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Construction of  Bounded  Delay  Codes  for  Discrete 
Noiseless  Channels 

Algorithms  are  described for  constructing  synchronous @xed  rate)  codes  for  discrete noiseless channels where the  constraints 
can be modeled  by  finite  state machines. The  methods  yield  two  classes of codes  with  minimum  delay  or  look-ahead. 

1. Introduction 
Consider the problem of fixed rate (synchronous)  coding of 
binary  data for a discrete noiseless channel whose restrictions 
may  be modeled by a  finite state  machine. Codes for such 
channels  arise in  a wide variety of applications, which 
include  digital transmission, magnetic or optical recording, 
and protocol formulation.  The  constraints  are employed to 
obtain signal  sequences  with  such  properties as reduced 
intersymbol interference, sufficient transitions for self tim- 
ing, or spectral nulls a t  prescribed  frequencies. The  literature 
in this  area is quite extensive;  references [ 1 - 121 provide an 
entry. 

Magnetic recording is a good example of an  application 
area. Codes  for saturated  digita;  recording produce binary 
symbols 1 ,  0 used to  denote  the presence and absence, 
respectively, of transitions between saturation levels. A lower 
bound d and  upper bound k are  generally placed on the 
number of 0's separating consecutive 1's in the coded stream. 
Examples of modern codes include a ( d ,   k )  = (2,7) variable 
length code  with  a  bit  per  symbol ratio  (rate) of 1/2 [ 13, 61, 
various ( 1 ,  n ) ,  n 2 6, rate 2/3 codes [13,  lo], and  Zero 
Modulation [9], a  code  designed to control dc  content in 
addition  to run lengths. An interesting property of magnetic 
recording is that  such codes yield substantial  advantages in 
recording density  and/or  coder complexity [6, 10, 141. 

A variety of approaches  to  formulating  such  channel codes 
is known. These  include  methods for constructing fixed and 
variable  length  state  dependent codes [4-6, 101 and tech- 

niques which employ look-ahead. The  latter codes in their 
most general  form  include  the  former  as special  cases [ 1 1 1 .  
Suppose  the coder is constrained to utilize no more than M 
source characters, for  a  look-ahead of M - 1 .  The  parameter 
M may be regarded  as a  coding delay, hence the  term 
bounded-delay  coding.  References [ 1 1 ,  121 describe  a num- 
ber of properties of such codes, including  necessary and 
sufficient conditions for existence.  Also discussed is a general 
construction  procedure [ 121, which is, however, given in 
detail only for M 5 2.  This  paper  treats  the  general  case. 

Suppose a  code is to  be  constructed with  a fixed rate of a 
bits per  W channel symbols,  where (a/ W) 5 C, the  channel 
capacity [ 1 1 .  The coder may be viewed as  accepting a 
sequence {VI of characters,  each consisting of a bits, and 
emitting a  sequence {wj}  of words, each consisting of W 
channel symbols. The  delay  parameter M indicates that  the 
word w, corresponding to  the  character v. is chosen  with 
knowledge of no more than v. and  the next M - 1 characters v.+,, y+,, . a ,  Vi+",, along with  some  information on the 
current  channel  state  and previously emitted code words. 

Let {ui}, i = 1 ,  2, -, S,  be the  set of states in the finite 
state  channel model Q. Transitions between neighboring 
states produce channel symbols. Let D = {d i j }  be the skeleton 
transition  matrix  for  the  channel; dij gives the  number of 
ways of going from ui to u, without entering  any  intermediate 
states.  Let B = D"; {b,} is the  number of distinct  paths of 
length  Wconnecting ui to ur 
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