Using Data I ntegrat ion Techniques in a Federat ion of

Heterogeneous Lexical Dat abas es

Arto la ,X.

Dept.of Comp uter Lang uages and Systems

University o f Th e Basqu e Cou ntry

64 9 p.k.,2 008 0 Don ostia (Basque Cou ntry) jip arzu x@si.ehu .es

So roa ,A.

Dept.ofComp. ScienceandArtificialIntelligence

University o f Th e Basqu e Cou ntry

64 9 p.k.,2 008 0 Don ostia (Basque Cou ntry) ccpsoeta@si.ehu .es

Ab stra ct

An arch itecture for a federation of h ig hly hetero geneo uslexicalinfo rmatio nso urces is presen ted. We add ress h ere th e prob lem o f qu erying very d ifferen t existing lexical sources fro m the point of view of informatio n integratio n, using a commo n qu ery lang uag e. Each so urce isd escrib ed as av iewoverag eneralconcep tu almodel.The co ncept ual mod els and an alg orithm that translates queries from th e g en eral mo del into each particu lar sch ema have b een implemented.

Introd uction

The p urpose of this p aper is to p resent an integrating architecture for a federation of highly heterogeneous lex ical information sources. Our prop osal is that lex ical and dictionarystores can be brought together in an integrated federation of databases, so that we can q uery them b yusing a uniq ue language, regardless of the particular resource to which the query will b e finally targeted. As desirable as it might be, it is unrealistic to exp ect that the great variety of available lexical information resources could be converted into a single and standard representation schema in the near future. Hence, our app roach aims for a solution that does not require any conversion of the sources, and that participates of the emerging "wrapp er"technologies that enhance ex ternal communication with legacy systems

(Roth & Schwartz, 199 7).

We address the p roblem of q uerying very diffe rent sources of lexicalinformation from the point of viewof information integration. The so - called loca l - as - view paradigm is used for describing each lexicalsource as a viewover a generalconcep tual model(GCM).

1 An a rchitecture for a fed eration of h etero geneo us lexica ld ataba ses

The most imp ortant features of the architecture prop osed in this pap er are (1 ) the incorp oration of all the different lexical information sources into a federation of databases (the term database is here used in its widest se nse), and (2) the conception of a GCM that allows users and/or programs to query the system regardless of the particular source to which the querywill be finallyaddressed.

The GCM p rovides the user with a global view of the information the system contain s, and has to be p rovided in terms of rep resentation mechanisms that allowus to ab stract from the p hysicaland logicalstructure of the sources.

... Lexical

Source 1 Lexical

Source 2 Lexical

Source n

conceptual level physical level

SCM 1 SCM 2 SCM n

General Conceptual Model (GCM)

...

scd 1 scd 2 scd n

W1 W2 Wn ...

Query Processor user

Figu re 1 . Generalview of the architectu re o f th e system.

The sources are autonomous, and highly heterogeneo us in the sense that theyuse very different data models and vocabularies. You could find among them from relationaldatabases up to ontologies such as WordNet or SGML - coded

MRDs, or even language - processing programs such as lemmatisers or part - of - speech t aggers .

In Figure 1, a generalview of the architecture of the system is given. At the top, the GCM, the concep tual modelof each source (SCM), and the content descrip tions of these sources ( scd i , represented in the figure bymeans of dotted lines) are dep icted. The physical level, that is, the actual lex ical resources, are illustrated at the bottom of the diagram. In the middle part, we can see the information flow(note the arrows) b etween the user, the main q uery processor, and the wrappers of each sourc e ( w i ).

Features Words spelling : String language : String

Concepts id: String s ense : String language : String

Inflected

Canonicals

Lexical objects

Gram Sem

POS value : String

Def text: String

Phon

Morphemes

Verbals

Subcat

Living value : Boolean

Equivalents

Dictionary

Entries

Examples text: String

Figu re 2 . Partial v iew of th e general con ceptualmo del for d escribing lexicalk no wledg e.

2 A gen eral con ceptual model for describin g lex ical kno wled ge

If you want a concep tual modelfor describing lex ical knowledge to b e general, this must be nec essarilysimple. But, at the same time, it must gather all the features and relationships that a lex icalinformation source can establish.

Relation Domain Range Max. Card.

senses Words Concepts n synonyms Concepts Concepts n pos Concepts POS 1

Figu re 3. S ome relation sh ips estab lished amo ng the classes in th egeneralcon ceptualmo del.

In our model, lexicalknowledge is describ ed by means of a taxonomy of classes and bya set of binary relationship s established among them. With regard to the tax onomy, yo u can find at the top a main class called Lexica l Objects, and three subclasses of it: Words, Con cepts and Fea tu res

(see Figure 2 ) .

As for the relationships, a wide set of relations that link different classes in the hierarchy has b een established and defi ned by specifying the domain,

the range and the maximum cardinalityof each relationship (see Figure 3 ) .

3 Describing d ifferen t lex ical so urces acco rdin g to th elocal - as - view parad ig m

We describe two types of information for each source: its concep tual mod el (3.1) and the description of its contents (3.2).

3.1 Co nceptua lmo dels (CMs)

Due the "wrap per" technology we have adop ted, we can make an abstraction, and conceive and model an information source as a collection of ob jects belonging to some source relat ions. So, like in the GCM, everysource modelwill be described by means of a taxonomy and b ya set of binary relationship s.

The use of Descrip tion Logics to exp ress domain knowledge is widelyexp lored in the literature

(Calvanese et al. , 1 999 ; Levy et al. , 1 996 ). We describe the different concep tual models using the

Neoclassic Description Logic Language, since i t gives us most of the representation power available in semantic networks.

