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Abstract. The paper presents a formal interpretation of possessivesfiexive-
possessive pronouns in Bulgarian language using non-roiecipproach to for-
mal logical representation. It offers a semantic networkoalel inflectional mor-
phology of definite article for related pronouns using DABRduage for lexical
knowledge representation. The proposed encoding comhimesnonotonic or-
thogonal semantic networks hierarchical representatiwhralational database
approach. Finally, some conclusions about presentingciigigal morphology
using hon-monotonic semantic networks approach are persen

Keywords: Non-monotonic Reasoning, Knowledge Acquisition and Regnéa-
tion, Natural Language Processing.

1 Introduction

Non-monotonic approach has been widely used for formalessprtation in various
Natural Language Processing tasks. Its main advantagatig gilows formal account
for both regular and irregular cases and is suitable for hirogl@ny type of grammar
feature. Also, some knowledge representation languagahveltiow non-monotonic
interpretation have been successfully used to model vatimes of language features
(like inflection, syntax, etc.) for related and non-relatedural languages. Further, we
are going to present a formal interpretation of inflectiomairphology of possessive
and reflexive-possessive pronouns in Bulgarian languagssiog DATR language for
lexical knowledge representation as a suitable formal éaark.

2 The DATR language

The DATR language for lexical knowledge representationfis@monotonic language
for defining the inheritance networks through path/valusagigns [4]. It has both
an explicit declarative semantics and an explicit theorintédrence allowing efficient
implementation, and at the same time, it has necessary ssipeepower to encode
lexical entries presupposed by the work in the unificatiangnar tradition [2, 3].

In DATR information is organized as a network of nodes, wheerede is a col-
lection of related information. Each node has associatéldl itva set of equations that
define partial functions from paths to values where pathssahas are both sequences
of atoms. Atoms in paths are sometimes referred to as atsbu



DATR is functional, it defines mapping which assigns unicale&s to node attribute-
path pair, and the recovery of these values is determinisfiih respect to its universal-
ity, DATR’s formal properties and technigques underlay batlke-based inference and
non-monotonicinference by default, and allow to accounigioguage phenomena such
as regularity, irregularity, and subregularity by usingedministic parsing.

The semantics of DATR uses non-monotonic inference andittéfiberitance, and
allows generalization-capturing representation of inifteal morphology. DATR has
expressive power which is capable to encode and process¥uothctic and morpho-
logical rules and it allows representation of grammar kmolge by using semantic
networks.

The DATR language for lexical knowledge representatioarsfbyntagmatic opera-
tors (which can be used to define concatenation procedurdg)aadigmatic operators
(which can be used to define specific structure of the inflgetites, and for further de-
velopment of part-of-speech interpretations).

The DATR language has a lot of implementations, however,amplication was
made by using QDATR 2.0 (consWRL http://ww. cogs. susx. ac. uk/ | ab/

/' nl p/ datr/datrnoded9. ht ml for a related filebul _det. dtr). This PRO-
LOG encoding uses Sussex DATR notation [13].

DATR allows construction of various types of language medlelinguage theories),
however, the analysed interpretations underlay architecf a rule-based formal gram-
mar and a lexical database. The particular queries to baateal are all related inflected
word forms, and the implementation allows to process ward3yirillic alphabet.

The DATR language has been applied for developing infleatiomorphology for
a lot of languages including Russian [1] and Polish [5]. Tdeas used for Russian
nominal inflection interpretation underlay that of a pagadiand the encoding presents
a resolving of a tabular conceptualization encoding task.

3 Bulgarian possessive pronouns in DATR

The semantics of possessive pronouns in Bulgarian langnalyeles various types of
relation like: possession (depending whether it is an dlgjea subject of possession),
part-of-whole, relational, etc. The main semantic relahip of possession varies de-
pending whether it is referred to the possessor or to theyth@ing possessed [7].
Only the full forms of possessive pronouns have inflectidreyrare: ‘'moj’ (my), 'tvoj’
(your), 'negov’ (his), 'nein’ (her), 'nash’ (our), 'vashypur), 'tehen’ (their).

They have grammar features of person, number, gender amitelediss. The gram-
mar feature of person is not inflectional and expressesrimdtion both at the level of
syntax and at the hypertext level through agreement. Théofuhs imply information
both about the possessor and the object being possessgdgesementin number and
gender.

