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THEORY OF L-SYSTEMS AS A FRAMEWORK
FOR CREATING INFLECTIONAL E-DICTIONARIES

One of the main issues in modern e-lexicography is the creation and support of computer resources meant for teach-
ing language grammar. Among them are electronic dictionaries of word inflection. The compilation of such dictionaries
requires not only the choice of computer technologies, but also an appropriate theoretical basis for building a conceptual
model that would formally represent the inflectional system of a particular language and serve as a basis for developing
a respective dictionary database and interface. For the purposes of this research, such a basis is the theory of L-systems
by the leading Ukrainian Academician Volodymyr A. Shyrokov. The author of the paper shares his own experience of
using L-systems theory to work out a methodology and implement on its basis a number of inflectional e-dictionaries
projects covering Spanish word inflection, English verb inflection, and noun inflection of the Inter-Slavic language. The
theory of L-systems can be considered universal, so it is applicable to any other natural or even artificial language with
a developed word inflection system. The dictionaries created using this methodology allow: 1) automatic generation of
inflectional paradigm for any headword; 2) grouping the words into types, groups, and classes based on the similarity of
their inflectional properties; and 3) indicating morphological characteristics of any word form composing a paradigm.

COMPUTER LEXICOGRAPHY, FORMAL MODEL, L-SYSTEM, INFLECTIONAL E-DICTIONARY,
DIGITAL ENVIRONMENT

Kynpisnos €. Teopis JI-cuctem SIK KOHIENTYaJIbHA OCHOBA ISl CTBOPEHHS CJIOBO3MIHHHX €JIEKTPOHHUX CJIOBHUKIB.
OIHI€I0 3 TOJOBHUX TPOOJIEM Cy4acHOI eJIEeKTPOHHOI JeKCUKorpadii € CTBOPEHHs Ta IMiATPUMKa KOMIT'IOTEpHUX
pecypciB, NPU3HAYEHUX TSI HABYaHHSI rpaMaTUKU MoBU. Cepell HUX — €JIEKTPOHHI CJIOBHUKHU BiIMiHIOBaHHS CJiB.
VYKI1aaHHsI TAaKUX CJIOBHUKIB MOTPEOYE He JINIIe BUOOPY KOMIT IOTePHMX TEXHOJIOTI, a i BiIMOBITHOTO TEOPETUIHOTO
MiATPYHTS U151 MOOYAOBU KOHLENTYaJbHOI MOZEJI, sika 0 (hopManbHO pernpe3eHTyBasla (hJIEKTUBHY CUCTEMY MEBHOT
MOBH i CJIyryBaja OCHOBOIO JJIs1 pO3pO0KH BiIMOBIIHOI CJIOBHUKOBOI 0a3U JaHUX Ta iHTepdeiicy. Y mexax 1boro 10-
CJTIKEHHST TAaKOIO OCHOBOIO € Teopist JI-cucTeM MpoBiTHOTO YKpaiHChKOTro akaaeMika Bomonumupa AHaromiiioBuya
[IupoxoBa. ABTOp CTATTi AiIMTHCS BJIACHUM JOCBIIOM BUKOPUCTAHHS Teopii JI-cucTeM mist po3poOKM METOI0JIOTIi Ta
peasnizallii Ha il OCHOBI HU3KHY MPOEKTiB (PJIEKTUBHUX €JIEKTPOHHUX CJIOBHUKIB, 1110 OXOILTIOIOThH (hJIeKCit0 iCaHChKUX
cJIiB, (bJIEKCit0 aHTTIMCHKUX AiECTIB Ta (DIIEKCil0 iIMEHHMKIB MixXCJIOB'THChKOI MOBH. Teopito JI-cucteM MOKHa BBa-
KaTU YHiBepCaJbHOIO, TOMY BOHa MOXe OYTH 3aCTOCOBaHa A0 Oy1b-SKOI iHILIOI IPUPOAHOT 200 HABITh LITYYHOI MOBU
3 PO3BUHEHOIO CUCTEMOIO clToBO3MiHU. CTIOBHUKU, CTBOPEHI 3a 11i€10 METOJOJIOTIEI0, NAaI0Th 3MOTY 1) aBTOMaTUYHO
reHepyBaTH (pJIeKCiliHy mapagurmy 1jst Oyab-sIKOro 3aroJJOBHOTO CJI0Ba; 2) 00’€IHYBaTH CJI0Ba B TUIIX, TPYIIU i KJ1ach
Ha OCHOBI MOJIOHOCTI IXHiX (heKCiiHUX BIACTUBOCTE; 3) BKa3zyBaTH MOP(OJIOTiuHI XapaKTepUCTUKU OYyab-sIKOT
c710Bo(OPMHU, 110 BXOAUTH 0 CKJIAAy MapagurMu.

