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I 2 4 JUN ZIOD 
DATA ENCODING SYSTEMS 

This invention relates generally to data encoding systems, and more particularly to 

systems implementing codes of the type known as maximum transition run (MTR) codes. 

Channel codes, whereby input data bits are mapped to channel bits by a c~ing process, 

are commonly used to improve the characteristics of the bit-stream supplied to a recording 

channel. The code rate for such a code is usually specified as min and indicates the ratio of the 

number of data bits m to channel bits n. MTR codes are a particular type of channel code used 

to improve the characteristics of data to be supplied to a magnetic recording channel wherein 

the data is recorded on a magnetic recording medium such as a magnetic disk or tape. With 

MTR codes the number of consecutive transitions that can occur in the magnetization pattern 

on the recording medium is limited to a particular number denoted by 'T'. When used in 

conjunction with the NRZI (Non-Return-to-Zero-Inversion) recording format therefore, an 

MTR code limits the maximum number of consecutive l's in the channel bit-sequence. This j 

constraint has the desirable consequence of reducing errors in data recovery. More particularly, 

the bit-error rate performance is improved by providing a distance gain, ie. an increase in the 

minimum Euclidean distance between recording patterns, or 'by eliminating the most likely error 

events, thus reducing the likelihood of errors in sequence detectors on the data recovery side. 

For example, when used in conjunction with higher-order partial response shaping and 

maximum likelihood sequence detection such as in an E2PR4 partial response channel, MTR 

codes with j = 2 can deliver a distance gain of 2.2 dB. MTR cqdes with j = 2 are also 

write-friendly, allowing user data to be written to a disk at very high data rates. The design of 

high code-rate MTR codes is therefore of great interest, and particularly so for the higher-order 

partial response channels used in disk drives for example. · 

In addition to the j constraint, MTR codes generally also limit the maximum number of 

consecutive O's to "k" to aid timing recovery and gain control, and such a code is usuaily 

specified as an MTRG. k) code. MTR(j, k) codes with j = 2 are discussed in US Patent No. 

5,859,601. A rate 6n MTR(2, 8) code is proposed in IEEE Transactions on Magnetics, Vol. 

33, No. s. September 1997, "Design of a Rate 6n Maximum Transition Run Code". Brickner 

and Moon. It can 'be shown that this code is quasi-catastrophic, requiring very long path 

memories in the sequence detector. Q~asi-catastrophic codes include coded bit-sequences 

containing a succession of the bit series 1100 an<J are undesirable because these bit-sequences 

do not accumulate Euclidean distance in the sequence detector and the coded bit-sequence is 
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therefore more liable to be identified incorrectly. Quasi-catastrophic error events are avoided in 

a rate 16117 MTR code with j = 3 which is discussed in a paper by Takushi et al, Hitachi Ltd, 

published at the GLOBECOM'98 conference in November 1998 under the title 

''Turbo-EEPRML: An EEPR4 Channel with an Error-Correcting Post-Processor Designed for 

16117 Rate Quasi-MTR code", though no detailed implementation is given in this _paper. A rate 

16/19 MTR(2, 7) code is also mentioned in IEEE Transactions on Magnetics, Vol. 32, No. 5, 

September 1996, "Maximum Transition Run Codes for Data Storage Systems", Brickner and 

Moon, though the question of implementing such a code without resorting to a costly lookup 

table has not been addressed. 

According to one aspect of the present invention there is provided a method for 

encoding a succession of m-bit data words to produce a succession of n-bit code words, where 

n > m, for supply to a magnetic recording channel, the method comprising: 

partitioning each m-bit data word into a plurality of blocks of bits; 

encoding at least one of said blocks in accordance with a finite-state coding scheme such 

that the resulting bit sequence derived from the m bits of the data word comprises an n-bit 

sequence; and 

producing a said n-bit code word by at least one stage of violation correction, the or 

each stage of violation correction comprising detecting the occurrence of any of a plurality of 

prohibited bit patterns at one or more predetermined locations in the n-bit sequence and 

replacing any prohibited bit pattern so detected by a respective substitute bit pattern; 

wherein said finite-state coding scheme and said prohibited and substitute bit patterns 

are prCdeterntined such that, in a succession of said n-bit code words, the maximum number of 

consecutive bits of one value is limited to a first predetermined number j, where j ~ 2, and the 

maximum number of consecutive bits of the other value is limited to a second predetennined 

numberk. 
' 

In embodiments of tbe·present invention, therefore. MTR codes are implemented by 

partitioning the input data words and then applying coding and violation correction in such a 

manner as to satisfy the j, k constraints. This partitioned-block implementation allows the 

advantagl'!S of MTR codes to be obtained while dramatically simplifying the encoder, allowing 

even high code-rate codes to be implemented in a highly efficient manner. Encoding methods 

embodying the invention can be implemented with relatively few logic gates without requiring 

extensive lookup tables, providing for efficient, low cost encoder/decoder systems. 
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As indicated above, after partitioning the input data word into a number of blocks, at 

least one of these blocks is encoded in accordance with a finite-state coding scheme. As will be 

apparent from the examples detailed below, the finite-state codes employed here may be block 

codes, a block code being a special case of a finite-state code in that a block code is a one-state 

code. Where more than one block is encoded here, different finite-state codes max be employed 

for different blocks. 

In preferred embodiments of the invention, the prohibited and substitute bit patterns are 

defined such that quasi-catastrophic error propagation is avoided. This is achieved by imposing 

a further constraint whereby, in a succession of said n-bit code words, the maximum number of 

bits in any periodic bit-string with a four-bit period, being the sequence of two consecutive bits 

of said one value followed by two consecutive bits of said other value, is limited to a third 

predetermined number q. Thus, the maximum length of coded bit-sequences that do not 

accumulate distance in sequence detection is limited to q, allowing path memory lengths in the 

sequence detector to be limited accordingly. 

As will be appreciated, in embodiments conforming to the NRZI recording format where 

"l" represents a magnetic transition and "O" no transition, said bits of one value will be bits of 

value "1", whereby j and k represent the maximum length of series of consecu~ve l's and O's 

respectively. 

Preferred embodiments of the invention allow efficient implementation of very 

high code rate MfR codes, and examples for a rate 16119 and a rate 16117 code will de detailed 

below although those skilled in the art will be able to design other examples based on the 

techniques described herein. 

It is to ~ appreciated that, where features are described herein with reference to a 

method embodying the invention, corresponding features may be provided in accordance with 

apparatus embodying the invention, and vice versa. In particular, according to a further aspect 
' 

of the present invention there is provided apparatus for encoding a succession of m-bit data 

'. words to produce a succession of n-bit code words, where n > m, for supply to a magnetic 

rec~rding channel. the apparatus comprising: 

means for partitioning each m-bit data word into a plurality of blocks of bits; 

encoder means for encoding at least one of said blocks in accordance with a finite-state 

coding scheme such that the resulting bit sequence derived from them bits of the data word 

comprises an n-bit sequence; and 
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violation correction means for producing a said n-bit code word by at least one stage of 

violation correction. the or each stage of violation correction comprising detecting the 

occurrence of any of a plurality of prohibited bit patterns at one or more predetermined 

locations in the n-bit sequence and replacing any prohibited bit pattern so detected by a 

respective substitute bit pattern; 

wherein said finite-state coding scheme and said prohibited and substitute bit patterns 

are predetermined such that, in a succession of said n-bit code words, the maximum number of 

consecutive bits of one value is limited to a first pred~termined number j. where j ;2; 2, and the 

maximum number of consecutive bits of the other value is limited to a second predetermined 

numberk. 

Preferred embodiments of the invention will now be described, by way of example, with 

reference to the accompanying drawings ip. which: 

Figure 1 shows a finite state transition diagram for the MTRj = 2 constraint~ 

Figure 2 is a block diagram of an encoder embodying the invention for a rate 16/19 

MTR code; 

Figure 3 is a block diagram of a decoder for use with the encoder of Figure 2 in a system 

embodying the invention; 

Figure 4 shows a finite state transition diagram for tJ:ie MTR j ::: 3 constraint; 

Figure 5 is a block diagram of another encoder embodying the invention for a rate 16/17 

MrR code; and 

Figilre 6 is a block diagram of a decoder for use with the encoder of Figure 5 in a system 

embodying the invention. 

. Figure 1 shows a three-state right-resolving finite state transition diagram (FSTD) that 

generates all: bit sequences satisfying the MrR j = 2 constraint This FSTD is unique for j = 2 in 

that it has the least number of states of all possible right resolving representations. Such an 

FSTi:> is.known in the art as a "Shannon cover". Figure 1 thus shows the Shannon cover for j = 

2. Bit sequences can be generated from the Shannon cover by starting in any of the labelled 

states I. 2 or 3 and successively moving along the arrows, where the arrows shown in solid lines 

signify a bit of value "O". and the arrows shown in. broken lines signify a bit of value "l ". 

Examination of this diagram shows that alJ bit sequences that can be generated have a maximum 

of j = 2 consecutive 1 ·s. Reference will be made to this diagram in describing the code 

. implemented by a first embodiment of the invention .. 
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In general in a data storage system, such as a disk drive, employing an MTR code, the 

input data is encoded in accordance with the MTR code to produce a coded bit sequence which 

is supplied to the recording channel. The recording channel is generally a generalized partial 

response channel with rational coefficients. On the recording side, the main elements of such a 

system are a Reed-Solomon encoder. an MTR encoder, a precoder, and write-pre~ompensation 

circuitry from which the analogue recording waveform is supplied to the magnetic head for 

recording on the recording medium. On the data recovery side, after preamplification, automatic 

gain control, lowpass filtering, sampling and partial response equalization, the sample stream is 

supplied to a sequence detector, such as a Viterbi decoder, which produces an estimate of the 

coded bit-stream which may contain some illegal code words due to errors resulting in incorrect 

sequence detection. After inverse preceding, the estimated code word sequence is supplied to 

the MTR decoder for recovery of the original data, where any errors here are corrected 

subsequently by a Reed-Solomon decoder. 

