MEANING: a Roadmap to Know ledge Technologies

Ge rman Rigau . TALP Re se arch Cente r. UPC. Barce lona. rigau@lsi. upc. es

Ber nar do Magnini . ITC - IRST. Povo - Tre nto. magnini@ itc .it

Eneko Agirr e . IXA group. EHU. Donos tia. e neko@s i. ehu.e s

Piek Voss en . Irion Tec hnolog ie s. Delft. Piek.Vos se n@irion.nl

John Carroll . CCS. SUS. Brighton. johnc a@c ogs. sus x.a c.uk

Abst ract

Progres s is be ing ma de in Natural

La nguage Proces s ing (NLP) but the re is still a long way towa rds

Natura l Language Unde rstanding

(NLU). An importa nt s tep towards this goal is the deve lopment of te chnologies and res ource s that de al with c oncepts ra ther than words. To be able to build the ne xt genera tion of intelligent open doma in Human

La nguage Te chnology (HLT) applica tion s ys tems we ne ed to s olve two c ompl ementa ry and interme diate tasks : Word Sens e

Dis ambiguation (WSD) a nd large - s cale enrichme nt of Lexic al

Knowledge Bas es .

1. Int roduct ion

The fie ld of Information Society

Te chnologies (IST) is one of the main the matic prioritie s of the European

Commis sion for the 6 th Framework programme. In that fie ld, Knowle dge

Technologies a im to provide meaning to petabyte s of informa tion content our s ocie ties will genera te in a near future .

Informa tion and knowledge ma nagement s ystems ne ed to evolve a ccordingly, to hel p releas e next genera tion of intelligent open domain HLT to deal with the growing pote ntia l of the knowledge - ric h and multilingual soc iety.

To deve lop a trustable s ema ntic web infra structure and a multilingual ontology framework to support knowledge ma nag ement it is require d a wide ra nge of te chnique s to progre ss ively a utoma te the

knowledge lifec ycle . In particula r this inc lude e xtrac ting high leve l me aning from the large collections of conte nt data and its repre se ntation and manage ment in a common knowle d ge bas es .

Eve n now, building large and ric h knowledge base s takes a grea t deal of expe nsive manual effort; this ha s se verely hampered HLT applica tion de velopment.

For e xample, doze ns of pe rson - yea rs have bee n inve st into the de velopment of wordnets forva rious language s, but the da ta in thes e res ources is s till not s ufficiently ric h to support a dvanced c oncept - bas ed

HLT applications direc tly. Furthe rmore, res ource s produced by introspe ction us ually fail to regis ter what rea lly occurs in texts.

Applic ations will not s cale up to working in the open domain without more de tailed a nd ric h genera l - purpos e and a ls o domain - s pecific linguis tic knowle dge. To be able to build the next gene ration of intellige nt ope n doma in HLT a pplic ation s ystems we nee d to s olve two c ompleme ntary interme diate ta sks : Word Sens e Disa mbigua tion (WSD) and la rge - s cale enrichment of Le xical

Knowledge Base s. Howe ver, progres s is difficult due to the following paradox:

�

� In order to a chieve acc urate W SD, we nee d far more linguis tic and s emantic knowledge than is a vailable in c urrent le xica l knowledge ba se s (e. g. c urrent wordnets 1 ).

1 A wordnet i s a concept uall y struct ured knowled ge base of word senses. The Engli sh WordNet (Mil l er

90, Fell baum 98) has been devel oped at Princet on

Universi ty over t he past 14 years. EuroW ordNet

(Vossen 1998) is a mul t il ingual database wi th wordnet s for several European languages (Dut ch,

It ali an, Spani sh, German, French, Czech and

Est onian). Bal kanet is buil di ng wordnets for the

Bal kan languages foll owing EuroWordNet design.

� � In orde r to enrich Lexical Knowledge

Bas es we need to ac quire informa tion from corpora, which have been ac curately tagge d with word s ens es.

Providing innova tive te chnology to s olve this problem will be one of the main cha lle nges to ac ces s Knowle dge

Technologies .

