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Characterizations of Regularity

Tero Harju
Department of Mathematics, University of Turku, Finlan

Regular languages have many different characterizatiotesins of automata, con-
gruences, semigroupsc In this talk we have a look at the more recent result, ob-
tained during the last two decades, namely characterimatising morphic composi-
tions, equality sets and well ordered structures.

FSMNLP 2005 Zidmeeorieworanop



Finnish Optimality-Theoretic Prosody

Lauri Karttunen
Palo Alto Research Center, Stanford University, USA

A well-known phenomenon in Finnish prosody is the alteoratdbf binary and
ternary feet. In native Finnish words, the primary stredls fan the first syllable. Sec-
ondary stress generally falls on every second syllablei.rig).(té.li).(joi.ta) 'gym-
nasts’ creating a sequence of trochaic binary feet. Howeesondary stress skips a
light syllable that is followed by a heavy syllable. In (vdis.te).(lem.me) 'we are do-
ing gymnastics’, the first foot is ternary, a dactyl.

Within the context of Optimality Theory (OT, Prince and Seraky 1993), it has
been argued that prosodic phenomena are best explainedlris o¢ universal metric
constraints. OT constraints can be violated; no word casfgail of them. A language-
specific ranking of the constraints makes some violatioss ilmportant than others. In
her 1999 dissertation, A unified account of binary and tersaress, Nine Elenbaas
gives an analysis of Finnish in which the alternation betwiemary and ternary feet
follows as a side effect of the ordering of two particular staints, *Lapse and *(L.
H) The *Lapse constraint stipulates that an unstressedldglimust be adjacent to a
stressed syllable or to word edge. The *(L'. H) constraimtyibits feet such as (te.lem)
where a light stressed syllable is followed by a heavy usseé syllable. The latter
constraint of course is outranked by the constraint thatireg initial stress on the first
syllable in Finnish regardless of the its weight. In his 2@08cle on Finnish Noun
Inflection, Paul Kiparsky gives essentially the same actofithe binary/ternary al-
ternation except that he replaces the *(L'.H) rule by a mogaeagal StressToWeight
constraint.

Although OT constraints themselves can be expressed ie-Sitdtte terms, Opti-
mality Theory as a whole is not a finite-state model if it inxed unbounded count-
ing of constraint violations (Frank and Satta 1998). Witattlimitation OT analyses
can be modelled with finite-state tools. In this paper we giile a full computational
implementation of the Elenbaas and Kiparsky analyses ubmgxtended regular ex-
pression calculus from the 2003 Beesley & Karttunen book ioité=State Morphol-
ogy. Surprisingly, it turns out that Elenbaas and Kiparskyhbmake some incorrect
predictions. For example, according to their accounts advgoich as kalasteleminen
'fishing’ should begin with a ternary foot: (ka.las.te).(f#).nen. The correct footing is
(k&.las).(te.le).(mi.nen). There may of course be somiamgrof OT constraints under
which the binary/ternary alternation in Finnish comes ‘“fice”. It does not emerge
from the Elenbaas and Kiparsky analyses.

This case study illustrates a more general point: Optisnaliteory is computation-
ally difficult and OT theorists are much in the need of compail help.

FSMNLP 2005 Zidmeeeorieworanop



Partitioning Multitape Transducers

Frangois Barthélemy

CNAM-Cédric, 292 rue Saint-Martin, F-75003 Paris, France
and INRIA, domaine de Voluceau, F-78153 Rocquencourt cedience
bart he@nam fr

Abstract. In this paper, we define a class of transducers closed urtéeséttion

and complementation, which are the operations used foertrdl rule compila-

tion. This class of transducers is not theoretically monegréul than the Epsilon-
Free Letter Transducers most commonly used. But they are oamvenient for

morphological description whenever the correspondentvedss lexical and sur-
face forms is not a symbol-to-symbol matching.

A complete set of operations on transducers is defined,dirgtsome operations
(projection and join) which change the number of tapes ofrduesducers.

FS M N LP 200 A. YIli-Jyra, L. Karttunen, J. Karhuméaki (Eds.)
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Squeezing the Infinite into the Finite
Handling the OT Candidate Set with Finite State Technology

Tamas Bir6

Humanities Computing, University of Groningen
t.s.biro@ug.nl

Abstract. Finite State approaches to Optimality Theory have had tvedsgd he
earlier and less ambitious one was to compute the optimalubily compiling
a finite state automaton for each underlying representaliemver approaches
aimed at realizing the OT-systems as FS transducers mappiynginderlying
representation to the corresponding surface form. Aftéevéng why the second
one fails for most linguistically interesting cases, we itsédeas to accomplish
the first goal. Finally, we present how this approach couldidged in the future
as a—hopefully cognitively adequate—model of the mentatt.

FSMNLP 2005 Zidmeeorieworanop



A Novel Approach to Computer-Assisted Translation
based on Finite-State Transducers

Jorge Civerd, Juan M. Vila?, Elsa Cubel, Antonio L. Lagarda, Sergio Barrachira
Francisco Casacubettaand Enrique Viddl

! Departamento de Sistemas Informéticos y Computacion
Universitat Politecnica de Valencia
Instituto Tecnolégico de Informatica, E-46071 Valéncipa®
tt2iti@ti.upv.es
2 Departamento de Lenguajes y Sistemas Informéticos
Universitat Jaume |, E-12071 Castellon de la Plana, Spain

Abstract. Computer-Assisted Translation (CAT) is an alternativerapph to
Machine Translation, that integrates human expertiseth@automatic transla-
tion process. In this framework, a human translator intsradth a translation
system that dynamically offers a list of translations thegtbcompletes the part
of the sentence already translated. Stochastic finite-statsducer technology is
proposed to support this CAT system. The system was assessed real tasks
of different complexity in several languages.

* This work has been supported by the European Union undeiSthétogramme (IST-2001-
32091) and the Spanish project TIC2003-08681-C02.
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Finite State Registered Automata and their uses in
Natural languages

Yael Cohen-Sygal and Shuly Wintner

Department of Computer Science
University of Haifa
{yael c, shul y} @s. hai fa.ac.il

Abstract. We extendfinite state registered automai@SRA) to account for
medium-distance dependencies in natural languages. Wedpran extended
regular expression language whose expressions denotegriiiSRAs and use
it to describe some morphological and phonological phemam@®/e also define
several dedicated operators which support an easy anceaffionplementation
of some non-trivial morphological phenomena. In additior, extend FSRA to
finite-state registered transducessd demonstrate their space efficiency.

FSMNLP 2005 Zidmeeerieworanop



TAGH: A Complete Morphology for German based on
Weighted Finite State Automata

Alexander Geykehand Thomas Hanneforth

1 Berlin-Brandenburg Academy of Sciences
2 University of Potsdam

Abstract. TAGH is a system for automatic recognition of German wordrfer|t
is based on a stem lexicon with allomorphs and a concatenachanism for in-
flection and word formation. Weighted FSA and a cost funcéimused in order
to determine the correct segmentation of complex formsctheect segmenta-
tion for a given compound is supposed to be the one with tst test. TAGH is
based on a large stem lexicon of almost 80.000 stems thatawagiled within
5 years on the basis of large newspaper corpora and litezaty. tThe number
of analyzable word forms is increased considerably by mteaia 11000 different
rules for derivational and compositional word formatioh€eTrecognition rate of
TAGH is more than 99% for modern newspaper text and apprdri|n&8.5%
for literary texts.

FSMNLP 2005 lidmeeerieworanop



Klex: A Finite-State Transducer Lexicon of Korean

Na-Rae Han

Department of Linguistics, University of Pennsylvaniajl&itelphia, PA 19104, USA,
nrh@i ng. upenn. edu,
WWW home pageht t p: / / ww. ci s. upenn. edu/ ~nr h/ kl ex. ht m

Abstract. This paper describes the implementation and system defédlex, a

finite-state transducer lexicon for the Korean languagegldped using XRCE'’s
Xerox Finite State Tool (XFST). Klex is essentially a transelr network repre-
senting the lexicon of the Korean language with the lexit@hg on the upper
side and the inflected surface string on the lower side. Twjoma@plications for
Klex are morphological analysis and generation: given d-feeined inflected
lower string, a language-independent algorithm derivesuibper lexical string
from the network and vice versa. Klex was written to confoorthe part-of-
speech tagging standards of the Korean Treebank Projetts auirrently oper-
ating as the morphological analysis engine for the project.