Figure 2 is a schematic block diagram of encoder apparatus according to a first 

embodiment of the invention in the form of MTR encoder 4 which can be utilized in such a data 

storage system. This embodiment implements a rate 16/19 MTR code with j = 2, k = 9 and q = 
14, referred to herein in the format MrRG, k/q) as an MTR(2, 9/14) code. As illustrated, the 

MTR encoder 4 comprises encoder means in the form of three input encoders 5, 6 and 7 each of 

which implements a finite-state coding scheme. 'The first encoder S is a rate 6n block encoder 

having a 6-bit data input 5a and a 7-bit output indicated generally at Sb. The second encoder 6 
.-

is a rate 617 two-state encoder having a 6-bit data input 6a and a 7-bit output indicated 

generally at 6b. The last bit-line of the first encoder output 5b is connected to a I-bit input 6c of 

the two-state encoder 6 to set the state S thereof as explained below. The third encoder 7 is a 

rate 4/S block encoder having a 4-bit data input 7a and a 5-bit output 7b. The apparatus further 

includes violation correction means in the form of a left substitution unit 8 and a right 
' 

substitution unit 9. The right-hand four bit-lines of the first encoder output Sb, and the left-hand 

three bit-lines of the second encoder output 6b form the input of the left substitution unit 8 as 

shown. The right-hand four bit-lines of the second encoder output 6b and the five bit-lines of 

the third-encoder output 7b form the input to the right substitution unit 9. Together with the 

left-hand three bit lineS of the first encoder output Sb, a 7-bit-output 8b of t~e unit 8 and 9-bit 

output 9b of the unit 9 form the 19-bit output of the apparatus. 

In operation of a recording system employing the MTR encoder 4, the data to be 

rec~ed. initially in the.formofaserial R~-SolOmon encoded bit-stieam,·isconverted to 
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16-bit parallel form by a serial-to-parallel converter (not shown). The resulting 16-bit data 

words are then supplied successively to the MTR encoder 4 for coding. Specifically, the 16 bits 

of each data word are supplied to the 16 bit-lines of the encoder inputs 5a. 6a and 7a which 

therefore serve to partition the input word into three blocks of six, six and four bits respectively. 

The encoders 5 to 7 encode the input blocks in accordance with respective codin~ schemes to 

be described in detail below. The input blocks are thereby coded to produce first. second and 

third subcode words on the outputs 5b, 6b and 7b respectively, whereby the original 16-bit data 

word has been converted into a 17-bit sequence. The left and right substitution units 8 and 9 

operate to check for violations of the coding constraints by detecting prohibited bit patterns in 

the bit sequences supplied to their inputs and replacing any such prohibited patterns by 

substitute bit patterns. as described in more detail below. After this violation correction stage the 

19-bit code word for the input data word appears on the 19 bit-lines forming the output o( the 

apparatus. 

The rate 6n block code implemented by the encoder 5 is constructed as follows. 

Ref erring to the Figure 1, fifty-seven potential 7-bit subcode words can be generated by starting 

from state two in the Shannon cover and making seven transitions such that the sequence ends 

in states l or 2. The fifty-seven words in this set can be freely concatenated to obtain sequences 

satisfying the j = 2 constraint. This set of words is then augmented by eleven 7-bit words that 

are generated by starting in state 2 in Figure 1 and ending in state 3. The first two bits of the 

eleven words are either 00, 01 or 10. and the last three bits are always 011. In hexadecimal 

fonnat these eleven words are 03. OB, 13, 23, 43. lB, 2B. 4B, 33, 53 and 5B. This gives a total 

of si~ty-eight potential subcode words. ie. four more than are required to construct a rate 6n 

code. The words 00. 01. 4C and 33 are discarded to obtain the final set of sixty-four subcode 

words. Thus, in the encoder 5, each 6-bit input block is mapped to a 7-bit subcode words. The 

particular mapping of input blocks to subcode words as defined in the encoder is a matter of 

design choice and is not critical to operation of the system. 

The encoder 6 implements a rate 6n two-state code where the last bit of the first 

subcode word from the encoder 5 detennines the current state S of the encoder 6. This code is 

constntcted as follows. There are sixty-two state-independent subcode words obtained from the 

same initial list of sixty--eight words discussed above by discarding the six words oo. 4C, 33, 19, 

56 and 06. The sixty-two 6-bit input blocks assigned to these 62 state-independent subcode 

words are preferably selected such that the logic implementation of the encoder is as simple as 

possible. Again, the particular one-to-one mapping of data blocks to subcode words is a matter 
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of design choice. One out of the two remaining input blocks is mapped to the subcode word 56 

if S = 0 or to the subcode word 33 if S = I. The last remaining input block is mapped to the 

subcode word 4C if S = 0 or to the subcode word 06 if S = 1. 

The rate 4/5 block code implemented by the third encoder 7 is constructed as follows. A 

total of seventeen potential subcode words can be generated by starting from state 2 in the 

Shannon cover of Figure I and maldng five transitions ending in state 1 or state 2. These are 00, 

01, 02, 04, 05, 06, 08, 09, OA, OC, OD, 10, 11, 12, 14, 15 and 16. Of these 00 is discarded to 

obtain the sixteen subcode words needed for the rate 4/5 code. This rate 4/5 block code is also 

disclosed in the September 1997 paper by Brickner and Moon referenced above. 

None of the subcode words for the first rate 6n code can start with 11 and none of the 

subcode words for the rate 4/5 code can end in 11. Thus, violation of the j = 2 constraint across 

the boundaries of 19-bit code words is not possible. However, violations could occur at the 

boundary between the two 7-bit subcode words output by the encoders 5 and 6, or at the 

boundary between the 7-bit output of the encoder 6 and the 5-bit output of the encoder 7. This 

is dealt with in the violation correction stage implemented by the substitution units 8 and 9 as 

follows. 

The prohibited bit patterns, and the substitute patterns with which they are replaced in 

the left substitution unit 8 are defined in Table 1 below, where the 19-bit sequence output by the 

encoders 5 to 7 is represented by y 1, y2 , y3, ... , y's, y'9. 

Prohibited Pattern Substitute Pattern 
y4 yS y6 y1 y8 y9 y10 y4 yS y6 y1 y8 y9 ylO 

y4 011100 y4 0 1 0 1 1 0 
0011101 0 1 0 0 1 1 0 
1 0 1 1 1 0 1 0110110 
y4 0 0 0 0 0 0 y4 0 0 0 1 1 0 

Table l. 

Similarly, the prohibited bit patterns, and the substitute patterns with which they are 

replaced in the right substitution unit 9 are defined in Table 2 below. 
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Prohibited Pattern Substitute Pattern 
yll yll yl3 yH yl6 yl6 yl7 yl8 yl9 yll yll yD y14 ylS y16 yl7 yl8 y19 

y 11 0 1 1 1 0 Oy 1sy 19 y 11 0 1 0 1 1 0 y'8 )'19 

y!1 0 1 1 1 Q 1 y 18 yl9 y 11 0 0 0 1 1 0 yl8 yl9 

0 0 0 0 0 0 0 y 18 y 19 0 1 1 0 1 1 0 yl8 y 19 

0 0 1 1 0 0 1 1 0 0 1 0 0 1 1 0 1 0 

Table 2. 

In these tables, the patterns marked in bold in the left-hand column are those which are 

sufficient to determine if a substitution should be performed. 

After each substitution unit 8, 9 has detected and replaced any prohibited bit patterns, 

any violations of the j constraint at subcode word boundaries will have been corrected. In 

addition, the substitutions reduce k and q to 9 and 14 respectively, to shorten the path memory 

required in the sequence detector and to aid timing recovery and gain control. 

The MTR encoder 4 thus implements a rate 16119 MTR(2, 9/14) code which, in 

addition to the high code rate, has a high efficiency. The efficiency of a code is defined as the 

ratio of the code rate to the capacity (maximum possible code rate). The capacity associated 

with the present coding restraints has been computed to be 0.877210, resulting in an efficiency 

for the present code of 95.99%. It wiffbe appreciated that the partitioned block structure allows 

a particularly simple implementation in the encoding apparatus, and hence in the corresponding 

decoder apparatus to be described below. It has been determined that only 369 binary input 

logic gates are required for implementation of the encoder and decoder apparatus. By way of 

example, a particularly preferred Boolean logic design for the MTR encoder 4 is fully specified 

at the end of this description. The maximum length of encoded sequences that do not 

accumulate distance has been limited to q = 14, whereby quasi-catastrophic error propagation 
' 

has been avoided. The maximum length of magnet required in the recording system is k + 1 = 

10, and it can be shown that any error burst of size up to 7 bits, 8 bits and 26 bits at the output 

of the inverse precoder in a recording channel will affect at most 2, 3 and 4 bytes respectively at 

the output of the MTR decoder, ie. at the input to the Reed-Solomon decoder. 

