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1 DMotivation

As other particularities of language (neologisms, multiwords, idioms and so
on), proper names can be responsible of amazing errors. For instance, how
should Bush be translated to Serbian: as epm (plant) or Byw (personal
name)? Are Casablanca and White House the same location? It is a com-
mon belief that proper names cannot be translated. In fact, all the sorts of
translation processes (adaptation, layer, literal translation and so on) are
used by translators when they transfer them from a source-language text to
a target-language text (Lecuit et al., 2011).

Proper names are also a challenge for Natural Language Processing
(NLP) and, more generally, for Named Entity tasks'. First tasks related to

! Named Entities are usually defined by a referent or a kind of uniqueness.
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named entities were to complete data bases in the Message Understanding
Conferences MUC-6 and MUC-7 conferences with answers to the questions,
such as “who did a terrorist attack”, “where?”, “when?” or “what firm took
holdings in another one?”, “at what height?”, “for how much dollars?” and so
on (Chinchor, 1997). Today, the challenge is almost the opposite: entities in a
text have to be linked with database entries (Hachey et al., 2013), i.e. proper
names have to be disambiguated (see for instance the Text Analysis Confer-
ences (McNamee et al., 2010)). One often uses for these tasks Wikipedia and
a number of other semantic data bases, as DBpedia (Auer and Lehmann,
2007), GeoNames, YAGO2 (Hoffart et al., 2012), BabelNet (Navigli and
Ponzetto, 2012). These databases constitute a part of the Link Open Data
system (LOD) where proper names have a particularly important place.

Prolexbase is a Multilingual Relational Database of Proper Names (Mau-
rel, 2008). The aim of Prolexbase is to assist in their translation. It merges
morphology, derivation and semantic relations. For instance, if a sentence in
Serbian Beoepadcka ostcena mu je pexaa da je Jynas npeaen has to be trans-
lated, it may be helpful to expand it: The female [inflection] inhabitant of
the city [semantic expansion] of Belgrade [derivative relation] in Serbia [ac-
cessibility relation] has told me that the Danube River [semantic expansion]
is splendid. We will return to this example at the end of this paper.

The first version of Prolexbase (covering eight languages, French, Ger-
man, English, Ttalian, Dutch, Polish, Portuguese and Spanish) has been sup-
ported by the French RNTL-Technolangue Project (2003-2005). Actually,
the model of the database was constructed and its coverage for French was
good while for other languages it was weak. However, at the same time, an
Egide Pavle Savic project (2004-2005) has initiated with the aim to add the
Serbian language to Prolexbase. The involvement of the Serbian team was
very important as it helped to realize the complexity of the morphology and
the derivation in the model, that was too French/English centered. Another
problem was the presence of two scripts, Cyrillic and Latin. In this first ver-
sion, a not satisfactory solution was chosen for the problem of two scripts:
two volumes were built for the Serbian language, one using the Cyrillic al-
phabet and the other using the Latin alphabet.

The second version of Prolexbase has been supported by the Hubert
Curien Polonium project which brought a good coverage for Polish and En-
glish Savary et al. (2013). The Serbian part has been significantly improved
in the third version of Prolexbase, as a result of a one month visit of Pro-
fessor Cvetana Krstev which was sponsored by The University of Tours. We
improved the coverage of Serbian and we mostly mixed the two alphabets
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representations in only one volume. We also prepared a possible description
of dialect forms, as Fkavian and Ijekavian.

2 Prolexbase

2.1 The Prolexbase model

Since Prolexbase is a multilingual databases we need a model enabling the
linking of different occurrences of proper names in different languages. We
choose to define the linguistic class of proper names (and their derivations)
as an ontology in the sense of (Gruber, 1995): “A conceptualization is an
abstract, simplified view of the world that we wish to represent for some
purpose. .. An ontology is an explicit specification of a conceptualization”.

Accessibility

Diaphasic

synonymy -

Be\grad;%lgmde Mcmwa\Easrern \ Serbia
-~ 3 "Ezpcencna Barcelona | CP6uja

Beorpaa,
ity name

Beorpahaty
Inhabitant
male

BeorpahatuHog,

Possessive
adjective

Beorpahatka
Inhabitant
female

6eorpancn
Relationa
adjective

Georpaharkun
Possessive
adjective

Beorpahanu Beorpaa BeorpahankiH
Beorpahannma Beorpaga BeorpahankiHy

Beogradanin Beograd Beogradankin
Beogradanina Beograda Beogradankinu
BeorpahatHos Georpaackn Beorpahatika
Beor Beorpahatiky
Beogradaninov beogradski Beogradanka

