXLJ. Kore pa.rtic:Ularly, this invention ~elates to 

a method :for 4eTaloping a non•quasicatast:ophio and 
phase iDT&%'iut matched spec:tr.i null trellis c:ocle · 

h&TilUJ a preselec:tect c:o4e rate, wherein the order ot 
the lli9her or«er null iD tla• transfer function o:f the 

partial :raspons• c:ban.nel is ~i. 
Xetllo4• for anoodaq l>iD•~ data for 

rac:gr4a1:ion oa ~oraf e media such as a computer disk, 

and for susequat c!eaodiDCJ of r•t:i.•••4 dat.a a.re 
qenerall.7 k.noVD ill tla• a:t. . ?la this requd, data 
ood.inq anc! 4•csodinq matho4s 11.ava l:tee:n developecl wit:b 

a view 'toward maimiz!Jaq 4ata storaqa 4ensi'ty and. 
media storaqe aapaai1:7 while permittiD.q rapi4 data 

storaqa and s11baequat retrieval at a minimum error 
rate. such 11etllods ll&Te ineluded matched spectral 
Dull c:o4es o~ the so-c:-11•4 'trellia ~ype, clesiqnecl 
.Cor uae iD a partial response eys'tem bavinq a 
1::zanafar hnct:i.011 o~ th• fora (1·~> Cl+D)n, 
id.enWiecl t.ypicsally as the dicode, PlH, EPR4 ud 
B2llll4 olumael•· fOJ.9 n = o, 1,. i an4 3, 

r•spectiTel'J'. Hatched· spec:t:al n~ eodes of this 

'·. 
·~ . 
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type am known in theory to provide signal-to-noise (SNR) gain in the course of data 

storage and retrieval. 

P.05 

Matched spectral null trellis c:odes including background theory related thereto are 

described in more detail in Karabed and Siegelt Matched Spectral-Null Codes For Partial 

Response Channels, 1EBB transactions on Information Theory, Vol 37, No. 3, p. 818 

(May 1991), which is incorporated by reference hereiil. See also U.S. Patents 

4,888, 77'; 4,888, 719 and S.,096,484. 

Despite the discussion of .such trellis codes in the printed literature, and the 

theoreticaJ benefits which would arise from their use, matched spectral null codes which 

are both phase in~t and non-quasicatastrophic and also match the higher order null 

of a partial response system with n~, have not been developed. In this regard, it is 

know that the dam recording density increases in direct proportion to the value of (n), 

and hence it is desirable to utilize tbe higher order channels where n-2 and n •3. 

However, to date, these trellis codes have been limited ·to partial response systems, for 

n-0, and for n=l, such that it has not been possible in actual practice to iake maximum 

advantap of the higher order channels. 

The present invention is specifically dincted to overcoming this problem, by 

providing a matched spectTa1 null trellis code which can be used on higher order partial 

response systems, i.e., n•2 and n•3. 

According to a first aspect of the pri:sent invention, there is provided a method 

for coding an input string of data for a partial response channel having a transfer 

function of the form (1-D)(l + D)n to provide an output having a preselected code rate, 

said method comprising: determining the frequency at which there is a higher order null 

in the t.Tansfer function of partial response channel, wherein n~l; and encodin1 an input 

string of data into a binary code string having a power spectrum value of zero for such 

f~. 

According to a second aspect of the present invention, there is provided a method 

of coding an input string of data for a partial :response channel having a transfer 
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function of the form (1-D)(l + l)n to provide an output having a preselected code rate. 

said method comprising: subdividin1 the input string of data into a succession of data 

words of selected uniform length wherein the number of unique data words is a funcdon 

of said selected data word length; translating said data words to code words of selected 

uniform length greater than said selected data word length, by generating an encoding 

table fmm canonical state diagmms (G) and (OP) for binary sequences having spectml .. 
nulls at Nyquist frequency, wherein the power (p) of the diagmm (GP) is a function of 

code word length, wherein for each code word selected the complement thereof is also 

selected, wherein a selected code word that forms a loop in the diagrams (G) and (GP) 

co1responds with a loop that is non-quasicataitmphic in the dJagram (G), and wherein 

ea.ch selected code word and its complement decodes to the same unique data word. 

These methods may be advantageously employed for encoding binary data for 

recordation on storage media such as a computer disc, and for subsequent decoding of 

.retrieved data. 

According to a third aspect of the present invention. there is provided a system 

-for em:Oding an· input string of data for a partial response channel having a transfer 

function of the form (1 ·D)(l + D)D to provide an output having a preselected code rate, 

said system comprisin1: means for encoding an input string of data into a binary code 

strin1 having a power spectrum value of zero for each frequency at which there is a 

higher order null in the transfer function of the partial iesponse channel for 121. 

According to a fourth aspect of the present invention, there is provided a system 

for encodin& and decoding an input string of data for a partial response channel having a 

transfer function of the form (1-D)(l+D)R to provide an output having a preselected 

code rat.e, said system comprising: finite storage means for storing an encoding table for 

translaling a succession of input data words of selected uniform length to a succession of 

output code words of selected unifonn length gteater than said selected dara word length, 

wherein each unique data word translates to a unique code word; said 
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encoding table beinl 1enerared from canonical state diagmms (G) and (GP) for binary 

sequences having specttal nulls at Nyquist frequency, wherein the power (p) of the 

diagmm coP> is a function of code word length, and futther wherein a select.cd code 

word that forms a loop in the diagrams (G) and (GP) comsponds with a loop that is non­

quasicatastropbic in the diagram (G); and decoder means for decoding each unique code 

word and the complement thereof to the unique data word associated therewith. 

These systems may be advantageously employed for encoding binary data for 

recordation on storage media such as a computer disc, and for subsequent decoding of 

retrieved data. 

In accordance with another aspect of the invention, a method is provided for 

developing a matched specttal null trellis code which is non..quasicatastrophic and phase 

invariant, and wherein the order of the higher order null m the transfer fum:tion of the 

partial response ch8nncl is ~1. The generated trellis code can be used to encode strings • 

of binary data in accordance with a preselected and advantageous code mte to achieve 

higher stomge density or signal-to-noise (SNR) gain. The encoded data can be decoded 

in a simple manner and with a high degree of accuracy by use of a modified Viterbi 

decoder. 

The encodina method may include selection of a data word length for subdividing 

a stream of binary data into a succession of data words of uniform length, and selecting a 

code word len&th ta which each data word is to be translated. For example,, in a 

piefened form of the invention, a stream or string of binary data is subdivided into data 

words having eight bits, and these data words are translated to code words having ten 

bits. A high code rate, i.e. Rate (R) • 8110, is preferred for optimum use of channel 

band width. 

