Corpora and Corpus-Based Morpho-LexicalProcessingDan Tufi[, Ana-Maria Barbu, Vasile P‘tra[cu, Georgiana Rotariu,Camelia Popescu1. Corpora and types of corporaThe term corpus as used here refers to a collection of spoken or written texts encodedinto a specific machine readable format. Corpora are used in language engineering togather both qualitative and quantitative real language evidence. Qualitative evidenceconsists of examples which can be used for the construction of computational lexicons,grammars, and multi-lingual lexicons and term banks, for lexicography, etc.Quantitative information consists of statistics indicating frequent or characteristic usesof language. These statistics can also be used to guide preference-based parsers, assistin lexicography, determine translation equivalents, etc. In addition, statistics can beused to drive morphological taggers, POS taggers, alignment programs, sense taggers,etc. Common operations on corpora for the purposes of language engineering includeextraction of sub-corpora; sophisticated search and retrieval, including collocationextraction, concordance generation, generation of lists of linguistic elements, etc.; andthe determination of statistics such as frequency information, averages, mutualinformation scores, etc. We do not address corpora intended for other applications,such as stylistic studies, socio-linguistics, historical studies, information retrieval, etc.,although these uses are not excluded a priori (in fact, many of the features required forthese applications may be the same as those needed for language engineering). Theencoding format should be standardised and homogeneous both for reasons concerninginterchange and open-ended retrieval tasks [1]. Treating a restricted domain enablesdevelopment of a tighter standard than that of the TEI, by providing specific encodingsolutions rather than general or multiple ones, and, most importantly, by providingstandards for elements particularly important in that domain (e.g., linguisticannotation). The texts are selected according to explicit criteria, according to the mainpurpose the corpus is supposed to serve (lexicographic tasks; terminological dataextraction/acquisition; contrastive/comparative studies on parallel texts; grammarinduction; machine translation; etc.). Based on several linguistic classification criteria,Sinclair defines in [1] a corpus typology (see also [2] in this volume). From thattypology, we are here concerned with the special and parallel type corpora.A special corpus is composed of homogeneous texts, which are not necessarilyrepresentative for a language, that is the corpus is not supposed to provide coveringevidence for all the registers of the language in case. Of course, since these texts belongto a given language, they will display a set of grammatical and lexical features proper tothe language in question. But, on the other hand, the texts contained in special corporaas opposed to the reference corpora [1] also exhibit features (mainly at the level of thelexicon) which may be idiosyncratic with respect to the language (rare words, specificcollocation patterns, etc.).Whereas a reference corpus is required to be as large as possible and based on completeand homogeneous texts, covering all the linguistic registers and dialectal variations, aspecial one is allowed to have smaller dimensions. It may contain more specialized (andeven fragmentary) texts - for instance, texts belonging to an author, or a period - aswell as texts obtained under artificial and experimental conditions (e.g., the onesresulted from investigations).

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu2 8 The second corpus type relevant for the work reported here is the parallel corpus. It is acollection of original texts, each of which is translated into at least one foreignlanguage. The most simple case is the one where only two languages are involved. Inthis case, one language translates the other. However, parallel corpora may usuallycontain many languages. A parallel corpus is inherently a special one, since even if thesource texts, taken in isolation, would make a reference corpus, by translation into aforeign language, the representativity with respect to the new language is generally notpreserved. Thanks to the alignment between the original and its translation(s), parallelcorpora open insightful perspectives into the nature of the translation. Also, they mayhelp to devise more and more appropriate tools of translation. For instance, translationsystems that employ probabilistic machines might be increasingly used in working withsuch corpora. There is a large number of applications a corpus may serve. In [3] wemade a plea for computational corpora and discussed some of the methodologicalbenefits (and direct applications) of corpus linguistics as contrasted to the classicalapproach of introspective theoretical linguistics.In the context of MULTEXT-EAST Copernicus project (http://www.lpl.univ-aix.fr/MTE and http://nl.ijs.si/ME) it was developed a parallel corpus consisting of 6integral translations of George Orwell�s �1984�: besides the original English version,the corpus contains translations in Bulgarian, Czech, Estonian, Hungarian, Romanianand Slovene. This corpus is consistently SGML encoded over the seven languages(CES conformant [4] up to level 3), sentence aligned and morpho-syntacticallyannotated. MULTEXT-EAST also produced a second multilingual and balanced corpus(but not parallel) consisting of original novels and newspaper articles for eachlanguage.Asecond parallel corpus was developed within the TELRI Copernicus ConcertedAction (Trans European Language Resource Infrastructure-http://www.ids-mannheim.de/TELRI) and consists of integral translations of Plato�s �Republic�(besides the original Greek version, the sub-corpus contains translations in Bulgarian,Czech, English, German, Lithuanian, Polish, Romanian, Slovak and Slovene).It is worth mentioning that both �1984� and �Republic� are available in many otherlanguages but at the time of this writing they had not been aligned (in terms of textencoding) to the conventions used for the languages mentioned above. The encoding ofRomanian version of �Republic� is described in [5].There were several reasons for the choice of the source texts (�1984� and Republic�)based on which the parallel corpora were built, but the most important were theavailability of the translations in all the languages of the partners involved and copyrightpermissions. The two corpora are complementary as far as the linguistic registers and(human) translation techniques are concerned (whereas �1984� was translated moreliterary -in the spirit of the book, �Republic� was translated in a rather technical way,providing support for Sinclair�s hypothesis on �translation protected elements�).In order to develop reusable resources, it has been essential to establish standardizedmethods and specifications for these resources. For corpus encoding, MULTEXT-EAST and to some extent TELRI, adopted the SGML-based CES (Corpus EncodingSpecifications) schema [4], which on its turn is based on the TEI recommendations[6,7]. While corpus-encoding schema posed no significant problems in accommodatingthe several language specific renderings of the paralleled texts, harmonising the lexiconencoding was a serious task. Based on the specifications developed in the EAGLES [8]and their extension by the MULTEXT Project [9] to six western European languages(English, French, Dutch, Italian, German, Spanish), MULTEXT-EAST Project furtherextended these specifications to cover new languages (Bulgarian, Czech, Estonian,Hungarian, Romanian and Slovene) with different characteristics. Because theselanguage families include many features and properties not found in western Europeanlanguages, such as heavy inflection and agglutination, adapting the specificationsinitially developed for western European languages to these languages posed many

