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�Abstract

The phrase structure grammar of the Microsoft Natural Language Understanding System for English proved to be a good base for a Core-Romance grammar, which we are currently developing by experimenting on French. English-specific rules and rule conditions were removed, and some code necessary to process Romance structures was added.  The resulting grammar tested favorably on a pre-parsed corpus of 386 French sentences, achieving a rate of success of 68% in short time. Testing on an unedited balanced corpus of French yielded a parsing success rate of 54%. The grammar experiment took approximately three months to complete.�
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Overall Goal of the grammar sharing experiment



All natural language researchers should ideally aim to create robust broad-coverage multilingual NLP systems.  A substantial effort goes into the design and construction of the natural language analysis system, and once that effort has been expended, it is quite difficult to start over from scratch, or retrofit one’s design. Properties of languages are, for the most part, still a great mystery and solving the mysteries of only one language, usually English, is only a partial step toward natural language understanding.  In addition, pressure is being brought upon the research community by the globalization of information and the pressing need for multi-lingual capabilities in NLP applications.



Experience has shown, however, that few groups in the world are able and willing to tackle multilingual development.  Naturally, this is not because they cannot design architectures that support multiples languages of different types, but rather because it is non-trivial to devise a grammatical framework that is a) suited to the computational analysis of even one language and b) easily ported to a range of languages.  In addition, the time required to construct a grammar for any given language is thought to be considerable.  My thesis here is that under the right grammatical formalism, the time expended to construct a grammar for a new language can be significantly shortened through grammar sharing.



One well-known approach to multi-lingual development is to rely on theoretical concepts such as Universal Grammar with the aim of creating a grammar that can be parameterized to handle many languages.  Wu (1994) describes an effort aimed at accounting for word order variation, but his focus is on demonstration of theoretical concept. Kameyama (1988) describes a prototype shared grammar for the syntax of simple nominal expressions for five languages, but the focus of the effort is only the noun-phrase, and thus not applicable to a large scale effort.  Principle based parsers are designed with universal grammar in mind (Lin 1994), but have yet to demonstrate large scale coverage in several languages. Other efforts have been presented in the literature, with a focus on generation (Bateman et al. 1991.)  An effort to port a grammar of English to French and Spanish is also underway at SRI (Rayner et al. 1996.)

This paper describes the initial transformation of the phrase structure grammar of English into a grammar of French, with the ultimate goal of creating a Core-Romance grammar. We tested the Core-Romance grammar on pre-parsed sentences of French using a French lexicon to ascertain a) the suitability of the grammar writing approach used for English when applied to a new language and b) the savings that result from using the core-grammar to produce a grammar of French.  This test produced favorable results on both counts: the core-grammar was created quickly from the English grammar, as we will explain below;  and, after obvious preliminary alterations, it parsed 68% of the French test corpus. The grammar modifications were accomplished in approximately three man-months. 



The English grammar and the output expected 



The English grammar that we chose as our starting point is the first component of the Microsoft Natural Language Understanding System for English.  This component, the initial syntactic sketch, produces an analysis based on information provided by a computational dictionary that contains all of the entries from the Longman Dictionary of Contemporary English and from the American Heritage Dictionary, combined.  For this initial parse, however, information is limited to part of speech, morphological structure, and subcategorization features. The rules have no access to any information that would allow the assignment of semantic structure such as case frames or thematic roles.



A bottom-up parallel parsing algorithm is applied to the sketch rules, resulting in one or more analyses for each input string, and defaulting in cases (such as PP attachment) where semantic information is needed to give the correct result.  Context sensitive binary rules are used because they have been found necessary for the successful analysis of natural languages (Jensen et al. 1993, pp. 33-35; Jensen 1987, pp. 65-86).�  An illustration of the rule formalisms can be found in Figure 2. Each analysis contains syntactic and functional role information.  This information is carried through the system in the form of arbitrarily complex attribute-value pairs, or records.  The sketch always produces at least one constituent analysis, even for syntactically invalid input (called FITTED parse), and displays its analyses as parse trees.



Two types of trees are available.  One strictly follows the derivational history of the parse, and is therefore binary-branching.  The second (more often used, because it simplifies later processing and accords better with our intuitive understanding of many structures) is n-ary branching, or “flattened,” and is computed from a small set of syntactic attributes of the analysis record. The * refers to the head of the phrase. See figure 1.



