An Architecture for a Federation of

Highly HeterogeneousLexical Information Sources

Artola, X.

Dept. of Computer Languages and Systems

University of The Basque Country

649 p.k., 20080 Donost ia (Basque Countr y) ji parzux@si.ehu.es

Soroa, A.

Dept.ofComp. ScienceandArtificialIntelligence

University of The Basque Country

649 p.k., 20080 Donost ia (Basque Countr y) ccpsoeta@si.ehu.es

Abstract

The purpose of this paper is t o present an archi tecture for a f ederation of highly heterogeneous lexical informa ti on sources. We address the problem of querying very different existingsources of lexical i nformati on fr om the point of vi ew of informat ion i nt egrati on, using for t hi s pur pose a uni que and common query language. The so - called local - as - view paradigm i s us ed for descri bing each lexical source as a view over a gener al conceptual model. A general conceptual model for descri bi ng l exical knowledge i s presented, as well as the way t o describe each source in terms of t he classes and relati onships of the general m odel. Both the concept ual model and the sources are speci fied and i mpl emented using a descri pt ion logic language, and an algor ithm that translates quer ies from the general model i nt o each particular schema has also been implemented. Finally, an example of how a query is processed and some conclusions are given .

Introducti on

The purpose of this paper is t o present an integratingarchitecturefora federati onofhi ghly heterogeneous lexical information sources. The term lexical information source is used here in it s broadest sense, and so it i ncludes from very different lexical and di ct ionary databases, up to heterogeneously structured and coded electr onic dictionaries or language - processing l exica, or even language - processing programs such as lemmatisers or pa rt - of - speech taggers. Our proposal i s that lexical and dictionar y st or es can be brought t ogether in an integrated federati on

of databases (also used in it s broadest sense), so that we can query them by using a unique language, regardless of the particular resource t o which the query wi ll be finally t argeted. As desirabl e as it might be, it i s unr eal istic t o expect that the great variety of available lexical information resources coul d be converted into a single and standard representati on schema in the near fut ure. Hence, our approach ai ms for a solution that does not require any conversi on of the sources, and that participatesof theemergi ng

"wrapper" technologi es that enhance external communication with legacy systems (Roth and

Schwartz 1997).

We addres s the problem of quer yi ng very different sour ces of l exical i nf ormati on ¾ using for this purpose a unique and common query language ¾ fr om the point of view of information integr at ion. The so - called local - as - view paradi gm i s used for describing each lexical source as a view over a general conceptual model ( GCM). So, it is necessary to speci fy a GCM to describe lexical knowl edge, a source conceptual model (SCM) for each lexical source ¾ expressed much in t he way of the

GCM ¾ , as well as t he manner t o describe th e content of each source in terms of the classes and rel at ionships of the GCM ¾ source content descri pt ions ¾ . The GCM and some of t he

SCMs have been speci fied and implemented using a description logic l anguage

¾ NeoClassic ¾ , and an answering algorithm that t ranslates queries from the general model into each particular schema has also been implemented.

Aft er t hi s i nt roduction, an out line of the archi tecture proposed is given in Sect ion 1. In

Sect ion 2, t he GCM for describing lexical knowledge is presented. Nex t, in Section 3, we discuss how t o r epresent the particular conceptual models of the lexical sources

(SCMs), and how to speci fy the sources in terms of t he classes and relationships of t he GCM, following the local - as - view approach. Next, in

Sect ion 4, we present the query translati on algor ithm used to conver t queries made t o the general model into part icular queries addressed to the sources. Finally, an example of query is given in Section 5, and some conclusions are drawn.

1 An architecture for a federati on of heterogeneous lexical databases

The most important features of the architecture proposed in this paper are (1) the incorporati on of all the di fferent l exical i nformati on sources into a federation of databases (t he term database is here used in its wi dest sense), and (2) the conception of a general conceptual descripti on model that all ows users and/or programs to query the system regardless of the particular source t o which the query wi ll be finally addressed.

The general conceptual model provi des t he user wit h a global vi ew of the information the system contai ns, stating it by mean s of a taxonomy of interrelat ed classes, i n an object - oriented fashion. This gl obal model has to be provided in terms of repr esentati on mechanisms that allow us to abstract from the physical and logical structure of data i n the sources.

