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METHOD OF REPRESENTATION OF THE SURFACE STRUCTURE
OF MESSAGES ON THE RESTRICTED NATURAL LANGUAGE
OF THE OPERATORS OF AUTOMATED AIR TRAFFIC CONTROL SYSTEM

The paper proposes a method for processing and formalizing the messages of operators in automated air traf-
fic control system on limited interaction language. The model of the limited natural interaction language is ob-
tained, that takes into account peculiarities of the professional language of users and the internal language of the
intellectual system. Texts of a limited natural language represent a surface structure of the language of interaction,
expression of the internal language of interaction of the intellectual system represent a level of meaning. The sur-
face - syntactic level of the language is specified by the structure of the noun phrases, the deep level by the trees of
the syntactic subordination, in which semantic relations are established. At the same time, the links between the
word forms are established not only with the knowledge of the syntax of the language, but also with the knowledge
of the subject area and the semantics of the internal language intellectual system. To transfer from one level to an-
other, it is suggested to use a multi-level description of the interaction language. Intermediate levels at transition
from the surface structure of the messages to the level of meaning are noun phrases and the trees of the syntactic

subordination.
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Introduction

Task assignment. Tasks of air traffic control
(ATC) are characterized by complexity and high dy-
namics of changing conditions of situation. Data for
taking the decision by operators in the automatic air
traffic controlled systems (AATCS) don’t often have
concrete space-time characteristics. Meanwhile, the
informational support of decision making processes by
operators in AATCS must provide the effective solving
of functional tasks in the conditions of non-complete
information and in time limits [1-2; 14].

Analysis of modern state of information support
system AATCS operators testifies about insufficient
processing of questions about removal of contradictions
for completeness of the informational models (IM) and
efficiency of administrative decision- making process
and opportunities of present methods and facilities on
their achievement [1; 5; 14].

First of all, questions about the development and
improvement of linguistic means of interaction of
ATCS operators with the use of the decision-making
support system (DMSS) are needed to be working out.
This aspect is directed for the optimization of dialog
organization process in the link a man-ATCS operator,
and allows to increase the completeness of IM and effi-
ciency of administrative decision- making process as a
result [3—14].

The development of linguistic methods with the
construction of limited natural interaction language of
users, including specific features of subject area, gram-

matical, syntactic and semantic features of language
constructions patterns are actual in practical aspect
.With the realization of further opportunity of moving to
the level of internal language of communication of intel-
lectual system, and to formalize the process of transfer-
ring from surface level of subject area features to the
level of meaning.

Analysis of last researches and publications.
The analysis of existent interaction language models
testifies that the offered language models are based on
multilevel description as morphological, syntactic, se-
mantic and pragmatic descriptions. In order to get the
corresponded structure of interaction language in differ-
ent language models various linguistic and extra linguis-
tic methods are used. The choice of them depends on the
specific of subject area where it is necessary to provide
the required quality of functional tusks solving [3—14].

Taking into account the specifics of tasks that are
settled by ATCS operators, method and models of
communication on the limited natural interaction lan-
guage of operators with possibility of transferring to the
level of internal interaction language of intellectual sys-
tem for making the model of dialogue in a link a man-
operator — intellectual system require the development.
That will take into account the subject area specific,
grammatical, syntactical and semantic features of lan-
guage constructions.

Purpose and tasks of the research.Known meth-
ods and forming methodologies of IM control that exist
in airspace don’t take into consideration difficulties of
message creations in AATCS on the limited interaction
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language, does not provide the formalization of this
process taking into account the specialties of subject
area, and they do not take into account the grammatical,
syntactical and semantic features of the limited lan-
guage models of users. It is necessary to work out the
method of giving the messages in AATCS on the lim-
ited natural interaction language of users that will take
into account the specialties of subject area, grammatical,
syntactical and semantic features of language construc-
tions. As a result, the received system of formalization of
communication a man — AATCS operator — must allow to
realize the co-operation of internal language system with
a limited natural interaction language of users.

Main part

Problem definition of the limited natural inter-
action language model development. Two levels of
interaction language (IL) should be distinguished at the
development of IL in the interests of ATC tasks solving.

The first level is given by expressions on the lim-
ited natural language (LNL), in other words — L-
language, that is examined as a surface structure of IL.
It represents the internal ideas of subject field users to
solve the tasks, aims that are achieved at in the process
of performing ATC functional tasks. On the basis, that
users communicate each other in professional language,
well understand the simulated processes of subject field,
it is quite natural that they quite understand the surface
level of IL. On the other hand, the L-language level is
not clear for DMSS AATCS, because DMSS as an intel-
lectual system can “understand” only S — language (in-
ternal system language) [6].