The sketch grammar is written in G, a Microsoft-internal programming language that has been specially designed for computational linguistics.  The grammar contains approximately 120 rules, which vary in size from two to 600 lines of code, according to the number of conditions that they contain.  Their coverage of English can fairly be said to be very broad.  The sketch has been run on millions of English sentences in many different writing styles, with results that, while not always completely accurate (of course), have been found to be generally satisfactory.  The sketch is tested regularly on a regression suite of over 8000 sentences,  chosen from various sources. A large subset comes from the standard English grammar book by Quirk et al., 1972.  Processing time is rapid:  a typical 20-word sentence requires less than one second on a Pentium machine.







They'd like to go to Canada.

DECL1     NP1       PRON1*    "They" 

          AUXP1     VERB1*    "'d" 

          VERB2*    "like" 

          INFCL1    INFTO1    PREP1*    "to" 

                    VERB3*    "go" 

                    PP1       PP2       PREP2*    "to" 

                              NOUN1*    "Canada" 

          CHAR1     "." 

  ------------------------------ 



 DECL1     Sent 

    BEGIN1   "" 

    VP1       VPwNPl 

       NP2       PRONtoNP 

          PRON1    "They" 

       VP2       DoModal 

          VP3       VERBtoVP 

             VERB1     APOSwould 

                VERB4    "'d" 

          VP4       Infclcomp 

             VP5       VERBtoVP 

                VERB2    "like" 

             INFCL2    VPtoINFCL 

                PP3       PREPtoPP 

                   PREP1    "to" 

                VP6       VPwPPr 

                   VP7       VERBtoVP 

                      VERB3    "go" 

                   PP1       NPtoPP 

                      PP4       PREPtoPP 

                         PREP2    "to" 

                      NP3       NOUNtoNP 

                         NOUN1    "Canada" 

    CHAR1    "." " 



Figure 1. N-ary and Binary tree



2. Construction of the Core-Romance grammar



We began with the plan to develop a grammar suitable for broad coverage parsing of French, knowing that in the not too distant future we would aim for development of Spanish, and perhaps other Romance languages as well.  For French alone, or for Spanish alone, we could have simply aimed at adapting the English grammar for each of these languages directly.  But instead, we decided to target a conversion that would in the long run be less language-specific. We call this effort the Core-Romance grammar. It is important to note that the Core-grammar is intended as starting point for grammar development in the Romance languages, and only as a starting point.  A significant amount of work remains for each language. We estimate that using the Core-grammar would allow development of a full-scale grammar in half the time that it would take to do it from scratch.  We also need to stress the fact that the Core-grammar is a concept under development, and will need input from at least one other Romance language development effort before it can be complete.

 

Considering the changes that might be necessary to transform a grammar of English into a grammar of a Romance Language such as French starts with a simple task of contrastive analysis. Making the right adjustments to the grammatical analysis of these constructions was the first step in the construction of the Core-Grammar.  



A pre-parsed corpus of 386 sentences was used to test the coverage of the Core-grammar at any given point in time.  A description of the pre-parsed corpus appears below in section 3. The initial cut of the Core-grammar allowed 25% of the pre-parsed corpus to parse exactly.  This means that the only parse, or the most highly ranked parse exactly matched the parse chosen in the corpus.  With some obvious alterations to allow for non-English auxiliaries, the coverage rose to 29%.  The addition of code to allow for the parsing of preverbal clitic pronouns increased the coverage to 42%.  After relaxing conditions on the attachment of adjectival complements to the right of the nominal head, and also allowing for more liberal use of infinitival complements, the coverage increased to 49%.  With improved handling of restrictive relative clauses, coverage became 52%.  With changes to the structure of imperatives, indirect questions, and the handling on nominal complements that function as adverbs (“un jour”), coverage increased to 54%.  I estimate that the changes above and the testing necessary to evaluate them took about 6 weeks to complete. Coverage rose to 68% after a number of subsequent alterations, which consisted of modifying conditions on the application of rules, and making improvements to lexical data, morphological rules and idiomatic phrases. Improvements on the grammar have continued past the three-month experiment; the number of sentences used for regression testing is over 500, and the coverage on those is close to 85%. Average sentence length on the regression set is 12 words per sentence, which is comparable to the original pre-parsed corpus



