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The general problem...

+ Huge number of Web sites and volume of on-line
data (information overloading) o~
:
4

» Users overloaded with a large amount of

information RS
»> Difficulty in finding relevant documents

+ Consequence: searching may be time
consuming!

> Demand for automated user support

> Need for intelligent solutions able to support
users in finding documents according to their
interests
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...and problems in e-commerce

+ Critical aspect in e-commerce
v Millions of products for sale
v Customers overloaded with a large amount of product
information
v Searching may be time consuming!

+ Need for personalized solutions able
to support customers in retrieving
relevant products

User interests useful to
achieve personalization
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User Profiling

Select
Products
& Color . 5

. Your Personal
My-BOL Page

Learning user profiles in digital libraries




Personalization: User Profiles

USER PROFILE: RAPPRESENTAZIONE
STRUTTURATA DEGLI INTERESSI E DELLE
PREFERENZE DELL’'UTENTE

+ Questionnaire-based personalization
v La definizione manuale di profili € un processo noioso per
gli utenti
v Gli utenti non aggiornano i loro profili
v La personalizzazione potrebbe basarsi su dati non
affidabili

Induzione di modelli di preferenze:
SUPERVISED MACHINE LEARNING
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User Preferences: categories

Preferences

Arts & Photography
Children’s books

Computers & Internet
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User Preferences: items

Book description at Amazon.com
Preferences amazoncom

Arts & Photography
Children’s books

Computers & Internet

e, Svring provdes an m-depth gade to gerang the most out of Sun's SwwglTFC user warface
1 and expert sl ed e 1,

content-based -
recommendations "
by learning from =
TEXT
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The system

ITem Recommender (ITR)

+ Content-based item recommending on the basis
of rates given by users

+ Naive Bayes text classification to assign a score
(level of interest) to items according to the user
preferences
v Performance comparable to more complex algorithms
v Increasing popularity in text classification

+ Result: user profile containing the probabilistic
model (words + frequencies) learned by the
classifier
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Document Representation
Molti metodi di text learning usano la
reppresentazione bag-of-words

+ Valore booleano che indica la presenza di una
parola

+ Frequenza della parola all’interno del documento

+ Informazione aggiuntiva (word position, n-
grams,...)
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Document Representation: bag of words

Journal% 0 Learning

Intelligence —

Research \><' ° Journal
2 | Intelligence

JAIR is a refefred / 0 Text

journal? covering

areas of Artifici 0 Agent

Intelligence; which j

distribuited free o 1 Internet

charge over the

Internet. Each/A/olume

of the journal is also \

published by Morgan

Kaufman... 7 t 1 volume
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rds and slots

Bag of wo

Journal of Artificial 1 Journal
Intelligence . Si
D ot
Research 1 | Intelligence wEitle
1 Artificial
JAIR is a referred 1 Research
journal, covering all
areas of Artificial
Intelligence, _which is 2 3 |
distribuited free—af_ ourna
charge over the | T 1 Intelligence Slot
Internet. Each volume “abstract”
of the journal is also 1 Artificial
published by Morgan
Kaufman...
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Book Information at uk.bol.com

W | wesmmoer | sssesewre | accos | cosmucres | e S
B e | Pavar tarch &

The Lord of the Rings

P~ —r oo
Book -k ;

description\ s

Utilizzo di tecniche basate sul contenuto: applicazione di
metodi di text categorization alla descrizione testuale dei libr
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Instance description

Eﬁ

Book recommending on the Web

=3

s8cond book n the Sriogy “The Lord
Falowehp of the R aeed v

of the Rings", It teés the pc story of the great quest undertaken
et tha i Gandalf the Wisard, Marry, e

b Wiz Pupgen and Sam, Gemh the Dwie! andl

S =
ﬁg/@ .i AR | ki
s

{lord:1, ring:1}

{frodo:1,
User Rates:1-10 lgrd:l,
ring:2,...}
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BOW Extraction

________ {begia: 1, xml: 2, guid: 1, buzzvvora: 1,
internet: 1, matur: 1, technolog: 1, p¢vec:l,

1, organ: 1 ..}

BAG OF WORDS

l TEXTUAL ANNOTATION

L Stopwords .
enization \I‘ eIimF;nation l- Stemming ‘ Word Count
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Bayes’ Theorem

