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Abstract

The technologyof finite-statetransduc-
ers is implementedto recognize,lem-
matizeandtagcompositetensesin Ser-
bianin awaythatconnectstheauxiliary
andmainverb. Thesuggestedapproach
usesa morphologicalelectronicdictio-
naryof simplewordsandappropriatelo-
calgrammars.

1 Intr oduction

Thelemmatizationof verbformsis, in general,re-
ducedto theassignmentof apredefinedcanonical
form to simple verb forms. In Serbian/Croatian
this canonicalform is the infinitive. This princi-
plecanbesuccessfullyapplied,undercertaincon-
straints,to otherinflective wordsaswell, namely
to the lemmatizationof nouns and adjectives.
However, thelemmatizationof verbforms,viewed
as the establishmentof a relation betweentex-
tual word and lexical word and the assignment
of valuesof morphologicalcategories that con-
nect them, hasmany deficiencies(Gross,1998-
1999),sincecompositeverbs,thoughthey repre-
sentconjugatedformsof a verb,cannotberecog-
nized within the sameframework. For instance,
the string videogaje (Engl. he saw him) will
be taggedasan active pastparticipleof the verb
videti in singularmasculineform, followed by a
clitic pronounga, followed by the third person
presentof the auxiliary verb jesam. Comparing
thisstringwith thecorrespondingstringin present
tensevidi ga(Engl. heseeshim) it canbeclearly

observed that the form video in the first example
shouldbe taggedasa third personperfectof the
verbvideti with theadditionalinformationthatthe
form is of masculinegender.

One of the reasonsfor which the composite
tensesarenot recognizedduring the morpholog-
ical analysisis dueto the insertsthatseparatethe
auxiliary verb form from the form of the main
verb. The distancebetweenthesetwo forms can
be considerable,measuredeither with the num-
ber of insertedwords or with the complexity of
the syntactic structureof the insertedword se-
quence.Furtherreasonstopostponethecomposite
tenserecognitionuntil the syntacticanalysiscan
be found in the so-calledfree word orderand in
the ambiguitiesof auxiliary andmain verb forms
(Popović, 1997)

On the otherhand,the consequencesof inade-
quaterecognitionof compositeverbsduringmor-
phologicalanalysisaremanifold. First of all, the
problemof the recognitionof compositetensesis
thuspushedtoward thesyntacticanalysisandfor
that reasonthe processof lemmatizationcan be
accomplishedonly partially on themorphological
level, while a considerablenumberof ambigui-
ties cannotbe eliminatedduring the morphologi-
cal analysis.

In this article we will presentthe problemof
therecognitionof compositeactive tensesin con-
temporarySerbianaswell asonepartial solution
that is basedon theapplicationof finite transduc-
ers. First we will describea Serbianmorpholog-
ical e-dictionaryof simpleverb forms (in section
2), in section3 we will indicatetheproblemsen-



counteredin lemmatizationbasedon simpleverb
forms,andin section4 we will presentthestruc-
tureof compositeactiveverbtensesin Serbianand
one possibility to representthem by finite trans-
ducers.In theconclusionwewill discussthelimi-
tationsof this solutionandwill outlinefurtherde-
velopments.

2 E-dictionary of simpleverb forms

Themorphologicale-dictionary(DELAS) of Ser-
bian is being developedin the format described
in (Courtois,1990),(Vitas, 2000). Presentlythis
dictionarycontainsapproximately15,000verben-
tries, which correspondsto typical one-volume
Serbian/Croatiandictionaries. In this dictionary
eachverb (with a few exceptions)is represented
by its infinitive form. For eachverb,simpleforms
of conjugation,givenascharacterstringsbetween
two consecutive separators,have beengenerated
togetherwith possiblevaluesof theirmorphologi-
calcategories.Thistaskhasbeenaccomplishedby
usingdescriptionsof differentverb classesin the
form of regularexpressionsandtheir implementa-
tion by finite transducersincorporatedin the IN-
TEX system(Silberztein,1993). A partof a reg-
ular expressionin theINTEX formatof thetrans-
ducerV122.fst is:

2/:Ays:Azs +
2cxe/:Fzs:Fzp +
2la/:Gsf:Gpn +
2na/:Tfs:Tnp +
<E>/:W +
2vsxi/:X +
4zxem/:Pxs +
4zxi/:Yys +