Corpora and Corpus-Based Morpho-Lexical Processing2 9 interesting and difficult problems and demanded substantial assessment andmodification of the pre-existing specifications. The work carried out in MULTEXT-EAST has thus broadened the base and contributed significantly to defining a generalmechanism for lexical specification (<URL: http://www.lpl.univ-aix.fr/pub/multext/docs/ME1.1.tex> and<URL: http://www.ijs.si/ME/docs/>). Asignificant benefit fromconforming to corpus and lexicon specifications originating in EAGLES andMULTEXT, was an easy adaptation or extension of corpus-annotation tools developedinitially within the MULTEXT project.Since presentations from a multilingual point of view of MULTEXT-EAST and TELRIcorpora are given elsewhere [10,11,12], in the following, we will dwell on theRomanian component.2. Word-form dictionary and morpho-syntactic descriptionsFor corpus morpho-lexical processing purposes (fast text lemmatisation, languagemodel constructing, automatic tagging, etc.) the MULTEXT-EAST consortiumdeveloped several language specific word-form dictionaries covering at least the wordsappearing in the corpus. A dictionary entry has the following structure:word-form <TAB> lemma <TAB> MSD <TAB> commentswhere word-form represents an inflected form of the lemma, characterised by acombination of feature values encoded by MSD code (Morpho Syntactic Description);the forth column, comments, which is optional, is currently ignored and may containeither comments or information processable by other tools. The morpho-syntacticdescriptions are provided as strings, using a linear encoding. In this notation, theposition in a string of characters corresponds to an attribute, and specific characters ineach position indicate the value for the corresponding attribute. That is, the positions ina string of characters are numbered 0, 1, 2, etc., and are used in the following way:• the character at position 0 encodes part-of-speech; • each character at position 1, 2,...,n, encodes the value of one attribute (person,gender, number, etc.), using the one-character code;• if an attribute does not apply, the corresponding position in the string contains thespecial marker �-� (hyphen).By convention, trailing hyphens are not included in the lexical MSDs. Suchspecifications provide a simple and relatively compact encoding, and are in intentionsimilar to feature-structure encoding used in unification-based grammar formalisms.When the word-form is the very lemma, then the equal sign is written in the lemma-field of the entry (�=�).The attributes and mainly the values of the attributes were chosen considering onlyword-level encoding. This is why, some values described in grammar text-books, butassuming compounding (such as compound tenses), were not considered in theMULTEXT-EAST encoding.Concerning the �applicability� of a certain feature/value one has to distinguish at least 2cases:1) a specific attribute is not at all applicable to a given language (such as it is the casein Romanian for Referent_type or Owner_gender attributes of the pronouns);2) a specific combination of feature-values applying to a word-form belonging to agiven category makes some attributes of the category irrelevant in the caseconsidered (for instance tense for some non-predicative verbs, or gender forpersonal pronouns, first and second persons).

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu3 0 These two cases were encoded by using a special attribute-value, namely �-�.A special case was raised by token-indeterminable values. This is the case when a givenword form cannot be assigned, without considering the context, a unique value for agiven attribute, but a subset or even all of the permissible values of that attribute.A typical example of such an attribute is the grammatical case. For the indefinite formsof nouns and adjectives nothing precise can be said about case unless precedingword(s) are considered. In such a situation one could only say that all possible valuesof a considered attribute (in this example, the case) are applicable. Since theMULTEXT-EAST encoding schema does not use a special value �any� (which in someencoding proposals is denoted by a dot �.�) two possible solutions could be envisaged:a) to explicitly encode in the word-form lexicon all the combinations resulting fromexpanding the would be �any� values. This solution is �clean� but introduces a largedegree of redundancy and ambiguity. Consider the �dotted� encoding of the word�munte�muntemunte Ncms.n.Expanding the two dots (see tables on the next pages) this entry should be replaced bythe following 10 fully expanded entries:In the initial phase of the project, we took this approach, but after a while, due tocomputational reasons (both in terms of space requirements and lookup performances)we opted for a second solution, that is:b) to further overload the significance of the special value �-� with the �any�interpretation.A very simple script checked the word-forms of each lemma for attributes instantiatedwith all the possible values (as in the example above). Then, after indexing theseattributes for later recovering, the corresponding positions in the MSD were replaced by�-�. Based on similar motivations, we decided to use two special cases (direct andoblique) to deal with the nominative-accusative and genitive-dative syncretism, and toeliminate neuter gender from the lexicon encoding. With duplicates eliminated, theword-form lexicon size decreased more than 4 times (from 1895837 to 440363).Eliminating neuter gender from the lexicon encoding needs a few explanations.Traditionally, grammar books distinguish in Romanian three genders: masculine,feminine and neuter. However there are few reasons - if any- not to get rid of neutervalue and consider a simpler dual gender system. From the inflectional point of view,neuter nouns/adjectives behave in singular as masculine nouns/adjectives and in pluralas feminine ones. Since there is no intrinsic semantic feature specific to neuter nouns(inanimacy is by no means specific to neuter nouns, existing plenty of feminine andmasculine nouns denoting inanimate things) preserving the distinctionmasculine/feminine/neuter creates more problems than it solves [13]. Due to theagreement rules, adjectives can take masculine, feminine and neuter gender. At thelexicon level, this would require to add about 33% more entries in case of adjectives. Atthe lookup level, considering only gender, any adjective would be two way ambiguous(masculine/neuter in singular and feminine/neuter in plural). However, it is worthmentioning that if needed, the neuter nouns or adjectives can be easily identified: thosenouns/adjectives that are tagged with masculine gender in singular and with femininemuntemunteNcmsnnnmuntemunteNcmsgnnmuntemunteNcmsdnnmuntemunteNcmsannmuntemunteNcmsvnnmuntemunteNcmsnnymuntemunteNcmsgnymuntemunteNcmsdnymuntemunteNcmsanymuntemunteNcmsvny

Corpora and Corpus-Based Morpho-Lexical Processing3 1 gender in plural are what the traditional Romanian linguistics calls neuternouns/adjectives.This position has recently found adherents among theoretical linguists as well. Forinstance, in [14] neuter nouns are considered to be underspecified for gender in theirlexical entries, having default rules assigning masculine gender for occurrences insingular and feminine gender for occurrences in plural.The tables on the next pages present the MSD encoding for Romanian in the followingformat:Category (category code)AttributePositionAttributeValueExampleThe category code is an uppercase letter (N, V, A, P, D, T, R, S, C, M, Q, Y, I, X)identifying one of the 14 parts of speech considered in the MULTEXT-EAST encodingschema. Any MSD code will begin with one of these 14 letters. The AttributePosition column specifies the position in the linear MSD encoding of the attribute, thename of which is given in the Attribute column. The Value column contains theallowable values of the current attribute. Their codes, given between parentheses, mayappear in an MSD headed by the appropriate category code, at the position specified bythe Attribute Position column. This linear encoding is a relatively efficient andcompact way to represent the flat attribute-value matrices.

