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Abstract
This paper describes some exploratory attempts to apply a combination tef diate
transducers (FST) and transformation-based learning (TBL, Brill 1992) to the gonobf
letter-to-sound (LTS) conversion for Swedish. Following Bouma (2000) for Dwgamploy
FST for segmentation of the textual input into groups of letters and &éinsicription stage;
we feed the output of this step into a TBL system. With this setupash 96.2% correctly
transcribed segments with rather restricted means (a small detnof-crafted rules for the
FST stage; a set of 12 templates and a training set of 30kw for the TBL stage).
Observing that quantity is the major error source and that compound morpheme
boundaries can be useful for inferring quantity, we exploratively add good medsy
recall compound splitting based on graphotactic constraints. With this simpbedci
method, targeting only a subset of the compounds, performance improves to 96.9%.

1 Introduction

A text-to-speech (TTS) system which takes unrestrictedagextput will need some strategy
for assigning pronunciations to unknown words, typically achieved by a kstesfto-sound
(LTS) rules. Such rules may also help in reducing lexicon sizejifhexg the deletion of
entries whose pronunciation can be correctly predicted from rules. &angide the TTS
domain, LTS rules may be employed for instance in spelling carecind automatically
induced rules may be interesting for reading research.

Building LTS rules by hand from scratch is easy for some languége., Finnish,
Turkish), but turns out prohibitively laborious in most cases. Data-drivethads include
artificial neural networks, decision trees, finite-state methdudden Markov models,
transformation-based learning and analogy-based reasoning (sometincesnbination).
Attempts at fully automatic, data-driven LTS for Swedish includd 2003), who reaches
96.9 % correct transcriptions on segment level with a 42000-node decision tree.

2 The present study
The present study tries a knowledge-light approach to LTS conversion, firgdapplBouma
(2000) on Dutch, which combines a manually specified segmentation stdmi{bystate
transducers, FST) and an error-driven machine learning techniquefoftnaeison-based
learning, TBL). One might think of the first step as redefining #fghabet size, by
introducing new, combined letters, and the second as automatic inducteadofy rules on
that (redefined) alphabet, ordered in sequence of relevance.

For training and evaluation, we used disjoint subsets of a fully morphallygexpanded
form of Hedelin et al. (1987). The expanded lexicon holds about 770k words (ngrludi
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proper nouns; these and other words containing characters outside thehSaleldabet in
lowercase were discarded).

2.1 Finite-state transduction (FST)

Many NLP tasks can be cast as string transformation probleres, @fnveniently attacked
with context-sensitive rewrite rules (which can be compiled tyretto FST). Here, we first

use an FST to segment input into segments or letter groups, tt@hendividual letters. A

segment typically corresponds to a single sound (and may have one moatghelreating a

sequence of letters as a group is in principle meaningful whenevey goileads to more
predictable behaviour. Clearly, however, there is an upper limit on thbanuwh groups, if

the method should justifiably be called ‘knowledge-light’. For Swedmessegments close
at hand are {[s,c,h], [s,s], [s.], [s.h], [c,K], [K], [K,j]...}; the set usedthe experiments
described here has about 75 members.

Segmentation is performed on a leftmost, longest basis, i.e., teatsrahosen which
results in as early a match as possible, the longest possibifetloere are several candidates.
All following processing now deals with segments rather than individual letters.

After segmentation, markers for begin- and end-of-word are added, an@utinently
around 30) hand-written replace rules are applied, again expressadnaducers or
compositions of transducers. These context-sensitive replace ralegnoode well-known
reading rules (in the case of Swedish, for instance ‘<k> is pronoufigeih front of
<e,l,y,a,0> morpheme-initially’), or try to capture other partigutarities (Olsson 1998).
Most rules deal with vowel quantity and/or the <o> grapheme, neiidettpical difficulties in
Swedish orthography. The replacement transducer is implemented sueadhaegment can
be transduced at most once. A set (currently around 60) of contexthdsh-all rules
provide default mappings. To illustrate the FST steps, consider tlteské@ming‘cut’ after
each transduction:

input: skarning
segment: sk-&-r-n-i-ng
marker: #-sk-&-r-n-i-ng-#
transduce: #-S+<i+r-n-I-N+#
remove marker: S<:rniN

