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Abstract

The paper deals with the automatic part-of-speech and morphological disambiguation of Czech as probably the most complex Slavic language from the morphological and syntactic point of view. It shows that, for any reliable disambiguation of Czech texts so that they can be further used for various objectives, especially for the automatic annotation of corpora and automatic syntactic analysis, it is the linguistically motivated rules capturing the language system of Czech that are indispensable. A rule-based system currently being developed for Czech is described; its linguistic background, its main tenets and ideas are demonstrated by examples. The author claims that a thoroughly linguistically based approach to disambiguation can considerably outperform the stochastic methods primarily used for the morphological disambiguation of Czech texts to date, in particular those texts which are contained in the Czech National Corpus.

0. Introduction

Automatic morphological disambiguation of natural language texts (esp. those collected in language corpora) is one of the most difficult problems of contemporary natural language processing. This very difficult problem has not yet been solved in a satisfactory way for any natural language. It consists in:

· disambiguation of lemma(s), i.e. in the assignment of correct lemmas to a word-form occurrence (token) in a text being processed, the set of all possible lemmas pertaining to the given word-form being supplied by lemmatization as one of the modules of morphological analysis
· correct part-of-speech (POS) and morphological interpretation of a morphologically ambiguous word-form occurrence (token) in a text, i.e. in the assignment of proper POS and morphological tag(s) to the token, the set of all possible tags characterizing the given word-form (the tags are related to all the lemmas assigned to the word-form) having been supplied by morphological analysis.
As is well-known, this problem is a crucial bottleneck in corpora build-up and, accordingly, it should be paid due attention. Moreover, it is a very important step towards a successful syntactic analysis of any natural language in which the problem of POS and morphological ambiguity arises. There are three basic methodological approaches attempting to cope with the problem, namely: 

· stochastic approaches

· rule-based approaches

· combined stochastic and rule-based approaches.

In this article I shall concentrate on the rule-based disambiguation of Czech as one of the most morphologically and syntactically intricate Slavic languages. I claim that if a method for the successful disambiguation of Czech exists, then also other less morphologically and syntactically complex languages (those belonging to the Slavic language family or other families) can be morphologically analyzed and disambiguated (I use the term tagging for POS and morphological analysis and disambiguation) with incomparably greater success than has been the case with the various stochastic methods applied so far. In the sequel, I shall try to provide evidence for this most unequivocally formulated statement; moreover, I even claim that no method other than the one presented can disambiguate texts in a sufficiently correct way.

1. Why is correct POS and morphological disambiguation extremely difficult?

The answer to this question seems to be simple but it is not unhelpful to understand the principal reasons why disambiguation is so difficult and why it is such a real intellectual challenge that a computational linguist is confronted with:

· quantitative problem: natural languages comprise hundreds of thousands of word forms and many paradigms (understood here as groups of related word-forms and lemmas) which can be combined in a huge number of syntagmatic combinations

· a natural language system is a very complex system of rules and exceptions to these rules

· in POS and morphological disambiguation, not only sentence segmentation and tokenization, phonology and morphology are used but first of all syntax and also semantics. This means that the solution to a simpler problem (morphological disambiguation) requests more sophisticated means (e.g. semantic analysis). Thus, bootstrap methods
 known from computer science cannot, unfortunately, be used without serious problems because: 


(a) for solving a problem on a lower level (morphology) one needs 


 information supplied from a higher level (syntax, semantics); 


(b) in general, one cannot entirely rely on lower levels of description (this is related to point (a): e.g. morphological and POS disambiguation needs a perfect sentence segmentation and tokenization, and, unfortunately, vice versa)

· in natural language texts, unknown and foreign words (in view of the language under investigation) are often encountered and they must also be tagged

· various varieties and dialects of the given language appear in texts: for instance in Czech, standard Czech, colloquial Czech and dialects should be recognized and distinguished

· any living language undergoes constant changes, primarily in its vocabulary and collocations, less so in syntax and morphology.

I claim that only a very sophisticated and fine-grained linguistic analysis of the system of a particular language can cope with the given task. The indispensable necessity of such an analysis will be demonstrated below. 

2. Tagging Czech

2.1 Main general features of Czech from the perspective of tagging

As stated above, only a deep linguistic analysis of the primarily syntactic structure of language (i.e. Czech in this study) resulting in a rule-based approach can perform tagging with satisfactory results (no less than at least 99% accuracy!). The tagging task is comprised of the two main subtasks:

· morphological and POS analysis which: 

· performs context-independent lemmatization, i.e. the assignment of all possible lemmas to the given word-form 

· assigns all context-independent morphological and POS interpretations (tags) to the given word-form according to a morphological tagset previously designed

· context-dependent POS, morphological and lemma disambiguation.

The tagset reflecting the morphological richness of Czech is quite extensive: out of approx. 4400 theoretically extant tags, more than 2000 distinct tags are actually used. Therefore, morphological analysis is quite a laborious task but, unlike morphological and POS disambiguation, it is realizable in an almost error-free way (at least for known words). By contrast, the disambiguation which is the main topic of my study is very difficult. One has to take into account the well-known general properties of Czech that make the disambiguation task extraordinarily difficult (cf. also Oliva et al. 2000):

· free word order

· very rich inflection (esp. with nominal paradigms)

· high degree of case syncretism in nominal paradigms

· relative absence of syntactic fixed points in sentence structure

· high degree of accidental part-of-speech and morphological ambiguity of Czech word forms.