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu3 2 1. Noun (N)AttributePositionAttributeValueExample1Typecommon (c)carteproper (p)Ion2Gendermasculine (m)b‘iatulfeminine (f)casa3Numbersingular (s)fat‘plural (p)fete4Casedirect(r)omuloblique (o)omuluivocative (v)omule5Definitenessyes (y)omulno (n)om6Cliticno (n)soranyes (y)soruy-mea2. Verb (V)AttributePositionAttributeValueExample1Typemain (m)a vedeaauxiliary (a)a avea, a fi, a voimodal (o)a putea, a trebuicopulative (c)a fi, a deveni2VFormindicative(i)vinesubjunctive (s)vin‘imperative (m)vinoinfinitive (n)veniparticiple (p)venitgerund (g)venind3Tensepresent (p)v‘dimperfect (i)vedeampast (s)v‘zuipluperfect (l)v‘zusem4Personfirst (1)v‘dsecond (2)vezithird (3)vede5Numbersingular (s)b‘tutplural (p)b‘tu[i6Gendermasculine(m)b‘tutfeminine(f)b‘tut‘1 0 Cliticyes (y)ridic~nduy-lyno (n)amn ridicatn

Corpora and Corpus-Based Morpho-Lexical Processing3 3 3. Adjective (A)AttributePositionAttributeValueExample1Typequalificative (f)frumos2Degreepositive (p)frumoscomparative (c)ulteriorsuperlative (s)extrem3Gendermasculine (m)bunfeminine (f)bun‘4Numbersingular (s)bunplural (p)buni5Casedirect(r)bunuloblique (o)bunuluivocative (v)bunule6Definitenessyes (y)bunulno (n)bun7Cliticyes (y)bunu-no (n)bun4. Pronoun (P)AttributePositionAttributeValueExample1Typedemonstrative(d)acestaindefinite (i)oricinepossessive(s)(al) meuint_rel (w)cepersonal(p)eureflexive(x)senegative (z)nimeniemphatic (h)�nsumi2Personfirst (1)eusecond (2)tuthird (3)el3Gendermasculine (m)elfeminine (f)ea4Numbersingular (s)euplural (p)noi5Casenominative (n)elgenitive (g)(al) luidative (d)luiaccusative (a)(pe) elvocative (v)tu, voi!direct(r)acestaoblique (o)acestuia6OwnerNumbersingular (s)meuplural (p)nostru8Cliticyes (y)bunulno (n)bun1 4 Pron-Formstrong (s)luiweak (w)�i, i-

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu3 4 5. Determiner (D)AttributePositionAttributeValueExample1Typedemonstrative (d)acestindefinite (i)oricepossessive (s)meuint_rel (w)cenegative (z)nici unemphatic (h)�nsu[i2Personfirst (i)meusecond (2)t‘uthird (3)s‘u3Gendermasculine (m)meufeminine (f)mea4Numbersingular (s)meuplural (p)mei5Casedirect(r)aceastaoblique (o)acestei6Ownersingular (s)meuplural (p)nostru8Cliticno (n)maman mean yes (y)maic‘y- meay9Modific Typeprenominal (e)acestpostnominal (o)acesta6. Article (T)AttributePositionAttributeValueExample1Typedefinite (f)luiindefinite (i)unpossessive (s)aldemonstrative(d)cel2Gendermasculine (m)unfeminine (f)o3Numbersingular (s)unplural (p)ni[te4Casedirect(r)celoblique (o)celui5Cliticyes (y)-unno(no)un7. Adverb (R)AttributePositionAttributeValueExample1Typegeneral (g)bine, acoloparticle (p)mai, camnegative (z)nic‘ierimodifier (m)fire[te, poateint_rel(w)cum2Degreepositive (p)binecomparative (c)ulteriorsuperlative (s)extrem3Cliticyes (y)-ncetno (n)�ncet

Corpora and Corpus-Based Morpho-Lexical Processing3 5 8. Adposition (S)AttributePositionAttributeValue Example1Typepreposition (p)la, pe, �n2Formationsimple (s)la, pe, �ncompound (c)de la3Casegenitive (g)�nainteadative (d)datorit‘accusative (a)la4Cliticyes (y)�ntr-no (n)�ntru9. Conjunction (C)AttributePositionAttributeValueExample1Typecoordinating (c)[i, darsubordinating (s)c‘, dac‘2Formationsimple (s)deoarececompound (c)de vreme ce3Coord Typesimple (s)[i,deoarecerepetit (r)fie...fie...correlat (c)at�t...c�t [i4Sub-Typenegative (z)nicipositive (p)dar5Cliticno (n)c�n a[ayes (y)c-y-a[a10. Numeral (M)AttributePositionAttributeValueExample1Typecardinal (c)treiordinal (o)(al) treileafractal (f)treimemultiple (m)�ntreitcollect(l)tustrei2Gendermasculine (m)doi, primulfeminine (f)dou‘, prima3Numbersingular (s)primulplural (p)primii4Casedirect(r)primuloblique (o)primului5Formdigit (d)1690letter (l)unsprezeceboth (b)5 miiroman (r)XIV6Definitenessyes (y)primulno (n)prim7Cliticyes (y)unu-no (n)doi

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu3 6 11. Abbreviation (Y)AttributePositionAttributeValueExample1SyntacticTypenominal(n)dna (doamna)verbal (v)v. (vezi)adjectival (a)ant. (anterior)adverbial(r)f. (foarte)pronominal (p)d-voastr‘ (dumneavoastr‘)2Gendermasculine (m)dlui (domnului)feminine (f)dna (doamna)3Numbersingular (s)dna (doamna)plural (p)dnele (doamnele)4Casedirect (r)dna (doamna)oblique (o)dnei (doamnei)5Definitenessyes (y)dnele (doamnele)no (n)dne (doamne)12. Particle (Q)AttributePositionAttributeValueExample1Typenegation(z)nu,n-infinitive (n)asubjunctive (s) s‘aspect (a)fifuture (f)o3Cliticyes (y)ny-amno (n)nu am13. Interjections (I)In Romanian, as in most other languages, no further refinement of the interjections hasbeen considered.14. Residual (X)As with the interjections, no further refinement of residual has been considered. Thisclass, inherited from EAGLES standard proposal, was meant to cover textual unitssuch as mathematical formulas, alphanumeric strings, and generally everything thatcannot go easily into another category.The table below provides a comparative overview of the number of attributes that wereconsidered in each of the MULTEXT-EAST languages for each category (a �-� in a cellsignifies that the corresponding POS is not relevant for the considered language).P O S R o m BulC z S l o EstHunNoun655537Verb7810885Adjective737538Pronoun88121047Adverb312204Adposition413311Conjunction523213Numeral757547Interjection010001Residual000000Abbreviation500030Particle2200--Determiner8-----Article5----1

