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Résumé — Abstract

Dans cet article nous décrivons le développementeiesources linguistiques du finnois pour
un systéeme de traduction automatique de la pamhs ¢ domaine médical: MedSLT. Le
travail inclut la construction des corpus médicaerx finnois, le développement de la
grammaire finlandaise pour la génération, le déymonent du lexique finlandais et la
définition des régles de mapping interlingue-firm@iour la traduction multilingue. Nous
avons découvert que le finnois peut étre introdaits I'architecture existante de MedSLT
sans trop de difficultés. En effet, malgré les éidihces entre I'anglais et le finnois, la
grammaire finlandaise a pu étre créée en adaptamueliement la grammaire anglaise
originale. Les premiers résultats de ['évaluatiom ld traduction anglais-finnois sont
encourageants.

This paper describes the development of Finnigjulstic resources for use in MedSLT, an
Open Source medical domain speech-to-speech ttanskystem. The paper describes the
collection of medical Finnish corpora, the creatma Finnish grammar by adapting the
original English grammar, the composition of a domspecific Finnish lexicon and the
definition of interlingua to Finnish mapping rulies multilingual translation. It is shown that
Finnish can be effectively introduced into the grig MedSLT framework and that despite
the differences between English and Finnish, timmiBh grammar can be created by manual
adaptation from the original English grammar. Rdgay further development, the initial
evaluation results of English-Finnish speech-toespdranslation are encouraging.
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1 Introduction

The basic architecture of a speech-to-speech &tmsl|system typically includes several
components. Any speech-to-speech translation sységmuires at least a module for the
source language speech recognition, a translatmotula which converts the recognised and
parsed source language string into the target Egejuand a speech synthesis module for the
target language output speech generation. Thespamnts may be based on different kinds
of architectures. For example translations may beioned using a variety of translation
methodologies, like rule-based, statistical or ea@nbased translation engines. In past years
statistical methods have been commonly used inckpggestems. This even to the point that it
may have given the impression that rule-based ndstlaoe no longer relevant. The general
success of statistical methods over rule-based adstis based principally on the general
robustness of the statistical systems and on tleatlveasiness of system development.
However in some special fields, like for exampleha medical domain, the reliability of the
system is more important than the general robustoéthe system. This suggests that in
these domains rule-based methods can be betted qiihight et al., 2001). MedSLT is an
Open Source project which is developing a gendatfggm for building this kind of rule-
based system where reliability is a crucial isstee( Rayner, Bouillon, 2002, Rayner et al.,
2004). To compare rule-based to statistical methiogi® exist two versions of the system, on
based on grammar-based language modelling (GLM) amel on statistical language
modelling (SLM). These versions are trained on shee corpus, and evaluated on a test
corpus collected using both versions of the sysfEine experiments show that in terms of
number of sentences translated, the GLM and SLMeslcequally well. However, (Rayner et
al., 2004) concluded that the GLM was preferabléerms of presenting a more predictable
interface.

A rule-based spoken translation system implies re¢\ifferent resources: a description of
the source language (SL) and of the target lang(@geand a set of translation rules, for
example transfer rules or interlingua mapping rutesce in general the development of
linguistic resources used in translation systemahsrious and time consuming, in order to
reduce the development effort needed for multiladgrule-based systems, we focus on
developing general unification grammars that caruded for speech recognition, analysis,
and generation. The main feature is that the gérgnammars will be automatically
specialised for these different tasks with a corpod an example-based learning method
(Rayner et al, 2000). The grammar specialisatiomasessary in order to compile the
grammar into CFG form, to reduce the ambiguityhaf grammar and to build the generation
grammar.