KOMITIOTEPHA TEKCUKOI'PA®IS, DOPMAJIbHA MOJEJIb, I-CUCTEMA, EJIEKTPOHHUM CJIO-
BO3MIHHUWI CIOBHUK, LIM®POBE CEPEJOBMILIE

Introduction

With large amounts of information growing at ever-
increasing rates, the problem of developing effective tools
for automatic natural language processing remains rel-
evant. The key objects of natural language processing are
lexical units, i.e. words. Therefore, an integral component
of every NLP system should be a module for morphologi-
cal analysis. Such a module is mainly a grammar diction-
ary generating the full set of inflectional forms, or giving
its lemma form from any inflectional form for a particular
unit. This is especially true for languages with a developed
inflection system, such as Ukrainian, English, German,
Spanish, and others. These dictionaries should also have
provisions to be used not only by NLP systems, but also
by language learners. In this regard, it is necessary to de-
velop an appropriate methodology to elaborate a formal
model of the inflection system and develop a database and
interface on its basis.

The methodology is possible to be elaborated owing
to the theory of lexicographic systems (L-systems), which
provides a universal conceptual basis for modeling mor-
phological subsystems for inflected languages. The theory
offers a framework for building a formal model to repre-
sent the structure and functioning of the word inflection
system. This model reflects in a formal way the structural
elements of the dictionary, as well as the relations between
them. When developing a formal model, it is necessary to
determine the types of linguistic information to be provid-
ed by the e-dictionary. These include: 1) the inflectional
paradigm for both a single linguistic unit and a group of
units inflected by the same word change rule 2) the mor-
phological characteristics of any word form and the pa-
rameters that determine the place of the unit in the word
change system of a particular language; 3) the original
form of any word taken from the text.
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Based on the above, the purpose of our research is
to highlight some issues related to the development of a
methodology for compiling inflectional e-dictionaries
using the theory of lexicographic systems (L-systems).
The methodology was applied while carrying out specific
projects of e-dictionaries of: 1) Spanish word inflection,
2) English verb inflection, and 3) noun inflection in the
Inter-Slavic language. The projects were implemented un-
der the supervision of the author within the research and
development works by the Interdepartmental Center for
Applied Linguistics at the National Technical University
“Kharkiv Polytechnic Institute”.

1. Related Works

The problems of creating inflectional e-dictionaries
are widely discussed in many works [1-8]. The range of
issues considered mainly includes:

1. Data science and linguistic foundations necessary
for the development of inflectional dictionary-
making systems.

2. Compiling inflectional e-dictionaries for NLP sys-
tems (morphological analyzers, spell-checkers, in-
formation extraction systems, etc.).

3. Developing interface schemes for inflectional e-
dictionaries to make more interactive the process
of grammar learning.

4. Formation of search queries to work with the data-
base of the word dictionary.

5. Designing the entry structure of inflectional e-
dictionaries and selecting parameters for describing
inflectional paradigm.

So, the elaboration of an electronic inflectional dic-
tionary suggests a wide range of issues to be resolved in
complexity, from collection and analysis of linguistic ma-
terial to the development of a formal model for represent-
ing the inflectional system in the digital environment.
The model is used to build up a database and design an
interface of e-dictionary. All of this requires an appropri-
ate methodology. Thus, the present research proposes a
methodology for compiling word-changing dictionaries
that will help solve a number of lexicographic tasks:

* Building a formal model to represent the inflection

system in digital environment.

+ Parameterization of the inflection system repre-
sented by the model.

« Formation of the dictionary database.

* Development of the interface offering different
modes of displaying the inflection system.

« Elaboration of an algorithm for the automatic con-
struction of inflectional paradigm for any word.

2. Methodology

The proposed methodology of e-dictionary compila-
tion is based on the theory of L-systems by the leading
Ukrainian academician Volodymyr A. Shyrokov [6-8]. As
an example, there have been chosen inflection system of
English, Spanish, and inter-Slavic languages.

90

2.1. General overview

An L-system is a specific type of information system
that is similar in its structure and functioning to any natu-
ral language. The structure of L-system has something like
a dictionary and a grammar, which interact with each oth-
er to form one or more lexicographic effects (L-effects).
Such an effect can be considered any linguistic phe-
nomenon that takes place during language functioning,
for example: word formation, lexical groups, synonymy,
homonymy, polysemy, etc. In this research, such a lexico-
graphic effect is the generation of inflectional paradigm,
as well as the distribution of linguistic units by inflectional
types, groups and classes.

2.2. System triad

According to the L-system theory, a language system
can be represented by the symbolic triad “structure-sub-
stance-subject” or

S=S+S5+S, (D)
where S on the left side stands for the concept of the system,
and the right side of the equation demonstrates the interac-
tion of the constituent components of this concept (actually:
Structure, Subject, and Substance).

