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ABSTRACT

This paper is describing a continuous spoken language
recognition system under development at IDIAP. A
particular attention is paid to two important topics
under investigation. Firstly, the system characteris-
tics, namely its structure as a multi-agent system and
its search mechanism of a global solution as an evo-
lution dynamics, are explained. Secondly, in order to
provide a means of evaluating pertinence of local so-
lutions, a uniform reliability measure is defined. The
computation of this measure is based on tests collec-
tion. A description of the different steps that lead to
the definition of this measure is supplied.

1 INTRODUCTION

Continuous spoken language recognition (CSLR) is a
very difficult task for which no satisfactory solution
has yet been proposed. One particularity of CSLR
is that it lies at the intersection of two distinct do-
mains: signal processing and computational linguis-
tics. Many innovative improvements are described
daily to extend the coverage or the performance of
current solutions to very limited subproblems. These
developments have very few impact on the concrete
realizations of entire CSLR systems. We identified
one important reason for this state of things: the
major concern in the development of entire CSLR
systems is, firstly, to select a set of subproblem solv-
ing systems that covers the whole range of compe-
tences needed in a spoken language recognition activ-
ity, and secondly, to implement a recognition process
as a hard-coded sequence of treatments starting from
signal parametrisation up to semantic interpretation.
In this context, exchanging a problem solver by an-
other or extending the system with some kind of com-
petition between many equivalent problem solvers is
sometimes infeasible.

The development of a CSLR system is considered by
us as an evolutive process during which many exper-
iments have to be conducted at different levels of the
system architecture before expecting high recognition
rate. Two important topics under investigation are
described in this paper: firstly, the contrihnting of a
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multi-agent approach in the setting of a flexible CSLR
system, and secondly, the determination of reliability
criteria in the control of local solutions.

2 ETCyipy AN EXPERIMENTAL
MULTI-AGENT CSLR SYSTEM

The system ETCygif [1] under development at IDIAP,
is implemented as a multi-agent system, and is based
on general purpose platform called ETC, for coop-
erative treatment environment (“Environnement de
Traitement Coopératif”). The purpose of decompos-
ing a CSLR system into two layers: a kernel that is
application-independent and a periphery that bears
all the knowledge of the application domains, im-
proves the design of a flexible and adjustable system.
The ETC platform provides different services to the
host application:

¢ a model of Q2-agenis that defines a standard in-
terface to distinct entities representing specific
areas of expertise;

» a model of p-agents that gives rise to the notion
of active data, allowing a decentralized structur-
ing of local hypotheses; :

» a framework for the definition of the system evo-
lution dynamics.

ETCyg/if is addressing a simplified problem of CSLR,
namely verification of speech utterances. This con-
cretely means that the input data of the system is
twofold : the signal sample, on one side, and the text
that had to be uttered, on the other side. This sim-
plified context greatly reduces the required number
of agents and the internal complexity of some agents
that have to be developed. Nevertheless, many ex-
periments can be conducted in this case that give us
some valuable information on how to setup an entire
and efficient CSLR system.

2.1 Q-agent, provider of solutions

An Q-agent is a conventional problem solving mod-
tle surrounded by a uniform interface. Each Q-agent
represents a specific area of expertise; it is thus able
to provide local solutions to problems falling in the
scope of its competence. As introduced by Lander [2,
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p. 12], each Q-agent can be queried in three different
ways:

inttial solution — the agent competence is re-
quested to generate a proposal that solves a local
sub-problem and that can be used as part of a
composite solution.

local alternative — the agent competence is re-
quested to provide an alternative solution with
a focus of attention on what was conflicting in
the previous proposal(s).

criticism ~ the agent competence is requested to
evaluate a proposal in order to see if it can fit its
own requirements.

These three primitives are sufficient to possibly en-
sure an entire covering of each agent solution space.
But, due to the focus mechanism that plays a role
of a heuristic function, there is no guaranty that, for
a particular problem, every position in a particular
solution space will be reached.

In ETCy 454 the set of Q-agents currently available
are:

o« HMMs for phonemes and words (built from
the Polyphone database currently recorded by
IDIAP),

¢ a bottom-up, rule-based, acoustic-phonetic de-
coder [3],

e an hybrid LVQ-HMM system for phonemes
recognition [4],

e a grapheme to phoneme transcription based on
BDLEX [5],

¢ a macro-prosodic module that labels syntactic
constituents boundaries [6].