This paper presents the development of linguistources for Finnish for the MedSLT
system. The development includes the collectiorthef medical sub-domain corpora, the
creation of the Finnish generation grammar andctaxi and the definition of interlingua to
Finnish mapping rules, used by the multilinguahsiation module. The interest of working
on the Finnish language is that despite differeitiral language processing (NLP) projects
including Finnish, it has not yet been used extatgi in speech-to-speech translation
systems. Another motivation is that as Finnishasan Indo-European language, it does not
necessarily share the same word and sentenceus&weith English and French. Therefore it
allows the study of the grammar adaptation and ehiére multilingual MedSLT system
architecture including the MedSLT interlingua regmetation from a new perspective.
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The paper is organised as follows. Section 2 dessrthe Open Source speech translation
system MedSLT. Section 3 presents the Finnish neodslib-domain corpora, Finnish

generation grammar and lexicon, and interlinguaFibonish mapping rules). Section 4

presents the evaluation of the MedSLT English tonksh translation performance and

Section 5 concludes.

2 The MedSLT system

MedSLT (MedSLT, 2005, Rayner et al., 2003) is a iceldddomain spoken language
translation (SLT) system, which is developed tongtate doctor-patient examination
dialogue. Translation is one-way; the system teteslthe diagnosis questions asked by the
doctor. The questions are formulated so that theemacan answer them non-verbally by
nodding or shaking the head, by pointing at a bpast or similar. The system coverage is
organised into medical sub-domains by symptom eks$he current system sub-domains
include the emergency relevant sub-domains of heeeda chest pains and abdominal pains,
each supporting a vocabulary of between 300 andvwaflds. The current system prototype
translates from English into such structurally eliént languages as French, Japanese and
Finnish. The system includes also initial versiasfs French-English, Japanese-English,
Spanish-English and English-Spanish.

The basic architecture adopted in the MedSLT-system compromise between the fixed-
phrase translation (e.g Phraselator, 2005) anduleebased linguistic methods (Wabhlster,
2000, Rayner et al., 2000). At runtime the systezhaves like a phrasal translator, which
translates beforehand defined patterns. In contitastcompile time architecture is based on
general linguistic resources. The grammars usethén MedSLT system are written in

unification grammar formalism in a SICStus Prologséd feature-value notation. The
unification grammars are compiled into grammar-dasmguage models using the Open
Source Regulus toolkit (Regulus, 2005) (figure legRus compile time component).

Language models are in GSL form, suitable for ugle the Nuance platform (Nuance, 2005).
The translation is based on the interlingua appr@dd/T.

MedSL T
Runtime
System

=
Java Client Library
(regclient) Regulus
| I I Runtime
Time System

Translation Server

Speech Platform Interface Process
(regserver)

ik
Nuance Voice Platform l
(recognition, playback)

Regulus
Compile
Time
Component

Application Unification
Specific Data Grammar Database

Figure 1 : MedSLT system architecture

The MedSLT runtime system is accessed through a((Bultrated in figure 1), which allows
the simple utilisation of the system for the diagjng doctor. The flow of information in the
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MedSLT system is as follows. First the input speiscrecognised using the recogniser built
on the Nuance platform. The output of the recogniséhe semantic representation of the
input produced by using the specialised grammais $&mantic representation of the SL is
then passed to a discourse processing module, whiehprets it in the context of the
previous dialogue, in order to resolve possiblgpgi$. The resolved SL representation is
transformed into an SL independent interlingua eésentation. In the MedSLT interlingua
representation each clause is treated as a tlaf legtribute-value pairs (see section 3.4.). The
interlingual form is transferred into a TL surfas&ing using a generation grammar, and
finally passed to a speech synthesis unit. The mgppf the SL dependent representation
into interlingua and the mapping of interlingueoiat TL dependent representation is obtained
by manually developed interlingua mapping rules.

3 Finnish linguistic resources

3.1 Sub-domain corpora

The first step towards the development of the Bimmhodule for the MedSLT system was to
create the Finnish headache and chest pain subhil@mgora. These corpora serve as the
primary source to decide what kind of structuresudnd vocabulary is necessary to introduce
to the Finnish module. The corpora were createdrduyslating (and adapting) the original
English corpora. The objective was to find the eglgnt Finnish questions for the original
English diagnosis questions. Since in the curreetdSLT system Finnish is used only as
output language it was not regarded necessanhisfpbint, to take into consideration the
other possible questions a Finnish doctor mighttw@amclude in the system coverage, or the
different variations of the same question. Therefibrwas justified to translate the original
English corpora into Finnish instead of collectiagthentic Finnish data. The translated
Finnish diagnosis questions were, however, reviseBinnish medical doctors (Santaholma,
2005).

