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Unknown wordUnknown word

�� Words not present in a electronic dictionary but Words not present in a electronic dictionary but 
found in unrestricted texts during a found in unrestricted texts during a 
morphological analysis.morphological analysis.

�� Types of unknown words in SerbianTypes of unknown words in Serbian::
�� texttext--specific words specific words ((proper names representing proper names representing 
fictional characters, sequences of foreign language fictional characters, sequences of foreign language 
words words ……),),

�� missing wordsmissing words ((namename entitiesentities, , abbreviationsabbreviations, dialect , dialect 
words words ……) ) 

�� reressultultss of of regular regular derivation (gender motion, )derivation (gender motion, )



Regular derivationRegular derivation

�� Class of derivational processes which induce change to Class of derivational processes which induce change to 
the lexical meaning in a predictable waythe lexical meaning in a predictable way

gender gender 
motionmotion

amplification of amplification of 
meaning meaning 

(diminutives, (diminutives, 
augmentatives)augmentatives)

possposs.. andand
relationalrelational
adjectivesadjectives

verbal verbal 
nounsnouns

NiNiššlija >lija >
NiNiššlijkalijka

kukućća a 
>> kukuććicaica (dim.)(dim.)
> > kukuććetinaetina ((augaug.).)

MilanMilan > Milan> Milanovov
Nada > Nada > NadinNadin
NiNišš > > ninišškiki

pripriččati >ati >
pripriččanjeanje



Reg. Reg. derivationderivation inin morphologicalmorphological
ee--dictionary of Serbiandictionary of Serbian

�� ResultsResults of of reg.reg. derivationderivation represent a broad category of represent a broad category of 
unknown words in Serbian (including results of regular unknown words in Serbian (including results of regular 
derivation from proper names)derivation from proper names)

�� Systematic incorporation of regularly derived lemmas into Systematic incorporation of regularly derived lemmas into 
the ethe e--dictionarydictionary::
oo multiplies the size of emultiplies the size of e--dictionarydictionary
oo complicates its maintenancecomplicates its maintenance
oo adds considerably to the text ambiguityadds considerably to the text ambiguity
oo loses relations betweenloses relations between basic word and its derivativesbasic word and its derivatives, , 
so dictionary canso dictionary can’’t be used for the analysis of synonymy t be used for the analysis of synonymy 
relationsrelations

�� Incorporation of only those regularly derived lemmas which Incorporation of only those regularly derived lemmas which 
are present in paper dictionaries leads to serious are present in paper dictionaries leads to serious 
inconsistenciesinconsistencies



ExampleExample

�� Devojka luta gradskim ulicamaDevojka luta gradskim ulicama..
(Girl wanders city streets.)(Girl wanders city streets.)

�� MirjanaMirjana luta luta beogradskimbeogradskim ulicama.ulicama.
((MirjanaMirjana wanders wanders BelgradeBelgrade streets.)streets.)

�� MirjanaMirjana luta ulicama luta ulicama BeogradaBeograda..
((MirjanaMirjana wanders streets of wanders streets of BelgradeBelgrade).).





Example 2Example 2

�� General Secretary of the Communist Party General Secretary of the Communist Party 
of France of France Robert Robert HueHue ……
((GGeneralni sekretarieneralni sekretari KomunistiKomunističčkkee partijpartijee
FrancuskeFrancuske Rober Rober II ……))

�� surname surname II ((HueHue))
�� roman number (roman number (““the firstthe first””))
�� conjunction conjunction ““andand””



ProlexProlex

�� Since 1996, the Since 1996, the ProlexProlex project concerns proper project concerns proper 
names processing, particularly names processing, particularly toponymstoponyms and and 
inhabitant names, and stresses the need to link inhabitant names, and stresses the need to link 
proper names together.proper names together.

�� Today, the main motivation of the Today, the main motivation of the ProlexProlex project project 
is to develop a multilingual dictionary of proper is to develop a multilingual dictionary of proper 
names and their relationships. names and their relationships. 