Figure 3 illustrates an embodiment of decoder apparatus in the form of MTR decoder 11 

for a system employing the MTR encoder 4 described above. The operation of the MTR 

decoder 11 will be apparent to those skilled in the art from the foregoing detailed descriptio~ of 

the MTR encoder. Briefly, however, the MTR decoder 11 comprises left and right inverse 
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substitution units 12 and 13 with respective inputs l2a and 13a and outputs 12b and 13b. The 

bit-lines of the outputs 12b and 13b are connected as shown to decoder means in the form of 

first and second rate 6n block decoders 14 and 15 and a rate 4/5 block decoder 16. The first 

three bits of the input 19-bit code word are supplied as indicated to the decoder 14, and the last 

two bits of the code word are supplied as indicated to the decoder 16. The left inverse 

substitution unit 12 detects the bit patterns shown on the right-hand side of Table 1 and replaces 

these by the bit patterns shown on the left-hand side of the table. Similarly, the right-hand 

substitution unit 13 detects and replaces bit patterns shown on the right-hand side of Table 2 by 

the patterns shown on the left-hand side of this table. The patterns shown in bold in the 

right-hand columns of these tables are those which are sufficient to determine if a substitution 

should be performed. The decoders 14, 15 and 16 perform the inverse mappings of those 

performed by the encoders 5, 6 and 7 respectively, and outputs 14b, 15b and 16b of the 

decoders 14, 15 and 16 collectively comprise sixteen bit-lines on which the original 16-bit data 

word is output in operation. As mentioned earlier, there will of course be occasions when the 

17-bit input to the MTR decoder 11 is an illegal code word. In htese cases, the MTR decoder 

output is preferably selected to simplify the decoder logic as far as possible. By way of example, 

a particularly preferred Boolean logic design for the MTR decoder 11 is fully specified at the 

end of this description. 

A setond embodiment of the invention will now be described with reference to Figures 4 

to 6. Figure 4 illustrates the Shannon cover for the MTR j = 3 constraint, whereby any sequence 

generated from this diagram has no more than three consecutive l's. Reference will be made to 

this diagram in describing the operation·_of the encoder apparatus shown in Figure 5. 

Figure 5 is a schematic block diagram of encoder apparatus in the form of MTR encoder 

20 for implementing a rate 16/ l 7 MfR code for which the maximum number of consecutive I's 

in the encoded output is four. However, the locations at which these maximum transition runs 

can occur in the coded bit-sequence are limited. and for all other locations the maximum number 

of consecutive I's is three. More specifically. the code is constructed such that the run of four 

l's can occur at bit positions y8, y9 , y 10, y 11 as well as code word boundaries, ie. at bit positions 

y 16
, y 17,_y 1• y1 . Thusj = 4 for two out of the possible seventeen locations, and for all of the 

other fifteen locations j = 3. This code will be referred to herein as an MTR(3/4(2)) code with 

period I = 17, signifying that j = 3 except that, in 2 of the 17. possible locations, j = 4, and the 

maximum run of four l's can occur every l = 17 bits. In addition to this j constraint, the code 

implemented by the apparatus 20 satisfies the additional constraints k = 14 and q = 22. 
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As illustrated in the figure, the MTR encoder 20 comprises finite-state encoder means in 

the form of a rate 8/9 block encoder 21 having an 8-bit input 21 a and a 9-bit output 21 b. The 

apparatus has two further 4-bit inputs shown at 22 and 23 which receive the first and last four 

bits respectively of the input 16-bit code word in use. The violation correction means in this 

embodiment is indicated generally at 24 and performs three stages of violation coi:rection. The 

first stage is implemented by a first substitution unit 25 having a 17-bit parallel input 25a made 

up of the four bit-lines of the input 22, the nine bit-lines of the encoder output 21 b, and four 

bit-lines of the input 23. The first substitution unit 25 has a 17-bit output indicated generally at 

25b. The second violation correction stage is implemented by a second left substitution unit 26 

and a second right substitution unit 27. The first eight bit-lines of the output 25b of the first 

substitution unit 25 form the input to the second left substitution unit 26, and the last eight 

bit-lines of the output 25b form the input to the second right substitution unit 27. This 

connection of the different groups of bit-lines of the output 25b thus serves to partition the 

17-bit sequence into three blocks of eight, one and eight bits respectively, the two 8-bit blocks 

being supplied to the second left and second right substitution units 26 and 27 as shown. The 

left and right substi_tution units 26 and 27 have respective outputs 26b and 27b which, together 

with the ninth bit-line of the first substitution unit output 25b, form the 17-bit input to the third 

violation correction stage. This stage is implemented by a third substitution unit 28 having a 

17-bit output 28b forming the output of the encoder apparatus. 

In operation, the 16-bit data word from the serial-to-parallel converter (not shown) is 

supplied to the sixteen bit-lines of the inputs 22, 2la and 23 which therefore serve to partition 

the input word into three blocks of four, eight and four bits respectively. The encoder 21 

encodes the 8-bit input block in accordance with a coding scheme to be described below to 

produce a 9-bit subcode word on its output 2lb. The resulting bit-sequence derived fr?m the 

input 16-bit data word and supplied to the input 25a of the first substitution unit is therefore a 
' 

17-bit sequence. Violations of the coding constraints are detected and corrected by the three 

stages of violation correction as detailed below, whereby the 17-bit code word for the input 

data word appears on the output 28b. 

The rate 8/9 code implemented by the encoder 21 is constructed as follows. Referring to 

Figure 4, 249 subcode words are obtained by starting in state 3 of this diagram and making nine 

transitions ending in states I or 2. Added to this set of 249 words are six 9-bit subcode words 

that do not start or end with 11 and have the pattern 011110 at their centre. In hexadecimal 

format these words are 03C. OBC, 13C. 030, OBO and 130. The final subcode word is selected 
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as IEF. that is 111101111. Since each 9-bit subcode word on the encoder output 2lb in Figure 

5 is preceded and followed by four uncoded bits at the input 25a to the first substitution unit, 

there are exactly 256 possible 17-bit sequences that have the 9-bit subcode word lEF at their 

centre, ie. at bit-positions y 5to y 13• All these sequences are detected as prohibited bit sequences 

by the first substitution unit 25 and replaced by respective substitute bit patterns ii:t accordance 

with Table 3 below. Again, in the following tables the bold patterns are those which are 

sufficient to determine if substitution, or inverse substitution, should be perfonned. 

Prohibited Pattern Substitute Pattern 
yly2y3y4ySy6y1y8y9yl0yllyl2yl3yl4ylSy16yl1 y I y2y3lySy6y1y8y9y lOyl 1yl2yl3yl4y1Sy16yl7 

0 0 0 1 i 11101111 yl4y1Sy16yl7 0 1 1 0 11 Q 11 0 0 0 0 yl4y1Syl6yl7 
0 0 111 1 11 0 1111 yl4y1Syl6yl7 0 11 Q 11 Q 11 0 0 0 lyl4y1Syl6yl1 

0 1 0 11 1 1 1 0 1111 yl4y1Syl6yl7 0 11 Q 11 Q 11 0 0 1 0 yl4y1Sy16yl7 

0 11111 11 0 1 111 y14y1Syi6yl7 0 1 1 0 11 0 1 1 0 1 0 1 yl4y1Syl6yl7 

1 0 0 1 1 1 1 1 0 1111 yl4y1Syl6yl7 0 110 11011100 0 yl4y1Sy16yl7 
1 0 11 1 1 11 0 1 1 11 yl4y1Syl6yl1 0110 11Q11100 1 yl4y1Syl6yl7 

11 0 1111 l 0 1111 y14y1Syl6yl7 0 11 Q 11 Q 11 1 0 1 0 yl4y1Syl6yl1 

11111 1 11 0 1 111 yl4y1Sy16yl7 Q 11 0 11 Q 11 0 1 0 0 yl4y1Syl6yl1 

y1y2y301111011 l ly14000 yly2y3y40 0 0 0 110110 110 

y1y2y3 0 111101111y14l00 y•y2y3y41 0 0 0 1 1 0 1 1 0 1 1 0 
y1y2y3 0 11 1101111y1401 0 yly2y3y-4 0 1 0 0 11 0 11 0 11 0 
y1y2y3 0 11110111 1 y14 l l 0 yly2y3y4 1 0 1 0 11 0 1 1 0 1 1 0 

y1y2y3 0 1111 0 1111y1400 1 yly2y3y40001110 110110 

y1y2y30 11110 1111y14l0 1 yly2y3y4 l 0 0 11 1 0 11 0 11 0 
y1y2y30 11 1101111y14011 yly2y3y40101110110 11 0 
y1y2y3 0 11 1 1 0 1 111 y14l l 1 yly2yly40010110 110 11 0 

Table 3. 

The first eight bits of the 17-bit sequence output by the first substitution unit 2 'are 

received by the second left substitution unit 26 which detects and replaces prohibited bit 

patterns in accordance with Table 4 below. 
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Prohibited Pattern Substitute Pattern 
yl y2 y3 y4 yS y6 y1 y8 y' y2 y3 y4 y5 y6 y1 y8 

1 1 1 1 I 0 y1 y8 1 1 0 y1 1 l 0 y8 

11110lly8 y8 0 1 0 1 1 1 0 
111100ly8 0101110y8 
l 1 1 1 0 1 0 y8 1001110y8 
lllIOOOys 0001110y8 
1 1 1 0 0 0 y7 y8 0 0 y7 0 1 1 0 y8 
1 I 1 0 0 1 y7 y8 0 l y7 0 l 1 0 y8 

1 1 1 0 1 0 y1 y8 1 0 y7 0 1 1 0 y11 

0 1 1 1 1 0 y1 y 8 y7 y8 0 0 1 1 1 0 
0 0 0 0 0 0 0 0 01101110 

Table4. 

The last eight bits of the 17-bit sequence output by the first substitution unit 2 are 

received by the second right substitution unit 27 which detects and replaces prohibited bit 

patterns in accordance with Table 5 below. It will be seen that Table 5 is a mirror image of 

Table4. 