Beogradanku

Figure 1. The example of Beoepad in the Prolexbase model

The center of the Prolexbase ontology is the conceptual proper name, the
pivot, which represents the referent from a particular point of view. For in-
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stance, Pope Francis and Jorge Mario Bergoglio or Beoepad (Belgrade) and
Hemowna Bapceenona (Eastern Barcelona). The translation by pivots (Boitet,
1988) is not very usual today, although a pivot can be refined for some lan-
guage and not for others. For instance, in the Papillon project (Mangeot,
2000), the pivot for rice in English corresponds to two refined pivots in
Japanese, raw rice and cooked rice. For the conceptual proper name, no re-
finement is needed, so we can use this model without any problems. For each
language, the pivot is linked to an unique set of proper names, the prolexeme.
This set contains the proper name and, eventually, its aliases and its mor-
phosyntactic derivatives (see 2.3). The pivots constitute the conceptual level
of the model and the prolexemes its linguistic level. The ontology is com-
pleted by two other levels, one at the top, the metaconceptual level (types
and supertypes), and the other one at the bottom, the instance level (forms
of proper names — as they appear in a written text). Figure 1 illustrates the
model with the proper name Beozpad.

2.2 The LMF format

Prolexbase is a free and open source resource, under LGPL-LR license?. The
exchange format is inspired by the Lexical Markup Format (LMF) (ISO/TC
37/SC 4, 2007). Figure 2 shows LMF classes for representing the Prolexbase
model. It represents a selection of classes of the LMF core model with ad-
ditional parts from LMF extensions (packages Morphology, NLP semantics,
NLP multilingual notations and NLP syntax). Multilingual descriptions are
represented with grey boxes. The whole resource is represented by the class
Lezxical Resource to which some information is linked, such as the language
codes, scripts, characters used in the whole resource (class Global Informa-
tion). The resource contains the conceptual level (class Sense Awis) and the
linguistic level, with several lexicons (class Lezicon) that are monolingual
descriptions. One of them is the Serbian lexicon. The lexical entries are all
lemmas of a prolexeme (proper names, aliases and derivatives) with their
word forms (all the instances): classes Lexical Entry, Lemma, Word Form
and Form Representation.

These lemmas are linked with the senses that are pivots with category as-
signed, as relational adjective or male possessive adjective (classes Sense and
Sense Relation). These pivots are defined in the class Senses Axis belong-
ing to the multilingual part of the resource. The class Sense Axis Relation

2 Prolexbase (on-line)
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Figure 2. The LMF schema of Prolexbase

represents relations between conceptual proper names while the class Inter-
lingual External Ref represents typologies. We also note some information
about classifying contexts of proper names (class Subcategorization Frame
and some idiosyncratic collocations (class Syntactic Behavior). These classes
are not yet used in the Serbian volume and some examples would be the use
of different prepositions for proper names, like in Cpbuja je nwa Baaxany u
y Eeponu (Serbia is in the Balkans and in Europe).

2.3 Relations

The large part of Prolexbase consists of relations between pivots (language
independent relations): synonymy, meronymy and accessibility.
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The synonymy relation, or more precisely, the quasi-synonymy relation,
is a relation between two pivots referring to the same referent for which
different points of view exist. The translator has to choose the same point
of view, which is not always possible. We distinguish between three different
points of view, designated by three diasystematic features of (Coseriu, 1998):

— Diachronic: variations depending on time. Casesna Penybauka
Jyeocaasuja (Federal Republic of Yugoslavia) versus Jlporcasna
3ajednuya Cpbuja u Ilpra Topa (the State Union of Serbia and Mon-
tenegro);

— Diastratic: variations depending on sociocultural stratification. Jocun
Bpos (Josip Broz) versus Tumo (Tito);

— Diaphasic: variations depending on the usage purpose. Beozpad (Bel-
grade) versus Hcmouwna Bapceaona (Fastern Barcelona).

The meronymy relation, a partitive relation, is a relation of inclusion.
The examples are geographical inclusion: Serbia is in the Balkans, which is
a part of Europe, and temporal relation: The bombing of Belgrade on April
6, 1941 is a part of (happened during) the Second World War. We extend
this relation to other domains, such as economy, nationality and so on.

The accessibility relation (Ariel, 1990), an associative relation, means
that a proper name is accessible through some other proper names. In dic-
tionaries, proper names, contrary to common nouns, do not have definitions
— they are rather replaced by a relation to some more known name. Thus,
this relation is rarely symmetric: in dictionaries, one can read that Aaron is
the brother of Moses, but Moses is not presented as the brother of Aaron,
but as the leader of the Hebrews. Consequently, Aaron is accessible through
Moses and Moses is accessible through the Hebrews’ story. We distinguish
12 such relations:

— Relative: Apon (Aaron) is the brother of Mojcuje (Moses);

— Capital: Beozpad (Belgrade) is the capital of Cp6uja (Serbia);

— Leader: Tumo (Tito) is a political leader of Jyzocaasuja (Yugoslavia);

— Founder: Pacmxo Hemarouh (Rastko Nemanji¢) founded the Cpncka
npasocaasra upksa (Serbian Orthodox Church);

— Follower: Ilemap (Peter) is a disciple of Heyc (Jesus);

— Creator: Tocnoha munucmapra (The Cabinet Minister’s Wife) is a com-
edy by Bpanucaas Hywuh (Branislav Nusié);

