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1. Introduction

HUMOR, which stands for_lgh—Speed_Uification Momphology, is a unification—based
morphological parser developed by Morphologic whids nowadays been used in many
branches, primarily for the morphological parsingddferent languages and secondly, as a
basis for different computer—aided language tobt® programme itself, as the authors have
claimed, is universal, that is, it can be applieatdl all languages and modified for different
tools, it is very fast in performing the analyses @&partially self—correctable. HUMOR has
been used and developed among others for the mogitalgarsing of an agglutinative
language — Hungarian, inflectional languages — Bhgland German, and a highly—
inflectional language — Polish. It has been impleraérihto different translational systems
and spelling—checkers, the most important probabiygothe MobiMouse (a language tool
used for the translation of words that appear anuber's screen), MobiDic and MobiCat
(two—way computer dictionaries) and MetaMorphoréaslational system used for translating
simple sentences from English into Hungarian).

The present paper discusses, however, another iraptation of HUMOR to a highly—
inflectional language — Croatian, and the applaratf different solutions used in HUMOR
to other language spheres. Unlike the issues wdtchrred when describing the agglutinative
languages, when implementing HUMOR to inflectionahduages, different kinds of
problems have to be solved and different grammatca language solutions have to be
made. The differences in the approaches to desgriire languages and making a
morphological parser lie not only in the nature loé tanguages itself, i.e. in the fact they
belong to different language groups, but also enldmguage history and language policy.

The aim of this paper is, among others, to prefiegdge issues and the language solutions
which have been made up until the present stageeakhole project, namely the descriptions
of verbal, adjectival and nominal inflections irt@roatian language.

The final goal of the whole project is not only tHevelopment of the above mentioned
language tools for the Croatian language, but tisclarification of certain grammatical and
inflectional rules of the language, which will therake way to a more effective teaching and
learning of Croatian as a second or foreign languag

2. HUMOR
2.1. The working principles of HUMOR

The first demo version of the unification—-based motpbical parser HUMOR was
developed by Morphologic in 1992 with the purpo$enorphological parsing of languages
and its use and application in different languagelst The main goal has not been the
development of industrial spelling checkers, hyphansaand thesauri, since these modules
have been on the market for several years, bufrtgaistic parsing of lemmas for searching
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purposes, as well as the shallow or full parsingganslational supporting systerfRroszéky—
Kis 1999: 266). The usage of HUMOR was best expliiby Proszéky—Kis (1999) who said
that "the first point of using the morphologicalalyzer in the parser is to get as much
linguistic information about a single word form assgible. The second point is using the
basic principles of the morphological analyzer to lempent the parser itself. This means that
we either collect or generate phrase patterns @erelt linguistic levels (noun phrases,
prepositional phrases, verbal phrases etc.) angit®ra Humor-like lexicon of them. On a
specific linguistic level, each atomic element of&itgrn actually corresponds to a (more)
complex structure on a lower linguistic level" (Préky—Kis 1999:267).

The shallow and full parsing of the lemmas is perfatrimgernally, whereas on the surface
level the analyzed forms of words are presentedhénfollowing example the programme
was given the task to analyze the inflected fornthef Croatian verldati (eng. to give)—
damo (' person Plural) which gave the following results:

Analysis of "damo":
(1) dama[Sf]=dam+0[51]
(2) dati[Vs]=da+mo[pl]

As it can be seen, the input has not only beencésed with the inflected form of the verb
dati, but another word has been taken into consideralibe form is namely compatible with
the vocative singular (51) case of the femininem(sf) dama (eng. lady)and the T person
plural (pl1) of the same verb. There were approxima2él 000 words/sec analyzed on an
average computer which again proves the efficiefi¢fldMOR.

2.2. The lexical basis of HUMOR

Apart from the engine of the programme itself, thectal part for the parsing of lemmas in
the language is summoned in the lexicon. The Crhoatéxical database consists of
approximately 60 000 lexical entries, the core oisithe newest edition of A¢is (2000)
Rjecnik hrvatskoga jezika (Dictionary of the Croatiaariguage)The lexical entries from the
dictionary have been included in the lexical dasahaew lemmas can be added or duplicated
if necessary. This is especially important if thegaage itself allows more than one
possibility e.g. regarding the orthography of wordike lexical entry has to be duplicated
then and the lexicon naturally expands. "The metadiary mechanism retains many
advantages of the two—level systems. It means iprhetice that users can add entries to the
running system without re—compiling it" (Prészéky—K899:266).

The categorization of the grammatical and inflectiamdries in the lexicon has been made in
the following works: Bad et.al. (1995Hrvatska gramatikgdThe Croatian Grammar)Raguz
(1997) Prakticna hrvatska gramatika (The Practical Croatian Graamn Silic—Pranjkové
(2005) Gramatika hrvatskoga jezika za gimnazije i visokdidia (The Croatian Grammar
for High—Schools and Faculties)Tezak—Baki (2005) Gramatika hrvatskoga jezika:
priruc¢nik za osnovno jezno obrazovanjéThe Croatian Language Elementary Grammas)
well as TeZak's works (1991, 1995, 1999, 2000k spelling rules were taken from Babi
Finka—Mogus's (199@jirvatski Pravopis (The Croatian Orthographiyhese choices and the
problems concerning the selected works will be dised later in this paper.

When considering the different notions used in HURM@nd the providing of grammatical
input and markings into the lexical database, theoviang facts have to be taken into
account. "Humor 99 lexicons contain stem allomorph}ifistead of single stems. Relations



among allomorphs of the same base form (eadf, wolv) are, however, important for syntax,
semantics and the end—user. An online morphologaep needs not be directly concerned
with the derivation of allomorphs from their basenfier for example, it does not matter how
happi is derived from happy beforely. This phenomenon — a consequence of the
orthographical system — is handled by the off-limguistic process of Humor 99, which
makes the analysis much faster. This method is cloghe lexicon compilation used in
finite—state models" (Proszéky—Kis 1999:262). Acawgdto these facts, the traditional
categories ofoots and affixes have not been used, however, new categoriesesfisand
terms have been introduced: "Concatenation of stem allphmmand suffix allomorphs is
licensed with the help of the following two factoc®ntinuation classes defined by paradigm
descriptions and classes of surface allomorphs. l@tter is a cross—classification of the
paradigms according to phonological and graphemipept@s of the surface forms. Both
verbal and nominal stem allomorphs can be charaetktiyy sets of suffix allomorphs that
can follow them. When describing the behaviour efr&, all suffix combinations beginning
with the same morpheme are considered equivalentubecthe only relevant pieces of
information come from the suffix that immediately @lls the stem" (Prészéky—Kis 1999:
262).