SCM 1 SCM 2 SCM n

General Conceptual Model (GCM)

...

scd 1 scd 2 scd n

...

Lexical

Source 1

Lexical

Source 2

Lexical

Source n

W1 W2 Wn

conceptual level physical level

user

...

Query Evaluator

Query Dispatcher

Main Query

Processor

Figure 1. General view of t he archi tecture of the system.

The sources are autonomous, and hi ghly heterogeneous in t he sense that they use very different data models and vocabul ar ies. You could find among themfromrelational databases up to obj ect - oriented knowl edge bases, ont ol ogies such as WordNet , or SGML - coded

text documents l ike TEI - conformant MRD’s.

They ar e also heterogeneous from the point of view of t he data they contain, because, as we have pointed out in the int roduction, we are considering here lexical databases, electronic dictionaries, lexica used in NLP tasks, or even language - processing programs such as lemmatizers or part - of - speech taggers . The important thing here i s to note t hat all t he informationresour cesconsideredcontaincl osely related data: l exi cal dat a.

The local - as - view approach used i n t he fi eld of data integration requires each source i n the integrated syst em to be defi ned as a view of the global model , that is, i n terms of t he general conceptual descripti on of t he domai n (see

Sect ion 3).

In Figure 1, a general vi ew of the architecture of the syst em i s gi ven. At t he top, the GCM, the

SCM of each source, and the content descri pt ions of these sources ( scd i

, represent ed in t he figur e by means of dott ed lines) are depict ed. The physi cal level , that is, t he actual lexical resources, are il lustrated at the bottom of the diagram. In the mi ddle part we can see the information flow (note the ar rows) bet ween the u ser, the main query processor, and the wrappers of each source ( w i

).

2 A general conceptual model for describing lexical knowl edge

If you want a conceptual model for descri bi ng lexical knowledge to be general , this must be necessaril y simple.But ,at the s ame ti me, it must gather all t he features and relationshi ps that a lexical i nformati on source can est abli sh.

Features Words spelling : String wordLanguage : String

Concepts conceptI d: String s ense : String

Inflected

Canonicals

LexicalObjects

Gram

Sem

POS posValue : String

Def definitionT ext: String

Phon

Morphemes

Verbals

Subcat

Living value : Boolean

Equivalents language:String

DictionaryEntries

Examples exampleT ext: String

Figure 2. Part ial view of the general concept ual model for describi ng lexical knowl edge.

In our model, lexical knowl edge is described by means of a taxonomy of classes and by a set of binar y relati onships establi shed among the different objects or classes in the taxonomy.

With regard to the taxonomy, you can find at the top a mai n class call ed Lexi cal Objects, and three subcl asses of it: Words, Con cept s and

Features (see Figure 2) . As for the relat ionships, a wide set of r el ations that link different classes in t he hi erarchyhasbeenest abli shedanddef ined by speci fyi ng the domai n, the range and the maximum cardinality of each relationshi p (see

Fig ure 3). We can only r efer here to a maximum cardi nal ity of each relationshi p because, i n the

GCM, the relationships (and so the classes) ar e virtual i n t he sense that they don´ t actually store any information at all (t he GCM i s an abstract model) .

Rel atio n Domain Range Max.

Card.

senses Words Concepts n synonyms Concepts Concepts n pos Concepts POS 1 definiti ons Concepts Defi niti ons n lemma Infl ect ed forms

Di ctionary

Ent ries

n

Figure 3. Some relat ionships establi shed among t he classes in t he general concept ual model.

3 Descri bi ng different lexical sources according to the local - as - view paradigm

The different resources i nt egrated in t he system are pre - existing lexical information sources, and we want the syst em to allow to take i n new sources dynamically . Moreover, user - posed queri es are to be reformulated and converted into relati ons of the source dat abases in such a way that we can guar antee that the answers satisfy t he constraints t he queries originally had.

Therefore, we wi ll need rich mechanisms for descri bi ng t he di fferent conceptual model softhe underlying data sources.

We describe two types of information for each source: the conceptual model of the sopurce

(3.1) and the descr ipt ion of the cont ents (3.2).

3.1 Source Conceptual Models (SCMs)

At thi s level, t he concept ual model of every resource i s descri bed. These SCMs wi ll be highl y heterogeneous, j ust like the data are.