During its functioning, a system shows structural and
substantive properties. The structural ones characterize
how many initial elements are used to form a particular
linguistic object, what the order of these elements should
be, and what relations they are combined within the con-
structed object. The structure is presented as a certain ab-
stract model on which the linguistic material (substance)
is overlaid, and as a result we have a concrete linguistic
object in the form of a word form, phrase, sentence, etc.
At the same time, Volodymyr A. Shyrokov notes that the
structure and the choice of appropriate means of mate-
rializing it are set by the third element of the triad, the
subject, according to the relevant rules and algorithms. In
case of inflection:

« the structure is represented by a formal model
showing the permanent ("stem") and variable
("flexion") parts of a word;

+ the substance is material (stems and flexions) to
build up corresponding inflectional form of a word;

» the subject applies the algorithms to build an in-
flectional paradigm using the given structure and
substantive elements.

2.3. Inflection phenomenon as a L-effect

The L-effect is a product of language functioning in
the form of system triad (1). As for inflection, it can be
formally represented as:

H:[x] = c(x) * [f(0)], (2)
where H denotes L-effect (inflection), [x] is a set of word
forms (paradigm) of unit x, and [f{x)] is a set of quasi-flexions
that are part of the paradigm [x]. The symbol “*” denotes
the concatenation of a quasi-stem with a quasi-flexion. The
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prefix quasi- means that the terms “stem” and “flexion”
do not always correspond to their definitions in traditional
linguistics.

Thus, analyzing how conjugation is performed, we can
see that quasi-flexions can cover the whole word (in the
case of the suppleptive forms), part of the stem, or coin-
cide with the ending. For suppletive forms, we have a zero
quasi-stem. Any unit x is supposed to have a correspond-
ing quasi-stem c(x) and a set of corresponding quasi-flex-
ions f{x). Table 1 shows the examples of the elements in
three languages.

Table 1
Quasi-stem and quasi-flexions in three languages
English Spanish Interslavic
c(x) Sx) c(x) Sx) c(x) Sx)
ha ve t engo ljub ov
ha S t ienes ljub ve
ha S t iene ljub vi
ha ve t enemos ljub ov
ha ve t enéis ljub ovju
ha ve t ienen ljub vi

Table 1 shows an example of quasi-stems and quasi-
flexions used to form the paradigm of the Spanish verb
tener (fo have), the English verb fo have and the Inter-
Slavic noun Jjubov (love) The formal model (2) shows, at
a higher abstract level, the mechanism of building a para-
digm for a word regardless the part of speech it belongs to:
noun, adjective or verb, etc. It is important to note that
the quasi-stem c(x) and the quasi-flexions f{x) can take on
the following values:

* ¢(x) = J if the word has suppletive forms, such as
the English verb fo be, the Spanish verb ser (to be),
and the inter-Slavic noun ¢lovék (man);

+ fix) = if the word is uninflected, for example, the
English verb must, all Spanish numerals, adverbs,
and some nouns, as well as indeclinable nouns of
inter-Slavic languages such as faksi, zZuri, depo;

* c(x) = x — fix) if the word in its formal structure
has both the quasi-stem and respective quasi-flex-
ions, e.g. English verb o sfeal, Spanish verb tomar
(to take) or the Inter-Slavic noun Zena (wife).

The set of quasi-flexions [f(x)] depends on the word

type. Each of them is divided into grammatical classes
and groups and paradigmatic classes.

2.4. Inflectional classification principle

The theory of L-systems provides the following distin-
guishing features for the universal classification of linguis-
tic units: paradigmatic type, grammatical class and para-
digmatic classes. Paradigmatic type is a set of language
units with the same grammatical function, which are
inflected by the same sets of inflection parameters. Each
paradigmatic type can cover several grammatical classes,
i.e. a set of words united by common grammatical features.

In some languages, grammar classes can be also divided
into paradigmatic groups — groups of words that represent
a certain type of inflection paradigm (for example, regular
or irregular paradigm, or even double paradigm for verbs).
A paradigmatic group consists of paradigmatic classes — a
set of words that in the process of forming an inflectional
paradigm use the same set of endings (quasi-flexions).