The grammar feature of definiteness implies informationualtoe possession at
the syntactic level using agreement and is expressed byrafonorphological marker
which is an ending morpheme [6]. It is different for gendeosvlver, for masculine
gender two types of definite morphemes exist — to determinefiaadl in a different
way entities, which have two phonetic alternations, respely. For feminine and for
neuter gender only one definite morpheme exists, respbctivar plural, two definite
morphemes are used depending on the ending vocal of the togah form.



possessed POSSESSOR
singular | plural @
o 9] T d d person [3 d d g
g g 1°% pers|2™“ pers 3"¢ person 1°° pers|2™“ pers|3"“ pers %
3| g gender =
male |female| neuter ©
sg|{ male| moj tvoj negov | nein | negov | nash | vash | tehen 3
sg/{femalg moja | tvoja | negova| nejna| negova| nasha| vasha | tjahna | £
sg{neuterl moe tvoe | negovo| nejno| negovo| nashe| vashe | tjahno | 3
pl. moi tvoi negovi | nejni | negovi | nashi | vashi | tehni 5
sg| male| moja | tvoja |negovijal nejnija| negovijal nashija| vashija| tehnija
sg{ male| mojat | tvojat |negovijatnejnijatnegovijat nashijat vashijat| tehnijat| 5
sgl/femald mojata| tvojata |negovatanejnatgnegovata nashatg vashatal tjahnata 2
sg{neuterl moeto | tvoeto |negovotgnejnotqnegovoto nashetg vasheto| tiahnoto| E
pl. moite | tvoite |negovite nejnite| negovite nashite| vashite| tehnite

Fig. 1. The Bulgarian possessive pronouns inflection table reptasen.

The features of gender and number of definite article arerifit from the gender
and number features of possessive pronouns, themselvedofrher are inflectional
whereas the later are not inflectional, even both they careegmgreement and both
they are significant for part-of-speech parsing. The rahatietween them is important
starting point for our interpretation. The inflectionalritg of possessive pronouns are
presented at Fig 1.

Our approach to inflectional morphology of possessive puosds based on the en-
coding already published in [9]. It presents an inheritas@®antic network consisting
of differentinflectional hierarchical type nodes of rulasked formal grammar and a lex-
ical database (the pronouns). The particular queries twddaaed are related inflected
forms. It also offers an account of sound alternations.

The interpretation is based on adjectives’ encoding [8]takds as a starting point
linguistic motivation, in particular, the priority of on@ another grammar feature. Thus,
it uses definite article’s grammar features of gender andheurto triger the value
of related inflected forms. It also is similar to the approacbsented in [10,11] to
possessive pronouns formal representation using franksvedtUniversal Networking
Language [12] which present another type of semantic nétwor

Further, we are going to extend that approach by relatingdtifinal rules and in-
flectional type hierarchy to grammar features of possegsimeouns themselves.

3.1 The inflectional type hierarchy

The DATR analysis of possessive pronouns starts with riofelE which defines all
i i phemes for definite article as follows:
! Here and elsewhere in the description we use Latin alphabetesent morphemes instead
of Cyrillic. Because of the mismatching between both sonpécglly Bulgarian phonological
alternations are marked by two letters, whereas in Cyalighabet they are marked by one.



<si ng undef > ==

<sing def_2 masc> == ja
<sing def 2 masc_1> == _a
<sing def_1 masc> == jat
<sing def 1 masc_1> == _ut
<sing def_1 fem> == ta
<sing def_1 neut> == to
<pl ur undef > ==
<plur def_ 1> == te.

The basic nodé&dj Gdefines grammar rules for generating all inflected forms for
the feature of gender, number, and definiteness and is gthetsame as for the adjec-
tives.

Adj G
<si ng undef masc> == "<root>"
<si ng undef fem> == "<root gend>" _a
<si ng undef neut> == "<root gend>" _o
<sing def 2 masc> == "<plur undef masc>" DET
<sing def _1 masc> == "<plur undef masc>" DET
<sing def_1> == "<sing undef>" DET
<pl ur undef > == "<root gend>" _i
<plur def_1> == "<plur undef>" DET.

NodeAdj inherits all grammar rules from nodelj Gbut employs grammar rules
for generating inflected forms for the feature of comparistategree. It also is the same
as for the adjectives. We employ it to make encoding as slsopoasible regardless
the fact that possessive pronouns generates comparedadflieems very rare. The

pronouns 'negoV’ (his) and 'nein’ (her) uses this type ofanflonal rules.
Adj :

<> == Adj G
<conpar> == po_ "<>"
<superl> == paj _ "<>".

NodeAdj 2 is defined as it is employed for the adjectives and it presefies-
tional rules of possessive pronoun 'tehen’ (their), whiehlises two types of phonetic
alternation during the process of inflection. At this nodedditional inflectional base
form<r oot pl ur >isintroduced to account for the complexity.

Adj _2:
<> == Adj
<plur undef> == "<root plur>" _i.

NodeAdj _4 is defined also for adjectives. It encodes inflectional rofgsosses-
sive pronouns’nash’ (our) and 'vash’ (your) and inheritgehmmar rules of nodad;j .
The new employed grammar rule changes inflectional morplienmeuter gender into
-e.

Adj _4:
<> == Adj
<si ng undef neut> == "<root gend>" _e.