An encoding table is developed for translating each data word to a unique code . 

word, using a canonical state diagram (G) for binary sequences having spectral nulls at 

the Nyquist &equmcy. To achieve desirable phase invariance and non-quasicarastrophic ~ 

cbaraeteristics, the encoding table is developed according to the following rules: 
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1. For each code word selected, the complement thereof is also selected. 

2. Each code word and its complement will decode to the same data word. 

3. If a code word selected from the canonical state diagrams (G) and (al') 

forms a loop in (G) and (GP), then it corresponds with a loop that is not 

quasicatastrophic in G, wherein the power (p) of the diagram (GP) is a 

function of eode word length. 

The resultant tl'ellis code can then be used to encode a string of data words (e.g., 

eight bit data words) to individually unique code words (e.g., ten bit code words) and 

can be used on the higher order partial response channels for n=l, n=2 or n-3, if 

desired. The code words can be re-converted to nM:reate the original data by use of a 

finite memory Viterbi sequence det=tion device and method, with each specific code 

word and its complement translating back to the same dara word. 

Other features and advantages of the present invention will become more apparent • 

from the following detailed description, taken in conjunction with the accompanying 

drawinp which illustrate the invention. 

For a better undemanding of the invention, an embodiment will now be 

described by way of aample, with reference to the accompanying drawings, in which: · 

FIGURE I is a block diagram of a partial response xec:ordine system adapted to 

utilim a trellis code developed in accordance With the invention; 

FIGURE 2 i$ an illusamive canonical state diagram for binuy sequences having a 

spectral null at :r.ero· frequency; 

FIGURE 3 is an illustrative canonical state diaparn for binary sequenc:es having a 

spectral null at Nyquist frequency; 

FIGURE 4 is a seven-state canonical state diapam for binary sequences having a 

spectral null at Nyquist frequency, for use in developing a rate 8110 code; 

.. 
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PJ:GUR3 5 is a three-state subqraph (G) of 

the sec:onc! power of the seven-state diaqram. ot FIG • 

4: 
. ~ 

J'J:G'DllB & is a canonical state cUaqram (G5 ) 

repreaanti.Dq the ~th power of the t~ree-st•t• 

subqrapll CG) of J'IG. 5; 

J'l:QUBB 7 is a t:io of su:bqraphs CG3 l, 

(&z,> and CGJ') :espectively ·.representiD9 isolated 

portions of th• three-state subqraph (G)1 

P'IGtnlZ a is a pair of su:bparaqrapbs CGaD> 

an4 (Gin•> reprasen1:inq additional portions ot the 

three-state suqraph (G)I 

PlCHJJLZS 9-12 represent the co4• qrapb at 

proqreaaive R&CJ•• of 4avelopment; 
'l':CGvaS 13 rapJ:>eseats the final. c:ode graph; 

l'IGURB 14 is a tabulation of 10-tlit code 

words for th• rata 8/10 trellis cod•, ~•presented by 

decimal aqUivaJ.entsi 

r.tGUBB 15 is a table :representinq c:speration 

o: a f!Jiita state machine encode: in acaordanc:e with 

i:lla ao4e word tabUlaUon of !'lG. 141 ucl 

J'lGuaS 1• is a decoder ta:ble to 4ecoc!e the 

sequences of io-bit oo4e varda. 

~he present embodiment. pertains to an 

:l.mprovecl met11a4 of acodiAIJ im.4 4ecocU.nq binary 4ata, 

ancl to the r-ul.tant matc:hed spectral. null aode 

4evelopea i:Jaeref:roa. !rhe Embodiment p~aularly 

adapted tor ~•• iD partial ~••ponse sys~ems havinq a 

t:&J&sfe.r !UJaat:loD a~ the fora (l,•D)(1+D) 11
1 

identified ~ia~y· a.11 th• 1'1l4, .Bl'R4. ancl z 2PR4 

a1uu:ua•l• for n • 1, 2 and 3, respectively. 'l!!le 

ae~hoc! of tlle embodiment provides a matched spec:tru 

null code af the 1:rallis type whic:h is ph•~• 

mva:iamt 11114 noii-quasicat:a~ZOphic, and which can be 

used at: the hiCJhU orders of the p&%tial :espouse 

P.09 
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sy111:ea, i.e., n=2 and n=3, 

illereased recordinq density 
sig-nal-to-nois• (SD) !Jain. 

017143002?5 

the:e!)y perm~ttinq 

with a tavoral:tle · 

FIGtnlll l. gene.rally illustrates the encoclinq 

- of a st:zinq o~ ~!nary 4ata at a presele~ed code rate 
for l:'ec:ordat.ion of the data as • succession or c:o4e 

vorcss of 'the fix•d lenqth. l:n a typical application, 

the encoder J.O t:ruslates each suc:aessive stdisq ot 

4ata bits ot preaelec:teci len~h bto a u:ziique code 

word. coasi=Rincz of a g-reater nuuer of bit:• for 

rac:ordation on the appropriate stora9e media, as 

represente4 ~J' the pazti&l. response channel 12. J'or 

exaaple,. in a pre:fen•d fora, the incoming- ctata is 
sultdividecl J.n'l:o a succession of 4ata words ot 8•bit 

lenCJtll, ud •aeh data vord is translated by t:he 

anco4er 10 to a unique code worel ot 10-JJit leuqth, 

thus proviclmq a coda :ate (ll) = ~via. It rill be 

understoo4, hoveYe:, that other praseleote4 and fixed 

c:o4e rates oan be :followed, e.q., ('ll) = 3/4, 6/8, 

~c. H~raover, it will be understoc4 ~hat the method 

••J' be applied to Cl' application z-equiring- clata 

encod1D9' iD a partial .response s7stea ud is . not 
liaited to 4ata stoZ'&9• on aaq21etio storaqe ••c!ia, or 
th• liJce. '1'11• enaodecl .data, or erode woras, au :be 
re-aonverted or deeoded to the o.riqill~ data saquenc:a 

Jly a deeoclU' 14 af'tar 4etaetion :by a aadifie4 .finite 

aeaory Vitu:bi sequesaae 4etaction device 13. 
X~"ta1la4 apeat:al null t:eUi• c;o4es and 

related backq:OUDd tlleoz:y are c!esc:ribed in the 

lit•.rature, e.9., Ku~e4 ud Si99el,. _xatebe1\ 

l:aectira1-Jlull Codes tor !aztitJ.-1lespops1 Qhanpels, 

~JUUi '1'~sa~OD8 on %dozmatiou 'rbeory; Vol. 37, lfo. 