Paradigmatic types will be denoted by 7}, i = 1, 2, ...,
N, where N is the number of paradigmatic types; WA(T)) is
the set of words belonging to type 7). Then K = {K|, K,...
K} is the set of grammatical categories of a language, and
Q(T)) is the set of grammatical values corresponding to
a certain paradigmatic type 7;. Thus, the multiset of the
words comprising the paradigmatic type can be given in
the following formal form:

<X|TIK> = [<x, K>8(x, K)); ..., <x, K,>3(x, K))I, (3)
where 3(x, K;) denotes the factor of occurrence of a word x
to the paradigmatic type provided it has grammatical feature
K. This factor can be defined in the following way:

8(x, K)) =
1, if x has a K; appropriate for given 7, 4)
{ 0, if x has a K; in appropriate for given 7,

Each paradigmatic type is characterized by its own
set of features expressed through grammatical categories,
grammatical meanings, and forms. The number of para-
digmatic types may vary in a given language: 7}, i = 1, 2,
..., N, where N is the number of paradigmatic types. So,
all the set of the words W in any language can be grouped
into several paradigmatic types:

W=w(T)v...uW(T,), %)
where W(T,) and W(T,) are the sets of the words cor-
responding to a particular paradigmatic type T by their
features.

Further, the paradigmatic type can be divided into sev-
eral grammatical classes, i.e., sets of words Wi the struc-
ture of which can change as a result of applying a particu-
lar inflectional parameter. The subdivision of words into
grammatical classes within a certain paradigmatic type
can be described as follows:

p

Wi = ,Ul W(P), ©6)
where P, j =1, 2, ..., p is grammatical class, and p is the
number of grammatical classes in the paradigmatic type 7.
A grammatical class may comprise one or several para-
digmatic classes, which can be represented as I, ¢ P, T;.
This expression should be read as follows: inside the para-
digmatic class I1, there are words of the grammatical class
P, whose inflection belongs to the paradigmatic type T;.
Thus, the set of the words with an inflectional paradigm of

type T; takes the final form:

pi o
wry = (U] W(IL)

j=1\k=

; (7
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where p; is the number of grammatical classes in which the
inflection is of paradigmatic type 7}; n; is the number of
paradigmatic classes of grammatical class P; in which the
inflection is of paradigmatic type 7.

The general principle of classifying the words by their

inflectional properties is shown in Fig. 1.

Paradigmatic types

—

®l® e e ke
oo o b le

Fig. 1. General principle of grouping the words
by inflectional properties

The application of inflectional classification principle
to the words of the three languages will be presented in the
following subsections.

2.5. L-system model and architecture

This subsection sets out the principle of modeling the
inflectional system of any language. Formally, it can be
represented as a L-system where the lexicographic effect
(inflection) is produced:

LS ={19(D), A" (19(D)),P*(I1%(D)),F',C",H" }, (8)

where where LS is L-system; A" (/ Q(D)) = {xo} is the set
of units in lemmatical form, P*(/ Q(D)) = {[x]} is the set
of inflectional paradigms, F"is an operator establishing the
relation “unit — lemmatical form”, C’ is an operator estab-
lishing the relation “unit — paradigm”, H' is an operator
that correlates the lemmatical form with a paradigm. In turn,
the elements of L-system A” (IQ(D)) and P* (IQ(D)) can
be decomposed using the recursive reduction mechanism
RRL [V([Q(D))] , as shown in Fig. 2.

vA(1%(p))

PA(I%(D)) = {1}

AN

APA(19(D)) PPA(19(D))

M (1%(D)) = {xo}
/—>\
A01(10(D)) PA%(1%(D))
Fig. 2. Recursive reduction RR{ [V(] Q(D))J

19(D)) of L-system includes a set
19(D)) that determine the place

The left part A"
of parameters A"
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of a unit in the inflection system according to the clas-
sification (paradigmatic type, grammatical class, para-
digmatic class), as well as PAOI(I Q(D)) containing the
units in lemmatical form that correspond to the para-
meters AAOI(IQ(D)). The right part P" (IQ(D)) con-
tains both all the word forms that make up the paradigm
pr (I Q(D)) and the parameters representing the set of
grammatical values A™ (IQ(D)) =Q.

The implementation of a lexicographic system is a type
of information system, the architecture of which is cho-
sen to be three-level, compliant with ANSI/X3/SPARK
(or simply ANSI/SPARK). The main components of the
ANSI/SPARK architecture will be used in this interpreta-
tion:

ARCH LS = {CM,INM,EXM; @,‘P,E} 9)

where CM denotes conceptual model, INM = {InM} is a set
of internal models and EXM = {exM} represents the set of
external models. In case of e-dictionaries CM represents the
formal structure of inflectional system, inM is a model show-
ing the e-dictionary database structure and exM designates
an interface scheme to access the e-dictionary database.

The application of L-system model (8) when compil-
ing inflectional e-dictionaries will be demonstrated in the
following section.

3. Experiment

The experimental part of the research proposed in-
cludes the building of a conceptual model in accordance
with the methodology outlined, selecting model parame-
ters, as well as designing a database and interface schemes
for inflectional e-dictionaries in question.