2 Maj or res earch goals in NLP

In orde r to e xtend the s ta te - of - the - art in huma n language technologies (HLT) future res earc h mus t devis e (1) innovative pro ce ss es and tools for automatic ac quis ition of le xical knowledge from la rge - s cale docume nt collec tions ; (2) novel te chnique s for ac curately se lec ting the s ens e of open - clas s words in a la rge numbe r of langua ges ; (3) ways to e nrich existing multilingual ling uis tic knowledge res ource s with ne w kinds of lexic al information by automatically mapping information ac ross language s.

2 .1 Dealing with know ledge acquisition

The a cquis ition of linguis tic knowledge from corpora has be en a ve ry s ucce ss ful line of res earc h. Res earc h in the ac quis ition of subc ate goriza tion information, se lec tiona l preferenc es , in the matic role a ss ignme nts a nd diathe sis alterna tions (Agirre and Ma rtíne z 2001,

2002, M cCarthy and Korhone n, 1998;

Korhonen e t a l., 2000; Mc Carthy 2001), doma in in forma tion (Ma gnini and

Cava glià 2000), topic s ignatures (Agirre et al. 2001b), etc. has obtained re marka ble res ults. The a cquis ition proc es s usua lly involves large bodies of te xt which have bee n pre vious ly proce ss ed with s hallow la nguage proces s ors.

M uch of the us e of the ac quired knowledge has bee n hampe red by the fa ct tha t the texts a re not s ens e - dis ambiguated, and there fore, only knowledge for words ca n be ac quired, tha t is , subc ate goriza tion for words , s electional prefere nces for

words, etc . It is a w ell es ta blis hed fac t tha t muc h of the linguistic beha vior of words ca n be bette r explaine d if put into re fe rence to word s ense s.

Having te xts automatica lly se nse - ta gged with high a ccurac y will produce s ignificantly be tter acquired knowle dge a t a s ens e le vel, including subc ategoriza tion freque ncie s, doma in information, topic s ignatures , s elec tiona l prefe rence s, spec ific le xico - s ema ntic re lations, thematic role as s ignme nts and diathe sis a lte rnations.

Furthermore, it will allow to inves tigate automatic metho ds for dea ling with new s ens es not pre se nt in current wordne ts a nd clustering of word s ens es .

2.2 Dealing with WSD

Word Sens e Disa mbigua tion (WSD) is the ta sk of as signing the a ppropriate meaning

(s ens e) to a given word in a te xt or dis cours e. Ide and Ve ronis (1998) argue tha t word s ens e a mbiguity is a ce ntral proble m for many es ta blis hed HLT applica tions (for exa mple Ma chine

Tra nslation, Informa tion Extrac tion a nd

Informa tion Retrieval). This is a ls o the ca se for as s ociated s ub - ta sks (i. e. referenc e res o lution and pa rsing). For this reas on ma ny international res earc h groups are working on W SD, using a wide range of approa ches . Howeve r, no la rge - s cale broa d - cove rage a ccura te WSD syste m has bee n built up to date 2 . W ith c urrent s tate - of - the - art a ccura cy in t he range 60 - 70%, W SD is one of the mos t important open problems in

NLP.

A promising curre nt line of res ea rch us es s ema ntica lly annotated corpora to train

M achine Lea rning (M L) algorithms to dec ide which word s ens e to choos e in which contexts. The words in thes e annotate d corpora are ta gged manually with s ema ntic clas ses taken from a particula r le xica l se mantic res ource (most c ommonly

2 See t he concl usi ons of t he SENSEVAL - 2 competi ti on: htt p: // www.sle.sharp.co.uk/senseval2/

WordNet). M any s tanda rd M Lte chnique s have been trie d, s uch a s Ba yes ian le arning, Exe mpla r bas ed learning,

Decision Lis ts , a nd re cently ma rgin - bas ed clas sifiers like Boosting and Support

Vector Mac hines (Es cudero e t al., 2000a ,

2000b, 2000c, 2000d, 2001; Martínez and

Agirre, 2000). Thes e approa ches are te rmed " s upervised" becaus e the y learn from pre vious ly se nse annotated data and the refore they require a large amount of huma n interve ntion to a nnotate the tra ining data .

