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Preface

These proceedings contain the revised versions of the papers presented at the 5th
International Workshop of Finite-State Methods and Natural Language Process-
ing, FSMNLP 2005. The book includes also the extended abstracts of a number
of poster papers and software demos accepted to this conference-like workshop.

FSMNLP 2005 was held in Helsinki, Finland, on September 1-2, 2005. The
event was the fifth instance in the series of FSMNLP workshops, and the first that
was arranged as a stand-alone event, with two satellite events of its own: the Two-
Level Morphology Day (TWOLDAY) and a national workshop on Automata,
Words and Logic (AWL). The earlier FSMNLP workshops have been mainly
arranged in conjunction with a bigger event such as an ECAI, ESSLLI or EACL
workshop, and this practice may still be favored in the future.

The collocation of the three events promoted a multidisciplinary atmosphere.
For this reason, the focus of FSMNLP 2005 covered a variety of topics related
but not restricted to finite-state methods in natural language processing.

The 24 regular papers and 7 poster papers were selected from 50 submissions
to the workshop. Each submitted regular paper was evaluated by at least three
Program Committee members, with the help of external referees. In addition
to the submitted papers and two invited lectures, six software demos were pre-
sented. The authors of the papers and extended abstracts come from Canada,
Denmark, Finland, France, Germany, India, Ireland, Israel, Japan, The Nether-
lands, Norway, Spain, South Africa, Sweden, Turkey, and the USA.

It is a pleasure to thank the members of the Program Committee and the
external referees for reviewing the papers and maintaining the high standard
of the FSMNLP workshops. Naturally, we owe many thanks to every single
conference participant for his or her contributions to the conference and for
making FSMNLP 2005 a successful scientific event.

FSMNLP 2005 was co-organized by the Department of General Linguistics
at the University of Helsinki (host) and CSC, the Finnish IT center for science
(co-ordination). We thank the members of the Steering Committees for their
kind support in the early stage of the project and Antti Arppe, Sari Hyvéarinen
and Hanna Westerlund for helping with the local arrangements. Last but not
least, we thank the conference sponsors for their financial support.

August 2005 A. Yli-Jyra
L. Karttunen
J. Karhumaki



Organization

FSMNLP 2005 was organized by the Department of General Linguistics, Uni-
versity of Helsinki in cooperation with CSC, the Finnish IT center for science.

Invited Speakers

Tero Harju
Lauri Karttunen

Program Committee

Steven Bird

Francisco Casacuberta
Jean-Marc Champarnaud
Jan Daciuk

Jason Eisner

Tero Harju

Arvi Hurskainen

Juhani Karhumaki, Co-chair
Lauri Karttunen, Co-chair
André Kempe

George Anton Kiraz
Andrés Kornai

D. Terence Langendoen
Eric Laporte

Mike Maxwell

Mark-Jan Nederhof
Gertjan van Noord
Kemal Oflazer

Jean-Eric Pin

James Rogers

Giorgio Satta

Jacques Sakarovitch
Richard Sproat

Nathan Vaillette
Atro Voutilainen
Bruce W. Watson
Shuly Wintner

University of Turku, Finland
Palo Alto Research Center,
Stanford University, USA

University of Melbourne, Australia

Universitat Politécnica de Valencia, Spain

Université de Rouen, France

Gdansk University of Technology, Poland

Johns Hopkins University, USA

University of Turku, Finland

TAAS, University of Helsinki, Finland

University of Turku, Finland

PARC and Stanford University, USA

Xerox Research Centre Europe, France

Beth Mardutho: The Syriac Institute, USA

Budapest Institute of Technology, Hungary

University of Arizona, USA

Université de Marne-la-Vallée, France

Linguistic Data Consortium, USA

University of Groningen, The Netherlands

University of Groningen, The Netherlands

Sabanci University, Turkey

CNRS/University Paris 7, France

Earlham College, USA

University of Padua, Italy

CNRS/ENST, France

University of Illinois at Urbana-Champaign,
USA

University of Tiibingen, Germany

Connexor Oy, Finland

University of Pretoria, South Africa

University of Haifa, Israel



VIII Organization

Sheng Yu
Lynette van Zijl

University of Western Ontario, Canada
Stellenbosch University, South Africa

Organizing Committee

Anssi Yli-Jyra, Chair
Hanna-Maria Westerlund
Sari Hyvarinen

Antti Arppe

University of Helsinki and CSC, Finland
University of Helsinki, Finland
University of Helsinki, Finland
University of Helsinki, Finland

