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Abstract

The methodology and developmental technology were
created for a 1 tional madular finguist 1
which functions a5 s computar shalogue of human verbal
and mentat process. A linguistic automaton {LA} Is a com-
plex system described through a multi-aspectal representa-
tion in the form of various models and diagrams. It includes
hardware, software, the so-calfed fingware’ and other com-
ponents. Twoa dascription  sir B p 1ed:
structural/f val and g igi

Structural/Functional Description of a Linguistic
Automaton (LA}

This 1ype of description disregards the LA physical
substrate. It represems the aniomaloen as a hierarchical
system comprising the following three planes (layers)
(Zubov, U85, Chizhakovskii, 1988; SILODY, 1988;
Piotrowski, 19N,

(1) The upper layer, implemented for an LA in the
farm of man—-machine interiaction, is viewed &5 an ana-
logue of motivation and partly 8s a commumicalive-
pragmalic opermor in the representation of human
verbalfmental activity.

£2) The middle Jayer, represented as a set of awlo-
matic processing (ATP) subsystems:

F= (LY FLAEDPP,).

where {f is the subsystem ordering Lext vnits (Jetlers,
letter combinations, word forms, and word combi-
natons) alphabetically, according 1o Irequency, alpha-
betically by lust leuers, e1c.; Y is the subsystem which
delermines the tanguuge of the text; Fis the fragmen-
tation subsystem; I is the subsysiem for indexing 1exts
and 1ext fragments; A is the subsysiem that constructs
the document search pattern and annotation/absiracts;
£ is the expent subsystem operating in a man-machine
dialogue mode; Fis the machine teansfation subsystem,
P is the subsystem for ic mackine it ion of
wriicle and hook titles. The number of functions
subsystems could be increased. Experimental text
generstion modules (including verse generation) are
constracied which produce a lext proceeding from a
specified semantic *motive’. This ides is also used in
peneration of outpur texts as an element of machine
translation (Met'chuk and Ravich, 1967; Piotrovski,
1973, 199); Zubov, 1985; SILOD, |98R; Piotrovskaja,
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1991; Popesku!, 1991} Altempts have been made to
use a Yinguistic apparatus for language Jearning, Pro-
viding a sysiem with linguodidactic programming
{CALLware), we convert it lo a linguistic teaching aulo-
maten (LTA) (Piotrowski, 1975, 190; Prekup, 1989).

{3) The tower layer, described by set of functional
madules M, consists of two subsets, M, and M,. The
former combines analysis modules

M = {ded bl lgsss).

where d 35 the 1ex1 decoding module; ¢ is the texi
correction module; 7y is & module for lexicai analysis of
text keywords; J is the module for word/phrase-based
(lexical) analysis of all lexical units {LU) of the Lext; m
is the module for autonomous morphological analysis
of word eccurrences in the text; L is the module for
lexical/morphological analysis of key LUs; L is the
maodule for exical/morphological anatysis of atl LUs; g
is the module for analysis of superficial text structure;
5; is the module for analysis of deep (themefrheme)
text structures; s, is the modute for semantic/pragmatic
text analysis.
The second sysiem includes synthesizing module

M, = {ke L g s 80,

where X is the module for graphic ar phonetic repre-
sentation {quamification) of text; ¢ is 1he correction
madule; I' is the laxical synithesis module (selection
from automatic dictionary of Jexical equivalence of in-
put word occurrences and word combinations); L' is
the module for lexicat/morphologica! synthesis of word
occurrences and combinations; ' is the moadule for
synthesis of superficial output text structure; 5'y is the
modele for synthesis of the semaptic/pragmatic text
image.