Supervis ed WSD syste ms are da ta hungry.

The y suffer from the " knowledge ac quis ition bottlene ck" , ittake s themmere s econds to diges t all of the proce ss ed corpu s conta ined in training materia ls tha t ta ke months to annota te manua lly. So, although M achine Learning cla ss ifie rs are undeniably e ffective, the y are not fea sible until we c an obtain re lia ble uns upervis ed tra ining data . Ng (1997) es timates that the ma nual annotation effort nec es sa ry to build a broa d covera ge word - s ens e annotate d Englis h corpus is about 16 pers on - yea rs; and this e ffort would have to be replicated for ea ch diffe rent la nguage. Unfortunate ly, many pe ople think that Ng´s es timate might fell shor t, as the annota ted corpus thus produce d is not guara ntee d to enable high acc uracy

WSD.

Some rece nt work is foc using on re ducing the a cquis ition cos t and the need for s upervis ion in corpus - bas ed methods for

WSD. Leac ock e t a l. (1998) and Mihalc ea and M ol dovan (1999) automatically gene rate a rbitra rily la rge corpora for uns upervis ed WSD training, using the s ynonyms or definitions of word se nse s provide d in WordNet to formulate se arch engine querie s ove r the Web. On a nother inde pendent rese arch a rea (Yarows k y,

1995) and (Blum and M itc hell, 1998) have s hown that it is pos sible to re duce the ne ed for s upervision with the help of la rge amounts of una nnotated data .

Following this ide as, (Agirre and M artínez,

2000) ha s de velope d knowledge - bas ed prototypes for obta ining acc urate e xamples from the we b for s pecific WordNet syns ets, as well as , large qua ntities of unannotate d exa mple s.

But in order tomake signific ant adva nces in

WSD sys te m acc uracy, sys te ms need to be able to us e type s of lexica l knowledge that are n ot currently available in wide - cove rage le xica l knowle dge bas es : for exa mple s ubcategoris ation freque ncie s for pre dicates

(particularly verbs ) rely on word se nse s, s ele ctiona l prefe rence s of pre dicates for clas ses of argume nts , a mongs t others

(Carroll and M cCarthy, 2000; M cCarthy et al., 2001; Agirre and M artínez, 2002;).

2 .3 Dealing with multilingualism

La nguage divers ity is at the s ame time a valuable cultural herita ge worth prese rving, and a n obstacle to achieving a more cohe sive s ocial and e conomic deve lopme nt.

This situation has be en furthe r s tres s ed as a ma jor c hallenge in IST re se arch line s.

Improving language communic ation ca pabilities is a prerequisite for increa sing indus trial competitivenes s , this way leading to a sound growth in key economic s ectors.

Howe ver, this obs ta cle ca n be helpful bec aus e all la nguages realise the mea ningin diffe rent ways . W e ca n benefit from this fac t us ing a nove l multilingua l mapping proce ss tha t e xploits the EuroWordNet arc hite cture . In EuroW ordNe t local wordnets are linke d via a n Inter - Lingual -

Index (ILI) allowing the connec tion from words in one la nguage to translation equivale nt words in a ny of the othe r la nguages . In tha t way, te chnological adva nces in one la nguage ca n help the othe r. For ins ta nce, for Bas que, being an agglutina tive la nguage with ve ry ric h morphologica l - s yntac tic information, it is pos sible to extra ct se mantic re lations that would be more diffic ult to capture in othe r la nguages . However, Ba sque is not largely pres ent in the web as the others . U s ing this approac h it is pos s ible to balance both gaps .

Although the technology to provide compatibility acros s wordnets exits

(Daudé et a l, 1999, 2000, 2001), ne w res ea rch is ne eded for porting and uploa ding the various types of knowledge ac ross languag es , and new ways tote st the validity of the porte d knowledge in the ta rget langua ges .

