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Abstract

This paper presents a set of linguistic
resources that formalizes the
morphological behavior of simple Rromani
adjectives. We describe the formalization of
the adjectives’ morphology and the
implementation with the Nool linguistic
platform of an electronic dictionary
associated with a formal morpho-syntactic
grammar. We can then apply this set of
resources to a corpus to evaluate the
resources and automatically annotate
adjectival forms in Rromani texts. The final
set of resources can then be used to identify
each Rromani dialectal variant and can be
used as a pedagogical tool to teach Rromani
as a second language.

1 Introduction

1.1 Rromani language

Rromani is the language of the Rromani people; it
is an Indo-Aryan language. The number of
Rromani speakers is estimated at 5.5 million
(Gurbetovski, M. et al. 2010). UNESCO’s “Atlas
of the World’s Languages in Danger” classifies
Rromani as a “definitely endangered'” language
(UNESCO. 2010). There are four Rromani
dialects, formed by two isoglosses combining
with each other (Courthiade, M. 2016):

e The first isoglossal criterion concerns the
opposition between “0” and “e,” e.g.,
phirdom vs. phirdem [1 walked], o Rroma vs.

e Rroma [the Rroms].

! The UNESCO list has six categories of danger: Stable yet
threatened, vulnerable, definitely endangered, severely
endangered, critically endangered, extinct.

o The second isoglossal criterion concerns the
phonetic mutation of two consonants: the
alveolar affricates “"” and “d3” transform
into alveolar-palatal fricatives [¢] and [z],
e.g., “havo” vs. “eavo” [Rromani boy, son],
“dzukel” vs. “zukel” [dog].

These four dialects are not areal: Rromani speakers
living in nearby regions do not necessarily speak
the same dialects, and the same dialect is used in
distant countries.

The Rromani alphabet was standardized at the
International Rromani Union Congress in 1990, see
Figure 1.
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Figure 1: The Rromani standardized alphabet

If all Rromani speakers transcribe, for example,
the word c¢hib [language] using their local
alphabets, there can be up to 60 different spellings.
The written word ¢hib is an underlying form
including four possible pronunciations: [¢*b], [{*p],
[eib], and [eip], see Figure 2. The standardized
alphabet enables speakers of different dialects to
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understand each other in writing, giving them
comfort in pronunciation.

No other standardization exists: neither lexical,
nor grammatical, nor phonetic.

How many "words" in Rromani to say "tongue"?

13

B

PAL-E GAZENQE ALFABETE: 21+13+13+13 = 60 !I!
Figure 2: 60 different spellings of the word chib
[language]

1.2 Natural Language Processing (NLP)
applications in Rromani

Most of the NLP applications, such as Sketch
Engine and DeepL, do not support Rromani. Very
few NLP applications support Rromani, but
always unsatisfactorily. For example, Rromani
has been integrated into Google Translate in 2024.
Translation quality is misleading at all levels:
lexical, grammatical, orthographic, and dialectal.
For example, translating “thule bakra” which
means either “fat ewes” in the direct plural or “fat
ewe” in the oblique singular, Google produces the
single translation “fat goats®”, see Figure 3.

Détecter lalangue Romani Frangai v Py Frangais Anglais Roumain v

thule bakra X  fatgoats

Figure 3: thule bakrd translated by Google Translate
(accessed September 12, 2024).

Conversely, Google Translate produces the
translation “thulo bakro” for “fat sheep” correctly,
whereas its translation for fat ewe: “thuli bakro”
is incorrect at both lexical and grammatical levels,
because the noun “ewe” should be translated as
bakri, and there is a disagreement between the
feminine adjective form thuli and the masculine
noun bakro, see Figure 4.

29 <, 99 ¢

2 Rromani distinguishes lexically “ewe,” “sheep,” “she-
goat,” and “he-goat.” Their equivalent words in Rromani
are bakri, bakro, buzni, and buzno.