�� Resources of proper names are developed for Resources of proper names are developed for 
several European languages, including Serbianseveral European languages, including Serbian



ProlexProlex

<<structstruct type="Prolex">type="Prolex">
<<structstruct type="type="pivotpivot">">

<<featfeat type="identifier">48715</type="identifier">48715</featfeat>>
<<structstruct type="type="prolexemeprolexeme">">

<<featfeat type="language">sr</type="language">sr</featfeat>>
<<featfeat type="lemma">type="lemma">

BeogradBeograd
</</featfeat>>
<<featfeat type="pos">name</type="pos">name</featfeat>>
<<featfeat type="category">proper name</type="category">proper name</featfeat>>

</</structstruct>>
</</structstruct>>

</</structstruct>>



Prolex levels (layers)



General dGeneral derivational hierarchyerivational hierarchy
(regular derivation from (regular derivation from toponymstoponyms))
�� Inflection lemma and Inflection lemma and ““derivationalderivational”” lemmaslemmas



Example of dExample of derivational erivational 
hierarchyhierarchy for for topontoponyymm ParizPariz

((ParisParis))

�� ((turskiturski >>TurskaTurska (Turkish > Turkey)(Turkish > Turkey), , grgrččkiki >>GrGrččkaka))



Hierarchy of meaningsHierarchy of meanings

�� Hierarchy of meanings instead of hierarchy of derived Hierarchy of meanings instead of hierarchy of derived 
forms (forms (egeg. . ““toponymtoponym XX””, , ““which relates to Xwhich relates to X””, , ““male male 
inhabitant of Xinhabitant of X””, , ““which belongs to male inhabitant of Xwhich belongs to male inhabitant of X””, , 
““which relates to all inhabitants of Xwhich relates to all inhabitants of X”” etc.)etc.)



SuperlemmaSuperlemma

�� SuperlemmaSuperlemma = = ““basic meaningbasic meaning”” from which all other from which all other 
meanings are derived.meanings are derived.

�� The order in which derivations happen isnThe order in which derivations happen isn’’t important, t important, 
only derived meanings are relevant (these meanings are only derived meanings are relevant (these meanings are 
predictable in case of the regular derivationpredictable in case of the regular derivation))..



Derivational suffixes (Derivational suffixes (toponymstoponyms))

Derived formsDerived forms Derivational suffixesDerivational suffixes Inflection Inflection 
classclass

RelRel. adjectives. adjectives --ski, ski, --šški, ki, --ččki, ki, --ććkiki A2A2
Poss. adjectivesPoss. adjectives --ov, ov, --ev, ev, --inin A1A1
FemaleFemale
inhabitantinhabitant

--ka,ka,
--inja,inja,
--icaica

N661N661
N601N601
N651N651

MaleMale
inhabitantinhabitant

--ac, ac, --in (in (--anin, anin, --janin),janin),
--ar, ar, --ak, ak, --lija, lija, --∅∅, , ……

N42, N60, N42, N60, 
N2, N10, N2, N10, 
N741,N741,……



PrincipPrinciplesles of classof classifiificationcation

�� How to describe derivational paradigm?How to describe derivational paradigm?
�� What are the What are the ““correctcorrect”” nnames of ames of male and male and 
female inhabitantsfemale inhabitants and and related related adjectivesadjectives
�� paper dictionaries and orthography;paper dictionaries and orthography;
�� local names (how inhabitants call themselves, local names (how inhabitants call themselves, 
PulePuležžaniani andand Puljani Puljani ););

�� newspapersnewspapers
�� TuzlakTuzlak, , TuzlaninTuzlanin, , TuzlanacTuzlanac
�� DilemDilemmma: a: --acac oror (j)anin(j)anin ((JamajkanacJamajkanac oror JamajJamajččaninanin, , 
jamajkanskijamajkanski oror jamajjamajččanskianski))

�� Somalac/SomalSomalac/Somalijacijac, Bask/*Baskijac, Bask/*Baskijac



DubletDubletss

�� Sometimes there are pairs of adjectives, one motivated Sometimes there are pairs of adjectives, one motivated 
by by toponymtoponym ((Beograd > Beograd > beogradskibeogradski) ) and the other one and the other one 
motivated by inhabitants (motivated by inhabitants (BeograñaniBeograñani > > beograñanskibeograñanski))