P(h|D) = P(DPI(TD);(h)
heH

D: training data

h: hypothesis from the space H
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Bayesian Learning

The learner considers a set H of candidate
hypotheses and tries to find the most probable

hypothesis by taking into account the observed
data D

Maximum A Posteriori (MAP) hypothesis
hmae = argmax P(h | D)

P(D | h)P(h)
P(D)

=argmax P(D | h)P(h)
heH

= argmax
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Bayesian Learning

TEXT CLASSIFICATION
H={"user-likes”, “user-dislikes”}
Each instance (document) is represented
by n attributes (keywords) {a,,a,,...,a,}

hwar = argmax P(hj | a1, az,..., an)

P(az, @z, ..., an | h)P(h))

hwar = argmax
P(ai, az,...,an)

hvar = argmax P(a, az,..., an | hj)P(hj)
hjeH
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Bayesian Learning

Indipendence assumption

Naive Bayes Classifier :

hwar = argmax P(hj)ll_[ P(ai| hj)
i=1

hj e H

The probabilities are estimated from data

Learning user profiles in digital libraries
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Classification Phase

+ Ogni libro € un vettore di bag of words (BOW), una BOW
per ogni slot

+ Ogni slot € indipendente dagli altri
Title: {lord :1, ring :1%}
Authors: {j_tolkien :1%}

Annotation: {epic :4, novel :2, ring :3, elf :2,..}

Le probabilita a posteriori per un libro d; sono cosi calcolate:

P(Cj ‘ di) :%ﬁﬁp(tk | Cjasm)nkim

S = {s;, S5, s S5} € il set degli slots

b, € la BOW nello slot s, dell’istanza d;

| t,. & la k™ word (che occorre ny,, volte nella BOW b, ) |
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Acquisizione voti

The peace of the nation of Tir Tanagan has been baterdy won. But after years of
e e ighlimg agpiret vl kygelorms and Tarmich imvaders, the wirior Suben ap Gusen
[The Rings Mame Jo Wallon |y - lord King Urdo had finaly wom i, Soon th land faces was, and Suben
= A a niist take B ams once more.
Ogni utente giudica - _
SO Vahnaqlwnonﬂmxo:lrblonsswmorll’"z(' IC4CSCEETOECHOD m”
un set di libri di
tralnlng in accordo King, ] This tale unlocks the secrets of Merins past and the reason for his supermnanzal
con i SUOi gusti, Mufind Wlertm Robewr  [Powers, as well as bis pivotal role i the desting of Fing Arther and the ko

of Camelat

esprimendo un voto
dalalilo

[Valuta queste risultato: © Non asseguate C1C2C3C4CSCECTORCHF 10 ml

Rusch,  Renouncmg the Black Torene to become a Shaman, (3 journeys back to the
[Black Eing Fristine  Bhoe Isle, only to &scover that bis sister, Queen Ananna, has been possessed by
Fallyn  the dark soul of the ewl bleck kg

Valuta quests nstare: € Hon assegaate © 1 €20 304050607 C8F 90 10 lin|

Sulla base dei giudizi dell’'utente, il sistema apprende le sue
preferenze su un particolare tipo di documenti in merito al topic
di ricerca
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Training

likes rates 6-10
dislikes rates 1-5

. rr—1 : :
User rates r; = Weighted Instances (t)'+ = 'T o' =1 —a)'+
% :
1
-
A — A O(t..c.,s.)
Pe)) =TT P(t, [C},8p) ==~
| | L(C] 9Sm)
training set cardinality
TR| TR|

O(tkacjasm)ZZa)ijnkim L(Cjﬂsm):za)} | by |
i=1 i=1
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Example of ITR Profile

Profile for User: 117
Category: "Computer & Internet”

E’f’m 117 The terms of the
alegory:

Computer & p rOfI Ie are
Intemel .
ranked according

. - B{YES)
Class Priors: 0.6169547952025346

measuring the

Feeature Strength

T to a strength
Slot: title Eg?g:szmmm ' g

e Jlza1ssnoasissmsn | discriminatory
ek 2 Z707A0AT3 131238 power of a word
erterpc |1 651700RRRS065003 - | o

ed 1 5504900865753571 in classifying a
e | ARZARZTIEHRASIG book

wvisu 143228273654B8536

e-commerc |1 4EZ2EETIAN4EEE4

th -2 303081 190259 P(t | C S)