Anglais - Détecté Frangais Angla v & Romani Roumain Frang
fat ewe X thuli bakro
fat sheep thulo bakro

Figure 4: “fat ewe” and “fat sheep” translated by
Google Translate (accessed October 2, 2024).

In addition, Google Translate incorrectly
translates “my daughter, my daughters, the
daughter, the daughters” as miri ¢haj, mire chaja,
e shej, ¢haja in Rromani. There are several
problems at the grammatical, orthographic, and
dialectal levels; the definite article in the plural (e
or le depending on the dialect) is omitted, three
different graphemes ‘“¢h,” “ch,” and “sh” are
confused, and two dialectal variants ¢haj and ¢hej®
are confused. Users, especially learners, would be
lost.

Other NLP resources for Rromani are Russian
Romani Corpus and ROMLEX. However, they do
not adopt the standardized alphabet and do not
clearly show the correspondences of dialectal
variants, therefore, non-scientists and learners of
Rromani cannot easily use them.

Facebook tries to process Rromani, but fails.
When one posts a text in Rromani, Facebook will
incorrectly recognize the source language (for
example as French #), and then translate it
incorrectly and partially (Watabe, M. 2024). For
example, Facebook “translated” in French the
Rromani text “Baxtalo 8 Aprilo savore Romenge,
oven saste!” meaning [Happy April 8, for all the
Rroms, may you be healthy!] but its translation
“Baxtalo 8 avril Romenge au flaveur, saste de
four!” is not a French text, see Figure 5.

BAXTALO 8 AVRIL ROMENGE AU FLAVEUR,
SASTE DE FOUR!

Figure 5: A Rromani text incorrectly translated by
Facebook (accessed April 8 2023).

3 This variant is transcribed as shej by Google Translate.
4 French is the default language of the Facebook account of
one of the authors, i.e., Watabe, M.



2 Our project

We aim to describe the Rromani language by
developing linguistic resources in the form of
formalized dictionaries and grammar. Our initial
dictionary, based on two small corpora; a two-
page story written by a Rromani teacher (Duka, J.
MS.) and a one-page poem (Buri¢, R. 2006),
contained only 747 lexical entries associated with
a well-developed morphological grammar that
includes 179 inflectional paradigms and 11
derivational paradigms °> for nouns, verbs,
adjectives, and grammatical words. A feature of
these resources is that they take into account
Rromani four dialects, as well as a few
vernaculars.

An editorial dictionary (Courthiade, M. et al.
2009) including the four dialects of Rromani
explains Rromani morphology in the grammar
section. It is our principal lexical and grammatical
resource.

In this paper, we are addressing the problem of
describing adjectives and their inflection, which
causes massive ambiguities.

3 Rromani adjectives

The inflectional morphology of Rromani
adjectives is governed by two genders (masculine
and feminine), two numbers (singular and plural),
and two cases (direct and oblique®). Adjectival
forms are according to noun genders, numbers,
and cases. The basic form of adjectives is the
masculine singular direct. Combining these three
properties produces eight possibilities; in practice,
however, most adjectives have no more than three
forms (Courthiade, M. et al. 2009. Sarau, G.
2009). Consequently, there are many inflectional
homonyms.

Most Rromani words are oxytonic; i.e., the
tonic stress is on the last syllable. One uses a grave
accent to mark the stress when it is not on the last
syllable. For example, bakri [ewe] and thulo [fat,
thick, dense] are oxytonic, whereas profesori
[professor] and socialo [social] are non-oxytonic.

5 Only the diminutive and abstract nouns with the suffix “-
pen” are described in the current Rromani module.

® In Rromani, the direct case of human and most animal
nouns is used as a subject, while the oblique case is used as
an object complement. The direct case of inanimate object
nouns is used as a subject and an object complement.

The opposition oxytonic vs. non-oxytonic plays a
role in inflectional morphology.

3.1  Oxytonic adjectives

Oxytonic adjectives are classified into four
classes: large adjectives, narrow adjectives, plural
adjectives, and invariable adjectives.