The following two examples reflecting the above-mentioned aspects show the richness of Czech morphology and the complexity of the disambiguation task:

Example 1

(1) Teprve tato řešení, jež mají vliv na výrobu, rozhodnou o opatření, které se bude muset přijmout.

(E. lit.: Only these solutions which have an impact on the production will determine the measure which will have to be adopted.)

The following lemmas, POS and morphological interpretations are supplied by one of the existing morphological analyzers of Czech (cf. Hajič 2004), the correct disambiguation being underscored:

form: Teprve, lemma: teprve, tags: Adverb
form: tato, lemma: tento, tags: PronDem (nom. sg. fem., nom. pl. neut., acc. pl. 

neut.)

form: řešení, lemma: řešení, tags: Noun (nom. sg. neut., gen. sg. neut., dat. sg. 

neut., acc. sg. neut., voc. sg. neut., loc. sg. neut., nom. pl. neut., gen. pl. 

neut., acc. pl. neut., voc. pl. neut.); lemma: řešený, tags: Adj (nom. pl. mascanim., voc. pl. mascanim.)

form: “,”, lemma: “,”, tags: Punctuation 

form: jež, lemma: jenž, tags: PronRel (nom. sg. fem., nom. pl. mascinan., acc. 

pl. mascinan., nom. pl. fem., acc. pl. fem., nom. sg. neut., acc. sg. neut., 

nom. pl. neut., acc. pl. neut.); lemma: ježit, tags: Verb (imper. sg.)

form: mají, lemma: mít, tags: Verb (pres. 3rd pers. pl.)

form: vliv, lemma: vliv, tags: Noun (nom. sg. mascinan., acc. sg. mascinan.)

form: na, lemma: na, tags: Prep (acc, loc)

form: výrobu, lemma: výroba, tags: Noun (acc. sg. fem.)

form: “,”, lemma: “,”, tags: Punctuation 

form: rozhodnou, lemma: rozhodný, tags: Adj (acc. sg. fem., instr. sg. fem.); 


lemma: rozhodnout, tags: Verb (pres. 3rd pers. pl.)

form: o, lemma: o, tags: Prep (acc, loc)

form: opatření, lemma: opatření, tags: Noun (nom. sg. neut., gen. sg. neut., dat. 

sg. neut., acc. sg. neut., voc. sg. neut., loc. sg. neut., nom. pl. neut., gen. 

pl. neut., acc. pl. neut., voc. pl. neut.); lemma: opatřený, tags: Adj (nom. 

pl. mascanim., voc. pl. mascanim.)

form: “,”, lemma: “,”, tags: Punctuation 

form: které, lemma: který, tags: PronRel (nom. pl. mascinan., acc. pl. mascinan., 

gen. sg. fem., dat. sg. fem., loc. sg. fem., nom. pl. fem., acc. pl. fem., 

nom. sg. neut., acc. sg. neut.); tags: PronInterrog (nom. pl. mascinan., acc. 

pl. mascinan., gen. sg. fem., dat. sg. fem., loc. sg. fem., nom. pl. fem., 

acc. pl. fem., nom. sg. neut., acc. sg. neut.); 

form: se, lemma: s, tags: Prep (gen, instr); lemma: se, tags: PronRefl 
form: bude, lemma: být, tags: Verb (fut. 3rd pers. sg.)

form: muset, lemma: muset, tags: Verb (inf.)

form: přijmout, lemma: přijmout, tags: Verb (inf.)

We immediately perceive the high degree of case syncretism with the nominal word forms tato, řešení, jež, opatření, které. As to syntactic fixed points, the prepositions na and o requiring a certain case (accusative/locative) and governing the prepositional phrase na výrobu and o opatření, respectively, can be considered fixed points as well as the pair (, and které) and (, and jež) introducing their respective relative clauses following the main one. Accidental ambiguity is represented by the word-forms rozhodnou and se. 

Example 2

(2) Poté se(Refl.Pron) ředitel, který byl znám svou poddajností při vyjednávání se zahraničními partnery, opravdu snažil(Verb-PastPart) jednání rychle uzavřít.

(E. lit.: Afterwards the director who was well-known for his submissiveness during negotiations with foreign partners really tried to close the negotiations very quickly.) 

This sentence demonstrates the free word order in Czech: lexically and syntactically related elements can be separated by an arbitrary number of word-forms in Czech sentence as is shown by the reflexive only verb snažit se whose reflexive pronoun/particle se takes up the second syntactic position in the main clause, whereas snažil is separated from se by some elements of the main clause as well as by the entire embedded relative clause.

2.2 Brief evaluation of existing stochastic disambiguation of Czech

Czech texts, especially those contained in the Czech National Corpus (CNC, cf. Czech National Corpus 2000; Český národní korpus 2000), have so far been morphologically tagged almost exclusively by stochastic methods (cf. Hajič et al., 1997; Hajič et al. 1998, Hladká 2000, Hajič 2004). These methods yielded a success rate attaining a maximum of 94.5 % which is a relatively (with regard to the 97–98 % success rate achieved e.g. for English and French) poor result if we take into account the fact that unambiguous word-forms are also included in this success rate. In addition to the complexity of the syntactic structure of Czech mentioned above, the following specific factors are responsible for the success rate of stochastic methods being so low:

· inadequacy of stochastic methods applied on a free word order language because of sparse data

· very rich tagset (more than 4400 distinct tags used for Czech).