3 1 p. 811 CX•7 2.992.), wJU.cl'l i• incorpo.rata4 by 

refe.re11ae Jaere:l.a. see also u.s. patents 4,888,775; 

4,881,779' and S,095,484. 'rh• trellis codes 

4isauased iD tl'lese raf'ai:encas bave not l:t••A a4•p~ed 

"to match "the Jliqhe.r order null, reterrecl to as th• 

liifi1nr 

P.10 
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Jrlyquift :a.ull, uct t.hus have not been ·applicable to 

the hiqher orcter partial response systems. The 
pras•n-t embodiment provides a :method and. resultant 
code vhial:I Claes match the hi9'h•r ar4e:- Nyquist n\lll 
aD.4 thus can ~· used with the hiqher order channels 
vbera n•2 an4 a•3. 

sequggcgs with speet;ra1 HP11• a~ pctwys,uis1; rrequepex 

:tar any ruclom sequan.c:e of :binary 4ata 
(l:Jza} vi~la a aaaplinCJ f:aquen.cy Cf9 ), the aver•qe. 
power spectral power 4ensity S(f) is CJiven by the 
~ollowill9 equations 

(1.) s (f) 
I N 12 

{ I ! i ) 
• llm B -i ~ b D ll! 

N -+• lN ., Lii A I ) 
• •O 

vhare • is the apac:tacl value :based can statistical 
av•nge, 11 is the ::a.umber of billa:y 4a'ta l:lits ill · the 
ldn&J:y ~q, J:)n • 1, -i. ••• , ucl D is a frequency 
tenu. 

CZ) l) • o -J2
1dT aad T = 1Jf.,. 

J'ram equation (1), the tcllovinq two 
equations aan be vnttan for t=o (da ~raqueuc:y>, and. 

f'or ts (Jlyquist ~:equeDt=Y) = .t8/21 

I N · 2 

CS) S (0) • llm B ( !_ " b ) 
N-+• tN ~ ta ) 

a•O 

(4) 

·J!C. # , . 
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Assume tllat for a sequence {bD }, for all 

H', 'the followi:q in.equality is satisfied :for some 
COl'lS1:Ut Jc: 

1:1; then foUova !rom n:q. 3) tha~ for :suc:h 
. a ••queit.c:e s (O) = o. :rn other wo.rc!s. if' the runninq 

sum of a sequence <~nJ is bounded, then that 
sequence h&a a DUl.1 at 4c iD its powe.r spect%'U.m. 

Bow, &9sum• tha't for a sequence f1'n} tor 
all s, tb.e :ouovinCJ inequality is satisfie4 tor some 
aonstut a: 

IN 
C &) I E b ll ( -1) a $ m 

i. = 0 

%t 1:.Jaen follows fnm (liq. 4) that: tor such a 

sequence 8 <!-.> = o. Xn otb.er words, .it the 
4if~ereuce l:tetweea th• runniAq sum o~ the 
even-indexed ten• ut! the n1uai:D.9 sum ot the 
o44-ila4eze4 ten• of (l:tD} is itoanded, then fbn} 

Jaas a :a.uU at. llJ'q\U.st: f:aquuay in its power 
apeetn.m. 

I 
fUUh.iq B1pr11ptation o! spect;;:al-Hull secvumaas 

Bbazy seq11ences with apect:al. null 
const:raiats are ao~ally charae~erizecl by so•c.Ued 

canonical at:a'te tiaqruas oJ: graphs, ~· :eprasant:ecl by 
vay d esaap1e .:lD nas. 2 and 3. In 4eve1opinq the 

euolliea.l diaqru ~or a seqlletac:e o~ symbols {~n}, 

wi1:ll a aappillg rule usmg :bin.a:cy cocle syuols (1, O) 

for moclula'tion . syuola l. ud -1, the qraph used to 
generate bill~ •ecru•ne•• vit:h a apectral. uull a"t clc 

P.12 
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(f:o) i.s ahon :ln l'IQ. 2, for lc=3 (Bq. 5), and the 

~~•Ph ~••4 to 9e21•rate ~inary sequences with a 
spec:tral i&ull at Kyquist frequency Ctx > is shoWD. in 
PIG. 3, for ms3 Clq. 'l. '?hese canonical diaqrus 

can 1'• usact as 1:11.e basis to daveJ.op a code for 

1:raa.slati2'q ar1'itZ'&%'7 J:tiDaJ:7 ·sequences or data 11o:rds 

into new :bin&l:Y sequences or c;ode vo:4s tlsa1: can 

later J:te converted. into a .moclulate4 sequence with a 

spectral null at Jryquist frequency. 

Graph Q&Qam:ty 

%f • represents tile num~er of states in the 

c::anonic:al 4iaqraa, t:he capacity (CJ of the graph is 

qiven ~Y the tollowiJlq: 

K 
(7) C • l + los 1 COi ( N + l ) 

l'or example, :for "tle qraphs of J'%GS. 2 aad 

3, 1'•4. J'roa B4. 7 above, the graph capacity (C) is 

approximately o.•1.&2:. '111• oapac:ity of either qraph 

can l::>e in0%'•-•4 :by iacreasiD9 the number of states 

C•> while presening the lalHtlliJu; sche••· 
~11• q:apla capacii:]' CC) is tbe upper limit to 

tll• ac:Jlievabl• aod• .rate (lt) of a eo4• •hic:h oaa be 

c!esi911e4 fn• that q:apb.. ID otber woJ:"4•r to 

construc:=t. a code to t:ranslate 8-llit Clata vo:d.a to 

10-llit cod.a Vona, i.e., B=8/l.Gr ~he a~&Z°ti:sa.CJ g'r•ph 
. . 

aust 2'• a c:uonic::al state 4iaqraa ba"tinq ~ 11yquisu 
:null J.al>elliDg sobeae, will a :a.umber of states (lll 

wbere the graph capacity (per aq, 1) is at: l•••t: 

a.a. lL '-stat:• Byquist null grapll has a qrapb. 

c:-.pac:ity (per Bq. 7) of approzima'tely o.a.tts. A 

7-•tate 117quist null qrapb h•• a q:aph c:•p•city o~ 
uoat o.aa57. Al.tliouqh l:sot:h the '-sta~e &214 7- seate 

P.13 
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qrapb.s in theory bave sufficient capacity to proceed 

with the c:od.e dasip, the 7-state qrapb of FIG. 4 is 

c:hosn in the pra:tarred am1'o4illent an4 is c!esQriJ>ecl 

as follows, since it: affords qreater c:o:avenienc:e ud 

fl.ex:i.Dility iD 4esiqJd.nq a eo4e which is both phase 

invariant: u4 no11-quadcatastrophic:. 

