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Context.
The theory of regular languages is one of the major pillars of computer
science. It relies on multiple characterizations, by means of expressions, logic,
automata and algebra. Algebraic characterizations come with a canonical object
representing a language, allowing to decide important properties of the language,
the most famous example being the definability in first-order logic (FO), a result
due to [Sch65, MP71].
This rich setting has been studied a lot by the research community in order
to lift it to more general ones. A natural extension of languages is that of
transducers, which are automata extended with outputs, allowing to represent
functions, or even relations, between finite words.
Positive results have been obtained for the class of so-called rational functions. These are the functions that can be obtained by a non-deterministic
finite-state transducer, or, equivalently, by an unambiguous finite-state transducer. This class also admits a logical representation (order-preserving MSO
transductions [FR16]), a presentation using regular expressions, and an algebraic
characterization by means of bimachines [Sch61]. This last characterization has
been used recently to lift the result of FO-definability to the setting of rational
functions in [FGL16b, FGL16a].
Another transducer model, closer from an implementation model, has been
introduced few years ago in [AČ10, AČ11]. It is based on a deterministic automaton equipped with variables allowing to store intermediate computation
values. This model, known as streaming string transducers (SST), is very expressive, and different subclasses have been identified allowing to match the
expressiveness of existing models. For instance, a model equivalent to rational
functions has been exhibited.
A key property of finite-state automata is minimization: every regular language admits a canonical minimal automaton. Minimizing size is important for
complexity issues, and canonicity of the model is also useful for deciding further
properties, such as FO-definability. More generally, simplifying models is an
important challenge.
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Objectives.
The general objective of this internship is to investigate the use of bimachines
for model simplification for the class of rational functions.
Numerous simplification problems can be addressed:
• the class of multi-sequential functions corresponds to functions that can
be realized as a finite union of sequential functions (realized by a one-way
deterministic transducer). A characterization of these functions exists,
but is based on a pattern of the transducer [JF18]. Is it possible to decide
this class directly on the bimachine of the function?
• a further question, related to multi-sequential functions, corresponds to
minimize the size of the union. This has been addressed recently, again
using a pattern, with links to register minimization of some class of SST
in [DJRV17]. It would be interesting to have another approach directly
based on bimachines.
• last, a more ambitious perspective consists in studying the register minimization problem for the class of SST corresponding to rational functions.
This problem has been solved in [DRT16], again using a pattern on the
transducer, characterizing whether the function can be expressed using
at most k registers. Being able to express this property directly on the
bimachine would be an important achievement.
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