Prohibited Pattern 
ylO yll yl2 yl3 yl«< ylS yl6 yl1 

ylO y 11 0 1 1 1 1 1 
y10 1 I 0 1 1 1 1 
y•<> 1 0 0 1 1 1 1 
y10 0 1 0 1 1 1 1 
ylO 0 0 0 l 1 1 J 
ylO y 11 0 0 0 1 1 1 
ylO y 11 1 0 0 1 1 1 
ylO y 11 Q 1 0 1 1 1 
ylO y 11 0 1 1 1 1 0 
00000000 

Table 5. 

Substitute Pattern 
ylO yll yl2 yl3 yl4 yl~ yl6 yl1 

ylO 0 1 1 y!1 0 1 1 
0 1 1 _} 0 1 0 ylO 

ylO 0 1 1 1 Q 1 0 
y100111001 
ylO 0 1 } 1 0 0 0 
y 10 0 1 1 0 y 11 0 0 
y10 0 1 1 0 y 11 1 0 
ylO 0 1 1 0 y 11 0 } 
0 1 1 1 0 0 y 10y1 1 

01110110 

After the second stage of violation correction the third substitution unit 28 detects and 

replaces prohibited bit patterns in its 17-bit input in accordance with Table 6 below. 
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Prohibited Pattern Substitute Pattern 
yl y2y3y4y.Sy6y1y8y9yl0yl lyl2y 13y14y1.Sy 16yl7 yl y2y3y4ySy6y1y8y9ylOy1 lyl2y Byl4y l.Syl6yl1 

0 0 11 0 0 11 0 0 l ty•3yl4yl.Sy16yl7 1 0 1 0 11 1 0 1 0 1 OyBy1 4ylSyl6yl1 

0 1100 1100 11 0yl3yl.Cy1Sy16yl1 10101110 111 Oy•3y•4ytsy16y11 

11 0 0 11 0 0 11 0 Oyl3yl4y1Syl6yl7 1 0 I 0 11 1 0 11 0 0y'3yt4ytsy•6y11 

1 0 0 1100 11 0 0 lyl3yl4y1Syl6yl7 1010 1110100 lyl3yl4yl.Syl6yl7 

y•y2y3y4y.S 1100 11 0 0 11 0 0 yly2y3y4y5010101110101 

yly2y3y4yS01100110 0 110 y•y2y3y4y.so 11101110101 

yly2y3y4yS00110 0 110 0 11 y'y2y3y4y.S 0 0 11 0 111 0 1 0 1 

y•y2y3y4ySl 001100110.01 yly2y3y4yS 100 1Q1110101 

10000000000000001 11011101110000001 

Table 6. 

After any prohibited bit patterns have been detected and replaced by the three stages of 

violation correction, any violations of the j constraint will have been corrected. In addition, the 

substitutions reduce k and q to 11and22 respectively, to shorten the path memory and aid 

timing recovery and gain control. 

The MTR encoder 20 thus implements a rate 16/17 MTR(3/4(2), 14/22) code with 

period I = 17 which has a high efficiency in addition to the high code rate. The capacity for the j 

= 3/4(2) constraint ~ith period l = 17 is 0.950352. This value presents an upper bound for the 

capacity of a constrained system satisfying j = 3/4(2) with period l = 17, k = 14 and. q = 22, and 

can be used in computation of the efficiency of the present code. A lower bound on the 

efficiency is therefore 99.03%. The partitioned block structure allows a particularly simple 

implementation in the encoding apparatus, and hence in the corresponding decoder apparatus to 

be described below. It has been determined .that the encoder and decoder apparatus can be 

implemented with only 713 binary input logic gates. By way of example, a particularly preferred 

Boolean logic design for the MTR encoder 20 is fully specified at the end of this description. 

The maximum length of encoded sequences that do not accumulate distance has been Umited to 

q =22, whereby quasi..catastrophic error propagation has been avoided. The maximum length of 

magnet required in the recording system is k + I = 15, and any error burst of size up to 18 bits at 

the outpl!.t of the inverse precoder will affect at most 4 bytes at the output of the MTR decoder. 

Figure 6 illustrates an embodiment of decoder apparatus in the fonn of MTR decoder 30 

for a system employing the MTR encoder 20 of Figure S. Again, the operation of the decoder 

apparatus will be apparent to those skilled in the art from the foregoing detailed description of 

the encoding process. Briefly. however, the decoder apparatus 30 comprises three stages of 

inverse substitution corresponding to the three violation correction stages of the encoder 
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apparatus. A third inverse substitution unit 31hasa17-bit input 3la and a 17-bit output 3lb 

which is partitioned as shown into groups of eight, four and eight bit-lines respectively. This 

inverse substitution unit detects and replaces the bit patterns shown on the right-hand side of 

Table 6 with the patterns shown on the left-hand side of this table. The second stage of inverse 

substitution is implemented by second left and second right inverse substitution u~its 32 and 33 

having respective 8-bit outputs 32b and 33b. The unit 32 detects and replaces the bit patterns 

shown on the right-hand side of Table 4 with the patterns shown on the left-hand side of this 

table. Similarly, the unit 33 performs the inverse substitutions defined by Table 5. The outputs 

32b and 33b, together with the central bit line of the output 31 b of the third inverse substitution 

unit, form the input to the final inverse substitution stage. This is implemented by a first inverse 

substitution unit 34 which performs the inverse substitutions defined in Table 3. A 17-bit output 

34b of the unit 34 is partitioned as shown into groups of four. nine.and four bit-lines 

respectively. The group of nine bit-lines forms the input to a rate 8/9 block decoder 35 which 

performs the inverse mappings to those performed by the block encoder 21 in Figure 5. The 

8-bit output 35b of the block decoder, together with the two groups of four bit-lines from the 

inverse substitution unit 34, form the 16- bit output of the apparatus on which the original 

16-bit data word is output in operation. As before, the MTR decoder output in the case of 

illegal input code words is selected so as to simplify the decoder logic as far as possible. By way 

of example, a particularly preferred Boolean logic design for the MTR decoder 30 is fully 

specified below. 

Boolean Logic Design for the MTR Encoder 4 and MfR Decoder 11. 

This section specifies a highly efficient Boolean implementation for the encoder 4 and 

decoder 11 of the rate 16/19 MTR(2, 9/14) code discussed above. The encoder and the decoder 

can be implemented with a total of 369 binary-input logic gates. In the following, the operations 

-. & and 1 stand for the Boolean operations NOT, AND and OR, respectively. In the encoder 

logic, x( 1) to x( 16) represent the sixteen bits supplied to the sixteen bit-lines of the MTR 

encoder input (ie. 5a, 6a and 7a) from left to right in Figure 2; k 1 represents the 1-bit of input 

6c; and y( 1) to y( 19) represent the nineteen bits of the MTR eneoder output from left to right in 

the figure. In the decoder logic, y( 1) to y( 19) represent the nineteen bits of the input word from 

left to right in Figure 3; yy(l) to yy( 19) represent the nineteen bits of the inputs to decoders 14 

to 16 from left to right in the figure; and z( l) to z( 16) represent the sixteen bits of the MfR 

decoder output, again from left to right. 



Encoder Logic: 

ml 1 = x(2) I x(3) 
m21 = x(5) I x(6) 
m31 = x(l) & x(2) 
m4 l = x(2) & x(3) 
m51 = x(5) & x(6) 
m61 = x(4) & m51 
m71 = x(l) I mll 
m81 = x(l) l x(4) 
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pl =-m31 &-m61 & (m81 I ((mll I x(5)) &-(m41 & m51))) 
ql = m31 & (-x(4) I (x(3) & -x(5))) 
rl = -m31 & m61 
sl =-pl &-m81 
tl =-ql&m31 
al =pl & m51 
bl = (m31 & m51) I (m41 & m61) 
cl = (-(x(4) I m21)) I (rl & _;m71) I (tl & -m21) 
kl =x(6)&(-rl lx(3)) 
ml2 = x(8) I x(9) 
m22 = x(ll) I x(l2) 
m32 = x(7) & x(8) 
m42 = x(8) & x(9) 
m52 = x(l l) & x(l2) 
m62 = x( 10) & m52 
m72 = x(7) I ml2 
m82 = x(7) I x(lO) 
m92 = x(lO) & x(l l) & -x(l2) 
u12 =kl & x(7) &-x(8) & x(9) & m92 
u22 = -kl & -m72 & m92 
p2 = -m32 & -m62 & (m82 I ((ml2 I m22) & -(m42 & m52))) 
q2 =m32 & (-x(lO) I (x(9) &-x(l l))) 
r2 = -m32 & m62 
s2 = -p2 & -m82 
t2 =-q2&m32 
a2 = (p2 & m52) I ul2 
b2 = (m32 & m52) I (m42 & m62) 
c2 = (p2 & -(x(IO) I x(l l) I x(l2))) 
d2 = ((p2 I q2) & x(7) & -x(9)) I (s2 & x(9)) 
e2 = (p2 & x(7) & x(9) & -u 12) 1 (t2 & -x(9)) 
f2 = (p2 & -m72 & -m92) 1 (q2 & x(9)) 
ml3 = x(l3) & x(l4) 
m23 = x(l5) & x(l6) 
m33 = x(l3) I x(l4) 
m43 = x(l5) I x(l6) 
m53 = m33 I m43 
p3 =-ml3 &-m23 & m53 
q3 = ml3 &-m23 
r3 =-m13 & m23 
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s3 = (ml3 & m23) I -m53 
d3 = p3 & x(13) 
e3 =r3 
f3 = (p3 &-m33) 
ff3 = q3 & x(l5) 
vl =(al I bl) & d2 
v2 =al &e2 
v3 =bl &e2 
v4 =cl & f2 
v5 = (a2 I b2) & d3 
v6 = (a2 I b2) & e3 
v7 =a2 & ff3 
v8 =c2& f3 
v9 =v2lv3 
vlO = vl 1 v9 
vll = v4 I vlO 
v12 =v7 lv8 
vl3 = v6 I v7 
v14 = v5 I v6 I v12 
gl =pllql 
hl = tl I gl 
g2 = p2 I q2 
h2 =t21g2 
g3 =p3 I q3 
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y(l) = (x(l) & pl) I (-x(3) & (qi I ti)) I (x(3) & sl) 
y(2) = (x(2) & pl) I rl 