3.1. E-dictionary of English verb inflection

The first step in compiling the dictionary was to classify
English verbs according to their inflectional properties, as
described in 3.4. Such classification requires selecting for-
mal criteria by which the whole set of verbs is divided into
certain subsets, the mutual intersection of which is empty
and within each of them the inflection generation follows
the same rule. The subsets of verbs with such properties
will be referred to as grammatical classes (6). Each of
grammatical classes falls into several paradigmatic groups
(7), representing certain types of word change. For exam-
ple, in English, we distinguish three grammatical classes:
“Regular verbs”, “Irregular verbs” and “Defective verbs”.
In turn, the second grammatical class can be divided into
paradigmatic groups in which inflection is built according
to certain rules, for example, doubling or alternating the
final consonant, etc. For example, the grammatical class
"Irregular verbs" is divided into the following paradigmatic
groups: 1) “Verbs with individual inflection in past tense”;
2) “Verbs with an unchangeable past form”; 3) “Verbs with
2 or 3 identical past forms”. In this dictionary the whole
inflection system is represented by the single paradigmatic
type of verbs. The full diagram showing the English inflec-
tional system of the verbs is shown in Figure 3. The most
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developed is the grammatical group "lrregular verbs", as it
contains 35 paradigmatic classes, which are arranged in
the respective paradigmatic groups.

PT=verbs

PCI = Regular PC2= PC3=
verbs Trregular verbs Defective verbs
PGI = Verds PG2 = Verbs PG3 = Verbs
with individual with an with 2nd or 3rd
inflection in unchangeable identical past

past tense past form Jorm

| ParCl3 ‘ | ParC2.1 ‘ | ParC3.1 | | ParC3.31 ‘

Fig. 3. English inflectional system of the verbs

The above inflectional classification was used on the
second step while constructing the conceptual model and
its parameterization. The L-system (8) with its structural
elements shown in figure 2 has been taken as a basis. The
left part of L-system A" (1 Q(D)) represents the inflec-
tional system as a whole and comprises:

< AN (l Q(D)) , a set of classification parameters:
AN (18(D))={GC, PG, ParC}

. pA ([Q(D)), a set of English verbs in lemmatical
(infinitive) form:
19(D)={x};
The right part PA(I Q(D)): contains various sets of

lexicographic descriptions of the English verb paradigm,
namely:

. ph (IQ(D)) , a set of word forms of the verbs as a
result of L-effect H in the L-system:

PPN (12(D)) ={Ix1} ;
« AP (I Q(D)) =Q, the set of grammatical meanings
that a particular form of a verb takes on.

The set of grammatical meanings Q is composed of
several subsets Q=0Q' Q% O 0* 0’ Q% Q7. Q% | each one
having particular parameters:

« Ql={o|!, w,'} = {finite, non — finite}, the subset
of grammatical meanings to characterize the verb
forms;

« O’={o?, 0%, 03} = {lst, 2nd, 3rd}, the subset of
grammatical meanings of person;

« O’={o?, ,’} = {singular, plural}, the subset of
grammatical meanings of number;

« Q= 0%, o;*t = {present, past, future}, the sub-
set of grammatical meanings of tense;

 O={op, 0y, 07, 0} = {simple, progressive, per-
fect, perfect progressive}, the subset of grammatical
meanings of tense type;

o O={wf, 0, 0% = {indicative, subjunctive, im-
perative}, the subset of grammatical meanings of
mood.

« Q%={w/, ®,/} = lactive, passive}, the subset of
grammatical meanings of voice.

- O={o?, 0.}, 0¥} = {infintive, gerund, participle},
the subset of non-finite forms of a verb.

The next step after building the conceptual model was
to develop a database for an e-dictionary of English verb
inflection. The database was created using SQLite Studio,
a compact built-in database management system. As
seen in Fig. 4, the database has six tables: Verbs, Words,
Groups, Types, Modal verbs, and Modal groups.

INTEGER
past_simple  INTEGER word_id
past_participle INTEGER word TEXT
translation TEXT

INTEGER

transcription TEXT

group_id INTEGER
name  TEXT
description TEXT
type_id INTEGER

group_id INTEGER

type_id INTEGER
name  TEXT
description TEXT

modal_verbs

verb_id INTEGER
INTEGER

modal_groups

group_id INTEGER
future_present INTEGER name  TEXT

group_id

past TEXT
translation TEXT

description TEXT

Fig. 4. Database structure

These tables contain linguistic information and addi-
tional data for automatic generation of inflectional para-
digm and its representation in a dictionary entry. The
tables are described briefly below:

« Table “Groups”: information about all paradig-
matic groups and their relation with respective par-
adigmatic classes, including id number and short
description;

+ Table “Words”: list of all the English verbs with
their unique number, number of paradigmatic
group and transcription;

+ Table “Verbs”: quasi-flexions for the verbs listed in
the Table “Words” together with the unique num-
ber of paradigmatic group and translation of the
verbs;

+ Table “Types”: description of grammatical classes:
regular or irregular verbs;

« Table “Modal_verbs”: information related to mod-
al verbs, namely: paradigmatic class numbers and
grammar forms.