The main difference between agglutinative and itfeal languages lies mainly in the
description and determining of these items, upon lwkte whole parsing is conducted, i.e.
all the words have to be analyzed according toetheneath—the—surface categorgerqs
andtermg. It is also important to notice that a word cansist of a @—term, i.e., similar to
the fact that a certain word could have a @—morpheméehen again, it is not possible that a
word consists of a @—stem. The categories of sterdstemms do not comply with the
traditional categories of roots and affixes andrdf@e the traditional notions have
deliberately not been used. For example, when disgrithe Croatian noubrzina (eng.
speed) unlike in traditional morphology where the worddisided into the root morpheme
brz— followed by the affixes in— and -a (Sili¢c—Pranjkové 2005:; 164), HUMOR treats the
word as a compound of a stdmzin—and a term & It is simply due to the fact that the part
brzin— remains unchanged during the inflections and thlggnsatation of a word—form is
based on surface patterns. This means that tymgalesces of separate suffix morphemes are
analyzed as a whole" (Prészéky—Kis 1999:261).

All of the stems and terms belonging to the Croat@dcon have been categorized and
labelled accordingly, as shown on the example okthéace output of the nowtranke (eng.
parties)

Analysis of "stranke"
3) stranka[Sf]=stran+ke[21]
4) stranka[Sf]=stran+ke[12;42;52]

The terms have been divided from the stems by thgn: Sihe first number in the brackets

stands for the numbering of the grammatical case gadsig for the nominative, 2 the

genitive, 3 the dative, 4 the accusative, 5 theative, 6 the locative and 7 the instrumental
case) and the second number for the grammatical nuiibexsingular, 2— plural). There can

be several marks assigned to one term, as sho).ilNevertheless, examples (1) and (2)
are "a typical stemming problem where the compiganat entitled to choose between the
different possible stems. In these cases, all stenss beureturned. Choice is a task of either
the end—user or a disambiguator module that is basé¢de context of the word" (Proszéky—
Kis 1999:267).



2.3. Testing the system

In order to verify the accuracy of the describethdthe whole system had to be tested on a
large Croatian language corpus consisting of apprately 50 million words. As previously
mentioned, HUMOR is a patrtially self-correctableteys meaning that mistakes are easily
discovered when being tested on a corpus, wheheatexical entries have to be manually
modified. The works included in the corpus belondive categories, the first consisting of
the most important Croatian literary works writtentive Croatian language, i.e. the most
representative novels, plays and poems. The chdéigeroes was influenced by the need to
cover, if possible, most of the language spheresrwdompiling a testing corpus. Since the
plays represent the most accurate version of thkesplanguage, they naturally had to be
taken into consideration.

The dilemma regarding the choice and ranking of thetrmoportant literary works referred

in the first place to the language problem and séigoto the subjectivity of the matter. The
latter was solved by choosing a compilation of thestirmportant literary works published by
Bulaja (1999, 2000, 2002Klasici hrvatske knjizevnosti (The Classics of tBmatian
Literature) who had already done some research and compilethdise important literary
works written in the Croatian language from th& 1® the 28 century. Due to presumably
legal rights the most contemporary works are notushetl in the compilation. But from a
linguistic point of view, as they were written imetcontemporary standard language, the data
was compensated for by using other contemporary &ggysources. The language problem
mentioned concerns the question of the parser aselfthe archaisms. Due to the facts which
will be discussed further on in this paper, only 8" century literary works have been taken
into consideration, namely the works written in @nporary Croatian language.

The second category in the corpus consists of mediaurces, articles published in recent
times, since they presumably reflect the currengjdage situation. The newspaper articles
included originate from different resources, inchgldaily and weekly newspapers, women
and men magazines and also teenage magazines. Theaaiho cover most of the specific
language varieties and language codes used byatiffepeaker groups.

The third category consists of texts compiled from ititernet, the most important resources
being blogs. When taking text from the internet iatwount, there are two problems which
had to be solved. Firstly, not all of the textsédeen written in Croatian language, but many
of them contain words of Serbian origin, due to thet that the contemporary Croatian
language resolved from the 1990s. The official déad language until that time was the
Serbo—Croatian language, the residues of whiclstdlgresent in the spoken language. The
second problem concerning the internet texts is uke of sometimes superficial or
inconsistent characters. Therefore they had todvedlerised, the unnecessary elements had
to be deleted and after that they were includeal timé corpus.

The fourth category includes texts from textbo@ssthese also contain a specific register, as
well as texts from schoolbooks, which belong tol#st, fifth category.

2.4. Further applications of HUMOR

The universality of HUMOR can be seen in numeroudempntations of the programme to
different language tools. As Prdoszéky—Kis (2002)est "morphological analysis has three
main purposes: (a) linguistic stemming for accuratéahary lookups, (b) spelling correction
and (c) preparation of shallow parsing of the ceinte identify candidates for multi—word

expressions" (Proszéky—Kis 2002:3).



HUMOR is a basis for several programmes: the Mobidétionaries, how successfully being
used among others for English, German and Hungaaiaguhges (the experimental versions
also include Spanish, Polish and Japanese) (Pngsikik 2002:3), a translational system
MetaMorpho, currently used for translating simpémtences from English into Hungarian,
and a MobiMouse, a translational system used ter afanslations of words and expression
displayed on a computer screen, successfully ugimgng others the English, German and
Hungarian languages. The tools that use HUMOR ageribed as context—sensitive instant
comprehension tools, more than a dictionary lookuprenas they tailor dictionary entries to
the context of the translation point. The toolesd than a translation engine, as it performs no
syntactic processing of the source text, only aeseof dictionary lookups (Proszéky—Kis
2002).