So far, 339 transducershave beendevelopedthat
preciselydescribethe simpleverb forms of con-
jugation,startingfrom theverbs’ infinitive forms.
For eachverb,in additionto its verbforms,all the
inflectedforms of the correspondingverbalnoun
andpassivepastparticiple,if they exist, havebeen
generatedaswell. Theareain DELAS dedicated
to thedesignationof syntacticandsemanticchar-
acteristicshasbeenfilled for eachverb with its
basic features: aspect,reflexiveness,and transi-
tiveness. This dictionary containsverbs in both
ekavianandijekavianpronunciation,whichis also

marked in this areaof theDELAS dictionary(Vi-
tas,2001).

An exampleof a few entriesin theDELAS dic-
tionaryis:

pokazati,V122+Perf+Tr+Iref+Ref
pokazivati,V18+Impf+Tr+Iref+Ref

where, for instance,the tags+Perf+Tr+Iref+Ref
signify, respectively, that theverbpokazati(Engl.
to show) is perfective, transitive,andcan,but need
not, be reflexive. The tag V122 signifiesthat the
conjugationof thisverbis describedby transducer
V122.fst. Thesimpleverbformsdescribedby this
transducerare: infinitive (W), present(P), aorist
(A), imperfect(I), imperative (Y), future (F), ac-
tivepastparticiple(G), passive pastparticiple(T),
presentparticiple (S), and perfectparticiple (X).
An exampleof someof the 30 generatedsimple
formsfor verbpokazatiis:

pokaza,pokazati.V122+Perf+Tr
+Iref+Ref:Ays:Azs
pokazacxe,pokazati.V122+Perf
+Tr+Iref+Ref:Fzs:Fzp
pokazala,pokazati.V122+Perf+Tr
+Iref+Ref:Gsf:Gpn
pokazana,pokazati.V122+Perf+Tr
+Iref+Ref:Tfs:Tnp
pokazati,pokazati.V122+Perf+Tr
+Iref+Ref:W
pokazavsxi,pokazati.V122+Perf
+Tr+Iref+Ref:X
pokazxem,pokazati.V122+Perf+Tr
+Iref+Ref:Pxs
pokazxi,pokazati.V122+Perf+Tr
+Iref+Ref:Yys

Proceedingfrom the information in morphologi-
cale-dictionaryandusingtheformalismsincorpo-
ratedin theINTEX systemit is possibleto formu-
latecomplex querieson texts. In the initial phase
of text processing— theapplicationof lexical re-
sources— eachtext string thatoccursin someof
theapplieddictionariesof theDELAF form is as-
signedone or more lexical entrieswith possible
grammaticalcategories.This enablestheprocess-
ing of, amongothers,queriesof theforms:

� pokazati — matchesall text stringsthat
literally coincidewith thequerystring;



��� pokazati � — matchesall text stringsto
which the lemmapokazatiis assignedin the
dictionary;

��� pokazati:P � — matchesall text strings
that coincide with some form of the verb
pokazati in presenttense(accordingto the
dictionary);

��� pokazati:Ps � — matches all text
stringsthatcoincidewith somesingularform
of theverbpokazatiin presenttense(regard-
lessof person);

��� pokazati:G � — matchesall text strings
that coincidewith someform of the active
pastparticiple of the verb pokazati(regard-
lessof number),etc.

Thesyntacticandsemanticinformationassoci-
atedto verbentriesin DELAS canalsobeusedto
expressqueries:

��� V � — matchesall text stringsthatcoincide
with somesimpleverbform;

��� V-Aux:P � — matchesall text stringsthat
coincidewith somepresenttenseform of a
verbthatis notauxiliary, etc.

Even more complex queriescan be formulated
throughlocal grammars(Roche,1997).

3 Lemmatization of simpleverb forms

The recognitionof simple verb forms has been
testedon several different texts. First we give
quantitative data for four texts, marked consec-
utively as R, P, K, and F that are describedin
moredetailsin AppendixA. Dataaboutthelength
of texts andfrequenciesof particularsimpleverb
forms (without disambiguation)is given in Table
1. N in the Tabledenotesthe numberof simple
forms (and different simple forms), that are se-
quencesof alphabeticcharactersbetweentwo sep-
arators.

