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Capacity Approaching Run-Length-Limited Codes for Multilevel Recording
Systems

Hsin-Yi Chen�, Hong-Fu Chou�, Mao-Chao Lin�, and Shih-Kai Lee�

Graduate Institute of Communication Engineering, National Taiwan University, Taipei 10617, Taiwan, R.O.C.
Department of Communications Engineering, Yuan Ze University, Chungli, Taiwan, R.O.C.

We propose two constructions for multilevel run-length-limited (RLL) block codes for which the rates are very close to the capacity.
For each code construction, we propose a variation that has the advantage of low complexity of encoding and decoding. We conducted
a simulation to see the combined effect of channel coding and our proposed RLL coding over an optical recording channel.

Index Terms—Constrained codes, multilevel run-length-limited codes, optical recording channel.

I. INTRODUCTION

I N recording systems, run-length-limited (RLL) coding
[1]–[3] is usually used to avoid the adverse effect of

inter-symbol interference (ISI) and to facilitate the operation
of synchronization. In particular, binary RLL coding has been
extensively investigated [4]–[12]. With the increased demand
for higher capacity, -level recording systems with
have attracted much attention recently.

A multilevel run-length-limited sequence is a sequence with
the run length of zeros between two consecutive nonzero sym-
bols being under a given constraint. For example, an
sequence [13]–[17] is an -level (or -ary) RLL sequence
with symbol alphabet, , where ,
for which the number of zeros between two consecutive nonzero
symbols is at least and at most . A multilevel RLL code
is a collection of multilevel RLL sequences. An -level RLL

code has a code rate in bits/symbol, if it
contains -symbol sequences satisfying the -level
constraint. The capacity of the -level RLL code
[18], denoted by , is given by

(1)

where is the largest real root of the characteristic equation

(2)

The code efficiency of an -level RLL code is ex-
pressed as .

By now, some -level RLL codes using fi-
nite-state machine encoders have been designed in [19]–[21].
Instead of the sequential design as in [19]–[21], we focus on

block coding in this paper, where . We look
for efficient codes of finite length, where an

sequence is an -level -constrained
RLL sequence which has at most leading zeros and at most

trailing zeros. The condition of is required such
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that concatenating any two sequences can still
meet the constraint.

In this paper, we propose two code constructions. Using Con-
struction I, we can obtain RLL codes of length

, for which the number of code sequences
is . The encoding is implemented by first map-
ping a message into a sequence , where

and , and then
is encoded into a code sequence , where

. For binary RLL codes of length
, some classes of rate code constructions have been

reported [4]. In the sense of coding rate, the code obtained from
Construction I may be regarded as an analogue of the rate

binary RLL codes of length . In Construction II,
the condition of is relaxed so that the code size can
be greater than , where .
Employing either Construction I or Construction II, the con-
structed code has a code rate close to the capacity given in (1).
In case that the message is in the form of a binary sequence
and is an integer, then we propose an extended design of
Construction I, denoted as Construction , for which the com-
plexity of encoding and decoding is low. Similarly, we modify
Construction II into Construction .

The RLL decoding may result in significant error propagation
if some of the critical symbols in the RLL sequence are in error.
We will assess the likely error propagation of the proposed code
construction. Then, we will investigate the joint effect of RLL
coding and error-correcting coding (ECC). We consider the ap-
plication of the proposed code constructions to two recording
systems. The first is composed of a Reed-Solomon (RS) en-
coder, an RLL encoder, a precoder using pulse length modula-
tion (PLM), an optical recording channel corrupted by additive
white Gaussian noise (AWGN) and jitter noise, a maximum a
posteriori (MAP) decoder for the combined PLM precoding and
the recording channel, an RLL decoder and an RS decoder. The
second is obtained by replacing the RS encoder and the RLL
encoder by an RLL encoder followed by a nonbinary LDPC en-
coder and a uniform interleaver [9], and moreover replacing the
RLL decoder and the RS decoder by a uniform deinterleaver,
followed by a nonbinary LDPC decoder and an RLL decoder.

