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Generating all compact codes with constraint on the smallest codelength
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Short Abstract

Although by employing the Huffman algorithm one can construct the compact code (code with Kraft sum equal to 1) with minimum redundancy for an
information source, in some problems it is required to first construct all possible compact codes and then select an appropriate one on the basis of a
desired criterion. In particular, if the length of all codewords of an n-tuple compact code is A or more, then the difference between the largest and the
smallest codeword lengths is limited to n — 24, and as a result, by considering larger values for 2, the decoding procedure can be accomplished more
efficiently. The main goal of this paper is construction of all such codes and an algorithm is introduced which generates only these codes (i.e., n-tuple
compact codes with all codewords of length 1 or more). Noting the correspondence between the multiplicity vectors of the compact codes and some
sequences of numbers, we find the necessary and sufficient condition that a sequence of numbers is correspondent with a compact code with the shortest
codeword at least A bits long. This way, by generating all suitable sequences, all the desired compact codes can be constructed without generating any
other compact code. Using the proposed algorithm, less computational resources are required. For example, for A = 3, the required computational
resources for generating only the desired compact codes are 5 percent of those when all compact codes are generated.
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1- Short Introduction

Compact codes (resp. compact binary trees) have significant role in source coding (resp. computer science). The minimum redundancy prefix-free code,
which can be obtained by the Huffman algorithm, is always a compact code. However, sometimes all compact codes must be constructed and examined
one by one. For instance, when the source is not completely known and/or more complicated criteria (rather than the redundancy) is considered.
Construction of all compact codes has been extensively studied from different points of views. The problem of this paper is construction of those
compact codes whose codeword lengths are not less than a given value A. Such codes are important when limited variation in delay of decoding symbols
is desired in addition to low redundancy.

2- Proposed Work and Methodology

If the shortest codeword of an n-tuple compact code is at least A bits, then the difference between the lengths of the longest and the shortest codewords
is at most n — 27 bits. Thus, by choosing an appropriate value between 1 and |log n] for A, the variation in delay of decoding symbols can be limited.
The main goal of the paper is construction of all n-tuple compact codes whose shortest codeword is at least A bits. This particular problem has not been
considered in the literature. For simplicity, we deal with multiplicity vector of each compact code. Using two functions ¢ () and ¥ (-), and noting that
the multiplicity vector of each compact code can be obtained by applying a sequence of ¢ and ¥ functions, a correspondence between compact
codes and some sequences of non-negative integers can be defined. In this paper, sequences of non-negative integers that correspond with compact
codes with the smallest codeword length not less than A, are characterized and an algorithm is proposed to generate all such sequences.

3- Conclusion

A trivial solution for constructing all n-tuple compact codes with the lower bound 4 on the length of the shortest codeword length is using one of the
known algorithms to generate all n-tuple compact codes and filter out those which do not meet the constraint. But the problem is that the number of all
n-tuple compact codes grows exponentially with n and considerable resources (time/memory) may be wasted in the mentioned procedure. For instance,
for n = 33 there exist 33818794 compact cods but only 15298 of them satisfy the constraint with A = 4. The significance of the proposed algorithm
is that it generates only the required compact codes.
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