Steering Committee I (FSMNLP Traditions)

Lauri Karttunen
Kimmo Koskenniemi
Gertjan van Noord
Kemal Oflazer

PARC and Stanford University, USA
University of Helsinki, Finland

University of Groningen, The Netherlands
Sabanci University, Turkey

Steering Committee II (Local Advisory Group)

Lauri Carlson
Tero Harju
Lauri Hella
Arvi Hurskainen
Fred Karlsson
Krista Lagus

Kerkko Luosto
Matti Nykénen

Additional Referees

Rafael C. Carrasco
Loek Cleophas

Yvon Francois
Ernest Ketcha Ngassam

Ines Klimann
Sylvain Lombardy
David Pic6-Vila
Enrique Vidal
Juan Miguel Vilar
M. Inés Torres
Anssi Yli-Jyra

University of Helsinki, Finland
University of Turku, Finland
University of Tampere, Finland
University of Helsinki, Finland
University of Helsinki, Finland
Helsinki University of Technology,
Finland

University of Helsinki, Finland
University of Helsinki, Finland

Universitat d’Alacant, Spain
Technische Universiteit Eindhoven,
The Netherlands
GET/ENST and LTCI, France
University of South Africa and
University of Pretoria, South Africa
Universite Paris 7, France
Universite Paris 7, France
Universidad Politécnica de Valencia, Spain
Universidad Politécnica de Valencia, Spain
Universitat Jaume I, Spain
Universidad Pais Vasco, Spain
University of Helsinki and CSC, Finland



Organization IX

Sponsoring Institutions

CSC - Scientific Computing Ltd., Finland
University of Helsinki, Finland

The KIT Network, Finland

Academy of Finland

Connexor Ltd., Finland

Lingsoft Ltd., Finland

—— S

cscC n

x|

[ Jr

<COI‘|I‘IEXOI‘




Table of Contents

Invited Lectures

Characterizations of Regularity
Te10 HUTT . o misvoiiisomsd3 68550 oimi 583 0ianitissiasski@ssnins

Finnish Optimality-Theoretic Prosody
Lauri Karttumen . ... .. .o ettt e

Contributed Papers

Partitioning Multitape Transducers
Frangois Barth€lemy . ....... ... e

Squeezing the Infinite into the Finite: Handling the OT Candidate Set
with Finite State Technology
Tamads BiTo . ... ..o e

A Novel Approach to Computer-Assisted Translation Based

on Finite-State Transducers
Jorge Civera, Juan M. Vilar, Elsa Cubel, Antonio L. Lagarda,
Sergio Barrachina, Francisco Casacuberta, Enriqgue Vidal ...........

Finite-State Registered Automata and Their Uses in Natural Languages
Yael Cohen-Sygal, Shuly Wintner . ........... . ... i,

TAGH: A Complete Morphology for German Based on Weighted Finite
State Automata
Alexander Geyken, Thomas Hanneforth .. .........................

Klex: A Finite-State Transducer Lexicon of Korean
Na-Rae Han .. ... ... e e e e e e

Longest-Match Pattern Matching with Weighted Finite State Automata
Thomas Hanneforth ... ... ... et ee e

Finite-State Syllabification
Mans Huldem s ; wonsiws cosmanmins: i5iniasi Miasimssaimaininasmsinss

Algorithms for Minimum Risk Chunking
Martin Jansche . ... ...