Graph Powar lpd Peria« 

'l'he nth p·c:nrer of t:ll• qraph is a qraph 

whose states are the ...... th• o:iqinal graph,. but 
' 

in whioll tlle label. on an edqe or path 2'etweeJS any 

pa!: of states is the sequence of n sym~ols raa4 off 
the ec!9es of the path joininq those states in the 

.. 

onqinal gi:aph. :Par example, the 7-state qraph of 

:r:cc;. ' J'ielCls a 3-stata suliqra;ib (G) as 4epicte4 in 
J'l:G. 5, wherein the subqraph CCI) represeAts the 

second power of the odc;izaal 7-state qraph cne1. 4) .. 
~ loop iJa the qr•pb is a path tllat beqins 

u4 ends at th• same state. A loop that ISoes not 
pus throuc;h &DJ' other •~a.ta is re.f arred to as a. 
self-loop. ~1l• qrapll i• izredut:il:tl• i~ thara is a 
patll ot some lmlqth ltetvee:il every paiZ' of states iD 

tile qraph. b irreduoi])l.a 11raph is · sai4 t.o l)e 

perio4ia with a pario4 (p) if the lenq~ of •••:Y 
loop in th• graph i• a 11ultiple of Cph with p>1. 

'l'h• pth power of a periodic q:apb with period (p) oaa 
1'• suclivicled into (p) 4iscoa.nec:te4 aperiodic q%'aphs. 

!rh• pe~o4 of ~he 7-stat• !lyqulai: null. ~raph 

c;1f J"%CI. 4 equala 2, as au 1'• verified 1'y t~inq its 

••~on4 power (J'%G. S). !!!he •eeond power splii:s into 
two qi:ap11•• ozae 0011.sistiaCJ o~ states B, D a.net P CJ'IG. 

5) &Del 1:11• otlaer coasistinc; of stat•• a. c. B u4 G. 

A• previously clescrilae4, 1'XQ. 5 shows the 3-sta.te 

•U!ICJ.rapll o:t th• ••oon4 pove.r, inf:J.u4inq states B, D 
1Ul4 ..,. 

.;£, 
,p 
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i:a a canonical qraph, a loop is rete~rect to 
as quasieatastrophic U its label is the same in 

1'iDary code as the lal:tel. on uy other loop. !"or 

example. iD J'J:Q. 5, t;he aeU•loops "11" around states 
B, D u4 7 a.re ic!e:atioal, vbereby these loops are 
t;[U&Sicai:aatropbic. liJDil&rly, the SeU'-loaps trQOH 

tor these states are also identical an4 are thus 
quasic:atas1:.rophic:s. Kor•over, the loops B-D·3 and 
D•J'•D are quaaic:atastrophio sinc:e their la1'els are 
t:he •ue, namely, "01l.O•. rt any laop is 

quasicatastrophic, the CJrapll is referred to as a 
quaaicatast:rophic c;raph. Conversely, if no loop is 

quasic.tasuopbic:, then th• g.raph is i-eferred to as 

ncD-qUasicataatrophio. 

acta1geaqy Kat;;iz: 

- The a4jacenay matrix tA) of a c:an.onic:al 
qrapJa with (a) states is a (m) x <•> matrix in. which 

A (:1, j) = o ii ~here is no edqe 1'etweu ~he states 
Ci) azad (j), and A (i, j) = r if there are Cr> ed<Jes 
between sta1:- (1) and (jJ. 1or example, toz 
su9rapll (G) of nc;. S, the adjacency matrix is 

reprasenta4 u follows: 

(8) B 1) F 
B ~2 I OJ A• D l 2 1 
p 0 l % . . 

If (2'.) is the aa;aceaay matrix ta:z: a qraph, 
1'llea ~a is ~· adjacency .matrix for tli• n1:11 power 

~ ~:ta• gnpll. 

P.15 
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Pet!rministis araph 

A eanonical graph is 4ete.rministic it, tor 
•••.rt stat:• in the czr•ph, the e4qes leaving that 
state haYe cllstinc:t l&J:»els. ':he nth power of tbe 
cleterail:list:ic: q:raph i9 also detarainistic. For 

example, the auJ:tqraph G CJ'%G. 5) i• 4et:az-ministic. 

J'o: a partial r•Sl'onse c:hannel, havinq a 
t:ansf•J: func::Uon of 1:he fora (l.-D)(l+D>n, where 
n = o, :1,. a, 3, that is ope:ratinc; in additive whit• 

Gaussian noise CA W<HI), use ot a cod•. havinq a null in 
its pover spectrum at the frequency at which the 

channel has a 'b.iqher o:rc!er null will result i:a a qai.n 

iJl siqnal-to-nois• rat:io (SNR) at . the output of the 
eaco4e4 obazu1ai. ~his qain is lowu J:toUJlcled l>y l.O 

lot [(:n+1)/DJ 4B i: n>o, ud :by 34B if :a=o, provided 
~hat th• uaoo4ed and encoded channels operate at the 
•aae truaaiallion rate. 

The paftial .reapoD•• c:hannels are coaacn1y 
refened to as ~• · 4ic:o4• channel, the PR4 channel, 
th• BPJl4 aJaan.nel, ud the z.Zpa4 channel, 

respecrtiYelJ'. 