For automatic generation of the inflectional paradigm,
the database contains the information about the quasi-
stem for any verb. The generation process by the e-dic-
tionary depends on the value of c¢(x) for a word form, as
shown in Table 2.
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Table 2
Determination of quasi-stem c(x)
to build inflectional paradigm
Fragment
X c(x) () S of inflectional
value value .
paradigm
teach | c(x) =x —f(x) t each taught, taught
call c(x) =x+ f(x) c(x) 0 called
g0 cx)=9 0 went went, gone

The final step was to develop the dictionary’s interface,
which consists of the following elements (Fig. 5): a search
bar and a dictionary entry panel. The search bar offers
three modes of working with English verb inflection. The
first one allows building a paradigm for a specific verb at
the user’s request. The second (search by class) and third
(search by group) modes display a list of verbs that have
common verb-inflectional properties according to the
classification performed (Fig. 3).

1 | Dictionary of English verb infiection - a X

Search by lemma Search by class Search by group

( ]

Search

Finite form | Noa-finite form
Active voice
singular plural

Istperson 2nd person 3rdperson  1stperson  2nd person  3rd person

1st per

No ¢ontent in table

Fig. 5. General view of the dictionary interface

The dictionary entry panel has a certain structure for
displaying lexicographic information in accordance with
the selected parameters of the conceptual model. The
panel is divided into two parts: “Finite form” and “Non-
finite form”. The first part displays all the person forms of
the verb in the active and passive voice and in all tense and
mood categories. Non-Finite form tab displays the parti-
ciple, infinitive and gerund form of the verb in question.

The “Search by Class” mode offers a list of verbs
belonging to a particular grammatical class, including:
Irregular verbs, Regular verbs, and Modal verbs. For ex-
ample, Figure 6 shows an example of displaying all verbs
in the Irregular Verbs class.

* Dictionary of English verb infiection - o X
Search by lemma Search by claSearch by group
| v ieguiar verbs -]
| Reguarvers
Infinitive  Past Simple  Past r.mk'w“ Mactat verbe
ot cost cost o
wt e e
hurt hutt hutt
hat ha ha
let tet et

Fig. 6. Search of the verbs by grammatical class
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To see verbs categorized by paradigmatic groups, navi-
gate to the “Search by Group” page and choose the de-
sired group from the list. The paradigmatic group named
“Irregular verbs — group 1” is shown in Fig. 7.

The developed dictionary of English verb inflection is
intended to be used in linguistic research and educational
process.

3
1.2.and 3 foms are not changzd Ireguarves > 2growp |
Infioitive PastSimple | PastPaiticiple  IMeguarvems > 3grawp |
cost cont cont | Reguarvems -> 1goup =
cut cut ut Regularverbs (> 2910
hurt hurt hurt Regularverds  -> 3group
[ h hit Regularverps > & group
let fet et Medalverbs > 1group
put put put Modal verbs  +->  2.GROUp
resd resd resd
bet bet bet
bid bid bid
burst burst burst
cast <t <ot
kit kit ki
id od id
et

Fig. 7. Example of paradigmatic group 1 of irregular verbs

3.2. E-dictionary of noun inflection in the Inter-Slavic
language

Inter-Slavic is a semi-artificial language used by Slavs
of different nationalities to communicate with each other.
When developing the dictionary, we used the data available
on the website of the author of the Inter-Slavic language
and performed certain operations to achieve the look we
needed. The dictionary currently has about 8000 words.

The first task in creating a dictionary is to build the in-
flectional classification of inter-Slavic nouns. As in most
Slavic languages, nouns in Inter-Slavic have three gen-
ders (masculine, feminine, neuter), two numbers (singu-
lar, plural), and seven cases (nominative, genitive, dative,
accusative, instrumental, local, and vocative). Since only
nouns are considered in this project, there is only one
paradigmatic type. This type is divided into 2 grammati-
cal classes: inflected nouns (GC1) and uninflected nouns
(GC2). The first class contains 3 paradigmatic groups:
nouns with a complete paradigm (PG1), nouns with a
defective singularia tantum paradigm (PG2), and nouns
with a defective pluralia tantum paradigm (PG3). Each
paradigmatic class has 14 grammatical forms in the full
paradigm. For example, the word posol (ambassador) falls
into the paradigmatic class of the words with the follow-
ing set of quasi-flexions {ol, la, la, lu, lom, lu, le, li, lov,
lov, lam, lami, lah, li}. The characteristic of paradigmatic
groups is given in Table 3. and the classification scheme of
Interslavic nouns is shown in Fig. 8.