Verb forms that participate in the produc-
tion of compositetenses,active past participle
( � V:G � ) and infinitive ( � V:W � ) for active
tenses, and passive past participle ( � V:T � )
for passive tensesrepresentover a quarterof all

R P K V

N 18188 147913 88095 60176

(diff.) (4966) (26884) (16412) (15051)
�

V � 6465 34090 27354 12571
�

V:W � 340 1414 755 430
�

V:G � 940 6438 5361 3638
�

V:T � 239 2169 997 644

% 24% 29% 26% 37%

Table 1: Text lengths and frequency of occur-
rencesof certainverbforms.

stringspotentiallytaggedasverb forms( � V � ),
without any disambiguationbeingattempted.The
cells in the last row of Table 1 are computedas
( � V � /( � V:G � + � V:W � + � V:T � ))*100.

Activecompositetensesarebuild with auxiliary
verbs jesam, biti (Engl. to be), and hteti (Engl.
shall,will ) andimpersonalsimpleverbforms.Ta-
ble 2 shows thetotal frequency of auxiliary verbs
aswell asfrequency of formsthatenterinto com-
positetenses.

R P K V
�

jesam� 1239 7632 4705 3209
�

jesam:Pi� 1076 7090 3985 2905
�

jesam:Ph� 145 510 709 301
�

hteti� 210 974 429 290
�

hteti:Pi� 125 831 298 252
�

hteti:Ph� 33 111 74 16
�

hteti:G� 25 18 30 17
�

biti � 380 1667 1063 680
�

biti:P � 16 196 67 17
�

biti:A � 170 478 708 125
�

biti:G � 136 636 503 460

Table 2: Frequency of occurrencesof auxiliary
verbsin differenttexts.

Fromthedatain Table2 it canbeconcludedthat
auxiliary verb formsthatparticipatein composite
tenseformation representthe dominantusageof
theseverbs.By comparisonof datafrom Tables1
and2onecanseethattaggingby e-dictionarydoes
notgivetheproperinsightinto thewayaparticular
verbis realizedin thetext.

In theprocessof lemmatizationandtaggingof a
Serbiantext a high degreeof ambiguityof simple



Figure1: Descriptionof active compositetensesin Serbian

verbformsis prominent.Theoriginsof theambi-
guity of stringsthatcanpotentiallybeverbforms
canbevarious:

(a) A string can representseveral different re-
alizationsof morphologicalcategoriesof the
sameverb,e.g. thestringpeva is at thesame
time the third personsingularof the present
tenseandthesecondandthird personsingular
of theaoristtenseof theverbpevati (Engl. to
sing), while theclitic form će is thethird per-
sonsingularandplural of thepresenttenseof
theauxiliaryverbhteti (Engl. to wish).

(b) A stringcanrepresentformsof differentverbs.
Suchis thecasewith stringželi thatrepresents
thethirdpersonsingularof thepresenttenseof
theverbželeti (Engl. to desire) andtheplural
masculinegenderof theactive pastparticiple
of theverbžeti (Engl. to reap).

(c) A string canrepresentverb forms aswell as
forms of someother part of speech. Such
is the casewith string više that canrepresent
oneof severalcomparative formsof theadjec-

tive visok (Engl. high), theadverbviše(Engl.
more), theprepositionviše(Engl. above), and
the third personof the aorist of the verb viti
(Engl. to wind). Similarly, the string sirena
is the nominative singularof the nounsirena
(Engl. siren), but also the singularfeminine
genderof theactive pastparticipleof theverb
siriti (Engl. to producecheese).

The problemof disambiguationis particularly
difficult in thecaseof pronounforms,suchasmi
(thenominativeof thepronounweandtheclitic of
thedative of thepronounI) andje (theaccusative
of the pronounshe/it), the conjunctionda (Engl.
to, that, etc.), and the particlesda (Engl. yes)
and li (Engl. if, whether) with certain forms of
the verbsmiti (Engl. to wash), jesam(Engl. to
be), dati (Engl. to give), andliti (Engl. to pour).
This kind of ambiguitycanpartly be removed by
putting more frequentforms into a filter dictio-
narythatgivesthemprecedenceover lessfrequent
forms. For instance,the particle li is muchmore
frequentthanthethird personsingularof theaorist
of theverbliti .