Further applications of HUMOR also include publighihe Croatian morphological database
consisting of the morphologically parsed lemmas withgrammatical descriptions, enabling
searches in the corpus and clarifying the gramniatides regarding the inflections, which
can then provide a great help for the learning taaghing of Croatian as a second or foreign
language. It is important to notice that thereravesuch works in Croatian that would clarify
and precisely determine verbal and nominal inflecionthe Croatian language, whereas the
Hungarians are able to rely on the Papp's (1968)agyar nyelv szovégmutaté szétaral
Elekfi's (1994)Magyar ragozasi szotaiThese linguistic works provide additional help fioe
learners of Hungarian, by providing an insight ittie morphological system of the language
itself. The Croatian implementation of HUMOR will hefplly provide an important basis for
developing similar works in the Croatian language.

3. The Croatian lexical database

When constructing the HUMOR Croatian lexical dasshalifferent kinds of problems had to
be solved (in opposite to other languages implemeotéis kind of morphological parsing),
concerning the language policy, the reference warieh were taken into account and the
issue of parsing the written or the spoken langwsgeell.

After the process of defining the characters belupgo the Croatian alphabet, it has been
essential to make up a lexicon consisting of a mininmumber of entries, which encountered
several problems, the first one concerning theuagg policy.

3.1. The language policy

As it is commonly known, the Croatian language, sinylto other languages belonging to
the South Slavic language group has gone throdghgaperiod of codification. It first began
in the 16th century, followed by different attempiaunify the orthography on this area. Until
the 19" century there were several initiatives to applynified orthographical system to all
the versions of the Croatian language, meaning idleats in which the works were being
written. The authors at that time applied differerthographical rules, depending on the areas
of their habitats; the Dalmatians using the ltal@athography and the scholars living in the
northern part of Croatia applying the Hungarian wéynarking the palatals. Later, however,
there were some attempts to apply the orthographit@lof one phoneme — one grapheme,
though unsuccessfully (Mogu$ 1995:73). When exarmgitéxts until the 18 century, one
could find the following graphemes used for markimg tontemporary ones:



The contemporary Some of the graphemes used
graphemes until the 19" century

¢,3, CS, ts, €z
c’, ch, tj

gh, dy

L1y, gl

i, #,, Nj, Ny, gn

/. sh,
Z sh, x
-je I-ije é

=

WS = Q| O] O

N¢

The major problem when trying to analyze the eathbgts is not only the orthography, but
the inconsistency of its use as well. Differentpir@logical rules had been applied according
to different dialects of speech, which means tha¢ @honeme had several graphical
representations. Until the #9century, there were several dialects used for viigten
language, including th&oine — the mixture of three Croatian dialects (Mogus 198%).
Although there are several dictionaries from thatiqgge some of which incorporate the
Croatian dialects at that time (e.g. SuSnik—Jam#seS(1742) Lexicon latinum
interpretationae illyrica, germanica et hungricaclapleg, the major problem if trying to
apply HUMOR to the morphological parsing of thelieatCroatian texts would thus lie in the
multiplicity of the versions used, followed by difémt orthographical codifications of the
language.

The 19" century, given the orthographical reforms proposedlirici — reformers working
among others on unifying the orthographical systerd eodifying a Croatian standard
language with the prevail of one dialect, proviteeds with a somewhat unified orthography,
but a declensional system not accepted by all Gmoategions. This period can be
characterized as an attempt to establish a starn@ewdtian language, followed by the
unifying idea of a brotherhood and a making of a ramguage standard — the Croato—
Serbian or Serbo-Croatian. The contemporary standaahbtian language began its
development and struggle in 1971, was interrupted, dontinued in the 1990s, clearly
distinguishing the Croatian language from the Serliaguage (Mogus 1995).

When summarized, the Croatian language can be rpulifitied into three major periods —
the period until the 1830s, with the not unifiethagraphical system and no standard written
language, the period until the 1990s, having thebate of a Serbo—Croatian language and
the contemporary Croatian standard language fror988s until the present day.

When implementing HUMOR to the morphological parsofgthe Croatian language the
major dilemma concerned the language policy mentioigdce the Polish version of
HUMOR makes it possible to morphologically parse &' century texts as well, the
guestion regarding the Croatian version was alsethdr this should be enabled for this
version of HUMOR too. Given the afore—-mentioned oeas the only solution would lie in
the possibility to analyze texts written after 183But again with certain discrepancies. The
language until the 1990s, Serbo—Croatian, is onntbephological, syntactical and lexical
levels different from contemporary Croatian languadée language policy presently
considers the Croatian and Serbian languages amraseplanguages and not dialects.
However, there have been a number of linguists whoncthat these two languages are
merely dialects of the same language, namely theoS€moatian (Wardhaugh 1991). In his
work, Wardhaugh (1991: 29) argues that the mairedifices between the Croatian and
Serbian languages lie mainly in word preferences, tmat there are no grammatical or
phonetical differences between these two languages opinion has been criticized by
Croatian linguists, who argue that the differenicesveen Croatian and Serbian lie in every



language sphere and include differences in morplplegntax and semantics as well as
phonetics (Tezak 2004). Regarding the contempoearguage policy, one can conclude that
Serbo—Croatian was developed either by the prozesgnthesis or the analysis from these
two languages. Since 1991, many works have beentewriin order to codify the
contemporary Croatian language and point out tfferdnces between Croatian and Serbian,
like Brodnjak's (1991)Razlikovni rjgnik srpskog i hrvatskog jezika (Dictionary of
Differences between the Croatian and Serbian laggaaWords that have been included in
this dictionary had been categorized as belongingxceptionally to the Croatian or the
Serbian language. The problem lies in the fact tatspoken language, as well as some of
the contemporary texts written in Croatian langu@gpecially texts from the internet sources
— blogs), still contain words that, according ts ttlictionary, belong to the Serbian language.
For example, according to Brodnjak (1991: 411) theban wordponekad (eng. sometimes)
has its counterpart in the Croatian language, naketkad Nevertheless, when analysing
Croatian internet pages, the wagvdnekadoccurs approximately on 110 000 pages (Google
2005), which proves the fact that the everydayaigbe language cannot be considered as a
standard Croatian language, imposed by the langpaligy and the media, but rather the
remains of the former Serbo—Croatian.

Given all these reasons, if the data containindrémees of the Serbo—Croatian were left out of
the lexical database i.e. if the words belongingxaeptionally to the Serbian language were
left out of the Croatian lexical database, the g@amsould not be able to use the corpus
consisting of the material published until the 1990sluding also some of the major literary
works. It is also important to mention that seve@! entury Croatian authors also used the
concoction of these two languages and made up aspewvof a literary koine: the Nobel—
prize awarded Ivo Andtiinvented his own language, using Serbian lexemdsCanatian
syntax, due to which his works cannot be included the testing corpus.