3. The MEANING Roadmap

The improve ments mentioned above have bee n e xplored s eparately with re lative s ucce ss . In fact, no re se arch group in is ola tion ha s tried to c omb ine all this afore mentioned factors. W e de signed the

M EANING proje ct 3 c onvince d that only a combination of all relevant knowledge and res ources will be able to produce s ignificant advances in this crucial res ea rch a rea.

M EANING will treat the web as a (h uge) corpus to le arn informa tion from, since eve n the la rges t c onventional corpora ava ila ble (e .g. the Re uters corpus , the

Britis h Na tiona l Corpus ) are not large enough to be able to ac quire re lia ble information in sufficie nt detail about la nguage beha viou r. M oreove r, mos t la nguages do not have la rge or divers e enough corpora available.

M EANING propos es an innovative boots tra pping proce ss to deal with the inter - depe ndency betwe en WSD and knowledge ac quis ition:

1. Tra in accura te WSD s ystems and apply the m to very la rge c orpora by coupling knowle dge - bas ed tec hniques on the exis ting EuroWordNet (e .g. to

3 Started in March 2002, MEANING IST - 2 001 -

34460 "Developi ng Mult i li ngual W eb - scale

Language Technol ogies" i s a t hree years research proj ect funded by t he EC.

popula te it with domain labels , to induc e automatically tra ining exa mple s) with M Ltechniques that combine ve ry la rge amounts of labe led and unlabeled data. When rea dy, us e also the knowledge acquired in 2.

2. Use the obtained a ccura te WSD data in conj unction with shallow pars ing te chnique s and domain ta gging to extract new linguistic knowle dge to inc orporate into EuroW ordNe t.

This method will be able to bre ak this interdepe ndency in a s erie s of cycles thanks to the fac t tha t the WSD s ys tem will be bas ed on all domain informa tion, s ophis tica ted linguis tic knowledge, large numbe rs of automatically tagge d examples from the web, and a combination of annotate d and una nno ta ted da ta. The firs t

WSD sys tem will have we aker linguis tic knowledge , but the s ole combination of the res t of the factors will produce s ignificant performance ga ins . Bes ides , s ome of the required linguis tic knowledge can be ac quired from unna notate d data , a nd can the refore be a cquire d without us ing a ny

WSD syste m. Onc e a cceptable WSD is ava ila ble, the acquired knowle dge will be of a highe r quality, a nd will allow for be tte r

WSD performance .

M ultilingua lis m will be also he lpful for

M EANING. The idios yncra tic way the me aning is realise d in a particular language will be captured a nd ported to the res t of la nguages involve d in the proje ct 4 using

EuroW ordNe t as a Multilingual Ce ntral

Repos itory in three cons ecutive pha se s (s ee figure 1).

4 MEANING wi ll work wi th t hree major European l anguages (Engli sh, Spani sh and Itali an) and t wo mi nori tylanguages (Cat alan and Basque).

Figur e 1: M EANING da ta flow.

4 Conclusions

Whe re the a cquis ition of knowledge from la rge - s cale document c ollec tions will be one of the major challenge for the next gene ration of text proces sing applica tions ,

M EANING emphasise s multilingual content - base d acc ess to we b content.

M oreover, it ca n provide a keys tone ena bling tec hnologie s for the s emantic w eb . In particular, the Multilingual

Central Repos itory produced by

M EANING is going to c onstitute the natural knowledge re sourc e for a number of se mantic proc ess es that ne ed large amounts of linguis tic da ta to be e ffective tools (e.g. web ontologie s). NLP tools and s oftware of the next generation will bene fit from the M EANING outcomes.

Current web a cces s applica tions are bas ed on words ; M EANING will open the way for acce s s to the multilingual web bas ed on c oncepts, providing applications with ca pabilities that s ignificantly e xcee d thos e curre ntly available . MEANING will

fac ilitate deve lopme nt of c oncept - bas ed open domain Inte rnet a pplica tions (s uch as

Ques tion/Ans wering, C ros s Lingual

Informa tion Retrieval, Summaris ation, Text

Categoris ation, Eve nt Tra cking,

Informa tion Extrac tion, Ma chine

Tra nslation, e tc. ). Furthe rmore, M EANING will supply a common conce ptual structure to Interne t documents , thus facilitating knowledge ma nage ment of web content.