Corpora and Corpus-Based Morpho-Lexical Processing3 7 3. A Statistical account of the lexiconOnce the harmonised set of morpho-syntactic specifications for the six MULTEXT-EAST languages was developed, lexicons incorporating these specifications werecreated for each language. The Romanian lexicon was created based on a 35.000-lemma lexicon by means of our EGLU natural language processing platform [15].Since several words in the corpus were not in the EGLU lexicon, most of them weremanually lemmatised, introduced in the unification-based lexicon and later on expandedto the full paradigms of every new lemma. The Romanian word-form lexicon isactually made of two parts: the main one contains only words attested by theExplanatory Dictionary of Romanian (DEX); all the other words, appearing in thecorpus were entered an auxiliary lexicon. The auxiliary lexicon contains, among otherthings, proper names, technical terms and the weird (made-up) words fromOrwell�s�1984� (newspeak dialect).The table below provides information on the data content of the main dictionary that isused for the corpus analysis. When interpreting the figures, one has to consider thetreatment of syncretic forms as previously discussed. The any interpretation of the �-�attribute value was not considered in counting these figures since the expansion of thetoken-indeterminable values is external to the lexicon.Table 1: Lexicon overviewEntriesWordformsLemmas=M S D s AMB_POSAMB_MSD440363347960332593542167490981The first column (Entries) provides the number of dictionary entries, that is triplets:<word-form lemma MSD>The distribution of the entries over the parts of speech is shown in Table 1.1. As onewould expect, given the large paradigms of verbs, the largest number of entries areverbal (192775). The percentage of noun and adjective word-forms is also very high.Table 1.1: The distribution of the entries over the parts of speechP O S NVAPDMRTSCQIYXNumbero f entries124135192843119420347231693135746176811019677751The second column (Wordforms) in Table 1 gives the number of distinct word-formsappearing in the lexicon, irrespective of their lemma and MSD. For instance, thefollowing entries:vin=Ncms-nvinveniVmip1svinveniVmip3pvinveniVmsp1swill contribute the Wordform column with only one item (vin). The word-formsdistribution over the parts of speech is shown in Table 1.2.Table 1.2: The distribution of the word-forms over the parts of speechP O S NVAPDMRTSCQIYXNumber ofwordforms113285142438111274320224615133645176771019666551Summing up the numbers in Table 1.2 gives 370712 which is 22752 more than thefigure shown in the Wordform column in Table 1. Since several identical word-forms(which were counted only once in the Wordform column of Table 1) could differ by theMSD, by lemma or by both, counting by taking into account these differences makesthe noticed difference. Put in other words, figures in Table 1.2 considered the

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu3 8 homography1 (more precisely word-form homography), while those in Table 1 did not.The Lemma column gives the number of distinct lemmas in the lexicon, that iseliminating any duplications that might appear due to the lemma homography. Thelemmas distribution over the POS is given in Table 1.3. Again, by summing up thefigures in this table, one gets a higher figure than in Table 1. This is also due tohomography at the lemma level (as is duce, a, dar, [i etc.). However, since lemmahomography is much less frequent than word-form homography, the difference is inthis case much smaller (2098). As one can observe from Table 1.3, the highest numberof lemmas are nouns (18086) and adjectives (11052).Table 1.3. The distribution of the lemmas over the parts of speechPOSNVA PDMRTSCQ IYXNumber oflemmas18086424711052 80 3611512577145 677196 1151The "=" field in Table 1 provides the number of entries which are themselves lemmas(i.e., have �=� in the lemma field of their entry), without eliminating the lemmahomographs. Therefore, the difference between the Lemma and the �=� fields givesan estimation of the number of homographic lemmas2.The �MSDs� field gives the total number of distinct MSDs used in the encoding of thelexicon stock. The distribution of the MSDs over parts of speech is given in Table 1.4.As one can see, the highest numbers of MSDs are defined for Pronouns (138), Verbs(135) and Determiners (114).Table 1.4. MSD distribution over the parts of speechPOSNVAPDMRTSCQIYXNumber ofMSDs57135601381148511337871171The last two columns in Table 1 (AMB_POS and AMB_MSD) provide informationabout the number of ambiguity classification clusters. An ambiguity classificationcluster gives the multiple ways a homographic word-form can be classified by. If theclassification is based on the part of speech (POS), the ambiguity classification clusteris called POS-ambiguity cluster (AMB_POS) and it is a list of parts of speech that canbe associated with a given word-form. The AMB_POS for the word-form vin above is:(N, V). If the classification is based on MSD, the ambiguity classification cluster iscalled MSD-ambiguity cluster (AMB_MSD) and it is a list containing all MSDsassociated with a given word-form. Considering again the word-form vin, itsAMB_MSD is: (Ncms-n, Vmip1s, Vmip3p, Vmsp1s). It is worth mentioning thatAMB_POS does not change if the �-� values in an MSD, which are interpretable as anyvalues, are expanded. Obviously this is not the case for AMB_MSD. The number ofambiguity classes (defined based either on POS or MSD) is a key figure in estimatingthe space resources needed in constructing a statistical language model (such as HMM)useful for morpho-syntactic disambiguation of natural language.

1 We consider here a restricted definition of homography. We distinguish between word-formhomography, meaning identical word-forms tagged with different MSD, POS homograph, meaningidentical wordforms but tagged with different POSes and lemma homography, meaning identicallemma-forms with different POSes (this is a restricted case of the second one). For instance the wordvin is four-way wordform homographic (Ncms-n, Vmip1s, Vmip3p, Vmsp1s), two-way POShomographic (N, V) but it is not lemma homographic (the lemmas veni (V) and vin (N) are different).The word dar is two-way wordform homographic(Ncms-n, Ccssp), two-way POS homographic (N, C),and two-way lemma homographic (same lemma for both N and C interpretations).2 It would be the number of homographic lemmas just in case each such lemma would belong exactlyto two POSes.