Our criticism of stochastic methods applied to tagging Czech texts can be summarized as follows (cf. also Oliva et al. 2000). Stochastic methods:

· use only positive information based on the training data rather than the negative information (Oliva 2001; Oliva et al. 2002)
· use only a limited context
· are totally dependent on very limited (sparse) training data and therefore they cannot adequately reflect the system of language as a whole, i.e. so-called smoothing is necessary

· are crucially dependent on the size of the tagset: the larger the tagset the more tag sequences exist as the result of morphological analysis and the sparseness of the training data is painfully felt

· make error identification impossible or at least very difficult (Oliva 2001; Oliva et al. 2002)

· commit naive errors primarily due to smoothing necessitated by the insufficiency of the training data

· they may “overdisambiguate”, i.e. they inadequately disambiguate morphologically inherently ambiguous sentences.

In order to avoid the shortcomings listed above, a group of computational linguists began to develop a system based on the language system of Czech, rather than on statistical chance (cf. Oliva et al. 2000).

2.3 Purely rule-based system of automatic disambiguation of Czech

2.3.1 Main characteristics
The low success-rate achieved by stochastic tagging for Czech led to a totally different approach to tagging, viz. the purely rule-based approach which should not have any of the above-mentioned negative properties of the stochastic methods. This approach is based on the manual development of negative and positive syntactic disambiguation rules (unlike e.g. Brill 1992) reflecting the syntactic system of Czech. The negative disambiguation rules remove all or some of the incorrect POS and morphological interpretation(s) (encoded in tags) of the given word-form, whereas the positive rules select the correct POS and morphological interpretation(s) of the given word-form in a sentence. The motivation for developing such rules is both theoretical and practical. From the theoretical point of view, the rules make it possible to obtain deep insights into the syntactic (and partly also semantic) structure of Czech and, in the final analysis, to develop a grammar of Czech based on corpus data. The practical objectives of the development of syntactic disambiguation rules can be summarized as follows:

· to perform much better morphological tagging of Czech language corpora 

· to prepare a solid basis for a syntactic analysis of Czech, i.e. the rule-based system can be considered as a preprocessing stage (a kind of shallow analysis) for a full-fledged syntactic analysis. It is evident that, if the disambiguation system is almost error-free, it can considerably facilitate a subsequent syntactic analysis proper. In addition to the disambiguation itself, the rule-based disambiguation system can make it possible to identify especially:

· the syntagms, i.e. the relation of the governor and its dependent node

· nominal groups

· prepositional groups

· analytical verbo-nominal predicates

· analytical verbal predicates

· reflexive and other verbs/adjectives

· agreement of various kinds

· clause structure in compound sentences (at least in simpler cases)

· valency relations

· word order relations

· collocations

· to prepare the ground for semantic analysis of the sentence, e.g. for the word sense disambiguation
· to make it possible to develop a grammar-checker for Czech.

All these objectives can be achieved – as our tests and experience show – because the rule-based disambiguation system, in contrast with the shortcomings of the stochastic approach, has the following properties:

· the system is based on the cooperation of disambiguation rules reflecting the system of language and a collocation component responsible for processing various deviations from the system and idiosyncrasies of language

· the rule system captures the system of the given language (de Saussure’s langue), i.e. Czech, as reflected in parole; the method is linguistically based, i.e. it exploits specific features of the language system of Czech

· the rules (primarily (morpho)syntactic ones) are developed on the basis of linguistic intuition and analysis and verified on corpus data; there is no automatic (and, very often, erroneous) inferring of the grammar from a corpus

· the rules are based on unlimited context

· the rules use both negative and positive facts about language
· the disambiguation system uses a reduction method which consists in the following: the input to the system is the output of the morphological analysis where:

recall = 100 % (in a fault-free case, i.e. in a case where the set of lemmas and tags assigned to a given word-form contains the correct one)

precision = lowest possible (maximum number of incorrect lemmas and tags is assigned);

the method tries to retain the maximum recall (100 %) simultaneously maximizing precision by the following basic operations:
 the removal of incorrect morphological interpretations down to (in the optimum case) the only correct lemma(s) and tag(s) – this is a negative approach (primarily used by the rules)

 direct identification of the correct(s) tag(s) only – this is a positive approach (primarily used by the collocation component)

· the system needs no training data (but it needs relatively well-tagged corpora)

· the performance of the system does not deteriorate if the size of the tagset increases

· the system does not try to “overdisambiguate”, i.e. to disambiguate morphologically inherently ambiguous sentences. This means that each corpus position is assigned correct interpretations (possibly more than one, i.e. not necessarily the only one, cf. Oliva 2001b)
· the rules and the collocation component work together as follows: the collocation component comes first; then the rule-based system follows it and subsequently the collocation component is invoked again and the whole cycle may be repeated
· the rules are mutually independent and unordered, and they operate on continually more and more disambiguated data; each rule is applied until it cannot disambiguate any more, and after all the rules have thus been applied the whole bunch of rules (starting from the first one whichever that may be) is applied again till it is detected that in one cycle the data were not changed
· during rule application, no overt syntactic structures (such as trees) are built