In fact, S-language is the level of L-language con-
tent for DMSS. That's why in the process of communi-
cations of users on surface international language (SIL)
it is necessary transform L-language texts — in expres-
sions of S-language. Formally, the process of transfor-
mation in general can be given in the next way.

Let some set of L-language fragments are given
and the intellectual system internal language (S-
language) is detected. The task of translation consists in
transformation of the expressions 1-L, where 1 — set of
all L-language expressions, in some text c-C, where ¢ —
set of all defined on the set L, it allows to make the ade-
quate text on the message 1.

Basic assumptions and limitations. Taking into
account peculiarities of language material that are used
for solving of functional tasks by AATCS operators, the
main focus of IL model development should be concen-
trated on the following thing — at a minimum presum-
able loss of the language maximally satisfy the require-
ments of information completeness and efficiency of
decision-making process. It depends on the fact that at
insignificant increase of expressive means of language,
degree of complexity of word processing algorithm in-
creases incomparably more [6—7; 13].

To solve this problem, the following system of
limitations and allowances is suggested to be accept.

1. The forms of sentences that are used by users
comes down to the following:

— interrogative — to search out some facts, neces-
sary information clarification;

— narrative — to change and supplement of neces-
sary information in the base of the intellectual system
knowledge;

— directive — to follow instructions on the task, and
to follow some actions.

2. The limits of the language structure

— simple sentence can include not more than one
verb;

— ellipses (omitted constructions) and anaphoric
references cannot be used.

3. Lexical structure of the sentences does not as-
sume meaningful limitations, except prohibition of par-
enthetical words, infrequent and insignificant construc-
tions.

The dictionary that is used includes within 2500
words, 2300 of them are the technical terms (A-320, B-
747, flight number, name of airports and places of their
location etc.), the rest words are generic terms of lan-
guage of system users.

Limits on L-language also lead to narrowing of use
of S-language. The results of analysis of possibilities of
natural language formalization testify than on the level
of separate sentence can be given the description of
simplified structure of S-language with the use of prag-
matic functions (PF) which let next kind of knowledge
manipulation [7]:

PF;<role of object: name of object, Sp;
(role of subobject : the name of subobject, Sp;

role of subobject : the name of subobject, S;)>,

where S; service information about the theory of object,
to which procedures, quantifiers, modalities, operators,
comments, presence evaluation belong.

For realization of transition possibility from the
limited natural interaction language to internal intellec-
tual system interaction language it is necessary to define
the number of interaction levels and develop the proce-
dure that allows to transfer from one level to another.

Model of limited natural interaction language.
For transition from the text given on natural language to
its meaning , that is given in the form of the expressions
on S-language, we will examine the

<Vectoring, object — process,

(PAIPAS: ATM- 17,

PIDP: take the flight level 4;

BPOS: to point R1)>,
where PAIPAS, PIDP, BPOS — roles, that next subobjects
perform: "passenger aircraft that carries out international
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passenger air service", "point in determined position”,
“boundary parameters of the space”. Comparing surface
and deep levels of text presentations, we should deter-
mine that the transformation process TEXT SENSE must
consist in the search of morphisms (roles), that enter into
the object, names of subobjects(features), through which
description of this object execute. Provided that the
names of the objects and also morphisms (roles) that en-
ter into the object and coming out of it are described by
the whole groups of words (word-combinations), it is
necessary to take into account the connections between
words and word combinations on different levels. As a
result, it allows to make the synthesis of trees of syntactic
submission (TSS). Exactly the TSS instrument most ad-
visable to use as a means of forming the depth structure —
expressions of S-language [3; 10].

Essence of method of text presentation with the
use of TSS vehicle is in the following.

Let x is an arbitrary unobstructed not empty chain
of dictionary, and X is some set of not empty subsets x.
Elements x are called informational groups (IG). Graph
{X —1} is called TSS on X, when it satisfies to the next
axioms [11]:

Al. X contains x and all single-element subsets x;
A2.IfE1, E2 € X, then or EINE2 =0, or E1ICE2, or
E2cEI,

A3.IfE1, E2 € X and E1 — E2, then E1 and E2 is in-
cluded in the same IG;

A4.If El — E2 and E is optional to IG, then E and E1
U doesn’t mesh

A5.IfE1 - E2, E3 — E4, then sets of E1 U E2 and
E3U E4 doesn’t mesh.

Axioms Al, A2 describe set X, A3 - A5 is a ratio
"—". The tree of syntactic submission is surface-
syntactic level of interaction language. In this case,
marks should attribute to both nodes and arcs of the
graph.