Therefore, if not the "purist” version of HUMOR watosen, meaning the approach to
examine earlier texts written in Serbo—Croatian (e, it would then mean, naturally,
expanding the current lexical database and inctuttie lexemes from the Serbian language
to the existing morphological parser. In other worils would mean developing a
morphological analyser which would recognize a greember of lexical entries in texts with
a questionable Croatian / Serbian origin i.e. im@etimg the parser for the Serbian language
as well. The question is, if this approach was ehpavhether the parser could then be
referred to as the Croatian morphological parser.

On the other hand, if it was chosen not to incaxf®iSerbian lexemes and the differences
concerning the Serbian language on the morpholotgieal as well, only one part of the®0
century data would be examined due to the missingnies. This way the morphological
parser would rely only on the contemporary standanohtian language only, meaning that
some of the most important texts from that period wawlt be included into the corpus.

3.2. Reference works

The present Croatian lexical database, as mention@®2, consists of language data from
several works. The lexical entries, the lemmas ofdétmbase, have been taken fromdni
(2000) Rjecnik hrvatskoga jezika (Dictionary of the Croatiamnguage),whereas for the
grammatical description and references the follongngmmar textbooks have been used:
Bari¢ et al. (1995)Hrvatska Gramatika (The Croatian GrammaRaguz (1997Prakticha
hrvatska gramatika (The Practical Croatian Gramma&ili¢c—Pranjkové(2005) Gramatika
hrvatskoga jezika (The Croatian Language Gramneeng Tezak — Balii (2005) Gramatika
hrvatskoga jezika: prirtnik za osnovno jeaio obrazovanje(The Croatian Language



Elementary Grammar HandbopKkrhe spelling rules, as already mentioned, haenbmade
upon Babé— Finka—Mogus's (1996jirvatski Pravopis (The Croatian Orthographypart
from the testing corpus, for the verification of tbata MoguS—Brata&Tadi's (1999)
Hrvatskicestotni rig'nik (The Croatian Dictionary of Word Occurrencés)s been used.

The reason for using several grammar referencedektblies mainly in the difference of the
approaches the authors have used when descril@r@rdatian grammar. The differences can
be seen in the use of the terminology the authoresmpn readers, as well as the diversity of
the language solutions presented in these grammés pabich will be explained later in the
succeeding chapters.

When considering the works mentioned, one shouldlude that these references provide
lots of useful information regarding the Croatimnduage, but nevertheless have some
drawbacks as well, especially considering the fotation of grammar rules and the
approaches that have been used. The core of tlealleatabase in HUMOR is represented
by the lexical entries from Aéls (2000) dictionary. The dictionary is said to tzon 60 000
lexical entries belonging to the modern standarcdjuage, the number of which after
eliminating the unnecessary data has been redwcté 000. From the aspect of HUMOR,
the unnecessary data included among others dugdi¢axical entries, as well as nominalised
letters of the Croatian alphabet, eSy.n. (the letter "S", neuterThe main problem when
considering this dictionary is the occasional dipancy between the dictionary data and the
standard language. For example, the orthograpluoablets like in the example of the
adjective Hungariannfadarski andmadzarsKi have not been included into the dictionary, as
well as some words that occur in the testing corfddsen considering the dictionary lemmas
there are questionable data concerning the gendfléns nouns, which then had to be verified
through the grammar books as is explained in 6.1.

The verification of the described data apart frora tdorpus obtained for the purposes of
HUMOR is also done by using thérvatski ¢estotni rjenik compiled upon the Croatian
National Corpus. The main drawback of the dictionfoym the aspect of morphological
parsing is the occasionally missing data concertfiegexact number of certain word forms
occurring in each of the given subcorpora, as aglthe non-listing of all word forms of a
given lemma.

3.3. The choice of the language variety

The works listed, as well as the compiled lexicahtase, are used in describing and creating
the morphological parsing of the written standardafian language. However, there have
been certain dilemmas concerning the parsing of plo&en language as well and covering
the different versions of the Croatian languageyels the dialects.

When deciding upon the language parsing, the fitstice was put on the language
codification and the testing corpus. The corpudluse testing the system was compiled of
the data belonging to the written language, witma@spects (drama, blogs) being the nearest
to the spoken language codification. Secondly etlieia lack of data concerning the codified
spoken Croatian language which could be used idibgithe testing corpus.

Where the spoken language is concerned, the aat@mtwf the standard language also has
to be considered. As there are lots of pronunciatiarieties of words in the Croatian
language, codifying all the regional varieties wbulemand additional research, with the
uncertainty of further application and use. Fumhere, the standard variety of the prosodic
elements of lemmas has thus been accounted for i€isA@000) dictionary. The problem
concerning the further codification of word fornisslin the insufficiency of the data needed
for performing this action. The reasons for choodhmg standard written Croatian language



apart from those mentioned also lie in the compyeri the morphological descriptions.
When taking the prosodic elements of language intmant, the number of different stems
and terms in HUMOR grows.

Considering all these elements, the decision was ritadevelop a parser primarily for the
analysis of the standard written Croatian languddmee flexibility of the programme itself

makes it possible to extend the parser for the geig of the language including the
prosodic elements of speech, which is regarded e@®bite further aims.

4. Verbal inflection

When implementing HUMOR to the morphological parsifighe Croatian language, several
linguistic dilemmas have occurred. The first one eons verbal inflections.

There are approximately 11 000 verbs in the Crodgaital database, which are divided
according to the traditional grammar into six comjtignal groups, each having a number of
conjugational classes. The classification of thejugational classes is also not unified. Bari
(1995) and Raguz (1997) for example, mention onlgrjugational classes in the first group,
while Silic—Pranjkové (2005) list 18 different conjugational classesha same group. Since
the verbal inflections in HUMOR depend upon theision of verbs according to their stems
and terms, HUMOR uses 116 different conjugationpesy upon which different paradigms
can be generated or analyzed. T4dB94) in his work also stated that keeping theitional
system of word classifications when trying to usepatational language descriptions leads
to extremely complicated, if not impossible proceggiTadt 1994: 45).

