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Abstract

The lntemlun of this articte is to discuss some semiotic
infor of lang along with their inigsr-
pretation in terms of computational linguistics. The paper
describes and indicates the resolution of some semiotic and
Imgursnc paradoxes, whlch create, a1 present, a rejecting
bamier b ge and the computer,

Twenly years separate us [rom the advent of the first
publications of the Soviet research group on Speech
Statistics (Sp St} devoted to the analysis of MT problems
(that is, the probtem of text translation with the use of a
computer). The work on MT in the Sp 5t group, intia-
ted in 1957, was starled in 964, MT is considered not
only as a problem wortby of solution in its own right,
but alse as a sub-problem of the general theoretical
prablem of artificial intelligence,

There is no other branch of science which has
undergone such dramatic upheavals as MT study. Tt is
enough to mention (he powerful reverberation of
machine transtation ideas among experienced linguists of
the middle and older generations as well as among the
young at the end of the fifties — a wave that turned into
deep disenchaniment in the mid-sixties.® As a resuit, the
majority of pioneers in MT have abandoned engineering
linguistics (EL).2 The origin of this crisis was the ignor-
ing of the paradoxes which characterise the general
problem of arlificial reason and one of its kernel sub-
problem — that of MT and EL. .

Let us consider the principal pamdnxes which create
the rejecting barrier between the language and the
computer,

i.  The main paradox (which is usually catled ‘the
paradox of man and robot’) consists in the contra-
diclion existing between the natural language lunc-
tion in the traditional man-man communicative
system, on the one hand, and that of the new man-
computer-man system, on the other band, These
distin¢tions are determined by principal differences
which contrast the brair of a human being and ‘the
electronic brain’. The ability of the human’s brain
for the unlimited purpaseful association of the
obtained information together with the heuristic
thought possibilities brings us te the point that in
the man-man system the natura! language lunc-
tions as an open system, constantly changing along
the line of ‘form-building’ and metaphoric shift of
meaning. The man-robot paradox is connecied
wilh the well-knawn second theorem of Gédel. In
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accordance  with  this  theorem, the non-
cantradiction of a piven formal system can be
shown only by the methods ol another, still more
powerful system, etc. Siriving for the 100% for-
malization of language, we muast create an ex-
tremely powerful formalization {L} on the basis of
our unformalized beuristic knowledpe of l[anguage
and its descriptions. However this formalization
must contain the expression F, which is insoluble
in system L. Moreover, we are not able lo con-
struct a more powerful descriplion of language, in
which the expression F would be soluble, because
the possibilities of our wnformalized system of
heuristic knowledge have been exhausted,

fut not having the possibilities of creating more
and more powerful lormal models of language
which asymptotically bring us toward 100% for-
malization, we are deprived of the possibility of
comstructing machine models of langwage which
are in practice close to its 100% formalization,

2. The second linguistic paradox of Achilles and the
tortoise, reflecting the Saussorian antinomy of
synchrony and diachrony, is the following: the
formally closed description of language, oriented
to the synchroni¢ section which coincides with the
beginning of processing ol this formalization, as a
result of the operation of diachronic pracesses in
the open sysiem of 2 natural lunguage, turns out 1o
be somewhat obsolele lor the moment of realiza-
tion of this description on the computer. This
paradox serves as still another obstacle in the
construction of a 100% compuler description of
tanguage.

1. The third paradox consists in the antinomy of
idiolect (that is, individual knowledge of lanpuage)
and collective language — the antinpmy, formu-
lated by W. von Humbotdi.*

The first aim of this paper is [o discuss the semjotical
aspects and sources of these paradoxes. As a general
framework for the discussion [ give here the extended
schemes of linguistic sign and a generalization of the
classic communication process patiern.

First of all, let us to determine the semiotical concepts
of the linguistic sign and its environment presenied in
Figure 1.

The environment of sign includes:

1. relerent r,

2. signal {the informatien vehicle) i.e. physical slate or
physical process which serves 1o mark 1he abject r,

3. paradigmatical system of Janguage (human ‘data-
base’} which contains siylistic (E), conceptual
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(lexical — 0"; grammatical — %) thesauri ..., a set
of means of formal expression {[, az well as
linguistic competence of sendet (Send) and receiver
(Rec),

4. a sel of communicative sitvations (8, 5%, ... ctc),

5. some lexis, which contain meaning efements (d,,
dj. ... eic) and formal emiities (), Ny, ... eic),

6.  pragmatical inlentions of sender and receiver.