FSMNLP 2005 Zidmeeerieworanop



Longest-Match Pattern Matching with Weighted Finite
State Automata

Thomas Hanneforth

Universitat Potsdam, Institut fur Linguistik, PF 601553415 Potsdam, Germany
tom@i ng. uni - pot sdam de

Abstract. | present a new method of longest match pattern matchingdbase
weighted finite state automata. Contrary to the approachaoftihen [1] we do
not need expensive complementation operations to constupattern matching
transducer.

References

1. Karttunen, L. Directed Replacement. In: Proceedinghef34rd Annual Meeting of the
ACL, Santa Cruz, CA, 1996.

FSMNLP 2005 Zidmeeeorieworanop



10

Finite-state syllabification

Mans Hulden

The University of Arizona
Department of Linguistics
PO BOX 210028
Tucson AZ, 85721-0028
USA
mhul den@nui | . ari zona. edu

Abstract. We explore general strategies for finite-state syllabificatind de-
scribe a specific implementation of a wide-coverage s¥ikbfor English, as
well as outline methods to implement differing ideas abbet English syllable
encountered in the phonological literature. The syllable ¢central phonological
unit to which many allophonic variations are sensitive. Hawvord is syllab-

ified is a non-trivial problem and reliable methods are useflcomputational

systems that deal with non-orthographic representatiblasguage, for instance
phonological research, text-to speech systems, and spesagnition.

FSMNLP 2005 Zidmeeeorieworanop
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Algorithms for Minimum Risk Chunking

Martin Jansche

Center for Computational Learning Systems
Columbia University, New York

Abstract. Stochastic finite automata are useful for identifying stbgs (chunks)
within larger units of text. Relevant applications includé&enization, base-NP
chunking, named entity recognition, and other informagatraction tasks. For
a given input string, a stochastic automaton representstzapility distribution
over strings of labels encoding the location of chunks. Fom&ing and extrac-
tion tasks, the quality of predictions is evaluated in teohprecision and recall
of the chunked/extracted phrases when compared againgt goli standard.
However, traditional methods for estimating the paransetéia stochastic finite
automaton and for decoding the best hypothesis do not patiath to the evalu-
ation criterion, which we take to be the well-knowhmeasure. We are interested
in methods that remedy this situation, both in training aadadling. Our main
result is a novel algorithm for efficiently evaluating expezt F-measure. We
present the algorithm and discuss its applications foityftilsk-based parameter
estimation and decoding.

FSMNLP 2005 Zidmeeerieworanop
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Collapsing e-Loops in
Weighted Finite-State Machines

J Howard Johnson

Institute for Information Technology,
National Research Council Canada,
Ottawa Canada,
Howar d. Johnson@r c-cnrc. gc. ca

Abstract. Weighted finite-state automata pose a number of challergyesoft-
ware developers. One particular difficulty is thatransitions must be treated
more carefully than is necessary for unweighted automdia. usual weighted
e-closure algorithm always produc€¥n?) transitions for a-loop withn. states.
An approach that removedoops without performing a full-closure is proposed
and it is shown how this can be efficiently implemented usipayse matrix op-
erations.

FSMNLP 2005 Jidmceerieworanop
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WFSM Auto-Intersection and Join Algorithms

A. Kempé, J.-M. ChamparnaudgF. Guingné-3, F. Nicart 3

! Xerox Research Centre Europe — Grenoble Laboratory
6 chemin de Maupertuis — 38240 Meylan — France
Andr e. Kenpe@xr ce. xer ox. com— htt p://ww. Xrce. xer ox. com

2 PSI Laboratory (Université de Rouen, CNRS)
76821 Mont-Saint-Aignan — France
Jean- Mar c. Chanpar naud@ni v-rouen. fr
— http://ww. uni v-rouen. fr/psi/

3 LIFAR Laboratory (Université de Rouen)
76821 Mont-Saint-Aignan — France
{Franck. Gui ngne, Fl orent. N cart} @ni v-rouen. fr
http://wwv. uni v-rouen. fr/ LI FAR/

Abstract. The join of twon-ary string relations is a main operation regarding to
applicationsn-Ary rational string relations are realized by weightedtérstate
machines withn tapes. We provide an algorithm that computes the join of two
machines via a more simple operation, the auto-intergecibe two operations
generally do not preserve rationality. A delay-based élgoris described for the
case of a single tape pair, as well as the class of auto-@utoss that it handles.

It is generalized to multiple tape pairs and some enhancenaee discussed.

FSMNLP 2005 Zidmeeerieworanop
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Further Results on Syntactic Ambiguity
of Internal Contextual Grammars

K. Lakshmanan

School of Technology and Computer Science
Tata Institute of Fundamental Research
Homi Bhabha Road, Colaba
Mumbai - 400 005, India
| aksh@tifr.res.in

Abstract. Ambiguity plays an important role in checking the relevanoéfor-
malism for natural language processing. As contextual grara were shown to
be an appropriate description for natural languages, aimg\syntactic ambigu-
ity of contextual grammars deserves a special attentidhisrpaper, we continue
the study on ambiguity of internal contextual grammars Whves investigated in
[1] and [2]. We achieve solutions to the following open peyhk addressed in the
above papers. For each j) € {(2,1),(1,0), (0, 1)}, are there languages which
are inherentlyi-ambiguous with respect to grammars with arbitrary sefebiat
j-ambiguous with respect to grammars with finite selectoredbe statement
hold for deterministic contextual grammars too?

References

1. L. llie. On Ambiguity in Internal Contextual Languagékintern. Conf. Math. Linguistics
‘96, Tarragona, (C. Martin-Vide ed.), John Benjamins, 1997429

2. C. Martin-Vide, J. Miguel-Verges, Ghaln and A. Salomaa. Attempting to Define the Am-
biguity in Internal Contextual Languagdsintern. Conf. Math. Linguistics '96Tarragona,
(C. Martin-Vide ed.), John Benjamins, Amsterdam, 1997,839—
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Error-Driven Learning with Bracketing Constraints

Takashi Miyatd and Koiti Hasid:!

1 Core Research for Evolutional Science and Technology,
Japan Science and Technology Agency
2 Information Technology Research Institute,
National Institute of Advanced Industrial Science and Tedtbgy

Abstract. A chunking algorithm with a Markov model is extended to adcep
bracketing constraints. The extended algorithm is impleet by modifying a
state-of-the-art Japanese dependency parser. Then éut effforacketing con-
straints in preventing parsing errors is evaluated. A nebtloo improving the
parser’s accuracy is proposed. That method adds bracketsdang to a set of
optimal brackets obtained from a training corpus. Althotlgga method’s cover-
age is limited, the F-measure for the sentences to which gtkod adds brackets
is improved by about 7%.

FSMNLP 2005 Zidmeeerieworanop
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Parsing with Lexicalized Probabilistic Recursive
Transition Networks

Alexis Nasr and Owen Rambow

L Lattice-CNRS (UMR 8094),
Université Paris 7, Paris, France
al exi s. nasr @i ngui st.jussieu.fr
2 Center for Computational Learning Systems,
Columbia University, New York, NY, USA
ranbow@s. col unbi a. edu

Abstract. We present a formalization of lexicalized Recursive TréosiNet-
works which we call Automaton-Based Generative Depend@&reynmar ¢DG).

We show how to extract aDG from a syntactically annotated corpus, present a
chart parser fo6 DG, and discuss different probabilistic models which arediye
implemented in the finite automata and do not affect the parse

FSMNLP 2005 Zidmceerieworanop
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Integrating a POS Tagger and a Chunker Implemented
as Weighted Finite State Machines

Alexis Nasr and Alexandra Volanschi

LATTICE-CNRS (UMR 8094)4, Université Paris 7
al exi s. nasr, al exandra. vol anschi} @i ngui st.jussieu.fr

Abstract. This paper presents a method of integrating a part-of-$ptsgger

and a chunker. This integration lead to the correction ofralmer of errors made
by the tagger when used alone. Both tagger and chunker alermapted as
weighted finite state machines. Experiments on a Frenchusashowed a de-
crease of the word error rate of abd@%.

Keywords : Part-of-speech tagging, chunking, weighted finite statehimes. . .

* This work was partly funded by the ProjeghTSON - Technolangue.