[r— 2 303970321190259 strengtf(t S. )= lo _ kT

iee -24741920310501264 k2= P(tk |C,,SJ—)
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Personalized Searching 172

B Descnpnion BOW Suery ko the Do dify Profiles View uery with Rank
IR B achon Extraction  |databace rates Generaton Profles  [Profles comelaon

Use your personal profile to search the database
QUERY:

Type of recommendations & Mew items © Already rated gems © Both
Catgory: [Computing & inernot =]
[ot] Pesat |
Personalization
of the search process

using ITR PROFILES

Learning user profiles in digital libraries
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Emxanay Exchie s 5
Recommendations: 58 j
Hlank. Titde Asthoris) Abtract

ture for dewelopeng Wb bated, muls sered, dubuted app
Thes

il par

o ppcnca

:‘;‘::;:‘ Fask thisoom © Hothing ™ | 203040 SO g0 7O ga g 1o [Sebe |

Result set ranked by the
classification value P(c. |d;)

computed by ITR

Learning user profiles in digital libraries

L covers Fistes feans: Th
evted b crvateng and smadpreng EMEa to work weh the 1573 develiperd earker mrhe
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ITR & VIKEF

ITem Recommender (ITR) currently integrated in
the Personalization component for context-aware
access, dissemination, visualization, knowledge
sharing and collaboration (WP6) within the 6FP
Project IST-2003-507173 VIKEF

Virtual Information
and Knowledge

~VHeEr
Environment

.. ' Framework
~ ]
(' Information Society

‘Technologies

Learning user profiles in digital libraries
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Learning Preferences of Users

\\.'/Accessing Digital Libraries

1O Licchelli*, P. Lops*, G. Semeraro*,
W i Bordoni** and F. Poggi**

“"('*) Dipartimento. di Informatica, Universita di Bari, Italy
(**) Enea/Uda-Adivisor, Roma, Italy

\\
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Overview

v Introduction
v User Profiling
v The COVAX project

v The Profile Extractor system in the COVAX
architecture

vExtraction of User Profiles: the learning
process

v'Rules generation process
v'Classification process
v Improve searching in COVAX

Learning user profiles in digital libraries 27

Introduction

+ The World Wide Web has the potential to be the
largest information source for Digital Libraries

+ Limit of the Web: information overload problem

+ Possible solution: personalization on the basis of the
preferences of individual users

Learning user profiles in digital libraries 28
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User Profiling

+ Personalization within a Digital Library can
occur along several directions:

Explicit and implicit profiling
Static and dynamic profiling
Personal annotations

Person-dependent system behaviour

Learning user profiles in digital libraries
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The goal of the COVAX project

+ COVAX (5FP 1ST-1999-11820) - Contemporary
Culture Virtual Archives in XML - is a global
system for search and retrieval, that increases
accessibility via Internet to electronic resources
regardless of their location.

oo i &covax I

WWW.covax.org
v Using Web services for search and retrieval of
documents

v Making accessible over the Internet existing
documents in libraries, archives and museums

v Implementing standards to guarantee
interoperability among systems

Learning user profiles in digital libraries
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The Profile Extractor system
in the COVAX architecture

v

logAnalyze

Covax Server

Conrector

Multilingual User
Interface
.
i
| Administration Tools

Profile Extractg

XWEKA
Learning System

Http
Client

Partner Server

Tamino / SQL server

i! erver

Tamino / SQL Server

Partner Servey

Conversion Tool ‘

Original Data

Learning user profiles in digital libraries
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The Profile Extractor architecture

...1s a system
that induces
rules for
extracting
user features

...creates user
profiles, according to
the set of

PN PO oS P oS

VIAOODILIVAUULL L UIVD

Profile Rules
Extractor

...aggregates
users

...an XML compliant
communi

version of WEKA, a
-l crea machine learning tool
S e R develoned at the
per X

...1s the layer
responsible for the
extraction of data

required for the

learning process

...contains
discovered rule

sets, user profiles
and usage patterns
in XML format

Learning user profiles in digital libraries
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Extraction of User Profiles: a ML process

Input: user instances classified in categories on the
basis of preferences, abilities and goals.