The differences in the homographic structure of English and French had a significant impact on the changes that were necessary. The homography between English nouns and verbs (a line vs. to line) is much less common in French or other Romance languages, meaning that many conditions designed to filter out wrong parses could be removed. On the other hand, the homography between nouns and adjectives however, has a major impact. For instance, in the phrase grand chien noir, all three items are both Nouns and Adjectives (grand is also an adverb.)� 



One acknowledged area of contrastive structure between English and French is the compound noun construction.  It is well established that while English can accumulate several nouns to the left of the head noun “the car door handle”, French and other Romance languages prefer a right-branching prepositional constructions “la poignée de la porte de (la) voiture”.  In line with this, we originally deleted the substantial rule in English which deals with NN compounds.  Experience quickly demonstrated that a NN rule was needed in French for two separate situations: names such as “Monsieur Malzac” where you find a proper name preceded with a title, and a class of left-headed NN constructs of the type “gouvernement Chirac” or “Etats membres”.  For the sake of illustration, I include an outline of the very small NN rule to illustrate the binary rule formalism, and the rule writing formalism of G. 



NPwNP:

    NP ( ^Nomcomp & ^Comma & ^Clitic &  ….

             ………… )

    NP ( ^Clitic & ^Demo & ^Det & ^Poss & ^Neg &  …..

              ) 

-> NP { %%NP#1; Psmods=Psmods++NP#2;   

              }             



Figure 2. Outline of the compound Noun rule





Internet en France, mode ou révolution?

FITTED1   NP1       NOUN1*    "Internet" 

                    PP1       PP2       PREP1*    "en" 

                              NP2       NOUN2*    "France" 

                              CONJP1    CONJ1*    "," 

                              NP3       NOUN3*    "mode" 

                              CONJ2*    "ou" 

                              NP4       NOUN4*    "révolution" 

          CHAR1     "?"



Figure 3.  A n-ary tree for a sentence fragment parse that resulted in a FITTED parse

3. Background of the testing environment 



The French lexicon is hand-built and contains 23,000 headwords annotated with morphological and syntactic information. Entries include multiple parts of speech, as dictated by standard reference dictionaries. Our French system includes a full inflectional morphology component.  We are testing against a pre-parsed corpus of 386 sentences which consists 30% of sentences that were created by the linguist to test specific constructions (clitics, questions, relative clauses, etc.) and 70 % of sentences that were taken from the newspaper Le Monde, children’s books, and contemporary novels.  This corpus was pre-parsed according to our grammatical strategy, and represents exactly the output that we wish to obtain, in n-ary tree format.  The average length of sentences is 12 words.  The shortest is 3 words, the longest is 30 words. Please refer to figure 4 for a sample parse tree. Typical sentences of the test corpus include:



Il nous parle.

Que vont penser mes parents? 

Un jour la petite poule et ses poussins jaunes se promènent.

Si les enfants viennent à six heures, je leur donnerai un dessert.

Décidé de ne pas se laisser intimider par le train, il part pour prendre le train à la gare. 

L'opération, longtemps retardée par des questions de financement, arrive dans sa phase finale. 

Cette grande agence internationale reste prisonnière d'un marché national où dominent les clients publics. 

Le nombre d'appartements effectivement réalisés dépendra du rythme de croissance de la ville. 

Il faut que ceux qui ont cette expérience locale soient consultés dans une concertation qui était jadis quasi naturelle.

Average sentence length of corpus: 12 words per sentence



Having a pre-parsed corpus of reasonable size and coverage as a regression set for testing proved to be an excellent way to identify the changes that would bring the maximum benefit, and to test them. My experience is that grammar choices made under these conditions are far more sound than those that can be made when presented with one sentence at a time, regardless of the amount of experience that one brings to the task. The pre-parsed corpus identifies the statistically significant weaknesses of the grammar in a way that the human grammarian cannot.  One can infer from this experience that under the right circumstances, pre-parsed test suites can be a great development tool. 



Further testing 



The ultimate test of a broad-coverage parser is unrestricted text gleaned from a variety of sources.  We collected a range of text from the Web, and created a corpus (called WEB corpus) of 500 sentences. The distribution of the texts is in figure 5.