FSMNLP 2005 Zidmeeerieworanop
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Modelling the Semantics of Calendar Expressions as
Extended Regular Expressions

Jyrki Niemi and Lauri Carlson

University of Helsinki, Department of General Linguistics
PO Box 9, FI-00014 University of Helsinki, Finland
{jyrki.niem,k lauri.carlson}@elsinki.fi

Abstract. This paper proposes modelling the semantics of naturakiage cal-
endar expressions as extended regular expressions (XRies@approach covers
expressions ranging from plain dates and times of the dayote complex ones,
such aghe second Tuesday following Eastiecluding expressions denoting dis-
connected periods of time. The paper presents one possidkrlying string-
based temporal model, sample calendar expressions withrépeesentations as
XREs, and possible applications in reasoning and natarajtlage generation.

FSMNLP 2005 Zidmeeerieworanop
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Using Finite State Technology in a Tool for Linguistic
Exploration

Kemal Oflazer, Mehmet Dincer Erbas, Mige Egdaus

Faculty of Engineering and Natural Sciences
Sabanci University
Tuzla, Istanbul, Turkey 34956

of | azer @abanci uni v. edu
{der bas, nugeer dognus} @u. sabanci uni v. edu

Abstract. Intelligent, interactive and pervasively accessible gdot providing
information about elements of a language are crucial imiegra language, es-
pecially in an advanced secondary language learning gettid learning for lin-
guistic exploration. The paper describes a prototype impletation of a tool that
provides intelligent, active and interactive tools forgieg linguistics students
inquire and learn about lexical and syntactic propertiewafds and phrases in
Turkish text. The tool called INGBROWSERuses extensive finite state language
processing technology to provide instantaneous infonatibout morphologi-
cal, segmental, pronunciation properties about the wardsy real text. Addi-
tional resources also provide access to semantic prop@eftigoot) words.

FSMNLP 2005 Zidmeeerieworanop
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Applying a Finite Automata Acquisition Algorithm to
Named Entity Recognition

Muntsa Padré and Lluis Padro

TALP Research Center
Universitat Politecnica de Catalunya
{npadr o, padr o} @si . upc. edu

Abstract. In this work, Causal-State Splitting Reconstruction aittpon, origi-
nally conceived to model stationary processes by learnmmtgfstate automata
from data sequences, is for the first time applied to NLP tas&sely Named
Entity Recognition. The obtained results are slightly etbe best systems pre-
sented in CoNLL 2002 shared task, though given the simplafithe used fea-
tures, they are really promising.

Once the viability of using this algorithm for NLP tasks iststd, we plan to
improve the results obtained at NER task, as well as to appdyather NLP se-
guence recognition tasks such as PoS tagging, chunkingatgwrization pat-
terns acquisition, etc.
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Abstract. The last decade has seen an increase in the number of agaitaplus
query systems. These systems generally implement a quegydge as well as
a database model. We report on one such corpus query systdmyaluate its
query language against a range of queries and criteriadjfian the literature.
We show some important principles of the design of the quangliage, and
argue for the strategy of separating what is retrieved byguistic query from
the data retrieved in order to display or otherwise prodessesults, stating the
needs for generality, simplicity, and modularity as reasorprefer this strategy.
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Abstract. This paper describes compact storage models for gazetiserg
state-of-the-art finite-state technology. In particulag compare the standard
method based on numbered indexing automata associatedmithxiliary stor-
age device with a pure finite-state representation, therlaging superior in terms
of space and time complexity when applied to real-world tit. Further, we
pinpoint some pros and cons for both approaches and prossdits of empirical
experiments which form handy guidelines for selecting &asilg data structure
for implementing a gazetteer.
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Abstract. Compounding is a very productive process in German to form-co
plex nouns and adjectives which represent about 7% of thdsaafra newspaper
text. Unlike English, German compounds do not contain spaceother word
boundaries, and the automatic analysis is often ambigudyson-weighted)
finite-state morphological analyzer provides all potdsggmentations for a com-
pound without any filtering or prioritization of the results

The paper presents an experiment in analyzing German cardpauth the Xe-
rox Weighted Finite-State Compiler (wfsc). The model isdzhsn weights for
compound segments and gives priority (a) to compounds Wwéhntinimal num-
ber of segments and (b) to compound segments with the hiffegstency in a
training list. The results with this rather simple modellwhow the advantage of
using weighted finite-state transducers over simple FSTs.
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Abstract. This paper details the steps involved in scaling-up a Idisied finite-
state morphology transducer for use on unrestricted texts@rting point was a
base-line inflectional morphology engine [1], with 81% tok®verage measured
against a 15 million word corpus of Irish texts [2]. Manualaling the FST lex-
icon component of a morphology transducer is time-consgespensive and
rarely, if ever, complete. In order to scale up the engine sexlta combination
of strategies including semi-automatic population of thédistate lexicon from
machine-readable dictionary resources and from printesi@rces using optical
character recognition, the addition of derivational maidply and the develop-
ment of morphological guessers. This paper details therageeincrease con-
tributed by each step. The full system achieves token cgeen 93% which is
extended to 100% through the use of morphological guessers.
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Abstract. Animproved inter-level communication strategy that ertesthe ca-
pabilities of cascaded finite-state partial parsing systenpresented. Cascaded
automata are allowed to make forward calls to other autoinatze cascade as
well as backward references to previously identified gnogpi The approach is
more powerful than a design in which the output of the curtewel is simply
passed to the next level in the cascade. The approach isags@lan randomly
extracted sentences from the Encarta encyclopedia. Astigmu of related re-
search is also presented.
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Abstract. Three very different formalismgieneralized synchronization expres-
sions(GSEs) [1],interleave-disjunction-lockIDL) expression$2] andgeneral-
ized restrictiong(GRs) [3] have been used for specifying constraints on paral
lel processes, on word order variation and on string coomspnces. A unified
framework capturing the essentials of all these formalismsgd have a wide
use, particularly in natural language processing. The pdefnespivotal syn-
chronization languagefSLs), a subset of regular languages satisfying the start-
termination condition [1] and a constraint that partioresstrings into a sequence
of pivots Some of pivotal synchronization languages can be exptesgh new
expressionspivotal synchronization expressio(RSES), a subset of which is de-
fined here. We argue that PSEs resemble the three formal$is can be used
in conjunction of string homomorphisms to give descripsidn regular string
relations such as used in natural language processing.
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A complete FS model for Amharic morphographemics

Saba Amsalu and Dafydd Gibbon

Universitat Bielefeld, Germany

Our aim was to develop a complete morphographemic modelfiohaic, the offi-
cial language of Ethiopia, which urgently needs computetitnguistic tools for infor-
mation retrieval and natural language processing. Amhg@acSemitic language, with
SOV word order and a complex morphology with consonantatisraad vowel inter-
calation, extensive agglutination, and both consonami@h@calic stem modification.
Previous computational models of Amharic lexemes are feagary, being restricted
to affix stripping and radical extraction [1], [2], [3], [4];he verb analysis by [5] is the
only previous FS based approach. FS and related approacbthet Semitic languages
have also tended to concentrate on selected features oétloabinterest, such as the
well-known analyses of Arabic intercalation [6], [7], [8].

In contrast, we have developed the first complete FS genéaasdyser of Amharic
morphology for all parts of speech (POS), including loan aative noun morphology,
biradical, triradical and quadradical verb root generatwith vowel intercalation, con-
ditioned internal vowel changes, agglutinative affixatddi 3 affix classes, and full and
partial reduplication. Phonological gemination is notresgented in the Ethiopian Fidel
orthography, and thus is not implemented.

Our development approach is linguistic rather than stedistand includes novel
features for modelling intercalation and reduplicatidw &nalysis results are evaluated
for precision and recall. The software used is XFST, with 8§8ystem for Ethiopian
Representation in ASCII) romanisation. A port to Fidel Urde is in progress.

Part of the system architecture is outlined in the activiagdam in Figure 1, which
shows the FST verb cascade in generation direction, butiéspiretable in both di-
rections. Biradicals are generated from triradicals aradgadicals are independently
generated; cf. [9], [10], [11], then vowels are intercadaiaffixes are concatenated and
phonological alternations processed.

Ambharic has noun stem reduplication (with epenthetic vpetl Figure 2). A shell
wrapper outside the FS system feeds XFST with a stream ofsytirel actual reduplica-
tion is then performed in the FS context using a novel bracgediacritic’ convention
(not ‘flag diacritic’ [7]). Formally, this is a heuristic wblh treats the surface lexicon as
the union of singleton sets of surface forms and applieselaplication FST to the
singleton sets individually.