The rest of this paper is organized as follows. In Section II,
two practical code constructions together with their variations

0018-9464/$26.00 © 2009 IEEE
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are presented. In Section III, possible error propagation of the
proposed RLL coding is investigated. Moreover, simulation is
implemented to see the combined effect of channel coding and
the proposed RLL coding over an optical recording
channel. Finally, conclusions are given in Section IV.

II. PRACTICAL CODE CONSTRUCTIONS

In this section, we propose code constructions for
RLL codes of length , for which each code se-

quence is chosen based on the sequence
, where for

. A nonzero is frequently used. In such
a case, we denote by .

A. Construction I

Let and . We can construct an RLL code
consisting of sequences of length

, which are divided into four disjoint groups, denoted
, and respectively, based on .

The details of the four groups are given as follows.
: In case of and

, we set
for , and
for .

: In case of and
, we set for

and for

for .
: In case of and

, we set for
for

for .
: In case of and

, we set for
and , for

for
for

.
Theorem 1: The code consists of code

sequences which satisfy the constraint. The
coding rate in bits/symbol is

(3)

Proof: For , we have . For , we
have and . For , we have

and . For , we have and .
Based on these characteristics, we see that these four groups
are disjoint. In the following, we will show that the sequences
in each group satisfy the constraint and will
compute the number of sequences in each group.

: (i) For , we have for
. Hence, .

In addition, . Hence, there

will be at most zeros from to and at
most zeros from to . (ii) Since

,
there will be at most zeros from to
and at most zeros from to . (iii)
In , we encode into , where

and
. Hence, the number of sequences in is

.
: (i) Since and ,

there will be at most zeros from to and
at most zeros from to . (ii) Since

,
there will be at most zeros from to and
at most zeros from to . (iii) In , we
encode into , where
and . Hence, the number of
sequences in is .

: (i) Since and
, there will be at most zeros from to and

at most zeros from to . (ii) Since
, there will be at most zeros from to

and at most zeros from to . (iii) In
, we encode into , where

and . The number of
sequences in is .

: (i) Since and , there will be
at most zeros from to and at most zeros
from to . (ii) Since , there will be at
most zeros from to and at most
zeros from to . (iii) In , we encode into ,
where ,

. The number of sequences in is .
Taking the logarithm of the sum of the numbers of sequences

in the four groups and dividing the result by , we have the rate
of given in (3).

Example 1: We can construct an RLL code con-
sisting of sequences of
length using Construction I. Let

.
The four groups are given as follows.

: For and

.
: For and

.
: For and

.
: For and

.
There are distinct sequences in

distinct sequences in
distinct sequences in , and distinct sequences in .
The total number of sequences in this RLL code is . Hence,
the code rate bits/symbol.
The efficiency is %.
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Encoding and Decoding: Let be a message to be encoded,
where . The encoding of is
implemented by the following procedure.

1) Let . Then,
.

2) Find the representation of in the base of , i.e.,

(4)

Note that is nonzero and can be denoted by .
3) Map into according to the conditions of

and for Construction I.
The decoding of into the message is implemented by the

following procedure.
1) If , then is in . If and

, then is in , and 3.
2) According to rule of , find the associated from .
3) Obtain by (4). The message is .

B. Construction

For Construction I, the message is an integer in the range
of . In case that the message is
in the form of a binary sequence, then the mapping from the
message to can not be implemented. Hence, we need to modify
Construction I to Construction .