These modules, assigned to various levels and sub-
levels of message peneration and analysis, funciion as
computer analogues of these levels. For comparison of
various ATP systems, one can aperate with the concept
of the working space of an LA (Melchuk, 1967;
Zubov, 1985; Prekup, 1989; Piotrovskaja, 1991; Pop-
eskut, 1991). For an ideal LA this is organized as Cari-
esian products = F %X M, which includes all doublets f;
m; {f; is a subsystem, m; is module). For the working
space § = § of each existing LA it includes only those
binary relations f m which hold for the respeciive LA,
For example, the working space of an elementary LA
which performs word-for-word maching transtation
{Piotrovskaja, 1991) is organized as follows:

5 =, (N4, T, N, T3k},
© Oxford University Press 1984



- "The working space of a more complex LA, which per-
forms text fragmentation prepares a search pattern and
generatesarough translation of a French or British patent
specification fragmented according 1o subject headings
(Chizhakovskij, 1958; Kondrat’eva and Sokolova, 1988)
and is represented by the following set (see Fig. 1):

$ = {dd, OL,, BL’, Dk, Ad, Al, AP, Ak, T, TIL,,
nL, Mk},

Decision Arrangement of a Linguistic Automaton

An ATP system involves recognition operations which
ate performed under uncerainty presented in algorith-
mic blocks of a linguistic datubase by a set of versions,
from among which the LA selects the correct decision,
LA architecture is deseribed in decision-making lerms
as well as from the structural/funclional point of view.
An LA is represented as a mapping of input lexical
units (inpul texts) 7 into a set of output lexical units
(output texts) T performed under contro; of G, which is
an analogue of an operator, Tn other words, we have

LAY TP x Gis T j=Te.j=Fn (1}

where [ is the number of subsystems of the given LA,
and p is the number of modules used in the ith sub-
system (Met'chuk and Ravich, 1967; Zubov, 1985).

By analogy with control systems, the decision process
described by formula (1) can be represented as a bier-
archy of the following planes (layers): (1) self-organiza-
tion, (2) LA adaptation to texts processed, and 3) sefec-
tion of solution method for the problem being processed.

At the first level—usually in dialogue with the
<omputer—the sirategy for solution of general problem
P is elaborated. Subsystems and modulss are created
and assembled according to this strategy to enable the
automaton to execule its lask,

Proceeding to solution of a problem, the LA is nor-
mally in condilions of uncertainly due to multiple mean-
ings of vocabulary LUs, ambiguity of marphological
forms, syntactic patierns in Lhe-text, and to lack of
linguistic and encyelopedic knowledge in linguistic DBs
{IDBs). The decision architecture must have tools for
adaptation 10 reduce uncertainty, which includes filter
algorithms (Piotrovski, 1975) (see below) and tech-
niques for LA adaptation to texis processed. These
techniques include updating automaled systems to ex-
pand the list of geographical and proper names, termi-
notogical word forms and combinations of the relevant
language subset, and creation of new and restructuring
of existing algorithms. This additional LA learning is
accomplished in the course of man-machine dialogue
or in an autonomous regime, with the machine sefect-
ing the most frequenl alternatives {Muzalevskaja,
1988). All these techniques constitute the second adap-
tive level of LA decision organization,

Input Text

119 / république francaise

£11 72,671, 055

121169, 43575

{ 15 / brevet d'invention

{22 1 16 decembre 1969,16 h. 45 mn.

292

revendication 2. 071. 055. 1. mechanisme de
transmission qui comporte un moteur dispose
longitudinalement par rapport a I'axe du vehicule un
embrayage une boete de vitesse gui comprend au moins
un arbre d'entree et un arbre de sortie paralleles, un
mechanisme de differentiel dispose entre le moleur et
ta boete de vitesse.

patend search pattern (word/phrase-based
annotation):

patent claims,mechanism, transmission engine,axte
{pin), transportation vehicle,clulch, gearbox,inpul
shaft, differential mechanism differential

differentintion into conceplual ficlds (frame.
guestionnoire) and translation quasiabstracling:

{ 19 { conntry of patent:
France
{11 7 patent number:
2. D71. 055
{21 7 application registration number:
69. 43575
{ 15 / publication type:
palemnt
# 22 / application date:
16 Decembrer 1969, 16 hr 45 min

patent claim 2. 071. (55

title of irtention:

L. transmission mechanism
combination of restrictive characteristics of invention: which
is comprised of an cagine siluated lenplhwise relative 1o
tha axic {pin) of a transportation vehicle, elutch, and gear-
o

combinmtion of restrictive charactenistics ol the olyject of
invenlion:

which containg at least one input shaft snd one ouipat shalt
parallel:

the: differential mechanism is siluated between (is included in)
the enpine pearbox

Fig. 1 Conceptual processing of a French patent text and its
French patent ext and its machine traaslation

Arrangement and operation of mechanisms of the
third {ayer are essential to the LA cancept. We discuss
this aspect in some detail.