The under lyi ng structure and physical organizati on of the information sources are expected to be very diverse but , due the

"wrapp er" technology we have adopted, we can make an abstracti on, and conceive and model an information source as a col lection of objects belonging to some source relati ons. So, li ke in the GCM, every sour ce model wi ll be descr ibed by means of a t axonomy of clas ses and by a set of bi nary relationships among them. Note that now we can also describe the minimum cardi nal ity for any source relation because they represent real relat ions, as opposite to t he GCM where the relati onships (and cl asses) ar e virtual , e.g. t hey don´t actually store any i nf ormati on at all.

(createConcept LexicalObjects ClassicThing)

(createDisjoinGroup LexicalObjects oleDjGroup)

(createRole spelling true)

(createRole wordLanguage true)

(createRole senses)

(createConcept Words

(and LexicalO bjects

(all spelling String)

(all wordLanguage String)

(all senses Concepts)

(...))

oleDjGroup)

(...)

(createRole conceptId true)

(createRole pos)

(createRole language)

(createConcept Concepts

(and LexicalObjects

(all conceptId String)

(a ll pos POS)

(...))

oleDjGroup)

Figure 4. General Concept Model descripti on in

Neoclassi c .

In principle, we coul d use arbitrary formulas in fir st - order logi c to descr ibe the dat a sources, but in such a case, a sound and complete reformulation would be pr actically impossi bl e

(see Sect ion 4). The use of Descr ipt ion Logics to express domain knowl edge is widel y explored in the lit er at ur e ( Calvanese et al. , 1999); (Levy et al. , 1996). It is the formalism we have chosen to descri be t he diff er ent conceptual models , whi ch have been implemented using the Neoclassic

Description Logi c Language. Thi s l anguage is used t o model domain knowledge and i t belongs to the f ami ly of KL - ONE knowledge representati on languages.Thus, Neoclassic gives us most of the represent at ion p ower avai labl e in semant ic networks. Although its expressive power i s somewhat l imited, it guarant ees that certain basic operat ions (li ke testi ng if certain individual subsumes another one) ar e sat isfiable in a reasonabl e t ime (McGuinness and Bodiga

1995).

Figure 4 shows the Neoclassic code that descri bes some of the classes andrelationsofthe general concept ual model i llustrated i n Figure 2.

EH_Sense

EH_ senseId :String

EH_Word

EH_writtenForm:String

EH_Variant

EH_Features

EH_Pos

EH_ posValue :String

EH_Subcategory

EH_ subc :String

EH_ Sem

EH_Definition

EH_def:String

EH_Example

EH_ eg:String

EH_Usage

EH_ usgType :String

EH_ usgValue :String

EH_ RelatedEntrySense

Figure 5. Partial view of the EH dict ionary concept ual model.

In Figure 5 we see a parti al view of the conceptu al model of one of the sources. It represents some of the classes and relati ons occurri ng in the Euskal Hizt egia ( EH ) Basque monoli ngual dictionary, coded in SGML according to TEI.

3.2 Content description of the sources

At this level we describe the mappin gs bet ween each SCM and the GCM. We adopt the local - as - view paradigm where each sour ce relati on (and class ) is mapped into the general conceptual model.

For every relati on (and class ) i n the local schema, a conj unctive quer y over t he GCMmust be sp ecified. This quer y describes the condi tions the t uples in the r el at ion must sat isfy 1 . This approach gi ves us two main advantages:

· The GCM does not change when a new resource is integrated into the system.

This property allows us t o off er the user a unique domain and vocabulary to pose

1 In contrast to the global - as - view paradigm where, for each g eneral rel at ion, we would write a query over the source relations specifyi ng how to obtain general object s from the sources.

the queri es. It also leaves the way open to dynamicall y add new databases t o the system.

· We can make fine - grained distincti ons between the several relations and concepts of the sources, giving to the systemthepossibilit yof i nt egrati ngvery diver se lexical resour ces.

A conj unctive query Q is a conjunction of t he form:

where Q is a rel ation (or class ) in the source conceptual model , n

X X X ,..., ,

1

are t uples of variabl es or constants, and t he p i

´s are any of t he r elations in the GCM. The variabl es in Y , cal led the distinguished variables ,arethevariablesthat appear in n

X X È È ...

1

but not in X , and thus they ar e the only variables in the query that are not existentially quant ified.

