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H. Kobayashi an D. T. Tang, “Application of Partial Channel

Coding to Magnetic Recording System,” IBM Journal o fR & D,
July 1970 .

Figure 1 The NRZ and NRZI recording methods and the
waveforms at various stages.
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<+ Shaping Filter ( REEREI IV E2—)ZEHR/ATEHL
[2&kY., SRTLGER#Z LRAGRAIOD LS
HD) = 1 — D2
T B RTLERELINterleaved NRZI &4,

< Interleaved NRZI S AT AIFXHEEDNRZI R T L
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« FREF
H. Kobayashi and D. T. Tang, “Magnetic Data
Storage System with Interleaved NRZI Coding,”
U.S. Patent No. 3,648,265, March 7, 1972
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ML (Maximum Likelihood: &) :
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19674 : Andrew J. Viterbi #i% (UCLA) NBHAAFEILEh -5
EESIOEERBEREICES I H7INTIVXLERR,

A. J. Viterbi, “Error bounds for convolutional codes and
asymptotically optimum decoding algorithm,” IEEE Inf ormation
Theory, 1967.

19694 : Jim K. Omura Bi##gAhiviterbi Algorithm & Bellman D4
AFSvY-TARTS34 (1953) LFMTHS L.

J. K. Omura, “On the Viterbi decoding algorithm,” IEE E
Information Theory, 19609.
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H. Kobayashi, “Application of 1!
Probabilistic Decoding to Digital 0 NRZ reccring mcthed

% NHZ recording method

Magnetic Recording Systems,”
IBM Journal of R&D, January 1971.

H. Kobayashi, “Correlative Level
Coding and Maximum Likelihood
Decoding,” IEEE Trans. on
Information Theory, September 1971.

ANRUE

Fip.lri & Simulation results of the masimom likelihood de-
coding method and the bit-by-bit detection method
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H. Kobayashi

Application of Probabilistic Decoding to
Digital Magnetic Recording Systems

Abstract: A digital magnetic recording system is viewed in this paper as a linear system that inherently includes a correlatis
encoder, This encoder can be regarded as a linear finite-state machine like a convolutional encoder, The maximum likelihood d¢
method recently devised by Viterbi to decode convolutional codes is then applied to digital magnetic recording systems. The d¢
algorithm and its implementation are discussed in detail.

Expressions for the decoding error probability are obtained and confirmed by computer simulations. It is shown that a sig
improvement in the performance with respect to other methods is achievable by the maximum likelihood decoding methc
example, under the Gaussian noise assumption the proposed technique can reduce raw error rates in the 102 to 10~* range by ¢
of 50 to 300, These results indicate that the maximum likelihood decoding method gains as much as 2.5 dB in signal-to-noi:
over the conventional bit-by-bit detection method.

Correlative Level Coding and Maximum-
Likelihood Decoding

HESASHI KIHRA Y A, urvsm, e

Adrarmer imbkiea b Sdled cosidsacalbd olmE edeg i

- 1, TR TTI
guBed e e cmbed s (ke el apass dasleg sbkb

anairs & dhslred spaciral shageg by Ferlecien poritafled mierer@ad
mierfrerree lrvemie 1o lhe upen, & codlalon kel ssccder & orossd
wn om Fmedi Befr ekl recbde w0 d@dasiiss

:
i

srpErneEn D
b al savekibs b oallm ays e, wd b ramks s ool
by crmmeirr sendeien 1 ois dheen bl g salrdanbal gt e
paa o P b b By P bl e by wekel

[ P e Qs e | L]
¥ Flil-'l-" b i (e Fl'r|ﬁ.|' wai | Waiser Hesaid Cerdai
F wrai Fegan, Y. (MR