Choice of Efficient Method for Prohlem Solution

The Speech Statistics Group has developed several
techniques 1o find optimal decisions which take into
account engineering and linguistic limilations of LA,
Some of hese techniques have already been pro-
grammed for compuler usage, The two methods which
follow deserve special comment.

The first methed is based on hierarchinl arganization
of operation of subsystems and modules, which can also
function autonomausly. Tt is implemented through the
following rules:

Literary and Linguistic Computing, Vol. 9, No. 4, 1994



&| (dantification of subjact field
for tilks {module S} s
4 b and ey E
analysis of title :
3 | Division of ile inlo E 6 | Translation of title
boundary skgnals ' specifying theme and
{module Q’F : subject subdomain

tmodules L, g, %, 52l

; +_._.4_.+

2 | Lexicalimorphotogical 7 | Tranalation and
anaiysls of fille words | | comman ouiput:
(modula L) prntout of scraan

(module k)

1 | Title inpul and reading
{module d)

InpLs Output

Fig. 2 Structural/functional fawchart of LA which exccules
theme/rheme maching transiation of German titles

—the tos control level is the man-machine decision-
making block (see above).

—subsystems and modules of top levels control
purposive operation of respective blocks of lower
levels.

——if lower level subsysiems and modules operating in
autonomaous mode are incapable of mirking decisions or
wlopt seversl alternalives, (he tesults of lext process-
ing are senl Lo the upper hicrarchical level, where the
tinal decision is made {Botourn, 1985 Prekup,
198%),

We Alustrmte this procedure by LA (Fig. 2) which
performs themefrheme t1ranslation of German article
litles in the subject field ‘Waste water and effluent’
(Muzalevskaja, 1988). Lexical-grammatical processing
of a tille begins in block 2, which represents the lower
tevel of LA. It makes vse of a German-Russian
diclionary and computer morphology included in LDB.
Tt sepresents not only lexical/morphological Mank
forms for translation but also information on morpho-
togica) boundary signals and semantic data wtilized later
for decision-making at higher levels.

In the third block, tiles are divided indo semantic/
syntactic segmenis on he basis of morphalogical in-
dicators produced by 1he secomd block and syntactic
boundary sigoals extracted from LDB. A string of
fillers serves to determine the communicative (the-
mantic and rhematic) character of these segments in
blocks 3-5. Filters help with the selection of aliernative
decisions. .

‘Fhe first filler inchiled in the hird block is
prahabilisticfsyntactic. Preliminary stalistical studies of
German titles indicate thas in atmost 90% of cases the
fiest segment coincides with The rheme or is included in
it. The final segments ol a tite belong o the thematic
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component in almost 70% of cases. The second and
third segments are assigned 1o the theme or the theme
with less certainty. Positional segmentation of a title
does not always yield an uncquivocal decision, Results
produced by blocks 2 and 3 must be transmitted to a
higher level (hlock 4), which performs further com-
municative analysis of the lext and 1ests the vesults of
segmentation performed by block 3. Black 4 includes a
fifler which fesis all words and stems from the title
against LUs kept in lists of rhematic and thematic
indicators of the LDB. The results of this comparisen
are matched against information 1ransmitied from the
lower levet (block 3}. This operation leads to one of the
following outeomes.

(1) Lexica! units identified as rhematic indicators are
found in initial segmems, while thematic indicators ave
found in finat segments. Results of analysis at both
tevels thus coincide, and LA makes the decision: the
segment ¢nd is the theme, the inilial segment is the
rheme. Atiributive segments adjacent and rhematic
segments may be qualifiers of the theme or the
rheme,

{2) Information extracted by the third block is at
variance with information generated by the fourth
black. In that case, theme/rheme segmentation of the
title produced by the fourth {top} block is assigned
priority.

{3) The fourth black does not yield an unequivocal
decision concerning theme/theme segmentation of the
title. In that case, title parameters obtained in blocks 3
and 4 are transferred 10 the 1op (fifth) block. 1t com-
pares the title with subfields of the subject area con-
cerned. To this end, the system employs indices which
determine that terminclogical word forms belong not
only 10 the ‘waste/effluent’ field but also to other
related subject areas discussed in 1exis studied (the
pertinent indices are given in vocabulary entries of in-
pul lerms).