Corpora and Corpus-Based Morpho-Lexical Processing3 9 While the AMB_MSD column in Table 1 shows the number of distinct MSD-ambiguity classes, Table 1.5 shows the number of words which are unambiguous3,two-way ambiguous, etc. The ambiguity is calculated considering word-formhomography. The previously exemplified word-form vin has the ambiguity level 4.Table 1.5. Word-forms grouped according to the MSD ambiguity levelAmbiguitylevel123456789Number ofwords28454946635101832570286472542922The hapaxes labeled with 8 MSDs (2) or 9 MSDs (2) are due to quite raresuperposition of paradigmatic classes of different word-forms. For instance, the wordur~]i is the 9-way wordform homographic word in our lexicon. It can be either a N, anA or a V. This wordform could have as lemma form one of the following: ur~t - ugly(N and A), ur~]i/to make things ugly (V), ur\/to hate(V). Similarly, the word vii can beeither a N (vie/vineyard), an A (viu/alive), a verb (veni/to come) or a numeral written inthe roman style ([apte/seven).When considering lemma homography, the MSD-ambiguity figures are shown inTable 1.6.Table 1.6. Lemmas grouped according to the MSD ambiguity levelAmbiguity level1234Number oflemmas3121819271077The following two tables in this section show the distribution of the MSDs over theMSD-ambiguity classes and of POSes over POS-ambiguity classes, respectively.Table 1.7 reads as follows: a given POS-msd (an MSD belonging to a given part ofspeech) appears in k MSD-ambiguity classes. For instance, verbal MSDs (V-msd)appear in 490 out of the total 981 MSD-ambiguity classes, while nominal MSDs (N-msd) appear in 445 MSD-ambiguity classes.Table 1.7. MSD distribution over the MSD-ambiguity classesPOS-msdN - msdV - msdA - msdP - msdD - msdM-msdR - msdT-msdS - msdC - msdQ-msdI-msdY - msdX - msdNo. ofMSD-amb.classes445 490 334 13193731021522187 19349If one considers only the part of speech and the POS-ambiguity classes, thecorresponding distribution is shown in Table 1.8. Out of the total number of 90 POS-ambiguity classes, 34 contain the verb (V), 30 contain the noun (N) and so on.Table 1.8. POS distribution over the POS-ambiguity-classesPOSNVAPDMRTSCQIYXNo. of POS-amb. classes30341828121428 101611 611169Comparing the figures in Table 1.7 and Table 1.8 one may draw some interestingconclusions. For instance, considering the number of word-forms with more than 1

3 Remember the previous discussion on the encoding of �any� values. For instance the entry:munte munte Ncms-n is not MSD-ambiguous unless the case value is considered. Withtoken-indeterminable values fully expanded, the number of unambiguous words becomes much smaller.To be precise, the number of unambiguous tokens in �1984� would have been 22% instead of 57%and in �Republic� the number of unambiguous tokens would have been 23% instead of 53%.

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu4 0 MSD (63411, i.e. 18,22% of the total number of word-forms) any such ambiguousword-form will have in almost 50% of the cases, one or more verbal readings; ifconsidering only part of speech, in almost than 38% of the cases an ambiguous word-form would have a verb interpretation. Table 1.9 summarises this comparison for allparts of speech.Table 1.9. POS percentual distribution over the POS and MSD-ambiguity-classes%NVAPDMRTSC QIYXMSD455034139710222 0.7230.9POS33382031131631111812 7121810While these figures are hardly useful for disambiguation of a running text, they showthat intra-categorial ambiguity is harder than discriminating among categories.Therefore, in designing the corpus tags (the set of codes an automatic tagger issupposed to work with) we concentrated on those attribute-values which wouldmaximally discriminate among the MSDs belonging to the same part of speech. Thisway, out of the 674 possible morpho-syntactic descriptions of the word-forms in thelexicon, we defined a tagset containing 73 corpus tags. Since there is no generallyaccepted methodology on designing tagsets, except for the empirical trial and errorapproach, this tagset is considered just a working hypothesis towards a corpus-supported proposal for a Romanian tagset. The automating tagging literature reportsexcellent results in statistical disambiguation (accuracy above 95-96%) but none ofsuch successful works considered highly inflectional languages as Romanian (or anyother language in the MULTEXT-EAST project). Moreover, the number of tags weselected for the beginning is approximately four times higher than the number of tagsused for English, the language with the most successful results in automatic tagging.That is why, we expect the final proposal for a tagset applying to Romanian to be theresult of intensive experiments on large volumes of data. For these experiments, largetraining data is needed, prepared by semi-automatic annotation and manual validation.The next Section of the paper addresses this very issue.4. A Statistical account of the Romanian sub-corpus of themultilingual corpusFrom our collection of plain texts (about 15 million words) belonging to differentgenres and registers and more than 100 authors (poetry-Eminescu�s complete poeticwork, original Romanian fiction-14 novels, translations - Orwell�s �1984� and Plato�s�Republic�, journalism, technical reports in computer science and linguistics, informalnotes, electronic mails, etc.) we selected about 220.000 words for standardised corpusencoding with the purpose of research in statistical natural language processing(lexicographic statistics, automatic morpho-syntactic tagging, stochastic parsing,parallel texts alignment, statistics-based machine translation).The European projects MULTEXT (LRE) and EAGLES (in particular, the EAGLESText Representation subgroup), together with the Vassar/CNRS collaboration(supported by the U.S. National Science Foundation), have joined efforts to develop aCorpus Encoding Specification (CES) optimally suited for use in language engineering,which can serve as a widely accepted set of encoding standards for corpus-based work.The overall goal is the identification of a minimal encoding level that corpora mustachieve to be considered standardized in terms of descriptive representation (marking ofstructural and linguistic information) as well as general architecture (so as to bemaximally suited for use in a text database). It also provides encoding conventions formore extensive encoding and for linguistic annotation. The CES is an application ofSGML (ISO-8879, Standard Generalized Markup Language), conformant to the TEIGuidelines for Electronic Text Encoding and Interchange of the Text Encoding

