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ABSTRACT

This paper describes the semantic interpretation of user
utterance in the IMAR project (multimodal spoken dialogue
system). In a human-computer dialogue, a good sentence
understanding is a prime necessity to have a good progression in
the exchange. The heaviness of an interaction is due to the
misunderstanding and the faltering speak of the user.

The aim of this paper is to propose a robust spoken
understanding system capable to cover effects of spontaneous
speech (filled pauses, non grammatical structure), the
misrecognition (unknow words) and the ambiguity of the
language. The method is based on the use of several linguistic
knowledges (syntactic, semantic and pragmatic) and also the
context of the interaction (user and task model).

1. INTRODUCTION

Several approaches have been developed. Sakai & al. [11] have
proposed a robust discourse processing compensating for
misrecognition to reduce the number of extra-interaction based
on three mechanisms: a user's intention understanding, an
utterance-couple discourse processing and a dynamic
vocabulary prediction. Brietzman & al. [2] provides top-down
restrictions for the word recognition and discovers. the most
plausible linguistic interpretation of the input for further dialog
and task-oriented processing.

Like suggested by Holbrook & al. [4]{5] we will present a
semantic process based on giving sense to syntactic groups for
French language. )

The main error source, in a dialog, comes from
misunderstanding between the two interlocutors. For a man-
machine dialogue, the heaviness of an exchange is often due to
the incomprehension of many words by the machine at the
recognition and understanding levels. Moreover, in a spoken
dialogue, sentences pronounced by the user are often faltering. It
ensues more difficulties to know what is significant or not.

In this paper, we will propose a speech robust understanding
system based on a semantic interpretation capable to produce a
partial sense in corrupted sentences (non grammatical structure,
misrecognition, unknown words in the lexicon).

A continuous speech recognition system delivers a word graph
to the understanding system. This component parses the input
and constructs a semantic representation of the sentences. This
output of the linguistic comprehension component is sent to a
dialogue management system.

In a spoken dialogue, a good comprehension of sentences is a
prime necessity to have a good progression in the exchange.
With the introduction of a model which can deduce an
approximate sense in theses sentences, comprehension errors
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could decrease. With this comprehension model, robustness in a
spoken dialog system increases considering the decreasing of
ambiguity in utterances and the increasing of language
flexibility.

2. METHODS

The method to understand sentences consists in cutting them in
different syntactic groups. A set of meanings is computed for
each syntactic group. So, these semantic groups could be
fusionned around the main verb to take a list of different
meaning hypotheses. For each hypothesis a confidence degree is
computed too.

2.1. The formalism

To have facility to manipulate and to fusion information, a
formalism based on Feature Structure (FS) [13]{7] has been
adopted. The formalism allows to merge heterogeneous data in
the same structure. With the mechanism of unification, the
fusion could be done easily. In the classic feature structure the
unification between two FS (FS1 & FS2) can succeed only if
values of FS1 are equal to values of FS2. With the introduction
of the functions and the disjunction in FS [12], the unification
conditions can be more flexible and complete.

In basic FS, feature values are atomic values or another FS. In a
semantic domain, many features cannot be defined with an
atomic value. For example [man_height:190] (in cm) cannot be
unified with [man_height:tall] because 'tall' # 190 . But if tall is
a function defined to say : a man is tall if his height is between
180 and 210 cm, then the unification [man_height:
between(180,210)] U [man_height:190] succeeds and the
result is [man_height:190]. The 'between' function has been
defined like that: between(min,max,x) = if x € [180,210] then x
else failure. It is the resulted FS which receives the result of the
function.

The integration of the 'or' function allows to declare features
such as physical_state:or(liquid, solid, gaseous). In this case, the
disjunction effects are only applied at one feature. If we want to
include in a same structure two or more possibilities, we need to
modify the conditions of the unification. In basic FS only an
implicit and is used between different features. The condition of
[fl:v1,£2:v21 U [f1:v3,£2:v4] is (vi=v3) and (v2=v4). With the
introduction of the disjunction, we can  write
S=[{[f1:v1],[f2:v2]}] to say the structure S is [f1:v1] or [f2:v2].
The condition with the FS [f1:v3,f2:v4] is now (vl=v3) or
(v2=v4). With the disjunction, a partial definition of the word
‘organism' can be expressed in one FS like that:
organism_def=[{animal_def,plant def}]. A part of the
definition of organism is: is an animal or plant being.
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species:marmmal dog modification variety:cocker
race:canine ear_size:large
ear_size:or(small, medium) kind:hunting

kind:or(hunting, domestic) variety:cocker cocker
ear_size:large
kind:hunting
species:mammal
race:canine