Let be a code of length designed according to Construc-
tion I. Let be the code of length , in which each code se-
quence is in the form of , where .
There are code sequences in . For en-
coding from binary message sequences, we consider a subset
of , denoted , which consists of sequences, where

. The coding rate will be reduced
to

(5)

In general, the decoding/encoding complexity of may be
high. However, in case that is an integer, the en-
coding/decoding complexity can be very low. In this case,

, where , and the coding rate
of is

(6)

The message for encoding and decoding is represented by
message bits, i.e.,

Encoding and Decoding: We map into

(7)

where . Then, is en-
coded into an sequence of length repre-
sented by

(8)

TABLE I
THE 6-BIT INPUT/4-SYMBOL OUTPUT LOOKUP TABLE FOR EXAMPLE 2

where is a codeword of encoded
from . The mapping from to is implemented as
follows.

1) For
.

2) We use a lookup table to map the binary -tuple
into a nonbinary -tuple

. The size
of the lookup table is by ( -bit input and -symbol
output).

The decoding of can be implemented by simply re-
versing the encoding procedure.

Example 2: Let be the 4-level RLL code designed by Con-
struction I, which consists of
sequences. Then, . Let
and . Then, . We
will encode a message represented by
message bits into a (4,0,7,4,3) sequence of . We
need a lookup table with 6-bit input and 4-symbol output as
shown in Table I. The code rate of the resulting code is

bits/symbol. The efficiency of
is %. Note that the code

rate of is approximately 1.980236.
If we place in (3), we have . Since

some binary RLL codes of rate have already
been reported in the literature [4], there may be the impression
that practical codes can be constructed in ways
which are nothing more than generalizations of binary
codes. In fact, a larger allows more room for RLL code con-
struction. In the following, we will show an
RLL code construction for , which can achieve better
efficiency.

C. Construction II

Let and . We can construct an
RLL code consisting of sequences of length

, which are divided into nine disjoint
groups, denoted ,
and respectively, based on . The details of the nine groups
are given as follows.

: In case of
and , set for
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, and for
.

: In case of , set
for for and

for
for

, and
for .

: In case of
and , set for

and , for
for

for , and for
.

: In case of
and , set

for ,
and for .

: In case of ,
set and for for

and for

for
, and for

.
: In case of

and , set
for and for

for
for , and for

.
: In case of

and , set
for

and for .
: In case of

, set and for for
and for

for
, and for

.
: In case of

and , set
for and for

for
for , and for

.
Theorem 2: The code in Construction II consists of

code sequences which satisfy the
constraint. The coding rate in bits/symbol is

(9)

Proof: For , we have . For ,
we have , and . For ,
we have , and . For , we
have and . For , we have

, and . For , we have
, and = 1. For , we have

and . For , we have
and . For , we have and

. Based on these characteristics, we see that these
nine groups are disjoint. In the following, we will show that the
sequences in each group satisfy the constraint
and will compute the number of sequences in each group.

: (i) For , we have for
. Hence, we have

. Hence, there are at most zeros from to
. Since , there are at most zeros

from to for . (ii) For , we have
and hence

. There will be at most
zeros from to (for ) and at most
zeros from to . (iii) In , we encode

into , where and
. Hence, the number of

sequences in is -
- .

: (i) Since and , there will be at
most zeros from to and at most zeros from

to . (ii) Since , there will be at most
zeros from to and at most zeros

from to . (iii) In , we encode into ,
where . Hence, the
number of sequences in is .

: (i) Since and , there will be
at most zeros from to and at most zeros
from to . (ii) Since , there
will be at most zeros from to
and at most zeros from to . (iii) In ,
we encode into , where

and . Hence,
the number of sequences in is

.
: (i) Since

and , there will be at most zeros from
to and at most zeros from to for .
(ii) Since

, there will be at most zeros from
to (for ) and no more than zeros from

to . (iii) In , we encode into , where
and

. Hence, the number of
sequences in is

.
: (i) Since and , there will be at

most zeros from to and at most zeros from
to . (ii) Since , there will be at most

zeros from to and at most zeros
from to . (iii) In , we encode into ,
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where .
Hence, the number of sequences in is .