XII Table of Contents

Collapsing e-Loops in Weighted Finite-State Machines
J. Howard JORMSOM ... .. o e e

WFSM Auto-intersection and Join Algorithms
André Kempe, Jean-Marc Champarnaud, F. Guingne,
Florent Nicart ws sssms sssmeimsgs sosms smrms s0 5B asugs @y aprmeges

Further Results on Syntactic Ambiguity of Internal Contextual
Grammars
Lakshmanan KuppusSQmy . .. .. ...t eae e

Error-Driven Learning with Bracketing Constraints
Takashi Miyata, Koéiti Hasida . ........... ... ...

Parsing with Lexicalized Probabilistic Recursive Transition Networks
Alexis Nasr, OQwen Rambow ... .......oouinuinunneannenan.

Integrating a POS Tagger and a Chunker Implemented as Weighted
Finite State Machines
Alexis Nasr, Alezandra Volanschi ............ . ... oo,

Modelling the Semantics of Calendar Expressions as Extended Regular
Expressions
Jyrki Niema, Lauri Carlson ....:cvivenssossssvsnssysmssgenssnses

Using Finite State Technology in a Tool for Linguistic Exploration
Kemal Oflazer, Mehmet Dinger Erbas, Mige Erdogmus . ............

Applying a Finite Automata Acquisition Algorithm to Named Entity
Recognition
Muntsa Padrd, Lluis Padro .............o.uiiiiiiinaineneaann..

Principles, Implementation Strategies, and Evaluation of a Corpus
Query System
Ulrik Petersen ... ..ottt ettt et et ettt

On Compact Storage Models for Gazetteers
Jakub Piskorski . ... ...

German Compound Analysis with wfsc
Anme Schiller .. .. ... e

Scaling an Irish FST Morphology Engine for Use on Unrestricted Text
Elaine Ui Dhonnchadha, Josef Van Genabith ......................



Table of Contents XIII
Improving Inter-level Communication in Cascaded Finite-State Partial
Parsers

Sebastian van Delden, Fernando Gomez ...................coooo.. 259

Pivotal Synchronization Languages: A Framework for Alignments
Ansst Yli-Jyrd, Jyrki NIEME .xc:osnssnsnusnsasesssnsmmmsnsssssas 271

Abstracts of Interactive Presentations

A Complete FS Model for Amharic Morphographemics

Saba Amsalu, Dafydd Gibbon . ....... ... .. i 283
Tagging with Delayed Disambiguation

José M. Castano, James Pustejovsky .. ............ccoiiiienon... 285
A New Algorithm for Unsupervised Induction of Concatenative
Morphology

Harald Hammarstrom ... .......oou oottt eaens 288

Morphological Parsing of Tone: An Experiment with Two-Level
Morphology on the Ha Language
Lotta Harjula . . . .. ..o s 290

Describing Verbs in Disjoining Writing Systems
Arvi Hurskainen, Louis Louwrens, George Poulos .................. 292

An FST Grammar for Verb Chain Transfer in a Spanish-Basque MT
System
Inaki Alegria, Arantza Diaz de Ilarraza, Gorka Labaka,
Mikel Lersundi, Aingeru Mayor, Kepa Sarasola . ................... 295

Finite State Transducers Based on k-TSS Grammars for Speech
Translation
Alicicial Pérez, F. Casacuberta, Inés Torre, V. Guijarrubia ......... 297

Abstracts of Software Demos

Unsupervised Morphology Induction Using Morfessor
Mathias Creutz, Krista Lagus, Sami Virpioja . ..................... 300

SProUT — A General-Purpose NLP Framework Integrating Finite-State
and Unification-Based Grammar Formalisms
Witold Drozdzyriski, Hans-Ulrich Krieger, Jakub Piskorsksi,
Ulrich Schifer . ..o cussissisisninisiins @aesimosms@ainimse s 302



X1V Table of Contents

Tool Demonstration: Functional Morphology
Markus Forsberg, Aarne Ranta ..............coiiiiiiiiiiinnn..