I gatt 1110 JtyqUjst; Hul1 Cpde 

'!Ile ao4e 4esiqn. process for a rat.a (ll)=8/10 

code i• st:azted, - p%9Vious1y 4esaril:>e4, trom. "the 
7-•~• !ryq11iat•aull eanonicaJ. diaqraa ot 1'IG. 4, 
sines• i:Jlat: 9rapll · · haa a capacity CC> q:-eater than 
o.a. 'fll• 7-state · state q:apll of !''tel. 4 is then 
oozavazt:ed t:o 'tJle sec:cnd powe.r diaqr•• f G) of J':tG. s. 
'!his ••do:n4 power, 3 ... st:a1:e subqraph (QJ forms the 

foundation for ~he code 4esiqn prae•dure. 
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"!be 8eCOlld paver sul:lqraph (GJ is ruaed to 

its fifth pove.i: to c:onst:ruct a rate 8/10 c:od• (i.e., 

2 x s • 10J. 'l'h• •djacrenay aatriz for the resultant 
suJ::J9raph (C5 ) is: 

(9) 

s 
D 

p 

:S D 't 

~
132 164 1001 
164 232 164/ 
JOO 164 132J 

Since there are mere than 2se edfes witb 10 
l:t.i.t lU•l• leavinq each stat• ot the su1'qraph (G5 ), 

there is all excess n1111Jle:r of c::andidata 10-bit code 
words to cohSt%Uc:t a rate 8/10 code. I~ this reqard, 
th• requisite nua))er of 10-bit eode words is 

28 = 251 paasible a-~it data vor4 ooabinations. 
The C04• vo:z:d selection pro~ess :proaeeds by 

ubitra.rily reaovinq, i.e., not salectiD9' those· code 
wo~ds t:Jaat would II• incoapatil>le with desired 

~a•·~asioatasi:ropbia and pbase invariant 
oharacter.t.stics. 

Phase tnv1riap# ID4 lon-Oaa1icata1t:opig Cod9 

U: 

& · aode la phue invuiut U ancl only if: 
ClJ Por ••ell code word, iu complement is 

also a co4e vor4, ancl 
CZJ Tia• cleaade: interpret:• or 4eeodes eac:h 

co4• vor4 u4 its coapleaent ~o the 
aame ctata word. 

a. oocle is noa-quasic::ataatrophio it ud only 

(1) Ho loop ill the c:ode qraph is 
quasicataatropJaic, an4 

(2) Bo loop iD tbe 004• 
-ia-iaatasi::opbic loop 

c•'>· 
qraph . is a 
ia (G) and 

P.17 
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Codt ;gp!l1;ruet;iop lor A Jate B/19 Code 

J':EG. 6 is a Z'eprodu~ioza of the su:tlqraph 
CG5 ) ot na .. s, with edqe labels rewritt:en to 

iAdicate tbe set of edCJ•• joininq ea~h pair o~ 

states. J'o.r ezampl•, 81 denotes the set ot 132 

10-bit luellecS aclqes that b•qin an4 en4 •t state B. 
'l'h• Z1umbe.r o~ 10-bit l~elled. e4qes c:omprisinq the 

sets :etened. to ~l' Sl., sz ••• s10 are given by t:he 

acSjacenoy matrix AS (lq. 9). 

The su1'qraph (G5 > •• 
ao4e g:aph to be 4evelope4 c:an 
c:ompiled in increments from tll• 

well as th• final 
be viewed as ~einq 

subqraph of (G) tbat. 

pro9:essival7 incr•••• in complexity. 
ccu:respon4inqly, the adjac:ency matrix A5 (~q. 9) 

aan ~o be viewed as being inc::em~ntally 9enera~ed. 
Kore speaific&Uy, FlG. 7 illustrates th• 

sul:tgraph (CIJ in partial fora as three 1-atate 

su1'c;n;hs GB' GD, mad Cfp• Bach of ~h••• three 
1-st:ate at&~q:aphs has 32 clif!erent self-loop• on each 
s~•t• ha <•'>· Th••• 1-state su~~raphs 4o not 
gen~at• &Dl' other pa~hs in cc:5). t.at H.. denote .. 
t~• coAtzibutton to the adja~enc7 matrix A5 by 

th••• 1•s1:&te graphs: 

since tbe labels oil the loops for stat•• :a, 
D u4 ~ are the sue, these 32 loops are 
quuicatast:opbic in ca5 ) an4 are tliere:fore avoided 

1A ~· final oOde. 
~he next step in ~h• interconnection 

coaplexi~y between th• states in ~be su~qraph (G) is 

P.18 



t. , • ._.._.._. .. tL..w ...... ~.LU"'-""'•"""' .... ·---.~ .. ~---:::~~-~----------------------
16-NOJ-1995 1s= 52 J. M"fLL.ar & ·co · - 01?14312102?5 

16 

viewed, vhe.reill this su~grapb canstitutes independent 

2-state fnpl&s -=an and Gol' as viewed in FIG. a. 
Bote that tllu• is no 4iract conDection shown :between 

states B and P. 

lla~e that the sullq:raphs GBD and GDP are 

identical. As a result, the adjac:enoy m•'trix II f o:r: 

each suJ:>graph w.ill also lie identioal. ror esaaple, 

the acljacaay aat::cix of QBD is: 

(l.l.) 

N • 

(12) 

BD 

~ [~ !] 

.. B 0 

B f 122 121J 
l) l121 .122 

- PZ"O• tll• adjacency matrix w5 , it is noted 

that 1%2 self•loops are Cjenerated arouncS I iD (G5 ) 

1'y Gau· B.ow"er, froa :sq. (10), 32 ot those 
s~-loopa are :toned 1'y B alone. ~llerafore, ~y 

c=onaectaq state D to· state • to form G3 D, an 
additional. 90 •.U-loops (1Z2•32J arou.Dcl B ar• 

pres81lt iD cca5·). Koreave2:, •in~• u30 and CI>!' 

are i4antiaal, those same 90 sel.f-laopa ue also 

CJ•ne:rata4 uoun4 D ia ca5> by Gnr· Accordinq1y, 
t:Jlue two sK• of 90 seU-laopa are thus 

quuicat:aUO,Jlio ill. (05 ), Ud thus aannot . ltoth 1'e 

inal.114ed 1a ~· f1Dal. ao4e. OD• set of these 9 o 
•ell-loop• era M iJlalu4e4. ~he selected sat is 
slaowa vitJI respece to nate D in na. t, and is 

14en~ie4 ~7 SDD• 
'l'll• adjacenoy aatriz sS al.so indicates 

that tllere are l.22 •elf-loops foJ:med arauad D in 

<G5 J bY c;3 D. Boveve:, as noted iA .zq. (10),, 32 

----· -:\iiRDf: 

P.19 
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of those self-loops are already defined by D alone, 

such that ~ll• intarconneetion ~etween B an.4 l> 

resulted in to adclitional self-loops around D. 

llot:ably, those 90 additional self-loops around D are 

the compl-at:a of tlle set: referenced &J>ove :by s00 , 

u.4 hence are no~ed in l'IG. t by 'IDn• Sine• GBD 
a:ad GDa are identical, these 10 addit.ional 
a.U•loops are also venerated around P in CG5> by 

CIDF' u4 are thua quasic=atutrophics if l:lotll sets 

are included in 'th• final code. J'IG. 9 indicates 

se.tec:1:ion of th• set 'it>D aroun4 state D, hut not 

th• oo:r:espon41Dc; set arou11d state P. !'J:G. 9 thus 
represents a paJ:tial qrapll o~ the final code, to 

inelude s00 aD.cl it• complement set: 'lno• 
no. 10 iUustrates mo41f'ication of' t.b• 

partial 41rap'b of l'lG. 9, 1'Y splittinq state D into 

~wo s'tai:H D1 , an4 D2 • By splittinq state D, new 

loops D1-D2•Di an4 Dz•Di·D2 result, 
wb•~ th••• loops &%• nan-quasi~at•strophic in FtG. 
10 Del- ia (Q). 