— Manager: Panko 2Kepasuua (Ranko Zeravica) was a Serbian bas-
ketball coach who used to manage the Jyzocrosencrka rowaprawra
penpesenmayujae (Yugoslav national basketball team);
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— Tenant: Auexcandap Bywuhi (Aleksandar Vu€ic) is the tenant of the Hosu
dsop (Novi dvor);

— Heir: Knes Muzauao Ob6pernosufi (Prince Mihailo Obrenovié¢) was the
heir of Knes Muaow O6penosufi (Prince Milo§ Obrenovic);

— Headquarters: In Beoepad (Belgrade) are the corporate headquarters of
Montinvest Beograd;

— Rival: IHapmusan (Partizan) is the football rival of Ipsena 3se3da (Red
Star);

— Companion: Mupxo (Mirko) was Caaexro’s (Slavko) beloved comrade and
brother-in-arms.>

The language dependent relations are frequency, is-an-alias, is-a-
derivative, collocation, context and eponymy.

A prolexeme is the set of all lemmas semantically linked to a proper
name in one particular language. For instance, the prolexeme FBeozpad
(Belgrade) consists of: Beorpaz, 6eorpascku, Beorpahanun, Beorpahanxa,
Beorpabhanumnos, Beorpahamnkun as shown in Figure 1. The three main re-
lations at the language dependent level are frequency, is-an-alias and is-a-
derivative. The frequency which indicates whether the proper name is well
known can have three possible values: commonly used, infrequently used
and rarely used. Today, this frequency can be calculated from LOD, mainly
from Wikipedia (Elashter and Maurel, 2016). Aliases are different variations
of a proper name: short forms, abbreviations, acronyms, different orthogra-
phies, alternate transcriptions, diatopic quasi-synonyms and explanations.
Only the morphosemantic derivatives of a prolexemes are considered (and
their derivatives). For instance, nacmepusosamu (to pasteurize), referring
to the process of partial sterilization, is a derivative of the name Ilacmep
(Pasteur), but it is not semantically linked to it.

Collocation and context relations concern the local usage of proper
names. In some languages, such as French, country names are often pre-
ceded by an article, masculine or feminine without any particular reason
which one should be used: for instance, one says la (feminine) France and le
(masculine) Montenegro. The context is a relation between a proper name
and typical words appearing with it. The context can be classified as a clas-
sifying or an accessibility context. The classifying context is an expansion
of a noun phrase (capital, king, coach, etc.), called by MacDonald (1990)
the external structure of a proper name. The classifying context is can be

3 Two main characters of a very popular Yugoslav comic book series about two
Partisan couriers.
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useful in translation. For instance, Casa (Sava) is translated in English as
the Sava River. The accessibility context is a noun phrase that implements
the accessibility relation between two pivots. It can be regarded as a sort of
the explanation of a proper name by a link to a well-known proper name.
For instance, one can translate Beoepad (Beograd) as Belgrade, the capital
of Serbia.

The eponymy relations differs from other relations: it tells us that the
translation does not refer to a proper name but to a common noun (antono—
masia), as orcusem (Zilet) in Serbian that designates all razor blades and not
only the Gillette ones, or to a terminological term, as Parkinson’s disease or
Pythagoras’ theorem, or again to an idiomatic phrase, as cee mu je pasno do
Kocosa (sve mi je ravno do Kosova) that says literally It’s all straight to me
up to Kosovo and idiomatically It’s all equal to me or I don’t care at all.

2.4 Typologies

The meta-conceptual level deals with the concept existence and the typology
of proper names.

The existence concept divides proper names into three groups: the his-
torical ones that exist or existed, as Beozpad (Belgrade); the religious ones
whose existence depends on one’s beliefs, as Apzanees Muzaun (Michael
the Archangel), or fictional ones invented by authors. Generally, name be-
longing to two later categories need to be translated, as Snow White that is
translated in Serbian as Cueotcana.

The aim of Prolexbase typology is to classify proper names. We defined
four big classes (named supertypes) corresponding to the primary semantic
features: the human (Anthroponyms), the location ( Toponyms), the concrete
(Ergonyms — artifacts and work names) and the event (Pragmonyms). We
defined thirty types in total, presented in Table 1. This typology defines the
primary hypernymy relation between a pivot and type. We completed it with
another relation, the secondary hypernymy relation, which is a metonymy
relation between types, as seen in Table 2.