· negative n-gram conception (n ≥ 2) is used by the rules, i.e. the system makes use of tuples of incorrect sequences of tags assigned to word-forms, i.e. these sequences violate the ( mainly syntactic) system of Czech (examples are given below) – these negative n-grams can be automatically extracted from already tagged corpora and they can thus be used as an auxiliary means for rules’ development
· the rules make it possible to immediately localize an error – it has nothing to do with the black box approach of stochastic methods

· the rules’ validity can be measured in terms of decades at least because every language is very slow in changing its syntax

· for rules’ development, all available sources of linguistic information should be used (phraseological dictionaries, valency dictionaries, dictionaries and classes of ambiguous forms, paradigmatic lists of lexemes sharing the same property/ies etc.)

· the rules are written in a special programming language LanGr (cf. Květoň 2003; Květoň in prep.) which is especially suited to the effective and clearly organized development of rules.

The whole rule-based strategy can be labeled as the horror erroris approach, i.e. the method primarily tries to keep recall close to 100 % (the method tries to avoid errors as much as possible) and to gradually increase precision (as already noted, initially, i.e. immediately after the morphological analysis before the disambiguation process starts, the precision is the lowest one). This strategy is adopted both by the rules and by the collocation component.


In the following section, the intrinsic structure of a rule will be described.

2.3.2 The structure of a rule

A disambiguation rule consists basically of four types of components: 

· context

· disambiguation area

· report

· disambiguation action.

which are basically related as follows (cf. Květoň in prep.; Petkevič et al. 2002; Petkevič 2004):

cont1 disamb1 cont2 disamb2 ... contn disambn contn+1 
 report 
action

where

conti

is the description of a context
disambi
is the description of a disambiguation area where the actions (see below) are performed (i.e. data are modified)

report 
is the report of a disambiguation action performed

action
is a disambiguation action resulting in removing one or more

incorrect tags.

The context is always unambiguously specified by means of the IsSafe quantifier – a word-form or a sequence of word-forms in question must have only the specified property, i.e. all of its morphological interpretations (tags) must comply with the condition specified. This means that context must always be unambiguously specified and it is not changed by the rule application.

The disambiguation area is subject to data change and it is specified by means of the Possible quantifier stating that at least one of the morphological interpretations (tags) of the given word-form must comply with the condition specified. The disambiguation area is typically ambiguous and there are in principle two basic actions (operations) that modify the data:

 
DELETE some (not necessarily all) incorrect interpretation(s) from one or more corpus positions (i.e. word tokens equipped with lemmas and tags)

LEAVE ONLY correct interpretation(s) in one or more corpus positions (i.e. word tokens equipped with lemmas and tags)

In addition to these basic functions, there also exist other functions in the system that, in fact, serve as macros for performing more DELETE and LEAVE ONLY operations at the same time. For instance, one of such key functions is:

UNIFY [CONDITIONALLY] x y IN [gender,number,case]

which has two operands, x y (the operands being two corpus positions, each with its own repertory of tags), and leaves only those respective values of the gender, number and case attribute in x and y which are in the intersection of the values of each of the respective attributes for x and y. The optional argument CONDITIONALLY makes unification conditional (i.e. the UNIFY operation is performed only if for each respective attribute the intersection is non-empty). It is clear that this function can be used mainly for the identification of agreement or saturation of valency requirements. 
The report part contains a message describing the action performed.

Example 3

The following example shows a very simple but extremely effective syntactic disambiguation rule:

Rule 1

/* No verbal form can immediately follow a part-of-speech unambiguous preposition */

rule PrepVerb1 {

safeprep = ITEM IsSafe Preposition;

/* this is a simple context which specifies one corpus position occupied by a part-of-speech unambiguous (IsSafe) preposition, i.e. the word form safeprep has no other part-of-speech interpretation */

 

possverb = ITEM Possible Verb;

/* the disambigution area is identified with one corpus position specified as possverb, i.e. at least one of the interpretations of the word-form possverb must be interpretable as a verbal form */

REPORT("The verbal form possverb cannot immediately follow the unambiguous preposition safeprep!");

/* this report describes the disambiguation action given below, referring to the actual word-forms in the text being processed */ 

/* the following disambiguation actions are variants resulting in identical modification of the current data – verbal interpretation (tag) in possverb is discarded */ 

DELETE Verb FROM possverb;

/* or */

LEAVE ONLY not Verb IN possverb;

}; // end of rule PrepVerb1

The rule can be successfully applied e.g. to the following sentence:

(3) Jsem pro(Prep) rozhodnou(Adj | Verb) odpověď válečným štváčům.
(E. lit.: I am for a decisive action against the warmongers.)

Here the incorrect verbal reading of the word form rozhodnou (3rd person singular present tense of the verb rozhodnout, E. decide) is correctly removed by the rule, the adjectival reading being left intact.


The Possible and IsSafe quantifiers can change places and thus we obtain the dual Rule 1’.

