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Cluster algebras are at the center of research field initiated by Fomin—Zelevinsky. It is well-known that
the theory of Teichmiiller spaces gives a concrete example of cluster algebras. The cluster algebraic
counterpart of a mapping class is called a mutation loop. In the theory of mapping class groups,
pseudo—Anosov mapping classes is one of the most important subject to study.

In this thesis, we introduce a new property of mapping classes called sign stability. This property is
defined by extraction the essence of geometric properties of pseudo—Anosov homeomorphisms and dynamical
properties of pseudo—Anosov mapping classes as combinatorial ones. In fact, we prove that a mapping class
is pseudo—Anosov if and only if it is sign—stable.

This thesis consisting of 5 chapters excepting for the introduction. In chapter 2, we give some notions
of cluster algebras and mutation loops. In chapter 3, we introduce the sign stability of mutation loops
and compute the birational automaps induced by a sign-stable mutation loop. In detail, a sign—stable
mutation loop has a stretch factor like as pseudo—Anosov mapping classes, and the algebraic entropy is
given by the logarithm of the stretch factor. In chapter 4, we prove the equivalence of pseudo—Anosovness
and sign stability. Moreover, we translate the reduction of reduced mapping classes into the terminologies
of cluster algebras, and applying it to the characterization of pseudo—Anosovness of mapping classes on
marked surfaces. In chapter 5, we give a concrete relationship between the sequence of train track splits
associated to pseudo—Anosov mapping classes and the stable sign. In chapter 6, we compute a categorical
entropy of a lift of a sign—stable mutation loop to the autoequivalence of the derived category of the
Ginzburg differential graded algebras. It is given by the logarithm of the stretch factor. Moreover, we
give a combinatorial sufficient condition that the 1ift is pseudo—Anosov in the sense of Fan—Filip-Haiden—
Katzarkov-Liu.
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