2.2 p-agent, element of a composite solution

Each atomic result provided by an Q-agent, e.g. a
phonetic label, a word-form, a prosodic label, etc.,
is encapsulated in a framework that defines its in-
teracting capabilities, called a p-agent. Each type
of atomic result is assigned a distinct set of behav-
iors. In the Figure 1, an aspect of each p-agent is
addressed, namely its capability to weave relations
with other p-agents. In this artificial situation, three
kind of relations are presented:

solid line ~ express neighborhood of phonetic la-
bels based on temporal information or of word-
forms based on writing convention.

solid line with white arrows — shows a case of pho-
netic clustering. Two distinct answers have been
provided within the same class of phonemes on
compatible temporal intervals.

dashed line — denotes the fact that a local solution
has been used by an Q-agent to produce other
solutions.

The purpose of all these relations is two-fold. Firstly,
they are used to define a simple path travers-
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ing algorithm, in order to combine atomic solu-
tions in a coherent composite solution. Secondly,
the relations play a predominant role in the dy-
namics of the system as they are central in the
cycles of evaluation-improvement of the current
solution with the final objective to have a so-
lution with a high enough confidence rate.

Lexical

Phonétique

Figure 1. A partial state of a composite solution during
a simulated processing of the sentence “La belle ferme le
voile”.

2.3 The dynamics of the system

For each global configuration of u-agents, the sys-
tem has to evaluate the current set of composite so-
lutions. If a particular composite solution (a path
from left to right in Figure 1) get a high confidence
score, this solution is provided as the answer to the
global problem. Otherwise, a local improvement pro-
cess is started on relatively low confidence p-agents
areas of the best solution. This cycle is performed as
long as no sufficiently good solution is available and
as far as improvements are still possible.

The determination of a good solution is directly re-
lated to the fact that an atomic result is assigned a re-
liability estimate. Two approaches are currently eval-
uated to perform this task, one has been described in
[1], and the second is presented in this current paper.

3 COMPUTATION OF A RELIABILITY
MEASURE

One central problem in a multi-domains and multi-
strategies approach is how to trust each Q-agent con-
tribution in the construction of a composite solution,
and then to choose among concurrent local solutions
[7, p. 10]. Therefore, a scoring method based on fuzzy
sets is described in this section in order to give a uni-
form interpretation to local results. The usefulness of
this approach is manyfold; two main reasons can be
given to justify this concern. Firstly, our reliability
measure gives a means to characterize Q-agents effi-
clency, so as to avoid situations in which correct local
results are hidden by wrong ones. Secondly, our scor-
ing method copes with heterogeneity and proposes
a score whatever the domain of the result is, for all
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that it is mathematically ordered. Indeed, Q-agents
produce heterogeneous information in nature: hetero-
geneous domains (variety of representation: see the
old dichotomy of numeric versus symbolic with [8, p.
3-T]), heterogeneous interpretation of their represen-
tations (see [9, p. 523] and the “semantic bridging”),
multiple ways to produce information on these do-
mains [2, p. 4].

Thomas and Kiwanga in [10] proposed different scor-
ing methods based on statistics for the analysis of re-
sults from factorial experiments. The scoring method
will be a fuzzy membership function on a fuzzy set of
§2-agent results. Fuzziness will depend on the ability
of the Q-agent to differentiate between atomic forms,
included in p-agents. The criterion of uncertainty
from which the membership function will be build is
the ability of the strategy to discriminate between
atomic forms to be recognized. In such a case, uncer-
tainty will be confusion.

In order to gain knowlegde about the behavior of each
2-agent, in a context of no pre-existing knowledge
upon any agent efficiency, the first stage consists in
learning how agents behave in various situations (see
[11] for a scientific argumentation in favor of exper-
imentation to gain knowledge). This stage aims at
testing the confusion among local solutions proposed
by each strategy.

Let us consider that each Q-agent Ay is implementing
a particular problem solving strategy sj. Each strat-
egy sk Dp + Fy, is a function that maps a particular
data input domain Dy onto an output form domain
Fy.

3.1 Performing tests

Running a tests collection for each strategy s; gives
rise to confusion matrices Cy, for all that a labeled
corpus is available with correct forms for each class
of problem (Q2-agents with the same input and output
domains).

Ck = {a:,}”{a?’,}”

Figure 2. Structure of the confusion matriz Ci for the
given strategy si.