Rule 1’

/* No proposition can immediately precede a part-of-speech unambiguous verbal form */

rule PrepVerb2 {

possprep = ITEM Possible Preposition;

/* this is a disambiguation area identified with a Possible preposition, i.e. at least one of the interpretations of the word form possprep must be interpretable as a preposition */

 

safeverb = ITEM IsSafe Verb;

/* this is a simple context specifying one corpus position occupied by a part-of-speech unambiguous (IsSafe) verbal form, i.e. the word-form safeverb cannot have some other part-of-speech interpretation */

REPORT("The preposition possprep cannot immediately precede the unambiguous verbal form safeverb!");

/* this report describes the disambiguation action given below, referring to the actual word-forms in the text being processed */ 

/* the following disambiguation actions are again variants resulting in identical modification of the current data – prepositional interpretation (tag) in possprep is discarded */ 

DELETE Preposition FROM possprep;

/* or */

LEAVE ONLY not Preposition IN possprep;

}; // end of rule PrepVerb2

The rule can be successfully applied e.g. to the following sentence:

(4) To místo(Noun | Prep | Conj) bylo(Verb) velmi pěkné. 

(E. lit.: The place was very nice.)

Here the incorrect prepositional reading of the word form místo (E. instead of) is correctly discarded by the rule, the nominal and conjunctional readings being left intact by the rule.

The configuration formed by the ordered pair (Preposition, Verb) is  syntactically incorrect in Czech (and in many other languages of the world) – it is a classical example of the negative bigram concept. As we have seen, two different disambiguation rules can result from this fact: one of the elements of the pair is fixed (as context), the other (as disambiguation area) is operated on and duly changed. Possible subsequent rule applications will then operate on the data modified by Rule 1 and Rule 1’, respectively. More on that in the next section.

2.3.3 Negative approach to the language system

As I have just demonstrated, it may be highly appropriate and productive to look at the language system from the negative point of view. Thus, our point of departure is what the system of language does not admit, i.e. it is appropriate to make use of negative constraints in language on all of its levels (primarily the syntactic one). So the traditional positive view of the language system should be reversed, although it is clear that the negative view is only derived from the positive one as its negation. In the solution of the task in hand, the negative approach to the language system results in the search for negative n-grams that form the basis for the development of disambiguation rules. It is  precisely here where the rule-based approach I am describing differs from the stochastic one (cf. Oliva et al. 2002) which can use positive evidence only based on the “positive” training data (as no “negative corpora“ have been developed so far). 

Negative n-grams, i.e. (properties of) word-forms in complementary distribution from the syntactic viewpoint, can be automatically extracted from existing disambiguated corpora (although these corpora contain errors). The impact on disambiguation of these n-grams can be further extended (cf. (Oliva 2001; Oliva et al. 2002; Oliva 2005). If we have an adjacent negative bigram (x1,x2), this implies that if element x1 is immediately followed by the element x2 the structure is ungrammatical. It may be the case that the presence of another element x3 in between or outside the bigram (in the word order sense) does not change the original ungrammaticality of the bigram (x1,x2), i.e. the trigram (x1,x3,x2) is also ungrammatical and so the original ungrammaticality of (x1,x2) remains preserved. It is a very important task of the linguists to specify (a) how many elements can stand in between the original bigram (x1,x2), so that the ungrammaticality of the resulting structure is preserved, and (b) what properties these elements must have.

It is clear that the concept of negative n-gram is not limited to non-adjacent ungrammatical structures as invariants. This is reflected in the rule structure depicted in Sect 2.3.2 above.


Let us now show instances of negative bigrams and trigrams in Czech, as extracted from the Czech National Corpus. For reasons of simplicity, all these instances represent adjacent n-grams. 

Example 4. Examples of negative bigrams

· Preposition having no locative valency immediately followed by a word in the locative case 

· Vocalized preposition immediately followed by a word beginning with a vowel 

· Clitic at the beginning of sentence

· Non-prepositional word form immediately followed by a personal/relative pronoun beginning with -n (něho, němu, ...)

· Word form velmi immediately followed by an adjective in the comparative or superlative degree of comparison (there are no exceptions even in collocations!)

· Present form of a verb different from být (E. be) immediately followed by a past participle form 

Example 5. Examples of negative trigrams

· Three adjacent prepositions 

· A triple formed by: transitive verb, adjective in nominative, noun in accusative (VT, A1, N4)

· A triple formed by: adjective in locative, nominal word-form in case different from locative and instrumental, adjective in locative:

(A6, nominalform[67], A6)
 (cf. Hajič 2004)

· Noun in dative, noun in instrumental, noun in dative (N3, N7, N3)

· Noun in accusative, adjective in dative, noun in accusative (N4, A3, N4)

· Noun in nominative, adjective in genitive, noun in nominative (N1, A2, N1)

As I have already indicated, negative n-grams can be automatically transformed into rules. An example of the rule deduced from a negative trigram is shown below.

Example 6

The following example shows a very simple but extremely effective syntactic disambiguation rule:

Rule 2

rule ThreePrepositions {

/* The rule is based on the negative trigram: 

Preposition Preposition Preposition.