Large adjectives’: Large adjectives are vocalic
and have three suffixes: “-0” in the masculine
singular direct, “-i” in the feminine singular
direct, and “-¢” in the plural direct for both
genders, as well as oblique for both genders and
numbers, see an example of the adjective thulo

[fat, thick, dense] in Table 1:

Form Gender Number Case
thulo masculine | singular direct
thuli feminine singular direct
thule masculine | plural direct
thule feminine plural direct
thule masculine | singular oblique
thule feminine singular oblique
thule masculine | plural oblique
thule feminine plural oblique

Table 1: Inflected forms and properties of the adjective
thulo [fat, thick, dense]

The form thule is therefore 6-time ambiguous.
This high level of ambiguity is general in
Rromani; as a matter of fact, we do not know any
Rromani adjective that would inflect to eight
different forms, each for each combination of
properties.

Narrow adjectives ® : Narrow adjectives are
consonant, and the direct forms of both genders
are identical in each number: “-@” in the direct
singular and “-a” in the direct plural. The suffix of
the oblique is “-e” for both genders and numbers,
as in “large” adjectives, see an example of the
adjective goddver [intelligent] in Table 2:

Form Gender Number Case
goddver masculine | singular direct
goddver feminine singular direct
goddvera | masculine | plural direct
goddvera | feminine plural direct

7 The Rromani
designation.

8 The Rromani adjective tang [narrow] is the origin of this

designation.

adjective buxlo [large] is the origin of this




International

adjectives:

Compared

goddvere | masculine | singular oblique
goddvere | feminine singular oblique
goddvere | masculine | plural oblique
goddvere | feminine plural oblique

Table 2: Inflected forms and properties of the adjective
godaver [intelligent]

Plural adjectives: Plural adjectives are used
specifically with plural nouns. In the direct case,
they have the suffix “-@” for both genders, and in
the oblique “-e” for both genders, see an example
of the adjective but [many, numerous] in Table 3:

international oxytonic adjectives (e.g., bordo
[Bordeaux-colored]), international non-oxytonic
adjectives are not completely invariable.
International non-oxytonic adjectives have two
suffixes: “-0” in the direct for both genders and
numbers and “-one” in the oblique for both
genders and numbers. Oblique forms are
oxytonic, therefore the stress is not marked, see an
example of the adjective socialo [social] in Table
6:

Form Gender Number Case
but both plural direct
bute both plural oblique

Table 3: Inflected forms and properties of the adjective
but [many, numerous]

Invariable adjectives: So-called “international”
adjectives have a tendency to be invariable.
International oxytonic adjectives are completely
invariable, see an example of the adjective bordo
[Bordeaux-colored] in Table 4:

Form Gender Number Case
socialo masculine | singular direct
socialo feminine singular direct
socialo masculine | plural direct
socialo feminine plural direct
socialone | masculine | singular oblique
socialone | feminine singular obligue
socialone | masculine | plural oblique
socialone | feminine plural obligue

Form Gender Number Case

bordo both both both

Table 4: Invariable form and properties of the adjective
bordo [Bordeaux-colored]

3.2 Non-oxytonic adjectives

Borrowed adjectives and suffixed adjectives:
Inflectional paradigms of borrowed non-oxytonic
adjectives and suffixed non-oxytonic adjectives
are identical. Their suffix is “-0” in the direct
singular for both genders, “-a” in the direct plural
for both genders, and “-one” in the oblique for
both genders and numbers. Oblique forms are
oxytonic, therefore the stress is not marked, see an
example of the adjective vesitko [of the woods,
wild] in Table 5:

Form Gender Number Case
vesitko masculine | singular direct
vesitko feminine singular direct
vesitka masculine | plural direct
vesitka feminine plural direct
vesitkone | masculine | singular oblique
vesitkone | feminine singular oblique
vesitkone | masculine | plural oblique
vesitkone | feminine plural oblique

Table 5: Inflected forms and properties of the adjective

vesitko [of the woods, wild]

Table 6: Inflected forms and properties of the adjective
socialo [social]

