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U:;@r:; aetellowenronly o’ per form statistically lexical-
DASEH Sealithes

Savaral araelSnmss

— Lackfoficontext

— Linppisticiproblems: polysemy, figurative language,
Colelerence: .

AnyAlanguageiwas formed as a result of a long,
9\19r~9\/0]\ , constructive process, that takes
‘ mutual understanding among

Many other usages for texts beyond retrieval
Only retrieval clearly doesn’t suffice!
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27 Jac ques Robin's home page - Microsoft Internet Explorer

arquivo  Edikar Exibir  Fawvoritcos  Ferramentas  Ajuda
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Endereco @ ChiDocuments and SettingstFranklin RamalhoiMeus docurmentoshir . hkml

Jacques Eobin Ph.D. conmbia Liniversity,

Current Position

Researcher and Lecturer at the Computer Science Center of Federal University of Permambuco, Recife, Brazil
ICIin-LUIFPEY. Memiber of the Computational Inteligence Group (Sl

Research Interests

Artificial Inteligence

FALIT-Agent Sywstems

Computational Linguistics

L

Hypertext Seneration

Intzlligent Databases

Logic Programiming

Fnowledge Discovery in Databases, Data kMining and kMachine Learning
Data Warehousing and OLAR

Research Projects

ﬁi'l Concluida ¢ Meu computador
-+ TCIE |2T Meus doc. .. &Y windows .. Micros... 7R 1 & dr.heml - Bl... [z) = GDAM, 1953
2 . | R RRRRRRRRRiiTTA R A U — iR )
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3 Pesquisa Google: research topics robin - Microsoft Internet Explorer

Arquivo  Editar  Exibir  Fawvoritos  Ferramentas  Ajuda

O O HRG Pwre@e

Endereco iéj hikbp: § e, qoogle, com, brfsearch?q=research+topics+robindie=TF-G20e=UTF-38&hl=pt &=

Pesguisa Avancada  Preferéncias Feramenta de linguagens.  Dicas de Pesguisa

GOUSIE’I EOENTET Low precision

® Pesquisar na Web O Pesquisar paginas em Portugués
Diretdrio
Fesquisa de research topics robin na YWeb.

Resultados 1 - 10 sobre 115,000, A pesquisa dermn

Research Topics (AC)- [Traduzir esta pagina |
... Research Topics ... Classics education. Bob Lister. Classroom teaching and learning. Robin

Alexander; Janet Bottorns; Pamela Burnard; John Finney; Linda Fisher ...
weanw 2duc. cam. ac.ukfranddftopics. html - 17k - 14 Ago 2002 - Em cache - Paginas Semelhantes

Academic Staff Profiles | Professor Robin Alexander- [Traduzir esta pagina | LOW reca”
... Professar Robin Alexander. Position/Status Leverhulme Ementus Fellow Emertus
Professor of Education at the University of Warwick. ... Research Topics: ...

wonewy 2 e carm. ac. ukSstafffalexander btrml - Bk - Em cache - Paginas Semelhantes

[ Mais resultados de wwew educ.cam.ac.uk |

Research Topics- [Traduzir esta pagina |
... In addtion, the mating systems and phylogenetic relationship among black rebin species

and related ... For further information on these research topics ...
whnnw. massey. ac.nzi~dmlamberfresearch. html - 9k - Em cache - Paginas Semelhantes

a Inkernek

Semankici, .. 7 5 Interngt... f bonito.cin.u.., _..5. jr.hkml - Elo... |2 Meus docu,., EI ‘f’ @ 15:06




Why doesn't IR suffice?

‘ol preblems
COftax

) )

Jences: Users are burdened

(harf]) \/\*y;{ off interpreting,
i lt9r1 ¢, ¢ cornbliping, fAnding apSWEE
L FOM SE arcr] angine results

How do we benefit from computer
power for text processing??



VIBHVALIOREHOW do Wwe agreggate
pontext to the Web?



PRSSINIEISPIULIONS to provide contexts

_SVoreNnieliventasystems

S NieligEnWAYents |

= Cogoara\a niornrlegiefet ering [Oates et al 94]:
clisigiouition, coopeiﬁiifjor] and communication about
pPagRISEmantics |

— Demeainestictions

More intelligence-in the Web: Semantic Web!