Statistical analytic data indicate that terms of the
‘waste waterfeffluent’ ficld are more likely to oceur in
the themantic component of the litle, white terms of the
other subject in the rhematic segment. The pr ¢ int
a segment of a word form belonging to a subject field
can serve as an additional indicator of the rhematic or
thematic function of the segment. This is illustrated by
the theme/rheme analysis of a German language article
from the journal Wasserwirtschaft-Wassertechrik (no.
1,p. 4, 1985). A fragment of the printout resulting from
analysis and translation is presented in Fig. 3. Title
processing by blocks 2-4 does not yield a final decision
as 1o the identification of the theme ot the rtheme. All
parameters are transferred (o the top fifth block. After
processing of term indices, the title is assigned 10 one
of the mental space (subdomains) of the subrject field .
studied. Terms with indices of mental spaces are treated
as weak indicators of the theme, Word forms and com-
binations with an index of a different subject field
{other than *waste water/effluent’} indicate the rheme,
According to this rule, segment ‘eines-Auswerter-
rechness’ is included in the rhematic part of the title.
Segment ‘Teinkwasseranfbereitung” has a subject in-
dex, confirming that the word form belongs to the
thematic segment. . -
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Title: Einsatz ! eines Auswerterrechners ! bei
1 } !in der

LY
vertahr

Trinkwasseraufbereitung.

Einsatz—35, N/DfACSa,r {9417
Auswerterrechners—Cp, $,Ce,Sg,M £ 105 /
Trinkwasseraufbereitung—Cp,5,Cc,5g,. TW /
4001 §

Einsatz eines Auswerterrechners—rheme

bei Verfal 2 no selution
Auswerterrechners—'machine.equipment’ enterprise
Trink fbereilung— water t’
enterprise

Translation: application of computer in studies of drinking
water treatment methods,

Symbalism

! = segment bouadarics; Ac = accusative; Art = article;
e = common case; Cp = compound word; D = dative; G =
genitive; Gs = boundary signal; M = machine and
equipment enterprise; N = nominative; R = rheme; 5=
noun; 5g = singular; TW = water management enterprise
(Russian equivalent addresses given in parentheses).

Fig. 3 Theme/rheme machine translation of a German title

The communicative character of segment ‘bei
Verfahrensuntersuchungen’ remains uncertain  and
must be decided in a dialogue between LA and the
user.

The second method of finding an optimal decision
rests on the capacity of LA for decomposition or sim-
plifying modification of general problem P if it cannot
be solved ot requires a prohibitive amount of time and
computer memoty,

After decomposition, the general problem is pre-
sented as a set of partial problems:

F={P.P:,..,Pr.....P}

As an iflustration, we describe a prablem that arose
in development of an experimental Turkish—~Russian
machine lranslation system., Nominal and verbil para-
digms of the Turkish and Russian languages are utterly
nonisomorphic. Lexical/morphological modules L and
L' have to interact with analysis and symbesis modules
of superficial and deep sentence structure (g/g’, sis'y to
generate Russian word forms and combinations that
correspond morphologically to Turkish input word
occurrences. Since modules gfg’ and s/s* for Turkish-
Russian machine translation have not yet been comple-
ted, the lexical/morphological task of LfL' is sub-
divided into three independent subtasks:

P,—analysis of Turkish word occurrence. As a re-
sult, the word is subdivided into ils stem (initial form)
and component aftixes (compare module m),

P,—determination of grammatical characteristics of
each affix (module m};

Py—translation of stem{modules £,

Proceeding from information obtained ufier exe-
cution of these subtasks, the user prepares the final
translation of the inpul Turkish senteace. A typical
example where genera) problem P is replaced by sim-

plificd modification P is switching LA to a word-by-
word or phrase-by-phrase translation when the system
lacks morphological and semantic/synlactic resources
to build superficial and deep structures of the input
sentence, Decomposition and simplification of F en-
hances the vilability of LA by allowing the system to
escape from deadlocks that cecur when the automaton
fails to follow a prespecified text processing format
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