For evaluation purposes we generate/analyse all POS selyafde FSTs for each
POS are not unioned, because the individual FSTs are to bgrated into an FST
chunk parser/tagger. Each POS is evaluated individuallg test corpus for standard
recall and precision scores (ambiguity scores are cuyreémiplicit in the precision
values). Recall/precision values for small finite POS sedstavially, 1/1; verbs attain
0.94/0.54, nouns attain 0.85/0.94, and adjectives 0.88/0.he lower precision value
for verbs is due to affix ambiguities (morphological synisri).
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Fig. 1. FST cascade architecture. Fig. 2. Reduplication cascade.
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Abstract. We discuss problems inherent in domain specific taggingr{bat-
cal domain) and their relevance to tagging issues in genédflpresent a novel
approach to this problem which we ca#lgging with delayed disambiguation
(TDD). This approach uses a modified, statistically-drikecon together with a
small set of morphological, heuristic, and chunking rulésol are implemented
using finite state machinery. They make use of both delaysghahiguation and
the concept of tag underspecification as an ordered seqoérags.

Current tagging techniques are very well established aetbtheems to be little
room to improve the standard accuracy of 96%-97%. The dihilaof off-the-shelf
taggers trained on significantly large corpora and theilitgtid be re-trained on any
tagset and corpus are the determining factors for theimskte use and popularity.
However when tagging a new domain, the performance dropéfisantly, e.g., TnT
trained on the WSJ, has an accuracy of 85.19% on the GENIAUSorp

Our approach to tagging and chunking within the bio-meditmhain was mo-
tivated by practical concerns, namely targeted infornmagatraction, in our MED-
STRACT project. This domain has been recognized as beinigplarly impervious to
robust entity extraction [1], and our initial impressionsathat none of the off-the-shelf
taggers we tried was performing well on this corpus. We presaovel approach called
Tagging with Delayed DisambiguatigDD), which uses a quantitatively derived lexi-
con and hand-crafted chunking rules, using finite state mach It has been a popular
approach to address chunking as a tagging problem (e.g L IGE@R00 Shared Task on
Chunking). The approach we have taken for tagging disanaltigiuis just the opposite,
where disambiguation is delayed and done while chunkirigiéfdone at all). The key
concepts in this approach are: (a) treating regular amtyiguithe language as under-
specification; (b) delaying the disambiguation procesd rarolving the ambiguities as
chunking is performed.

Chunking rules (finite state patterns) refer to prefixes inmaered sequence of tags
(e.g.,"VBN VBD”; past tense vs. past participle) which are interpreted denspec-
ified tags. They are implemented using 195 left handle riMsalso use a small set
of 28 heuristic disambiguation rulésla Brill and a simple morphological module (33
suffixes and 44 prefixes). The system reflects common lingkisbwledge of English.

The availability of GENIA [2] and the corpus of the UPenn Biedical Informa-
tion Extraction Project BioPenr) [3] made it possible to train taggers in the Biological
domain and allowed us to evaluate the performance of ouagpragainst reference
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corpora.The first set of tests evaluated the TDD approaciyuke modified Brill lex-
icon (DD1) and the TnT tagger trained in the WSJ (as it coméls thie distribution,
TnT1). A second set of tests evaluated our approach compattednT trained on the
WSJ and a set of approximately 1,000 abstracts from the GENIAus (TnT-2). The
evaluation was performed on the whole set of the GENIA carpaghere were 1,000
abstracts that were not used for training or deriving th&ctaxof TnT. In TDD-2, we
replaced Brill's Lexicon by the lexicon obtained from thaitring of TnT-2.

CorpugTDD-1|TnT-1{|TDD-2|TnT-2
GENIA| 95.18[85.19|| 97.92|97.62
WSJ | 95.35|97.11)| 95.78|97.33
BioP | 94.60|87.52|| 95.76|94.55
Table 1. Accuracy Results

TDD-2 obtains state of the art accuracy (97.92%) on the GEdd#pus. The per-
formance is lower on the WSJ, but it is remarkably good (9%)8onsidering that,
during the development we did not take into account any pitigssof this corpus. Our
approach is similar to the one presented by [4], in the sdmeittuses hand-crafted
rules and keeps multiple tags. It is different however, beeave use a statistically
derived lexicon, and employ several disambiguation rudes, the evaluation is made
against publicly available corpora (GENIA and WSJ), witle tagsets used in those
corpora.

The rule-based, manually encoded tagger adapts itselfsaedsier to modify for
specific purposes and domains. The annotated corpus caemasthe desired output.
It appears that a TDD approach provides a more stable resthitno need of retraining,
while being less sensitive to the sparse data effect, gneleriteria and the lexicon
employed .
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1 Introduction

This paper sketches a new algorithm for unsupervised inaluof concatenative mor-
phology. The algorithm differs markedly from previous apgches in both segmenta-
tion and paradigm induction. It is illustrated here with thepect to suffixes, using the
following notation:

— W: the set (not bag) of words in the corpus
— s<w: s is a suffix of the wordw i.e there exists a (possibly empty) strimguch

thatw = xs

— Stems(s) = {x|zs € W}: the set of all strings (“stems”) that make a word in the
corpus if appended with

— f(s) = {w € W|s <w}|: the number of words with suffix (equals|Stems(s)|)

— s;(w): the suffix ofw that begins at positiof < i < |w|

— Q(w) = {s;(w)]i < |wl|}: the set of (non-empty) suffixes ef

= 8 = Uypew Q(w): all suffixes in the corpus

2 Segmentation

The segmentation takes a corpus as input and output a raskefl (all) suffixes. The
ranking is meant to say how salient a suffix is for the languafgiae corpus, and is
computed in three steps:

1. Relative Frequency IncreasesDefineZ : S x W — Q* U{0}:

0 if not s<w

Z(S, w) = 1 if s = S()(U)) (1)

AL if 5 = 5;(w)for someD < i < |u|
Note thatf, and henceZ, depends o/,

2. Accumulation: CalculateZz" : § — Qt:

ZW(s)= > Z(s,w) ()

weW

3. Re-scale:Scale on suffix-length by a paramefre= 2: ZW (s) = |s|? - ZW (s)
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3 Paradigm Induction

The paradigm induction phase outputs a ranked list of pgnasligiven a ranked list
of segmented suffixes. By paradigm we simply mean a non-esgitgf suffixes, and
the ranking is meant to convey how salient a declensionpaigefor the language in
guestion. At first glance, the task of finding paradigms loekseedingly difficult since
the number of theoretically possible paradigms is expaakintthe number of suffixes,
and paradigms in real languages are often not mutuallyidisj@loreover, in a corpus
of a real language we cannot expect to rely on there existorglswthat occur in all its
forms.

1. Testing Paradigm Heuristic Suppose we have a hypothesis of a paradigrilve
give a test metric using the idea that suffixesobught to show up on the “same
stems”. First, for each suffix € S, define its quotient functiofl, (y) : S — [0, 1]

as:
{z|3z(z € Stems(z) A zy € W)}
H =
=(v) |Stems(x)] )
Construct a rank by summing the quotient functions of the trensof P:
Ve(y) = Y H.(y) 4)
rAYEP

The Rankp(z) : S — N is then simplyl{y|Vpr(y) > Vp(x)}|.
Now, the testVI(P) is a measure of how “high up” the sum of ranks of the
members ofP are, compared to the optimal sum (which depends$Rnand is

0+4...+|P|—1):

Vi(p) — PP =) )
23 cprankp(x)

2. Gradient Search It is intractable to list all hypotheses of paradigifsthus we
suggest a way to “grow” paradigms. Start with a one membegigm and greedily
improve theV I-score, by successively adding or taking away one suffix ahe t
(until the score doesn’t improve by a one-member change):

G(P) = argmazpepyu{pxors|sestVI(p) (6)
. p it G(P) = P
&Py ={ Gty f ) 7 7 ™

WherePxor s meansP \ {s} if s € PandP U {s}if s ¢ P.

Naturally, the induced paradigmé = {G({s})|s € S} are all those that can be
grown from (at least one) suffix in the corpus, and finally wekréhem by theirV I-
score and average “suffixness” of its members:

R(P): A—Q"uUo0

R(P) = Vﬂﬁf ) > 7 @)
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Morphological parsers are typically developed for lang@sagithout contrastive
tonal systems. Ha, a Bantu language of Western Tanzaniggges a challenge to these
parses with both lexical and grammatical pitch-accent j(H@r2004) that would, in
order to describe the tonal phenomena, seem to require anagbpwith a separate
level for the tones. However, since the Two-Level Morphglggoskenniemi 1983)
has proven successful with another Bantu language, Swihiliskainen 2004), it is
worth testing its possibilities with the tonally more clealying Bantu languages.