3 Proper names in the Serbian language

3.1 Alphabets

In Serbia, the use of Cyrillic alphabet is prescribed by law (Zakon, 2010,
article 1), while the use of Latin alphabet is permitted in special situations
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’ Proper Name

Anthroponym Ergonym |Pragmonym Toponym

Individual Collective

Group Territory
Celebrity Dynasty | Association | Object Disaster Astronym Country
Patronymic |Ethnonym| Ensemble Work Feast Building Region
First name Firm Thought History Geonym |Supranational
Pseudo- Institution | Product | Manifestation|Hydronym
anthroponym Organization| Vessel | Meteorology City

Way

Table 1. The Prolexbase typology — the primary hypernymy

(traffic signs, street names, etc.). However, due to historical and other rea-
sons Latin alphabet is widely used and it is defined as equal to Cyrillic in
the Serbian orthography (ITemmkan et al., 1993, articles 1-6). The Serbian
alphabet, both Cyrillic and Latin, has 30 letters; 1-1 correspondence is estab-
lished between these two sets, as presented in Table 3. The order of letters
in Cyrillic and Latin alphabet is different; letters in Table 3 are presented
in the Cyrillic order. The Serbian Latin alphabet does not use some of the
26 letters of English alphabet? — Q, W, X and Y. It uses some letters with
diacritics — C, C, D, S and Z — while some are represented as combinations
of existing letters as digraphs — Lj, Nj and Dz. Digraphs are in electronic
texts traditionally represented with two codes of consisting letters, although
Unicode has introduced specific codes for these symbols®. One should note
that capital letters of digraphs 1j, nj and dZ can be represented in two ways,
with only the first composing capital letter — Lj, Nj and Dz — and with both
capital letters — LJ, NJ and DZ. The later case is used when the whole word
(or a longer text) is written in capital letters. This is reflected in Unicode as
well that has separate codes for these representations.

3.2 Names of foreign origin

Proper names of foreign origin, as a rule, are not written in Serbian using
the original script and spelling, they are rather transcribed. It is applied

4 Letters represented in ASCII code
5 See code page Unicode Latin Extended-B
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’ Types H Secondary hypernymy

Country
Region Collective anthroponym
Supranational
Territory

City Collective anthroponym
Ergonym

Buiding
Way
Feast Ergonym

History
Manifestation

Association
Ensemble
Firm Ergonym
Group Toponym
Institution
Organization

Vessel Toponym

Table 2. The secondary hypernymy relation

to personal names as well as geopolitical names. The Orthography man-
ual (ITemmukan et al., 1993, articles 101-180) permits the use of the original
script and spelling for Serbian texts written in Latin; however, in practice
it is rarely used. One of the reasons is that the use of transcription for both
scripts facilitates publications in both of them, as well as switching between
them on Web pages®.

In Serbian, orthographic, or practical, transcription is used to customize
sounds from the original language to the standard Serbian spelling system.
The Orthography manual (ITemukan et al., 1993, articles 101-180) lists tran-
scription rules for 27 languages, including Latin, Ancient and Modern Greek,
Japanese and Chinese. However, there are number of proper names that do

5 For instance, all articles in Serbian Wikipedia can be viewed in Cyrillic and
Latin alphabet — see, for instance, the Wikipedia page about Orthographic tran-
scription in Serbian. The same possibility is offered by some newspaper portals,
for instance Politika.
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CyrillicflaA| b DB | jJ |aH |cC| xX
Latin{laA| dD | jJ |aN|sS | hH
Cyrillic||6 B| eE | kK || 1T | ol
Latin||[bB| eE | kK |njNj|tT | ¢C
Cyrillic||sB|x2K|aJl | oO |[h' A | a4
Latin|[vV| zZ | 1L 0O |¢C | &C
Cyrillic||r | 33 |mJb| oll [y ¥ | gll
Latin||g G| zZ |jLj| pP |uU |dz Dz
Cyrillic||g I| ull [ MM | pP |p D | m I

Latin|{{dD| il 'mM| rR | fF S

Table 3. The Serbian alphabet — Cyrillic and Latin; the order of Cyrillic alphabet
is present top-down, from left to right.

not conform to these rules, mostly because they are used as such for a very
long time, or because they better suit Serbian language and its morpholog-
ical properties. Some examples listed in the Orthography manual for geo-
graphic names are Mocxea (Moscow) (instead of Macxksa), Boazoepad (Vol-
gograd) (instead of Baszaepam), Ibyjopx (New-York) (instead of Fbyjox)
and Jajnyue (Leipzig) (instead of Jlajnyux) and for personal names I'andu
(Gandhi) (instead of I'andzu) and Strindberg (instead of Cmpumnd6epy). For
some foreign geographic names the Serbian name is neither the original nor
its transcription, for instance Beu for Vienna.

Multi-unit geographic names are, as a rule, transcribed into multiword
names, for instance, by Xemnwup (New Hampshire) and Coam Jlejx Cumu
(Salt Lake City). There are exceptions to this rule as well, for instance
Hopmopuxo (Puerto Rico). The foreign geographic multi-unit names that
have as constituents one or more common words are sometimes translated,
partially translated or not translated at all. For instance, Rocky Mountains
is translated as Cmenosume naanune, while Long Island is transcribed as
Jlone Ajaand. The same common words are sometimes translated and some-
times transcribed, for instance Hoeu Jyswcrnu Beac (New South Wales) vs.
by Jeaxu (New Delhi).