TECHSIFUE i dipilel &old seimsiiscalion des

welapedl in reseRt yemre (8 The so-callsd cormelanive
lawal einlivg |Raviees [ 1] o0 the pamsb-resporss 4basnel
wprenling (i [ 2] Thees dgmaliog aeeilesd b T
Trasmi thie corrvamil oonsdl o b -mom pli fude. maodu lation (PA kD
wpakanti b chat @ conivedbed amosnl of Iseciymbsd (ke
Tefzfae i imlredied oo aitsin 6 cerain bemelicisl spectral
shaping. Sk & =yalam pivsssses i geseral ihe prapaiy af
berg selatively insemiative to o has el sfipealfeciions and 5o
variations in raesmisbon raes [3], [4] Recarity o hag haan
poinied o [A] thal & desal magneile reescding olan el



1990: PRML NIREDHLDELES,

IEEE JOURNAL ON SELECTED AREAS IN COMMUMNICATIONS, VOL. Hh RO 1, JAMUARY 19592

A PRML System for Digital Magnetic Recording

Roy D. Cideciyan, Member, IEEE, Frangois Dolivo, Member, JEEE, Reto Hermann, Member, IEEE,
Walter Hirt, Member, [EEE, and Wolfgang Schott, Member, IEEE

19

Abstract—Application of partial-response (PR) signaling and
maximum-likellhood sequence detecilon (MLSIN 1o digital
mugnetic recording has been shown in theory and practice to
further increase the storage densities and reliability that sys-
tems using run-length limited (RLL) coding and peak detection
(P —stlll the prevalent signal processing fechniques foday—
can curn:nll:- athmr: In thus paper, |h rullzl.llml nrn digital

In saturation recording [18]—the method vsed almost
universally for storing digital information—the data are
recorded by switching the current in the recording head
coil, which reverses the head fringing field while the mag-
netic medivm is in motion, and thereby orients the mag-
netization along a track either in the direction of motion

(BM shins the Industry’s
w00 Based on PRHL Technolod)
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TOBINREDTHIZE A,
Turbo coding, BCJR decoding,
LDPC (Low density parity check)
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1) H. Kobayashi, “ Partial-response coding, maximum-likelihood
decoding: capitalizing on the analogy between commu nications
and recording ,” IEEE Communications Magazine, 2009.

2)G. D. Forney, Jr., “ Maximum likelihood sequence estimation of
digital sequences in the presence of intersymbol in terference ,”
IEEE Trans. Information Theory, 1972.

3) G.D. Forney, Jr., “ The Viterbi Algorithm (invited paper),” Proc.
IEEE, 1973.

4) H. Kobayashi, B. L. Mark and W. Turin, Probability, Random

Processes and Statistical Analysis, Cambridge University Press,
2012, Chapter 20: Hidden Markov models and applications
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Fag 338 & heerarchical model of fhe interactive sysiem with multiprogramimimg
wirtusi-shomage: (a8l the cuter madel {3 ime-shared ssstam modaland (h) e
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H. Kobayashi, Modeling and Analysis: An
Introduction to System Performance Evaluation
Methodology (Addison Wesley, 1978)

< VAT B DL 1THIH I FE R 5 (Joint
equilibrium distribution) (& & X fi#(Product-
form solution)Z#D,

< IERIEE#(normalization constant) G(N,M)%&
MERHETHSZILTIVALNEE,

o TRTOERERHENAGNM)TERES.
RN
H—/\—M®DOFIAZE =1- G(N,M-1)/G(N,M)
H—/\—i DR JL—Tvb=G(N-1,M)e/G(N,M)

<INtk &EReiser X EFBIZ(Generating Function)
FEFEFELTGINMZEBREHETS
73 X Lz,
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Fig. 334 (a) & closed quasaing network ond (bY an open queuseing network.
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CAMBRIDGE www.cambridge.org/us/978052 1895446

Probability, Random
Processes, and Statistical
Analysis

Applications to Communications, Signal
Processing, Queueing Theory and Mathematical

Finance

Hisashi Kobayashi
Princeton University, New Jersey

Brian L. Mark
George Mason University, Virginia

William Turin
AT&T Bell Laboratories, New Jersey
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