2.2 Transformation-based learning (TBL)

TBL was first proposed for part-of-speech tagging by Eric Bti192). TBL is, generally
speaking, a technique for automatic learning of human-readable icktgsif rules. It is
especially suited for tasks where the classification of oneexle depends on properties or
features of a small number of other elements in the data, typicalfew closest neighbours
in a sequence. In contrast to the opaque problem representation in gt@g@staches, such
as HMMs, the result of TBL training is a human-readable, ordesedflrules. Application of
the rules to new material can again be implemented as FSTs and thus be very fast.

For the present task, we employed R€BL system (Lager 1999). It provides an interface
for scripting as well as an interactive environment, and Bridlfgginal algorithm is
supplemented by much faster Monte Carlo rule sampling. The templatesiesrdrom Birill
(1992), omitting disjunctive contexts (e.g., “A goes to B when C keeil or 2 before”),
which are less relevant to LTS conversion than to POS tagging.

2.3 Compound segmentation (CS)
The most important error source by far is incorrectly inferredhiifyaln contrast to Dutch,
for which Bouma reports 99% with the two steps above (and a genargkly setup, with
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500 TBL templates), quantity is not explicitly marked in Swedishogtaphy. One might
suspect that this kind of errors might be remedied if compounds and ntioggheme
boundaries could be identified in a preprocessing step. Many ruleglieable in the
beginning or end of morphemes rather than words; we could provide contexarrules if
only we knew where the morpheme boundaries are. Compound segmentatiocoy(ld2)so
help in many difficult cases where the suffix of one component happéoist a letter group
when combined with the prefix of the following, as in <matjord>, <polishurtiokjagare>.
Ideally, segments should not span morpheme boundaries: <sch> should b& a®a
segment in <kvalls|schottis> but not in <kvalls|choklad>.

In order to explore this idea while still minimizing dependencieterital properties, we
implemented a simple compound splitter based on graphotactic constfantdaborate
variant of such a non-lexicalized method for Swedish was suggestBbtgla (1979). He
describes a six-level hierarchy for consonant clusters accoamgat much information they
provide about a possible segmentation point, from certainty (as -mkkkkyrkklocka>
‘church bell’) to none at all (as -gr- in <vagren> ‘verge (ropdjor the purposes of this
study, we targeted the safe cases only (on the order of 30-40%cofgdbunds). Thus, recall
Is poor but precision good, which at least should be enough to test the hypothesis.

3 Results

3.1 Evaluation measure

The most common LTS evaluation measure is Levenshtein distancebetutput string and
target. For the practical reason of convenient error analysis @m@acability with Frid
(2003) we follow this, but we note that the measure has severesdeigs. Thus, all errors
are equally important — exchanging [e] fel Is considered just as bad as exchanging [t] for
[a]. Furthermore, different lexica have different levels of graityl in their transcriptions,
leading to rather arbitrary ideas about what ‘right’ is supposed ao.nfk@r future work, some
phonetically motivated distance measure, such as the one suggestemdrak (2000),
seems a necessary supplement.

Table 1. Results and number of rules for combinations of CS, FST, and TBLd ®ifos$s-
validation. Monte Carlo rule sampling. Score threshold (stopping orfesi 2. The baselines
(omitting TBL) are 80.1% (default mappings); 86.6% (FST step only); 88.3% (CS + FST).