Lexical accents are naturally marked in the lexicon. Thikaccents of nouns and
other word classes (except verbs) are lexically associgitbiccertain vowels. Nominal
lexical accents are only moved in restricted contexts whreheasily defined in rules.

On the other hand, lexical accents of verbs are not undeflyassociated with any
certain vowel but the association is determined by the cetapferbal form. In addition
to the lexical accents, verbal forms may have grammaticzgras, realised either on
the prefixes, or on the first or the second mora of the stem. &kieal accent or the
absence of the accent, together with the grammatical as;odefines the grammatical
forms of the verbs. Both lexical and grammatical accentseaksed as high tones on
certain tone-bearing units.

There are also some other grammatical tonal elementsdéatlex forms that have
floating accents, i.e. accents that are not underlyingly@ated with any certain vowel.
The accents of these forms are realised as a high tone eititbeanitial vowel or on
the first vowel of the stem of the following word. When the pblgslexical accent of
the noun stem falls on the syllable following the accent &fitidex, the vowel of the
augment is lengthened.

Thus, the morphological parser for Ha should be able to leaseleral different
tonal phenomena: 1) the lexical accents, which are deletetbwed in some grammat-
ical forms; 2) the grammatical accents and all their posegithces of realisation; and
3) the floating accents of the index forms.

This experiment shows that it is indeed possible to moriioklly parse a lan-
guage with both lexical and grammatical accents with Twaedl&lorphology rules.
The basic idea is to mark the possible vowels on which the gratical or moved lexi-
cal accents may fall in the lexicon, and write rules thatvalibe positions to be realised
as surface accents when the appropriate tense marker orsatp@ental element is
present. When there is no segmental but only tonal markirggtehse, the macrostem
is lexically prefixed with a symbol that can be used as a cdirtegke rules. Also, some
of the grammatical accents may also be marked in the lexiEonexample, accents
falling on verbal prefixes are lexically marked in a sublexiavhich is only used with
certain verbal forms.
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However, the parsing formalism presented here does noyaldescribe the tonal
phenomena that are found in the Ha language. With some typeagnts the lexical
accents can be mapped directly to the surface realisabohgijth others the interaction
of the accents causes changes on the segmental level, obtpaaphonemic changes
of the segmental level affect the realisations of the ascéiftus, for proper description
of the language, a formalism which would allow the tones ceats to be mapped with
the segmental level only after certain rules have appligdentwo levels separately, is
required.
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Many Bantu languages, especially in Southern Africa, havating system, where
most verb morphemes preceding the verb stem and some suffexesitten as separate
words. These languages have also other writing conventidrish differ from the way
they are written in other related languages. These twosisséee conventionally called
disjoining and conjoining writing systems. Disjoining timig can be considered simply
as an under-specified way of writing, but for computatioresdiption it is a challenge,
especially if the system allows only continuous sequentelsaracters to be recognised
as units of analysis. In order to reduce unnecessary antpigarb morphemes should
be isolated from such strings of characters that are realsvor

There are at least three approaches for handling disjoimiitong. (a) Each contin-
uous string of characters is considered a 'word’ and ambjgsiresolved after mor-
phological description. (b) Disjoining writing is first ceerted to conjoining writing,
in other words, it is 'normalised’, and morphological dégstion is carried out on the
basis of this new writing form (Hurskainen and Halme 200&).The verbs, together
with disjoint prefixes and suffixes, are described direcslyerb structures.

Here we are concerned with the third method.

The most efficient method of handling verbs in a disjoiningting system is to
describe them directly without pre-processing. Below wallsliscuss this method by
using Northern Sotho language (Poulos and Louwrens 1994)tast case. The aim
is to construct a full scale implementation that includésaib structures and all verb
stems of the language.

In addition to disjoining writing, the description of thenadnvolves also such non-
concatenative features as reduplication of the verb steintlza constraining of co-
occurrence of such verb morphemes that are on differens sitiehe verb stem. All
these phenomena are handled in the following implememtatibich makes use of the
finite state methods developed by Xerox (Beesley and Kaatti#D03). A very brief
skeleton lexicon of the verbona (to see) is described below.

Mul tichar_Synbol s
A
@.PAST.ilE@ @R PAST.il E@
@. SBIN. a@ @R SBIN. a@
@. SBIN. E@ @R SBIN. E@
@.HABI T.e@ @R HABIT.e@
@. NORM a@ @R NORM a@
LEXI CON Root
Subj Pref;
LEXI CON Subj Pr ef
ke=Shj n+@. NORM a@ @. NORM a@e% Fut Pr ef ;
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ke=Shj n+@. SBJN. E@ @. SBIJN. EQke% VStart;
ke=Habi t+@. HABI T.e@ @. HABI T. e@e% VStart;
ke=Perf+@. PAST.i | E@Q @. PAST. i | EGke% VStart;
LEXI CON Fut Pr ef
tla=Fut+:tla% VStart;
LEXI CON VSt art
0: M { VStem
LEXI CON VSt em
bon VFi nV,
LEXI CON VFi nV
+a@ NORM a@ @R NORM a@\ VENd;
+a=Redup@r NORM a@ @R. NORM a@\ VEndRedup;
+E@R. SBIN. E@ @R. SBIJN. EGE VENd;
+E=Redup@R SBIJN. E@ @R SBJN. E@ VEndRedup;
+e@ HABI T.e@ @R HABI T. e@ VENd;
+e=Redup@ HABI T. e@ @R HABI T. e@ VEndRedup;
+i | E@GR PAST. i | E@ @R PAST.i | E@!| E VENd;
+i | EERedup@R. PAST. i | E@ @R PAST. i | E@| E VEndRedup;
LEXI CON VENnd
0: }7M1IN] #;
LEXI CON VEndRedup
0: }r2n] #;

The full description of the verb in Northern Sotho containmsuanber of structures,
where the verb-final vowel, or a suffix, constrains the cosoence of certain verb
prefixes. In the above example we have four cases, where themaf the correct
word form is the verb final vowel or suffix. Because the markeafter the verb stem, it
is not practical to construct the finite state lexicon sefgdydor each case.

The Xerox tools offer a method for handling such cases. A séag diacritics
can be used in the lexicon for controlling the co-occurresfceertain morphemes. In
this implementation, we have used a pair of the P-type angbR-flag diacritics for
controlling the morpheme sequences (Beesley and Kartt20@8: 353-355).

Particularly important in the lower-side meta-languagtés section of the string
that is subject to reduplication. This section is delimiteith special multi-character
symbols®[ and”]. We also see that the actual string to be defined as a regular ex
pression is enclosed with curly brackgtsand} . The multi-character symbdi2 in
the lower string triggers the reduplication of the precgdigular expression. The Xe-
rox tool package contains a compile-replace algorithmgtvinnakes it possible to in-
clude finite state operations other than concatenatiortir@enorphotactic description
(Beesley and Karttunen 2003: 379-380).

The full description of the Northern Sotho verb is much mamaplicated than what
is described above. The morpheme slots, which mark agreeforegach noun class,
have atotal of twenty alternative prefixes, including firsl aecond person singular and
plural. Morpheme slots of this type include the subject prefihich can be repeated
after tense-aspect marking in some forms, and the objefikp¥erb extensions also
increase the number of possible forms.
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Some amount of complexity is added also by the object prefiheffirst person
singular, which is a nasal. It causes several types of sohadges in the first phoneme
of the verb stem, and such forms are written conjointly.

The normal compilation of the lexicon of this size and comjleinto a transducer
is no problem, although the verb structure produces mone 4hhillion paths. The
memory problem will be encountered when 'compile-replavedr’ is applied to this
initial network?

It is possible to reduce the number of paths by merging idehtnorphemes in
a morpheme slot into a single entry and return them to sepagadings in the post-
processing phase. By this method the maximum number of neonphk in a morpheme
slot is reduced from twenty to eleven and the number of patihsduced accordingly.
Another, and more efficient, method for handling the memanbfem is to cut the
lexicon into parts, so that only the section requiring a fegexpression notation, i.e.
the verb stems, will be compiled with compile-replace loward then these partial
lexicons are composed together as a single net. Becausertheeduplication concerns
the verb stem only, the section of prefixes can be treated agialgexicon of its own.
Using this method, it was possible to compile the full North8otho verb lexicon with
more than 4 billion paths. The total compilation time withr@mac NX 7000 in Linux
environment was less than two minutes.
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We are developing an Spanish-Basque MT system using thiidred transfer
model and based on shallow and dependency parsing. Thepsjmsed on the previ-
ous work of our group but integrated in OpenTrad initiati®f [This abstract sumarizes
the current status of development of an FST grammar for thetstral transfer of verb
chains. This task is quite complex due to the high distantgd®n both languages. In
the actual implementation we are using XRCE Finite StatedsTd].