· y(3) = (x{3) & pl) I (-x(3) & sl) 1 tl 
y(4) =-pl &-v3 
y(5) = (x(4) & gl) I (x(l) & rl) I (x(3) & sl) I v9 
y(6) = ((x(5) & hl) I (x(2) & rl)) & -v2 
y(7) = ((x(6) & bl) I (x(3) & rl) 1 (x(6)& sl)) &-vlO 
y(8) =: (((x(7) & p2) I (-x(9) & (q2 I t2)) I (x(9)&s2) I u22) &-ul2) I vl 1 
y(9) = (x(8) & p2) I r2 I ul2 I vl I 
y(lO)= ((x(9) & p2) I (-x(9) & s2) I t2) & -vi 1 
y(l l )= -p2 I u22 
y(l2)= (((x(lO) & g2) I (x(7) & r2) I (x(9) & s2)) &-u12) I vl2 
y(l3}= ((((x(l 1) & h2) I (x(8) & r2)) &-u22) & -vl3) I v8 
y(14)= ((x(12) & h2) I (x(9) & (r2 l s2)) I ul2) & -v14 
y(l5)= (x(l3) & p3) I r3 I vt2 
y(l6)= (x(14) & p3) I s3 I vl4 
y(l7)= -p3 & -v14 
y(l8)= (x(15) & g3) I (x(l3) & r3) 
y(l9)= (x(16) & g3) I (x(l4) & r3) I (x(l3) & s3) 
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Decoder Logic: 

m14 =-(y(6) I y(7)) 

m24 ::: y(6) &-y(7) 

a4 = y(5) & ml4 
b4 = y(5) & m24 
c4 =-y(5) & m14 
d4 =-y(5) & m24 

ml5 =-(y(l3) I y(l4)) 

m25 = y(13) & -y(l4) 

a5 = y(l2) & ml5 
b5 = y(l2) & m25 
c5 =-y(12) & ml5 
d5 =-y(l2) & m25 

e5 = y(8) & y(9) 

e6 =_y(15) & y(16) 

vl = a4 & e5 
v2 =b4&e5 
v3 = c4 &e5 
v4 = d4 &es 
v5 =a5 &e6 
v6 = b5 &e6 
v7 =c5&e6 
v8 =d5&e6 
v9 =vl I v2 
vlO =v5 lv6 
vll = v5 I v7 
yy(l) = y(l) 
yy(2)= y(2) 
yy(3) = y(3) 
yy(4) = y(4) I v2 

yy(S) ==: y(S) & -v9 
yy(6) = y(6) I vl 
yy(l) = y(7) I v9 I v4 
yy(8) = y(8) & -v3 
yy(9) = y(9) & -(v9 I v3 I v4) 

yy(l 0)= y(l 0) 1 v9 
yy(l l)= y(ll) 
yy(l2)= y(l2) & -vlO 
yy(l3)= (y(l3) I vl I) &-v6 

yy(l4)= y(14) I vl 11 vS 

yy(15)= y{l5) & -vlO 
yy(16)= y(16) & -(v lO l v7 I v8) 
yy(I7)= y(l7) I vl 1 

yy(18)= y(l8) 
yy(l 9)= y( 19) 
m34 = yy(l) I yy(6} 
p4 =-yy(4) 

17 

q4 = yy(4) & -(yy(2) l yy(3)) & (-yy(l) I (yy(l) & -yy(5))) 

r4 = yy(4) & yy(2) 

. ......, ..... _ .. __ _ 
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s4 = yy(4) & ((-m34 & yy(3}) I (yy(l) & yy(5)}) 
t4 = yy(4) & yy(3) & m34 
m35 = yy(8) I yy(13) 
p5 =-yy(ll) 
q5 = yy(l 1) & -(yy(9) I yy(l 0)) & (-yy(8) I (yy(8) & -yy(l 2))) 

r5 = yy(ll) & yy(9) 
s5 = yy(l l) & ((-m35 & yy(l 0)) I (yy(8) & yy(12))) 

t5 = yy(ll) & yy(lO) & m35 
u15 = -yy(8) & yy(9) & yy(lO) & -yy(l l) & -yy(12) & yy(l3) & yy(14) 

u25 = yy(8) & -yy(9) & -yy(IO) & yy(l l) & yy(12) & -yy(13) & -yy(l4) 

m16 =-yy(l6) & yy(l7) 
m26 = yy(16) & yy(l7) 
p6 =-yy(l7) 
q6 =-yy(15) & m16 
r6 = yy(l5) & ml6 
s6 = rn26 
g4 = q4 I t4 
g5 = q5 I t5 
h4 =p4 lg4 
h5 = p5 I g5 
i4 = s4 & yy(l) 
i5 = s5 & yy(8) 
g6 = (s6 & yy(l 9)) 
h6 = q6 I p6 
i6 =q6 I g6 
z(l) = (yy(l) & p4) I g4 I (yy(5) & r4) 
z(2) = (yy(2) & p4) I g4 I (yy(6) & r4) l i4 
z(3) = (yy(3) & p4) I (-yy(l) & g4) l (yy(7) & r4) 1 i4 

z(4) = (yy(5) & (p4 I q4)) I r4 I t4 
z(5) = (yy(6) & h4) I r4 I i4 
z(6) = (yy(7) & h4) I r4 I (s4 & yy(7)) 
z(7) =.(yy(8) & p5) I g5 I (yy(l2) & r5) I ul5 
z(8) = ((yy(9) & p5) I g5 I (yy(l3) & r5) I i5) &-u15 &-u25 
z(9) = ((yy(IO) & p5) I (-yy(8) & g5) 1 (yy(l4) & r5) I i5) & -u25 
z(lO) = (yy(l2) & (p5 I q5)) I r5 I t5 I u15 I u25 
z(l 1) = (yy(l3) & h5) I r5 I i5 
z(l2) = ((yy(l4) & h5) I r5 t i5) & -ul5 & -u25 
z(l3) = (yy(15) & p6) 1 (yy(l8) & r6) 1 i6 

z(l4) = (yy(l6) & p6) I (yy(19) & r6) I i6 
z(15) = (yy(18) & h6) I r6 I g6 
z(l6) = (yy(l9) & h6) I r6 I g6 

Boolean Logic Design for the MTR Encoder 20 and MTR Decoder30. 

This section specifies a highly efficient Boolean implementation for the encoder 20 and 

decoder 30 of the rate 16117 MTR(3/4(2). 14/22) code discu~ above. The encoder and the 

decoder can be implemented with a total of 713 binary-input logic gates. Again, the operations 

-. & and I stand for the Boolean operations NOT, AND and OR. respectively. In the encoder 
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logic, x(l) to x(l 6) represent the sixteen bits supplied to the sixteen bit-lines of the MTR 

encoder input (ie. 22, 2la and 23) from left to right in Figure 5; al to a17 represent the 

seventeen bits of the output 25b of the first substitution unit from left to right in the figure; and 

y( 1) to y( 17) represent the seventeen bits of the MTR encoder output 28b, again from left to 

right. In the decoder logic, y(l) to y(17) represent the seventeen bits of the input ~ord from left 

to right in Figure 6; d I to d 17 represent the seventeen bits of the output 31 b of the third inverse 

substitution unit from left to right; el to el 7 represent the seventeen bits of the input to the first 

inverse substitution unit 34 from left to right; fl to fl 7 represent the seventeen bits of the output 

of the first inverse substitution unit 34 from left to right; and z(l) to z(16) represent the sixteen 

bits of the MTR decoder output, again from left to right. 

Encoder Logic: 

mo I = x(5) & x(6) 
ml I = x(l l) & x(l2) 
m21 = mOl & mll 
m3 l = x(7) & x(8) 
m41 = x(9) & x(lO) 
m51 = x(8) & x(9) & (x(7) I x(IO)) 
m61 = m21 & m31 
m71 = m21 &-m31 
m81 = x(2) & x(3) 
m91 = x(l4) & x(l5) 
pl = -mOl & -ml I 
p2 =mll&-x(6)&m51 
p3 =ml 1 &-x(5) & x(6) & (m51 I m31) 
p4 = m 11 & -mo I & -p2 & -p3 
p5 = mOl & -x(l l) & m51 
p6 = mOl & -x(l2) & x(l 1) & (m51 I m4l) 
p7 = mOI & -ml 1 &-p5 &-p6 
p8 = m71 &-m41 
p9 =m71 &m41 
plO = m61 & -m41 
pll =m6l &m4l 
p 12 = p 11 & x( 4) 
p13 =pl I &-x(4) 
ml2 = pLI p4 
m22= p2 J p3 
m32 = p21 p5 
m42= p3 I p7 
m52=ml21 p8 
m62=m521p6 
m72=p9 I plO 
m82=-pll lpl3 



m92 = -p 11 l p 12 
al = m82 & x(l) 
a2 = (m82 & x(2)) I p12 
a3 = (m82 & x(3)) I pl2 
a4 =(-pl I & x(4)) I (p13 & x(l3)) 
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a5 = (ml2 & x(5)) I m22 I (p7 & x(l2)) I (p9 & x(7)) I (plO & x(lO)) I pl2 I (p13 & x(l4) & 