: (i) Since and , there will
be at most zeros from to and at most
zeros from to . (ii) Since ,
there will be at most zeros from
to and at most zeros from
to . (iii) In , we encode into , where

and
. Hence, the number of

sequences in is .
: The proof for this group is similar to that for

group . The number of sequences in is
.

: The proof for this group is similar to that for group
. The number of sequences in is .
: The proof for this group is similar to that for group
. The number of sequences in is

.
Summing up the numbers of sequences in and

respectively, we see that there are sequences in
. Similarly, there are sequences in
and there are sequences in

. Hence, there are a total of in
. Taking the logarithm of this number and dividing the result

by , we have the rate given in (9).
For , we encode into , where .

For , we encode into , where
. For , we encode into , where

. For Construction II, we can employ
with either or . In contrast, for Construc-
tion I, is required. This is the key point that makes
the coding rate of Construction II to be better than that of Con-
struction I.

Encoding and Decoding: The encoding of is designed to
map a message into one of the code-
words in , where .
The encoding is implemented by the following procedure.

1) Suppose that . (i) Find the represen-
tation of in the base of as in (4). (ii) Map into
according to the rule of .

2) Suppose that . (i) Find the
representation of in the base of as in (4). (ii) Map
into according to the rule of .

3) Suppose that
. (i) Let , where

. (ii) Find the representation of
in the base of as in (4). (iii) Map into according to
the rule of .

The decoding of into the message is implemented by the
following procedure.

1) According to , and , classify whether
is in or in or in

.
2) Now that we find the union of groups

for . According to rule of ,
we can find the associated and the associated .

Example 3: We can design a 4-level RLL code
consisting of of length

9 using in Construction II. Let
. The nine groups

are as follows.
: For and

, set
.

: For , set
.

: For and
, set
.

: For and
set
.

: For set
.

: For and
set

.
: For and

set
.

: For
set .

: For and
set

.
There are sequences in se-

quences in sequences in
. In total, there are sequences of length 19. The

rate is . The efficiency is
%.

D. Construction

In case that the message is in the form of a binary sequence,
we need to modify Construction II to Construction .

Let be a code of length designed according to Construc-
tion II. Let be the code of length , in which each code se-
quence is in the form of , where .
There are code sequences in .
For encoding from binary message sequences, we need to pick
a subset of , denoted , which consists of sequences,
where . The coding rate
will be reduced to

(10)

In case that is an integer, the encoding/decoding
complexity can be very low. In this case,
where , and the coding rate is

(11)

The message for encoding and decoding is represented by
message bits, i.e.,
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Encoding and Decoding: We need to map into
, which is then en-

coded into a codeword ,
where and

. The details are as follows.
For

.
We need an efficient mapping from the binary -tuple,

to the nonbinary -tuple

. Let IBR be the integer with the bi-
nary representation . That means

(12)

Then, we find the representation of IBR in the base of
. Thus

(13)

where . For each , three cases will
be considered.

a) Suppose that . Let .
Then, . Write in the form of
base , i.e., , where

. Then, we have . Ac-
cording to the rule in , we encode

into .
b) Suppose that . Set

. Then, we encode into according to the rule of
.

c) Suppose that . Set
. Then, we encode into according to

the rule of .
Then, we have as the RLL

sequence encoded from .
The decoding is a simple reverse operation of the

encoding. Let be the RLL sequence for de-
coding. By checking , and ,
we can tell the group (one of the nine groups, i.e.,

) to which
belongs.
i) If is in , then .

ii) If is in , then .
iii) If is in , then we can re-

trieve from . We then have
and .

With , we can compute IBR according to
(13). Then, we can recover ,
the binary representation of IBR. With the knowledge
of the group to which belongs, we can also recover

for . Then, we can find
.

TABLE II
��� �� �� � ��� �� �� RLL CODES OBTAINED BY CONSTRUCTION II

TABLE III
����� �� � ����� �� RLL CODES OBTAINED BY CONSTRUCTION ��

Note that no lookup table is needed in the encoding and
decoding.