We will focus on the translation of Spanish non-finite fori2$%o), indicative forms
(65%) and periphrases (6%) covering 92% of all possiblesase

Spanish finite verbs are composed by several morphemegdgnfiormation about
voice, mood, aspect, tense, person and number. Verb cdigng@ave simple or com-
pound tenses. The periphrases are composed by a finitezayxiéirb, an optional par-
ticle, and the main verb (non-finite form, infinitive or getyigiving the meaning).

Basque finite verbs can be synthetic, consisting of a singkelyor analytical, con-
sisting of a participial form and an auxiliary. Participlesry information about mean-
ing, aspect and tense, whereas auxiliaries convey infeomabout argument structure,
tense and mood.

Depending on the Spanish form of the verb, its translatiom Basque should be
obtained in a different way. For the non-finite forms we ttateswith a verbal noun
or a participle. Simple and complex tense verbs can be @atslas synthetic or as
analytical depending on the verb and its tense and, in sosescave need a dummy
auxiliary and its aspect. For the periphrases the schemniafue is very different:
the main verb, the translation of the periphrastic form (ovadal particle or an adverb)
and in some cases a dummy verb (each one with a different@sipethe last position
another auxiliary verb which depends on the transitiveufieabf the main verb or of
the auxiliary verb.

The FST grammar for verb chains we present takes as input the morphological
information of the nodes of the Spanish verb chain, the Ba$gun corresponding to
the Spanish main verb of the chain, agreement informatioutathe objects (absolu-
tive and dative) and the type of subordination of the sergelts output is the list of the
nodes of the corresponding Basque verb chain, each one hdtimtormation neces-
sary to decide the order of the words, and to realize the nobogfical generation. The
grammar contains three kinds of rules:

Identification and markup ruléglentify the type of the Spanish verb chain, and add
a different schema for the Basque verb chain depending otyplee non-finite forms,
non-periphrastic verbs and four periphrasis type verbs.

[ esVerbChai nType @> ... "=>" euVerbChai nSchema ]
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Attributes replacement rulegplace attributes in the Basque schema with their cor-
responding values, depending on the values of some atslthe Spanish verb chain
and/or in the Basque schema.

[ "euAttr" @> "euVal" || ?* esVals ?* "=>" ?* euVals ?* _ ]

Cleaning rulesemove the unnecessary information.

This exampleillustrates the proces$orque no habré tenido que comer patatas”
(because | won't have to eat potatoeEhe input for the sequence of transducers that
will transfer the verb chain is the following:
haber [ vai f 1s] +t ener [ vnpp] +que[ cs] +coner[vim]/[tr][3p] [caus]/j an

The first rule identifies the input of a Spanish verb chain ttzet a periphrastic of
type 1, and adds the schema for the Basque verb for this type:
haber [ vai f 1s] +t ener [ vnpp] +que[ cs] +conmer[vim]/[tr][3p][caus]/jan
=> P1> (i n) Aspm Per Aspp/ Dum Aspd/ Aux TenseM SubObj Dat +Rel M

The next rules replace one by one the attributes of the Bageplbeschema. These
are some of the replacements and contexts that constraint th

Attribute Val ue Cont ext

Per behar ( per) ?* ‘“tener’ ?* ‘que’ ?* "=>" ‘Pl ?*
Aspp [ partPerf] ?2* VAIF 2% "=>" ‘Pl 2%

Aux edun( aux) ?* ‘“tener’ ?* ‘que’ ?*

SubObj Dat [ s1s][ o03p] ritr’ ?* plt ?* f=> ?*"edun(aux)’ ?*‘1s’

The output after all these replacements is:
haber [ vai f 1s] +t ener [ vnpp] +que[ cs] +conmer[vim]/[tr][3p][caus]/jan
=> P1> (nmmin)[partPerf]/behar(per)[partPerf]/izan(dum][partFut]

[ edun(aux) [i ndPres][subj 1s] [ obj 3p] +I ako[ causal nor phene]

The last transducer eliminates the information of the inpot returns the desired
output to the MT system. The information between parensh&gi be used to decide
the order of the words in the syntactic generation phase lathformation between
brackets will be used in order to do the morphological geim@raThe translation ob-
tained in the output of the system after the generation pisatbee next sentencéez
ditudalako patatak jan behar izango”

References

1. Beesley K. & L. Karttunen: Finite-State Morphology. CRublications, Stanford, California
(2003)

2. Corbi-Bellot M., M. L. Forcada, S. Ortiz-Rojas, J. A. Pef@rtiz, G. Ramirez-Sanchez, F.
Sanchez-Martinez, I. Alegria, A. Mayor, K. Sarasola: An &8ource Shallow-Transfer MT
Engine for the Romance Languages of Spain. EAMT (2005)



40

Finite state transducers based on k-TSS grammars for
speech translation*

A. Pérez, F. Casacubertal. Torres, and V. Guijarrubié

! Universidad del Pais Vasco
webperaa@ g. ehu. es {nmanes, vgga}@we.| c. ehu. es
2 Universidad Politécnica de Valencia
fcn@ti.upv. es

1 Introduction

Finite State Transducers (FST) can be automatically Iéeont bilingual corpus using

the GIATI [1] methodology. This technique combines bothisteal alignments mod-

els and classical n-gram models. Alternatively, in this kvave propose the use of a
syntactic approach to n-gram models: Kagestable in the strict sens&nguage models

(k-TSS) [2]. Another motivation behind this work, is to syuthe speech translation
from Spanish into Basque. Basque is an agglutinative piledaropean language of
unknown origin. Regarding to the word ordering, contrargfmnish, Basque has left
recursion.

2 Two architectures for speech translation

The goal of the statistical speech translation (summaiized. (1)) is to find the target
language stringt with the highest probability, given the acoustic repréaton (x) of
a source language string))(

t= argmtaxP(t|x) = argmtaxz P(t,s|x) 1)

Two architectures [1] can be used in order to build the spéeeislation system (Fig.
1): the serial and the integrated one.

3 Experimental results and concluding remarks

Two series of experiments have been carried out on two stathiéingual corpora:
EuTrans for Spanish to English translation [3], and Euskaista (ET) for Spanish

to Basque translation. Spanish is the source language intasks. There are around
10.000 sentence pairs in the training set. The vocabulary sizeisnal650 word-forms

in Spanish500 in English and350 in Basque. In the text-test there &.€00 pairs for
Spanish to English translation, abhd00 for Spanish into Basque. The speech corpora

* This work has been partially supported by the Industry Depant of the Basque Govern-
ment and by the Universidad del Pais Vasco under grants INCEK2ADO02 and 9/UPV
00224.310-15900/2004 respectively.
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(a) Serial architec. (b) Integrated architec.

Fig. 1. 1(a) A text translator after a speech decoder. 1(b) Intedrapeech translator built on
the basis of a text to text translator, expanding the sourmel wn one edge by its phonetic
transcription.

was recorded alt6 KHz in laboratory environment. It is composed of a trainimgpus
of 1264 utterances by 16 speakers, and a test corpus@iutterances byt speakers
[3].

The Spanish text-set perplexity is similar in both task®)5however, the speech
perplexity is 6.9 for EuTrans and 13.5 for ET. Translatiosutes are shown in table 1.

4 Concluding remarks

A speech translation system supported on the grammaticadtste provided by the

k-TSS models is presented. It is a finite state transdu@mnéel on the basis of the so
called GIATI algorithm.The finite state methods allow for @asy integration of both

acoustic and translation models. Experimental results tve different corpora rep-

resenting the same application task (EuTrans and ET) haae teported. In spite of

the reduced vocabulary, ET has proved to be a quite diffiask {compared to Eu-

Trans) because of great inflection and word reordering oBtmxjue language. Further
work is needed in order to improve Basque translation mobtets changing alignment
methodology and including linguistic information.