-(x(l5) & x(16))) . 

a6 = (ml2 & x(6)) I (p7 & x(l l)) I p8 l (p9 & x(8)) I (plO & x(9)) I p12 I (p13 & x(15) & 

-x(l4)) 
a7 = (m62 & x(7)) I (m32 &-x(7)) I (m42 & x(lO)) 1 (p13 & m91) 
a8 = (m62 & x(8)) I (m32 &-x(lO)) I (m42 & x(9)) I m72 I pl2 I (pl3 & x(l6) & -m91) 

a9 =-pl 
alO = (m52 & x(9)) I (p2 & x(5)) I (p7 & x(8)) I (p5 & x(12)) I m72 I (p12 & x(l) & -m81) I 

p13 
al 1 = (m52 & x(lO)) I (p2 & -x(5)) I (p3 & -x(7)) I (p7 & x(7)) I (p5 & -x(12)) I (p6 & 

-x(IO)) l m721 (p12 & m81) 
a12 =(pl & x(l 1)) 1 m22 I p5 I p6 I p8 I (pl2 & x{2) & -x(3)) I pl3 

a13 =(pl & x(l2)) I p4 l p91 (pl2 & x(3) & -(x(l) & x(2))) I p13 

al4 = m92 & x(13) 
al5 = (m92 & x(l4)) l p13 
a16 = (m92 & x(l5)) I p13 
al7 = m92 & x(l6) 
rn03 = a2 & a3 
m13=m03 & al 
m23=m03 &a4 
m33=m13&a4 
m43 = al6 & al5 
m53 = m43 & al? 
m63 = m43 & a14 
m73 = m53 & a14 
m83 =a6& a7 
m93 =.all & al2 
vl =m33 &a5. 
v2 = m33 & -a5 & -m83 
v3 = m33 & -a5 & m83 
v4 =ml3 &-a4 
v5 =-al & m23 &a5 
v6 = (a2 I a3 I a4 I a5 l a6 I a7 I a8) 
v7 = (a 16 I a 15 I a 14 I a 13 I a 12 I a 11 I a 10) 
v8 =-(al I v6) 
v9 =m73&al3 
vlO = m73 &-al3 &-m93 
v 11 = m73 & -a 13 & m93 
vl2 = m53 &-al4 
v13 = -al7 & m63 & al3 

· vl4 =-(al? I v7) 
vl5 = (v3 I vS I v8) 
vl6 = -(vl I v2 I vl5 I v4) 
vl7=(vl11 vl3 I vl4) 
vl8 = -(v9 I vlO I vl7 I vl2} 
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vl9 =al &-v6 &-a9 &-v7 & al7 
v20 = -vl6 I vl9 
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bl = (vl6 & al) I vl I (v2 & a6) I (v3 & a8) I (v4 & a5) I (v5 & a7) 
b2 = (vl6 & a2) I vl I (v2 & a7) I (v4 & a6) I (v5 & a8) l v8 I vl9 
b3 = (vl6 & a3) I v3 I (v4 & a7) I v8 
b4 =(vl6&a4)1(vl &a7)1v21vl9 
b5 = (vl6 & a5) I v20 
b6 = (vl6 & a6) I v20 
b7 = (vl6 & a7) I vl5 
b8 = (-vl5 & a8) I vl9 
b9 = a9 I vl9 
blO = (-vl7 & alO) I vl9 
bll = (vl8 & all) I v17 
b12 = (vl8 & a12) I -v18 
bl3 = (vl8 & al3) I -vl8 
b14 = (v18 & a14) I (v9 & al 1) 1 vlO 
b15 = (vl8 & a15) I vl 11 (vl2 & al 1) I vl4-
bl6 = (v18 & a16) t v9 I (vlO & al 1) l (vl2 & al2) I (vl3 & a IO) I vl4 
bl?= (vl8 & al7) I v9 I (vlO & a12) I (vll & alO) I (vl2 & al3) I (vl3 & al I) 
v21 =b6 &-b7 &-b8 & b9 & blO&-bll &-bl2 
v22=-b6&-b7 &b8&b9&-bl0&-bll &bl2 
v23 = -b6 & b7 & b8 &-b9 &-blO & bl 1 & b12 
v24 = b6 & b7 & -b8 & -b9 & blO & bl 1 & -bl2 
v25 =bl & b2 &-b3 &-b4 & b5 & v21 
v26 = b 1 & -b2 & -b3 & b4 & b5 & v22 
v27 =-bl & -b2 & b3 & b4 & -b5 & v23 
v28 =-bl & b2& b3 &-b4 &-b5 & v24 
v29 = bl7 & bl6 &-bl5 &-bl4 & bl3 & v22 &-v26 
v30 = bl7 &-bl6 &-bl5 & bl4 & bl3 & v21 &-v25 
v31 =-bl7 &-b16 & bl5 & bl4 &-bl3 & v24 &-v28 
v32 = -bl7 & bl6 & bl5 & -bl4 &-bl3 & v23 &-v27 
v33 = v25 I v26 I v27 I v28 
v34 = v29 I v30 I v31 I v32 
y(l) =bl I v33 
y(2) = b2 & -v33 
y(3) = b3 I· v33 
y(4) = b4 &-v33 
y(5) = b5 I v33 
y(6) = (b6 I v33) & -v3 l 
y(7) = b7 I v33 
y(8) = b8 & -v33 
y(9) = b9 I v33 I v34 
y(IO)= blO &-v34 
y(l l)= b 11 I v34 
y(l2)= (bl21 v34) &-v27 
y(l3}= bl31 v34 
y(l4)= bl4 &-v34 
y(15)= bl5 f v34 
y(16)= bl6 &-v34 
y(l7)= bl? I v34 



Decoder Logic: 

m04 = y(5) & y(6) 
ml4 = m04 & y(7) & y(9) 
m24 = y(l) & y(2) 
m34 = y(I) & y(3) & m14 
uOl = m34 &-y(lO) &-y(l l) & y(l2) 
ul 1 = m34 & -y(lO) & y(l 1) & -y(l2) 
u21 = m34 & y(IO) &-y(l 1) & -y(l2) 
u3 l = m34 & y(IO) & y(l l) & -y(l2) 
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u41 = m24 & y(4) & m04 & y(8) & y(9) & y(lO) 
uS 1 = u 11 I u3 l 
u61 = uOl I ull 
u71 = uOl I u21 
u81 = u71 I u41 
u91 = u51 I u71 
m44 = y(9) & y(l l) & y(l2) & y(13) 
m54 = y(l 7) & y(15) & m44 
m64 = m54 &-u91 
u02 = rn64 &-y(8) &-y(7) & y(6) 
ul2 = rn64 & -y(8) & y(7) &-y(6) 
u22 = m64 & y(8) & -y(7) & -y(6) 
u32 = m64 & 1y(8) & y(7) &-y(6) 
u42 = ul21 u32 
u52 = u02 I u12 
u62 = u02 I u22 
dl = y(l) & -u51 
d2 = (y(2) I u21 I u3 l) & -u41 
d3 = y(3) & -u81 
d4 = (y(4) I u61) & -u41 
d5 = y(S) & -u51 & -u41 
d6 = (y(6) l u12) &-u61 & -u41 
d7 = y(7) & -u81 
d8 = (y(8) I u61) & -u41 
d9 = y(9) & -u51 & -u41 &-u42 
dlO = (y(lO) I u52) &-u41 
d 11 = y(l l) & -u62 
dl2 = (y(12) I ul 1) & -u52 
dl3 = y(l3) &-u42 
d 14 = y(14) I u52 
dl5 = y(l5) &-u62 
dl6 = y(l6) I u22 I u32 
dl7 = y(l7) & -u42 
m05 =di & d2 
ml5 = d5 & d6 
m25 = -(dl & d2) 
m35=ml5 &d7 
m45 = ml5 & -d7 
m55 = dl7 & dl6 



m65 = dl3 & dl2 
m75 = -(dl7 & d16) 
m85 = m65 & d 11 
m95 = m65 &-dll 
u03 = m05 & m45 
ul3=m25&d4&ml5 
u23 =-d2& d3 & m35 
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u33 = m25 & -d4 & m45 & -(-d 1 & d2 & d3 & d8 & d9) 
u43 = -d3 & m35 
u53 = d2 & d3 & m35 
u63 = ul3 I u23 
u73 = u03 1 u43 
u83 = u63 I u33 
u93 = u83 I u73 I u53 
u04 = m55 & m95 
u14 = m75 & dl4 & m65 
u24 = -dl6 & dl5 & m85 
u34 = m75 &-d14 & m95 &-(-dl7 & dl6 & d15 & dlO & d9) 
u44 = -d15 & m85 
u54 = d16 & dl5 & m85 
u64 = u14 I u24 
u74 = u04 I u44 
u84 = u64 I u34 
u94 = u84 I u74 I u54 
el = (dl &-u93) I u83 I u03 
e2 = (d2 I u93) &-u53 
e3 = (d3 I u93) &-u53 
e4 = (d4 &-u93) I u63 I u73 
e5 = (d5 &-u93) I u73 I (u33 & di) 
e6 = (d6 &-u93) I u23 I (ul3 & di) I (u33 & d2) 
e7 = (d7 &-u93) I (u03 & d4) I (ul3 & d2) I u23 I (u33 & d3) I (u43 & dl) 
e8 = (98 &-u23 &-u43) I (u23 & di) I (u43 & d2) · 
e9 =d9 
elO = (dlO &-u24 &-u44) I (u24 & dl7) I (u44 & d16) 
ell= (dll &-u94) I (u04 & dl4) I (ul4 & dl6) I u24 I (u34 & d15) I (u44 & dl7) 
e12 = (dl2 &-u94) I u24 I (ul4 & dl7) I (u34 & dl6) 
el3 = (dl3 &-u94) I u74 I (u34 & dl7) 
e14 = (dl4 & -u94) I u64 I u74 
el5=(d15 I u94) & -u54 
e16 = (dl6 I u94) &-u54 
el7 = (dl7 & -u94) I u84 I u04 
m06 = -elO & ell & -el3 
ml6 =-e8 &e7 &-e5 
u05 = e2 & e3 & e5 & e6 & e8 & e9 
ul5 = el6 & el5 & el3 & el2 & elO & e9 
u25 = u05 I u15 