In the strict sense of the word, a sign is a physical entity

which includes:

s adenolatum Dn, ie. a mental image of ceferent in the
mind of humae being,
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Now let us turn our attention Lo the semiotical
mechanism of message generation and its decoding in
the course of natural language communication. Qur
communication scheme presented in Figure 3 was origi-
nally designed for discussing the whele ficld of phenom-
ena involved when the information is communicated
between human beings. But this scheme is also relevant
ta ‘the discussion of all other information processes,
including the mah-computer interaction.

The most plausible fine of explanation of message
generation and encoding is the following dynamic
model:

1. the sender’s consciousness reczives communicative
stimulus from his environment;

2. the stimulus excites the sender’s thesauri, his mech-
anism of goal-setting, planning, choice of priority
sirategies etc which create a denotative image and
designative plan of message;

3. on the base of thesauri and linguistic competence
some mysterious mechanism of actualisation real-
izeg the verbalisation and linesrisation of image
and plan, thus forming the message itself.

In Figure 4 a scheme of the hypotbetical semiotic

« a designatum with its lexical (D)} and gr. ical
(D% aspecis, or that pari {an iniersection) in the
struciural pitiern of social practice which corresponds
10 the denolatum {mental image of referent),

« a connotatuvm, which summarizes alt supplementary
semantical shades and emolionil and evalualive asso-
cialions contained ir the meaning of the sign,

e a name N, ie. an internal mental image of the sign.

The signal is formed as a result of serniosis described
by Ch. Morris a5 a ‘mediated-taking-account of" (‘sig-
nificance’).* Tn olher wards semiosis is a sign-formation
process which can be determined as a five-term relation
R, (d—N, r—+Dn—=Ds—=Chn, Send, Rec). But in speech
communication process the real sign structure be-
comes more complicaled due to the melaphorisation
or so-called resigmficance {connolative or secondary
semiosish.® Fo sec this, compare the current metaphori-
cal use of Russian netysus mumie, Nalian pipistrells
‘hat’ in (he scase of ‘kimono sleeve’. Here the primary
sign ey M, pipisivelfo becomes a signal (respec-
tively, o nine of sign) ol u selerenl (respectively denota-
um} ‘kimone sleeve’ {Fipure 2).
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model is given, This scheme shows how a sender
{speaker or writer} passes through a number levels in
‘message {ormation {rom his environtRent to its expres-
sion in external speech {or writing).

Although the message is gencrated by means ol a
sender's individual semiosis as a bilateral (meaning-
form) entity, it enters the channel as & succession of
signals to be perceived and decoded by a receiver. The
receiver performs decoding by means of certain, no less
mysterfous, mechanisms using thesauri, linguistic
competence, estimation of nonlinguistic énvironment,
subconsciouws goal-setting, priotity sirategies ete. This
decoding is none other than a new semiosis realized by
the receiver himself.

Thus, the natural language communication process
implies two semiotic stages: the first siage takes place
while generating a message, and the other one while
receiving and decoding a message. The results of these
two slages are not the same, especialty when the message
sender and receiver use dillerent thesauri or when
the message generalor's presupposition while perceiving
the environment is not Lhe same as the recipieat’s one,
Environment perceiving oocurs primarily over other
channels of man’s communication with the external
world, rather, than through language. One should also
bear in mind that widely accepted and normalized lexical
and grammalical language resources are nol able 1o
express and convey rhematic novelly of alt situations.

So it is clear why practically any meaninglul sentence
implies significance, i.e. metaphoric sense-shift of lexical

{Figure 3) in the light of this interaction three following
‘hot points’ are revealed:

L. estimating the non-linguistic environmen! with the
computer,

2. account of the sender’s subconscious goal-setting
and priority strategies by computer,

3. recognising the connotative semiosis and
understanding the meaning of resignified signs by
computer,

These probiems, now praciically irresolvable, form the
nucleus of man and robot antinomy — the main para-~
dox of computational linguistics, Before we discuss the
above-mentioned questions of man-robol anlinomy, we
must first determine what kind of information can be
transmitied and processed in man-computer communi-
caticn.

As (s well known, there are five types of information:

1. potential  information (preformation) which
measures statistical constraints as Found in the
relative requencies of signal occurrence in mes-
sage.