The first linguistic dilemma concerning the verbdlantions in HUMOR regards the tenses.
Unlike, for example, agglutinative languages thperate only with three tenses (the past,
present and future tense), the Croatian languag@dtaseven different tenses. There are four
tenses used to describe the past, namelyéniekt, aoristimperfektand pluskavmperfekt.
The major dilemma when trying to describe the veintiftéctions in the morphological parser
lies in the usage of the tenses and in the veradoirhe Croatian grammar textbooks provide
insufficient information as to the correct forms dise imperfektandaorist, due to the fact
that these two tenses are nowadays considered s@henthaic but can still occur in
everyday use. Raguz (1997:185) states that aatstr® not so often, but more often than the
textbooks claim it. Imperfekt, on the other hands baen extinct from the modern language
(Raguz 1997:186). Tatl(1994), when mentioning the imperfekt and aoristf® of the verb
zadronjaSealso states that the forms could be easily idedtifhowever, it is not likely that
anyone could identify the verb itself (Tadi994: 45).

Nevertheless, since they have been present in ith&tién written language and HUMOR is
constructed to parse the written standard Croatteese tenses have to be included in the
morphological descriptions of verbal inflectionsthaligh the traditional grammar provides
ambiguous information concerning ther8ili¢c—Pranjkové (2005) when mentioning the
verbal forms only state that some of the forms arét byifinite and some by infinite verbs
(2005: 58). Bai (1995) defines aorist as the tense which can belyu"finite and rarely by
infinite verbs® (1995:238) whereas later in the text imperfektdfiried as a tense that can be
built by "only the infinite verbs"(1995:238). There is a similar definition in RaguL997:
181ff) book as well. The major problem is that thangmar textbooks do not specify the
"rare" infinite verbs which can have both tensesaerist and imperfekt. It is interesting to
note that to these exceptions belong also the megténtly used verbs in Croatian — the
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infinite verbscitati (eng. to read), ljubiti (eng. to kisgnd dati (eng. to give)Bari¢ et al
1995: 254ff), which again makes the learning of @amamore difficult.

When considering the fact that the tenses menti@medconsidered rather archaic, &ili
Pranjkovt (2005) take several items into account and stade dbrist and imperfekt have
been replaced by the perfect tense of finite vealibpugh nowadays they have been being
reused in communicating through electronic medidnag dccupy less free space (2005:66ff).
Nevertheless, although some of the forms still oacweveryday use, one can not define for
certain all their correct forms. Bar{1995) in his book when describing the verbs ef fi
group, 4" class, mentions several double imperfekt forms, dike the forms of the venoxi
(eng. to pull) —vucijah and vucah. However, it is not unanimous, whether other verbs
belonging to the same group and class can have elfwiphs as well. For example, is it likely
that the verbpedi (eng. to bake), si (eng. to cut)andstri¢i (eng. to shearfan have both
pecijah / péah, sjecijah / sjgahand strigah / strizijal?

The discrepancies between Agi (2000) dictionary and Ba&ls (1995) grammar textbook
affect not only the archaic forms of verbs, but pnesent tense as well. The inflected forms,
e.g. of the verlgnijiti in the present tense, according to Bdfi995) aregnjijem, gnjijes,
gnjije, gnjijemo, gnjijete, gnjijwonly, whereas Ari (2000) also mentions an additional form,
gnjim, which then leads us to the questionable 3rd.doFh ofgnjiti — gnjuor gnijiju.

The answers to these questions can be obtainedhoolygh testing the parser on a Croatian
corpus.

The second linguistic dilemma regarding the verb#ledtions in HUMOR concerns the
notions of theglagolska imenica (gerundind theglagolski pridjev (verbal adjective).

The question is whether one should treat gerundseasrate lemmas having nominal
characteristics or as parts of verbal paradigmguR&1997) in his grammar textbook does
not mention the category of gerunds. On the othed h&ilic—Pranjkové (2005) do not define
the notion separately, but use it when discussthgrdssues. Since Ah(2000) treats them
as separate entries in the dictionary only wheg Have other meanings as well, this led to a
conclusion to treat them accordingly in HUMOR, spgop their verbal origin. There
occurred a similar problem when verbal adjectives camm question. Verbal adjectives
(active or passive) are adjectives derived fromhkhse forms of the verbs. Si#Pranjkové
(2005) state that verbs can be "deverbalized"tiened into verbal adjectives (2005: 383).
This led to a possibility to treat them as partyverbal paradigms in HUMOR. Furthermore,
they are being used when deriving verbal forms infepg pluskvamperfekt, both
conditionals and futur 1l and possess all adjetfisans, apart from the definite ones (Raguz
1997: 197). They can have either a predicative(3n attributive (6) function, or be used as
a special form of perfekt (7). Apart from these fims, a verbal adjective can have another
function as well, namely the optative mood (8) (Ray@@7:197).

(5) Jabuka jgoklonjena
The gple is given away

(6) Poklonjengjabuka je crvena.
Thegiven apple is red.

) Pao avion.
Fallena plane.

(8) Bog te blagoslovio!
God youblessed

10



When constructing his GENOBLIK, Tad{1994) used the traditional solution, which meant
that the derivational processes of making verbgdcides and adverbs were included into the
inflection (Tadé 1994:20). Since, from the aspect of morphologicasipg in HUMOR, only
the morphological characteristics of words are takém account, the verbal adjectives have
been treated as parts of verbal inflections. Thiiahodrawback of this solution is of a
statistical nature, as the number of Croatian adgst(including the category of verbal
adjectives) cannot be exactly determined.

One of the further issues regarding verbal infeadilies in the parser's analysis. The empty
character i.e. the space or space-like characteltUROR is defined as the analysis barrier.

Due to this fact the Croatian tenses consistingvofwords are not recognized as a whole, but
each word is treated as a separate lexeme. Thie isase with the tense perfekt, which is

being inflected in the following way, regarding ttiéferent genders:

Perfektof the verbesti (eng. to eat):

m f n
(9) Sg. 1. jeosam jela sam —
(10) 2 jeosi jela si —
(1) 3. jeoje jelaje jelo je
(12) Pl. 1. jelismo jele smo —
(13) 2 jeliste jele ste —
(14) 3 jelisu jele su jelasu

5. Adjectival inflection

Before describing adjectival inflections when impletiey HUMOR to the Croatian
language, there are certain facts that have toldr#fied: The Croatian lexical database
contains approximately 10 000 adjectives, the erantber of which cannot be determined
due to the fact that adjectives derived from vesibs not represented as separate lexical
entries in the dictionary, as described in Chafter

As in every inflectional language, there are alsahie Croatian language declinable and
indeclinable adjectives. The latter category inekiddijectives likesuper (eng. great)top
(eng. top)andfit (eng. fi). Since the present paper describes only therddué adjectives,
the category of indeclinable adjectives will bet kefit of discussion, since from the aspect of
morphological parsing they belong to the invariat@egory of words.