In Figure 2, the matrix accommodates two results z
and 2’. The former is related to a correct recognition
of the expected form Fy ;, the latter, to a wrong recog-
nition of the form Fr; as Fp ;. Entries of the matrix
are in fact bags of results because recurrent results are
accepted. Indeed, recurrent observation may increase
the reliability of the observed phenomenon.
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3.2 Bag-to-interval operator

As it is required that any domain of results owns a
total order relation, an interval of results, *E, can be
attached to each bag of results E:

E = [min(z), max(z)]

3.3 Fail-success operator

The fail-success operator transforms each confusion
matrix Cy into two discrete vectors V,j , denoting cor-
rect recognition, and V;, denoting wrong recognition,
such as, for every column j of the matrix, the jth el-
ement of both vectors is computed as follows:

VH=Cr(4, j)
V}g_(j)zLJi;éj Ci(4, )

The application of this transformation to each col-
umn instead of each line of the confusion matrix can
be justified by the fact that, during the resolution
task, the scoring method has to evaluate a result pro-
duced by a strategy against all the possible expected
results. Thus, a column corresponds to this situation.

The bag-to-interval operator can be applied to all the
coordinates of Vi and V. , giving rise respectively to
the interval vectors *V} and V.

3.4 Density operator

To refine the knowledge of a sirategy behavior, the
density operator can be applied to correct recognition
vectors, namely the discrete vector and the interval
vector, in order to build a density vector. Two density
vectors DV and DV,) can be thus constructed.

The ith element of DV, namely DV; (i) is the set
of the density sub-intervals coming from the applica-
tion of the density operator to the related coordinate
of the recognition vectors.

Vi (1) ={0,2,20,21}
| bag-to-interval
“V; (1)=[0,21]

— DV; (3) = {[0,2], 20, 21]}

Figure 3. A simple case study of a density operator trans-
formation

For example, in the situation of Figure 3 the density
operator rejects the interval [2, 20], where no results
has occurred, from the tests collection. Looking at
this results, it can be thought that the density oper-

-ator finds back recognition sets of a column from the

union of these sets, performed by the fail-success op-
erator. This is wrong in the general case: the density
operator detects high density areas of results what-
ever was the original set they come from. Further in-
vestigations that are not reported in this paper, have
been conducted in order to give an algorithmic defi-
nition of this operator. *
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3.5 Semantic operator

The previous operator has split independently wrong
‘recognition et correct recognition intervals into den-
sity sub-intervals. The purpose of a semantic operator
is to mix these density intervals in order to semanti-
cally partition the domain of results. The purpose
of this operator is to assign an interpretation to any
interval I from the particular ouptut form domain,
amongst the four following possibilities (C means “is
included in an element of”):

SEM™ (reliable result) - I T DV* and I DV~
SEM™ (wrong result) - I DV* and I — DV~
SEM (uncertain result) — I = DVt and I T DV~
SEM® (unknown result) - I DVt and I £ DY~

A semantic vector SV, can be defined from DV,j and
DV_, using the semantic operator. The #th element
of the semantic vector, namely SV (i), is a set of cou-
ples (I, 5) where I is the largest possible interval with
the same interpretation and S is the result of appl¥ing
the semantic operator to 1.

3.6 Fuzzy operator

The last step towards the definition of a uniform re-
liability measure is to define a numerical measure by
establishing a membership function. Clearly, a fuzzy
set will group results of a matrix column; its mem-
bership function may advantageously start from the
interpretation classes of the semantic operator.

Let E be a set whose elements owns a total order re-
lation. Let us define IE|r, the cardinality of E in a
given interval I, as |E|; = |{z € E\z € I}|.

The interpenetration rate ¢(E, £/, I) of a set E in E’

on an interval I is defined such as p(E, E/, I) = I—E_’IT?

For a given strategy sy, and an output form Fy, ; with

a result z, z will be given the following reliability
measure P:

®(2, Fri) = (Vi (1), Vi () UV} (9), D),
given that 3(1, S} € SVi(¥), such as x € I.

By definition, if $ = SEM™T, then ®(x, Fr) = 1;
if S = SEM™, then ®(z, Fi;) = 0; if S = SEm®
then @(m,Fk,,) € 10,1[. For § = SEM’, the value of
®(z, F} ;) is undefined.

For this last case, a linear interpolation is used to
complete the @ definition, as follows

r—
b—

<I>(:c F;”)_@(a—e sz)—{- (I>(b+€ sz)

given that I = [a, b].
3 CONCLUSION

For the scoring method described here, uncertainty
corresponds to confusion between forms, without any
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consideration of temporal aspect. We estimate that
the same method could be applied to specific tempo-
ral results, for instance a distance between real tem-
poral segments and expected one.

Our research so far has been to specify a practical
approach to reliability. Of course, future work will
be devoted to implementation and use of this mea-
sure, in ETCygy, that is an open enough system to
experiment this approach.
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