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AIST Vos

Wha"' is A'ST? http://www.aist.go. jp

AIST: National Institute founded in 2001 by uniting

14 research organizations and 2 others. Currently
we have 9 research bases in Japan, with more than
8000 researchers (including 2000 tenure).

AIST Hokkaido SR —
AIST Tohoku

AIST Tsukuba

AIST Kansai
AIST Shikoku

% NAIST, JAIST: Universities for graduate students
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TATA (1997)

Exercise 13. Let F ={f(,).a,b}.
L.

Let us consider the set of ground terms L defined by the following two condi- i&:t‘ac)mata
tions: Techniques and
Applications
e f(a,b) €Ly,
HuBERT COMON Max DAUCHET REMI GILLERON
e 1€ L= f(a, f(t,b)) € L1. B T,

Prove that the set L1 is recognizable.

Prove that the set
(respectively |t|s)

Q1. AC(L) : regular if L is regular ?

Let L be a recognizable tr - F  Tet 118 aninnnee that f is o

commutative symbol. Let
of equations C' = { f(z,y)

Let L be a recognizable tree language over ¢ that f is a com-
mutative and associative symbol. Let congruence closure of set L
for the set of equations AC = x); flz, fly,z)) = f(f(z,y),z)}.
Prove that in general AC not 1‘er:<:rgmz'1b1 .

Let L be a recognizable tree language over F. Let us suppose that f i1s an
associative symbol. Let A(L) be the congruence closure of set L for the set of
equations A = {f(z, f(v,z)) = f(f(z,y),z)}. Prove that in general A(L) is not
recognizable.
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“AC” does not preserve regularity

Q1. AC(L) : regular iflL is regular?

Al. No.
Cf. commutative closure of CFL is not CFL.

Q2. A(L) : regular ifL is regular?
A2. No, but it ‘s not trivial ...

Remark

There was no general framework for dealing with
equational closure of tree languages.
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Tree automata as ground TRS

'F(plo P ) pn) - |

derivation modulo AC modulo AC

{Trees with accepted } PN { Accepied trees }

@ Equational rewriting
= equational reasoning + term rewriting

v
= equational reasoning + transition

Equational tree automata
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Equational Tree Automata

A=((F.E). Q, Qa, T)

TN

signature
equations
states
final states

+ransition rules

—_— — ——
T

E E
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September 2001

nnnnnnnn LCSLOL
Equational Tree Automata for e ar o
Associative and Commutative Theories i

Hitoshi Ohsaki 1 = S

nnnnnnnnnnnnnnn

CSL’ 01 (organized by LSV) in Paris -

1. (Commutation Lemma)
L(A/=e) = L(A)/=e ifEislinear

2 days before my talk

2. (Monotone Rules)
f(pl. e pn) -> 'f(tﬂ. T Qn)

3. Closedness under Union & Intersection, etc.
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Tree Automata Modulo (2002-2003)

- Presburger Tree Automata
(Seidl et al. )

Tree automata for XML database

« Multi-tree Automata
(Dal Zilio & Lugiez)

AC tree automata = Presburger tree automata

- Two-way Alternating AC Tree Automata
(Verma)

L(A/=e) = L(A)/=e -SfEislinear—
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Project ETA

Tohoku Univ (Sendai) NAIST(Nara)

Theory

Naoki Kobayashi

Jean-Marc Talbot

Nl

Yves Roos

Implementation

ENS de Cachan (Paris) Univ of Illinois (Urbana-Champaign) N("e""')

Ralf Treinen
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Software Development

) Ceta: A Library for Equational Tree Automata — Mozilla Firefox [AEE
D) REE #RY REE S v-uD AldH
@ - tar | L) | http/Fformales uiuc edu/cetal -1 G- 5

Ceta: A Library for Equational Tree Automata

Summary

Ceta is a library for reasoning about combinations of equational tree languages. It supports emptiness testing of tree languages definable
by a boolean combination of regular tree automaton over an equational theory containing operators that are associative and/or
commutative with identity symbols. Ceta is based on propositional tree automata, and offers algorithms and datastructures for
representing tree automata, combining tree automata using boolean operations, and testing emptiness.
=

Ceta is currently being used in the Maude Sufficient Completeness
checker, and ACTAS a reachability analysis tool. Using Ceta, ACTAS has
been able to verify the security of the Diffie-Hellman key-exchange
protoco” and Shamir's three-path protocol without approximation
techniques.