3.3 Conclusion

We have defined six classes of Rromani
adjectives, according to their morphological
properties:

e Oxytonic vocalic adjectives ending in “-0”:
e.g., thulo [fat, thick, dense], buxlo [large],

e Oxytonic consonant adjectives: e.g., goddver
[intelligent], tang [narrow],

¢ Oxytonic consonant adjectives used only in
the plural: e.g., but [many, numerous],

e Oxytonic vocalic international adjectives
totally invariable: e.g., bordo [Bordeaux-
colored], pane [breaded],

o Non-oxytonic borrowed adjectives and non-
oxytonic suffixed adjectives: e.g., zéleno
[green], vesitko [of the woods, wild],

e Non-oxytonic vocalic international
adjectives ending in “-0”: e.g., socidalo
[social], interesanto [interesting].



4 Formalization of the Rromani

vocabulary

4.1 The NooJ linguistic platform

NooJ is a linguistic development environment
linguists use to describe natural languages, by
constructing linguistic resources in the form of
electronic dictionaries and formal grammars from
the Chomsky-Schutzenberger hierarchy: regular,
context-free, context-sensitive, and unrestricted
grammars. NooJ can formalize twelve levels of
linguistic phenomena, from the typographical to
the semantic level (Silberztein, M. 2016).

To formalize the Rromani adjectives
vocabulary, one needs to construct the following
linguistic resources:

e a dictionary containing the affixes, simple
words, compound words, and discontinuous
expressions that make up the Rromani
vocabulary of adjectives

e a grammar containing the description of
adjectives inflectional paradigms

One could describe Rromani’s four dialectal
variants in the dictionary and morphological
grammar. The following sections present these
levels of description.

4.2 Electronic dictionary

For example, the adjective thulo is represented by
the following lexical entry in NooJ formalized
(aka electronic) dictionary:

thulo,ADJ+EN="fat, thick, dense"+FLX=BUXLO
+DRV=CACIPEN:SASTIPEN

In this extract, each lexical entry is composed of a
lemma, its category “ADJ” (adjective), its English
translation “+EN,” and the name of its inflectional
paradigm “+FLX”.

The lexical entry thulo is associated with
derivational paradigm CACIPEN and its
derivative’s inflectional paradigm SASTIPEN.
CACIPEN describes the derivation of abstract
nouns with the suffix “-pen,” which applies to
words of various categories, such as adjectives,
nouns, and verbs.

The four main dialects are encoded using the
following double codes:

° The lexical entry (i.e., vesitko) is in lower case, whereas
the paradigm name (i.e., VESITKO) is in upper case. It

e (-bi dialect: rro+rrbi
e O-mu dialect: rro+rrmu
e E-bi dialect: rre+rrbi

e E-mu dialect: rre+rrmu

In addition, we have added a third code to label
specific language variants. For example, the
northern speech used in Russia and Poland is
defined by the extra label: “+rrn.” This is the case
of the entry vesitko [of the woods, wild].

vesitko,ADJ+rro+rrbitrrn+EN="o0f the
wild"+FLX=VESITKO+SYN= “vesutno”

woods,

The entry above shows that the adjective vesitko
belongs to the dialects O-bi (+rro+rrbi), and is
used specifically in Russia and Poland (+rrn), its
English translation is “of the woods, wild”
(+EN=“of the woods, wild”), it is inflected
according to the paradigm named VESITKO
(+FLX=VESITKO?), and it has the synonym
“yvesutno” (+SYN=vesutno) used in most
Rromani dialects except the vernacular in Russia
and Poland.

4.3 NooJ morphological grammar

In NooJ, inflectional paradigms are represented
by regular or context-free grammars built over
suffix/property factors: suffixes are added to the
lexical entry to construct forms, which are
associated with the corresponding properties
(Silberztein, M. 2003-). For example, the
following is the grammar rule that describes the
inflectional paradigm RROM:

RROM = <E>/sg+dr | a/pl+dr | es/sg+ob | en/pl+ab;

This rule states that if one adds the empty string
(<E>) to the lexical entry, one produces a singular
(+sg) direct (+dr) form; if one adds an “a” to the
lexical entry, one produces a plural (+pl) direct
(+dr) form; if one adds “es” to the lexical entry,
one produces a singular (+sg) oblique (+ob) form;
if one adds “en” to the lexical entry, one produces
a plural (+pl) oblique (+ob) form.