This common conc eptua l structure is a dec is ive e nabling tec hnology for allowing the s ema ntic web.

References

Agi rre E. and Martínez D. Expl ori ng automati c word sense di sambi guat ion wi th deci si on li st s and the Web . Proceedings of t he Workshop

^Semant ic Annot ati on And Int ell igent

Annotat ion~ organized byCOLING 2000.

Luxembourg. 2000.

Agi rre E. and Marti nez D. Learni ng cl ass - t o - class select ional pref erences . Proceedi ngs of the

Workshop "Computat ional Natural Language

Learni ng" (CoN LL - 2001). In conjuncti on wit h

ACL’2001/ EACL’2001. Toul ouse. 2001.

Agi rre E., Ansa O., Martínez D. and HovyE .

Enrichi ng WordNet concept s wi t h topi c

,WDOLDQ

(:1

%DVTXH

(:1

6SDQLVK

(:1

(QJOLVK

(:1

%DVTXH

:HE�&RUSXV

,WDOLDQ

:HE�&RUSXV

(QJOLVK

:HE�&RUSXV

&DWDODQ

(:1

6SDQLVK

:HE�&RUSXV

&DWDODQ

:HE�&RUSXV

$&4

$&4 $&4

$&4

83/2$’

83/2$’

83/2$’

83/2$’

3257

3257

3257

3257

:6’

:6’

:6’

:6’ si gnat ures . Proceedi ngs of the NAACL

workshop on WordNet and Other lexical

Resources: Appli cat ions, Extensio ns and

Cust omizati ons. P it tsburg. 2001.

Agi rre E. and Marti nez D. Integrat ing sel ecti onal

pref erences in WordNet . Proceedings of the

fi rst Int ernat ional WordNet Conference.

Mysore, India, 2002.

Blum A. and Mit chel T. Combi ni ng label led and

unl abel ed data w i th co - t rai ni ng . In

Proceedings of the 11 th Annual Conference on

Comput ati onal Learni ng Theory. 1998.

Carroll , J. and McCarthy, D. Word sense

di sambi guat i on using automat i call y acqui red

verbal preferences . Comput ers and t he

Humani ti es. Senseval Speci al Iss ue, Vol. 34,

No 1 - 2. 2000.

Daudé J., Padró L. and Ri gau G., Mappi ng

Mul ti l ingual Hi erarchies usi ng Relaxat ion

Label li ng , Joint SIGDAT Conference on

Empiri cal Methods in Nat ural Language

Processing and VeryLarge Corpora

(EMNLP/ VLC’99). Maryl and, 1999.

Dau dé J., P adró L. and Rigau G., Mappi ng

WordNet s Using St ructural Inf ormat ion , 38t h

Anual Meeti ng of t he ACL. Hong Kong, 2000.

Daudé J., Padró L. and Ri gau G., A Compl ete

WN1.5 t o WN1.6 Mappi ng , Proceedi ngs of

NAACLWorkshop "WordNet and Ot her

Lexi cal Reso urces: Appl icati ons, Ext ensions

and Customi zat ions". Pi tt sburg, PA, 2001.

Escudero G., Màrquez L. and Rigau G., Boost ing

Appli ed t o Word Sense Di sambi guat i on .

Proceedings of t he 11t h European Conference

on Machi ne Learni ng. Barcel ona. 2000 .

Escudero G., M àrquez L. and Rigau G., Nai ve

Bayes and Exempl ar - Based approaches to

Word Sense Disambiguati on Revisi ted .

Proceedings of t he 14t h European Conference

on Art i fici al Intel li gence, Berl i n. 2000.

Escudero G., Màrquez L. and Ri gau G., A

Compari son bet ween Sup ervised Learni ng

Al gori thms for Word Sense Di sambi guat i on.