From Xerox to Aspell: A First Prototype of a North Sdmi Speller Based
on TWOL Technology

Borre Gaup, Sjur Moshagen, Thomas Omma, Maaren Palismaa,
Tomi Pieski, Trond Trosterud ............. ... iiuiiiiiiennnnnnn.

A Programming Language for Finite State Transducers
Helmut Schmid ... ... e e

FIRE Station
Bruce WalsSon s::osnsivins imisassssssassasmisi svsseiss@bsssassd

Author Index . ... .. .



Characterizations of Regularity

Tero Harju

Department of Mathematics, University of Turku, Finland

Abstract. Regular languages have many different characterizations in
terms of automata, congruences, semigroups etc. We have a look at
some more recent results, obtained mostly during the last two decades,
namely characterizations using morphic compositions, equality sets and
well orderings.

1 Introduction

We do not intend to give a full survey on regular languages but rather a short
overview of some of the topics that have surfaced during the last two decades.

Customarily regular languages are defined either as languages accepted by
finite automata, represented by regular expressions, or generated by right linear
grammars. The most common approach is by acceptance using deterministic
finite automata, or a DFA for short. A DFA can be described as a ‘concrete
machine’ with a read-only input tape from which the head of the automaton
reads one square at a time from the left end to the right end. A DFA A can be
conveniently presented as a 5-tuple

A= (Q7A16aq07F)7

where @ is the set of initial states, A is the alphabet of the inputs, and the
transition function §: Q x A — @ describes the action of A such that §(g,a) = p
means that while reading the symbol a in state g, the automaton changes to
state p and starts consuming the next input symbol. The state g is the initial
state of A, and F' C Q is the set of its final states. The action of the automaton
A is often written in the form ga = p instead of 6(¢q,a) = p. The transition
function § extends to words by setting 6(g, wa) = 6(6(¢q, w),a). Thus for each
word w, 6(q,w) is the state where the automaton enters when started in the
state ¢ and after exhausting w. If w = ¢, the empty word, then 6(q,e) = ¢ for
all states gq.

More pictorially a finite automaton can be described as a directed graph,
where nodes represent the states of the automaton and each labelled edge ¢ — p
corresponds to the transition 6(g, a) = p. Then §(g, w) is the state that is reached
from g by traversing the edges labelled by the letters of w.

A language L C A is regular if it is accepted by a DFA, L = L(.A), where

L(A) ={w € A* | §(qo,w) € F}.

A. Yli-Jyra, L. Karttunen, and J. Karhumaki (Eds.): FSMNLP 2005, LNAI 4002, pp. 1-8, 2006.
© Springer-Verlag Berlin Heidelberg 2006



2 T. Harju

The family of regular languages is a neat family in the sense that it is closed
under many natural operations of languages: if L and K are regular languages,
then so are

- LUK, LNK, L\ K, catenation L - K, Kleene closures L* and L*, shuffle
KsL, quotients L™'K and LK !, complement A*\ L, morphic (and the in-
verse morphic) images k(L) (and h=1(L)), as well as the reversal L (mirror
image).

This list could be continued much further.

Instead of deterministic finite automata one can also employ other finite mod-
els of automata for regular languages. For instance, a language L is regular if
it is accepted by a nondeterministic FA where the transitions are given by a
relation instead of a function.

We can extend the transition function (or relation) in several ways, say by
attaching conditions to the transitions that change the design of the states. As
an example, each state can have a sign, + or —, and the transitions can depend
on the signs and change them.

Also, one can expand the way how finite automata accept words. An alter-
nating finite automaton is a nondeterministic FA where the states are divided
into existential and universal states, and acceptance depends on the global tree
of behaviour.

By allowing finite automata to read the input word both to the left and right
does not influence the family of accepted languages, i.e., a 2-way FA accepts
only regular languages.