In Figur e 6 we can see some conjuncti ve queries that map some classe s and relati ons of the EH dictionary resource to the GCM.

Cl asses are expr essed as logical predi cat es with arity 1, and relationships ar e described by predi cat es with ari ty 2 (binar y rel ations). So, t he fir st query of t he example can be r ead as follows: an individual a wil l be an

EH_Sense instance in the EH source conceptual model if i t is a

Concepts instance in the GCM. The third query st at es that two individuals s and l wi ll be related via the

EH_writtenForm relation in the EH source conceptual model if s i s a

Concepts i ndividual , l i s a

DictionaryEntries, and bot h instances are related via the sense rel at ion in the GCM.

EH_Sense(a) < - Concepts(a).

EH_senseId(a,s) < - Concepts(a), concep tId(a,s).

EH_writtenForm(s,l) < -

DictionaryEntries(l), sense(l,s), Concepts(s).

Figure 6. Mappi ngs between t he SCM of the EH dicti onary and the GCM .

Note that the source doesn’t need to cont ain al l the objects that satisfy the query as t he query onl y give s t he necessary (but not suffi ci ent ) conditi on for the i ndividuals. This led us to adopt theso - called open - domain assumption ,i.e.

we left t he way open for ot her object s besides those described by the sources to exist. In fact , in the fiel d of l exical inf ormation, the existence

) ( ^...^ ) ( ) (

1 1 n n

X p X p X Y Q $ ¬ of a sour ce that contains information about a certain concept doesn’t obviously guarantee that all t he lexical information about that concept i s present in it. Ther e can always be alternative sources t hat pr ovide us wit h additi onal informat ion on the concept .

4 The query translation algorithm

The query - answer ing algorithm guarantees that the descri pt ions of the sources are exploited in such a way t hat only sources that are relevant to a given query are effecti vely accessed.

If we want the qu ery language of t he system to be common, the user quer ies must be posed in terms of the GCM relati ons. Then the system must translate these queries into the equivalent rewrit ings by means of the SCM of each lexical source. The queries must be rewrit ten in such a way t hat we can obtain as many answer s as possi bl e from a set of dat a source descriptions.

This pr oblemi scloselyrelatedt othe^answeri ng queri es usi ng views~ problem(Levy et al. , 1995) that can be stated as f ol lows: given a query Q formulated i n terms of the database schema, and a set of view def initions V

1

,...,V n

over t he same schema, answer the query Q using only the answer s t o t he views V

1

,...,V n

. In our case , t he view definiti ons are j ust the cont ent descripti ons of every relati on ( cl a ss) i n the local sources.

Two aspect s are to be t aken into account when deal ing wi th t hi s problem: the so - called sound and compl et e reformulations. Since we are constr ucti ng query r ewritings for some set of views, we must ver ify that this rewriti ngs wil l e ffectively give us the requir ed i nformati on (i .e.

the same objects that the or iginal query would).

Informally speaking, a reformulat ion is said to be sound i f all the answers i t produces are guaranteed to be answers to the or igi nal query.

On t he other hand , a r ewriting is said to be compl et e if when an object is not in the answer we can conclude that it does not exist. A rewrit ing i s sai d to be exact if i t is sound and compl et e .

Cl earl y, we are i nt erested in findi ng a set of sound conjuncti ve rewriti ngs for some given query, since we adopted the open - domain model

(see 3.2).

In Levy et al. ( 1996) and Duschka and

Geneseret h ( 1997) we can find some al gori thms to answer queries using vi ews in the context of data integration. We have borrowed the so -

called bucket al gori thm originally developed as part of the Inf ormati on Mani fol d system (Levy et al . , 1996) . The bucket algori thm fi nds the relevant sources for a given query Q and reformulates them exclusively in terms of those source models. It also guarantees that this rewrit ings are t he maximally - contained rewrit ings, i.e. that t hey provi de al l the possi bl e answer s for a given set of sources.

The algorithm proceeds in t wo steps. In the fi rst step, it computes for each subgoal in the query the sources t hat are relevant t o i t. The knowledge st ored in t he logical descripti on is extensi bl y used for accompli shi ng this task. In a second step, it considers rewriti ngs const ructed by choosi ng one relevant source for every subgoal in the query, and checks if they are contai ned in the original query. To perfor m this task, it expands every subgoal in the rewriti ng wit h the cont ent descri pt ion associat ed to it , renami ng the variable names as required. The expanded rewr iting refers only t o GCMrelat ions

( classes ) and the algori thm tests i ts sati sf iabi lity wit h the model and wether it is contai ned in the original query. This can be performed and implemented usi ng Neoclassic .