Sometimes multiple variants exist in Serbian for a single foreign proper
name. For instance, Kom d’Hsoap is the transcribed name in official use for
Céte d’Ivoire while its translated name O6a.sa caonosaue prevails in everyday
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use. It is more often the case for names of location with mixed inhabitants,
like IJeaosey and Kaazengypm (Klagenfurt) (a city in Austria), or for names
of locations that changed names due to political reasons, for instance I'pad
Xo IIIu Mun (Ho Chi Minh City), former Cajeon (Saigon).

Transcription rules are not always easy to master, so additional manuals
are published that can help in writing proper names of foreign origin, for in-
stance The transcription dictionary of English personal names (Prc¢i¢, 1992)
and The English-Serbian dictionary of geographic names (Préi¢, 2004). It
is unfortunate that information in these manuals sometimes contradicts the
Orthography manual: for instance, in (Préi¢, 2004) the transcription for Rio
de Janeiro is Puo de 2Kanejpo while the Orthography manual for the same
name suggests Puo de 2Kaneupo that does not conform completely to the
transcription rules for Portuguese but is established as a name.

Organization names are specific as compared to other proper names.
They are more often than others used in original, especially acronyms
such as IBM or FBI. Besides that, organization names can be transcribed
Magxpocogpm (Microsoft) or translated Opezanusayuja 3a exonomcky capadry
u passoj (Organization for Economic Cooperation and Development). More-
over, for some organizations both transcribed and translated names are
used, for instance Bpumancka meaesusujcka mpesica and (rare) Bpumuw
bpoydxacmune xopnopejur (British Broadcasting Corporation). The corre-
sponding acronyms can be either in original BBC or in spelling Bu-Bu-
Cu (Krstev et al., 2015).

3.3 The derivation
Nouns and adjectives can be derived from most geographic proper nouns’.
Names of inhabitants, or demonyms, are derived from various geographic
proper names: continents, super-regions, countries, regions, cities, and city
districts as represented in Table 4%, For some names of these types it is not
possible to derive a name for an inhabitant, e.g. Ocao (Oslo) and a phrase
is used instead cmanosnux Ocaa (an inhabitant of Oslo). If a name of a
male inhabitant can be derived, than, as a rule, a name for a female inhabi-
tant can also be derived, and for both of them possessive adjectives can be

" We will not consider verbs derived from geographic proper nouns, such as
nogparyysaumu ce (become as a Frenchman/Frenchwoman) as explained in Sub-
section 2.3.

8 Iophon (Doréol) is a central district of Belgrade.
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Name |Inhabitant (m.)|Inhabitant (f.)|| Adjective
Possessive adj. | Possesive adj.
continent Espona Esponspanun Erponspanka €BPOIICKU
Europe Espompanunos | Eponsbankun
super-region Bankan Bankanaig Bankanka OaJIKaHCKU
Balkan Bankamuen Bankankun
country PpanIiyckKka ®Dpamniry3 DpaHITyCKIHA dpaHIycKu
France ®PpaHIry30B DpaHILyCKUIbUH
region IIpoBanca IIpoBancamnar IIpoBancanka ||mpoBaHcaaCcKm
Provence IIpoancanues | IlpoBancankun
city Beorpag Beorpahauun Beorpahanka 6GeorpaIcKu
Belgrade Beorpahauunos | Beorpahamkun
city district Hophou HophouJrart Hophoska nophosicku
Dor¢ol Hophomaes Hophonkun

Table 4. Names of inhabitants and adjectives derived from certain types of to-
ponyms in Serbian

derived, as well as an adjective describing something as related to the ini-
tial toponym. For Ocso such an adjective cannot be derived either. On the
other hand, for some names of inhabitants other adjectives can be derived,
for instance, Hapuoicanun (a male inhabitant of Paris) — Ilapuorcarunos
(belonging to a male inhabitant of Paris) — napusicancru (referring to, in a
style of inhabitants of Paris) (opposed to napucku (referring to Paris)). Oc-
casionally, diminutives can be derived from names of inhabitants, e.g. Cpnue
and Cpnuwuh, diminutives of Cp6un (an inhabitant of Serbia), sometimes
referring to children.

In certain cases, double or even triple names of male inhabitants can
be derived, leading to multiple names of female inhabitants, possessive and
descriptive adjectives. The examples are:

— double names derived from Kopeja (Korea)®:

e Kopejay (m), Kopejra (), Kopejues (m poss.), Kopejrun (f poss.),
xopejery (adj.);

o Kopeanay (m), Kopearnxa (f), Kopearnues (m poss.), Kopeanrxun
(f poss.), xopeancru (adj.);

¥ These examples are corroborated in (Crujosuh, 2016).
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— triple names derived from Iapus (Paris):

o Ilapuotcanur (m), ITapuocanxa (f), Hapuscanunos (m poss.),
Hapuorcanrun (f poss.), napucku and napuwru (adj.);

o Tlapustcauja (m), Iapuocaujra (f), Hapuoscaujurn (m  poss.),
Hapuorcaujrun(f poss.);

o ITapusauja (m), Iapusaugra (f), IHapusaujur (m  poss.),
Hapusaujrun (f poss.).