Decision problems for regular languages are, as a rule, decidable. However,
many algorithmic problems are hard for them. For instance, one can prove that
the problem of finding a nondeterministic finite automaton with the smallest
number of states accepting a regular language L is truly hard. The problem is
PSPACE-complete.

The syntactic characterizations of regular languages are originally due to
Myhill [1] and Nerode [2] as well as to Rabin and Scott [3] at the end of the 1950s.
These characterizations follow from analyzing the behaviour and structures of
finite automata.

For a language L C A* define the relation ~ by

u~pv <= u L=v"1L,

where u™'L = {w | uw € L}. This relation is an equivalence relation on A*, and
thus A* is divided into equivalence classes w.r.t. ~,.

Theorem 1. A language L is regular if and only if ~r is of finite indez, i.e.,
there are only finitely many equivalence classes w.r.t. ~y,.

The idea behind Theorem 1 is that the set u™! L corresponds to the state 6(qo, u)
of the DFA accepting L. As an example, consider the language L = {a"b™ | n >
0} which is well known to be nonregular. We notice that the sets u; 'L are all
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different for the words u; = a?, i > 1. Since there are infinitely many sets u='L,
we deduce that, indeed, the language L is not regular.
Let
uSpv: zTuy€L < zvy€ L

be the syntactic congruence of L C A*.

Theorem 2. A language L is regular if and only if the syntactic congruence of
L has finite index.

Using syntactic congruences one can study the fine structure of regular languages
more deeply. This approach leads to algebraic theory of regular languages. For
instance, Schiitzenberger [4] showed that a language L is star-free if and only if
its syntactic monoid is aperiodic, i.e., contains only trivial subgroups. Here we
say that L is star-free if it can be represented by a generalized regular expression
allowing complementation L€ but disallowing stars *. For instance, A* = (¢, and

(ab)* = 1+ aB° N 0% N (0°aal®)° N (0°bb0°)°.

We also state an algebraic characterization of regular languages that is related
to syntactic congruences.

Theorem 3. A language L is regular if and only if it is recognized by a finite
monoid M, i.e., there is a finite monoid M such that F C M and

L=y Y(F)
for a monoid morphism ¢: A* — M onto M.
We can restate this theorem as follows:

Theorem 4. A language L is regular if and only if there exists a finite monoid
M such that

L=y 'p(L)
for a monoid morphism p: A* — M.

Regular languages can also be described by matrices. The following theorem is
due to Schiitzenberger.

Theorem 5. For each regular language L, there are 0, 1-vectors u and v, and a
matrizc M (of finite sets) such that

L =uT"M*v.

Regular languages have had connections to logic since the studied made by
Biichi [6], Elgot [7], and McNaughton and Papert [5].

Theorem 6. A language L is regular if and only if L definable in the monadic
second order logic (which allows comparisons of positions of letters in words and
quantifiers over sets of positions).
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2 Morphic Characterizations

The topic of morphic characterizations of regular languages was was initiated
by Culik, Fich, and Salomaa [8] in 1982, and it was continued by several people
during the following years.

Recall that a mapping h: A* — B* is a morphism if

h(uv) = h(u)h(v)
for all words u,v. The inverse morphism is the many-valued mapping
R~ () = {u| h(u) = v}.

In the theorems that follow the morphisms h;, for i = 1,2,..., are between
suitable alphabets. Culik, Fich, and Salomaa [8] proved that

Theorem 7. A language L is regular if and only if there are morphisms h; such
that

L = hyh3 haoh] ' (a™b).
This result was improved by Latteux and Leguy[9] in 1983:

Theorem 8. A language L is regular if and only if there are morphisms h; such
that

L = hzhy'hy(a*b).

We shall sketch the idea behind the proof of this theorem.

In the other direction the claim follows from the fact that regular languages
are closed under taking morphic images and inverse morphic images, and the
starting language a*b in Theorem 8 is certainly regular.