2. syntaciic information, which considers qualitative
refations between information vehicles in natural-
language text (its scope is determined by the total
ity of syntactic constraints of a natural Janguage),

3. sigmatic information, which studies and measures
refations belween gign denotata and their refevents,
ignoring both the sender and the receiver of the
message,

4.  sewmantic information, which evaluates relations
belween designata and referents, ignosing both Lhe
sender and the recipient of the message,

5. pragmatic information, which may be briefly
defined as that reducing the uncerlainty in goal-
directed behaviour of the messape receiver and
sometimes also of its sender.”

At this fitne there are well-known formal procedures
for measuring potential and syntactic information, as
well as informution on meaning (the latter being a
generalisation of sigmatic, semantic and pragmatic in-
formation}. The measurement of potential infarmation

and grammatical units previousty included in languag
system.

A good illustration of connotative semiosis may be
shown by such simple and trite in its primary sens cliche
sentence as Cats adore fisk in T. Winograd's description
of computer grammar.5 This sentence narrates here
neither of cais or fish, nor that someone adores some-
thing. The word cats expresses here an indefinite subject,
the noun fish is a metaphorical expression for an indefi-
nite object and the token adore symbolizes a verb-
¢opula. Thanks to this resignificance as well as to
linguistic-cybernelic presuppositich of text environment
and to comman subconscious goal-setting of author and
reader, the above-mentioned sentence expresses a dis-
tingl rhematic novelty.

Now we turn (o man-compufer inguistic interaction,
While analysing owur semiolic communicalions map

38

by computer is quite realistic with a sufficiently represen-
tative iext sample provided. Syntactic and meaning
information, the possibilities of the computer are much
more limited. Presently the problem is solved only by
means of some indirect man-computer methods. The
experiment based on a nalive speaker’s guessing the
leiters of an unknown iext (with subsequent computer
processing of (he ) is one of these mcthods.®
Informnational and semiotical analysis of these pro-
cedures and their comparison with the possibilities of
lingutstic antomaton (LA)? show that the computer,
being the recipient of information, can receive and
process not only the pre-formation {potential informa-
tiont and the symaclic information, which are deter
mined by stabsiie and combinatorial propricties of
signals (names). Having entered a suiliciemly complete
tinguistic database into © " we may simulite the
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reception and processing of ing {sigmatic, semantic
and pragmauc) information by LA,

The sigmatic informalion can be seceived and pro-
cessed by an LA on condition that its database is
constructed after the denotatum principle, ie. this base
inciudes the denotata analogs of this fexical and gram.-
matical signs. At the same time the semantic information
becomes accessible 1o LA on condition that the linguistic
datu are arranged in the LA database as a satnantic net,
which represents & syslem of semamtic relajions (ef,
Saussure’s “valeurs”) of signg and ils meaning combina-
tions,"?

Theorelically, the goal-setting and priority strategies
of some group ol receivers can be alse simulated by an
LA which in this way oblains possibility to perceive and
process pragmatic information.'? Bul how can one
explicate Lhe mysterious mechanism for resignifying the
linguistic sign meaning by the scader and for decading
Lhis secandary semiosis by the receiver who employs his
OWN previous er.penence and information extracied from

tinguistic and r Linl envire 1?7 These prob-
lems comprise the central philosophical question of MT
theory and that of artificial intelligence.

The second purpose ol this paper is to answer two
queslions closely associated with informational and se-
miotical paradoxes described above,

The first question to be answered 'was: what sort of
lingnistics would be suitable far MT? Starting fram the
paradoxes language — idiolect’, *classical sets — fuzzy
and tolerant setls’ {see above), ‘system of language —
norin (idiomaticity of 1ext)” it became clear that the MT
problems cannol be treated exclusively by the set-
procedure and generative grammar, On the contrary, we
had Lo prefer the text linguistics procedures for the MT
analysis and synihesss,

The next question we had to answer was: what kind of
technology would correspond to MT? There exist two
current approaches to the problem of speech production.
The #rs1 ane suggests that Lhis process is a unit-by-unit
sequencing {cf. Markovian processy and in ils more
recent history had led mainly to the ineffectual, near-
linear, pure-siatistically oriented 1heories {Skinner). The
second hypothesis (Luria, Chomsky) claims that text is
inlernally orgunived and plunncd.