Example 4: Suppose that we employ Example 3 and use
blocks for encoding. Remember that . In addition,

, and . For
the integer IBR, we have . According to (13),
the integer , where

, for and . The code rate
is (bits/symbol), the efficiency
is %. We see that this practical
realization of (4, 0, 7, 4, 3) code with low encoding/decoding
complexity has coding rate approaching the capacity and the
efficiency is very close to 1.

The coding rates of some codes obtained
from Construction II and Construction respectively, with

and for various are listed
in Tables II and III respectively. We can see that the proposed

code designs are efficient for a wide range of . Note
that for binary code, its capacity can not exceed 1 bit/
symbol. Hence, advantage of the proposed block code
over the binary block code is obvious.

III. SYSTEM PERFORMANCE OVER AN OPTICAL

RECORDING CHANNEL

The dependency of symbols within the RLL sequence will
incur the phenomenon of error propagation for the decoded
message bits. Sometimes, only one symbol of the RLL se-
quence in error may result in many erroneous message bits after
decoding. For the RLL code of length designed by Construc-
tion , errors in positions of , and
may result in erroneous bits in and
in respectively. The erroneous
bits in may form a burst, denoted
as . The worst case of has a length up
to bits, which occurs when a sequence in

is mistaken for a sequence in . The erroneous bits
in may form an error burst of
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length up to , denoted as . However, errors for
other positions in will not cause serious error propagation.
For the codes of length listed in Table III, we see
that increasing will result in an increased and hence an
increased .

We need to use an efficient error-correcting code (ECC) to
combat the combination of random errors and bursts. In this
section, we consider the joint effect of ECC and the proposed

-level RLL code over a precoded optical recording channel.
We consider two systems. The first is the classical ECC-RLL
system, for which the ECC encoding is followed by the RLL
coding. The second is the RLL-ECC system [22], [4], [8], [9],
for which the RLL encoding is followed by the ECC encoding.
For each system, the RLL code obtained from Construction
with is used. We use an -level
PLM precoder, which uses as input and as output,
where is the time index, the relation between and is
given by

(14)

In each system, there is a signal mapper which maps the -level
( -ary) symbol into an -level pulse amplitude modulation
(PAM) signal . Assuming that is an even integer, we have

,
where is a constant.

We consider the optical recording channel as presented in
[23], for which the impulse response is

(15)

and the transition response is the convolution of and
, where equals 1 for and equals 0 other-

wise. The output signal of the optical recording channel is

(16)

where is the symbol duration, is an independently iden-
tically distributed random process representing the jitter effect,

is the additive white Gaussian (AWGN) noise with one-
sided power spectral density . In the simulation, we assume
that each is a zero mean Gaussian random variable with vari-
ance . In addition, we assume that is small and is
sufficiently bandlimited [24] so that

(17)

Hence, we have

(18)

where is the jitter noise and is
the AWGN noise. The average energy per code symbol at the

output of the optical channel is

(19)

where denotes the expected value of . The average
energy per message bit is

(20)

where and are the rates of the RLL code and the ECC
code respectively. The average energy of jitter noise for each
received code symbol is

(21)

We use [25]. Then,
. We

also have .
For simplicity, we set for and
for and . Hence, in the simulation, an MAP
detector with states will be used for this optical recording
channel, where the state of precoder is integrated into the state
of the channel represented by . Furthermore, we write

. In the simulation, we consider and
respectively. Note that for there is no jitter noise.

A. ECC-RLL System

The system under consideration is shown in Fig. 1. A se-
quence of information bits is first encoded by the Reed-Solomon
(RS) encoder. Then, its output is sequentially processed by an

-level RLL encoder, an -level pulse length modulation
(PLM) precoder, an -level signal mapper to result in -level
signals which will be used as input to the optical recording
channel. The output of the channel is processed by an -level
MAP (maximum a posteriori) detector for the precoded optical
recording channel, an -level RLL decoder, and finally an RS
decoder to retrieve the information bits.