\ - 1. nguagesiand standards that allow page definition

with clear and formal semantics

Agents could reason and communicate using this
semantics

Ontologies are fundamental to both solutions!

10



Withsenielegies, page processing
= gRinstasseeiated context

] Jacques Robin's home page - Microsoft Internet Explorer
Arquiva  Edit

entas  Ajuda

ar  Exhir  Favoritos
y xﬂg.l‘/i:f@@ iz B

Endereco @ C:4Documents and SettingsiFranklin RamahoiMeus documentosijr, kml

Jacques Robm Ph.D. cownsis University.

Current Position

Visiting Researcher and Lecturer at the Computer Science Center of Federal University of Femambuco,
Recife, Brazil (CIn-UEPE)
Iember of the Computational Intelligence Group (GIC).

Research Interests
« Artificial Intelligence and Multi-Agent Systems
« Computational Linguistics, Natural Language Processing and Hypertext Generation
« Inteligent Databases and Logic Programming

« Knowledge Discovery in Databases, Data Mining and Machine Learning
+ Data Warehousing and OLAP

Research Projects

Research Students

@_1 4 Meu computador
iy 3 j Semanti:W‘.‘  Internet ﬁbumlu.cin.u‘.‘ & jrhtol - Bl |5 Meus docu.., [ C(; 14:57
—

.

Ontology

Person
Employee :: Person
AcademicStaff :: Employee
Researcher :: AcademicStaff
PhDStudent :: Researcher
Employee[
affiliation : Organization;
worksAtProject : Project;
headOf : Project;
headOfGroup : ResearchGroup].
AcademicStaff[
supervises :PhDStudent].
Researcher[
researchinterest : ResearchTopic;
memberOf : ResearchGroup;
cooperatesWith : Researcher].







Soopel@tivVerlniermation Gathering
[Oates, Prasad & Lesser 94]

“FPIopOSEHicooperative multi-agents systems “to integrate and
2VeIVEIeenSIstenticlusters ol high quality information (...)”
“FDRSrand knowledg%bas% solutions were encouraged
| Suggestedidomain models
Nowadaystontologies play this role
Su yoes 2d implicitly, task integration at agent level
An agent can ses P&nd process information

13
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RIenIems INMCIG practice

_ReVAsystemsiintegratestext-related tasks at agent level

S\ EnYASYStems onlyAdividerthe tasks among agents
ko 8eTanle cooperation of information in CIG

— Agenisieaniberexperts on: specific information

Semantic cooperatg}, IS' particularly suitable to Web
extractor agents

- Cooperation'isneglected in IE systems

However, some classes processed by them form clusters
(e.g. Science, Tourism)

14



RropESElFARFATehItecture for CIG

_“BIWerdesignequirements:
u A Wae vision .
— Supponstesaccurate identification of specific information
—lEsholld couplera vision for contents (classes, attributes,
etc)telatinctional vision (pages can be lists, messages,
- class instances, garbage, etc)
Ontolegies
Enable cooperation

Provide detailed domain models useful for processing
clusters formed by page classes

15






F SEEkSoRpagestthatane

SeiEntilicrarticleseall™ior papers, researcher's page,
arerdiseiiminators:

— Slotsjipfan article: author, title, affiliation, abstract,..

— Extractioniand c‘;}“,@jorlzc lon are complimentary tasks

-

S|

17



ISIeN By Contents:
Jstersiof Rage Classes

SAMBSHINKS N classes! pages point to pages
gatarfrom a few other classes
q' nterelated elasses form a cluster about a domain
SIREIANoNS
Extracﬁ?)ngnd search can be viewed as complimentary

IMSLILULICOCS rresqui-
ores




R T
- Vislon Y

Wﬁbnality -

&pspired OnHRIeIIFOS]
DIVIBESIpEGES byAthe fole
playeciin Iinkq‘ge ana
informat'igp sterage
Classes:

Content pages

Auxiliary pages

Resource directories (lists)