Figure #1: Definition of a cocker by FS inheritance
Moreover, the possibility of inheritance (like in an object
oriented language) has been added to construct FS from another
one. New FS could be constructed with other ones already
defined. The figure #1 shows a typical example of inheritance. A
definition of a cocker is done by inheritance of the definition of
a normal dog.
The adjective large, concerning the size of ears, is inconsistent
with the dog definition. But with the FS inheritance, cocker can
be defined as a special dog. The definition of inheritance
function is: inherit(fs,modif)=(fs - modif) U modif .
Finally to compute a compatibility degree between two FS; a
weight has been added for each feature of a structure. The weight
indicates the importance of the feature (between 0 - without
interest - and 1 - vital -). The more compatible important features
are between two FS, the greater compatibility degree will be.

2.2, The lexicon

A good sentence understanding is first a good word
comprehension. So it is necessary to define words precisely as
needed by the spoken dialog. To decrease ambiguity of sense,
each word is defined with its linguistic sense and its regime
scheme. Each different sense is a lexical input, as suggested by
Mel'cuk{12]. Each lexical input is a FS which contains syntactic,
semantic and pragmatic informations. The lexical inputs are
referenced by the canonical form of the word and by one or more
letters or numbers to make the difference between each sense of
a same word. The references are originated from a French
dictionary [9].

In the dictionary, each word is defined in relation to other words.
Todefine a word without reference to another one is not possible
in a dictionary. Words which cannot be defined from other
words are primitive words.

2.2.1. The primitive words

The primitive words are used to construct others words. They are
the base of the construction of the lexicon. A word is considered
like a primitive word when it does not refer to any other word.
The French noun «&tre» (being in English) is a primitive word
because of the dictionary definition «what it is». It is a reference
to itself. The construction of this semantic lexicon is
incremental. The lexicon is constructed to be used to a given
application and after to be complete for another. Define the
complete sense hierarchy for each word of the application is an
enormous work. The more precisely the sense is defined, the
more numerous the father senses must be. The advantage of a
hierarchical lexicon is the possibility to determine which words
are primitives for the application. Obviously, the linguistic
primitive words are included in the application primitive words.
For example, the adjective green which denotes a color is a
primitive word for the IMAR application because in this
software it is not necessary to know that green is a wavelength
which is around 0.52 um. The application primitive words allow
to construct more quickly a lexicon for a given application. If
this lexicon is used for an optical physics application, the
adjectives denoting colors can be modified to be more precise
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and automatically each sense which refers to a color in definition
is also more precise.

2.2.2. The semantic inheritance

The semantic inheritance is used to construct sense and to use
context of words from other ones. Three kinds of inheritance are
possible. First, direct positive inheritance allows to bring the
father characteristics to the son without alteration. Second,
direct negative inheritance allows to bring to the son the
opposite of the proper meaning of the father word. It is used
generally when a definition says: «it is not this». For example
the sentence «a dalmatian is not a cocker» means that the typical
characteristics of the cocker are not in dalmatian definition, like
size of the ear, color of the fur. This does not mean that
dalmatian is not a dog. In this negation context the direct
negative inheritance can be used.
Finally, conditional inheritance is used to include
presupposition for the utilization context. For example the
French adjective «vivant» (sense:2vivantl: to be alive for a
biological organism) presupposes that it is applied to an
organism.The figure 2 illustrates the three kinds of inheritance.
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what exists and is 2vivan tl
10 be alive for a

conceivable + + -
like a single obj}\ /_
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2
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Figure #2: Semantic inheritance
2.2.3. Pragmatic links

The pragmatic links could be included in the word definition.
They are links towards the user model {3] and towards task
model which determines a part of the dialog context. For
example the word «je» (I in English) references the speaker. So
Jje is defined with a pragmatic link towards the user model to
know who is speaking. Another word references something in
the task model. A sentence like «je veux ce meuble i c6té de
celui-la» (I want this furniture near that one) contains three
references to the task model: firstly the deictic «ce» (this),
secondly the prepositional locution «a cOté de» (near) and
thirdly another deictic «celui-la» which references a gesture
designation. The senses of these words are computed
dynamically with the progress of the dialog and of the task
model.