Two essential issues were taken into consideratioen translating the diagnosis questions
into Finnish: the particular character of spokerglaage and the special situation in which the
utterances were intended to be used. The spokgudge style differs markedly from the
written style. Generally the spoken language isemioformal and commonly contains the use
of ill-formed language, such as incomplete sentgnagong word cases, and unusual word
order. This special character of spoken langualgeinced the content of the Finnish corpora
and consequently the structure and lexical rulegefFinnish MedSLT grammar. In whole
the comprehensibility, reliability and simplicityf the utterances were regarded to be more
important than the actual formulation or style bé tsentences. In the context of medical
examination it is important that the patient feasnfortable and confident. Even more so if
the questions are asked by a doctor speaking adgegthe patient does not understand and if
he/she is listening to the translations of the jaes spoken out by a machine. Thus the
output of the MT system should sound as naturglogsible. For the Finnish output the aim
was to preserve the simplicity of the original Esiglquestions without letting the translation
be influenced too much by the expressions andtthetare of the SL.

The current Finnish MedSLT headache corpus consfsig0 utterances and the chest pain
corpus of 187 utterances. The concepts of these d¢anpora overlap considerably,
subsequently so does the structure of the diagmosstions. In most cases the questions of
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the sub-domains differ only in the vocabulary. ®ystem input languages -like English-
include commonly some variation in the way the ¢joes can be posed, which makes the
system more practical to use since the doctor i oldiged to remember the exact
formulation of the questions but rather the mainoepts of the questions. For the output
language this variation is not necessary. The Bhgjuestion variants corresponding to one
concept in the corpora are translated into Finfighthe same utterance. Due to this, the
Finnish corpora are slightly more restricted in pamson to the SL corpora.

3.2 Finnish MedSLT grammar rules

The MedSLT Finnish generation grammar is so faomaln specific grammar for speech

adapted from the general Regulus English grammed us the MedSLT system (Regulus,

2005). Currently the Finnish grammar contains 5&nmgnar rules and around 530 lexical
entries. The current grammar rules cover the bamistructions, which are necessary for the
MedSLT headache and chest pain sub-domains. Thangga includes syntactic rules for

declarative, interrogative and elliptical clausesmation of yes/no questions using subject-
predicate inversion, wh-questions, clause lackimg grammatical subject (replaced by the
object of the phrase), rules for various kinds ofnmal phrases and verbal phrases (like
transitive and intransitive phrases), rules foreatlyal modifiers, including comparatives,

passive sentences, sentences with past-particguheisyules for different verb and sentence
modifiers like adverbial modifiers and adverbs. TWedSLT Finnish generation grammar is

more limited than the standard Finnish grammar raigg the variety of constructions the

grammar includes. However the grammar does notagorgarticular structure rules that

would be considered being merely specific consiwast of a medical domain sublanguage.
The syntax reduction in the range of constructibmss rather reflect the specific text type and
discourse of the domain than the domain specifiguage itself. Furthermore, we believe
that a specialised grammar is not solely domairciipebut is also constructed after a

particular discourse type. (Santaholma, 2005)

vp:[sem=concat(Vbar, concat(Advp, Np)), vform=Vform , Subcat=A, inv=Inv, agr=Agr,
subj _n_case=Case, np_n_type=nonsubj, subj_sem_n_type=SubjType, gaps in=null, gapsout=null] -->
vbar:[sem=Vbar, vform=Vform, inv=Inv, subcat=(tran s\/personal), subcat=A, agr=Agr,
np_n_type=nonsubj, subj _n_case=Case, subj_sem_n_type=SubjType, obj_sem_n_type=0ObjType,
obj _case=B, takes_adv_type=AdvpType],
?advp:[sem=Advp, sem_adv_type=AdvpType],
np:[sem=Np, wh=n, agr=Agr, sem_n_type=0bjType, n_t ype=nonsubj, case=(ptv\/nom,
case=B, gapsin=GIn, gapsout=GOult].