Corpora and Corpus-Based Morpho-Lexical Processing4 1 Initiative. [6]. The TEI Guidelines are expressly designed to be applicable across abroad range of applications and disciplines and therefore treat not only a vast array oftextual phenomena, but are also designed with an eye toward the maximum ofgenerality and flexibility. Most applications will use only those parts of the TEI that arerequired to meet their needs. The CES is such an application that have utilized the TEImodular DTD and the TEI customization mechanisms to select those pieces of the TEIthat are appropriate for corpus encoding. The TEI is an ongoing project and for someareas it is not complete; and as a result, there are some areas of importance for corpusencoding that the TEI Guidelines do not cover. Therefore, developing the CES hasinvolved not only selecting from, but also in some cases extending the TEI Guidelinesto meet the specific needs of corpus-based work in language engineering. All resultsand specifications developed for the CES are fed back to the TEI as input for furtherrevisions of the Guidelines. The current version of the CES is a first draft of thestandard. It has not been widely implemented, and the intention is to continue todevelop the CES on the basis of input and feedback from users after it is put to greateruse. Therefore, this document will continue to evolve and should not be regarded as"final". All current CES documents and DTDs will continue to be available at thefollowing site: http://www.cs.vassar.edu/CES/. Anyone actively implementing thestandard should consult this site regularly.The statistics given in the previous chapter referred to the dictionary. In running texts,as one would expect, they are different, reflecting the actual usage of the lexical stock.The procedure for evaluating the numbers in this Section involved automaticsegmentation of the text MSD annotating the segmented text and manualdisambiguation of approximately 220.000 lexical tokens.Please note that a token (a lexical unit as identified by the segmenter) is not necessarilya word: one orthographic word may be split into several tokens - the Romanian "d‘-mi-l" (give it to me) is split into 3 tokens") or several orthographic words may becombined into one token (the Romanian words "de la" are combined into one token"de_la"). In Figure 1 is a fragment of text from our corpora, Figure 2 shows thesegmented text, Figure 3 gives the MSD ambiguously annotated text and Figure 4presents the MSD disambiguated text.The selected texts from the corpora were segmented by means of a tokenizer, part ofthe tool-set implemented within the MULTEXT project with the language resources wedeveloped within the MULTEXT-EAST. The segmenter is a language independentand configurable processor used to tokenize an input text, given in one of the threepossible formats: plain text (as in Figure 1), a normalized SGML form (nSGML) asoutput by another MULTEXT tool (MTSgmlQl) and a tabular format (also specific toMULTEXT processing chain). The output of the segmenter is a tokenized form of theinput text, with paragraph and sentence boundary marked-up. Punctuation, lexicalitems, numbers and several alpha numeric sequences (such as dates and hours) areannotated with various tags out of a hierarchy class structured tagset. The languagespecific behavior of the segmenter is driven by several language resources(abbreviations, compounds, clitics, etc.). The general behavior of the segmenter (validover several languages) can also be parametrised by means of external resources suchas definition for space and punctuation, number orthography, sentence delimiters, etc.Once the input text is tokenized (Figure 2), a dictionary look-up procedure can beinvoked to assign each lexical token all its possible morpho-lexical interpretations(Figure 3). This procedure was incorporated into a special XEMACS mode (mtems-mode, due to T. Erjavec from the Josef Stefan Institute in Ljubliana, modified andextended by §t. Bruda from RACAI in Bucharest) in order to take advantage of theediting facilities of XEMACS. By knowing the significance of the morpho-syntacticcodes we used, the mtems-mode allows a user to manually disambiguate thesegmenter�s output (see Figure 4).

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu4 2 ºntr-o zi senin‘ [i friguroas‘ de aprilie, pe c~nd ceasurile b‘teau ora treisprezece,Winston Smith, cu b‘rbia \nfundat‘ \n piept pentru a sc‘pa de v~ntul care-l luape sus, se strecur‘ iute prin u[ile de sticl‘ ....Figure 1 Plain textºntr-ozisenin‘[ifriguroas‘deaprilie,pec~ndceasurileb‘teauoratreisprezece,WinstonSmith,cub‘rbia\nfundat‘\npieptpentruasc‘padev~ntulcare-lluapesus,sestrecur‘iuteprinu[iledesticl‘...Figure 2 Segmented textºntr-SpsayoQf Pp3fsa--------w Mcfsrl Tifsr Va--3sziVmip1s Ncfsrn Vmm-2ssenin‘Afpfsrn[iCcssp Px3--d--------w Rpfriguroas‘AfpfsrndeCsssp SpsaaprilieNcms-n,peSpsac~ndRwceasurileNcfpryb‘teauVmii3poraNcfsrytreisprezeceMc-p-l,WinstonNpms-nSmithNp,cuSpsab‘rbiaNcfsry\nfundat‘Vmp--sf Afpfsrn\nSpsapieptNcms-npentruSpsaaI Qn Spsa Tsfs Va--3ssc‘paVmnp Vmii3s Vmm-2sdeCsssp Spsav~ntulNcmsrycarePw3--r Vmsp3 Ncfp-n Dw3--r---e-lPp3msa--y-----wluaVmp--sm Vmnp Vmii3s Vmm-2speSpsasusNcms-n Rgp,sePx3--a--------wstrecur‘Vmis3siuteAfpfsrn Afpms-n Rgp NcfsonprinSpsau[ileNcfprydeCsssp Spsasticl‘Ncfsrn...Figure 3Ambiguously annotated text

Corpora and Corpus-Based Morpho-Lexical Processing4 3 ºntr-SpsayoTifsrziNcfsrnsenin‘Afpfsrn[iCcsspfriguroas‘AfpfsrndeSpsaaprilieNcms-n,peSpsac~ndRwceasurileNcfpryb‘teauVmii3poraNcfsrytreisprezeceMc-p-l,WinstonNpms-nSmithNp,cuSpsab‘rbiaNcfsry\nfundat‘Afpfsrn\nSpsapieptNcms-npentruSpsaaQnsc‘paVmnpdeSpsav~ntulNcmsrycareDw3--r---e-lPp3msa--y-----wluaVmii3speSpsasusRgp,sePx3--a--------wstrecur‘Vmis3siuteRgpprinSpsau[ileNcfprydeSpsasticl‘Ncfsrn...Figure 4. Disambiguated textTable 2 shows the global figures for the sub-corporaprocessed as described above. Since in the first phaseof this research we were concerned with parallelcorpora, the selected texts were Orwell�s �1984� andPlato�s �Republic�. These two integral texts belong totwo different registers (fiction and philosophy) and,as will be shown, have different distributionalproperties. The Occurrences column contains thenumber of word-forms occurrences in each of thetwo books without eliminating the duplicates. TheWordforms column shows the number of distinctword-forms in the two books with the third rowgiving the total number of distinct word-forms. TheMSDs column shows the number of distinct MSDused in each of the books and the total. TheAMB_MSD and AMB_POS give, respectively,the numbers of MSD-ambiguity clusters and POS-ambiguity classification clusters found in the corpora.The Common row displays for each category item,the commonalties among the two texts. As one cansee from Table 2, although �Republic� contains moreoccurrences than �1984�, the number of differentword-forms and lemmas is significantly smaller. Thisis not surprising given the two registers of theconsidered texts. In a philosophical text, most wordsare used in a rather technical way with as little aspossible stylistic variations. Although the two textscontain altogether more than 200.000 words, thenumber of different words is just 20371 (less than10%) with 4.016 word-forms occurring in both texts.Therefore, from the lexical coverage point of view thetwo texts are far from being sufficient in drawingsignificant conclusions on Romanian language word-usage frequencies. However, for the distributionalanalysis and morpho-syntactical disambiguationpurposes the selected texts offer enough evidence toextract reliable data and draw realistic conclusions.Out of the 674 MSDs defined in the lexicon, thesetexts contain 500 MSDs (more than 74%) which is avery good figure, considering that the number ofdistinct word-forms occurring in the selected textsrepresents approximately 5% of the lexical stock.This is to say that most of the words raising problems(from the ambiguity point of view) appeared at leastin one of the two texts.This statement is even better supported if one considers the last column in Table 2:�1984� contains all but 4 POS-ambiguity clusters while �Republic� misses only 10.The MSD-ambiguity clusters are also very well represented in the selected texts (morethan 6% of all MSD-ambiguity clusters defined in the lexicon).Table 2: Corpora overviewSub-CorpusOccurrencesWordformsLemmasM S D s AMB_MSDAMB_POS�1984�10146014037701944452986�Republic�11472010350469740049880Common568044016252734440278