Messages and messages lists

Recommendations pages
(other classes’ pages)

Garbage

Resource
Directories

Recommendations




Architecture



o A s
PO p0sed Architecture

T
—

Ontologes,
Categories &

Dictionaries
/'\ Excite

Infoseek

Users
el

Y




Agents’ tasks

Agent URL rows
!= —

kL, Priority: 4 »h

p- Hig _=_-'-L0w

fions

A

Validation

Nz

Preprocessing

lists </

Functional Categorization

Sug1esti0ns

~~
chinges
Extraction / Classification




Agentsitknowledge

SllSter(doemeain) entelegy.
= Comoranansive asidesis]ele
u Waoamnioloc)y '
= Pacjas, URESHETI o] (e
— Protocolidatea %F#’P‘., D )
~ Page elements (links, tags contents, e-mails addresses, ...)
IR representations (terms, frequencies, centroid, ...)
NLP representations

23



AUEntsknewledge (cont.)

ClG ontalec)y y
Semplaiesfossiorextraction, functional category
dentiiicaupenrand classification
-~ Agenisiaescriptorsi(identification, abilities,...)
—Dictionariesi( g\/rpﬁ\/mg‘, keywords, ...)
Complexsand'expressive cases for recognition
Auxiliary: ontologies
\Wordnet:
Time and places
Topic-specific ontologies (e.g. Bibliographic-data, for
the scientific articles agent)

24



Cocfa

RONOISFAINEES

DB’ deﬁnitio’ns

Knowleuge:

- Agentsishiaiierontologies about the domain and the Web
Domain ontoelogy can be reused, if available

CIG and auxiliary  ontologies are also reused, but
Instances are agent specific

Most of the rules can be reused

25
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9aser 1l Thesscientific cluster

B VIASFERSYYE0 )
=N WEAGERESYstemifor Iiext Extraction and Retrieval and
olassificationieyer the \Wel:

R agenisscientific events

ScientificiarticleSage

‘Slot identification, instead of extraction

Tests performed two classifications with each page:
Ildentification of the functional category

Identification of the concrete subclass of the vision by
contents (e.g., CFP of a conference, workshop, journal,...)

~

27



L] Available at the Protege
repository.

] Reused from the European
proeject (KA)2 [Benjamins et
al'98] ontology available at
Dividable-Fublcation the Ontolingua mirror in
Madrid

Refined in granularity

isa

Lrve-Sclamific-Evant
is g

N

Genenc-Saamhc-Publcaton-Event

28
Speciakssus-Journs Spacial-ksus-Maganne



Event-Publication

member-Cf-Program-Committee®

Scientific-Document

describes-Project Project-Publication® Publication-Manth Fublication-Year

Project

organizes-Event* chair-af-Event* Dealt-With-In* Topics* has-Publications*

edit-Publication® Research-Tapic has-Parts*

Froject-Head* Head-Of* Is-Worked-Cn-By* publishes*

is-Financed-By* carries-Out* Carried-Out-By* finances* Researcher Authors®

warks-At-Projeist*

Academic-Staff Affiliation®

Head-Of*

Crganization

h
Head Affiliation™




LS Cases and Recognizers

ok Concept” (name “abstract')
yHREIYINS: summary: ) ))

OF CGoncept (name ‘“‘thesis')
‘partral fulfillment™))

L

C

o
=
(@
o
J)
C)
}ab)

O‘
(9§
M

Ul 75N (;

Q

(-

<

)

—~~
[
(o
D-
(L

V)

\

re»crigiion “aff,1lst,loc")

thesis])

Sehs-iinning [abstract])
eginning [First-Name] [name]

e_
1on-Place]))
=
([Part-Publication] of Class-Recognizer
(Cases [ppr_00536] [ppr_00356])
(Class [Part-Publication]))

i S;.'r
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Example

j | i r ﬂ Fleat

Lightweight Deductive Databases on the World-Wide
Web

SW Loke, A Dawgom, and L Sterbng

Diegartmert of Coimniater Sence
The Umvernty of Melbourne
Palonlle, Victona 3052, Austraka
Emnad [rwdoke.adleon] @cs ma oz o