For certain multi-unit geographic names demonyms and corresponding
adjectives are derived either by composing its constituents or by using just
one of them. In either case as a result simple words are derived as illus-
trated in Table 5'!. However, for a number of multiword geographic names
demonyms and corresponding adjectives cannot be derived.

Name — Serbian Inhabitant — male Adjective
original female
Kabo Bepue Kabosephanuu KaboOBepACKU
(Cabo Verde) Kab6osephanka
Bypkuna ®aco Bypkunaig Oy pPKMHCKHU
(Burkina Faso) Bypkunka

Tpununnan u Tobaro | cranoBuuk Tpunumana u Tobara || descriptive

(Trinidad and Tobago) |cranosruna Tpunngana n Tobara

Hosu Can Hosocahanun HOBOCAICKH
Hosocahamnka
Bauko Hoeo Ceno cranoBHUK Baukor Hosor Cena descriptive

cranosHuiia bauykor Hosor Cena

Table 5. Names of inhabitants and adjectives derived from multi-unit names of
toponyms in Serbian

Adjectives are derived from other types of geographic names, hydronyms
and oronyms, as well. Examples are, hydronyms dyrnascxu derived from
ynae (Danube), cencru derived from Cena (La Seine) and oronyms aancku

9 These examples are corroborated in (Cresanosuti, 1967).
' These examples are corroborated in (Crujosuh, 2016).
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derived from Aanu (Alps), xonaonuuxu derived from Konaowux (a moun-
tain in Serbia). For some hydronyms and oronyms adjectives cannot be
derived, for instance Bosza (Volga River). Adjectives derived from mul-
tiword hydronyms and oronyms, if they exist, are simple words, for in-
stance, seauxomopascku derived from Beauwxa Mopasa (a river in Serbia)
and cmaponaanuncku derived from Cmapa Ilaanuna (a mountain in Ser-
bia).

Possessive adjectives can be derived from personal names: first names,
surnames and nicknames. For instance, possessive adjectives derived from all
parts of the name Heo Jloaa Pubap'? would be Heos, Jloaun and Pubapos.
Various nouns and adjectives can be derived from names of famous persons.
For instance, the name of the philosopher Kapa Mapxc (Karl Marz) yields
in Serbian: wmaprcusam for a doctrine, maprcucma and maprcucmrursa for
supporters of maprcuzam, maprcosoeuja for a scientific discipline, maprconoz
and wmapxrcoaowrurea for scientists studying maprcoaozuja, the adjectives
maprcucmuuky (relating to Marzists) and mapkcoaowsu (relating to Mara-
ologs). Many of these derived adjectives and nouns can be prefixed, eg. with
anmu-, Heo-, nocm-, ete. (Vitas and Krstev, 2013). These derivatives are not
considered in the Prolexbase, as explained in Section 2.3.

Possessive adjectives can be derived from some, mostly simple-word, or-
ganization names. For instance, Majxpocopmos is a possessive adjective de-
rived from Majkpocoghm (Microsoft). Possessive adjectives are also used for
acronyms of organization names — in such cases, derivational suffixes are
added to an acronym after a hyphen, e.g. IBM-o0s (belonging to IBM).

3.4 Grammatical features

Proper names in Serbian, as well as nouns and adjectives derived from them,
share inflectional properties with common nounds and adjectives.

The gender of geographic names, toponyms, oronyms and hydronyms,
can be masculine, feminine or neuter while the names inflect in cases (seven
different cases). They do not inflect in number which can be either singular
or plural. The examples are given in Table 6.

Geographic names are, as a rule, inanimate although there are some
confusing examples: there are a few city names in Serbia named after some
famous people, for instance Jawa Tomuh and Aaexca Hlanmuh'®. If they

2 Tyo Lola Ribar (1916-1943), Yugoslav national hero.
13 Jaga Tomi¢ (1856 — 1922) was a politician, Aleksa Santi¢ (1868 — 1924) was a
poet.
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are considered inanimate, the sentence I travel to Jasa Tomié¢ would be in
Serbian ITymyjem y Jawa Tomuh that looks incorrect, since Jamra Tomuf,

as a person is animate!?.
type original name |number| gender
or English
toponym Belgrade Beorpag
oronym Olympos Oummmn | singular
hydronym|| Danube Iynas .
- masculine
toponym Karlovci | Kapsosiu
oronym Alpes A plural
hydronym || Dardanelles | [lapnanenn
toponym Athens Aruna
oronym || Aconcagua | Akonkarsa | singular
hydronym Seine Cena ..
— - feminine
toponym || Budéjovice | Bymjeosure
oronym Divé¢ibare |/Impumbape| plural
hydronym Plitvice [LnuTBuIe
toponym Valjevo Basseso
oronym Pohorje IToxopje | singular
o neuter
hydronym || Oranjerivier| Opame
toponym Kastela Kamresa | plural

Table 6. Geograhic names in Serbian with different gender and number

Demonyms derived from geographic names have masculine gender (for
male inhabitants) and feminine gender (for female inhabitants) and they
inflect in case and number. Adjectives derived from geographic names inflect

14 In Serbian, the form of the accusative case singular for the masculine gender
nouns depends on the animatness: for the inanimate nouns it is equal to the
nominative case while for the animate nouns it is equal to the genitive case.
In this example, the preposition u invokes the accusative case which for the
(inanimate) Jawa Tomuhi is the same as the nominative case, while for the
(animate) Jawa Tomuh is Jawy Tomuha (for example in the sentence, Muauua
ce sanybusra y Jawy Tomuha (Milica fell in love with Jasa Tomic)).
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in case, number, gender and animatness. It should be noted that possessive
adjectives do not have comparative and superlative forms, and neither do
descriptive adjectives except occasionally, e.g. Bojeoduna je najesponcruju
deo Cpouje (Vojvodina is the most European part of Serbia).