eprestano jezero pod sobom, tako da cxu primetiti: F1 kad se priblizxuje ladx
otisxla je pesxice na Vecxe. O, ja nisam video: PR, ali kazxu da je isxao i
--- O, ja nisam video, ali kazxu da je isxao: PR i jedan automobil. - Mora da
sxao i jedan automobil. -- Mora da je bio: PR debeo led? - - Sedamnaest pedal
. - Radim po jednom ugledu koji mi je dala: PR markiza. - - Vi radite za ki
ji muzx ima lovisxte. Stari markiz je umro: PR josx pre no sxto sam se rodi
ezero. Ponekad pobesni. -- Nocxas cxe biti: F1 mirno? - - Mozxda i ne. Izgle
oni su vecx dosta veliki, a uskoro cxe biti: F1 mnogo vecxi. - - Vi se ne bis

cxe biti mnogo vecxi. - - Vi se ne biste mogli:C1 vratiti vecyeras? - Ne,ne

Figure2: Compositetensesrecognizedby graphfrom theFigure1.

4 The structure of compositetensesin
Serbian

In Serbiansix compositetensesareusedin theac-
tive voice. The way they are constructedis de-
scribedby thegraphin theFigure1. Theapplica-
tion of this transducerto text R recognizesa total
of 401occurrencesof compositetenses.Thecon-
cordancesof therecognizedoccurrencesaregiven
in Figure2.

However, the graph in Figure 1 does not
take account of variations of different kinds.
First, word order can vary so that the form
of the auxiliary verb follows the form of the
main verb. The recognizedforms of the perfect
(PR) and conditional I (C1) shown in Figure
2 can be realized, in a different context as
videonisam, išaoje, ����� , mogli biste. The rec-
ognized compositeverb forms of the future I
tense(F1) ću primetiti and ćubiti shown in the
same Figure have two alternative forms: (a)
the simple form primetícu and biću, and (b) the
da-constructionja ćudaprimetim, ja ću dabudem
that can be describedwith the regular expres-
sion (<hteti:Pi> + <hteti:Ph>) da
<V:P>. Moreover, the auxiliary verb is omitted
in the third personsingular of the perfect tense
when the reflexive pronoun se occurs together
with the main verb. For instance,insteadof the
stringbojao:Gsm se:PRO je:Pzs in text R
thestringbojao:Gsm se:PRO is realized.

Second,thegraphin Figure1 doesnot express
theconditionthattheauxiliaryverbandmainverb
have to agreein genderandnumber. For instance,
the sequencedosxla:Gsf smo:Pxp can not
be a potential perfect tensebecausethere is no
agreementin number(dosxla is a singularfem-

inine active pastparticiple,while smo is the first
personpluralof theverbjesam).

Numberof words Frequency

0 428

1 84

2 41

3 19

4 37

more(non-greedy) 648

more(greedy) 586

Table3: Frequency of insertsof differentlength

Third, a string of simple words of arbitrary
length can be insertedbetweenthe form of the
auxiliary verb andthe form of the main verb. In
Table3 thefrequency of insertsof differentlength
thatoccurredin text P betweentheauxiliary verb
� jesam� and � V:G � (potentially representing
theperfecttense)is given.

The following occuramonginsertscomprising
one word: The reflexive pronounse, the clitic
particle li , the clitic pronouns,adverbs,but also
the conjunction da that introduces a depen-
dent clause (for instance, Da su nxegovi
roditelxi znali da sam ja htela,).
Among inserts of two words occurs, for in-
stance Mislila sam da ste otisxli
that was already recognizedamong inserts of
length0 asMislila sam andste otisxli.
This shows that the greedy algorithm is not
an adequatesolution in recognizing composite
tenses. However, with a non-greedyalgorithm
undesirable occurrences of composite tense
recognition also appear, as in the example To
je kao moja majka koja nije htela...



Figure3: A partof thesubgraphins.fst thatrecognizespronominalclitics.

Figure4: Subgraphperfect.fst thatrecognizesperfecttense.

wherethesearchalgorithmlooksfor thefirst form
of the active past participle following the clitic
form of theauxiliaryverb.

The structureof insertscan be modeledby a
subgraphthat needsto be insertedat certainpo-
sitionsin graphshown in theFigure1. This graph
namedins.fst, actsasafilter thattendsto describe
the permittedinserts. This graphis built stepby
step on the basisof the analysisof the concor-
dancesthat recognizethe compositetenses.Fig-
ure 3 shows oneof its subgraphsthat recognizes
insertionsconsistingof pronominalclitics by tak-
ing into considerationtheir order.