Figure 2 : Finnish transitive verb phrase rule

The natural languages appear to have quite a latoofmon structure. Consequently the
exhaustive grammars of different languages shauetatal rules and properties at least to
some point. During the Finnish grammar developmead discovered that the basic English
structures were relatively easy to adapt to comegmg Finnish constructions. This at least
when using as a reference a grammar that coveikasknds of systematic patterns of the
same restricted discourse type. When comparinyid@SLT English and Finnish grammars,
most of the Finnish rules are very similar to theglish counterparts from which they have
been adapted. When adapting the English grammamts® significant difference between
Finnish and English is that in Finnish more phenamare resolved at morphology level
rather than in the syntax like in English. Finnista highly agglutinative language, in which
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nouns, adjectives, pronouns and numerals infle(aiound) 15 cases. Therefore an essential
feature in the Finnish MedSLT grammar rules isfdaure ‘case’. For example in the Finnish
verbal phrase rule used for generating clausesudimgy a transitive verb the allowed
inflectional case of the subject and the objecthef utterance are defined (figure 2). This is
necessary in order to prevent the over-generattamthermore, in Finnish the different
grammatical functions as well as time, place, owshigr, manner etc. for which English
normally uses a preposition are expressed by ssffiXhe correspondence of the Finnish
cases with the English prepositions is, howevet, exactly straightforward. As a whole,
Finnish is a very complex and productive languaggarding morphology whereas the syntax
is rather straightforward and free to certain point

3.3 Lexicon and lexical entries

The Finnish MedSLT lexicon currently includes ardusB80 distinct Finnish lexical entries
covering the MedSLT headache and chest pain sulaitsmHowever, it is noteworthy that
the different inflections of the same Finnish enéimg counted as distinct lexical entries.
Therefore, the actual total of different Finnismhaas is slightly smaller than the figure may
indicate. The Finnish lexicon includes rules foe tommon part-of-speech categories — i.e.
for verbs, nouns, adjectives, adverbs, specifitsguestion words, post-positions and for
prepositions. The multiword expressions (~lexiadiNPs) that define the sentence or the
verb of sentence are placed under the categorgwafrbials.

The Finnish lexical entries include a fairly contpeasive amount of different information.
The features defined for instance in the verb estimclude, - among others - the verb type,
the sub-categorisation, semantic type of the ptessibbject, object, predicative, adverb and
adverbial, as well as the allowed inflectional caséthese constituents in the context of the
verb in question (figure 3). The Finnish verbseatlin tense, mode and person.

verb:[sem=[[event, lievittad], [tense, present]], v form=qg_ko, agr=sg, subcat=trans,
subj_n_case=nom, subj_sem_n_type=(causeVactivity), obj_sem_n_type=perception_body,
obj_case=ptv, takes_adv_type=frequency] --> lievitt aako.

Figure 3 : Finnish verb entry. The question fornthef verb ‘lievittdd’; to relieve’ in the
present, third person singular.

As a consequence of the considerable amount dafitteeent inflectional cases, the amount of
different word forms of the same lexical entry nimeyquite extensive in the Finnish lexicon.
An advantage of a limited domain application, |lMedSLT system, is that the amount of
distinct word forms necessary in the applicatiorestricted. The lexicon is actually possible
to write manually (Morphological tools like Mmorp{Petitpierre/Russell, 1995), or PC-
Kimmo (Koskenniemi, 1983) are not integrated in¢herent MedSLT system). Evidently the
enumeration of all the possible inflectional cagasevery lexical entry is laborious and
contains a lot of repetition. However the encowedaepetition may be decreased to a certain
point by the systematic use of macros in the léxidas. The macros are extensively used in
the MedSLT English lexicon. The Finnish lexicon remtly contains macros mainly in
adjective and noun entries.
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3.4 Interlingua-Finnish mapping rules

