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Some textbooks of formal languages and automata theory implicitly state the structural equality of the binary
m-dimensional de Bruijn graph and the state diagram of minimum state deterministic finite automaton which accepts
regular language (0 + 1)*1(0 + 1)™1. The first purpose of this study is to given a characterization of the de Bruijn|
ieraph with the regular language by rigorously proving such isomorphism. The characterization of a directed graph by 4
regular language means that the family of a specific graph perfectly matches the family of graph structure of the state
transition diagram of the corresponding finite automaton.

By finding that the subset construction method that transforms the nondeterministic finite automaton accepting]
(0 + 1)*1(0 + 1)™! into the deterministic finite automaton coincides with the motion of a multi-shift register, it hag
been proved that a binary n-dimensional de Bruijn graph and the state transition diagrams of D,, that accepts a regular
language (0 + 1)*1(0 + 1)™™1 are isomorphic except for the edge labels.

By the way, nondeterministic finite automata N,, that accept a regular language (0 + 1)*1(0 + 1)™ ! can be easily
extended from binary to a higher radix k. The number of states of the transformed deterministic one, however, is not to
be minimum. That is, using the well-known state-minimization algorithm, the isomorphic deterministic automaton is
reduced to the binary D, for any k = 2. To avoid this situation, the author first introduces a new kind of finite|
fautomaton that has the ability to classify the input string into two or more languages, in addition to the acceptance and|
non-acceptance function of conventional finite automata. Using this concept of colored finite automaton (CFA), it i
proved that the state transition diagrams of the k-ary n-dimensional de Bruijn graph DB, , and the colored finite
automaton Dy, that accepts ( k—1 )-tuple of regular languages (0+1+--+k—1)"1(0+1+ -+ k—
DL, (0+14++k—1)"(k—10+ 1+ +k—1)""1 are isomorphic except for the edge labels.

The second purpose of this study is to investigate the potential of multicolored automaton. In the above-mentioned
transformation from nondeterministic CFA (NCFA) to deterministic CFA (DCFA), it becomes clear that an NCFA with|
ke colors may be transformed into a DCFA with the same unmixed k colors as the original one at the best case or with
the all possible mixed 2¥ mixed colors at the worst case. Based on the situation, three decision problems concerning
the unmixedness are proposed. Of these, the Unmixedness Verification problem (UV problem) is a question as to
whether a given NCFA accepts a given input word with two or more different colors. The other two problems,
Unmixedness Partitioning problem (UP problem) and Unmixedness Extension problem (UE problem), are related to the]
imulticolorization of existing noncolored accepting states and non-accepting states, respectively. It is shown that these
problems are NLOG-complete, P, and NP-complete, respectively. The fact that the UV and UP problems belong to P
confirms that the unmixedness can be checked in polynomial time without converting a nondeterministic CFA to a

deterministic one.

Next, the author introduces colored pushdown automaton (CPDA) which is an ordinary pushdown automaton with
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colored accepting states. In contrast to the case of NCFA, it is shown that the above-mentioned UV, UP, and UE

problems concerning the unmixedness are all undecidable. Therefore, it is required to impose a certain restriction to|
INCPDA. Here the unambiguity of accepting computational paths of automaton is considered. As the colored version of
unambiguity, we define the concepts of unambiguity in a weak sense and in a strong sense. It is shown that the UV and
UP problem in the case of unambiguous NCPDA in a strong sense are permanently true, but it remains undecidable in
other cases.

This paper also illustrates some applications of colored finite automata, e.g., to existing regular expression engines
and model checking tools for the purpose to improve their efficiency and conveniency. In this way, the concept of
colored accepting states can be applied to a wide range of automata that have a set of accepting states and expected to|

be useful in a wide range of theoretical and practical applications of automata in the future.
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