Ceta is being developed at the University of Illinois at Urbana-Champaign
in the United States as part of a joint project with National Institute of
Advanced Industrial Science and Technology in Japan. The primary
software developer is Joe Hendrix with significant support from José
Meseguer of UIUC and Hitoshi Ohsaki of AIST.

The project is currently in active development, and a number of key
planned features have not yet been implemented. An alpha version is now
available which supports combining equational tree automata and testing
emptiness of automaton that are associative, commutative, and free. We s W
do not yet support support rules with constraints, but that is planned for a
future release. Ceta is available under the GPL license.

News

Feb. 4, 2007 ’
Released Alpha 4. This release should significantly improve the performance of the emptiness test with AC symbols, and adds support ¥
for membership. Joe Hendrix

Download

The source code for Ceta is now available as a gzipped tar file. Building Ceta requires the followig be installed:

e A C++ compiler (gcc 3.3 or later recommended)

ACTAS(reachability analysis tool) and CETA
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1+3 Frameworks in Research

B

PTA M . oong ETA TAN
o Q (TA with Normalization)
4

T
gl " 1]
v

FIHERRN. w
b drid oy

Wik

(Propositional TA)
b A e

e
&

\'8&
&&

(Regular) Equational Tree Automata

TR FE e T Fa S AT P



AIST

Monotone AC Tree Automata
f(p1.....pn) > aq

P —>dq

f(p1,.... pn) = f(q1.... .qn) [monotone]

 regular]

' epsilon]

monotone AC-TA

. m A om M
Petri-nets -1 A}

te L7 PSPACE-complete EXPSPACE-hard
L=g7 EXPSPACE-hard (7) (decidable)
( v : positive — : negative )
closed under U v v
closed under N v v

closed under ()¢
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... for Non-linear Arithmetic

decidable

/ Monotone AC 1ree automata

undecidable

i
Monotone 4 _ ™\
exponential Diophantine arithmetic . Diophantine

- - : arithmetic
M = E(&Fn) = L(Fn) | C (Presburgerformula) | M Vv M | M A M
E@n) = a | a; | E(&n) + E&Fn) | EW@n) x E(Zn) | E(;FH)E(‘F”) \ /
\\ N —
X
ajx > y -\;;-J'.I'.r.-:":“'-n. [ AT B T e S T :'_.--.!:
bt
Every formulain is definable by
F
monotone AC +ree automata

RTA’08 Best Paper Award
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Open Questions

1. Universality problem of monotone AC-TA

D The emptiness is decidable, but the inclusion is not.

D The questionisin RTA Open Question List (#101).

2. The class of monotone AC-TAis
closed under projection?

D Or, every Petri-net definable language is definable by
monotone AC 1ree automata?

\yfmp-ﬁness problem of AC(L) N NF(£(x,x)—>x)

Solved @ Decidable (Hendrix&0Ohsaki RTA '08)
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Tree Automata with f(x,x)=x

ETA

Tree automata modulo f(x,x) = x axiom
are not closed under complement

TAN

Tree automata with f(x,x) > x normalization
are closed under complement

- X =
Moreover, this class of tree languages

is closed under all Boolean operations,
R and the emptiness problem is decidable. g
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Lecture note on Tree Language Theory

10 lectures from basics to advanced topics

© Lecturenote

AC','iVi','ies . Introduction to tree lang

These lectures will provide an About "Introduction to Tree Language Theory"

General information

contained manner. Topics of t

[ ]
semlnar +a|ks This lecture course will provide an introduction to the tree language theory in a

as well as the foundations of fo self-contained manner. The course consists of 10 lectures. The first & lectures

° (] ; review the introductory topics: tree automata, term rewriting. and the basics of
a.'- l ‘ : 'llanIS algebras. Advanced topics co ! tory top fm rewriting - ;
'y formal languages including autornata, computability, complexity, and linear
from equational tree automata algebras. Each lecture can be useful for undergraduate or graduate students in