It is a negative trigram because such a sequence can never occur in any Czech sentence. The corresponding rule has three variants: 

PossSafeSafe, SafePossSafe, SafeSafePoss, in each of which two prepositions (Safe) are fixed as context, the remaining one (Poss) being discarded. The rule seems to be valid for the vast majority of the languages of the world which have prepositions 

*/

RuleVariant PossSafeSafe {

/* possible preposition immediately followed by two safe prepositions */

possib = ITEM Possible Preposition;

/* possible preposition */ 

ITEM IsSafe Preposition;

/* safe preposition */ 

ITEM IsSafe Preposition;

/* safe preposition */ 

DELETE Preposition FROM possib;

/* discard a prepositional reading in the possible preposition */

}; // end of the PossSafeSafe variant

/*****************************/

RuleVariant SafePossSafe {

/* possible preposition between two safe prepositions */

ITEM IsSafe Preposition;

/* safe preposition */ 

possib = ITEM Possible Preposition;

/* possible preposition */ 

ITEM IsSafe Preposition;

/* safe preposition */ 

DELETE Preposition FROM possib;

/* discard a prepositional reading in the possible preposition */

}; // end of the SafePossSafe variant

/*****************************/

RuleVariant SafeSafePoss {

/* possible preposition immediately preceded by two safe prepositions */

ITEM IsSafe Preposition;

/* safe preposition */ 

ITEM IsSafe Preposition;

/* safe preposition */ 

possib = ITEM Possible Preposition;

/* possible preposition */ 

DELETE Preposition FROM possib;

/* discard a prepositional reading in the possible preposition */

}; // end of the SafeSafePoss 

}; // end of the ThreePrepositions rule

The rule may be successfully applied to the following sentence:

Example 7

(5) Sedl si na místo (Subst | Prep | Conj) s ustaraným výrazem v tváři.

(E. lit. He sat down on the place with a concerned expression in face.)

Here the prepositional reading is discarded because it is placed in between two other safe prepositions na and s.


The negative approach to disambiguation based on the positive knowledge of the language system in question may lead to considerations that can sound very surprising for a traditional syntactician; these considerations can reveal a very different thinking about language. Certain facts about the language system can be evidenced from very different angles, and one can then use the simplest one (simplest from the viewpoint of its encoding in a formal language, or of its very simple identifiability etc.). This can be demonstrated by many types of examples; I present two simple examples below.

Example 8

(6) Tetě jsme se rozhodli dát dárek.

(E. lit. To the aunt we decided to give a present.)

Our task is to properly identify the case of the noun tetě (morphological analysis assigns the lemma teta (E. aunt) to this word-form and two possible cases: dative and locative). At first glance, it is evident that tetě is in the dative case because it is the indirect object of the verb dát (E. give). However, it is relatively difficult to state with 100% certainty that tetě really is an indirect dative object because this would mean parsing the whole sentence. It is incomparably simpler to state that tetě is not in the locative case (i.e. we apply a negative approach from the viewpoint of the dative identification) because there is no locative-requiring preposition in front of the word tetě in sentence (6). We end up with the dative case because we have rejected the locative one. From the two solutions to our problem we have chosen the simpler one.


In the following example, the range of possibilities of the part-of-speech disambiguation is even broader.

Example 9

(7) Včera jsme se vážně snažili nakoupit nějaké jídlo.

(E. lit. Yesterday we seriously tried to buy some food.)

Here the word form se is (at least) two-way POS ambiguous: it is either a reflexive pronoun/particle se, or the vocalized preposition s (the reflexive interpretation of se can be further distinguished but I shall not discuss its possible refinements here). In the present example, se is the reflexive pronoun for the following reasons:

· se as the preposition never vocalizes in front of the word starting with v that is followed by a vowel

· no preposition can stand in front of a verb (even with the adverb vážně standing in between)

· there is no potential genitive or instrumental (the only cases the preposition s/se theoretically requires) behind se in the given sentence

· the verb snažit se is reflexive-only, i.e. its form snažili obligatorily requires the reflexive pronoun/particle se and therefore se is not a vocalized preposition.

As we see, there are four reasons for identifying se as the reflexive pronoun/particle which are mainly based on the rejection of the prepositional interpretation of se. Thus, we can select the most simple one here but, in fact, the rule-based disambiguation system contains separate rules for each of the four phenomena mentioned, i.e. each of these rules independently discards the prepositional interpretation of se, whichever comes first.


The third example shows different reasons for the other interpretation of se, i.e. the prepositional one.

Example 10

(8) Včera jsme po procházce městem byli se starým strýcem a se zámožnou tetou v kině.

(E. lit. Yesterday we were after a walk through the city with the old uncle and the well-to-do aunt in the cinema.)

The analysis of the sentence leads us to the following reasons for identifying both occurrences of se as prepositions:

· each reflexive pronoun/particle se in every correct Czech sentence must be associated with an (obligatorily or optionally) reflexive verb or an (obligatorily or optionally) reflexive adjective or an (optionally) reflexive postverbal noun as its free morpheme; moreover, se can also express the passive, which means that the presence of a verb in the sentence is obligatory. In the whole sentence, there is no appropriate candidate for se to be associated with the verb forms since byli and jsem of the lemma být are neither reflexive, nor can they form the passive voice. Thus, se cannot be a reflexive pronoun/particle and so it must be the vocalized form of the preposition s; 

· se as a reflexive pronoun/particle must stand on the second (i.e. Wackernagel’s) syntactic position in a clause, which is, however, not the case in sentence (8); 

· se can be a preposition because it stands immediately in front of a possible instrumental case (weak positive reason).