According to the analogy with marked component
systems it is advisable to include marked TSS (MTSS).

The next tuple can determine the formal presenta-
tion of marked:

<X, —>,Z¢>, 2)
where {X —} - the system of nominal groups, Z — final
sets, ¢ — reflection of ark graph sets {X —} to Z.
Graphical expression TSS for the example we examine
is in the fig. 1.

74
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|PAIPAS ATM-17 | | reaching | | flightlevel 4 | [t0 point R1 |
IG1 predicate G2 IG3

Fig. 1. Structure of TSS

Elements of z are syntactic submission ratio, de-
termined by the parts of speech function in a sentence.
In an order to realize the possibility to get a structure
that is isomorphic to the directed network for the cate-
gory model of knowledge, it is offered, by contrast to
conventional arrow direction from "owner" to "servant”
to change on the reverse image - from '"servant" to
"owner". At research of IG and relations within IG, we
should determine that the most complete IG it can be set
by a next chain:

CC, Ob, Pr, Qu, CN, ON, Ad, N, I 3)

where Cc is coordinating conjunction, Ob — objection,
Pr — preposition, Qu — quantified word, CN — cardinal
numeral, ON — ordinal numeral, Ad — adjective, N —
noun, I — name.

In practice, next features should be taken into ac-
count: during realization of IL to IG, as a rule, not all
elements of the chain include (16). Relations between
members in IG at synthesis and analysis of IN provoke
the biggest interest. Basing on the results of modern
linguistic researches and taking into account semantic
links between word forms, and also basing on special
features of subject area and worked internal language
intellectual system, we can determine next kinds of rela-
tions for examined problem.

The name (N). In the form of the name can be or-
dinal numerals, lines in inverted commas. For example,

Airbus A-319 Tunisair <« "HANNIBAL" R
flight PS 713 —2 Boeing 737 .

The feature (F). This relation, as a rule, expounds
connection between noun and adjective in IG. For ex-
ample,

sport —F>aircraft, free <Lﬂight level .

The feature (F). The measure value feature (VM).
The value feature (FV). These relations appear in the
group of words that characterize a certain object.
For example, for the group of words "flight on height of
33000 feet" are set next links:

Flight on 33000 feet VE altitude
t it L= 1]
F VM

If the value feature is given qualitatively, for ex-
ample, small height, then the relations qualitative value
(Qu) feature is set:

According to syntax, cardinal numerals and quanti-
fied words can stay with nouns. In such case the next
relation can be established “cardinal value” (Ca) and
“quantifier” (Qa). Also many nouns can stay definitions
to the nouns of other groups. Such relations are “At-
tributive” (Atr). In some IG, like “landing area”, “turbu-
lence area”, nouns are making dependent combinations
that have independent interpretation. This structures
must be examined as separate concepts.
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Some elements of language constructions, for ex-
ample predicate and circumstances can be different
parts of speech. Circumstances, as a rule, are nouns in
indirect cases, adverbs and verbs or word combinations
with these parts of speech. The role of circumstances
consists in definition of situation (Def) that is described
by main word, for example,

. Def . . .
vectoring «———simultaneously resulting in the new

role specifying the situation.
This type of relation is used for determination of con-
nection between the IG nouns and interrogative words
"What", “How many”.

If the main word is expressed by combination of
verb and nominal group where the main word is a verbal
noun, then the last carries the basic semantic loading,
the verb has an axillary role. Between them the relation
“axillary” (Ax) become. For example,

provide < SUPP: escort .

Comparison of expression with some moment of
time can be achieved by the use of verb in corresponding
time, and modality is got due to the use of words that
express alethic, deontic, and epistemic modality. For such
cases the relations of modality (Mod) should be used.

Mod
For  example, necessary ————>separate ,

Mod .
clear ———landing.

Semantics of relation is determined, as a rule by
semantics of "servant".

The operator relations (Op) is used with main
word with negative parts and with such words as: some-
body, anybody with IG noun. To distinguish IG it is
necessary to consider the following knowledge about
the interaction language: gr — grammatical information
about the word forms (part of speech, gender, number,
case etc.); sint — syntactic information about word forms
(with what parts of speech and how they combine); sem
— semantic information about the word forms (denoting
notion, semantic combination with other word forms
etc.).

To distinguish IG in IL and to make links between
words in IG structure, the next rule should be used:

H: S;(gr;, sint;, Sem); Si(gr;, sintj, sem;):D — R;; (4)

where H — possible conditions to apply the rule (for ex-
ample, consistency of gr, sint and to sem information); D
— information about the place of word forms in phrase;
Rij set connections between the word forms and j.