The psychelinguisticat studies and  informational
measuring of speech!? indicale to us a realistic compro-
mise solulian: the texl produclion appears lo be not a
simple Markovian process, but the one in which fairty
reguiar periods of planning and organization govern the
final text output for short periods ahead. Hence the
combination of delerministic and stochastic proce-
dure.’*

The Jasl prohlem we had to solve was the question of
the kernel lechnolopical idea, organizing the MT investi-
gation. This idea was realized in (he concept of a
linguistic automalan {see abave).

A reat linguistic autemuaton capable of avercoming the
rejecting barrier of conceplual difliculties has not vet
been developed 1oday and, T think, will not be con-
sinected tomorrow, Bul the partinl lowening of this
barrier is @ guite realistic and solvable problem, Tis
solution will require not only the implementation of new
ideas, it the use of somrivial heuristic programs. These
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programs must minimize the losses of information arisen
from the conlrontation of the open, dynamic, and fuzzy
system of natural language with the closed, static and
classical-set sysiem of computer language,

Based on the theoretical, technological and organisa-
tion criterin, outlined in the previous part, the sirasegy of
the Sp St group investigations in the field of MT could
be briefly formulaced as foltows:

1. All the compuier ptograms must be designed on
the basis of the informational and statistical inves-
tigation of different language levels (strata), — cf.
Figure d, with the purpose of determining the
weight of syntactic, semantic and pragmatic infor-
mation concerning cach level and Hs linguistic
vnits, In this way we make an suempt 1o fesolve
the antinomy ‘classical set of computer language
— fuzzy and tolerant set of natural language’ (see
above),

2. The MT system of Sp St group is being designated
as a modular assembly. One should bear in mind
that its interacted prograrm-modules (PM} are
characterized by the Following featuses:

e every avionomous PM corresponds (in some
defined way) o a cerlain language level,

o all the PM, including a linguistic dats base must
be extendable without reprogramming the
whole system {in this way we attempt 1o loosen
the paradox af Achilles and the tortaise and that
of tangwage and idiotect).

3. In accordance with the level hierarchy of the
language our MT system is being developed on the
basis of step increments. In brief, the perspective of
this development could be defined as lollows.

So far as the vocabulary and phraseology carry the
greater part of the semantic information in text,** the
primary kernel progeam modet of our MT sysiem is the
automatic dictionary (AD) which is included into a
linguistic database, where the information about the
relationships between various linguistic and encylopedic
abjects is stored in the [orm of a semantic network: the
objects are the nodes of the network and the relationships
are indicated by direct labelled links between the nodes,
Being an arionomous module of the MT system the AD/s
used now for the word-by-word and unit-by-unit transla-
tion of English and Japanese patent texts.'®

The next step of our MT system activity is progressing
in the mulidireciional course of further syntactic and
semantic development:

toward the elimination of polysemanticity of lexical
and geammatical units of a 1exi based on an analysis
of their contextual environment and the thesaural
reading,"”

toward the performing the syntactic analyses of &
sentence based wpon Tesnidre's conception and a
frame lechnique,

« toward the semantic pattern recognition.'®

There is no deubi that the word-by-word processing
and then uait-by-unit fransiation coupled with gramma-
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tical analysis, rearrangement, and context-dependent
restrictions prove inadequate for achieving high-quality
transiation. The vital leatore which the present transias-
ing LA does not possess is the ability of a human
translater to understand the text in a given fanguage and
1o express its content in another one, simuitaneously
adapting it to the interest and knowledge of his inter-
tocuter, Thus the Jast step of developing our MT system
consists in designing such a program-module that is
capable of ‘understanding’ the input text and realizing its
semantic processing adapied to pragmatics and world
descriplion of a human wser. As a prototype of an
‘understanding” and ‘adaptive’ LA we can indicate the
compuler question-answering program-module TAND.
This PM destgned and programmed at the Sp St group
can correcily answer in Russian a wide variely of simple
questions about information contained in French arti-
cles on agricwllure, oncology and technology of paint-
ing.*?

Finally, it is worth saying that the conception of step
increments and that of operating our MT system is
controversial. On the one hand, its designing is devel-
oped from down 10 up — Ffrom syntaclic and semantic
program-mode!s ¢to pragmatic PM. But the foreign text
‘understanding' by a MT system must operale in the
apposite direction: the program-module of a lower level
should make jls decisions on the basis of insiructions
obtained from the PM of the higher precedence. How
can one make a linguistical automaten to solve this
prablem? That is a question.
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