Method: supervised learning techniques (decision
trees, PART) provided by XWEKA.

Output: classification rules.
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Profile Extractor: Input

Collection types:

Personal Data Bib}iué[a}’h;” (}iblalicb)
Archi\]/:eur‘[her personal data are not

+ User ID il l;lgled for privacy problems

+ User Type (citizen, researcher,
scholar) Electronic Text

] Databases:
Interaction Data Spanish libraries

ENEA scientific bibliographic

B Number of Searches Naval Museum Computerized

v Collection Library Museum Fronfeste Leather

and Database Prix Multimedia Austria

Blekinge Elektroniska Textcenter

etc...

Learning user profiles in digital libraries 34
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The classification rule generation process

X
M ;’
L * ' DTD DTD
I Expert
/ = | 1
(@] 1 |
- I |
W 1 I
Personal R
Data A |
P| [Unclassified Training Rule
E Instances - Instances - Sets
Interaction E
Data R
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Classification rules: an example

et is a rule cet

If

SEARCH_NUM_Eiblioteca de MMenendez Pelayo Bibliographic Databage <= 110 And
USER_TYPE= scholar

i Then Class: no

ThenClass, wes

3

Conclusion gives ™ . . .
g Precondition of a rule is a series

the class that . .
© class of tests, just like the tests at
applies to — . -
. S nodes in decision trees
instances covered
by that rule

SEARCH_NUM_Dlekings_Elektrorisis_Temtcenter <= 50

Then Class. yes

[
Otherwise Class: no

Learning user profiles in digital libraries
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Classification process

Bibliographic

Yes
User Profile

Personal Data

Interaction Data
> XML- Archi
Instances g compliant cmve Bibliographic: yes
CLASSIFIER No Archive: no
‘ 7 L Museum: yes
S—
Rule
Sets
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User Profile: an example The list of the 4
collections and the |

degree of user
[F- > PR ABEdIB-STEOGR interest
Profile for User:17 |

Hiblingrahis  yes U3571 e U429

USER_TYFE
SEARCH_NUM_Biblingraphic Archive yer U083 [me U167
SFARCH NUM Archive Museum ‘yes M3333 [ma 0AGET

SFARCH NIM Museum
SEARCT_NUM_Blectrondc_Text
SEARCH_NUM_Biblisteca_de_Menendez_Pelayo_Fapers

Flectranle Test yes 101 |ms 001

SEARCH_NUM_Karlskrona_Municispal_Archival Guide Th Fihe et fa:
SEARUH_NUM_Eesidencia_de_Estudianies_Archivos
SEARCH_NUM_Bibliwieca_de_Menendes_Pelayo_Biblingraphic_Database o : :;‘
SFARCH NIM Catabaz Unbersiint Oheris de_ Catalusys Liary

Mustum =no

SEARCH MM FNEA sclentific hiblingrphle_colleetian
SEARCH_NUM_Resbbencls_de_Estudlantes_Catadego_hibHografice
SEARCH_NUM_Test_SB_Dlekinge_Tekniska_Hogikla Research Library
SEARCH_NUM_Test_SR_Earlskrona_Naval Musewn_Library
SEARCH_NUM_Maval Museun_Compuirrized_Livrary_Catalogue
SEARUH_NUM_Kesearch_Documeni_Datakase_Blekinge_lnstituie_lechnology
SEARCH NMUM VS Undom Cambsgue

SFARCH NIM Blasler Pster Callectian
SFARCH_NUM_Multimedia_Product_Archive_Furopesn_Produet_Rights_Catleg

Edectrurac_Texd = yee

The final result of the
user classification -
the user’s favourite

m.unnuuguugguuuuun_.u_uﬁ
H

SEARCT_NUM_Museuss_Frondeste_Leather_ Collection Categories
SEARCT_NUM_Prix_Multimedis_dustris

SEARCH_NUM_Ubjesi_ratulvgue_Naval Musewm |
SEAKCH_NUM_Blekinge_Elekivoniska_Teaenier

SEARCH NUM Trad SR Hichisge Tehnisha Hogshala BETEXT User Data
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How to improve searching in COVAX

Fle  Ddt Vew Favotes  Took  help

| s [ reeesiziz. 13,10 =] ow || L

Database Info

Datahases

Diatabases by theme -I

Kariskrana Muniepal archeval Guide

[aey ol these 51 mithin [ Tie

word varistions " Match 88 words exactly "