Task  speech-WER text-TWER serial-TWER integrated-TWER
EuTrans 4.4 8.1 8.9 9.1
ET 8.6 39.7 58.3 54.7

Table 1. Experimental results in means of recognition word erroe (&/ER) and translation
word error rate (TWER).
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Abstract
We presenMorfessor an unsupervised algorithm and software toi B
; . ) oimee
that induces a simple morphology of a natural language fron: 45
. ) S paa & koni
large corpus. Morfessor simultaneously builds a morphctexi ~  ~ | tka
and represents the corpus with the induced lexicon usingla-pr'VU — ki

abilistic maximum a posteriori model. “katso

Morfessor has been designed to cope with languages hawagpinantly a con-
catenative morphology and where the number of morphemesqrercan vary much.
This distinguishes Morfessor from resembling unsupedvis@dels, which assume a
much more restricted word structure.

Morph segmentations produced by Morfessor have been @gplianguage mod-
eling for unlimited-vocabulary Finnish and Turkish speeebognition. In the exper-
iments on Finnish, the word error rate was nearly halved @etto the traditional
word-based approach. Furthermore, the use of Morfessaiupsal fewer recognition
errors than the use of the manually designed Finnish twelteerphological analyzer,
due to the better coverage of the word forms occurring in tita.dBesides automatic
speech recognition, further possible applications of Mssbr include information re-
trieval and machine translation.

The figure below shows some sample segmentations of Finni$tcaglish word
forms. An on-line demonstration and a software packageemphting an earlier ver-
sion of the method can be foundratt p: / / ww. ci s. hut . fi / proj ect s/ nor pho/ .
Additionally, links to a number of related publications dafound on the web site.

aarre + kammio+i +ssa aarre +kammio+nsg bahama+saar+ et
edestautta+ma+ssa taka+penkki+Id+in+en voi+mme+ ko
abandon+ed abandon+ing, abandon+ment beauti+ ful,
beauty+’s, long+fellow+'s, master+piecet+s, un+expect+ed+ly

Fig. 1. Examples of segmentations learned from Finnish and Endésh set. Suggested prefixes
are underlinedstems are rendered loldface, and suffixes arslanted
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In these days, we are witnessing a growing trend of expplightweight linguistic
analysis for converting of the vast amount of raw textuahdiatio structured knowledge.
Although a considerable number of monolingual and tas&rteid NLP systems have
been presented, relatively few general-purpose architestexist, e.g., GATE [1] or
ELLOGON [2].

This presentation introduces SProUT — a novel generalgaerpultilingual NLP
platform [3]. The main motivation for its development comes from (i) teea of hav-
ing one modular system for multilingual and domain-adaptext processing, which
is portable across different platforms and (ii) to find a batabetween efficiency and
expressiveness of the grammar formalism.

SProUT is equipped with a set of reusable online processingponents for ba-
sic linguistic operations, ranging from tokenization, ploology, gazetteer etc. to text
coreference resolution. They can be combined into a pipdliat produces several
streams of linguistically annotated structures, whichsemve as input for the grammar
interpreter, applied at the next stage.

The grammar formalism in SProUT is a blend of efficient firstate techniques
and unification-based formalisms, guaranteeing expreissss and transparency. To be
more precise, a grammar in SProUT consists of patternsaaiies, where the LHS of a
rule is aregular expression over typed feature structeéS) with functional operators
and coreferences, representing the recognition pattechthee RHS of a rule is a TFS
specification of the output structure. Coreferences esmteactural identity, create dy-
namic value assignments, and serve as a means of informediosport. Functional
operators provide a gateway to the outside world and afieedifor introducing com-
plex constraints in rules, for forming the output of a ruleddor integrating external
processing components.

Grammars, consisting of such rules, are compiled into elddrfinite-state net-
works with rich label descriptions (TFSs). For their effitiprocessing, a handful of
methods going beyond standard finite-state techniquestie®reintroduced. Grammar
rules can even be recursively embedded, which in fact pesvigtammarians with a
context-free formalism. The following rule for recognigiprepositional phrases gives
an idea of the syntax of the grammar formalism:

pp :> norph & [POS Prep, SURFACE #prep, INFL infl & [CASE #c]]

! This publication is supported by a research grant COLLATELIIN CO02 from the German
Federal Ministry of Education and Research.
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(morph & [POS Adjective, INFL infl & [CASE #c, NUMBER #n, GENDER #g]]) *
(morph & [POS  Noun, SURFACE #nounl, |INFL infl & [CASE #c, NUMBER #n,
GENDER #g]1])
(morph & [POS  Noun, SURFACE #noun2, INFL infl & [CASE #c, NUMBER #n,
GENDER #g]]) ?
-> phrase & [CAT pp, PREP #prep, CORE_NP #core_np,
AGR agr & [CASE #c, NUMBER #n, GENDER #g]],
where #core_np = Append(#nounl, " ", #noun2).

The first TFS matches a preposition. It is followed by zero oreradjectives. Fi-
nally, one or two noun items are consumed. The variaitestn, #g establish coref-
erences, expressing the agreement in case, number, anerdendll matched items
(except for the initial preposition item which solely agsée case with the other items).
The RHS of the rule triggers the creation of a TFS of type phradere the surface
form of the matched preposition is transported into theesponding slot via the vari-
able#pr ep. The value for the attributeor e_np is created through a concatenation
of the matched nouns (variabl#aounl and#noun?2). This is realized via a call to
the functional operator Append.

SProUT comes with an integrated graphical developmentestihg environment.
The grammars can be either created in text or XML editing mede can be visu-
alized in a graphical mode. The grammar GUI resembles sfatiee-art development
environments for programming languages, e.g., errors ardings listed in the error
message window are linked to the corresponding piece ofmgiarin the editor. Several
user interfaces for inspecting the output of the linguigticcessing components and for
testing the grammars are provided.

SProUT grammars can be cascaded in order to structure andimemifferent
recognition strata. A declarative description of an aegttitre instance can be com-
piled to and encapsulated in a Java class and for examplgguduigto the Heart of
Gold NLP middleware [4].

Currently SProUT has been adapted to processing 11 languiagéiding major
Germanic, Romance, Slavonic, and Asian languages. It hers deployed as the core
IE component in several industrial and research projedtdifi3our presentation we
showcase the development of the SProUT named entity grasnmar
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1 System Description

We will presentFunctional Morphology [5], abbreviated M, which is a tool that im-

plements a methodology for constructing natural languagephologies in the func-
tional language Haskell [8]. FM has its own runtime systeat supports morphological
analysis and synthesis. Moreover, a morphology implenteint&M can be compiled
to many other source formats.

FM adopts avord-and-paradignview of morphology: it represents a morphology
as a set of inflection tablegaradigmsand the lexicon as a set of dictionary words each
tagged with a pointer to an inflection table.

The basic idea behind FM is simple, instead of working witlyped regular ex-
pressions, which is the state of the art of morphology in cataonal linguistics,
we use finite functions over hereditarily finite algebraitadgypes. These data types
and functions constitute the language-dependent pareahtirphology. The language-
independent part consists of an untyped dictionary fornathvis used for synthesis
of word forms, translations to other formats, and a decdr&ie, which is used for
analysis.

Functional Morphology builds on ideas introduced by Hugtrithis computational
linguistics toolkit Zen, which he has used to implement therphology of Sanskrit.
In particular, Huet'’s ideas about sandhi in Sanskrit havenbedopted to a language
independent description of compound analysis in FM.

The goal of FM has been to make it easy for linguists, who atéramed as func-
tional programmers, to implement the morphology of a nevglege. In addition to
the ease of programming, FM attempts to exploit the highl lef/abstraction provided
by functional programming to make it possible to capturguiistic generalizations.

A morphology written in FM has a type system, which definesitiflectional and
inherent parameters of the language described. By usimipeg data types, the type
system can guarantee that no spurious parameter combisaiipear in the morphol-
ogy description, at the same time as all meaningful comizinaiare defined.

The use of the functional language Haskell provides, bssigiging, many other
language features that simplify the development of a mdggyo higher-order func-
tions functions as first class objects, give the possibility dirdeg a paradigm in terms
of another paradigm; thelass systens used for sharing code between morphologies
of different languages.