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu4 4 Table 2.1: The distribution of the word-form occurrences over the parts of speechin �1984� and �Republic�P O S NVAPDMRTSCQIYX�1984�occrs2257019031620210967237612281063342361262163894967997269Republicoccrs1993624890630213577306963312965407912141105066383199373Commonoccrs534577682045829415064166556273010542579744823601The distribution of the word-forms (without counting duplicates) over the parts ofspeech shows some differences that are motivated by the different registers. Thedifference due to the linguistic registers the texts belong to, shows up, as one wouldexpect in the counts for common content words (N, V, A, R). For the functional words(S, C, Q, T, P) the number of common occurrences is very high. This consideration isbetter supported when comparing the word-forms counts (Table 2.2). Theabbreviations and residuals are also very different in the two texts. This can be easilyunderstood, if one takes into account that abbreviations in most cases stand for contentwords. The residual class is poorly represented in Plato�s �Republic�, but it has severalinstances in Orwell�s �1984� (mainly when the newspeak jargon is in use).Table 2.2: The distribution of the word-forms over the parts of speechP O S NVAPDMRTSCQIYX�1984�wordforms61774518247318913711468329127629341642�Republic�wordforms453736031682179128111424221014971241Commonwordforms14671344607136105482772174407501Comparing the figures in the previous tables, the discursive nature of Plato�s book isquite obvious when contrasted with �1984�: the smaller number of Nouns iscompensated by an increased number of pronouns and the large number of verbaloccurrences ensures an alert argumentative rhythm.By considering lemmas distributions over the parts of speech, one could notice someinteresting facts: for instance, in spite of a quite productive inflectional potential fornouns, verbs and adjectives the average number of inflected word-forms from a givenlemma that are used in the two texts is really small: less than 2 Noun or Adjectiveword-forms per Noun or Adjective lemma, less than 4 Verb word-forms per Verblemma. Table 2.3 outlines also the lexical diversity in the two books, with �1984�having a lexical broader coverage in spite of its smaller number of word occurrences.Table 2.3: The distribution of the lemmas over the parts of speechP O S NVAPDMRTSCQIYX�1984� lemmas3441137015146344 666591010955 7341642�Republic� lemmas23249969406247 654226 9346 51141Common lemmas10156564514336 322775 7037 5501The figures in Table 2.4 provide arguments for the adequacy of the two texts withrespect to the morpho-syntactic descriptions of the lexical stock. By comparing data inTable 1.4 (lexicon) with data in Table 2.4, one could see that out of the 53 MSDsdefined for Nouns, the two texts provide contexts for 47 MSDs (39+35-27=47). Forthe verbal MSDs, out of the 134 defined in the lexicon, the two texts cover 99. Withfunctional words, the coverage is practically 100%.

Corpora and Corpus-Based Morpho-Lexical Processing4 5 Table 2.4: MSD distribution over the parts of speechP O S NVAPDMRTSCQIYX�1984� MSDs39922710286341126786141�Republic� MSD3574201058332721766121Common MSD276717857325720766121Tables 2.5 and 2.6 show the ambiguity level for the word-forms, computed by firstconsidering distinct MSDs that are attached by lexical lookup to the word-forms (Table2.5) and second, by considering distinct lemmas a word-form may be attributed to. Forinstance, the word-form �ur~]i� which appears in both texts is 9-way MSD ambiguous.However, it is only 4-way ambiguous when lemma ambiguity is considered (there arefour lemmas to which the word-form �ur~]i� may be attributed). Similarly, the word-form �VII� appearing in �Republic� (as such, that is in upper case letters) is 9-wayMSD ambiguous but only 4-way lemma ambiguous (since it might not be obvious,here there are the MSDs and lemmas: Afpfp-n, Afpfson, Afpmp-n, Mc-p-r, Mo-s-r,Ncfp-n, Ncfson, Vmip2s, Vmsp2s and �[apte/seven�, �vie/vineyard�, �viu/alive�,�veni/come�).Table 2.5: Word-forms grouped according to the MSD ambiguity levelAmbiguity level123456789�1984� wordforms932227031425301189564401�Republic� wordforms619123571312243174493102Common wordforms223789564113381241501Table 2.6: Word-forms grouped according to the lemma ambiguity levelAmbiguity level1234�1984� wordforms124321524776�Republic� wordforms91211153757Common wordforms3384580574If we distinguish only between ambiguous word-forms (ambiguity level greater than 1)and unambiguous word-forms4 (ambiguity level equal to 1), the two texts consideredhere reveal slightly different ambiguity figures: 33.5% ambiguous words in �1984� and40.2% ambiguous words in �Republic�, the explanation resides in the use of a highernumber of definite nouns and adjectives in �1984� as compared to �Republic�. Thedefinite forms of the nouns, adjectives and to some extent numerals are in the vastmajority of cases unambiguous. Judging the ambiguity in terms of lemma ambiguity(as shown in Table 2.6) the two texts exhibit practically the same ambiguity level11.5% in �1984� and 12% in �Republic�.The next two tables provide further evidence on inter and intra categorial ambiguity inRomanian. The intra-categorial ambiguity -�horizontal� homography, is much moresignificant than the inter-categorial ambiguity -�vertical� homography. This is in sharpcontrast with English and might be considered a characteristic of highly inflectionallanguages.Contrast for instance the verb horizontal ambiguity in Table 2.7 (561, 555, 459) andthe verb vertical ambiguity in Table 2.8 (35, 34, 33). A natural expectation is that inhighly inflectional languages, the horizontal ambiguity is much more difficult to solvethan the vertical ambiguity.

