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Abstract

Guided scrambling generates for each possible source word a unique set of candidate codewords and selects

the “best” word subject to certain given channel constraints. This is an effective technique to generate long and

highly efficient codes that satisfy the given channel constraints with high probability. These codes are referred

to as weak constrained codes, because the guided scrambling method cannot guarantee that all constraints are

satisfied. One of the common constraints, the maximum run-length constraint, is of particular importance, because

sequences that violate this constraint are likely to cause loss of timing. For this reason, methods are developed in

conjunction with guided scrambling to impose a guaranteed maximum run-length constraint. The performance of

combined guided scrambling and maximum run-length limited codes is analyzed. It will be demonstrated that the

combination of guided scrambling and a well-chosen maximum run-length limited code may offer a sound trade-off

between overall code rate and performance in terms of the probability of violating the channel constraints.
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I. INTRODUCTION

Constrained codes, such as run-length limited codes and DC-free codes, have found widespread

application in data storage and communication systems, see [1] and references therein. Runlength-limited

sequences, also known as(d; k) sequences, are binary sequences with at leastd and at mostk ‘zeros’

between consecutive ‘ones’. Of particular interest is the subclass of(0; k) sequences, used extensively in

recording and digital communication systems for clock recovery and synchronization. These sequences

are generally constructed by concatenating words of a binary block code of lengthn, each fulfilling

(0; k; kl; kr) constraints, wherekl and kr denote the maximum number of leading and trailing zeros

(kl + kr � k). These codes are referred to as maximum run-length limited (MRL) codes.

Codes that do not strictly guarantee the fulfillment of specified channel constraints are often called

weakly constrained codes. Guided scrambling [1] is a typical example of an embodiment of a weakly

constrained code. In guided scrambling, each source word of lengthm, m � 1, is supplemented by
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rs bits. Thers supplement bits make it possible to generate a selection set ofL = 2rs pseudo-random

sequences of lengthns = rs +m. The guided scrambling method typically generates a selection set ofL

pseudo-random sequences that comprise sufficiently distinct and random words.

Constrained codes can generally not correct and at best detect transmission errors. Therefore, short byte-

oriented block codes have typically been used in systems that are susceptible to errors, in conjunction

with symbol error correcting codes. With guided scrambling, one can easily generate long and efficient

sequences. To make these sequences resilient against errors, effective error control can be provided using

techniques described in [5] and references therein.

Evidently, the drawback of weakly constrained codes is their sensitivity for specific worst case source

data. In this article, we will study the combination of guided scrambling and high-rate maximum run-

length constrained(0; k0) codes, that serves as a ‘safety net’ to be able to guarantee a prescribed maximum

run-length,k0. To illustrate the effectiveness of the proposed methods, we will calculate the probability

that a transmitted codeword will violate a maximum run-lengthk, wherek < k0.

II. COMBINED GUIDED SCRAMBLING AND MRL CODING

Let u(m) denote the source word of lengthm. The guided scrambling scheme addsrs supplement bits

and generates a selection set ofL = 2rs pseudo-random sequencesx(ns)1 ; � � � ; x
(ns)

L of lengthns = rs+m.

There are now several possibilities to impose the maximum run-length constraintk0, two of which are

depicted in Figure 1 and Figure 2. In the first case, theL sequencesx(ns)1 ; � � � ; x
(ns)

L are first converted
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Fig. 1. Possible realization of combined guided scrambling and MRL coding, where one of the L scrambled (0; k0) sequences is selected.

into (0; k0) sequences of length n, after which one, c(n), is selected. In the second case, the coding process

is performed sequentially. In this case, the sequence selector may anticipate the presence of the MRL

coding block.

There are several more variations, in particular when the schemes are also combined with the modulation

and error control schemes presented in [5].

The high rate (0; k; kl; kr) codes presented in [5], [6] are particularly suitable for the construction of

higher rate codes because of their tight constraints. This is achieved by interspersing the codewords with
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Fig. 2. Possible realization of combined guided scrambling and MRL coding, where the sequence selector anticipates post-processing with

an MRL code.

uncoded source symbols as described in [4], [5]. One can get an additional degree of freedom in the

selection of the scrambled sequences by using a strategy where the interspersed bits are observed and

the source symbols of the underlying constrained code are transformed only if the overall constraints are

violated, or, interestingly, the encoder may select one of the two possible sequences based on the overall

constraints.

III. PERFORMANCE ANALYSIS

In this study, we assume that the L = 2rs length-ns sequences are translated by a well-chosen constrained

encoder into a selection set of L (0; k0) constrained length-n sequences. To exemplify the performance of

guided scrambling with guaranteed maximum run-length constraints, we consider the situation where the

sequence selection criterion is the maximum run-length. In this situation the encoder selects and transmits

the sequence with the shortest maximum run-length, k, where k < k0. The above procedure guarantees

that the maximum run-length of transmitted sequences never exceeds k0, but is usually less than k0. Let

R = m=(rs +m) and let R0 denote the rate of the (0; k0) constrained code. Then the overall rate of the

coding scheme is R0m=(rs +m) = R0R.

We will compute the probability that a length-n (0; k0) sequence generated by guided scrambling

violates the k constraint, where k < k0. According to Shannon [2], the number N(n) of (0; k) constrained

codewords of length n can be approximated by

N(n) � A � 2nC(0;k); (1)

where A is a constant and C(0; k) denotes the capacity of the (0; k) channel. Note that C(0; k) = log2(�),

where � is the largest real root of the characteristic equation [1]

zk+2
� 2zk+1 + 1 = 0: (2)

The probability that in L drawings from randomly generated (0; k0) sequences we will not find any (0; k)

sequence, k0 > k, is

p = (1� p0)
L; (3)
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where

p0 � B � 2(C(0;k0)�C(0;k))n; (4)

and B is a quantity, which depends on k and k0. As L = 2rs and rs = (1� R)n, we have

p =
�
1�B � 2(C(0;k0)�C(0;k))n

�2(1�R)n

: (5)

If, for simplicity, it is assumed that B � 2(C(0;k0)�C(0;k))n � 1, we have

ln(p) = �B � 2(C(0;k0)�C(0;k)+1�R)n: (6)

In the (patent) literature several excellent high rate (0; k) constrained codes can be found [3]–[6].

Patapoutian et al. [3] presented a rate 32/33, (0,6) code. This code can be interleaved to generate a

rate 64/65 (0,10) code, which looks attractive for our purpose. Figure 3 shows the violation probability, p,

that no sequence taken from a selection set of size L of (0,10) sequences obeys the (0; k) constraint with

the codeword length n as a parameter. The overall code redundancy is 1� (64=65) � (99=100) = 2:5%.

We may notice that for longer codewords, and thus larger selection sets, the violation decreases more

rapidly.
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Fig. 3. Probability, p, that no sequence of a sample of size L = 2n=100 of random (0; 10) sequences of length n satisfies the (0; k)

constraint versus k with the codeword length n as a parameter. The overall code redundancy is 2.5%.
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IV. CONCLUSION

We have demonstrated that the combination of guided scrambling and a well-chosen (0; k0) constrained

code may offer a sound trade-off between overall code rate and performance. This is exemplified for

combined guided scrambling and maximum run-length limited coding where the sequence selection

criterion is the minimization of the probability of violating the maximum run-length k constraint, where

k < k0.
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