( Oc+0ber 2007 ) B Charactarization af aaeh Trami learning or reviewing tree automata and the background. The remaining 5 lectures

explain advanced topics, equational tree automata (ETA) and the further extensions
of the closure properties and d4 fromn propositional tree automata (PTA) to tree autornata with normalization (TAN)
The characterization of each tree automata framework can be studied through the

discussion of the decidability and closure properties
LGC+ure course Contents Those who are interested in technical details, omitted proofs or open questions, are

recommeded to refer to our papers. When you find errors in the text or have

1. Words suggestions for betterment, kindly ask you to contact the author
at Track(B), 4+h ISR
2. Grammar Download
(June 2009)- 3. Tree automata Latest draft- book-20080901 pdf
4. Modulo axioms List of contents
5. P. NP & PSPACE Section 1: Waords (and Monadic Second-Order Logic as an advanced topic)
' Section 2: Grammar
* Section 1 includes “Second- Section 3: Trees

Draft available: i e

Turing Machine
Section 6: P_and NP

Section 7: Parikh's theorem

http://staff.aist.go.jp/hitoshi.ohsaki/lecturenote.html
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International School on Rewriting (ISR)

Frogram Tlotudary, 2206,/2009 Tiaeedwry, 2306/200 Wled, 24.06,/2009 Thomrediy, 25062

08300 09:00h Regimtion Tratitenal andlnon Trafiieral Typel T Tree AU"'Oma"'a

0300k - 09 30h P E 34 Fai I; 3

09:30h - 1000k
10:00h - 1030k
10:30h - 1100k
11:00h - 1130k
11:30h -12:00h
12:00h - 1400k
14:00h - 1430k
14:30h - 1500k
15:00h - 1530k
15 30h - 1600

FreT E—rr—
17:00h - 1730k

17:30h - 100k

Track(B)

Lecturers of ISR 'Oj. Track(A)

Franz Baader (Dresden)

Bernhard Gramlich (Wein) Aart Middeldorp (Innsbruck)
Fairouz Kamareddine (Edinburgh) Hitoshi OhsakKi (Osaka)

Delia Kesner (Paris) Luca Paolini (Torino)
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Past ——> Present...

[
Collaborative Research
with Companies

\
(PA) >
(SAT) >

L (Model checking) > [> i9)
— ENS Cachan >
Research Partners
uiuc >

p

NAIST >

LIFL

RTA0
| | |

Young Researcher Award

Tohoku >

Best Paper Award
| |

2001 2003 2005

2007

>
2009
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Three Research Typesin = AIST

Product Realization

Research
Spin-Out
Analysis & Svnthesis &
Formalization Evolution

R Q Q@ Q Q

Rewriting Complexityg«
Automata R

Technology Transfer
10 Industry

Education

Tvype2
Basic Research

Typel
Basic Research
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Collapsing Fact &Value Dichotomy

(Hilary Putnam, 2002)
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AIST Journal ‘Synthesiology”
Svnthesiology = ‘synthesis” + "-ology (disciplines)

MW — e

Synthesiology The Aim of Launching “Synthesiology”

... Technology integration research (Type 2
Basic Research) activities have been kept as
personal know-how. They have not been
formalized as universal knowledge of what
ought to be done. ... Each paper in this journal
will present scenarios selected for their social
value, identify elemental knowledge and/or
technologies to be integrated, and describe the
procedures and processes to achieve this goal.
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More about ‘Synthesiology’

http://www.aist.go. jp/synthesiology/

Anvyone can submit aricles.

Articles (PDF files) are available:

Cf. On the Launch of “Synthesiology’:
Discussion with Japanese Researchers at UIUC

Ohsaki (AIST) & Sato (Hosei Univ)
Editorial, Synthesiology 1(3). pp. 222-228 (2008)
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Any question or comment is welcome:

ohsaki@ni.aist.go. jp

Copyright © 2008 Hitoshi Ohsaki

National Institute of Advanced Industrial Science and Technology
Office: AIST Kansai — Senri site (MSK bidg. 5th floor)

Address: Shin-Senri Nishi 1-2-14, Toyonaka, Osaka 560-0083, Japan
URL: http://staff.aist.go.jp/hitoshi.ohsaki/

All rights reserved. No part of this lecture material may be reproduced
without the prior consent of the author.
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