The interlingua mapping rules enable the transftionaof thea) SL representation through
b) Interlingua into thec) TL representation. For example if we want to tlatesthe English

utterance Is the headache made worse by red ®ine Finnish 'Pahentaako punaviini

paansarky&”; (*make_worse red wine headache?), we first rieedrite rules to transfer the
English source representation:

a) source_representation=[[adj,worse],[cause,red Mewent,make_adj],[prep,subj],
[secondary_symptom,headache],[spec,the_sing],[teresent],[utterance_type,ynq],
[voice,passive]]

into the corresponding interlingua representation:

b) interlingua=[[sc,when], [clause,[[utterance_typmd#,dpronoun,you], [tense,present],
[voice,active], [action,drink], [cause,red_wine]vent,become_worse],
[symptom,headache], [tense,present], [utterance yyp], [voice,active]]

After that we still need to develop rules for trimeng the Interlingua representation into the
Finnish target representation:

c) target_representation=[[cause,punaviini], [evatigntaa], [symptom,paénsarky],
[tense,present], [utterance_type,ynq]]

MedSLT makes use of two types of interlingua rutessfer_lexicon rules and more complex
transfer_rules. The previous ones, thansfer_lexicon entries, are employed when there is one-to-
one correspondence between the interlingua expressid the natural language expression.
In practice, both, the source pamd the target part of the rule, contain only olement.
Tranfer_rule entries map together several elements.

The MedSLT interlingua representation of an utteears mostly based on the flat list of

semantic features obtained in the analysis. Oniyesgausal and temporal structures are
represented as slightly nested structure (like abdsy the headache made worse by red
wine?’). This kind of representation is possibletire restricted domain like the one of

MedSLT. Corresponding the character of the appinathe MedSLT interlingua is aimed to

be easily portable to new medical sub-domains.Heuantore, the mapping rule development
is desired to be as straightforward as possiblevery interlingua— natural language pair.

The interlingua-Finnish mapping rules currently ldeathe translation from other MedSLT
system languages into Finnish in the headache soiaith. The nested structures for causal
and temporal expressions are not yet implementeé&inmish but the current generated
Finnish semantic representations of utteranced®ased solely on the flat representations. In
whole, the interlingua representation is more atorthan the actual Finnish target
representation. The Finnish output representaésembles in fact more the English source
representation. Thus interlingua-Finnish mappingscontain a lot of complebansfer_rules

in order to map the different interlingua and Fgimiarget language structures. The advantage
of the more complicated transfer rules is thatwhmed context is included in the rule. The
disadvantage is that if the context is always neglihe translation may lose robustness.
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4 Evaluation of the translation

The translation performance of the MedSLT Engligmish language pair was evaluated on
unseen data and the obtained results were compatiedhe corresponding results of the

English-French language pair. The (speech) datd fiasehe evaluation was collected during
November 2004 in twelve data collection sessionghenheadache sub-domain. A total of
870 spoken utterances were collected. For the ratmg of English input were used both

GLM and SLM based versions of the English recogn{&ecognition results are analysed
and described in detail in Rayner et al, 2004, Rawt al, 2005). The correctly recognised
English sentences (judged by English native spsakeere translated into Finnish and the
acceptability of these translations were judged3byinnish native speakers with grades of
‘good’ (semantically and grammatically correct seke), ‘acceptable’ (semantically correct
translation) and ‘bad’ (semantically and grammadliyaacorrect sentence).

The translation performance into Finnish was sonawleaker than into French but
comparable if taking into consideration the nomstated sentences (figure 4). Out of the
correctly recognised utterances (395 utterance}%45of a total of 870 utterance) 60% of
Finnish translations were judged as 'good’, 4,4%avfslations were assessed as 'acceptable’
and 0,5% as 'bad'. The corresponding figures fenéh were 'good’ 75,8%, 'acceptable’
19,2% and 'bad' 0,7%. Generally the Finnish judgesled the translation as 'bad' if it
contained a word in the wrong inflectional caseerevf the word itself was correct. The
utterances judged as 'acceptable’ contained mgpedgial medical terminology or particular
expressions describing the pain that were not fanfibr the judges.