Thus, the first two reasons are sufficient for us to identify both occurrences of se as non-reflexives. The third statement allows for the prepositional interpretation of se; for instance, if there were no word either in the genitive case, or in the instrumental case following at least one occurrence of se, the sentence would be syntactically wrong.

2.3.4 Rule-based system and notes on part-of-speech and morphological ambiguity of Czech

One of the main problems which the rule-based disambiguation discussed above must cope with is the fact that the morphological (as well as the syntactic) system of Czech is extremely complex. By morphological complexity, I mean a very high ambiguity rate in Czech. The majority of word-forms in Czech are part-of-speech and morphologically ambiguous (homonymous) with respect to the standard tagset for Czech which accounts for all morphological categories in a relatively detailed way (cf. Hajič 2004). From the morphological point of view, Czech is probably the most complex language (at least in the family of Slavic languages). As far as disambiguation is concerned, there are two major kinds of ambiguity in Czech (cf. Oliva et al., 2000):

· systemic ambiguity
· accidental ambiguity.
Systemic ambiguity concerns primarily case syncretism in declension paradigms. In this regard, Czech is the most complex of the Slavic languages. This syncretism presents the most complicated problem for any automatic disambiguation of Czech. Because of its complexity, I will mention only the most complicated types of syncretism the disambiguation task has to cope with:

· syncretism of the nominative/accusative of all masculine inanimate and neuter nouns and adjectives and also of some feminine nominal paradigms (this is a typical syncretism in those Indo-European languages which have a declension system)

· syncretism of the nominative/accusative of all nouns in plural except for masculine animate nouns 

· syncretism of all the cases (except for the instrumental case) of the neuter paradigm stavení in singular

· soft adjectives, i.e. those adjectives in the positive degree of comparison whose lemma ends in -í, and all adjectives in the comparative and superlative degree of comparison.

The first two types of syncretism make it difficult to automatically distinguish subject and object (i.e. they do not differ in form). Due to the free word order in Czech, syntax is of no avail here; only very fine-grained semantic considerations can identify the subject and object here. The following example is typical:

(9a) Soud(nom | acc) vynesl rozsudek(nom | acc).

(9b) Rozsudek(nom | acc) vynesl soud(nom | acc).
(E. lit. The court delivered the judgement./The judgement was delivered by the court.)

In both sentences either soud (E. court) is the subject in nominative and rozsudek (E. judgement) is the object in accusative, or vice versa: rozsudek is the subject in nominative, and soud is the object in accusative. From the given structure we can only infer that both nouns definitely differ in case. The semantic properties of all three components of the structure, i.e. subject, object and finite verb, should be taken into consideration but no study has been devoted to the solution of this problem to date.


Stochastic methods commit many errors in the identification of cases; this is one of their weakest points. This concerns not only the most difficult problems listed above but far simpler problems, such as the identification of the locative case, cases of elements in prepositional groups, let alone nominative and accusative in those subject-predicate-object structures in which subject or object are easy to identify.

Accidental ambiguity concerns non-systemic ambiguity which manifests itself especially if a word-form can be interpreted as belonging to different parts of speech or a word-form is in the intersection of paradigms of two different lexemes. The first type of accidental ambiguity is demonstrated by Example 11:

Example 11

(10) Dělníci šli(Verb | Noun) podle (Prep | Adv) řeky.

(E. lit. The workers went by the river.)

where:

šli is:

· verb: past participle pl. masc. anim. of the lemma jít (E. go)

· noun: dat. sg. fem, acc. sg. fem., loc sg. fem. of the lemma šle (E. brace)

podle is:

· preposition (taking genitive): of the lemma podle (E. by, along)

· adverb: of the lemma podle (E. meanly, wickedly)

The second type of accidental ambiguity is demonstrated by Example 12:

Example 12

(11) Česká republika je dobrá v tancích.

(E. lit. The Czech Republic is good at tanks/dances.)

As the English gloss suggests, the word form tancích (locative plural masc. inanimate) can either belong to the paradigm of the lemma tank or of the lemma tanec (E. dance). Every disambiguation system of Czech should be able to identify the correct lemma but the correct identification of the proper lemma seems to be based on the semantics of the context only.


Stochastic disambiguation of Czech (cf. Hajič et al. 1997; Hladká 2000; Hajič 2004) performs relatively well in handling the first type of accidental ambiguity problem (with several notable exceptions), i.e. it can identify with relatively satisfactory accuracy the part-of-speech of the given word-form. The second type of ambiguity that concerns the proper identification of the lemma can, as a matter of fact, hardly be solved by stochastic methods for Czech, because they do not account for semantics.

2.3.5 The rule-based system and syntactic complexity of Czech

As our experience based on the analysis of Czech corpora and on linguistic introspection shows, the syntactic complexity of Czech requires a very sophisticated disambiguation system so that the success rate could be much higher than the actual maximum (94,5%) achieved by the too approximative stochastic methods. The rule system expressed in the formal programming language LanGr (Květoň 2003; Květoň in prep.) I have presented has to reflect and capture the following general facts about the structure of a Czech sentence expressed in Statement 1 and Statement 2.