Training data TBL FST + TBL CS +FST + TBL
segments words| results % #rules| results % #rules| results % #rules
49k 5k 93.8 820 94.9 503 95.5 513

98k 10k 94.1 1131 95.0 761 95.7 809
198k 20k 95.2 1690 95.7 1275 96.5 1250
300k 30k 95.7 2225 96.2 1862 96.9 1756

3.2 Discussion
Some results are given in Table 1. In short, both with and without thesTéps, adding
handwritten rules to the baseline improves system performance @ndrdining time)
significantly, as does adding the crude CS algorithm. The numbearof lelles is sometimes
high. However, although space constraints do not allow the inclusion @iph bere, rule
efficiency declines quickly (as is typical for TBL), and thestfifew hundred rules are by far
the most important. We note that the major error source still is incorrectiseihiguantity.

We have stayed at the segmental level of lexical transamiptvith no aim of modelling
contextual processes. Although this approach would need (at the very least) pcstpydoes
many applications, it might be enough for others, such as spellingtoanteResult-wise, it



144 MARCUSUNESON

seems that the current approach can challenge Frid’s (2003) (86u8% on a much larger
(70kw) training corpus), while still retaining the advantage of tloeemnterpretable rule
representation. Frid goes on to predict lexical prosody; we hope to get back to this topic.

4 Future directions

Outside incorporating more sophisticated compound splitting, there \aeealsenteresting
directions. The template set is currently small. Likewise, fédaure set for each corpus
position may be extended in other ways, for instance by providing €latggaphemes — C
and V is a good place to start, but place or manner of articulagio@ fand frontness for
vowels might also be considered. Such classes might help findingaEingrrules over, say,
front vowels or nasals, and might help where data is sparse;ttheted rules are also likely
to be more linguistically relevant. If so, segments should prefelabthosen such that they
fall clear into classes.

Another, orthogonal approach is “multidimensional” TBL (Florian & N2@01), i.e., TBL
with more than one variable. For instance, the establishment of ptxtern may determine
phoneme transcription, or the other way round. For most TBL systens carlechange one,
prespecified attribute only (although many attributes may providextpniéis is true for-
TBL as well; however, we are currently considering an extension.

Interesting is also the idea to try to predict quantity andsstestuctively, with Constraint
Grammar-style reduction rules (i.e., “if Y, remove tag X frdva set of possible tags”). Each
syllable is assigned an initial set of all possible strasddea set which is reduced by positive
rules (‘ending -<6r># has main stress; thus its predecessor doeaqetell as negative
(‘ending -<lig># never takes stressi}.TBL conveniently supports reduction rules.

References

Bouma, G., 2000. A finite state and data oriented method for grapheme to phoneme
conversionProceedings of the first conference on North American chapter of the
Association for Computational LinguistiSeattle, WA.

Brill, E., 1992. A simple rule-based part of speech tagdard Conference on Applied
Natural Language ProcessingCL.

Brodda, B., 1979. Nagot om de svenska ordens fonotax och morfotax: lakttagelse med
utgdngspunkt fran automatisk morfologisk anaBi.US 38 Institutionen for lingvistik,
Stockholms universitet.

Florian, R. & G. Ngai, 2001. Multidimensional Transformation-Based LearRirageedings
of the Fifth Workshop on Computational Language Learning (CoNLL-200Wjouse.

Frid, J., 2003Lexical and Acoustic Modelling of Swedish ProsoByD Thesis. Travaux de
I'institut de linguistique de Lund 45. Dept. of Linguistics, Lund University.

Hedelin, P., A. Jonsson & P. Lindblad, 198¥enskt uttalslexiko{3rd ed.). Technical report,
Chalmers University of Technology.

Kondrak, G., 2000. A new algorithm for the alignment of phonetic sequdPrceeedings of
the first conference on North American chapter of the A@drgan Kaufmann Publishers
Inc, 288-295.

Lager, T., 1999. The u-TBL System: Logic Programming Tools for TransformatieedBa
Learning.Third International Workshop on Computational Natural Language Learning
(CoNLL-1999) Bergen.

Olsson, L-J., 1998. Specification of phonemic repesentation, Swédith4.1.3 of EC
project “SCARRIE Scandinavian proof-reading tools” (LE3-4239)