fl =(el & -u05) I (u05 & (elO I m06)) 
f2 =(e2&-u05)1(u05&(ell lel2)) 
f3 = (e3 & -u05) I (u05 & (el3 l m06)) 
f4 = (e4 I u05) &-u15 
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f5 =e5 I u25 
f6 =e6 I u25 
fl = e7 I u25 
f8 =e8 I u25 
f9 = e9 &-u25 
flO = elO I u25 
fll =ell I u25 
fl2 = el2 I u25 
f13 = el3 I u25 
f14 = (e14 &-ul5) I (ul5 & e4) 
f15 = (el5 & -ul5) I (u15 & (e5 I ml6)) 
fl6 = (e16 & -u15) I (u15 & (e7 I e6)) 
fl7 =(el? &-u15) I (u15 & (e81 ml6)) 
m07=fl1 & no & f8 & -fl 
ml7= f9 &fl3 
rn27 = f9 &-f13 
m37 = f9&fl2 
m47 =(fl I I flO) & -f6 & -(fl & f8) 
m57 = m37 & -f5 
m67 =m37 & f5 
ql =m17&m07 
q2 = m27 & rn07 
q3 =m37 &f6 
q4 =ml7 &-ql . 
q5 = m27 & -fl2 & -q2 
q6 = m57 &m47 
q7 =m67 &m47 
q8 = m57 & -f6 & -q6 
q9 =m67&-q7 
qlO=ql lq21q3 
q 11 = q 10 I q4 I q7 I q9 
q 12 = f.15 I q6 I q8 I q 10 
ql3 =q51 q9 
ql4 =q6 lq7 
q15=-f9lq4 
q 16 = -f9 1 q3 I q4 
ql7=q161q8 
z(l) =fl 
z(2) =fl 
z(3) = t3 
z(4) = f4 
z(S) = (ql5 & f5) I ql2 I (q7 & flO) 
z(6) = (q15 & f6) I q12 I q9 
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z(7) = (ql7 & fl) I (ql & f5) 1 q2 l (q5 & fl 1) I (ql4 & -fl) I (q9 & -fl 1) 
z(8) = (q17 & f8) I (ql & f6) I q2 I (q5 & flO) I ql4 I q9 
z(9) =(ql6 & flO) I ql I (q2 & f6) I (ql3 & f8) I ql4 I q8 
z(lO)= (ql6 & fl 1) I ql I (q2 & f5) I (ql3 & fl) 1 (ql4 & -f8) l (q8 & -fl l) 
z(ll)= (-f9 & fl2) I q 11 I (q5 & f6) I q8 
z(l2)= (-f9 & f13) I qi l I (q5 & f5) I (q6 & flO) 
z(l3)= fl4 
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z(14)= fl5 
z(l5)= fl6 
z(l6)= f17 

25 

While preferred embodiments of the invention have been described in detail above, it 

will be appreciated that many changes and modifications can be made to the embodiments 

described without departing from the scope of the invention. 
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CLAIM:S 

1. A method for encoding a succession of m-bit data words to produce a succession of 

n-bit code words, where n > m, for supply to a magnetic recording channel, the method 

comprising: 

partitioning each m-bit data word into a plurality of blocks of bits; 

encoding at least one of said blocks in accordance with a finite-state coding scheme such 

that the resulting bit sequence derived from them bits of the data word comprises an n-bit 

sequence; and 

producing a said n-bit code word by at least one stage of violation correction, the or 

each stage of violation correction comprising detecting the occurrence of any of a plurality of 

prohibited bit patterns at one or more predetermined locations in the n-bit sequence and 

replacing any prohibited bit pattern so detected by. a respective substitute bit pattern; 

wherein said finite-state coding scheme and said prohibited and substitute bit patterns 

are predetermined such that, in a succession of said n-bit code words, the maximum number of 

consecutive bits of one value is limited to a first predetermined number j, where j ~ 2, and the 

maximum number of consecutive bits of the other value is limited to a second predetennined 

numberk. 

2. A method as claimed in claim I wherein said prohibited and substitute bit patterns are 

further predetermined such that, in a succession of said n-bit code words, the maximum number 

of bits' in any periodic bit-string with a four-bit period, being the sequence of two consecutive 

bits of said one value followed by two consecutive bits of said other value, is limited to a third 

predetennined number q. 

3. A method as claimed in claim l or claim 2 wherein said bits of one value are bits of 

value "l". 

4. A method as claimed in any preceding claiin wherein m = 16 and n = 19, and wherein 

the method comprises: 

partitioning each 16-bit data word into first, second and third blocks of six, six and four 

bits respectively; 
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encoding the first block in accordance with a rate 6fl block code to produce a first 

subcode word, encoding the second block in accordance with a rate 6n two-state code to 

produce a second subcode word wherein the last bit of the first subcode word determines the 

state for said two-state code, and encoding the third block in accordance with a rate 4/5 block 

code to produce a third subcode word, whereby said resulting bit sequence comprises a 19-bit 

sequence; and 

producing the 19-bit code word by a single stage of violation correction comprising 

detecting the occurrence of any of a first plurality of prohibited bit patterns across the boundary 

between the first and second subcode words in said 19-bit sequence, and detecting the 

occurrence of any of a second plurality of prohibited bit patterns across the boundary between 

the second and third subcode words in said 19-bit sequence, and replacing any prohibited bit 

pattern so detected by a respective substitute bit pattern. 

5. A method as claimed in claim 3 and claim 4 wherein: 

said first subcode word is selected from a set of sixty-four subcode words comprising 

fifty-four 7-bit words that are generated from the Shannon cover for j = 2 by making seven 

transitions starting from state two of the Shannon cover and ending in states one or two thereof 

and discarding the words represented in hexadecimal format by 00, 01 and 4C, and further 

comprising ten 7-bit words which are represented in hexadecimal format by 03, OB, 13, 23, 43, 

IB, 2B, 4B, 53 and 5B; 

said second subcode word is selected from a set of sixty-six subcode words comprising 

fifty-five 7-bit words that are generated from the Shannon cover for j = 2 by making seven 

transitions starting from state two of the Shannon cover and ending in states one or two thereof 

and discarding the words represented in hexadecimal format by 00 and 19, and further 

comprising eleven 7-bit words which are represented in hexadecimal format by 03, OB, 13, 23, 

43, 1 B. 2B, 4B, 33, 53 and 5B, wherein for a first predetermined value of said second block the 

second subcode word is selected as 56 or 33 in dependence on whether said last bit of said first 

subcode word is 0 or 1 respectively, and for a second predetermined value of said second block 

the second subcode word is selected as 4C or 06 in dependence on whether the last bit of said 

first subcode word is 0 or 1 respectively; and 

said third subcode word is selected from a set of sixteen 5-bit subcode words which are 

represented in hexadecimal format by 01, 02. 04, 05, 06, 08, 09, OA, OC, OD, 10, l l, 12, 14, 15 

and 16. 
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6. A method as claimed in claim 2 and claim 5 whereinj = 2, k = 9 and q = 14, and 

wherein: 

said first plurality of prohibited bit patterns comprises bit patterns from the fourth to the 

tenth bits of said 19-bit sequence, and the first plurality of prohibited bit patterns ~nd the 

respective substitute bit patterns therefor are as defined in Table I; and 

said second plurality of prohibited bit patterns comprises bit patterns from the eleventh 

to the nineteenth bits of said 19-bit sequence, and the second plurality of prohibited bit patterns 

and the respective substitute bit patterns therefor are as defined in Table 2. 

7. A method as claimed in any one of claims 1 to 3 wherein m = 16 and n = 17, and 

wherein the method comprises: 

partitioning each 16-bit data word into first, second and third blocks of four, eight and 

four bits respectively; 

encoding said second block in accordance with a rate 8/9 block code to produce a 

subcode word, whereby said resulting bit sequence comprises a 17-bit sequence; and 

producing the 17-bit code word by three stages of violation correction comprising: 
' 

a first stage comprising detecting the occurrence of any of a first plurality of prohibited 

17-bit patterns in said 17-bit sequence and replacing any prohibited bit pattern so detected by a 

respective substitute bit pattern, and then partitioning the 17-bit sequence into fourth, fifth and 

sixth blocks of eight, one and eight bits respectively; 

· a second stage comprising detecting the occurrence of any of a second plurality of 

prohibited 8-bit patterns in said fourth block, and any of a thiid plurality of prohibited 8-bit 

patterns in said sixth block, and replacing any prohibited bit pattern so detected by a respective 

substitute bit pattern; and 
' 

a third stage comprising detecting the occurrence of any of a fourth plurality of 

prohibited 17-bit patterns in the 17-bit sequence resulting from the second stage and replacing 

any prohibited bit pattern so detected by a respective substitute bit pattern. 

