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WFZERC R OEE (Fn30) : [FRHIACY V —A4— kb~ K v (regular AC-tree automata) DIESEE
(leaf-languages) Z FH 3 5 [FHI A[#L 30 (commutative regular grammar) . BRIEENHIFIE
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WFIEE R OBEE (J£30) : Equational tree automata and the applications have been developed
since 2001 when Ohsaki proposed this theory. The automated verification based on
equational tree automata, ACTAS (http://staff.aist.go.jp/hitoshi.ohsaki/actas/), can be
applied to the analysis of cryptographic protocols, XML schema and programming
languages. The leaf-languages of regular AC tree automata are known as expressive as
non-negative linear arithmetic constrains and semi-linear sets. We studied in this research
program a new class of commutative grammar which can be the counterpart of “integer”
linear arithmetic constraints, and thus of vector-addition systems. First we introduce the
notion of “inverse” over (commutative) languages, more precisely, we define “commutative
rKleene algebra” by introducing new operator 7 and 6 new axioms. The algebra admits
Boolean operations together with inverse operation. This result is obtained from the
observation that Hopkins and Kozen approach (1999) can be naturally extended to the
commutative rKleene algebra. This implies that (1) commutative 7regular grammar is as
expressive as commutative ;-context-free grammar, and thus (2) commutative rregular
grammar is the counterpart of integer linear arithmetic.

In addition to the above-mentioned research activity, we contributed for familiarizing our
equational tree automata to young researchers in Japan and overseas.
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