Table 3
Characteristics of paradigmatic groups
Numb.
Group name of paradigmatic

classes
Full paradigm 182
Defective paradigm (singularia tantum) 94
Defective paradigm (pluralia tantum) 35
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Fig. 8. The classification scheme of Interslavic noun

The L-system (8) for the dictionary was built in the
same way as in 3.1. The left part of L-system A" (IQ(D))
represents the inflectional system of the nouns and in-
cludes:

. AN ( 19( D)) , a set of classification parameters:

AN (19(D))={GC, PG, ParC} ;

. PAOI([Q(D)), a set of the nouns in lemmatical
form:

°(D)={xy};

The right part P* (I Q(D)) consists of the sets of lexi-
cographic descriptions of the noun paradigm, namely:

. p™ (1 Q(D)), a set of word forms of the nouns as a
result of L-effect H in the L-system:
PPN (19(D)) = {Ix]};
< AP ([ Q(D))ZQ, the set of grammatical meanings
that a particular form of a noun takes on.

The set of grammatical meanings Q is composed of
two subsets Q = {Q!, O}, each one having particular pa-
rameters:

Ql'={o, 0,!, 03!, 0,'} =

singular, plural,
singularia tantum,
pluralia tantum

the subset of grammatical meanings of number;
Q={02, 0,2, 02, 02, 02, 0, 0,2 =

nominative, genitive,
dative, accusative,
local, vocative

the subset of grammatical meanings of case.

The database of the dictionary has almost similar ta-
bles as the dictionary of the verb inflection. The interface
offers three modes of representing of noun inflection as it
shown in Figures 9-11.

Given that the dictionary is written for Latin words,
the automatic noun declension system of the inter-Slavic
language will also accept Latin words as input.

|| 88 oeciton e x|+

€ > C 0 O loalhost3000 % O

DECLINATION

WORI
SYSTEM XTI

BY GRAMMATICAL GROUP

BY PARADIGMATIC CLASS

Fig. 9. Single word mode

LID!(MMM x|+

€ > C 0 O lowhost300Nype * ©O 0t

DECLINATION

VST EM HND WORD. BY GRy

BY PARADIGMATIC CLASS

Choose type:

a1
masculine pluralia tantum v

alimenty Balkany
plural plural
alimenty Balkany
alimenty’ \cc. Balkany
aliment Balkan
Balkanam

alimentam

alimentami Balkanami.

Fig. 10. Grammatical group mode

88 Oecination syem x| +

€ > C O O loathost3000/group

Choose type:

28
[ rocsreprnn W

alimenty

plural

alimenty

aliment

alimentah

Fig. 11. Paradigmatic class mode

3.3. E-dictionary of Spanish inflection

The following paradigmatic types are distinguished in
the Spanish word inflection system: nouns and adjectives
T,, verbs T,, personal and reflexive pronouns 753, articles
T,, and T, which includes uninflected words in Spanish
(adverbs, prepositions, conjunctions, interjections). Each
of the identified paradigmatic types is characterized by a
certain set of inflection parameters (see Table 4).

The set of quasi-flexions is determined by the unit’s
relation to the relevant paradigmatic class. In modern
Spanish, we have identified 239 paradigmatic classes,
which are distributed in 8 lexico-grammatical classes, 25
paradigmatic groups within 6 paradigmatic types.

95



Kupriianov Ye.

A linguistic unit has a set of quasi-flexions correspond-
ing to the paradigmatic type, grammatical class, gram-
matical group of regular words with a full paradigm, and
paradigmatic class of verbs of the first conjugation. For
example, for the verb fomar (to take), the set of quasi-flex-
ions will look like this: [f{x)] = {-o, -as, -a, -amos, -dis,
-an, -é, -aste, -0, -amos, -asteis, -aron, -aba, -abas, -aba,
-abamos, -abais, -aban, -aré, -ards, -ard, -aremos, -aréis,
-aran, -ia, -ias, -ia, -iamos, -iais, -ian, -e, -es, -e, -emos,
-¢is, -en, -ara o -ase, -aras o -ases, -ara O -ase, -daramos
0 -dsemos, -arais o -aseis, -aran o -asen, -are, -ares, -are,
-aremos, -areis, -aren, -a / -a, -e, -ad, -en, -ar, -ando,
-ado}.