Proceedings of Fourth Computat ional Natural

Language Learning Workshop. Lisbon. 2000.

Escudero G., Màrquez L. and Rigau G., An

Empiri cal Study of t he Domai n Dependence of

Supervi sed Word Sense Di s ambi guat ion

Syst ems . Proceedi ngs of Joi nt SIGDAT

Conference on Empi rical Methods in Natural

Language Processing and VeryLarge Corpora.

Hong Kong. 2000.

Escudero G., Màrquez L. and Ri gau G., Usi ng

LazyBoosti ng f or Word Sense Di sambi guat i on .

Proceedings of 2 nd Int ernat ional Workshop

^Eval uati ng Word Sense Disambiguat ion

Syst ems~, SENSEVAL - 2. Toul ouse. 2001.

Fel lbaum C. edi tor. WordNet An Electroni c

Lexical Database . The MIT Press. 1998.

Ide, N. and Vèroni s, J. Introducti on to the special

i ssue on word sense di sambi guat i on: The st at e of

t he art . Computat ional Li nguist ics, 24 (1), 1998.

Korhonen A., Gorrel l, G. and McCart hyD.

St ati sti cal Fi lt ering and Subcat egorizati on

Frame Acqui sit i on . In Proceedi ngs of t he Joint

SIGDAT Conference on Empi ri cal Methods in

Nat ural Language Processing and VeryLarge

Corpora. Hong Kong. 2000.

Leacock, C. Chodorow, M. and Mi l ler, G.A. Usi ng

Corpus Stati sti cs and WordNet Relati ons for

Sense Identi cat ion , Comput ati onal Li ngui sti cs,

24(1), 1998.

Magni ni B. and Cavagl ià G., Integrat in g subject

f ield codes into WordNet . In Proceedings of the

2 nd Internati onal Conference on Language

Resources and Eval uati on, Athens. 2000.

Martínez D. and Agirre E. One Sense per

Col locat ion and Genre/Topic Variati ons .

Proceedings of the Joint SIGDAT Confe rence on

Empiri cal Methods i n Nat ural Language

Processing and VeryLarge Corpora. Hong Kong,

2000.

McCart hy, D. and Korhonen, A. Det ect ing verbal

part ici pat i on i n di at hesi s alt ernati ons .

Proceedings of the 17t h Internati onal Conference

on Comput ati onal Lin gui sti cs and 36th Annual

Meet ing of t he Associ at i on for Comput at ional

Li ngui sti cs COLING - ACL’98. Mont real. 1998.

McCart hyD., Lexical Acqui sit ion at the Synt ax -

Semanti cs Int erface: Di at hesi s At ernati ons,

Subcategori zat ion Frames and Selecti onal

Preference s . Ph.D. t hesi s, Universit yof Sussex.

2001.

McCart hy, D., Carrol l J. and J. Prei ss. J .

Di sambi guat i ng noun and verb senses usi ng

aut omati cal ly acqui red sel ecti onal preferences .

Proceedings of t he SENSEVAL - 2 Workshop at

ACL/ EACL’01, Toul ouse. 2001.

Mihal ce a R. and Moldovan D. An aut omati c method

f or generat ing sense t agged corpora . In

Proceedings of Ameri can Associ ati on for

Arti fi cial Int el li gence. 1999.

Mil ler G. Fi ve papers on WordNet , Speci al Issue of

Internati onal Journal of Lexicogrphy3(4). 1990.

Ng. H. T. Get ti ng Serious about Word Sense

Di sambi guat i on . In Proceedi ngs of Workshop

^Tagging Text wit h Lexical Semanti cs: Why,

what and how? ~, Washingt on, 1997.

Vossen P. EuroWordNet : A Mul ti li ngual Database

wit h Lexical Semant ic Networks , Kluwer

Academi c P ubl ishers, Dordrecht . 1998.

YarowskyD., Unsupervised word sense

di sambi guat i on rival ing supervi sed met hods . In

Proceedings of t he 33 rd Annual Meet ing of the

Associat ion for Comput ati onal Li ngui sti cs. 1995.