8. A method as claimed in claim 3 and claim 7 wherein said subcode word is selected from 

a set of 256 subcode words comprising 249 9-bit words that are generated from the Shannon 

cover for j = j by making nine transitions starting from state three of the Shannon cover and 
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ending in states one or two thereof, and further comprising seven 9-bit words which are 

represented in hexadecimal format by 03C, OBC, 13C, 03D, OBD, 130 and IEF. 

9. A method as claimed in claim 2 and claim 8, whereinj = 4, k = 14 and q = 22, and 

wherein: 

said first plurality of prohibited bit patterns and the respective substitute bit patterns 

therefor are as defined in Table 3; 

said second and third pluralities of prohibited bit patterns and the respective substitute 

bit patterns therefor are as defined in Tables 4 and 5 respectively; and 

said fourth plurality of prohibited bit patterns and the respective substitute bit patterns 

therefor are as defined in Table 6; 

whereby, in a succession of said 17-bit code words, a run of four consecutive bits of 

value "1" can occur only at locations starting with the eighth or sixteenth bits of a said code 

word, and at all other locations the maximum number of consecutive bits of value "l" is three. 

10. A method as claimed in any preceding claim including: supplying a succession of said 

n-bit code words to a magnetic recording channel wherein said code words are recorded on, and 

reproduced from, a magnetic recording medium; and decoding a succession of said code words 

reproduced from the recording medium to recover a succession of said m-bit data words. 

11. Apparatus ( 4, 20) for encoding a succession of m-bit data words to produce a 

succession of n-bit code words, where n > m, for supply to a magnetic recording channel, the 

apparatus ( 4, 20) comprising: 

means (5a, 6a, 7a; 2la, 22, 23) for partitioning each m-bit data word into a plurality of 

blocks of bits; 

encoder means (5, 6, 7; 21) for encoding at least one of said blocks in accordance with a 

finite-state coding scheme such that the resulting bit sequence derived from the m bits of the 

data word comprises an n-bit sequence; and 

violation correction means (8, 9; 25, 26, 27, 28) for producing a said n-bit code word by 

at l~ast one stage of violation correction, the or each stage of violation correction comprising 

detecting the occurrence of any of a plurality of prohibited bit patterns at one or more 

predetermined locations in the n-bit sequence and replacing any prohibited bit pattern so 

detected by a respective substitute bit pattern; 
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wherein said finite-state coding scheme and said prohibited and substitute bit patterns 

are predetennined such that, .in a su~e5sion of said n-bit code words, the maximum number of 

consecutive bits of one value is limited to a first predetennined number j, where j ~ 2, and the 

maximum number of consecutive bits of the other value is limited to a second predetermined 

numberk. 

12. Apparatus as claimed in claim 11 wherein, in said violation correction means (8, 9; 25, 

26, 27, 28.), said prohibited and substitute bit patterns are further predetermined such that, in a 

succession of said n-bit code words, the maximum number of bits in any periodic bit-string with 

a four-bit period, being the sequence of two consecutive bits of said one value followed by two 

consecutive bitS of said other value, is limited to a third predetennined number q. 

13. Apparatus as claimed in claim 11 or claim 12 wherein said bits of one value are bits of 

value .. 1". 

14. Apparatus as claimed in any one of claims 11 to 13 wherein m = 16 and n = 19, and 

wherein: 

said means (5a, 6a, 7a) for partitioning is arranged to partition each 16-bit data word 

into first, second and third blocks of six, six and four bits respectively; 

said encoder means comprises a rate 6n block encoder (5) for encoding the first block 

to produce a first subcode word, a rate 6n two-state encoder ( 6). for encoding the second block 

to produce a second subcode word, wherein the last bit of the first subcode word is supplied to 

an input of the two-state encoder to determine the state thereof, and a rate 4/5 block encoder 

(7) for encoding the third block to produce a third subcode word. whereby said resulting bit 

sequence comprises a 19-bit sequence; and 

said violation correction means (8, 9) is arranged to produce the 19-bit code word by a 

single stage of violation correction comprising detecting the occurrence of any of a first plurality 

of prohibited bit patterns across the boundary between the first and second subcode words in 

said 19-bit sequence, and detecting the occurrence of any of a second plurality of prohibited bit 

patterns across the boundary between the second and third subcode words in said 19-bit 

sequence, and replacing any prohibited bit pattern so detected by a respective substitute bit 

pattern. 
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15. · Apparatus as claimed in claim 13 and cl~m 14 wherein: 

the rate 6n block encoder (5) is configured to select said first subcode word from a set 

of sixty-four subcode words comprising fifty-four 7-bit words that are generated from the 

Shannon cover for j = 2 by making seven transitions starting from state two of the Shannon 

cover and ending in states one or two thereof and discarding the words represente_d in 

hexadecimal format by 00, 01 and 4C, and further comprising ten 7-bit words which are 

represented in hexadecimal fonnat by 03. OB, 13, 23, 43, lB, 2B, 4B, 53 and SB; 

the rate 6n two-state encoder (6) is configured to select said second subcode word 

from a set of sixty-six subcode words comprising fifty-five 7-bit words that are generated from 

the Shannon cover for j = 2 by making seven transitions starting from state two of the Shannon 

cover and ending in states one or two thereof and ·discarding the words represented in 

hexadecimal forinat by 00 and 19, and further comprising eleven 7-bit words which are 

rc;.presented in hexadecimal format by 03, OB, 13, 23, 43, lB, 2B, 4B, 33, 53 and 5B, wherein 

for a first predetermined value of said second block the two-state encoder (6) is configured to 

select the second subcode word as 56 or 33 iri dependence on whether said last bit of said first 

subcode word is 0 or 1 respectively, and for a second predetermined value of said second block 

the two-state encoder (6) is configured to select the second subcode word as 4C or 06 in 

dependence on whether the last bit of said first subcode word is 0 or 1 respectively; and 

the rate 4/5 block encoder (7) is configured to select said third subcode word from a set 

of sixteen 5-bit subcode words which are represented in hexadecimal format by 01, 02, 04, 05, 

06, 08, 09, OA, OC, OD, 10, 11, 12, 14, 15 and 16. 

16. Apparatus as claimed in claim 12 and claim 15 whereinj = 2, k = 9 and q = 14, and 

wherein the violation correction means (8, 9) is configured such that: 

said first plurality of prohibited bit patterns comprises bit patterns from the fourth to the 

tenth bits of said l 9-bit sequence, and the first plurality of prohibited bit patterns and the 

respective substitute bit patterns therefor are as defined in Table I; and 

said second plurality of prohibited bit patterns comprises bit patterns from the eleventh 

to the nineteenth bits of said 19-bit sequence. and the second plurality of prohibited bit patterns 

and the respective substitute bit patterns therefor are as defined in Table 2. 

17. Apparatus as claimed in any one of claims 11 to 13 wherein m = 16 and n = 17. and 

wherein: 
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said ~eans (2la, 22. 23) for partitioning is ax:ranged to partition each 16-bit data word 

into first. second and third blocks of four, eight and four bits respectively; 

said encoder means comprises a rate 8/9 block encoder (21) for·encoding said second 

block to produce a subcode word, whereby said resulting bit sequence is a 17-bit sequence; and 

said violation correction means (25, 26, 27, 28) is arranged to produce th~ 17-bit code 

word by three stages of violation correction co~prising: 

a first stage comprising detecting the occurrence of any of a first plurality of prohibited 

17-bit patterns in said 17-bit sequence and replacing any prohibited bit pattern so detected·by a 

respective substitute bit pattern, and then partitioning the 17-bit sequence into fourth. fifth and 

sixth blocks of eight, one and eight bits respectively; 

a second stage comprising detecting the occurrence of any of a second plurality of 

prohibited 8-bit patterns in said fourth block, and any of a third plurality of prohibited bit 

patterns in said sixth block, and replacing any prohibited bit pattern so detected by a respective 

substitute bit pattern; and 

a third stage comprising detecting the occurrence of any of a fourth plurality of 

prohibited 17-bit patterns in the 17-bit sequence resulting from the second stage and replacing 

any prohibited bit pattern so detected by a respective substitute bit pattern. 

18. Apparatus as claimed in claim 13 and claim 17 wherein the rate 8/9 .block encoder (21) 

is configured to select said subcode word from a set of 256 subcode words comprising 249 

9-bit words that are generated from the Shannon cover for j = 3 by making nine transitions 

starting from state three of the Shannon cover and ending in states one or two thereof, and 

further comprising seven 9-bit words which are represented in hexadecimal format by 03C, 

OBC, 030, OBO. 130 and lEF. 

19. Apparatus as claimed in claim 12 and claim 18 wherein k = 14 and q = 22, and wherein 

said violation correction means (25, 26. 27, 28) is configured such that: 

said first plurality of prohibited bit patterns and the respective substitute bit patterns 

therefor are as defined in Table 3; 

said second and third pluralities of prohibited bit patterns and the respective substitute 

bit patterns therefor are as defined in Tables 4 and 5 respectively; and 

said fourth plurality of prohibited bit patterns and the respective substitute bit patterns 

therefor are as defined in Table 6; 
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·whereby, in a succession of said 17-bitcode words, a run of four consecutive bits of 

value "l" can occur only at locations starting with the eighth or sixteenth bits of a said code 

word, and at all other locations the maximum number of consecutive bits of value •• 1" is three. 

20. A data storage system comprising: encoder apparatus ( 4, 20) as claimed in. any 

preceding claim; a recording channel comprising means for recording a succession of said n-bit 

code words on a magnetic recording medium and reproducing said code words therefrom; and 

decoder apparatus (11, 30) for decoding a succession of said n-bit code words reproduced from 

the recording medium to recover a succession of said m-bit data words. 