In practical applications, at making links between
IG and other parts of speech, the role of some word
forms are determinative. First of all, it is verbs and verb
form (verbal nouns, adjectives, etc).

For the groups of words that have the main seman-
tic meaning it is suggested to enter a term - main word
group MWQG).

Complex of MWG semantic and syntactic infor-
mation is the model of control (MC). In general MC can
be given in the next way:

Ii:S (grki, Semyy), ... ,Tin:S(glin,SeMyy), Q)

where r; (i=1., n) — i-a role, that the role that word
forms execute in k-model of control, grky; semy; — com-
plex of grammatical and semantic information about the
nominal group.

For example, for the concept of "vectoring" the de-
scription with the help of the next semantic features
(included roles or morphisms) can be given: to be de-
vise of vectoring (DV), to be object of vectoring (OV),
to be place in the air (PIA), to be boundary parameter
(BP), to be moment of time (MOT). For the example
that is examined, the partial constituent of concept of
“vectoring” are IG — ATM-17, flight level — 4, to point
R1. For the case, if grammatical and semantic informa-
tion are identical with corresponding data of control
system, the structure of sentence, shown on the fig. 1,
will be the next (fig. 2):

0V(z5) BP(z7)

PIA(z6)
M oV ‘ Im
i \ ' v
PAIPAS ATM-17  take flight level 4 topoint R1

Fig. 2. Semantic analysis

It is worthy of note that z5, z6 and z7 (fig. 2) pre-
sent the role names, which subobjects make in the ob-
ject of “vectoring”.

Fig. 2 demonstrates that the following structure
describes syntactic and semantic structure of the exam-
ple phrase (deep level of IL) and it is the intermediate
chain between TSS and level of meaning.

Meanwhile, the process of transition from the su-
perficial level of IL to the level of meaning can be de-
scribed in the form of consistent transformation:

1—H

Tss—H2 deeplevelL)l, 5)

where 1, s — expressions of limited natural interaction
language and internal system language, pl, p2, pu3 —
procedures, that allow to change from expressions of
limited interaction language to the building of TSS, se-
mantic analysis and internal system supply.

After realization of the indicated operations the
sentence will take the next form:

< object-process, vectoring,
(OV: PAIPAS ATM- 17;
BP: to the point R1;
PIA: flight level 4) >.

As is seen from the expression structure, the place
of subobjects in S-language expressions can be selected
randomly, and concrete information is defined accord-
ing to the role which corresponding subobject execute.
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Hereby, we receive the model of a limited natural inter-
action language that takes into account grammatical,
syntactic and semantic features of language construction
of subject area that allows to state about achieving the
goal of the research.

Conclusions

The model of the limited natural interaction lan-
guage for AATCS operators is worked out, it takes into
account the specific of ATC functional tasks consider-
ing grammatical, syntactic and semantic features of lan-
guage construction.

Features professional language of users and DMSS
AATCS internal language allow, in a result, to get the

model of the limited natural interaction language that
has the next features: texts of the limited natural lan-
guage is the surface structure of interaction language,
expressions of S- language is the level of meaning; to
transfer from one level to another multilevel description
of interaction language should be used; intermediate
levels at transition from the superficial structure of the
messages to the level of meaning are noun phrases and
the trees of the syntactic submission

The received model allows to realize the interlevel
process of interaction between the S-system internal
language with the limited natural interaction language
of users.
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METOA NOAAHHSA NOBEPXHEBOI CTPYKTYPU MNOBIAOMJIEHb HA OBMEXEHIV MPUPOOHIN MOBI
B3A€eMO[Ii ONEPATOPIB 3 ABTOMATU30BAHOIO CUCTEMOIO YIMPABIIHHA MOBITPAHUM PYXOM