Statement 1

The majority of syntactic relations in a Czech sentence have a local character but a very non-local context is required for identifying both local and non-local syntactic relations in it. No disambiguation methods which do not respect these characteristics of a Czech sentence can ever be successful.

For instance, no methods which only use a narrow context (i.e. a fixed window) can be appropriate, due to the free word order in Czech. The following examples demonstrate this clearly: 

Example 13

(12) Na(acc | loc) její dva až tři roky trvající absenci se podepsalo zranění.

(E. lit. On her two and a half year’s lasting absence signed the injury.

Transl.: Her absence lasting two years and a half was caused by the injury.)

Here the preposition na requires a nominal group její ... trvající absenci in the locative case which is caused by the valency of the verb podepsat se requiring the preposition na taking the locative case. The adverbial temporal accusative phrase dva až tři roky modifying the adjective trvající is embedded in the locative nominal group její ... trvající absenci. If a narrow context only were taken into account, i.e. the context which did not take the distant verb into consideration, then, due to the adjacent position of the embedded temporal accusative phrase, the entire prepositional group would be incorrectly classified as the accusative one.


Due to the free word order in Czech, there are types of structures in which two syntactically related elements can be almost arbitrarily distant from each other. A typical instantiation of this phenomenon is presented in the following example.

Example 14

(13) Tyto problémy se skutečně novými metodami poté, co jsme přijali příslušné usnesení, které bylo z řady hledisek přijatelné, konečně se značným úsilím dařilo řešit.

(E. lit. These problems ... with really new methods, after we adopted the appropriate resolution, which was from many viewpoints acceptable, eventually with a lot of effort succeeded to solve.

Transl.: After we adopted the appropriate resolution which was acceptable from many viewpoints, we eventually managed to solve the problems after much labour/effort.)

In this sentence, the underlined words constitute one lexeme, i.e. the reflexive only verb dařit se (E. manage, succeed). As you can see, they are separated by 22 positions (including commas). If a limited narrow window only were used, the underlined se would be tagged as a vocalized preposition because all the conditions in favour of this in the near right context are fulfilled (se is followed by the nominal group skutečně novými metodami, which is in the instrumental case and the first word, i.e. skutečně, begins with the sibilant in front of which the preposition s must vocalize. Therefore, the context of the rules should extend to the whole sentence at least.

The second general statement about the system of Czech concerns many deviations from the system; for disambiguation, this is especially crucial in morphology and syntax. 

Statement 2

Czech has a very “dismembered“ (full of exceptions, idiosyncrasies) character in both its paradigmatic and syntagmatic subsystems. Again, no disambiguation methods which do not respect these characteristics of a Czech sentence can ever be successful.

This fact complicates both morphological analysis and subsequent disambiguation. Morphological analysis must account for all the complexity of the nominal declension system and the verbal conjugation system. This leads to many specific paradigms in both these systems. In disambiguation, syntactic idiosyncrasies in the system are handled by the collocation component which is, as mentioned above, invoked before and after the rule component.

The above statements lead me to the following conclusions:

· successful part-of-speech and morphological disambiguation can be achieved only if both statements are respected; therefore I come down in favour of a rule-based system

· the rules need to be complicated because they must reflect the inherent complexity of the Czech sentence

· Hundreds of rules need to be developed to cover at least a considerable part of the Czech syntax, the rules ranging from very general ones to very specific ones (e.g. those concerning particular word forms, especially the most frequent ones, and those taking up the pivotal positions in a sentence)

· the classes of ambiguity must be construed in as much detail as possible and the rules should use them.

2.3.6 Existing experience with the rule-based disambiguation system 

During the development of the rule-based tagger, the need for which was formulated in Oliva et al. 2000, the following experience was collected:

· the conclusions mentioned above have been confirmed

· a very fine-grained analysis of language based on deep linguistic intuition and corpus data is unavoidable

· if possible, the rules must be as general as possible (otherwise even thousands of rules would have to be written) but at the same time they have to be, in the main, very sophisticated and error-free
· notwithstanding the maximum generality of the rules, the system of Czech requires hundreds of rules to be formulated

· a very powerful and sophisticated programming language for writing the rules had to be developed (cf. Květoň 2003; Květoň in prep.) so that it could cope with the intricacies of Czech

· the rule-based method is very sensitive to any errors in input, especially to the following ones:

· unknown words (morphological analysis does not know them)

· error in morphological analysis

· missing comma or other punctuation

· wrong sentence segmentation

· idiosyncrasies of the system.

Here sensitive means that the system can successfully detect errors so that  

it can also serve as the basis for a grammar-checker.

The following problems prove the most difficult for the rule-based disambiguation: 

· systemic case syncretism in Czech declension paradigms (cf. Sect. 2.3.4)

· actual ellipses

· the nominative of nomination (ve městě Praha, E. in the city of Prague)

· accidental ambiguity of adverbial and particle word-forms belonging also to a different part of speech

· the presence of various varieties of the same language in the same text 

· the administration and application of a database of collocations which is continuously being enhanced.
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� Bootstrap is a term used in computer science: simpler building blocks on level x are construed as means to build up a more complex construction of a higher level x + 1 which is subsequently used as a building block for a more complex construction on the level x + 2 etc., i.e. a sequence of means is thus created under the condition that the means on each level are perfectly reliable. 
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