Suffixes may contain stack operators. For
instance, operator <B> (for “Backspace™) is used

prevents confusion between two distinct values represented
by identical writing.



to delete the current letter. In the following
paradigm:

BUXLO = <E>/m+sg+dr | <B>i/f+sg+dr |
<B>e/m+pl+dr | <B>e/f+pl+dr | <B>e/m+sg+ab |
<B>e/f+sg+ob | <B>e/m+pl+ob | <B>e/f+pl+ob |
<B>:CMP/comparative ;

The second term states that if one deletes the last
letter of a lexical entry and then adds an “i” (suffix
<B>i), one produces the feminine, singular, direct
form (f+sg+dr) of the lexical entry.

For example, when the paradigm BUXLO is
applied to the lexical entry thulo [fat, thick,
dense], there will be no change (<E>) to the direct
masculine singular, one final letter will be deleted
(<B>) and an “i” will be added to the direct
feminine singular, and one final letter will be
deleted and an “e” will be added to produce the
direct plural forms in both genders, and to the
oblique forms in both genders and numbers. This
paradigm then represents the three forms of thulo:

e thulo: masculine singular direct
e thuli: feminine singular direct

o thule: masculine plural direct, feminine
plural direct, masculine singular oblique,
feminine singular oblique, masculine plural
oblique, or feminine plural oblique

It means that the wordform thule is associated
with six potential linguistic analyses.

The last term of the BUXLO paradigm is used to
produce the comparative forms of the lexical
entries. :CMP refers to the name of the following
rule (similarly to auxiliary symbols in generative
context-free grammars):

CMP = eder/m+sg+dr | eder/f+sg+dr |
edera/m+pl+dr | edera/f+pl+dr | edere/m+sg+ob |
edere/f+sg+ob | edere/m+pl+ob | edere/f+pl+ob ;

The comparative suffix “-eder” is added in place
of the final letter “0” in the thulo lexical entry (see
“<B>:CMP” in the paradigm BUXLO above). The
comparative is declined like the narrow
adjectives: without suffix in the direct singular of
both genders, “-a” in the direct plural of both
genders, and “-¢” in the oblique of both genders
and numbers. This rule produces three forms:
thuleder, thuledera, and thuledere for eight
linguistic analyses.

Beside a dozen generic operators such as <B>
that are available for any language, NooJ offers
linguists the possibility of creating specific
operators for each language. For instance, the
Spanish operator <A> is used to add an acute
accent to the current vowel; the Hebrew operator
<F> is used to de-finalize the last consonant of a
word; the Tamazight operator <T> replaces letter
“d” with “t”, etc. For the Rromani language, we
have implemented two specific operators:

e <A> deletes a grave accent, regardless the
position and returns to the initial position,

e <A>adds a grave accent to the current letter.

For example, operator <A> is used in the
following paradigms:

VESITKO = <E>/m+sg+dr | <E>ff+sg+dr |
<B>a/m+pl+dr | <B>a/f+pl+dr | <A>ne/m+sg+ob |
<A>ne/f+sg+ob | <A>ne/m+pl+ob |
<A>ne/f+pl+ob ;

In the VESITKO paradigm, the fifth term states
that if one removes the grave accent of the lexical
entry, and then adds the suffix “ne” (<A>ne), one
produces the masculine singular oblique form
(+m+sg+ob) of the lexical entry. The operator
<A> is typically used in paradigms associated
with non-oxytonic words. For example, if the
paradigm VESITKO is applied to the lexical entry
zéleno [green], its oblique form will be zelenone,
i.e., without the grave accent.