L FM homepageht t p: / / www. cs. chal mers. se/ ~mar kus/ FM

FSMNLP 2005 e orine workanop,po. 46 a7



Tool Demonstration: Functional Morphology 47

The lifetime of a digital linguistic resource such as morplgy depends on which
system it has been developed in [3]. If the resource has baexiaped in a proprietary
system with a binary-only format, and the system is no lorsygaported after some
years, it may be impossible to access the resource. FM @ffeotution to this problem
by supporting translation to a multiple of different formasuch as XFST source code
[2], GF [10] source code, SQL source code, full form lexictuil form tables etc.
This feature will hopefully prolong the lifetime of a morpbgy developed in FM.
Furthermore, the system is completely open source, whighldlimprove the situation
even more.

2 Results

The following morphologies have been implemented in Fmeti Morphology: a Swedish
inflection machinery and a lexicon of 20,000 words; a Spaimfiaction machinery +
lexicon of 10,000 words [1]; major parts of the inflection rhexery + lexicon for Rus-
sian [4], Italian, Estonian [7], and Latin. Comprehensiviégeiction engines for Finnish,
French, German, and Norwegian have been written followireggdame method but
using GF as source language [9]. Since FM can generate GEesoodle, there exists a
seamless connection between GF grammars and morpholediesdlin FM.
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Our demo presents work from a joint project with a twofold lgda build a parser
and disambiguator for North and Lule Sami, and to make a ijgedcipellchecker for
the same languages. The core analyser is written with thexXeolst wol c, | exc
andf st , and the disambiguator uses costraint grammas{ cg).

The spelichecker is intended to work on 3 platforms, for aewhge of programs.
One of the speller engines we will have to coveris thusibel | family of spellcheck-
ers (here represented Bgpel | ). This implies making a finite state automaton, rather
than a transducer.

In the demonstration, we will show the present (alpha) eersif the speller. We
use the Xerox tools to generate a fullform list of the whobeiden (we exclude all
circular entries), which initially created a whopping 58® Next file, corresponding
to 150 million word forms. Aspell took that whole wordlistécould use it as it was,
but it was hardly practical (it worked, though!). After soomedifications our present
transducer creates «only» 290 Mb of data. This list is thdnced to a set of inflection
stems with the Aspelirunch- | i st option. It works by passing theunch- I i st
option a file of available inflection lexicons, and Aspell Miiien munchthrough the
fullform wordlist and reduce all wordforms that fits an intieoal lexicon to one stem
plus the identified inflection lexicon. Finally we compreks texicon into an Aspell
specific binary format. Its size is at the moment about 65 Mb.

This way of creating a finite state automaton is quite difiéfeom how the trans-
ducer itself works. Just like Finnish, Sami has consonaudagion, but unlike in Finnish,
the S&mi consonant gradation affects almost all consorranpg of the stressed syl-
lable, in most stem classes (some stem classes are nevedgaltdoreover, in several
word forms, the diphthong of the stressed syllable is alterewell. This gives us as
much as 4 surface stems for one and the same lexeme. For tHeu®dransducer,
this is not a problem, since these morphophonological mseE® are handled by our
two-level rules, but it becomes a complicating factor whererting to the single-level
model of Aspell.

The Aspell munch-list way of creating stems and inflectiosnafixes isn't very
satisfying, for at least two reasons: we already have anllextenorphological de-
scription of North S&mi, and duplicating it in the form of thepell inflectional lexicon
isn’t very elegant and requires redoing the same work; arttllsing two parallel mor-
phological descriptions the whole system requires moreteaance work and is more
error-prone. But for the reasons cited above regarding 8@rphophonology, we have
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at present not found an easy way to generate the correcttioflatstems directly from

the Xerox tools.

Aspell is not the optimal speller architecture, but sincenged to have an alpha
version running in order to test our lexicon (and since Aldpalne of the target spellers
of the projecct), it turned out to be a working solution.
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SFST-PL is a programming language for finite-state transduehich is based on
extended regular expressions with variables. SFST-PLad by the Stuttgart Finite-
State-Transducer (SFST) tools which are available un@gs iU public license. SFST-
PL was designed as a general programming language for tleéogiewent of tokenizers,
pattern recognizers, computational morphologies and ¢t8& applications. The first
SFST application was the SMOR morphology [1], a large-sGdeman morphology
which covers composition, derivation and inflection.

An SFST program is basically a regular expression which i®oplly preceded by
a list of variable and alphabet definitions. The followingioaransducer expressions
are available:

ab defines a transducer which maps the symdbtd b (in generation
mode).

a abbreviation of:a

a. maps the symba to any symbol that it occurs with it in the alpha-

bet. The alphabet contains a set of symbol pairs and mustiesre

defined before. . .
abbreviation of:., the union of all symbol-pairs in the alphabet.

[abc]:[de] identical toa:d | b:e | c:e(“]” is the union operator.)

[a-c]:[A-C] same a$abc]:[ABC].

{abc}:{de} identical toa:d b:e c:<> This expression maps the stringcto de.

$var$ the transducer stored in variablar.

"lex” a transducer consisting of the union of the lines in thddgApart
from “:” and previously seen multi-character symbols, gindols

in the argument file are interpreted literally.)
"<file>" is a pre-compiled transducer which is read fridle

SFST-PL supports multi-character symbols (which are eseclan angle brackets like
<Sg>) and a wide range of operators including concatenatiorgrufji, intersection
'&’, composition ’||’, complement ", optionality '?’, Keene star ™" and Kleene plus
'+', range ', domain’_’, inversion " _’, and replacement operators (<=,=>,<=>). The
special symbok> represents the empty string.

Variables are surrounded by dollar signs. They are defindd @i command
$var$ = <expressi on>(where<expr essi on>is some transducer expression).
The alphabet is defined with the commaXdPHABET = <expr essi on>. The def-
inition of an alphabet is required for the interpretatiortted wild-card symbol *. and
for the complement and replacement operators.
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Comments start with a percent sign and extend up to the e d¢ifie. Whitespace
is ignored unless it is quoted by a backslash. Programs caaiiioned into several
files which are combined with include commands (likencl ude "fil e") which
insert the contents of the argument file at the current mosiirhe pre-compilation of
component transducers often speeds up the compilation.

The SFST tools comprise a compiler which translates SFS@ranes into mini-
mized finite-state transducers. The compiler was impleateusing a high-level C++
library and the YACC compiler generator, which makes it easyhange or extend the
syntax of the programming language. The compiler genetiates different transducer
formats which are optimized for flexibility, speed or memaunyd startup efficiency,
respectively. The SFST tools also comprise programs folyaisaprinting, and com-
parison.

The following simple SFST-PL program will correctly infleadjectives like “easy”
(easier, easiest) and late (later, latest).

% the set of valid character pairs
ALPHABET = [A-Za-z]:[A-Za-z] y:i [#e]: <>

% Read a list of adjectives froma lexicon file
$WORDS$ = "adj "

%rule replacing y with i if followed by # and e
$Rulel$ =y <=> i (#: <> ¢e)

%rule elimnating e if followed by # and e
$Rul e2$ = e <=> <> (#:<> e)

$Rul es$ = $Rul el$ & $Rul e2$

% add inflection to the words
$S$ = SWORDS$ <ADI>: # ({<pos>}:{} | {<comp>}:{er} |
{<sup>}:{est})

% apply the phonol ogical rules to obtain the resulting
% transducer
$S$ || $Rul es$

A more comprehensive morphology including mechanismséatidg with deriva-
tion, compounding and inflection is available with the SF8dl4. It is adaptable to
other languages by changing the lexicon, the inflectioreds®#s, and the phonological
rules.
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This demonstration will provide a quick introduction to tRERE Station [1]. FIRE
Station is a “workstation” environment for manipulatinghé automata/transducers
and Regular Expressions. It is built on top of the FIRE Woegkspmputational toolkit
(with a programming interface only) for constructing, opizing, manipulating, and
using all sorts of regular language and regular relatioeatbj Both software systems
are in a rather early stage, but the key insights are alrejoigrant.

A key advantage over many other similar toolkits and envitents is the close con-
nection between the representation of an automaton (asstiom graph) and the repre-
sentation of each state’s accepted language (as a regpl&ssion); indeed, these two
concepts are simultaneously represented in a single abdata-structure. This allows
a unified view of regular languages, easing the way in whidraumteract with them.
Perhaps more importantly, it can (in future versions) beduseallow for reversibil-
ity: from automaton back to regular expression/relatiow, gice-versa. There are also
significant performance advantages (in terms of memory anding time), and ad-
vantages in debugging/simulating automata. Finally, lsggiems are freely available,
and we invite other implementors to work with us in creatimgvriskins” for various
domains, such as computational linguistics, securityesyst etc.
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