The new nodédj _5 is employed and it consists of inflectional rules for possess
pronouns 'moj’ (my) and 'tvoj’ (your). It defines feminine dmeuter gender forms by
using palatal morphemes, and generates defined inflected fafrmasculine gender by
using the<r oot gend> base.



Adj _5:

<> == Adj

<si ng undef femm> == "<root gend>" _ja
<sing undef neut> == "<root gend>" _e
<sing def 1 masc> == "<root gend>" DET
<sing def 2 masc> == "<root gend>" DET.

The grammar features of gender and number of possessiveiyprsithemselves
can be presented as relational information introducingeiRad s Pr on which consists
of rules that relate lexical database information preskatethe nodes of possessive
pronouns themselves ('Moj’, 'Tvoj’, 'Negov’, 'Nein’, 'Nas, 'Vash’ and 'Tehen’) to
inflectional grammar rules nodéslj G, Adj _2, Adj _4 andAdj _5. The node is as
follows:

PossPron:

<first sing_p sing undef masc> == <sing undef masc> M)j

<first sing_p sing undef femm> == <sing undef femm> Mj

<first sing_p sing undef neut> == <sing undef neut> M)j

<first sing_p sing def_2 masc> == <sing def_2 masc> M)j

<first sing_p sing def _1 masc> == <sing def_1 masc> M)j

<first sing_p sing def_1> == <sing def_1> Mj

<first sing_p plur undef> == <pl ur undef> Mj

<first sing_p plur def_1> == <plur def_1> Mj

<secound sing_p sing undef masc> == <sing undef masc> Tvoj
<secound sing_p sing undef femm> == <sing undef femm> Tvoj
<secound sing_p sing undef neut> == <sing undef neut> Tvoj
<secound sing_p sing def_2 masc> == <sing def _2 masc> Tvoj
<secound sing_p sing def_1 masc> == <sing def _1 masc> Tvoj
<secound sing_p sing def_1> == <sing def_1> Tvoj

<secound sing_p plur undef> == <plur undef> Tvoj

<secound sing_p plur def_1> == <plur def_1> Tvoj

<third sing_p masc_p sing undef masc> == <sing undef nasc> Negov
<third sing_p masc_p sing undef femm> == <sing undef fem> Negov
<third sing_p masc_p sing undef neut> == <sing undef neut> Negov
<third sing_p masc_p sing def _2 masc> == <sing def_2 nasc> Negov
<third sing_p masc_p sing def _1 masc> == <sing def_1 nasc> Negov
<third sing_p nmasc_p sing def_1> == <sing def_1> Negov
<third sing_p masc_p plur undef> == <pl ur undef> Negov
<third sing_p masc_p plur def_1> == <plur def_1> Negov
<third sing_p fem_p sing undef masc> == <sing undef nmasc> Nein
<third sing_p fem_p sing undef femm> == <sing undef fem> Nein
<third sing_p fem_p sing undef neut> == <sing undef neut> Nein
<third sing_p fem_p sing def _2 masc> == <sing def_2 masc> Nein
<third sing_p fem_p sing def _1 masc> == <sing def_1 nasc> Nein
<third sing_p ferm_p sing def_1> == <sing def_1> Nein
<third sing_p ferm_p plur undef> == <pl ur undef> Nein
<third sing_p femm_p plur def_1> == <plur def_1> Nein
<first plur_p sing undef masc> == <sing undef masc> Nash

<first plur_p sing undef femm> == <sing undef fem> Nash

<first plur_p sing undef neut> == <sing undef neut> Nash

<first plur_p sing def_2 masc> == <sing def_2 nmasc> Nash

<first plur_p sing def_1 masc> == <sing def_1 nmasc> Nash

<first plur_p sing def_1> == <sing def_1> Nash



<first plur_p plur undef> == <plur undef> Nash

<first plur_p plur def_1> == <plur def_1> Nash
<second plur_p sing undef masc> == <sing undef masc> Vash
<second plur_p sing undef femm> == <sing undef femm> Vash
<second plur_p sing undef neut> == <sing undef neut> Vash
<second plur_p sing def_2 masc> == <sing def_2 masc> Vash
<second plur_p sing def _1 masc> == <sing def_1 masc> Vash
<second plur_p sing def_1> == <sing def_1> Vash
<second plur_p plur undef> == <pl ur undef> Vash
<second plur_p plur def_1> == <plur def_1> Vash
<third plur_p sing undef masc> == <si ng undef masc> Tehen
<third plur_p sing undef femm> == <sing undef femm> Tehen
<third plur_p sing undef neut> == <sing undef neut> Tehen
<third plur_p sing def _2 masc> == <sing def_2 masc> Tehen
<third plur_p sing def _1 masc> == <sing def_1 masc> Tehen
<third plur_p sing def_1> == <sing def_1> Tehen
<third plur_p plur undef> == <pl ur undef> Tehen
<third plur_p plur def_1> == <plur def_1> Tehen

The new introduced pathd i r st >, <second> and<t hi r d> refer to the fea-
ture of person, pathsnasc_p> and<f enn_p> refer to the feature of gender, and
paths<si ng_p> and<pl ur _p> refer to the feature of number of possessive pro-
nouns themselves. The generated inflected forms of pogsgasinoun 'Negov’ are
given at the Appendix.