By applying all inflectional NooJ paradigms to
the dictionary, NooJ produces all the inflected
forms for each lexical entry automatically. When
applying these resources to a text, NooJ annotates
all recognized word forms. For example, the
wordform vesitkone will be annotated as an
adjective (ADJ), its basic form is vesitko, its
inflectional value is the oblique (ob), its dialect
value is a Northern vernacular belonging to the O-
bi dialect (rro+rrbi+rrn), its synonym in other
dialects is vesutno. That helps users pedagogically
recognize the relationship between the basic form,
an inflected form, and a dialectal variant. However,
there are four sets of annotations because oblique
forms are identical for both genders and numbers,
see Figure 6. We need syntactic grammar to resolve
ambiguities.

It is often better for pedagogical applications, to
use NooJ graphical grammars to describe some
phenomena. For instance, the paradigm BUXLO



shown above can equally be described with the
following graph, see Figure 7.
|m'm:o«k

veditko ADJ+SuperDict=rro+Mutation=rrbir+Vernacular=rrn+EN=

vesitko, ADJ+SuperDict=rro+Mutation=rrbi-+Vernacular=rm+EN=

veditho ADJ+SuperDict=rro+ Mutation=rrbi+ Vernacular=rm+EN=

vesitho ADJ+SuperDict=rro+Mutation=rrbi+Vemacular=rm+EN=

+EN="of the woods, wild"+5YN="veiumo"+Ci=ob+Gd=f+Nb=cg

+EN="of the woods, wild"+5YN="vesuno"+Cs=ob+Gd=f+Nb=pl

+EN="of the woods, wild"+5YN="vesuino"+Cs=ob+Gd=m+Nb=sg

+EN="of the woods, wild"+5YN="vesulno"+Cs=ob+Gd=m+Nb=pl

Inflected form vesitkone annotated

Figure 6:
automatically

Figure 7: Inflectional grammar for adjective paradigm
BUXLO.

The yellow node CMP refers to the embedded
graph that represents the paradigm of the same
name, see Figure 8.

Figure 8: Inflectional grammar of the comparative
suffix CMP.

10 The <A> operator concerns only non-oxytonic words.
Thus, it produces no change for the lexical entry rromano.

The “DRV” property allows us to describe
derivations. For example, the lexical entry thulo
mentioned above:

thulo,ADJ+EN="fat, thick, dense"+FLX=BUXLO
+DRV=CACIPEN:SASTIPEN

states that the word thulo can be derived according
to paradigm CACIPEN, and the resulting derived
form can be inflected according to inflectional
paradigm SASTIPEN. Following is the definition
of the derivational paradigm CACIPEN:

CACIPEN = <B><A>ipen/N-+ina+m-+abstract ;

From the lexical entry thulo, one deletes the final
letter (<B>), removes the accent (<A>1%), and then
adds suffix “ipen.” The resulting derivative
thulipen [fatness, thickness, density], is a
masculine inanimate noun (N+ina+m), that
belongs to the semantic class “abstract.”

The abstract noun thulipen is a generic
masculine singular direct form, and has seven
dialectal variants: thulipe used in the two dialects
O-bi and E-bi belonging to a dialectal subgroup
“without mutation (rrbi),” thulipo used in the O-
mu dialect (rro+rrmu), thulimos and thulimo used
in the E-mu dialect (rre+rrmu), thuliben, thulibe,
and thulibo used in the Carpathian vernacular
belonging to the O-bi dialect (rro+rrbi+rrc), all of
which mean “fatness, thickness, density.”