¢ Residencs de Estudsantes, Archivos
s Catalag of the Universitat Oberta de

Calloctions Catabunya Library
b & (b} o (a20) [ [bs ENEL sentfic biblingraphic callaction.
z b4 Residanca de EstuSantes, Catdloge
Flmuseum (mus) Elnctronic Toxt (o) B Dincarifes o
b4 The Ressarch Document Databass of
Ezample & Blekinge institute of Tachnology
onergy, st Musaum in der Fronfaste - Lesthar
Inder, Callection
:;‘ru;ﬂ. e Prixc Multimedia Austria
erdegen,

benchmarking. s Residancia de Estudantes. Pinbura
mthemat

u Blekinge Elektroniska Textcenter

Display [52] [Compirte Rend Dot = Dioselect Al Databares

[Pos| puanced Searcn o
4] | *
l& T [ ke
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Scenario 1: user profile not available

| Edk Vew Fawebes Toos  Help
| Address [ ] hrpesizi 218300,

Search Results

Table of Contents

Collectinng Title Lreator Dates
& 1 |bib P Hstona general do Espada Canovas dil Castillo, 1850
Lezation: Rasidan srudianzar. atélogo bibhsgrifics Antonio
© 2 bib @ Control of radioactive waste disposal into the marine —
enviranment
Lacatinn EWEA sriantiic biblingraphis callacian.
© 3 bib p Response to od and chemical maring pollution cormack, D. -
Lieation: ENEA scintific bibbograghic colladion.
4 b o Physiological mechanisms of marine pollutants toxicity vinbirg, Winona B,
Location: ENLA soantic biblageaphic collaction.
c 5 bib @ In situ cell depletion of some marine algae enclosed in Maestrini, 5.. e
dialysis sacks and their use for the determination of nutrient
lmiting growth in Ligunan coastal waters (mediterranean
£83)
Locabioc: Subh scactic b bic coltact

Ewpont | [WTML =| Ewport selected documents -
o

-

Irkernet
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Scenario 2 — user profile available

[« 04y BH-aTEID | & - & %]
-
Profile for User:11
USER TYPE citizen Hiliographic yes U0 no (10
SEARCH_NUM_Diéliegraphic 0 Archive yes 0375 mo 0525
[SEARCH NUM_Archive a Museum yes 10 [mann
|SEARCH_NUM_Museum 15 Elecurenic_Teat jyes 0.1428 o 08572
SEARCH_NUM Blectwnke_Text o )
'SEARCH NUM_Hilisirea de Mraesdes Frlayn Faper Tw
|SEARCH_NUM_Earbdrona_Munciapal_Archival Guide 0 The classification of the user bs:
SEARCH_NUM _Resbdencis_de_Estudiantes_Archives [
|SEARCH NUM _Hiblistecs de Mrnesdes Felayo Hlisgraphic Datshace [ D"'h‘?y'm“‘ - e
SEARCH_NUM_Cataleg_Usiversitat_Oberts_de_Catalunys_Library o —
[SEARCH UM _ENEA seienefic bibliographic_callecton e
SEARCH_NUM _Residencia_de_Estulianies_Catadegn_biblingrafice 0
SEARCH_NUM _Test_SE_Blekinge_Tekniska_Hogsknls_Research Library 0
[REARCH NUM Tesd 5B Karbkrens Naval Muscum Livrary I L
|SEARCH_NUM_Naval Mustum_Computerized Livrary_Catabegue 0

SEARCH_NUM _Research_Document_Datshase_Blekinge_Instirute_Technalogy | 0
|SEARCH NUM V3 Unisn_Catalogee [

SEARCH_NUM_Dlasler_Poster_Callection s
[SEARCH_NUM_Multimedis_Product_Arckive_Furepean_Product Rights_ Catalsg| 15
'SEARCH_NUM Museum_Fronfesie_Leather_ Collection 15
SEARCH NUM _Prix_Multimedis_Austria s
[SEARCH NUM_Objeet catslogue Naval Museum Ts
|SEARCH_NUM _Blekinge_Elektroniska_Textcenter 0
SEARCH_NUM_Test_SE_Blekinge Tekniska_Hogskels DETEXT o -
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