One of the most important issues when describingdjectives and the adjectival inflections
in HUMOR is determining the category of adjectiveemselves. As already stated, keeping
all the traditional word categories in a morpholagiparser would lead to sometimes
superficially complicated, if not impossible solutsoriTherefore the solution implied here
makes the boundaries of the adjective category broae. all the word classes that have
adjective—like inflections are here consideredaspof the adjectives group.

5.1. Adjectival inflections according to the tradiional grammar

According to the traditional grammar, the adjectiase been divided into several groups
regarding their semantic categories, however nohiomausly. Raguz (1997) mentions three
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groups of adjectives to which all the adjectivegha Croatian language belong, namely the
opisni pridjevi (descriptive adjectiveddnosni pridjevi (relational adjectivesind posvojni
pridjevi (possessive adjectivegRaguz 1997:88). Apart from these categories, @ al
mentions the category of "definement”, according khoctv there aredregeni (definite)and
neodreleni (indefinite)adjectives, which refer to descriptive adjectivaty (Raguz 1997:88).
Sili¢c—Pranjkové (2005) on the other hand divide adjectives intor foategories, namely the
kakva'ni pridjevi (qualitative adjectives), posvojni pjedi (possessive adjectives), gradivni
pridjevi (material adjectivesand odnosni pridjevi (relational adjectivegBili¢c—Pranjkové
2005:133f). The category of definement is here ptesent, but has not been associated with
any of the adjectival groups mentioned above. Botmgnar textbooks, however, include
also theliving and non-living category, which actually semantically defines thecseding
noun.

Considering the declension of adjectives, ¢SHranjkové (2005) take only the
morphological characteristics into account, whilgg&®a(1997: 89) distinguishes between two
types of declensions according to different catiegoHe states that the descriptive adjectives
can have a nominal or a pronominal declension andiges® somewhat ambiguous
descriptions, which makes the learning of Croatianendifficult. According to the author the
"nominal declension is not entirely nominal; it isméxture of a nominal and a pronominal
declension* (Raguz 1997: 89).

When summarized, according to the traditional graminaorder to inflect an adjective in
three genders, singular and plural, one has tgesdt it first semantically, then regarding its
definement. Furthermore, one should decide upon tleeeeding noun which type of
declension s/he wants to use, i.e. the living ernbn—living paradigm. This all leads to the
fact that e.g. the adjectiv@ven (red)in written standard Croatian has 123 inflectiocells
(altogether 91 different inflectional cells), awim in Figure 1. When the prosodic elements
of the spoken language are taken into accountntimber of different inflectional cells is
even larger.

Figure 1. The inflectional forms of the adjectamwen (red)

Sg. Masculine, Masculine, Masculine, | Masculine, | Feminine, | Feminine, Neutrum, Neutrum,
defined defined undefined | undefined defined | undefined defined undefined
living non-living living non-living

N crveni crveni crven crven cvena crvena crveno crveno

G crvenog/ga crvenog/ga crvena crvena cvene crvene crvenog/ga crvena

D crvenom/me/mu crvenom/me/mu| crvenu crvenu cvenoj crvenoj crvenom/me/mu crvenu

A crvenog/ga crveni crvena crven cvenu crvenu crveno crveno

\Y crveni crveni - - crvena - crveno -

L crvenom/me/mu crvenom/me/mu| crvenu crvenu cvenoj crvenoj crvenom/me/mu _crvenu

| crvenim crvenim crvenim crvenim cvenom crvenom crvenim crvenim

Pl Masculine, Masculine, Feminine, Feminine, Neutrum, Neutrum,
defined undefined defined undefined defined undefined

N | crveni crveni crvene crvene crvena crvena

G | crvenih crvenih crvenih crvenih crvenih crvenih

D | crvenim/ma crvenim/ma crvenim crvenim crvenim/ma crvenim/ma

A | crvene crvene crvene crvene crvena crvena

V | crveni - crvene - crvena -

L crvenim/ma crvenim/ma crvenim/ma crvenim/ma crvenim/ma crvenim/ma

| crvenim/ma crvenim/ma crvenim/ma crvenim/ma crvenim/ma crvenim/ma

* Translated by Melita Aleksa
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The Slavic languages allow in certain cases altee® which is why in the Croatian
genitive, dative, accusative, locative and instratake several declensional forms can be
found.

When the above mentioned factors are taken intoustcthe learning and description of the
Croatian adjectival declensions proves to be ratiwenplicated and gives way to many
guestions. The first problem noticed is the semardtegorization of adjectives themselves.
The categories like descriptive, possessive oritgiigke adjectives are not included in the
dictionaries, which makes the automatic, computeeehjobrsing of adjectives according to
the traditional grammar impossible. Apart from thatefgn language learners should find the
generating of adjectival inflectional forms withabe semantic background also dubious.
The second problem concerns the categorization jeties according to their definement
and the living and non-living category. WhereasHOMOR the space or a space-like
character represents the analysis barrier, theg@atrations that depend on the succeeding
noun represent a rather complicated, if not an implesaction.

Due to all these facts, another system was neededely, the possibility to unify all the
inflectional forms and generate, that is, analydedaival inflections without the use of the
semantic background.

5.2. The solution used in HUMOR

All the declensional forms presented in Figure 4 loba reduced to merely 16 different items,
as shown in Figure 2:

Figure 2.The inflectional forms of the adjectim@en (eng. redas used in HUMOR

1 crven-@ 9 crven-ome
2 crven-a 10 crven-omu
3 crven-u 11 crven-e

4 crven-im 12 crven-ih

5 crven-i 13 crven-ima
6 crven-og 14 crven-oj

7 crven-oga 15 crven-o

8 crven-om 16 crven-om

The forms 8 and 16 are in the case of this adjedtieesame, but can differ when other
adjectives are considered.