Serbian first names and nick names can have the masculine or the femi-
nine gender, they are in singular and they inflect in case. Serbian surnames
have masculine gender and they, in general, inflect both in number and in
case. Some surnames, mostly of foreign origin, do not inflect in number be-
cause of morphological restrictions. Complex agreement rules apply to Ser-
bian full names that depend on the gender of a first name and the order a
first and a surname in a full name — one rule is that surnames do not inflect
in case for female personal names (Gucul-Milojevié, 2010). Women are some-
times referred by possessive adjectives of a surname in the feminine gender
or by a feminine gender noun derived from a surname by gender motion.
Some examples are given in Table 7.

Form H Surname Feminine forms
nominative singular Ilemposuh Ilemposuhka
Ilemposuhesa
genitive singular Ilemposuha Iemposuhke
Ilemposuhese
nominative plural Ilemposuhu Ilemposuhxe
Ilemposuhese
Form Full name (male) |Full name (female)
nominative singular|| Ilemap Ilemposuh Bopxa Ilemposuh
3opra Ilemposuhka
Bopxa Ilemposuhesa
genitive singular || Ilempa I[lemposuha | 3opxe [lemposuh
3opre [lemposuhxe
Bopxe I[lemposuhese

Table 7. Male and female personal names and their inflection

Organization names inflect in case while their number and gender do not
change and, in general, depend on organization name form, if a single-word,
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or on the number and the gender of its head word, if a multiword. For in-
stance, Magjxpocogpm (Microsoft) has the masculine gender, while Cop6ona
(Sorbonne) has the feminine gender. Among multiword organization names
Ynueepsumem y Beozpady (University of Belgrade) has the masculine
gender, Beoezpadcka aymobycka cmanuua (Belgrade bus station) has the
feminine gender, while Ydpyorcere cnopmcerxux nosunapa Beoepada (Asso-
ciation of sport journalists of Belgrade) has the neuter gender. Organization
names Jlekapu 6es epanuya (Doctors Without Borders) and Mehynapodue
muposne cnaze (International peacekeeping forces) have the plural num-
ber!®.

3.5 Dialects

In Serbian, two standard variants of pronunciation are in use, Ekavian and
Tjekavian. They differ in the reflection of the old Proto-Slavic phoneme (jat):
in Ekavian variant it is replaced predominantly by e, while in the [jekavian
variant its is replaced by syllables ije/je.

These variants do not have big influence on proper names, because most
of proper names do not contain the reflection of the phoneme (jat). In cases
when they do, the name is usually used in one of dialects only. For instance, in
two city names Pujexa (in Croatia) and Pujexa I[projesuha (in Montenegro)
the common noun is used only in Ijekavian dialect — pujexa (and not pexa)
(river). On the other hand, the feminine first name derived from the common
noun esepa/sjepa (faith) — has both the Ekavian Bepa and the Ijekavian
variant Bjepa. However, such a name in one variant would not change if it
appears in a text written in another variant, that is, it is unchangeable.

In organization multiword names various common words appear that
can be in either of variants. These variants are then reflected in organization
names as well depending on the variant a text in which they appear uses,
for instance, Ekavian variant Ceemcxa 6anxa vs. Ijekavian variant Cejemcka
6anxa (World Bank).

4 Achived Results

4.1 The Serbian language contribution to the Prolexbase model

As we said in section 1, the inclusion of the Serbian language led to the de-
velopment of a better Prolexbase model. The collaboration between research

5 Head nouns in these multiword organization names are in bold.
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groups from the University of Tours and the University of Belgrade was very
fruitful in many respects, but we will emphasize two issues that we consider
the most important: the derivation relation and the form representation.

The derivation relation. In Section 3.3 we presented the complexity of
derivation rules of the Serbian language, such as the quasi-systematic possi-
bility to create derivatives from human names, and thus from derivatives of
topological names as well (the relational or inhabitant names). For instance,
(see Figure 1), the city name Beoepad (Belgrade) generates (as in many other
languages) a derivative Beoegpahanur (a male inhabitant of Belgrade), while
Beoepahanun generates in its turn Beoepahanunos (a possessive adjective
of a male inhabitant of Belgrade). In English and French only one level of
derivation exists: Belgrade/Belgradian in English and Belgrade/Belgradois
in French. The first database model did not include relation from the table
Derivative to itself. We added this relation to later models, and then we
realized that this relation exists in French as well: for instance, the name of
a prize, like Nobel prize, quasi-systematically allows the creation of a verb
meaning to give the prize, for instance, nobeliser, while from such verbs it is
possible to regularly create other derivatives, like nobelisable (a person who
is likely to be chosen by the Nobel Prize Committee), and so on.