Il faut que ceux qui ont cette expérience locale soient consultés dans une concertation qui était jadis quasi naturelle.

DECL1     NP1       PRON1*    "Il" 

          VERB1*    "faut" 

          SUBCL1    CONJP1    CONJ1*    "que" 

                    NP2       PRON2*    "ceux" 

                              RELCL1    NP3       PRON3*    "qui" 

                                        VERB2*    "ont" 

                                        NP4       DETP1     ADJ1*     "cette" 

                                                  NOUN1*    "expérience" 

                                                  AJP1      ADJ2*     "locale" 

                    AUXP1     VERB3*    "soient" 

                    VERB4*    "consultés" 

                    PP1       PP2       PREP1*    "dans" 

                              DETP2     ADJ3*     "une" 

                              NOUN2*    "concertation" 

                              RELCL2    NP5       PRON4*    "qui" 

                                        VERB5*    "était" 

                                        AVP1      ADV1*     "jadis" 

                                        AJP2      AVP2      ADV2*     "quasi" 

                                                  ADJ4*     "naturelle" 

          CHAR1     "."





Figure 4. N-ary tree for successful parse



In order to test the grammar on this corpus, we needed to devise a heuristic for determining the accuracy of the parse without having to examine each parse individually.  Unlike our first corpus, this one was not pre-parsed. In fact, it was not edited at all at the time that the test was run.  We found that counting the number of sentences that result in a complete parse was a suitable approximate measure of how many correct parses were produced. Parses that are not completely successful are called FITTED in our system (see figure 3), they are in fact often correct, either because they represent a sentence fragment, or because they correctly identify the major constituents of the sentence.  On the other hand, a “successful” parse can be incorrect.  



Using this heuristic, we found the coverage of the grammar on the raw WEB corpus to be 54%.

We identified that 6% of the words in the corpus were unfound with our dictionary of 23,000 words. In addition, there are a number of French specific constructs dealing with “-“ (“a-t-il”, “ l’endroit-même”) that are not currently handled.



This result is far less secure than the previous result using the pre-parsed corpus.  For example, we have not verified by hand that the top-most parse chosen by the parser is the most desirable one.  On the other hand, the corpus is about as close to “real” text as we can come, and gives us a good benchmark against which to measure future progress.



It is interesting to speculate on the difference in performance in these two testing situations.  The most likely explanation is the difference in average sentence length.  The length of average sentences in the pre-parsed corpus, being 12 words per sentence, is easier to handle that the 17 words per sentence of the WEB corpus. It is clear that the increased length of the sentence imparts greater syntactic complexity, and also some greater percentage of error due to non-grammatical problems, such as the lexicon. 



The grammar tested on French is of course not complete.  Questions, comparatives, and a variety of other French specific constructs were not handled for this experiment.  Much work remains to bring the grammar to a level comparable to the English grammar.





5. Conclusions





Expression	 [Internet discussions, interviews and letters] 	20%

Literary	 	[85% prose, 15% poetry]			7%

News		[critiques, humor, news, science]		35%

Marketing	[business, questionnaires]			18%

Legal								13%

Stories								7%

The average sentence length of the WEB corpus is 17 words.



Figure 5.  WEB Corpus           			       

We are currently adapting the Core-grammar to create a broad coverage grammar for Spanish in parallel with the effort for French. Changes made for Spanish will be more considerable in some respects, because of the more flexible word order and the possibility of subjectless sentences. We are working to integrate the alterations required to handle these constructions into the Core-Grammar.  



Results demonstrate that the binary rule formalism and overall grammar strategy developed by (Jensen et al. 1993)  is ideally suited for conversion to another typologically related language. The savings in terms of grammar development time is always difficult to measure, but can be estimated at 12 months per new language.



One area of considerable interest is the potential for grammar-sharing and related savings in development time for other grammatically related languages, such as Japanese and Korean.
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� This work was done in collaboration with Karen Jensen, Martine Pettenaro, Carmen Lozano, and Lydia Condrea, and benefited from the expertise and comments of Bill Dolan, Lucy Vanderwende and other members of the NLP group at Microsoft.

� Binary rules deal with the problem of free-word order, which is significant even in a largely configurational language such as English.  A case of free word order in English is the position of adverbials and prepositional pharses.

� Example of chien as an adjective: Il est chien!