Proa tlle adjacency matrix irS (l:q. 12), it 

is Doted tll&t '1'BD qeDante• 121 path• trom state I 

to stat• D 1D (G5). By symm•try, Clnpi USO 

41eaerat:es l.21 loops in (G5>, with the same labels 

•• the paths bet.weeu. states B u4 D. Similarly, 

c=30 CJllllerates another set of 121 luels for p•ths 

f:oa state D ta state D, wherein the set. iD this 

di:ec1:1ou U'9 c:oap1emeau to the •n from state JI to 
o. Th• set: of loop• froa B to D ar• reter:red to a.1 

s3 D, u4 t'll.• compleaent set: from D to B is. referred 

to a 1'3 n· 'lh• •••• analysis applies to ~he 1.21 

set• of loops ~rom st:ata D to state 'I, reie.rred 1:0 

Sur, u4 tile aomplam.ent sat of loops frgm state !' 

to D, rareae4 to '1-0:r· Th• set o~ paths 8:sD and 

•u:r are ~· same, an4 ~!I.us we c!enote SDJ' as 

8110. 

P.20 
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Therefore, in na. 10, if the labelle4 e49es 

iD sBD extend from B to D1, and the ·edges s10 
extend. ~=· t>z to a, the:n th• :esult:ant: 

B-D1-t>2-a loops voulc! b• the same as the B·D-D-B 

loops ill ce15> that ve:oe qene:rat:ad by G-an· 
•i•ilarly, U tJl• edCJ•• in s 30 extan4 JJac:Jc to B 

troa the .... state (Dl. ·or n2 > t~ vhic!I tll• edqes 

s10 eoae f:roa ·ll, tllen the loop :a-n1-s or B-o2-B 

vould ~. tll• •••• as th• B•D-B in (Gs) qenerated by 

a30 • aoth s-o-a and B-D-D-B loops are 
puioataatrophic in (G) uc1 thus t.ll• i;04• graph 

should avoi4 them. Keiica, in :FIG. 101 the edqes in 

sBD should atend from D to o 2 , ud the edges in 

'iBD shoul4 extan4 from_ o 1 to B. By the same 

reaaon..UuJ, t:h• edc;as in SBD should extend from D2 . 

to I', an4 the ed.qas in SBD should eztend. from F to 

o1 • 'l!he code q:raph :e:flect;nq these ed9es, 

inelusive of th• edqes se1ectad per. PIG. t,. is shown 

in PZG. il.. 

oro tllia point, the con1:Z'Utution K2 of the 

2-state su~qraph• a3 D mi4 QDP to the •4jacency 
ma'tl::is a5 i• u follova1 

'1'11• a~ step iJl sequence ill te%llls ot 

iDG~••••4 ia~ezeonnact:ion oomplaxity of tile su:tl~raph 

(G) invol••• auina'tion of tb• in4epen4ent l-state 

q:raph 4d12le4 J:ty th• aubq:aph (GJ. ':ll• Gont:il»ution 

x3 ••4• 1'y tlli• ·3-sta'te graph -to ~he adjacency 
:matrix as is qiven 1171 

!ro• vJU.aJl ~JI.• ~oUawiaq is derived: 



"" •• .... L.tL.. ... t L.u ... •I .a. U '--'• ..J .i. .. - ~ ~ 1 1 4 _._ , ............. 1i.:...., ............ ... ,, .a 16-NOJ-1995 15:54 J.M'IU.E1f & 'Co 01714300275 P.22 

19 

B D F 
(15) 

[ 10 43 1001 B 

M3 • D 43 20 431 

F 100 43 JO j 

All ot tis• loops in ca5 ) t!sai: aze produced 

1'y (GJ will ~· 11on-t;\l••icatastl:'ophic: in (Gs). 

Bene:•, tJl••• loops cu be i:n.clud•d in the final cede, 
up to a nu•b•r providillq 256 adqes leavinq each state 
in th• aocle frap11. 

Tb• twenty additional self-loops arouud 
state D iJl cc;5) formed l2y (G) can lie evenly 

dist~uted ])ei:veen D1 anc! D2 , with tan edqes 

leavinf o1 ncs the other ten edqes leavinq o2 • 
~hese two se'ta of ten a49es a:e complements to each 
o1:laer, an4 are 4a.nated iD J'IG. 1% by sDDG and 

WDDG· 
~he set: o~ 43 edges qenerat:ed by (Cl) t.ha't 

axtan4 from sta1:e B to st:ata D iJl (Cl5) is referre4 

1:0 121 _rta. 12 Jay SBDCP Similarly, tll• •et of 43 
adqes qenarata4 by (Cl) aDd extend. from state D to 

stat• ., iD <•"> ue 4esiqna.~ed. SDra• · The 
aompleaent set" of 43 ed~es qenerate4 l2f (GJ to e3ten4 

f:om atate 'Jt to state I> iJl ra5 ) are lal::>ell•d 
WBDG' aa4 the aompleaeiit set oi 43 e4qes qe~•rated 
liy C Cl) to cRe114 f:om atate D to state I in c G5 ) 

are luelle4 '1nrc;. 
l:D (Cl5), the c;rapll (G) also g'eneratea 10 

s.U-loops on st:at:e B, 4enotect in J'%G. 1z l1y s'88 , 

ad 10 csoaplemeat ~elf-loops uoun4 state ., ,_ leelled 
-.38 iD na. 1z. 

l'iaal.l.7, tll• c;rapll CG) c;eneJ:a't•• 100 ec!qes 

atucU:a9 froa state B to state r in tG5 ], 

i4eat:Uie4 ill 1'%CI. iz lt7 •ur· AJiat:her 100 edqe• 

u• qeneratecl to extencl f:om state P to st•~• :a in 

(GJ), Vllere:J.n thia set. is a compleaea1: ·to SJU"' 
aa4 is thus :zaote4 in J':J:G. 12 as '"13 1". 