Ahstract:

We mpe stigate a Web sdormabon struchemy mecheman caled Gpahwrpnd Seaucineg databases :.I;.::]‘;I:'-E‘{:Eh.: e e
databases enable more sopleshicated automated sescleng, extrachon, and procesmmg, and can facitate agent-baged

e g e We alis (3 AT bow thede deductire databates beesft fom Eﬂn,q Sftrbiated on the Web

1. Introduction

Cher @ o2 1o evhamce the Wb wath mformaton wrach o more susceptble to sophestcated mtomated searcheng, extrachon,



>

VAN Z 279U ¢

MAINZ Zv_ 3] 0, F-867
3 MAIN:-1_905 filli
4 MA INEDN

t
1

3

1
A A

i

A

e .- —

Q.
—

= Q =
M =2 11 MEET EE

O1 B> C

(=] —
AL

™
C
3

ROWND <
6 MAWNE C
—OUND ©
—-IRE /7 MAINZZ
SLOT FOUND:
FIRE 8 MAIN:ZZFr_900_slc s_tﬁunct f-894, ¥-957, t-377, T-30
FIRE 9 MAINZIc_ 600 recognized_default f-960, f-301

CLASS Generic-Part-Publication

FIRE 10 MAIN::e 203 links f-963, f-748, ¥-964,, f-790, f-53
FIRE 11 MAIN::e 203 links f-963, f-378, ¥-964,, -845, f-52
FIRE 12 MAIN::s 002 result f-963, f-971, f-966, f-964

fact : CLASSIFIED

Inserting as recognized. ..

CLASS Generic-Part-Publication

O
¢,

Q

2%
1
(I

-
C

0 71 @ TG TR T
A Uq O

ts hi_funct f-894, f-68,,

5 B Y I

\
EA

_hi_ccpt_bgn f-894, ¥-593,,

- Al ™
O

L=
D W
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ASKIDUINKS Containing concepts

(A5K=a)/EFSENUEIRGIH)
recaivar gor
languageNessian
ontelegy/Seience.

contenis(oehject @’1 nchor) (Link-Text ?1))

(R &Su]t (PagesStatus CLASSIFIED) (Class "Conference-Paper"))

(bject (Is-a Web-Page) (Contents ?co))

(test (and (if-occur ?l (begin-until "abstract™ ?co))
(iIf-occur (slot-get [Conference] Concepts) ?1))))

oS



r\u(fll\/]ﬂj c

ey
SENUEINPRPREAGENTS

racalver CRPSAcSq)E
in-replyatonGs:! |
replyaWisN a2
languageNESS g
ontology Science

(URL “http://lcn2002 cs.bonn.edu”)

(anchor “ IEEE Conference on Local
Computer Networks (LCN 2002)”)))

34



[eStraniegent processed between 150 and

Iestshwiiieachragent:
AN corpusiieieknowledge
. Atesi®eorpls

,\ W@b test

P agent uggested 30 correct and 7 wrong links
ture researcher's agent

35



CERFAgent’s Results

N O|EESESENeonierence; Waorkshop, Journal, Magazine,
BENENCNVESSE-EY, *n”r Beneric-Sc-Publication-Event
anoESpecial-Issuesifoiddolrnal and Magazine

_Templatesion24! 310'“@
28 casesiforthe class F‘ sations

: Web Web

Acquis. = Test :
| Corpus Corpus iy, Wout
P P lists lists
Recognition 971 1 93,9 | oue
Functional categorization 03.8 93.9 03.8 95.7
Contents classification 94.9 03.3 92.9 91.7

Processed pages 244 147 129 188



FRetenal categoeries distribution

Acquismon
Corpus

n '”rhé CFP agent

Test
Corpus
Web Test
Web usmg
Lists

m Contents pages

Lists m Recommended = Garbage




Articles’ Ag ent Results

_ N C|EEEEEennIerences\Vorksnop, Journal and Magazine
Articles; Tt hwb, Dissertation; Technical and Project
EPOIISTTBOOKIChaptes Generic P,,]c cation
Ik \mr)] tes JOI’ 8 glo‘b

classifications

.Acquis. Test e

"Corpus COrpus W./ Our

| lists

Recognition . 03.1 82.7 87.8
Functional Categorization 96.8 94 95.1
Classification o7 93 81.4