All these variants share the same inflectional
morphology; thulimata is the masculine plural
direct form, thulimas- and thulipnas-* are the
masculine  singular  oblique forms, and
thulimaten- is the masculine plural oblique form.
The following grammar rule describes the
inflectional forms of the derivative as well as all
its dialectal variants:

SASTIPEN = <E>/sg+dr | <B3>mata/pl+dr |
<B3>(mas|pnas)<E>/sg+ob |
<B3>maten<E>/pl+ob |

<B>/sg+dr+rrbi | <B2>0/sg+dr+rro+rrmu |
<B3>(mos|mo)<E>/sg+dr+rre+rrmu|
<B3>(ben|be|bo)<E>/sg+dr+rro+rrbi+rrc ;

NooJ automatically produces the derived forms

for each lexical entry, and annotates all
recognized derived forms in texts. For example,

11 This is an archaic form.



thulipe will be annotated as an abstract masculine
inanimate  noun  (N+m+ina+abstract), its
inflectional values are the singular direct (sg+dr),
its dialect value is the “without mutation (rrbi),”
and its initial category is the adjective meaning
“fat, thick, dense.” That helps users pedagogically
recognize the relationship between the base word
(e.g., the adjective thulo [fat, thick, dense]) and its
derivative (e.g., the noun thulipe [fatness,
thickness, density]), see Figure 9.

[thulipe

EO:N‘L\'[TIAJ_ CATEGORY=ADJ+EN="dense, fat. thick"+Nb=

"+Nb=sg+Cs=dr+Mutation=rrbi+Spec=ma+Gd=m+abstract

Figure 9: Derived form thulipe annotated automatically

4.4 Automatic Natural Language Processing

NooJ can use the same linguistic resources both to
parse and generate texts. For example, one can
apply a dictionary and its corresponding

inflectional grammar to automatically produce all
the forms associated with each lexical entry of the
dictionary, see an extract in Figure 10.

IPEN:SASTIPEN+comparative+pl+dr+m
y=CACIPEN:SASTIPEN+comparative+pl+dr+£
PEN:SASTIPEN+comparative+sg+dr+m
ACIPEN: SASTIPEN+comparative+sg+dr+f
PEN:SASTIPEN+£+pl+dr

:CACIPEN: SASTIPEN+f+pl+ob

IPEN+£+sg+ob

EN+m+pl+dr

EN+m+pl+ob

CIPEN: SASTIPEN+m+sg+ob

PEN:SASTIPEN+sg+dr+ina+m+abstract
EN:SASTIPEN+sg+dr+rrbi+ina+m+abstract

thick"+FLX=BUXLO+D! CIPEN:SASTIPEN+sg+dr+rro+rrmu+ina+m+abstract
thick"+FLX=BUXLO+DRV=CACIPEN: SASTIPEN+sg+dr+rro+rrbi+rrc+inatm+abstract

Figure 10: Inflected and derived forms of the adjective
thulo [fat, thick, dense] generated automatically.

NooJ uses the same resources to parse texts,
lemmatize and annotate their wordforms, to apply
queries in the form of regular, context-free,
context-sensitive, or unrestricted grammars,
perform statistical analyses, compute semantic
analyses in Predicative or XML format,

translations (if  accessing multilingual
dictionaries), etc. For example, Figure 11 displays
the query “<but>", which stands for “all inflected
and derived forms of lexical entry but [many,
numerous]” and the correspondence concordance
computed by NooJ.

Pamernis:
" asteng of characters
" a PEAL mguar expresson

& Moo regular expreasion:

|'~but,.- j
" a Nocd grammar

[ =]

r

Index Limutasion
" Shotest matches " Alloccumences
% Longest matches @ Only: | 100 oce
" Mimatches I™ 1 0ce. permatch

M Reset Concordance

8 Concordance for text: Jeta2(16.not

Reset | Display. |

== )

3  characters  before, and | & after. Display: W Man

* word fiorms

Before | Seq. | After
den len vast thaj dades  but

katar-i kuriozitéta. Sar phirdomsa  bute
k-0 INALCO, o > but

kaj phirdom bute
j  but

lenBar arakhle buti pal-od
ThemenBe nglal, sar

kerdom and-o berda 1

studenta butiv but
éhavenge, & xwdenge, o y bt
0 gage avii  bute a maskar lenfe i
fora, sine amen probléme, po  but e Rumunéngar, kaj kana hlam
Aver misal kaj xalam amen  but si o “pikso” ¢ Kameliago
cacive. sime len i po  but eksperiénca. Sadai lace oiksosBar besla
Quen 100

Figure 11: The query
concordance.