�� Paper dictionaries are inconsistent (RMSMH i RSANU)Paper dictionaries are inconsistent (RMSMH i RSANU)
oo banatski/banabanatski/banaććanskianski (different meanings)(different meanings)
oo norvenorvešški/norveki/norvežžanskianski (the same meanings)(the same meanings)
oo meksimeksiččki/meksikanskiki/meksikanski (the first relates only to (the first relates only to MexicoMexico, while the , while the 

second relates both to Mexico and Mexicans)second relates both to Mexico and Mexicans)

�� portugalskiportugalski / / ∅∅ or  or  portugalskiportugalski / / portugalskiportugalski
∅∅ / / vojvoñanskivojvoñanski or  or  vojvoñanskivojvoñanski //vojvoñanskivojvoñanski



Phonetic alternationsPhonetic alternations
�� produce more sophisticated differentiation of produce more sophisticated differentiation of toponymstoponyms and allomorphs and allomorphs 

of suffixesof suffixes
((e.g. e.g. --skiski, , --šškiki, , --ččkiki, , --ććkiki))

�� JotationJotation ((BBanaanatt > B> Banaanaććaninanin,, t+jt+j==ćć
TajlanTajlandd >>TajlanTajlanññaninanin, , d+jd+j==ññ))

�� PalatalizaPalatalizationtion ((LiLikka > Lia > Liččaninanin))
�� Voicing and devoicingVoicing and devoicing ((ŠŠaabbacac > > ŠŠaappččaninanin))
�� Consonant loss or elisionConsonant loss or elision

((PeraPerastst > > peraperašškiki))
�� Operators which simulate phonetic alternations in order to decreOperators which simulate phonetic alternations in order to decrease ase 

the number of classes the number of classes 
�� automatic automatic jotationjotation

<J>: <J>: t => t => ćć
<J>: <J>: d => d => ññ

�� automatic voicing and devoicing automatic voicing and devoicing 
ŠŠaabbacac > > ŠŠaappččaninanin
LeskovacLeskovac > > LLeskoveskovččaninanin



Sources used for description of Sources used for description of 
derivational paradigms of derivational paradigms of toponymstoponyms



NooJNooJ dictionaries of dictionaries of topontoponyymmss

lemlemmma,PoS+FLX=Cxxa,PoS+FLX=Cxx{+DRV=Dxx{+DRV=Dxx[:Fxx][:Fxx]}}{+SynSem}{+SynSem}

London,NLondon,N+FLX=N1001+FLX=N1001+NProp+Top+IsoUKgr+NProp+Top+IsoUKgr



Derivation in Derivation in NooJNooJ dictionariesdictionaries

�� Crna_Gora,N+FLX=CGFlxCrna_Gora,N+FLX=CGFlx+DRV=+DRV=CGDrvCGDrv
+NProp+Top+NProp+Top

�� CGDrvCGDrv = <P><B>o<S><R><C><RW><B>= <P><B>o<S><R><C><RW><B>
(ac(ac/N:AC/N:AC + cyev+ cyev/A:EV/A:EV + ka+ ka/N:KA/N:KA + kin+ kin/A:IN/A:IN))
+<P><LW><R><C><RW><B>o<S><R><C><RW>+<P><LW><R><C><RW><B>o<S><R><C><RW>
<B>ski/<B>ski/A:SKIA:SKI;;



NooJNooJ textual rewriting rules textual rewriting rules 
describingdescribing derderivationalivational paradigmparadigm

�� <P><B>o<S><R><C><RW><B>ac<P><B>o<S><R><C><RW><B>ac
�� Crna GoraCrna Gora__
�� CrnaCrna__GoraGora (after applying the operator <P>)(after applying the operator <P>)
�� CrnCrn__GoraGora (after applying the operator <B>)(after applying the operator <B>)
�� CrnCrno_o_GoraGora (after insertion of the connect. vowel (after insertion of the connect. vowel oo))
�� CrnCrnooGGoraora (after applying the operator <S>)(after applying the operator <S>)
�� CrnCrnooGGoorara (after applying the operator <R>)(after applying the operator <R>)
�� CrnCrnogogoorara (after applying the operator <C>)(after applying the operator <C>)
�� CrnCrnogogoraora__ (after applying the operator <RW>)(after applying the operator <RW>)
�� CrnCrnogogoror__ (after applying the operator <B>)(after applying the operator <B>)
�� CrnCrnogogoraora__ (after insertion of the character (after insertion of the character aa))
�� CrnCrnogogoraorac_c_ (after insertion of the character (after insertion of the character cc))