Furthermore, embedding merely these 16 inflectionahsointo the declensional paradigm,
there is an inflectional matrix of adjectival ded@&ms generated:

Figure 3.The summarized inflectional paradigm @fufe 1 with the above mentioned 16 inflectionafrfer

Sg. masculine| masculine, | neutrum | feminine PI. masculine| neutrum | feminine
non-living living

N/#V *1/#5 15 2 N/#V 5 2 11

G *2 | #6,7 11 G 12

D *3/#8,9,10 14 D 4,13

A *1/#5 | *2/#6,7 | 15 3 A 1 | 2 | 11
L *3 /#8,9,10 14 L 4,13

| 4 16 | 4,13

* undefined, # defined
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The presented system has proven to be useful rgtflam the aspect of morphological

parsing, but from the aspect of foreign languagenleg as well. There is no need for
memorizing all the 91 different inflectional cellsut merely the 16 different inflectional

forms (Figure 2) have to be learned and embeddedhietoflectional matrix (Figure 3). The

system does not rest on semantics, but on the magibal characteristics of adjectives only,
which can be seen in the further categorizatioadjéctives themselves. According to their
stems and terms, they can be divided into 21 infleat types:

Figure 4. The inflectional types used in HUMOR

The term of the Number The term of the Number
Infl. adjective, Sg., of entries Infl. adjective, Sg., of entries
type nominative Example in Anié's type nominative Example | in Anié's
Form | Form dictionary Form | Form dictionary
1 5 1 5
[ 9] -i crven 2185 XIl -tan -Ni koristan) 47
Il - -i magji 654 XIII -zak -ski uzak 9
Il - -i hrvatski 4879 XIV -dak -tki sladak 7
\% -ar -ri dobar 14 XV -0 -jeli cio 1
V -ao -li zao 34 XVI -io -jela ishlapio| 4
VI -0 -li debeo 41 XVII -av -vi ovakav| 1
VII -tao -li odrastao | 2 XVIII %] -i krnj 2
VIII -an- -Ni ¢udan 1894 XIX -bak -pki gibak 3
IX -Zak -Ski tezak 2 XX -al -li obal 7
X -alj -lji Supalj 1 XXI -ben -bni dioben 1
Xl -ak -ki plitak 24 indekl. indeclinable adjectives 38

Compared to the traditional grammar descriptions gécides, it can be said that the
HUMOR-like forms 1 and 5 (base forms, dictionaryrieis) have proven to be the most
important, due to several factors. If the dictignantry includes both of them, the adjective is
semantically and traditionally categorized as desiee, which means that the base form is
the form 1. On the other hand, if the base adjdctoran is the form 5 only, the adjective can
be then linked to Raguz's category of possessijectaes. It can be clearly seen that the
adjectives derived from nouns (e.llarija (n.) — marijin (adj.)) exclude the defined
declension, whereas certain descriptive adjectie® no undefined inflectional forms (e.qg.
muskulaturni (eng. muscle-like)

5.3. Comparison of adjectives

The Croatian adjectives make up their comparativéth the —Si,—i(—ji) suffixes and
superlatives with adding theaj— prefix to the comparative form. When irregular atljees

are taken into account, their base form in compagatigo changes. Since from the aspect of
HUMOR these affixes then generate different stendsdififierent terms, enlarging the number
of declensional types and inflectional cells, tiaye been handled as separate lexical entries
and included into the lexicon. Naturally, the magsdrspecifying their origin are included into
their morphological descriptions.

5.4. Linguistic dilemmas

When describing adjectival declension for the motpgical parsing of the Croatian
language, several linguistic dilemmas occurred. Ti one concerns the problem of
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adjectival declensions in the feminine gender olgcording to Ané (2000), there are
several adjectives that can be inflected only i@ teminine gender, which rules out the
possibility of inflecting them in other genders asliwike e.g.trudna (eng. pregnant)n this
case the semantic and not the morphological presexi words have been taken into
account. The problem arises when the linguistic @spgoves the existence of other,
morphological correct declensional forms. Accordiagtie Croatian translation of Jaroslav
Hasek'sThe Good Soldier Svejk: and His Fortunes in the leV@var, the adjective pregnant
can be used in the masculine gender as well (Ha884:27). The problem concerns the
doubt about whether to rely on textbooks or on dbaual linguistic usage and allow the
morphologically correct forms to be parsed as weélhé latter should be selected, the entry
in the lexicon has to be altered as well, makirentthe masculine form 1 the base form of the
adjective.

The second problem concerns the adverbs. Accotdirige traditional grammar, they have
been included into different categories regardingirtorigin — the nominal and adjectival
adverbs, the latter being derived from adjectivesg(iz 1997: 271). The problem mentioned
concerns the masculine adjectives with the suffjxadjectives belonging to the inflectional
type Il and Il in HUMOR (Figure 4), like e.gnadji (eng. cat'siandhrvatski (eng. Croatian)
According to Raguz (1997:271) adverbs in this greap only be derived from adjectives
with suffixes -ski/—cki. The question is whether it is possible to deamd compare adverbs
from other adjectives in this group as well. Thevaarsas to whether these really exist or not
cannot be proven by using the corpus analysisresiinee the adverbial forms coincide with
either the adjectival forms 5 or 15.

The third problem includes the orthography and tkistence of different orthographical
solutions for the same adjective provided by soménamst For example, the adjective
Hungarian can have according to Balfiinka—Mogus$'s (1995Hrvatski pravopistwo
orthographical representations, namely tiefarski and madzarski(Babic et al.1995: 277).
These options, however, have not been included nit'@A dictionary — merely the first
example has been taken into account. The only soluthen constructing this morphological
parser lies in the possibility of including bothtargraphical versions as separate lemmas in
the HUMOR database.

6. Nominal inflections

Apart from verbal and adjectival inflections, thdrave also been some distinctions in the
word class of nouns when considering the Croati@h @ther agglutinative or inflectional
languages. Unlike Germanic languages, as well agi&tian, where the nominal inflections
require different approaches to the automatic pgrsthe Croatian nouns, similarly to
adjectives, are being inflected according to tlgeeders, singular and plural, in seven cases.
Although there is another grammatical number, thel,ditahas no effect from the
morphological point of view, as it coincides withthair of the two numbers. The dual is
merely evident when numbers are considered (Raguz 899

There are approximately 27 000 nouns in the Crodéaiton. According to the grammar
textbook, there are several nominal categories, hyawastite imenice (personal nourashd
opc¢e imenice (general nounghich can be further divided intkonkretne imenice (concrete
nouns), and apstraktne imenice (abstract noun@aguz 1997:4-5). Furthermore, Raguz
(1997) also mentions additional categories regardimg further categorization of the
mentioned nominal groups, namely the diminutivesnargatives, as well as the gradation
of nouns according to the "personal connectiorotoething” (Raguz 1997:5). Given all this
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information, one can conclude that a more formalistpproach would be needed when
describing nominal declensions in the morphologieaser HUMOR.