4 Remember the discussion in section 2 on ambiguity and the conventions we used in encoding the�any� values, the case syncretism, etc.

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu4 6 Table 2.7: MSD distribution over the MSD-ambiguity classesPOS-msdN - msdV - msdA - msdP - msdD - msdM - msdR - msdT-msdS - msdC - msdQ-msdI-msdY - msd X-msd�1984�MSD-amb.classes317561246140 8741891521219181410�Republic�MSD-amb.classes289555211142 8447871420191014147CommonMSD-amb.classes229459169133 792977141919914117Table 2.8: POS distribution over the POS-ambiguity-classesP O S NVAPDMRTSCQIYX�1984� POS-amb.classes28351727111229121712812119�Republic� POS-amb.classes25341726101427111610811106Common POS-amb.classes24331626101227111610811965. ConclusionsThe paper described the results in constructing TEI-conformant encoded corpora in amultilingual environment, a wide coverage lexicon and a large training corpus. Byseveral counts and statistics we showed that the training corpus covers most of themorpho-syntactic classes defined for Romanian, thus offering a solid basis for furtherprojects on automatic disambiguation and inductive natural language processing. Wehave shown that given the fact that in Romanian (as in other highly inflectionallanguages) the intra-categorial ambiguity is by far more significant than the inter-categorial ambiguity, the tagsets used for statistical disambiguation as developed forwestern languages (especially those used for English) are not appropriate and futuretrial- and error experiments are needed to design useful tagsets and tagging procedures.We plan to investigate, based on the MSD ambiguity classes which we identified, thepossibility to construct in a principled way language specific tagsets. Given that themorpho-syntactic specification of the lexicon was done in a multilingual environment (7languages), the prospect of development of the language specific tagsets with acommon methodology, starting from these common morpho-syntactic specification, ischallenging. At present, a semi-automatic procedure allows for generating from theMSD several tagsets, according to criteria specified by the designer. This is a first steptowards the tagset design. Since modifying the training corpus is not desirable (actuallyannotated at the MSD level, that is at the finest granularity as provided by the lexicon),the automatic tagging procedure should be able to consider an external resource filemapping the MSDs onto a corpus experimental tagset. This way, one should be able toexperiment with several tagsets without modifying training corpus, but just the smallmapping file.Note: At the time this article went into print some extremely good results wereobtained in automatic tagging of Romanian texts. The tagger, a brand new version ofthe Birmingham tagger authored by Oliver Mason, was trained on about 180.000 handtagged texts extracted from �1984� and �Republic� and tested on about 50.000 unseen

Corpora and Corpus-Based Morpho-Lexical Processing4 7 words from the same books. The tagset contained 82 tags (including 9 tags forpunctuation) and the accuracy of the tagging process was well beyond ourexpectations, namely 95.5% for �Republic� and 97.1% for �1984�.According to our knowledge these are the best results obtained up to now for anEastern European Language.The details on the tagger, the tagset design as well as other experimental data arepresented in [16].References1.J. SINCLAIR, Corpus Typology, EAGLES DOCUMENT EAG-CWG-IR-2,Version of October 1994.2.W. TEUBERT, Language Resources for Language Technology, in RecentAdvances in Romanian Language Technology, D. Tufi[, P. Anderson (eds.), Edit.Academiei Rom�ne, Bucure[ti, 1997.3.ANA-MARIA BARBU, D. TUFI§, C. DIACONU, LIDIA DIACONU, A Pleafor Corpus-based Linguistics, in Language and Technology, D. Tufi[ (ed.), Edit.Academiei Rom�ne, Bucure[ti, 1996 (in Romanian).4.N. IDE, J. VERONIS, Corpus Encoding Standard, MULTEXT/EAGLES Report,:http//www.lpl.univ-aix.fr/projects/multext/CES/CES1.html, 1995.5.D. TUFI§, §t. BRUDA, Structure Markup in CES and Preliminary Statistics onRomanian Translation of Plato�s �Republic�, in TELRI Newsletter, no.5, April1997.6.C.M. SPERBERG-MCQUEEN, L. BURNARD, Text Encoding Initiative:Guidelines for Electronic Text Encoding and Interchange, Chicago and OxfordPress, 1994.7.N. IDE, J. VERONIS (eds.), Text Encoding Initiative: Background and Context,Dordrecht, Kluwer Academic Publishers, 1995.8.M. MONACHINI, N. CALZOLARI (eds.), Synopsis and Comparison ofMorphosyntactic Phenomena Encoded in Lexicons and Corpora. A CommonProposal and Applications to European Languages, EAGLES Report, October1994.9.N. CALZOLARI, M. MONACHINI (eds.), Common Specifications and Notationfor Lexicon Encoding and Preliminary Proposal for the Tagsets, MULTEXTReport, March 1995.10.T. ERJAVEC, N. IDE, D. TUFI§, Development of Common LexicalSpecifications for Six Eastern European Languages and Their Application toStochastic Part of Speech Tagging, in Proceedings of ACH/ALLC�97 Conference,Kingston, Ontario, Canada, June 3-7, 1997.11.T. ERJAVEC, N. IDE, V. PETKEVIC, J. VERONIS, MULTEXT-EAST:Multilingual Text Tools and Corpora for Central and Eastern European Languages,in Proceedings of the Trans European Language Resource Infrastructure FirstConference, Tihany, September 1996.12.D. TUFI§, Morpho-lexical processing in amultilingual environment, TutorialNotes at EUROLAN�97 Summer School on Corpus Linguistics, Tu…nad, July1997, http//www.infoiasi.ro/eurolan/annl and also http//www.racai.ro/~tufis.

D. Tufi[, A.M. Barbu, V. P�tra…cu, G. Rotariu, C. Popescu4 8 13.D. TUFI§, A Unification-Based Description of Gender-Agreement in Romanian,(forthcoming).14.D. FARKAS, D. ZEC, Agreement and Pronominal Reference, in GugliermoCinque and Giuliana Giusti (eds.), Advances in Romanian Linguistics, JohnBenjamin Publishing Company, Amsterdam -Philadelphia, 1995.15.D. TUFI§, A Generic Platform for Developing Language Resources andApplications, in Proceedings of the Trans European Language ResourceInfrastructure Second Conference, Kaunas, April 1997.16.O. MASON, D. TUFI§, Probabilistic Tagging in a Multilingual Environment:Making an English Tagger Understand Romanian, in Proceedings of the ThirdTELRI International Seminar, Tuscan World Center, Montecatini, October 1997.