Suggestions for the improvement Suggestions for the improvement 
of derivation modelof derivation model

�� CrnogorcCrnogorcaa,,Crna_GoraCrna_Gora,,N+Inh+HumN+Inh+Hum+FLX=CGFlx+FLX=CGFlx
+DRV=C+DRV=CGDrvGDrv
+NProp+Top+NProp+Top
+m+s++m+s+22

crnogorskcrnogorskogog,,CrnaCrna GoraGora,,AA+FLX=CGFlx+FLX=CGFlx
+DRV=C+DRV=CGDrvGDrv
+NProp+Top+NProp+Top
+m+s++m+s+22

�� Insufficient readability of generated forms:Insufficient readability of generated forms:
�� Information about derived lemmas is lost (Information about derived lemmas is lost (CrnogoracCrnogorac, , crnogorskicrnogorski))
�� Mix of semantic properties relating only to Mix of semantic properties relating only to superlemmasuperlemma and those and those 

relating only to relating only to derived formsderived forms
�� XML Format of dictionary?XML Format of dictionary?



ClassificationClassification

�� For each For each superlemmasuperlemma and its derivational and its derivational 
paradigm program paradigm program geordgeord automatically automatically 
constructs corresponding constructs corresponding NooJNooJ textual textual 
rewriting rule. That rule describes necessary rewriting rule. That rule describes necessary 
transformations of transformations of toponymtoponym lemma which lemma which 
generate its derivational paradigm.generate its derivational paradigm.

�� All All toponymstoponyms sharing the same rule are sharing the same rule are 
elements of one derivational class described by elements of one derivational class described by 
that rule.that rule.



Rule for SW Rule for SW superlemmasuperlemma
((topontoponyym m AustrijaAustrija, Austria, Austria))

�� RuleRule::
<B><B>anacanac//NN:AC:AC + + <B>an<B>anččevev//AA:EV:EV + + 
<B>an<B>ankaka//NN:KA:KA ++
<B><B>kinkin//AA:IN:IN + + 
<LW><R><C><RW><LW><R><C><RW><B><B>skiski//AA:SKI:SKI;;



MWU (2MWU (2--WU)Toponyms and simple WU)Toponyms and simple 
derived formsderived forms

�� Types:Types:
�� (t(tyyppee 1) 1) the first word unit doesnthe first word unit doesn’’t affect derivationt affect derivation
((HercegHerceg NoviNovi > > novljanskinovljanski););

�� (t(tyyppee 2) 2) the second word unit doesnthe second word unit doesn’’t affect t affect 
derivationderivation ((HomoljskeHomoljske planineplanine > > homoljskihomoljski););

�� (t(tyyppee 3) 3) both word units affect derivationboth word units affect derivation
((CrnCrnaa GorGoraa > > crncrnoogorgorskiski). ). Derived forms are 1Derived forms are 1--WU WU 
compounds which often have a vowel (compounds which often have a vowel ('o' ili 'e'o' ili 'e‘‘) ) 
connecting the parts of connecting the parts of superlemmasuperlemma word units.word units.



MWU MWU --> SWU derivation rule> SWU derivation rule

� For the sake of simplicity POS and inflection codes are 

omitted

� Crna Gora > 

crnogorski + Crnogorac  + Crnogorčev

+ Crnogorka + Crnogorkin

<P><LW><R><C><RW><B>o<S><R><C><RW><B>ski

+ <P><B>o<S><R><C><RW><B>(ac + čev + ka + kin)



Classification resultsClassification results
(simple words)(simple words)



Classification resultsClassification results
(MWU)(MWU)



ConclusionConclusion

�� This approach enables more precise and This approach enables more precise and 
systematic description of systematic description of regregularular derivaderivationtion in ein e--
dictionaries of proper names in Serbian. Still, dictionaries of proper names in Serbian. Still, 
there are a few problems which wait the there are a few problems which wait the 
solution. solution. 

�� GoalGoal: : description of redescription of regular derivagular derivationtion classes in classes in 
Serbian in general Serbian in general ((not only for proper names)not only for proper names)
in a way which is independent of any in a way which is independent of any 
implementation (implementation (Prolex, NooJ Prolex, NooJ etc.)etc.)



Thank you!

☺