The form representation. In the Prolexbase database model, we place
proper names in two tables, Prolezeme (the longest form of the name) and
Alias (others forms). However, in the LMF representation (see Figure 2) this
distinction disappears, because all aliases are equivalent entries, linked by
the sense.

The question was whether a name written in the Cyrillic alphabet and
the same name written in the Latin alphabet are aliases or not? However,
it would look amazing that the same word can be alias of itself! Sure not.
We considered first the possibility to define two prolexemes in Serbian lan-
guage (Cyrillic and Latin), but we abandoned this idea since this solution
violates the constraint of the uniqueness of the pivot projection in a particu-
lar language. For that reason we adopted a second solution that defines two
lexicons, the Serbian Cyrillic lexicon and the Serbian Latin lexicon. Finally,
the third version of Prolexbase was produced at the University of Tours in
which we added systematically under the Word Form one or more Form
Representations. For instance, for Beozpad (Belgrade) we now have:

<LexicalEntry partOfSpeech="noun">
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<Lemma>Beorpazn</Lemma>
<WordForm grammaticalGender="masculine"
grammaticalNumber="singular"
grammaticalCase="nominative"
grammaticalAnimacy="nonAnimate">
<FormRepresentation script="cyrl">
Beorpag,
</FormRepresentation>
<FormRepresentation script="latn">
Beograd
</FormRepresentation>
</WordForm>

</LexicalEntry>

After this choice was done, we added for some entries the distinction
between the Ekavian and the Ijekavian dialect (see Section 3.5), for which
we used the same LMF representation:

<LexicalEntry partOfSpeech="noun">
<Lemma>Hemauka</Lemma>
<WordForm grammaticalGender="feminine"
grammaticalNumber="singular"
grammaticalCase="nominative"
grammaticalAnimacy="nonAnimate">
<FormRepresentation script="cyrl">
Hemauka
</FormRepresentation>
<FormRepresentation script="cyrl"
geographicalVariant="ekavsk">
Hemauka
</FormRepresentation>
<FormRepresentation script="cyrl"
geographicalVariant="1jekavsk">
Hjemauka
</FormRepresentation>
<FormRepresentation script="cyrl"
geographicalVariant="1ijekavsk">
bhemauka
</FormRepresentation>
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<FormRepresentation script="latn">
Nemacka
</FormRepresentation>
</WordForm>

</LexicalEntry>

Finally, we used the concept of form representation to some variants of
writing, as, for instance, in the example above, Fbemauxa and Hjemauka (the
later rarely used), but also in some other cases, like the differences in tran-
scription, as Puo de 2Kanejpo and Puo de 2Kaneupo (Rio de Janeiro) (see
Section 3.2), or for different forms for the same set of values of grammat-
ical categories — the surname Yexoe (Chekhov) has three variant singular
dative forms: Yexosy, Yexosom and Yexosomy. We enhanced this approach
to other languages as well, eliminating thus the alias category Variant.

4.2 The Prolexbase implementation

The Table 8 gives some numbers about the Serbian language implementation.
We manually introduced the prolexemes with their link to the pivot from
a selection of the French ones, and we also added a few aliases. Then we
automatically generated the derivatives, and of course, all the inflections of
the prolexemes, aliases and derivatives.

Serbian prolexemes 8 526
Serbian aliases 21
Serbian derivatives 920
Serbian instances 108 325
Serbian pivot relations| 29 567

Table 8. Serbian language implementation

We can add to these numbers the amazing'® number of the instances

derived from Beoepad. If we complete the Figure 1 with all instances, we
obtain 626 forms...

16 Compared to English or even French!
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Coming back to the example from Section 1: Beozpadcka orcena mu je
pexaa da je dynae npesen we now obtain:

Georpajcka
female inhabitant (derivative category)
Belgrade (prolexeme)
city (classifying context)
Serbia (accessibility)
capital (accessibility context)
— The female inhabitant of the city of Belgrade, capital of Serbia
JKeHa MU je peKJia Jia je
— has told me that
Hymuas
river (classifying context)
— the Danube River
peJier
— is splendid

4.3 Conclusion

We showed that the complexity of the Serbian language morphology led
to the essential contribution to the Prolex multilingual dictionary project.
The necessary improvements that were introduced in order to accommodate
Serbian proved to be useful for other languages in the Prolexbase. These
improvements particularly concern the treatment of derivations and the rep-
resentation of multiple forms. This was proved during our work on inclusion
of non-European languages, such as Arabic, into the database since its inter-
nal structure was able to model them. This work also showed how important
it is to include in linguistic multilingual project the variety of languages, not
only the proximate ones.
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