(createConcept Lexical_Objects ClassicThing)

(createDisjoinGroup Lexic al_Objects ole_dgroup)

(createRole spelling true)

(createRole senses)

(createConcept Words

(and Lexical_Objects

(all spelling String)

(all senses Lexical_Objects)

(...))

ole_dgroup)

(...)

Figu re 4. General Con cept Mo deld escription in

Neocla ssic .

Figure 4 shows the Neoclassic code that describes some of the entities and relations of the generalconcep tual modelillustrated in Figure 2 .

3.2 Co ntent description o f thesou rces

At this level we describe the mappings between each SCM and the GCM. We a dopt the loca l - as - view paradigm where each source concept (and relationship) is mapp ed into the generalconcep tual model.

For every relation (and concept) in the local schema, a conjunctive q uery over the GCM must be specified. This q uery describ es the con ditions the tuples in the relation must satisfy. This ap proach gives us two main advantages:

- The GCM does not change when a new resource is integrated into the system. This prop erty allows us to offer the user a unique domain and vocab ularyto p ose the que ries. It also leaves the wayopen to dynamicallyadd newdatabases to the system.

- We can make fine - grained distinctions between the several relations and concepts of the sources, giving to the system the possib ilityof integrating very diverse lex ical reso urces.

In Figure 5 we can see some conjunctive queries that map some concepts and relations of the EH dictionaryresource to the GCM.

Concepts are expressed as logicalp redicates with arity 1 , and relationships are described by means of predicates with ari ty2. So, the third q uerystates that two individuals s and l will b e related via the

EH_written_form relation in the EH concep tual modelif s is a Concept individual, l is a Dictionary_Entry , and both instances are related via the sense relation in the GC M.

EH_Sense(a) < - Concept(a).

EH_sense_id(a,s) < - Concept(a), concept_id(a,s).

EH_written_form(s,l) < -

Dictionary_Entry(l), sense(l,s), Concept(s).

Figu re 5. Mapp in gs between th e CM of the EH diction ary and the GCM.

4 Th equ ery tran slation a lg orithm

The query - answering algorithm guarantees that the descriptions of the sources are exploited in such a waythat only sources that are relevant to a given queryare effectivelyaccessed.

The user q ueries are p osed in terms of the GCM relations and the system mus t translate them into the eq uivalent rewritings by means of the CM of each lexical source. The queries must be rewritten in such a waythat we can obtain as manyanswers as possible from a set of data source descrip tions.

This p roblem is closelyrelated t o the ^ answering queries using views~ problem (Levy et al., 199 5).

We have b orrowed the so - called bu cket algo rithm originallydevelop ed as part of the

Information Manifold system (Levy et al., 199 6).

The bucket algorithm finds the relevant sources for a gi ven query Q and reformulates them exclusively in terms of those source models. It also guarantees that this rewritings are the maximally - co ntained

rewritings that are also soun d , i.e., allthe answers theyp roduce are guaranteed to be answers to the origin al query.

Co nclu sion

A solution for the p roblem of integration of diverse lex ical resources has b een presented. This solution aims to use data integration techniques in the field of lexicalknowledge.

The architecture proposed allows the user ¾ be it human or a computer program ¾ to p ose queries to the system regardless of the actual formats and representation schemas used in the particular resources integrated in it. This is possible due to the ex istence of a generalconceptualmodel of lex ical knowledge. Th e architecture allows the integration of newresources to the system in a dynamic way.

Currentlytwo lexicalresources have been integrated in our system: a SGMLized TEI - conformant Basque monolingualdictionary(EH) and a NLP lexical datab ase stored in a c lassic relationalDBMS.

References

Calv an ese D., d e Giacomo G ., Lenzerin iM., Nardi D.,

Ro sati R. (fo rthcomin g) Da ta Integ ra tio n in Da ta

Warehou sin g. In t.JournalofCoop erativeIn fo rmation

Sy stems. World ScientificInformation S ystems.

Calv an ese D., de G iacomo G., Lenzerini M. (1 999 )

An swerin g qu eries u sing views in d escriptio n logics.

In, ^Proc.o fthe6th Int.Work sh op KRDB’96 ~,pp.6 -

10 .E.Franconi an d M.K ifer,eds.

Levy A.Y., Mend elzo n A.O., Sagiv Y. (19 95)

An swerin g Queries u sin g Views . In ^Pro c . o f the

ACM S ympo siu m o n Princip les o f Database Systems

(PODS )~,S an Jose.

Levy A.Y., Rajaraman A., Ordille J.J. (1 99 6) Qu ery -

An swerin g Algorith ms for Information Ag en ts . In

^Proc. of the 1 3 th National Conference on Artificial

Intellig en ce (AAA I - 96 )~,P ortla nd ,Oregon .

Patrick J., Zh an g J., A rtola X. (2 00 0) An Architectu re an d Qu ery La ng ua ge for a Federa tio n of

Hetero geneou s D ictio nary Datab ases . Co mpu ters and theH umanities 34 (4 ), pp .39 3 - 40 7.

Ro th M., S ch wartz P.M. (19 97 ) Do n’tScrap it, Wra p it!, A Wrap pe r Architectu re for Legacy Da ta S to res .

In ^Proc. o f 23rd Int. Con feren ce o n V ery Large

Databases (VLDB’97)~, pp . 2 66 - 27 5. Aug ust25 - 29 ,

Athens (Greece).