For the RLL code, we consider code
with and rate bits/symbol,

code with and rate bits/symbol
respectively, which are given in Table III. The largest lengths of
the associated ’s are 12 bits and 30 bits respectively,
while the largest lengths of the associated ’s are both
equal to .

To provide the error-correcting capability to tackle the error
burst in the -level RLL code of length , we consider the
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Fig. 1. An ECC-RLL multilevel optical recording system.

Fig. 2. An RLL-ECC multilevel optical recording system.

(511, 455) Reed-Solomon code based on , which is
equivalently a (4599, 4095) binary code with code rate approx-
imately 0.8904. This RS code is capable of correcting 28 9-bit
erroneous symbols. For the code using
Construction with , each may result
in up to two erroneous 9-bit symbols in the RS code, while
each may also result in up to two erroneous 9-bit
symbols. Hence, the RS code can correct 7 longest ’s
plus 7 longest ’s for code with

, and 4 longest ’s plus 6 longest ’s
for code with . This code is also
capable of correcting a combination of some bursts and some
random errors for each .

The simulation results of bit error rate (BER) versus
based on of 0 and of 0.15 are plotted in Figs. 3 and 4, re-
spectively. From Fig. 3 and Fig. 4, we see that using RS code
can somewhat alleviate the effect of channel errors and the error
propagation phenomenon of the RLL codes. For either
or of 0.15, the BER curves for the code
are better than the curves for the (4, 0, 7) code. This results fits
our expectation since the (4, 0, 4) code has less serious error
propagation.

B. RLL-ECC System

For the second scheme shown in Fig. 2, we apply the concept
of the RLL-ECC concatenation scheme [9] to uniformly inter-
leaves the nonbinary ECC codeword to satisfy the desired multi-
level RLL constraint. In order to impose the -level RLL
constraint to the interleaved nonbinary ECC codeword, we need
to employ a slightly tighter -level RLL constraint to
the symbol sequence prior to the -level ECC encoder, where

is the number of inserted symbol from nonbinary ECC parity

Fig. 3. Simulation results of an optical recording system with AGWN noise
only (i.e., � � �). (A) RS Code � 4-level (0, 4) RLL Code; (B) RS Code �
4-level (0, 7) RLL Code; (C) 4-level (0, 3) RLL Code � LDPC Code with hard
decoding, (0, 4) constraint; (D) 4-level (0, 6) RLL Code � LDPC Code with
hard decoding, (0, 7) constraint; (E) 4-level (0, 3) RLL Code � LDPC Code
with soft decoding, (0, 4) constraint, 10 iterations; (F) 4-level (0, 6) RLL Code
� LDPC Code with soft decoding, (0, 7) constraint, 10 iterations.

Fig. 4. Simulation results of an optical recording system with both AGWN and
jitter noise �� � �����. (A) RS Code � 4-level (0, 4) RLL Code; (B) RS Code
� 4-level (0, 7) RLL Code; (C) 4-level (0, 3) RLL Code � LDPC Code with
hard decoding, (0, 4) constraint; (D) 4-level (0, 6) RLL Code � LDPC Code
with hard decoding, (0, 7) constraint; (E) 4-level (0, 3) RLL Code � LDPC
Code with soft decoding, (0, 4) constraint, 10 iterations; (F) 4-level (0, 6) RLL
Code � LDPC Code with soft decoding, (0, 7) constraint, 10 iterations.

symbols. Here, we use the LDPC code over as the non-
binary ECC.