The problem of answering queries usi ng views can be undecidable if conjuncti ve queri es with negati ons or recursion are used t o define the vi ew defi ni tion rules ( Abi teboul et al. , 1998).

However, we use neither negated nor r ecursive predi cat es in our system and, according wit h

Levy et al. ( 1995), we only need to cons ider rewrit ings the length of which is at most the lengt h of t he original query. Ther ef ore, we can assur e that the al gorit hm will produce semant ically equi valent rewriti ngs.

5 Querying the system: an example

As an example, we will pose a query asking for a ll the possible categori es for a given word

^lagun~ 2 .

In the GCM, this query can be expressed as:

q("lagun", x) < - DictionaryEntries(h), spelling(h, "lagun"), senses(h,a), pos(a,lc),posValue(lc, x).

which states t hat h i s a

DictionaryEntries obj ect , spe lling at tribute of whi ch is t he requi red word; t hen, it ties the h entry with all

2 Basque word for ~ friend~ it s possible concept s vi a t he senses relati on, and it retr ieves for each one the grammatical information (via the pos relation). Fi nall y it asks for it s POSvalues ( posV alue attri bute).

In a fi rst step, the algorithm uses the content descri pt ion of each source and builds one bucket per source wit h all the rel evant r el ations for every subgoal of t he query. Then it combines these source relations and r et ur ns al lt he possible rew rit ings for each source. Fi gure 7 shows the rewrit ings for the EH lexical source.

As explained before, t he al gorit hm expands every rewriti ng by substituti ng each subgoal wit h its associ at ed content descripti on. Thus, each rewriti ng can be consi dered a representati on of some relat ed instances i n the

GCM. So, in a f inal st ep, t he algorithm determines for each rewri ting if i ts expansion is allowed in t he GCM. The expansion of rewr iting

1 wi ll be di scarded because i f t he predicate

EH_pos(a,lc) is true t hen (conforming it s content description conjunctive query) lc must be a POS object . Simi larly, t he expansion of the next predicate,

EH_usgValue(lc,x) , st at es that lc i s an

Usage object. But , si nce POS and

Usage are t wo disjoint classes i n the GCM, this representati on is invalid in t he model.

Rewriting: 1 -- FAIL --

Q ´ (^lagun~,x) : - EH_spelling(h,"lagun"),

EH_variants(a,h), EH_pos(a,lc), EH_usgValue(lc,x)

Rewriting: 2 -- FAIL --

Q ´ (^lagun~,x) : - EH_spelling(h,"lagun"),

EH_variants(a,h), EH_pos(a,lc), EH_posValue(lc,x)

Rewriting: 3 -- GOOD --

Q ´ (^lagun~,x) : - EH _spelling(h,"lagun"),

EH_sense(h,a), EH_pos(a,lc), EH_posValue(lc,x)

Rewriting: 4 -- FAIL --

Q ´ (^lagun~,x) : - EH_spelling(h,"lagun"),

EH_sense(h,a), EH_pos(a,lc), EH_usgValue(lc,x)

Rewriting: 5 -- FAIL --

Q ´ (^lagun~,x) : - EH_sense(h,a),

EH_spelling(h,"l agun"), EH_pos(a,lc),

EH_usg_value(lc,x)

�

Figure 7. Origi nal rewrit ings for the EH source returned by t he bucket algorit hm. Those marked with

˘ FAIL ˘ are invalid rewri tings.

Rewri ting 3 is the only r epresentation allowed in the GCM and, thus, it is also the onl y rewriti ng the algor ithm wil l finally return for this source.

It i s al so the query that we woul d pose t o the

SCM of EH if we wanted all t he possible categori es for one gi ven word to be ret rieved.

Conclusion

A sol ut ion for t he problem of integration of diver se lexical r esources has been pr esented.

This soluti on aims to use data i nt egrati on techni ques in t he field of l exical knowledge.