Thedescriptionof variationsin thestructureof
compositeverbsfrom Figure1 leadsto the sub-
stitution of paths in this graph with subgraphs
that recognizeparticular compositetenses,tak-
ing into considerationthe statedconstraints.The
subgraphperfect.fst that recognizesthe perfect
tenseis given in Figure 4. The arcs in a sub-
graphcanbe representedby othersubgraphsthat
areimplementedasfinite transducers.Theoutput
of eachtransduceris the morphologicalcodeof
the recognizedform. The transducersinside the

grapharelabeledasvariables:$5 labelsthesub-
graphjesam-ceo thatencompassesall clitic and
negatedforms of the verb � jesam � . This kind
of labelingenablesa shift of the insertsinto new
position,aftertherecognizedform of thecompos-
ite tense.

An example of successfulrecognitionof the
perfect tensein text R with the transducerper-
fect.fst is given in Figure5. Theunderlinedparts
of text outsidethe parenthesisarefragmentsrec-
ognizedby subgraphins.fst.

Examplesof unsuccessfulrecognitionaregiven
in Figure 6. In the first examplethe numberof
active pastparticiple(p) andnumberof auxiliary
verb (s) do not agree.In the secondexamplethe
form of theclitic pronounje hasnotbeenresolved
correctly, assubgraphins.fst doesnot forbid oc-
currencesof theauxiliaryverbforms.

text R P K F

c tenses 947 5985 1342 3027

Table4: Numberof recognizedcompositetenses
in analyzedtexts.



To :Pxs:Gms � sam mislio 	 i. Mozxda cxu tamo nacxi
niz ulice. :Gms:Pxs � Peo sam 	 se ipak ulicama. Kameni izlaz

-- Znacyi :Pzsh:Gfs � nije mogla 	 se loviti riba. -- Ne, nije
...................................................................
jednom ugledu koji mi :Pzs:Gfs � je dala 	 markiza.

Stari markiz :Pzs:Gms � je umro 	 josx pre no sxto sam se rodila.
umro josx pre no sxto :Pxs:Gfs � sam rodila 	 se.

Iako :Pxsh:Gms � nisam primetio 	 josx nisxta na jezeru
Kazxem cyoveku s kim :Pxs:Gms � sam govorio 	 josx malocyas na obali:

-- Ah, pa ona :Pzs:Gfs � je otisxla 	 ima vecx deset minuta. Cyekala
a vecx deset minuta. :Gfs:Pzs � Cyekala je 	 vas pet minuta,

je pet minuta, ali :Pxp:Gmp � smo mislili 	 posle da ste se predomislili.
smo posle mislili da :Pyp:Gmp � ste predomislili 	 se.

Figure5: Perfecttenseswith insertsrecognizedby thegraphperfect.fst

Siroto. :Gfp:Pzs � Prosxle je 	 zime celo jezero bilo zamrznuto.
na jezero nikako :Pzs:Gms � je video 	 nisam.

Figure6: Incorrectrecognitionby thegraphperfect.fst

The graph composite.fst that substitutesthe
graphfrom Figure1 in which the pathsfrom the
startingnodeto thefinal nodearesubstitutedwith
correspondingsubgraphsanalogousto the one
from the Figure4 recognizesthe compositeverb
tensesandproducesthe resulton text R shown in
Figure7. Thetotalnumberof recognizedcompos-
ite tensesis givenin Table4.

5 Conclusion

By tagging the text with information obtained
from the morphologicale-dictionaryand bycon-
struction of appropriatelocal grammarsin the
form of finite transducers,it is possibleto recog-
nize with considerablereliability the occurrences
of compositetensesin Serbiantexts. In this way
the recognition of compositetensesremainsin
the scopeof morphologicalanalysisand can be
achievedwith thesametechnologythatis usedfor
othermorphologicalphenomena.The refinement
of obtainedresultsis tightly coupledwith thede-
greeof precisionof the graph ins.fst that recog-
nizesinserts(Gross,2000). On theotherhand,it
is expectedthatanumberof ambiguitiesdescribed
in section3 will beresolved throughthedevelop-
mentof a dictionaryof compoundsDELAC anda
dictionaryfor disambiguationDESAMB.
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Figure7: Excerptfrom theconcordancesof therecognizedcompositetenseswith assignedlemma.
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