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Aleksander Mendoza-Drosik
Properties and Hierarchy of
Mealy Machines

Mealy first created the idea of finite state machines with output in 1955. A year later Moore introduced
his model. Since then sequential machines have been heavily researched in the areas of sequential circuits
modelling. Introduction of probabilistic transducers turned out to be great success in the field of natural
language processing. Many grammatical inference algorithms were devised in which transducers could be
trained to approximate language models. In 1974 Eilenberg provided exhaustive overview of sequential
machines and rational relations from algebraic point of view. Despite years of research, the still remain
plenty of room for further investigation of properties of Mealy and Moore machines. The goal of this
paper is to provide some new insights into the hierarchy of sequential machines. Several variations of the
model are introduced and many of their properties are compared. For instance, the standard definition of
Mealy machines did not admit accepting states and did not allow for non-determinism. Adding of
accepting states allows for more expressiveness and opens potential for more operations. One might
gradually add more generalizations, such as partial transition function, output function yielding strings
instead of individual symbols, nondeterminism, epsilon transitions, weighted transitions probabilities,



rejecting states and much more. Special variant of pumping lemma and Myhill-Nerode theorem is
applicable to some of them. Some new properties are found that didn’t exist for previous models. The
paper dives into complexity theory and proves several results that were not known before. It’s meant to
be a concise overview and extension of automata theory in the light of Mealy machines. The main driving
force for the research was an attempt at creating strong theoretical foundations for development of
compilers dedicated to this particular model of computation. Many properties emerging here can be used
as optimization techniques in practical setting. There are many applications and further extensions that
will be mentioned, despite not being a subject of this paper directly. The most notable of them being
grammatical inference, temporal logic and applications in natural language processing and artificial
intelligence.
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