2.3. Sentence comprehension
2.3.1. Local syntactic analysis

The first part of comprehension consists in locating the different
syntactical phrases of the sentence. Each syntagm is defined by
a grammar. The morphological informations come from a
French database BDLEX2 (LEXicon Data Base) and are
performed by a morphosyntactic analysis {9]. BDLEX2 contains
phonological and morphological informations for 350000
canonical forms (220000 derived forms). An example of
morphological analysis is showed in figure #3.

Each grammar is applied to the sentence to determine where
syntagms are. If there are unknown words in a syntagm, they
inherit of the syntactical category which is compatible with the
used grammar. If there is a group of words which cannot be
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[TSynt_catg:verd < —»-[(synicateady Toon yni_catg; [Isynt_caig:verb
canon_form:suivre canon_form:parti concordance:{genre:feminine canon_form:chasser
concordance:or( concordance:[genre:masculine number:singular] concordance:or({[pers:2
{lpers:2 number:singular]] canon_form:mon y number:singular
number:singular || | L e e e L e oo sub_synt_catg:possessive_adj] tense:present
tense:present [synt_catg:verb modesimpérative}
mode:impérative] canon_form:partir - [synt_catg:déterminant [pers:1
[pers:l concordance:[ genre;masculine {genre: canon | form chien number:singular
number:singular number-singular number:singular] tense:present
tense:present ! canon_form:mon [geme.ma_scuhn mode:indicative]
modeindicative} SYRL_Calg.preposiiion sub_synt_catg:possessive_adjective] } number:singular]]} [pers:3
2 pumbersingular
number:singular i tense:present
tense:pnaslent ) __—’—_I I T modonndicativel
mode:indicative] })] . 3 . . . [pers:1
.......... Je suis parti avec mon chien de chasse de bon matin humber.singular
[synt_catg:verb ] | tense:present
canon_form:étre mode:subjonctive}
concordance:[pers:1 [Isynt_carg:adjechve . [pers:3
number:singular concordance:[genre:masculin number:singular
tense:present number:singular] tense:present
;indicati  canon_form:bon] mode:subjonctive}})]
Synt_caig-pronoan [synt_catg:noun - nt_catg:noun
concordance:{number:singular} cc);ncordagnce:[geme:masculin [(S:Znéi_ffm(:’chasse
canon_formije number:singular] concordance:[genre:feminine
sub_synt_catg:subject_personnal_pronoun]} canon_form:bon] nuraber:singular]]}

Synt_catg.determant
canon_form:de
sub_synt_catg:partitive_; arucle]

synt_catg:preposition

canon_form:de

[synt_s jection
canon_form:bon]

[synt_catg:adverb

canon form:| bon

sub_synt_catg:adverb_of manner]}

Synt_catg:noun
canon_form:matin
concordance:
{genre:masculine
number:singular]] }

Figure #3: Morphological analysis produced with BDLEX2

matched with any grammar, it is ignored for the following steps
of the process. Typical expressions are detected with a lexicon
of expressions which depend of the language and of the
application. At this step several possibilities of syntagm
combination can be found, usually when unknown words are
present.

2.3.2. Local semantic analysis

The second step consists in locating the different semantic
groups. With the help of the semantic lexicon described in
paragraph 2.2., a primary semantic analysis is computed for each
syntactical group. Most parts of words have several senses: this
step allows to determine the best sense of each word to have the
best local coherence in the syntagms. The results of unification
indicate the words or the syntagms which could be fused at best.
Two levels of fusion are used to determine which semantic
groups are associated. The first level fuses the different
prepositional phrases and the subordinate clauses. The second
level is used to fuse the result of the previous level with the
primary meanings of noun phrases.

_je suis parti avec mon chien de chasse de bon matin

naunphmsc phmse T;wsm
I(a human) v eﬁlg I‘Illrll ntge
with my dog
[ with my hammer(cock)
¥ \J
|I(a human)] l with my hunting do;ﬂ carly in the
morning

Figure #4: Local semantic analysis of syntagms

2.3.3. Global information fusion

The last step consists in attaching each semantic group to the
different attributes of the verb. If no verb is detected in the
utterance (generally for a response) then the dialog controller
will receive the result of the local semantic analysis described in
the previous paragraph.

As in the local semantic analysis, when several senses of the
verb are possible, the unification process determines the sense
which has obtained the best coherence degree.