.. ~ 

.. 



............ _ _., 
01714312E2?5 

20 

'?lle code qraph is shown iii FlG. 12, which 

c:onstitutas a composite of 1%C:S.. 10-l.1. In this 

~raph (J'IC'I. 12), the e4;ea s 1 nc ara shova to extencS 

from •tat• a to n2 , u4 the eclqea •n:rG are shown 

to extend from sta'te D1 'to B. 1'11• symbol "O'• an 

the code g:aph (!'%G. J.2) denotes th• union of sat.s. 

J"or esample, th• notat:ion s 1 D u. sBDQ on the edqe 

oon.nectiACJ s•a-te a and J)z .refers to all of the 

edges i2l the UJ1ion of sets •an and saoa tbat 

ext.ea4 tro• state 3 to n2 • 

~ll• aomplu:ity of th• code qraph c:an be 

reduG•d ~Y omitting self•loops on states D •nd F. Itt 

acl4i~ion, fo.r a rate 8/10 oode, t:o arrive at t.be 

:equisita 256 code words,. 8 additional edqes c:an be 

eliminated, for axaaple, from SBD and tbe 

coaplemuts thereof iD '1110 • . This pe:mits all of 

the edqes in 1:21.e sets sl.DG and sDJ'G to 3'• 

u1:ilize4, a alaoic:e that aic!s in reclucinq th• 

dateetioa m .. ory required to implement th• aode. 

_ J:Jl this raqar.s, 9iven a at:ea• of 10-bit. 

c:o4• vor4s. it is 4esuable t:o 4eteat the path in the 

c:o4• qrapJa that woulcl have gene.rated th• co4• word. 

I~ tJle code graph path for eae1h c:ode wore! aan be 

:Ldentifi•4 !:om 'th• eod• word itself,. wi~hout 

refuenae to knovledcze of tll• prece41nq oode wore!, 

t:beza tlae 4et:eot:ion aaary of the code ;-raph i• said. 

to be se:o. 

Xt a co4• wor4 4efined by • paJ:tic:Qlar 

10-bit pattern or sequence is tll• lal:Jel for u e4qe 

iD the sn •:soa• then tbe path iD th• c=octe _9rapl\ is 

i4eat1fie4 •• l:»~w••ll tb• •'tates D2 a114 l'. 

Ko•41tVer, U tll• 10-bit pat~ern i• 1:11• label. for an 

e4qe iJl tlae a.t. s80 , it is Doi: possible to spe~y 

whether that pat1:.e%D rep.reseats • eode qrapll path 

l>etweeD th• s•at•• a uct 1:>z or between the states 

D2 an4 -. , Unl••• t!le preo•4inc; code word .is Jtnovn.· 

'that is, U th• preGeclinq c:od• vo.:c-cl is the label for 

P.23 
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an ed.qe iD the set in:v or "111 D or l'DFG, then the 

aurren"t oode word represents an e4~e between states B 

and r>2 • aovever, if the priol" code word is trom 

~h• sets SID' s00 o~ SBDG' the currant eode 
,,orcl .r•pr•••1:• an •dqe .between the sta"tes D2 and 

P. Omission of th• a edqe• from sBD and 1'3 D 

avoids the need 1:0 ltnov the prior code word iD th a 

stream, to thus simplify detection :memory. 

'1'11• •• of all 2se possU,le a-bit data words 

are aasiqned ~o 1Ddivid.u&1 lO-bit code words, 

followinq tJle rule that uy qiven io-~it code word 

and its c:ompleaent aust deaode to the same a-bit 4ata 

wo:d. rhe reaUlt&Dt eode is thus made phase 

inva:iant. 
'1'h• :f:l.iaal cod• qraph is shown in FIG. 13, 

wherein tJI• states B, D1 , D2 , and F have been 

re-labelled as J., 2, 3 and 4, and wlleraiD the sets ot 
edqe l~els represaatinq 10-bit code words s 30 , 

SBDO' SDPG' SBP' .DD •ncl SDDG have been 
re-luelled u a., a, c, D, B and P. siaila.rly, tbe 

eoaplemeat: sets have bean re-labellecl 'i, "I, ~' 1), !:,. 
&114 7. 'f!i• aode r9Pr•••nted by J'XG. 13 is l::tloc.Jc · 

tSeeodU,le. 

PZG. 14 i~ a table. wherein tlle sets of 
10-bit co4e wards are liste4 ~Y decimal equivalent in 

association vitll the six re-labelled sets A throuc;h F 

(J''IG. l3). 

PI•. 15 is an enaoder tal>le representinq the 
operation af a. studud •-state :bloak enc:ode: 10 in 

.rxc;. 1 to •••iP •. u1lique 10-bit c:ocle wort. to each 
maique 8-J:»it:. atrinCJ of llin~ 4ata. nc;. l.,. is a 

deooder ~allle represeatinq ~h• ope:at.ton of a decoder 
for 4eaocli.Dv tll• c:oae words and their eomplaments to 

i:at:ri._.• tll• od9inal 4ata in the form of suoaessive 

8-bi~ s1::inga. 

li1ili1f 1i1ttr or 

P.24 
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When a Vite:1'i clateator is usec1 to 
demodulate ~ll• ooc!e words at th• output: of the 
partial response systea, ~h• SBR goain achieved 1'y use 

of the mati:ll•d spac:tral-null code can he used to 
improve pe:formanca. Jlowever, in practice, to 
realize thi• .benefit, the detector must: only use a 
:tinita mamorr, wherein the trellis ot suah detector 
is raf'errad to as a fiDite-memoJ:Y trellis. bother 
practical. constraint is that the complexity ot the 
trellis sho\llcS net be too qreat in terms of the total 

number of stat•• and •dv••· 
'1'11• pziesant embodiment. tluis provi4es a 

m.atahed spectral null aode for partial response 
chan.nala, and a %'elated method of c:o4e const%'uction, 
wherein th• code is non-quasi~atastr~phia ud phase 
invariant, ud further wherein the c:ade is applica.ble 

to llic;her orc!er partial response c;1'.annels with n•l, 
2, 3. .JJ:thouqll a speaitia rate 8/10 code has been 

4esa%'il>e4 iD 4atail, it will :be understood that the· 

saa• •e!=hoctoloqy csu 1'• used to develop other matc:hed 
spect:ral null c:oc!es a~ o~ller cede rates, such as 3/4, 
t/e, etc:. Ac:u:sord:i.Jl9l7, it vill l::te 11n4er.s~oo4 that 

th• invutioza i• not liaitecl to the ea~o4iaent shown 
;m4 clesc:ril:ted Jleziein, eaeep~ as set f ortb in 'th• 
appeA4a4 alaiaa. 