Table 4
Inflection parameters in Spanish
Parameter
PT Parameter values
name
T, number singular, plural
resent, past imperfect, past perfect
T, tense p » P p ,pastp >
future
indicative, conditional, imperative,
mode . .
subjunctive
person first, second, third
number singular, plural
T; case nominative, accusative, dative, locative
T, number singular, plural

The componentsoftheset ofgrammatical meaningsofthe
Spanish language Q= {Q‘,92,93,94,95,96,97,98,99}
are:

« Ql={o, 0,!, 03!, 0,1} ={m., £, m.yf.,, m. of}: the

subset of grammatical meanings of gender;

« O’={o?, ,%, w3’} = {singular, plural}: the subset of
grammatical meanings of number;

« O={o], 0, 05, 0, = {J, presente, preterito per-
fecto simple, preterito imperfecto, futuro simple}: the
subset of grammatical meanings of tense;

o O =of, 0t ot o = {1a pers., 2a pers., 2a
pers.-voseo, 3a pers.}. the subset of grammatical
meanings of person;

« O={op, 0, 05, 0} = {indicativo, condicional,
subjuntivo, imperativo}: the subset of grammatical
meanings of mood,;

« Q= 0,0, 0, o,0 = {nominativo, dativo, acu-
sativo, preposicional}: the subset of grammatical
meanings of case;

o Q7 = infinitivo, Q¥ = gerundio, Q° = participio: non-
finite forms of the verb.

The structure of the Spanish inflection dictionary da-
tabase (Fig. 11) is built on the basis of a conceptual model
that includes the following tables:

* Table “nom”, which represents the word list to-

gether with the code of the grammatical class part
and the number of the paradigmatic class (type

field);
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+ Table “indent” that specifies parameters and char-
acteristics that are the same for a particular para-
digmatic class;

+ Table “flex” containing sets of quasi-flexions;

« Table “Parts” of grammatical classes and their
codes;

+ Table “gr” of inflectional classes;

» Table “procInPar” of typical sets of typProc proce-
dures for creating analytical forms.

The software interface of the dictionary is currently
under development, but its functionality will be similar to
that described in subsections 3.1 and 3.2. The main func-
tions will include:

+ viewing the word list;

+ generating the full word paradigm of the word se-
lected from the wordlist and its main grammatical
characteristics;

+ displaying a part of the word list (by part of speech,
by paradigmatic class number, by an arbitrary que-
ry in SQL);

« displaying all grammatical homonyms, proper
names, etc.;

+ displaying quantitative characteristics regarding the
content of paradigmatic classes, parts of speech,
homonyms, etc.;

+ search for words in the word list;

* building a direct or inverse dictionary (setting di-
rect or inverse sorting in the register);

Lemmatization and morphological analysis of any
word or word form.

parts
o
|1D part

Reestr com

Field2 f ac

-
FieldS '_\_ [

Fielde type

Field? type_flex
Digit indent

Nom pos_alter
nom_old quant_alter
own comment
Date parte2

IsDel intcomm
IsActive instr
Reverse outstr
IsProblem istrent
acomm type_fill_par
accent transitivity
it typ_proc
id_ad)

Fig. 12. Spanish inflection dictionary database structure

4. Results

The inflectional e-dictionaries, the compilation of
which is described in subclauses 3.1 — 3.3, can be used in
different modes:

+ single word: its word-shifting paradigm together

with the grammatical characteristics of each word
form;
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+ grammatical classes: a list of all words that are
grouped together by their inflectional characteris-
tics, along with their paradigm;

« paradigmatic groups: a list of all the words included
in the selected paradigmatic group, which is part of
a certain grammatical class;

With regard to the use of dictionaries by researchers, it
is possible to study the pattern of changes that occur dur-
ing the formation of a paradigm; the influence of lexical
meaning on the realization of word-paradigm units; the
phenomena of homography, i.e., units that coincide with
each other in their grammatical form but belong to differ-
ent paradigmatic classes.

For educational purposes, the dictionary can: provide
a paradigm for a particular word, provide a list of words
that are declined according to the same rules, indicate
differences in the word change of words belonging to the
same grammatical class or group. The developed models
and structure of the e-dictionary make it possible to use it
in programs for automatic generation of a complete word
change paradigm for any register unit of the dictionary
(generation of all possible variants of grammatical forms).

Conclusions

The inflectional e-dictionaries created using the meth-

odology described in Section 3 can be used as:

* automatic morphological analysis tool in or NLP
systems (at the stages of POS-tagging, lemmatiza-
tion and synthesis);

« reference tool (word search, providing information
on word pronunciation of specific word units of the
dictionary).

Such peculiarities of the dictionary's purpose also put
forward certain requirements to its structure (the linguis-
tic information presented in the dictionary should be suf-
ficient to fulfill all the required functions; a wide variety
of ways of access to this information should be provided).
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