The verbs are defined in the semantic lexicon with a Feature
Structure. This FS includes all unification conditions necessary
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Figure #5 : Fusion around the main verb

for the fusion syntagms, e.g. the verb attributes. Each verb
attribute includes itself unification conditions. The conditions
are expressed by syntactic and semantic restrictions. For
example, as we show in figure #5, the subject of the verb partir
must be a human being or an animal. So the syntagm, which can
be integrated like the subject, must not include conflicting
informations. On the other hand, if we have a syntagm with few
informations, which can derived from an unknown word, then
the syntagm will be considered like a human or animal being.
With the unification mechanism, a bad or no defined sense can
be approximated with a propagation of syntactic and semantic
features as explained A. Abeillé [8].

The coherence degree is computed by the combination of the
different compatibility degrees. Several interpretation
hypotheses are possible: they can be sorted by coherence degree.
Therefore if one interpretation is not validated by the application
context, the dialog controller could take the following
interpretation.

3. ILLUSTRATION

A semantic lexicon is under construction for a computer-aided
design application (IMAR project) [3] which will be shown in
SITEF95 (International Forum for Future Techniques and
Energies). The application is developed to automate
construction of kitchens by means of a multimodal interface.
Two parts have been distinguished, first part allows a non
experienced man to achieve his kitchen. And second part
consists in making the construction by robots. The described
method is integrated in the first part around the dialog controller.
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In the actual state, the method allows to interpret sentences with
hesitations (ex: «I want er a er... a kitchen») by deletion of non
structured group of words. It allows to give a sense to certain
words. It depends of the unknown word location in the sentence.
If a user says: «I would like the <x> in wood», if <x> is an
unknown word, it is recognized as a solid object.
The comprehension process can produce several possible
meanings considering the information quantity and the number
of senses defined. For example, we suppose that the French word
enveloppe (envelope in English) is defined with three senses in
the lexicon: enveloppell (soft thing used to envelop)
enveloppel2 (paper sheet turned down and pasted in pocket
shape) and enveloppelll (total or limited amount of credit for a
budget). To simplify, we suppose that other terms of the
sentence «je veux une enveloppe» (I want an envelope) have
only one sense. The result of the comprehension analysis will be
three hypotheses because the three senses of enveloppe can
match with the definition of the direct object complement of the
verb vouloir (to want a thing). The definition of the direct object
complement is «a thing» and no many informations are included
in the definition because thing is a very general term considered
like a primitive word. On another side, if we analyze the
sentence «je veux une enveloppe verte» (I want a green
envelope), only two senses of enveloppe can match in the
syntagm «enveloppe verte» because the color green can be used
only with physical objects (an enveloppelll is not an object). On
the other hand, in the sentence «je veux une enveloppe
budgétaire» (I want a budget credit) only enveloppelll match
with budgétaire because I have not notion of money in
enveloppell and enveloppel2. Only enveloppelll can be unified
in a financial context.
Non structured sentences produce the same result that the
structured sentences. If a user says «et en bois, des chaises, vous
en avez?» (and in wood, seats, do you have?) the result of the
comprehension process is the same as the correct structured
sentence «est-ce que vous avez des chaises en bois?» (do you
- have seats in wood?). The result is the same because the detected
syntagms which compose the two sentences are identical. It is
not the sentence structure which determines the meaning but the
content.
Moreover the method allows to understand parts of a sentence.
It is useful when some parts of sentences are not recognized by
the speech recognition module. And moreover, the semantic
analysis can determine the coherent sentences when speech
recognition module takes several solutions.

4. CONCLUSION

We have proposed a robust comprehension system for spoken
words based on semantic interpretation. With the semantic
informations, the process described can produce a partial
meaning for altered utterances.

The method is interesting if the spoken interaction language
covers a large vocabulary with contextual senses for many
words.

The greater the vocabulary is, the more increasing the ambiguity
is. And it is necessary to take all interpretations to choose the
best one in the application context. But the more precise words
are, the more increasing the number of hypotheses is. To
decrease the number of hypothesis, a filter of meaning controlled
by context application must be used.

The main error source, in the dialog, comes from
misunderstanding. In a man-machine dialog, the heaviness of an
exchange is due to the failure to understand a few words by the
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system. Moreover in a spoken dialog, spoken sentences are often
badly recognized and it is more difficult to know what is
significant or not in the utterances.

First tests showed the efficiency of the system when it could take
syntactic and semantic lexical informations in consideration for
the interpretative strategy of the spoken utterances. And taking
context information in consideration towards user and task
model allows to have consistent results by a decrease of the
number of probable meanings.

To assess the reliability of the modelling presented, this module
will be integrated in the IMAR dialogue [2].
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