The Tropical Semiring and the Theory of Automata

Imre Simon^� Instituto de Matemática e Estatística Universidade de São Paulo Rua do Matão, 1010, 05508-900 São Paulo, SP, Brasil

      <is@ime.usp.br>
<http://www.ime.usp.br/~is/>

March 15, 1998

1 Overview

This series of two lectures will survey the applications of the tropical semiring to the Theory of Automata. This subject has been surveyed in two papers [18, 17] and these surveys are going to be the basis of our exposition. The full text of these surveys can be found on the World Wide Web: [18]^1, and [17]^2.

Other interesting references and which are more recent than the bibliography of [18] are [14, 16, 20, 21, 3, 11, 12, 10, 9, 24, 23, 22, 19, 18, 7, 29, 6, 28, 8, 5, 4, 26, 25, 27, 2, 17, 15, 13, 1]

The first talk will focus on the use of the tropical semiring in decision procedures in the Theory of Automata. We will formulate the limitedness problem and show its applications for several problems, such as the finite power property, the finite products property and the nondeterministic complexity of finite automata. Most of these applications are described in [18].

�This work was supported by CNPq and USP/COFECUB. 1http://www.ime.usp.br/ is/papir/rmts.html 2http://www.liafa.jussieu.fr/ jep/PostScript/Tropical.ps.gz

The second talk will focus on the use of the tropical semiring in undecidable problems in Automaton Theory. The main reference here is a paper by Krob [11]^3, which is also available on the World Wide Web. We will show here that the equivalence problem for automata with multiplicities in the tropical semiring is undecidable by showing Krob’s reduction of Hilbert’s tenth problem to it.

References

[1] F. d’Alessandro and J. Sakarovitch. The finite power property in a free group. Manuscript, 1997.

[2] S. Gaubert. On the Burnside problem for semigroups of matrices in the (max; +) algebra. Semigroup Forum, 52(3):271–292, 1996.

[3] J. Gunawardena, editor. Idempotency Analysis. Number 11 in Publications of the Newton Institute. Cambridge University Press, 1998.

[4] K. Hashiguchi. Algorithms for determining relative star height and star height. Inform. and Comput., 78(2):124–169, 1988.

[5] K. Hashiguchi. Improved limitedness theorems on finite automata with distance functions. Theoret. Comput. Sci., 72(1):27–38, 1990.

[6] K. Hashiguchi. Algorithms for determining relative inclusion star height and inclusion star height. Theoret. Comput. Sci., 1991.

[7] K. Hashiguchi. The infinite 2-star height hierarchy of extended regular languages of star degree at most two. Inform. and Comput., 114(2):237– 246, 1994.

[8] K. Hashiguchi and H. Yoo. Extended regular expressions of star degree at most two. Theoret. Comput. Sci., 76(2-3):273–284, 1990.

[9] N. Kobayashi. Properties of recognizable M-subsets of a free monoid.

In I. Simon, editor, LATIN’92 1st Latin American Symposium on Theoretical Informatics, number 583 in Lecture Notes in Computer Science, pages 314–328, Berlin, 1992. Springer-Verlag.

3http://www.liafa.jussieu.fr/ dk/ARTICLES/undetrop.ps.gz

[10] N. Kobayashi. The closure under division and a characterization of the recognizable Z-subsets. RAIRO Inform. Théor. Appl., 30(3):209–230, 1996.

[11] D. Krob. The equality problem for rational series with multiplicities in the tropical semiring is undecidable. Internat. J. Algebra Comput., 4(3):405–425, 1994.

[12] D. Krob. Some consequences of a Fatou property of the tropical semiring.

J. Pure Appl. Algebra, 93(3):231–249, 1994.

[13] D. Krob. Some automata-theoretic aspects of Min-Max-Plus semirings.

Chapter in [3], 1998.

[14] H. Leung. On the topological structure of a finitely generated semigroup of matrices. Semigroup Forum, 37:273–287, 1988.

[15] H. Leung. The topological approach to the limitedness problem on distance automata. Chapter in [3], 1998.

[16] J.-E. Pin. Rational and recognizable langages. In Ricciardi, editor, Lectures in applied mathematics and informatics, pages 62–106. Manchester University Press, 1990.

[17] J.-E. Pin. Tropical semirings. Chapter in [3], 1998.

[18] I. Simon. Recognizable sets with multiplicities in the tropical semiring. In M. Chytil, L. Janiga, and V. Koubek, editors, Mathematical foundations of computer science, volume 324 of Lecture Notes in Comput. Sci., pages 107–120, Berlin, 1988. Springer.

[19] I. Simon. Properties of factorization forests. In Formal properties of finite automata and applications, volume 386 of Lecture Notes in Comput. Sci., pages 65–72, Berlin, 1989. Springer.

[20] I. Simon. Factorization forests of finite height. Theoretical Comput. Sci., 72:65–94, 1990.

[21] I. Simon. The nondeterministic complexity of a finite automaton. In M. Lothaire, editor, Mots - mélanges offerts à M.P. Schützenberger, pages 384–400. Hermes, Paris, 1990.

[22] I. Simon. A short proof of the factorization forest theorem. In M. Nivat and A. Podelski, editors, Tree automata and languages, volume 10 of Stud. Comput. Sci. Artif. Intell., pages 433–438. North-Holland, Amsterdam, 1990.

[23] I. Simon. The product of rational languages. In A. Lingas, R. Karlsson, and S. Carlsson, editors, Automata, languages and programming, number 700 in Lecture Notes in Comput. Sci., pages 430–444, Berlin, 1993. Springer.

[24] I. Simon. On semigroups of matrices over the tropical semiring. RAIRO Inform. Théor. Appl., 28(3-4):277–294, 1994.

[25] A. Weber. Exponential upper and lower bounds for the order of a regular language. Theoret. Comput. Sci., 134(1):253–262, 1992.

[26] A. Weber. Finite-valued distance automata. Theoret. Comput. Sci., 134(1):225–251, 1992.

[27] A. Weber. Distance automata having large finite distance or finite ambiguity. Math. Systems Theory, 26(2):169–185, 1993.

[28] H. Yoo and K. Hashiguchi. Extended automata-like regular expressions of star degree at most (2; 1). Theoret. Comput. Sci., 88(2):351–363, 1991.

[29] H. Yoo and K. Hashiguchi. Extended regular expressions of arbitrary star degrees. Theoret. Comput. Sci., 97(2):217–231, 1992.