Processed pages 190 150 184 3¢



saseErAlrarticles’ classification

slGepstiction of anl Artificial Intelligence
Al)ontology,

o Classifitation of scientific articles into
multiple stivzareas of A

‘ v

eunice@cefet-al.br, fred@cin.ufpe.br
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Pelfl o

aflnitions

propagatelreceiveshropagate”

Synapse

‘ Output

Artificial Neuron

herAlTentology:

Artificial Meural Netwark

[eceives”

Ertry

Inputsﬁ

safleurons®

Recurrent

3 E\QE
i1

-\.H-\_'“\q_\__\_\. .Sa
'\-\_\_\.‘.\.
'\I-h_\_\_\-\.

T

Neural

Feed Forward ANN

Innut-Layersa E H“w 53
P/J Ef ‘J-am

Symmetric

Jordan

Input Layer

Multi-LayEl’Ed FF ANN

Single-Layered FFANN

I}
5a

Hopfield Metiark

f{-fl
.
.

& [i.

/iéa fsa

\.

)

oelf Organized Map

Cuperdsed Leaming ANN - |Perceptran

Fadial Basis Function Metwork

Multi-Layer Percept-an




VIASITIERBVVELForliextual Classification

classiiieation strzii=le]lSS

2 Praorocassine wi@h&gc&]gm RECOGNITLION -
ECOUNIZESTMENEIEVaNIESectonsidentifying and
extractngromthemsernsiound in the ontology: of
230 Qmav

* ClassiResogniEen=awithinithe Altdomain,
recognizes the*mainiclassest of the upper subareas.
3 methods are beingfapplied:

= Direct'Recognition ofi Main Classes

» Class Recognition Through Attributes

» Class Recognition Through an Indirect

Relation

]

(lass Recoguition

Ordermg and Classication

eunice@cefet-al.br, fred@cin.ufpe.br 41



FProject Edit
=
bificial Meur.. C

iplication Clags ' W
Tonol :
Programming Langua
P Im

ficial Meura

| Default-Subclas V

FAT41 . htm

st Artificial Weuwral network

Direct Recognition of Main Classes: Knowledge Representation Formalisms

eunice@cefet-al.br, fred@cin.ufpe.br 42



IAETERBWEDIfO Tiextual Classificatic

b
e —~ D o S > v ;.. = v , T A a
Class Racogniglon OUE c
1 Dutput LEI":,-"EF
= h Protéoe < Progra 0 SEE e . nacelteste E-@
Project Edit Window  Help AJELJI’DFIS*
DS -~ =/ % AR r'd
TR TR — o P —
2 RSN o [ N TR << ntences [N Artificial Neural Metwork
e \V; : Display Slot :@assuciatedTn (type... C
@ (T Tool i T = iz
%Programming Language [S]slotin Pracess | [_1 In-the-Beginning
a- Fraohl o :
®-©v\:2h-§';nge {Direc ¥ C gt }(
(C) Anchor [T associatedTo :
(C) Class-Recognizer (7) kT associatedTo : [¥] In-the-Page
(T Concept kT tarmalism : =
§§@>Neurons P ———————————————

@ (C) SlotRecognizar (5] — |
@List—Recngnizer ; 5§<i>propaga'

<i> receives

Message-Recognizer
@Suggegtion-l?ecgugnizer B Page: http://localhost/masterweb/cfp/Teste/Al/A120. htm
@Garbage-Recngnizer 5']25: b7 ? h}rtes
%’?Eﬁﬁmn_oa” o Processing time: 8.0s
= Title: classification of binary document images into texture or non-textual data blocks
|44 using neural network models

Class Recognition Through attributes:
Output Layer is linked to Artificial Weural Network by slot Weurons




Exper]m enitSiand Results

=2402rimanial €arous

=06 HIMIBaecuments

=Demaink »
Artificial Intelligence

Comput?g)
MEedicine
Biology

Econon
Philesophy.