P.25 
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CLAIMS: I lllllll llllll lllll lllll ll llll 
* C L M S * 

1. A method for coding an input string of data for a partial response channel having 

a transfer function of the form (1-D)(l +D)D to provide an output having a preselected 

code mte, said method comprising: 

determinina the frequency at Which there is a higher order null in the transfer 

function of the partial response channel, wherein ~l; and 

encoding an input string of data into a binary code string having a power 

spectrum value of zero for such frequency. 

2. The method of claim l wherein said encoding step comprises subdividing tl'le 

input string of data into a succession of data words of se1ectecl uniform length and 

translating said di.ta words respectively to code words.of selected uniform length, 

wherein each unique data Word translates to a unique code word. 

3. ne method of claim 2 fUrther including the step of decoding said code wonts to 

.recreate said input string of dafAt said decoding step comprising translating each unique 

code word and the complement thereof to said unique data word associated therewith. 

4. The method of claim 2 or 3 wherein said encoding step comprises genemting an 

encoding table from canonical state diagram (G) aiid (GP) for binary sequences having 

spectral nulls at Nyquist frequency, wherein the power (p) of the diagram (al') is a 

tuncdon of code word length, and further wherein a selectal code word that forms a loop 

in the diagrams (G) and (OP) corresponds with a loop that is non-quasicatastrophic in the 

diapam (G). 

iiff i1f U1ili1ilf 
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S. The method of any one of the preceding claims whefein said encoding step 

comprises encoding each unique data word to a corresporiding unique code word in 

acCorda:nce with a phase invariant and non-quasicatastrophic encoding table. 

6. A method of coding an input stria& of data for a partial response channel having a 

transfer function of the form (1-D)(l+D)D to provide an output having a preselected 

code rate, said method comprising: 

subdividing the input string of data into a succession of data words of selected 

uniform len1lh whemin the number of unique data words is a function of said selected 

data word length: 

translating said data wmds to code words of selected unifonn length greater than 

~ selected data word length, by generating an encoding table from canonical state. 

diagrams (G) and (GP} for binary sequences having spectral null.s at Nyquist frequency, • 

wherein the powm- (p) of the diagram (GP) is a function of code word len&th, wherein 

for each code wonl selected the complement thereof is also selected, wherein a selected 

code word dtat forms a loop in the diagrams (G) and (oP) corresponds with a loop that 

is non-quasicatastrophic in the diagram (G), and wherein each se1cctcd code word and its 

complement decodes to the same unique data word. 

7. The method of claim 6 wherein the canonical state diapam (G) has a number of 

states sufficient to yie1d a graph capacity (C) which exceeds the ratio of said selected 

da1a word length to said selected code word lenath, wherein the ,paph capacity (C) is 

liven by the fonnula: 

C • 1 +Ioa2cos<----> 
N + 1 
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8. The method of claim 6 or 7 further including the step of decoding each unique 

code word and its complement to the same unique data word to recreate said input string 

of data. 

9. A system for encoding an input string of data for a partial response channel 

havinc a uansfer function of the form (1-D)(l +D)n to provide an output having a 

prase1ected code me, said system comprising: 

means for encoding an input string of data into a binary code string having a 

power spectrum value of zero for each .frequency at which there is a higher order null in 

the transfer function of the partial response channel for ~l. 

10. The system of claim 9 wtJerein said encodin1 means includes means for 

subdiviclin1 the input string of data into a succession of data words of selected uniform 

length, and mmns for uanslating said data words respectively to code words of selected 

uniform length, wherein said translating means translates each unique data word t.o a 

unique code word. 

11. The system of claim 10 further including decodina means for decoding each 

unique code word and the complement ·thereof to said unique dam word associated 

therewith. 

12. The system of claim 10 or 11 t'unher including means for gene.rating an encodinc 

table from canonical stare diagrams (G) and (GP) for binary sequences having spectral 

nulls at Nyquist fRquency, wherein the power (p) of the diagram (GP) is a function of 

code word length, and further wherein a selected code word that forms a loop in the 

cliapams (0) and caP> corresponds with a loop that is non...quasicatastrophic in the 

diagram (G). ~ 



..J.:.G.- t.&."'l;,J 1·11uw t:..J ,,-ni&tiWa.J l"f1bW G..:11 J 
J.MILLER & CO 01?14300275 P.29 

11111111111111 11111 1111111 1111 
* C L M S * 26 

13. A system for encoding and decoding an input string of data for .a partial response 

channel having a transfer function of the form (1-D)(l + D)il to provide an output having 

a preselected code rate, said system comprising: 

finite storage means for storing an encoding table for translating a succession of 

input data words of selected uniform length to a succession of output code words of 

selected uniform length greater than said selected data word length, wherein each unique: 

daia wold translates to a unique code word; 

said encoding table bein1 generated from canonical state diagrams (G) and (aP) 

for binary sequences havin1 spectral nulls at Nyquist frequency, wherein the power (p) 

of the diagram (GP) is a function of code word length, and further wherein a selected 

code word that forms a loop in the diagrams (G) and (GP) corresponds with a loop that 

is non..quasicatastrophic in the diap'am (G); and 

decoder means for decoding each unique code-word and the complement thereof • 

to the unique data word associated therewith. 

14. A method for coding an input strin1 of data for a partial response channel having 

a transfer function of the form (1 ·D)(l + D)n to provide an output for storage on a 

storage medium having a preselected code rate, said method eomprising: 

det.ennining the frequency at which there is a higher order null in the transfer 

function of partial response channel, wherein nd!:l; and 

encoding an input string of data into a binary code string having a power 

spectrum value of zero for such frequency. 

lS. A system for encoding an input suing of data for a pania1 response channel 

having a transfer function of the form (1-D)(l + D)D to pmvi~e an output for storage on a 

storage medium havin1 a pmselectal code rate, said system =mprising: 

... 

. ft: 
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means for encoding an input string of data into a binary code string having a 

power spectrum value of zero f'or each frequency at which thme is a higher order null in 

the transfer function of the partial response channel for n21. 
----·--·--··-----------··------·! 
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