The sequence of information bits is first encoded by an
-level RLL encoder. Then, its output is sequentially pro-

cessed by a nonbinary systematic LDPC encoder, a uniform
interleaver, an -level PLM precoder, an -level signal
mapper to result in -level signals which will be used as input
to the optical recording channel. The output of the channel
is processed by an MAP detector for the precoded optical
recording channel, a uniform deinterleaver, a nonbinary LDPC
decoder, and an -level RLL decoder to retrieve the recorded
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information bits. The RLL-ECC system is expected to signif-
icantly reduce the error propagation from the RLL decoder
to the ECC decoder. However, the error propagation from the
input of the RLL decoder to its output still exists.

From Table III, we have (4, 0, 3) code with and rate
bits/symbol, (4, 0, 6) code with and

rate bits/symbol. With
and , each (4, 0, 3) sequence will be converted
into a sequence satisfying the (4, 0, 4) constraint after passing
through the systematic ECC and the uniform interleaver.
With and , each (4, 0,
6) sequence will be converted into a sequence satisfying the
(4, 0, 7) constraint after passing through the systematic ECC
and the uniform interleaver [9]. Following the progressive
edge-growth LDPC code construction [26] and nonbinary
LDPC [27] code construction, a PEG nonbinary LDPC code
is obtained for this system. Specifically, we have the (2297,
2048) LDPC code over . The overall system rate of (4,
0, 4) and (4, 0, 7) are and

. Note that for the ECC-RLL
which uses the (511, 455) Reed-Solomon code over
concatenated with the and

RLL codes have rate of
and , respectively. We consider
hard decoding and soft decoding respectively for the nonbinary
LDPC code.

From the simulation results given in Figs. 3 and 4, we see
that the BER curves of the RLL-ECC system with hard de-
coding have flatter slopes than those comparable curves in the
ECC-RLL system. This slope of the BER curve for a ECC re-
flects its error-correcting capability. However, at low ,
the better BER performance of the RLL-ECC system verifies
its advantage of eliminating the error propagation from RLL to
ECC which may occurs in the ECC-RLL system.

Note that using the nonbinary LDPC code with soft decoding
in the RLL-ECC system can provide very excellent error per-
formance for either or , where the soft output
of the MAP precoded channel detector is required and 10 itera-
tions are used for the decoding. This result shows the powerful
error-correcting capability of the nonbinary LDPC code with
soft decoding even if the noise is not restricted to the AWGN
noise.

For this RLL-ECC system, the BER curves for the
constraint are better than the curves

for the (4, 0, 7) constraint. Note that, in the RLL encoding/de-
coding for this system, code will be used
for the (4, 0, 4) constraint and (4, 0, 6) code will be used for
the (4, 0, 7) constraint. The largest lengths of the associated

’s are 6 bits and 24 bits respectively, while the largest
lengths of the associated ’s are both equal to .
The less serious error propagation of the (4, 0, 3) RLL code
as compared to the (4, 0, 6) RLL code may result in the better
BER performance for the case of the (4, 0, 4) RLL constraint
as compared to the case of the (4, 0, 7) RLL constraint.

IV. CONCLUSION

We propose two constructions for
run-length-limited codes of finite length. The code obtained
from any of the proposed constructions has coding rate very
close to the capacity. In addition, we propose variations of the

proposed constructions to achieve the merit of low complexity
of encoding and decoding.

When an error-corrupted RLL sequence is applied to the input
of an RLL decoder, errors at some positions may cause se-
rious error propagation. We analyze the possible error propa-
gation of the codes proposed in Construction .
In particular, the numerical values of error propagation of the

and the (4, 0, 7) RLL
codes are provided. The error propagation of the RLL
code is more serious than that of the RLL code for

. We consider the application of the constructed RLL
codes to the optical recording channel corrupted by the jitter
noise and the AWGN noise. Simulation results show that, in the
ECC-RLL system, using the (4, 0, 4) code can achieve better
BER as compared to using the (4, 0, 7) code. Simulation results
also show that, in the RLL-ECC system, using the (4, 0, 3) RLL
code for the (4, 0, 4) constraint can achieve better BER as com-
pared to using the (4, 0, 6) RLL code for the (4, 0, 7) constraint.
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