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Abstract

Many attempts to design systems of human-
machine interaction based on natural spoken or written
language doesn't bear an expected effect. The main
cause of fails is the lack of enough adequate models of
natural language considering knowledge from closely-
related branches of science. This paper considers
conceptual approaches to spoken language simulation.

The code model of language and language
understanding process, which reconciles with the
information theory and the speech psychology, is
suggested. The results of simulation are discussed.

1. Introduction

The current models of the language are based
upon several philosophic prerequisites which were
originated as long ago as in the ancient Greece (Socrates,
Plato), received support in the Middle Ages
(G.W .Leibniz), and find a lot of followers today. The
language and speech are supposed to be logical
structures, their understanding is assumed to allow for
its reduction to a logical acts. This idea has been
embodied in the well-known "Propositional Calculus”
concept, that gives rise to models which are built upon
the systems of rules. The latter may be the grammar
rules, familiar since our school-days, or the semantic
rules [1]. As a result of such parsing for any hypothesis
may be only two marks: truth, false. Unfortunately, such
models can not explain a lot of peculiaritis of speech
process: how a man obtains the sufficiently accurate
sense of sentence from the relatively unreliable
components of speech like sounds and words (as
determined by psychoacoustics [2]), how he is able to
understand any sentences which are not exactly "correct”,
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how he is able to choose the best decision from a set of
correct hypotheses etc. The discussed concepts and
models are subject to justified criticism from the
standpoint of both the philosophers [3] and the defenders
of the speech acts theory [4]. The essence of this
criticism is that language and speech defy logical
analyzing in general case, that the listener is striving
mainly to guess the "speech intention” of speaker right,
but not to calculate the "truth/false” of a sentence.

2. Language model

2.1 Conception

In general the competence of language rules is
restricted to particular situations. It leads us to a
paradoxical conclusion that there is only one rule within a
natural language operated without exception: "It is right
because it is accepted to speak so in situations like such".
Thus, the language is inseparable from the system of real
world situations. As a result, we arrive at a model where
it is some structure of human goals which is the primary
factor. This structure blends with the situation structure,
and the language expressions exist against on a
background of the structures mentioned only. By the
way, a child learns to speak just through situations of real
life. Our operating paradigm comes to the search of
quantitative measures for the evaluation of hypotheses
according to the criteria from different knowledge fields
and then to the choice of the optimal hypothesis by an
integral criterion. Such phenomena as associations,
through processes and the situation-goal structurizing of
the surrounding reality were also used.

In general our model is based on assumption that
language is a means of communication, some code. As an
object of transmission is speaker’s intentions presented in
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some oral form. The "transmitter" and "receiver" are
using the same a priori data, as shows
Fig. 1.

2.2 Language Structure

The suggested model (see Fig.2) comprise the
sets of language elements of different levels. These
elements are formed by those of the lower levels
according to the block random code principle. The
corrective property of the given hierarchy consists in
ability to get reliable messages from unreliable
components because of natural language redundancy. It is
shown in Fig.3. These typical S-like curves appeared to
be the same for both the speech and correcting codes [5].

2.3 Semantic Interpretation

The main aspect of natural language functioning
is semantic interpretation. Concerning our conception the
letter is based on heterogeneous criteria. We evaluate
hypotheses about an input sentence according to the
totality of a criteria which are corresponded to the
different field of knowledge. We operate with the
multidimensional spaces and find the decision as some
action in the given situation according to the minimum of
deviation by analogy with the correcting codes. The
integral deviation is then defined as:

Q = C('lQac +a2st + a3Qpan) > (1)
where o-a3 are weight coefficients, Q,. , Q Q, are the
acoustic, syntactic-semantic and pragmatic estimates. In
other words this is a method of the integration of a
heterogeneous knowledge within the sense recognition
process. This model is opposed to the known model of
consecutive parsing. It allows to extend the methods of
quantitative analysis over all the components of speech
process, including the high level ones.

Acoustic processing.

This level is elaborated good enough by many
authors. So there is no necessity to talk about it a lot. It is
important to mention just that after acoustic processing
the input signal is reflected into some subset of
hypothetical phrases with its own acoustic estimates Q,.

[71.

Semantic-syntactic analysis.

It is known, that semantic-syntactic regularities
are realized in subconsciousness by associations
mechanism. Whatever the particular application sphere
the stable associations between words exist. In our model
they are estimated by expert on some given scale of
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marks. Each hypothetical phrase with length L is assessed
according to the totality of word pairs <k,s> within it:

1 L= L
QSSZ_Z— Z Z a“k:“s 2

Ci, ny=lng=ny +1

Pragmatic analysis.

It is known that complete speech understanding
is possible only with due regard for a sufficiently wide
situation context. The important question is to unify a
signal processing with an application area model. The
base of our method of speech understanding is the model
of the activity integrated into speech understanding
model. The insight (i.e. the through understanding)
model seems to be one of the possible conceptual
approaches here. A knowledge of any subject area is
realized by means of the situation model. It is based upon
the state diagram in the form of the oriented graph and
the techniques for quantitative comparison of phrases-
hypotheses and a sets of a command, which were
suggested by [9]. As a tesult is estimation of
correspondence of each hypothesis to the current situation
with reference j to the particular interpretation 3:Qp)-
This approach allows us to find a pragmatic component,
which will be used for integral estimation for phrase
semantic interpretation (1).

3 Experiments

The model was tested by an imitation of speech
operation in a number of application domains. 4 speakers
pronounced at 600 phrases each. The reduction of
sentence input errors due to proposed method was 12
times on the average. Not only correct phrases were used
but also phrases with different deviations like a word
sequence disorder, a replacement of one of the words etc.
In most cases the system neutralized such distortions and
thus gave evidence of the adequate imitation of natural
language understanding.

4 Conclusion

Thus, within the suggested model the language is
presented no as of acceptable (correct) combinations of
symbols from the initial alphabet but as a subset of
specific multidimensional areas of existence of canonical
phrases acceptable variations. It allows to realize the
language redundancy for the purpose of reliable
understanding. There are grounds to suppose, that this
approach makes possible to design more reliable and
steady speech control systems for various technical
objects, speech translation systems, etc.
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