Sili¢c—Pranjkové (2005) have chosen a morphological approach whseaoritdng nouns and
therefore categorized them according to their mdg@ical characteristics, taking only the
morphemes into account and differentiating the detb&is according to the base form
alternations (Siti—Pranjkové 2005: 98ff). The only declensional category whibky take
into account is the category of a living and a dimirg noun and the declensions are handled
accordingly. The only problem that could occur ifsticategorization would be applied to
HUMOR is the absence of the semantic markings frioenléxical database, ones relating to
the category of living or non-living beings, duethe fact that Ari's (2000) dictionary also
lacks them. Raguz (1997) takes a different approaaiming three types of declensions, the
a—declension, e—declensi@amdi—declensionaccording to the genitive singular suffix. When
describing the nouns that are being inflected atingrto the declensions named, the author
introduces a rather complicated way of distinguighimem, relying on genders of the nouns
as well as endings in the nominative case. Thisagmbr proves to be helpful when there are
no alternations of the base form (Raguz 1997: 1@vekheless, since the system of the
morphological parsing in HUMOR relies merely on stearsd terms, the number of
declensional categories naturally expands as theauof different terms also enlarges.

6.1. Linguistic problems considering the nominal delensions

The problems considering nominal declensions areithieiguity of the grammar rules, the
most important of which concerns the suffixes. Theaian grammar, as could be seen
earlier, allows alternations in certain cases. plablem occurs when the alternations cannot
be used interchangeably, like is the case withvtimative singular in masculine and neuter
gender. This case allows two suffixes to be usathety—e or -u, depending on certain rules.
The suffixes can be used also interchangeably gthaot with all words. For example, the
nouns ending inat/-er/-ir can have eithere or —u: gospodar (eng. master) gospodae /
gospodau, with the ending-u being used more frequently (Raguz 1997:10). AltfoBgguz

in his book specifies certain rules concerning lthse form endings and the vocative case,
there are still some ambiguities left, i.e. noung tteve not been included into any of the
exceptions mentioned, but still forming an exceptmg, Zzal (eng. rief)» Zalu only, or other
nouns ending in-st,—t etc. Silé—Pranjkové (2005) in their explanation do not mention the
possibility of using alternative forms in the voeaticase, but cite few examples in which
either the first or the second ending mentionedlmaseen. The grammatical definition as to
when to use which ending is missing (SHPranjkové 2005:98ff).

The solution to the problem cannot be solved bygusie corpus analysis either, as these
endings coincide with endings in other cases. Téigh solution would lie in excluding
several cases where the vocative is being follobwedhe exclamation mark, but this again
cannot guarantee a satisfying result.

The second problem regards the singularia and @utahtum i.e. the absence of sufficient
information regarding declensions of these nounsi¢c £2000) when describing the word
vrata (eng. door)or djeca (eng. childrenypecifies only the category of a pluralia tantum,
which if not processed manually would lead to thlsd paradigm, namely the neuter singular
declension instead of the neuter plural. The dalilsifarkings are also noticed when other
words belonging to this category are being analysedording to the dictionary, the words
pleca, lefa have been marked with the neuter gender, whemeaswith the feminine. The
nominal declension of the latter word proves, am dther hand, clearly that these nouns all
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have the neuter gender. The collective noumad (eng. team of mehpas on one hand been
characterized as having a neuter genderd2000), while the declension ones again proves
that the noun is feminine (SiHPranjkovi 2005: 112). The category of collective nouns to
which wordsdjeca (eng. children), bea (eng. brothers), gospoda (eng. gentlenteidpng,
disable the automatic use of the lexical databaséhey carry markings of the neuter gender
plural (important from the point of view of syntawl concordance), but have feminine
singular declensional paradigm. All these cases ktae to be manually processed.

The third issue in question concerns the homograpbicls. Since the Croatian version of
HUMOR, as explained earlier, has been construatedhfe parsing of the written standard
version of the language, the differences in theeait@mtion have not been taken into account.
If the differences do not consider the homonymy pbiyt the different declensions of the
words in question as well (e.gas (eng. dogrGSg. psandpés (eng. waistpGSg. pasp
both words are included into the lexical databasbmocessed accordingly.

7. Conclusion

When implementing HUMOR to the morphological parsiofy the Croatian language,
different problems were encountered which had tcabe will have to be solved. When
compared to other inflectional languages, the probleéhat occurred do not consider the
morphology of the language only, but the languadieyas well. The issues described in this
paper have been accounted for until the presege siithe project, namely the descriptions
of verbal, adjectival and nominal inflections in feoatian language. The solutions that have
been proposed in HUMOR have not been useful fromaspect of morphological parsing
only, but from the aspect of learning, i.e. teachrgatian as the second or foreign language.
In continuing the project, there will be some futdescriptions conducted, including among
others the description of adverbs, numerals, as agebther still unprocessed word classes.
Apart from the description of the written languagiee future prospects also include the
possible implementation of the prosodic elementheflanguage, i.e. the implementation of
HUMOR to the spoken language as well. Apart fromesal linguistic dilemmas when
implementing HUMOR to the Croatian language, onaikhalways bear in mind the benefits
of such a morphological analyzer and its linguistges not only for parsing, but for the
development of translational systems for Croatianathdr minor languages as well.

Summary

The present paper discusses the linguistic probéemeserning the automatic morphological
analysis of the Croatian language, namely the pnobleoncerning the verbal, nominal and
the adjectival inflections that arise when tryingdevelop a new application of the existing
morphological parser HUMOR to the Croatian languddpe paper does not describe the
theoretical working basis of the programme itsalf, dbncentrates mainly on the linguistic

issues that have arisen when implementing the prdbis language. Apart from the
descriptions of linguistic problems, there are @sme solutions present that also provide

additional help when teaching or learning Croa#iara second or foreign language.
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