The architecture pr oposed all ows t he user ¾ be it human or a computer program ¾ t o pose queri es to the system regar dl es s of t he actual formats and representati ons used in the particular resources integr at ed in it. This is possi bl e due to the existence of a general conceptual model of l exical knowledge. The archi tecture al lows t he integration of new resources to the system in a dynami c way. A

Conceptual Model for descr ibi ng gener al lexical knowledge has also been presented.

Currently two lexical resources have been integrated i n our system. One is a SGMLi zed

TEI - conformant Basque monolingual di ct ionary called Euskal Hizt eg ia (EH). The EH dict ionary

(Sarasola, 1995) is a general pur pose monoli ngual di ct ionary, and i t covers standard

Basque. The structure of an EH ent ry i s:

headword; date; variants; part of speech;

abbreviati ons (style and usage labels, field labels, etc.); defi nit ion; rel ati ons; sci enti fic names; exampl es; subentr ies and grammatical information. It contains 33,180 entr ies and

41,699 senses. It is locally st ored as a collecti on of SGML document s. The second one i s a pure lexical database called EDBL ( Aldezabal et al . ,

2001), us ed in language - processing t asks and stored in a classic relati onal DBMS. EDBL is a large source of lexi cal infor mat ion (with about

80,000 entries) and has been desi gned as a multipurpose lexical support for the different processes i nvolved i n the aut omati c t reat ment of

Basque.

We are current ly designing a graphical user interface that will permi t the human user to pose queri es to the system i n a friendly way.

References

Al dezabal I., Ansa O., Arrieta B., Art ola X., Ezeiza

N., Hernández G., Lersundi M. (20 01) EDBL: a

General Lexical Basi s for t he Aut omatic

Processi ng of Basque. IRCS Workshop on

Lingui stic Dat abases. December 11 - 13.

Philadelphia.

Abit eboul S., Duschka O. (1998) Compl exity of

Answering Queries Using Mat eriali zed Views . In

^Procee dings of the 17 th ACM SIGART - SIGMOD -

SIGART Conference on Principl es of Database

Systems (PODS)~, pp. 254 - 263. Seattl e, WA.

Cal vanese D., de Giacomo G., Lenzerini M., Nardi

D., Rosat i R. (forthcoming) Data Integrati on i n

Data Warehousi ng. Int. Journal of Co operative

Informat ion Systems. World Scienti fic Informati on

Systems.

Cal vanese D., de Giacomo G., Lenzeri ni M. (1999)

Answering queries usi ng vi ews i n descripti on logics. In, ^Proceedi ngs of the 6th Internati onal

Workshop KRDB’96~, pp. 6 - 10. E. Franconi an d

M. Kifer, eds.

Duschka O., Genesereth M. (1997) Answering recursive queries usi ng vi ews . In ^Proceedings of the ACM Symposium on Pri nciples of Database

Systems (PODS)~, pp. 109 - 116.

Levy A.Y., Mendelzon A.O., Sagi v Y. (1995)

Answering Queries using Views . In ^Proceedings of t he ACM Symposium on Principles of Database

Systems (PODS)~, San Jose.

Levy A.Y., Raj araman A., Ordi lle J.J. (1996)

Querying Heterogeneous Inf ormation Sources

Usi ng Source Descriptions . In ^Proceedi ngs of the

22 nd Internat ional Confere nce on Very Large

Dat abases (VLDB)~, pp. 251 - 262, Bombay, India.

McGuinness D.L., Borgi da A. (1995) Explaining subsumption i n Descript ion Logi c. In ^Proceedings of t he 14th Internat ional Joint Conference on

Artifi cial Intel ligence, (IJCAI’95)~, pp. 816 - 821 ,

Montreal, Canada. Morgan Kaufmann.

Patrick J., Zhang J., Artol a X. (2000) An Archi tecture and Query Language f or a Federati on of

Het erogeneous Dicti onary Dat abases . Comput ers and the Humani ties 34 (4), pp. 393 - 407.

Sarasola I. (1995) Hauta - Lanerako Eus kal Hizt egia .

Gi puzkoako Kutxa. Donostia.

Rot h M., Schwartz P.M. (1997) Don’t Scr ap it , Wrap it !, AWrapper Architect ur e for Legacy Data

Stores . In ^Proceedings of 23rd Int ernational

Conference on Very Large Databases (VLDB’97)~, pp. 266 - 275. August 25 - 29, Athens (Greece).