Let then L be a regular language and let A be a DFA accepting L. Assume
that the states of A are

Q = {QOaQIa~-~,(Im},
where qp is the initial state. Let
I'= {IQiyxr q]] I 6(‘11’:5) = Qj}

be an alphabet that encodes the transitions of A, and let a,b and d be three
special symbols. Define our first morphism h;: {a,b} — {a,b,d}* by

hi(a) =ad™ and hi(b) =bd™,

Hence hq(a™b) = (ad™)™ - bd™ for each power n.
Let then hg: I'* — {a,b,d}* be defined by

diad™i  if j £m,

ha(las, @, ai]) = {dibdm i § = m
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Hence
u € hy 'hi(a™b) <= wu codes the accepting computation of A of aias. .. axn.
Finally, let hg: I'* — A* be defined by

h3([q717p]) =T

Then L(A) = hahy 'hi(a*b).
Even a simpler variant was shown to hold by Latteux and Leguy [9]:

Theorem 9. A language L is regular if and only if there are morphisms h; such
that

L = h3'hoh{'(b).

The special case of regular star languages has especially appealing
characterization.

Theorem 10. For any language L, the language L* is regular if and only if
there ezists a (uniform) morphism h and a finite set F' of words such that

L* = h™1(F).
The morphic characterizations of regular languages extend partly to transduc-
tions, i.e., to many-valued mappings 7: A* — B* computed by finite transducers.
The following is due to Turakainen [10], Karhuméki and Linna [11].
Theorem 11. Let R be a given regular language. Then for all languages L,
LN R = hzhy hyu(L),

where p: A* — A*d is a marking defined by p(w) = wd for a special symbol d.
Latteux, Leguy, and Turakainen [9, 12] showed
Theorem 12. Each rational transductions has the forms

hahy'hohi 'y and hi'hshy'hip,
where p is a marking.

The following theorem of Harju and Kleijn [13] shows that there is no algorithm
to decide whether the marking p is needed.

Theorem 13. Iy is undecidable whether or not a transduction has a represen-
tation without endmarker p.
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3 Equality Sets

In the Post Correspondence Problem, PCP for short, the problem instances are
pairs (g, h) of morphisms g,h: A* — B*, and the problem asks to determine
whether there exists a nonempty word w such that g(w) = h(w). It was shown
by Post in 1947 that the PCP is undecidable in general, that is, there does not
exist an algorithm for its solution.

The set of all solutions of an instance g, h: A* — B* is called the equality set
of g and h. It is the set

E(g,h) = {w € A" | g(w) = h(w)}.

Choffrut and Karhumaéki [14] have shown that the equality set E(g, h) is reg-
ular for a special class of morphisms, called bounded delay morphisms. However,
for these morphisms the problem whether or not E(h,g) contains a nonempty
word remains undecidable! This means that there is no effective construction of
a finite automaton A accepting the regular language E(g, h) when the instance
g, h consisting of bounded delay morphisms is given.

A morphism h: A* — B* is called a prefiz morphism, if for all different letters
a,b € A, the image h(a) is not a prefix of the image h(b).

If A and B are alphabets such that A C B, then the morphism 74 : B* — A*,

defined by
i) = a ifa€A,
AV 7T Ve ifae B\ 4,

is the projection of B* onto A*.
The next result is due to Halava, Harju, and Latteux [15, 16].

Theorem 14. A star language L = L* C A* is regular if and only if
L =ma(E(g,h))

for prefix morphisms g, h and the projection w4 onto A*.

A morphism f: A* — B* is a coding, if it maps letters to letters.

Theorem 15. A star language L = L* C A* is regular if and only if
L = f(E(g,h))

for prefix morphisms g, h and a coding f.

4 Well Quasi-orders

A quasi-order p C X x X on a set X is a reflexive and transitive order relation:
zpy
zpr and = zpz.
B
Moreover, p is a well quasi-order, wqo for short, if every nonempty subset Y C X

has at least one minimal element but only finite number of (non-equivalent)
minimal elements. In the below instead of p we use < for an order relation.