The most remarkable difference between the EngaRih Eng-Fre translation performance

was thus the amount of utterances left withoutdlietion (see figure 4: 'no translation’): of

correctly recognised English utterances 36% wetetranslated into Finnish, whereas only

4,4% of utterances were left without translatioto ifrench. When analysing the sentences
that were not translated into Finnish it was natitieat in most cases the translation failed
because the Finnish lexicon either lacks a lexécdaty or a certain form (inflectional case,

verb tense/person) of the lexical entry (lexicgb®)a Even if the lexicon contained the word

in some form, the grammar prevents the generafiGgemences using in-correct word forms.

Furthermore the un-translated sentences were mailyn coverage sentences (Proportion of
not in coverage 453 (52.1%) and in coverage 4104y utterances in corpus of total of 870

sentences).

80

60

40 -

20 | 4[._’>

o ——— [
good acceptable

translation translation

bad recognition bad translation | no translation

EFIN glm 54,6 27,2 2 0,23 15,9
WmFIN sim 59,8 25,9 1,6 0 12,8
OFRE glm 54,6 34,4 8,7 0,3 2

OFRE sim 59,8 30,8 7,7 0,2 1,5

Figure 4 : Comparison of English-to Finnish and lishgto French translation performance

The following exampleshow lexical gaps:Does the pain radiate to the neck(® coverage
sentence) andis the pain in the neck?(not in coverage sentence). The Finnish lexicon



Linguistic representation of Finnish in the medidaimain spoken language translation
system

includes the word "kaula"néck'in the ablative case, which is used in the system in the
context of theverbs‘to radiate’ and’to spread’ A translation gap is produced when trying to
translate the utterancés the pain in the neck’'where the verb "olla™to be; requires the
adessive case of the word neck. The same probleemdeuntered, among others, in the
sentencesDoes your headache extend to the back®"Does the pain spread to your eye?"
The Finnish lexicon does not include the woldack' and 'eyé in the inflectional cases
required by the verb context and the utterancesefiravithout translation even if the system
translates the words correctly in utterantieghe pain above the eyahd"ls the pain in the
back". In some cases the translation was also unsuctdssfause of the lack of needed
grammar rules. Because of a lacking grammar rufeéesees like the following were left
without translation:"Do you have nausea when you have headachés@bordinate
structure);"Do your headaches come after anxiety?" / "Do yai the headache after
drinking red wine?"/ "Is the pain relieved afteesp?"(post-positional structure)

As a whole the acceptability of Finnish translasios comparable to the French, and in
general the Finnish translations are comprehenaidethus acceptable. Most of the work to
be done now is on the coverage of the Finnish granand lexicon.

5 Conclusion

This paper has described the development of Firlmghistic resources for use in MedSLT,

an Open Source medical domain speech-to-speectiatian system. The development was
partly done by adapting the already existing resesirand in particular the Finnish grammar
was created by grammar adaptation from the origiaglish grammar. The grammar

adaptation was proved to be an efficient way toettgy the Finnish MedSLT grammar. The
syntax rules were mostly highly similar with thagimal English grammar rules they were
adapted from. Most difficulties were caused bydbmplex morphology of Finnish. To avoid

the generation of non-grammatical sentences thenrgea and lexicon rules have to be
carefully constrained. The manual enumeration @& baxical entries and the different

inflectional cases of the words is laborious bult &asible by the use of macros in the
restricted domain application like MedSLT. In m@eneral domains, the use of integrated
morphology tools is preferable.

The evaluation of the translation performance ofglEh-Finnish language showed
encouraging results and by some changes in therageeof grammar and lexicon the
translation result will be improved and eventudhlye Finnish module will be more robust.
This also confirms that the MedSLT system architexts a whole is adaptable on restricted
domain to translate between multiple different lzeqges.
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