M.I. JlurBunenko, C.I'. Huno, 1.O. bopo3zenens, B.C. Maxapos

B pobomi sanpononosano memoo obpodbxu ma opmanizayii nogidomienb Onepamopie AemoMamu3o8aroi cucmemu
VAPAGNIHHS NOGIMPSAHUM DYXOM HA 0OMeNCEeHIl MOBI 63aeM00ii. Ompumano mMooeib 00MeNHCeHOl RPUPoOHbLOI MOU 83AEMOOIT, WO
8paxogye ocobaueocmi npogecitinoi Mosu Kopucmyeayie ma 6HYmpiuHb0i Mogu inmenekmyanvHoi cucmemu. Texcmu
obmedicenol npupooHbLOi MO8U  AGNAIMb CO00I0 NOGEPXHe8Y CMPYKMYPY MOSU 63AEMOOLL, 6upasu HYMpIuHbol Mo8u
iHmenexmyanbHoi cucmemu A6AAIOMb co00I0 pigeHb cency. 1logepxneso-cuHmaxkcuyHull pieeHb Mo8U 3a0AEMbCA CMPYKIMYPOIO
iMeHHUX 2pyn, enubuHHUIl pisenb — Oepesamu CUHMAKCUYHO20 NIONOPAOKYBAHHS, 8 AKUX 6CIAHOGIEHO CeMAHMUYHI 8IOHOWEHHS.
Tpu yvomy 36’°s13KU MidIC CLOBOPOPMAMU BCIMAHOBIIOIOMBCSL He MILbKU 3 GUKOPUCAHHAM 3HAHb NPO CUHMAKCUC MOBU, ale i
3HAHL 3 NpobIeMamuKy npeomemuoi obaacmi, ma cemanmuku 6HympiwHbLOi Mo6u inmenekmyanvhoi cucmemu. IIpomixcnumu
PIsHAMU npu nepexodi 8i0 NOBEPXHEGOI0 CMPYKMYPU NOGIOOMIIeHb 00 PIGHS CEHCY € IMEHHI epynu ma 0epeéa CUHMAKCUUHO20
NiONOpPAOKY8AHHS.

Knrouoei cnosa: inghopmayitina mooeinn, Mo8a 83a€mMo0ii, IMeHHI 2pynu, 0epesa CUHMAKCUYHO20 NIONOPAOKY8AHHSI.

METOA NPEACTABJIEHUA NOBEPXHOCTHOW CTPYKTYPbl COOBLUEHUNA
HA OrPAHWYEHHOM ECTECTBEHHOM AA3bIKE B3AUMOJENCTBUSA ONEPATOPOB
C ABTOMATU3UPOBAHHOW CUCTEMOW YNPABJIEHUA BO3AYLUHbIM ABMXEHUEM

M.U. JlurBunenko, C.I". llluno, U.A. boposenen, B.C. Maxxapos

B pabome npeonoscen memod obpabomku u popmanuzayuu cooOueHuil onepamopos AemMoMamu3UPOSaAHHOU CUCTeMbl
VAPAGIEeHUs 8030YUIHbIM OBUIICEHUEM HA 02PAHUYEHHOM s13blKke g3aumooeticmeust. Tlonyuena mooens 0epanuienio2o ecmecmeeH-
HO20 5A3bIKA 83AUMOOCHCMBUS, YHUMbISAOUAs. 0COOCHHOCIU NPOYECCUOHANLHO20 A3bIKA NOIb306AMeNell U 6HYMPEHHEe20 A3bIKA
UHMENIEKMYalbHOU cucmembl. Tekcmovl 02paHUieHHO20 eCmecmEeHH020 S3bIKA NPeoCmasision co6ou NOBEPXHOCMHYIO CIMPYK-
mypy A3bIKaA 63AUMOOECMBUS], GbIPANCEHUS HYMPEHHE20 A3bIKA 63AUMOOECEUs UHMELIeKMYAIbHOU CUCTeMbl NPeOC A6
1om cobotl yposenv cmvicaa. T1o6epxHocmHo-cCUHMaKcuyecKull ypogeHs sa3blka 3a0aemcsi CMpYKmypoil UMEHHbIX 2PYnn, 2iy6uH-
HbLIL YPOBEHb — 0EePeBbsMU CUHMAKCULECK020 NOOYUHEHUS], 8 KOMOPbLIX YCMAHOGLeHbl ceManmuieckue omuouenus. Ilpu smom
CB513U MENHCOY CLOBOPOPMAMU YCMAHAGTUBAIOMCSL HEe MOJILKO C UCNONb308AHUEM 3HAHULL O CUHMAKCUCE SI3bIKA, HO U 3HAHUL NO
npobiemamuke NpeOMemHol 00AACmY, U CEMAHMUKU GHYMPEHHE20 53bIKA G3AUMOOEUCMEUsT UHMEIeKMYANbHOU CUCTNEMBI.
Tpomesicymounvimu yposusmu npu nepexooe om nO8ePXHOCHMHOU CMPYKNYPbl COOOUEeHUIl K YPOBHIO CMbICIA AGTAIOMC UMEH-
Hble 2PYNNbl U 0epe6bsi CUHMAKCUYECKO20 NOOYUHEHUSL.

Knrouesvie cnosa: ungopmayuonnas mooenv, A3blK 3auUMOOCUCMEUsl, UMEHHble SPYNNbl, 0epesbs CUHMAKCUYECKO20 NOo-
OUUHEHUSL.
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