4  Bulgarian reflexive-possessive pronoun in DATR

The semantics of reflexive-possessive pronoun in Bulgdaizguage combines seman-
tics of possession relationship and that of reflexivity.Xdpreesses possession relation-
ship between the possessor (defined by the subject in thereentand agreed with it in
gender and number) and the thing being possessed (to wigighidhoun is referred to,
and agrees in gender and number). The reflexive-possessmeyn is one and it has

number singular plural
gender male | female | neuter
undefined| svoj svoja svoe | Svoi
defined | svoja(t) | svojata| svoeto| svoite
svojat

Fig. 2. The Bulgarian reflexive-possessive pronoun’s inflectidaetaepresentation.

full and short form, and both they can be used with respediteeanent. However, only
its full form 'svoj’ (-self) has inflectional grammar feaes of person, gender, number,
and definiteness, which are similar to that of adjectivesamqmbssessive pronouns. Its
inflected forms are given at Fig. 2.



4.1 The inflectional type hierarchy

The DATR formal account of reflexive-possessive pronouratibnal morphology [9]

uses inflectional rules already defined at ndd¢ 5 and is part of it. It also uses the
same principle as for possessive pronouns. The entirepiet@tion is extended whith
rules which relate reflexive-possessive pronoun to its granfeatures of person and
gender (the person and gender of the subject in the sentémcle ave reflexive) and the
gender and number grammar features of its definite artibkegender and number of
the complementin the sentence). The nBdéPoss is introduced which is as follows:

Ref Poss:
<si ng undef masc> == <sing undef masc> Svoj
<si ng undef femm> == <sing undef fem> Svoj
<si ng undef neut> == <sing undef neut> Svoj
<sing def 2 masc> == <sing def_2 masc> Svoj
<sing def 1 masc> == <sing def_1 masc> Svoj
<sing def_1> == <sing def_1> Svoj
<pl ur undef > == <pl ur undef> Svoj
<plur def_1> == <plur def_1> Svoj.

The encoding differ with that for possessive pronouns 'mag 'tvoj’ because the fea-
tures of person and gender of pronoun 'svoj’ are reflexivesdroild be defined by the
person and gender of the subject in the sentense. Thus ériérpretation gives a re-
lation also to syntactic interpretation for part-of-speanalysis. The related generated
inflected forms of reflexive-possessive pronoun 'svoj’ aueny at the Appendix.

5 Conclusion

The entire formal semantic network interpretation of intl@tal morphology of pos-
sessive and reflexive-possessive pronouns in Bulgarigjuige uses non-monotonic
approach to account for both regular and irregular word fbomintroducing different
nodes with related inflectional rules. It also uses the featof gender and number as
a trigger to change the values of related inflected forms aredational database ap-
proach to relate the grammar features of definite articleaongnar features of pronouns
themselves allowing further syntactic interpretation.

Thus, it is good as a future works to extend that approach arging the applica-
tion offering syntactic rules.
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Appendix:

Negov:

<> == Adj
<root > == negov
<r oot _gend> == negov.

PossPron: <third sing_p nmasc_p sing undef masc> == negov.

PossPron: <third sing_p masc_p sing undef femn> == negova.

PossPron: <third sing_p masc_p sing undef neut> == negovo.

PossPron: <third sing_p masc_p sing def _2 masc> == negovij a.

PossPron: <third sing_p nmasc_p sing def _1 masc> == negovij at.

PossPron: <third sing_p nmasc_p sing def _1 femm> == negovat a.

PossPron: <third sing_p nmasc_p sing def _1 neut> == negovoto.

PossPron: <third sing_p masc_p plur undef> == negovi .

PossPron: <third sing_p masc_p plur def_1> == negovite.

Svoj: <> == Adj _5

<root > == sv0j
<root gend> == svo.

Ref Poss: <sing undef masc> == svoj.

Ref Poss: <sing undef femm> == svoj a.

Ref Poss: <sing undef neut> == svoe.

Ref Poss: <sing def_2 masc> == svoj a.

Ref Poss: <sing def_1 nmasc> == svoj at.

Ref Poss: <sing def_1 fem> == svoj ata.

Ref Poss: <sing def _1 neut> == svoeto.

Ref Poss: <pl ur undef > == SVO0i .

Ref Poss: <plur def_1> == svoite.