“<but>” and its resulting

The wordform but corresponds to three semantic
values: the adjective “many, numerous,” e.g.,
phirdomsa bute Themenfe [l traveled to many
countries], the adverb “a lot, much,” e.g., but
dikhlom [l have seen a lot], and another adverb
“very,” e.g., but sukar siklile on [They learned
very well].

Syntactic grammar is underdeveloped in the
current NooJ module for Rromani, this is why
wordforms remain ambiguous in general.

However, the query “<but,ADV>" will not
retrieve the adjectival inflected forms bute because
adverbs are invariable, see Figure 12.
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Figure 12: The query “<but,ADV>" and its resulting
concordance.

If NooJ recognizes ambiguous forms, NooJ will
show the annotation of all of them and not choose
one randomly, as often happens in empirical
applications. For example, as mentioned above, the
adjectival inflected form thule is ambiguous
because of six inflectional homonyms and the
nominal inflected form bakrd is ambiguous
because of two inflectional homonyms, see Figure
13.

[t bakra

thulo, ADJ+EN="dense, fat, thick"+Gd=f+Nb=pl+Cs=dr

thulo, ADJ+EN="dense, fat, thick"+Gd=f+Nb=pk+Cs=ob

thulo ADJ+EN="dense, fat, thick"+Gd=f+Nb=sg+Cs=ob

thulo, ADJ+EN="dense, fat, thick"+Gd=m+Nb=pl+Cs=dr

thulo, ADJ+EN="dense, fat, thick"+Gd=m+Nb=pl+Cs=ob

thulo, ADJ+EN="dense, fat, thick"+Gd=m+Nb=sg+Cs=ob

5

bakri, N+Spec=ani+Gd=f+EN="ewe"+Nb=sg+Cs=ob _

bakri,N+Spec=ani+Gd=F+EN="ewe"+Nb=ph+Cs=dr

Figure 13: Inflected forms thule and bakra annotated
automatically with ambiguity

45 Evaluation

There are 88 adjectives out of 747 lexical entries
in the current NooJ dictionary for Rromani.

Applying these lexical entries and their
corresponding inflectional grammars generated
1,278 inflected and derivational forms.

In our corpus, all wordforms that might
correspond to potential adjectives have been
recognized and annotated correctly, i.e., we have
reached a 100% recall, which is expected as we are
specifically constructing our linguistic resources
from the corpus. However, without any syntactic
grammar, wordforms that might function as
adjectives or as adverbs (e.g., the wordform but)
and be associated with different properties (e.g., the
wordforms thule and bakrd) remain ambiguous
until we can apply a syntactic grammar.

5 Conclusion, perspective

The current Rromani module recognizes all 170
adjectival forms from a small corpus that contains
708 wordforms. We are currently importing
around 4,500 lexical entries from an editorial
dictionary (Courthiade, M. et al. 2009) into a
formalized NooJ format.

Removing ambiguities is our current challenge.
We are constructing syntactic local grammars to
disambiguate frequent adjectives.

The resulting linguistic resources will be
downloadable from the Nool website. The Nool
dictionary for Rromani will use the standard
Rromani alphabet and include dialectal variants at
the lexical and morphological levels. It will be
available as a new digital and linguistic tool for all
speakers of Rromani: native speakers and learners,
regardless of their dialects.

We believe this polylectal dictionary is valuable
from a dialectological point of view. Furthermore,
as the declaration of the first Congress of the
International Rromani Union in 1971 stated that
“no dialect is better than another,” the dictionary
will describe all dialects.

Unlike empirical methods, the NooJ platform
produces analyses based on handcrafted linguistic
resources, and thus offers linguists to describe and
understand its properties. We believe that carefully
and precisely handcrafting linguistic resources for
Rromani is a worth scientific project, and will have
many  applications in Natural Language
Processing, second-language teaching and corpus
linguistics.
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