— Heterogeneous with respect to the sections’

division

eunice@cefet-al.br, fred@cin.ufpe.br
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1,.’

E,g,)ﬂ rinne ts.and Results

p
i
> classiiication rasulis o

I 'IEI.I.. hine .Le=1'1u'u=

“_- 93¢
Ottier domains m—

eunice@cefet-al.br, fred@cin.ufpe.br 45



b

¥

EXpar mentsiand Results

eSIResUSHnIEEuranaishown by system
L3

__________________________________

eunice@cefet-al.br, fred@cin.ufpe.br
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ACANIHESaMetter agentization

rResearch Subsystem ik

Extraction Subsystem

Extraction cluster 1

= /\

a

»

|

=
=

Extraction cluster 2

Front Office
Subsystem



D Resource Agen;
‘ Supervisor

O Search Agent

Sealrc:h\'th
L

engings/

Searc
engines

Web
resource

Domain
ontology

Linked
cluster
ontologies

Web
ontology

Prepared

pages




ShVisaeged ac "tages

litersfiexipIlity; extensik J]]Eyﬂ\ scalability and reusability
(oor)ﬂrg]clon hetween different domains

EXSnionmeation related to accommodation and transport
pPESSINIIHES; touristiciinformation (monuments, galleries
anofellttral.events eccurring in the same time period of
2 seientificievent (cluster of Science) should be
recommended to the Tourism cluster

50



Corpus
d’entrainement
Tokenizer
Feature
Extraction

Regles
d'extraction

Module d'induction
de régles (BWI)

Application des
regles d’'extration

(.XML)

l

Informations
extraites
{.XML)




Corpus
d'entrainement

Tokenizer

l

Feature
Extraction

Module dinduction 4 Regles

de régles [BWI) d'extraction
[.XMIL)

Application des
regles d'extration

l

Informations
extraites

{ XML




Tab. 11. Perfomances par slot de 5 systemes sur le corpus Seminars.

All
Slots

SIE - i - 86,8
GATE-SVM 80,0 . 88,2
(LPY 77.8 28,0
Rapier 53,0 i
TES 86,2 . 91,4

speaker location stime efime

Good results In
Standard corpora

Tab. 12. Perfomances par slot de 4 systémes sur le corpus Jobs en utilisant

un ensemble d"attributs composé d'information de capitalisation et POS.

Slot (LPf  GATE_SVM Rapier TIES
id 100,0 87,7 07.5 g8, 1
title 439 49,8 40,5 67,4

COMmpany 7.8 772 g8.5 789

salary 82,8 28,5 g7.4 I ntegratlon

recruiter 80,6 78.4 68,4 86,1 ]
state a8.7 92,8 20,2 96,9 Wlth AGATHE

ity 83,0 85,5 804 96,5

country 81,0 88,2 B3.2 BHIB already

language | 91,0 86,9 80,6 88,5 implemented

plataform a0.5 a0,1 T2.5 86,9
application T84 70,2 88,3 a3
area 66,9 48,8 42.4

req_y_exp 08,8 a0.8 g7.1 86,4
des_y_esxp a0, 4 81,8 BT.5
req_degres B4.7 B7.5 B1.5
des_degree | 65,1 50,2 72.2

post date 8.5 g2 Ba.s

All slots 841 80,8 751




Corpus CFP

Bl ~milcare
[ 1 Yaoyong
B SIE
[ TIES

w nam w acro w dat w hom w loc w pap w not w cam ¢ nam ¢ _acro ¢ _hom




OIEiFagents .,
[asis With A6 \ Sana\WEER
Dughc‘ﬁy CHECKI J »
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BONCIUSIONS

ClG sysiams jar sgadiile d)rru S seem to be feasible

SOPPEALBNIAMONGRAYEnts can facilitate retrieval in a
COMIMOnNEeMaln »

FUnctinelscategorisation and a detailed domain ontology
Seem tofe reguirements for success
Current keyword-based search engines can be a basis for
" more accurate ontology-based domain-restricted
cooperative information agents

56



