Recommendation Algorithm for Digital Libraries

Oscar Cruz-Garcia, Jesus-M Olivares-Ceja

Centro de I igacion en C del IPN,
Av. Juan de Dios Batiz esq. M. Othon dec Mendizabal S/N
Unidad Profesional “Adolfo Lépez Matcos™
07738 Ciudad de México, MEXICO
jesuso@acm.org, oscarcruzgarcia®hotmail.com
ttp://www.jesusolivares.com

Abstract. Digital Libraries provide users with information access in a variety
of gcographical places using different content formats. Search engines have
been developed to help users in finding information tasks. Despite of the specd
and advances in search techniques, users still face problems white trying to lo-
cate information which meet their requirements. Researchers have developed
recommendation tools that attempt to provide users with information that nar-
row the huge amount of available sources. On the other hand, Software Agents
accomplish proactive searches on user's behalf. Agents employ a user model
for information findings. Currently many recommendation techniques and
methods have been developed. In this paper we describe an algorithm that pro-
vides both objective and subjective points of view for recommendations. The
algorithm employs an ontology \hlat contains digital library concepts. User and
document model points to nodes in the ontology. The algorithm calculates the
closest documents that fulfill user requests using a metric called confusion the-
ory.

Keywords: Knowledge representation, Digital Library, Ontology, Objective
and Subjective recommendations.

1. Introduction

Nowadays, the Web is populated with a h}xge amount of information and knowledge
sources that are used to satisfy user requirements. Digital Libraries are part of this
repository. Many traditional libraries are introducing networks to support user ser-
vices. Despite of the fact that many dlfft?rent search engines that have been devel-
oped, many users still face problems trying to find knowledge sources that closely
approximate their requirements. As a consequence, recommendation systems have
been proposed to assist users in the process of locz_mng information.

Digital Library' is a term that refers to “a library [7] in which collections are
stored in digital formats (as opposed to print, microform, or other media) and accessi-
ble by computers. The digital content may be stored locally, or accessed remotely via

! hutp://en.wikipedia.org/wiki/Digital_library
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computer networks. A digital library is a type of information retricval system. The
first usc of the term digital library in print may have been in a 1988 report to the Cor-
poration for National Research Initiatives. The term digital libraries was first popular-
ized by the NSF/DARPA/NASA Digital Libraries Initiative in 1994.”

A Recommender System® “is a type of information filtering (IF) technique that at-
tempts to present information items (movies, music, books, news, images, web pages)
that are likely of interest to the user. Typically, a recommender system compares the
user's profile to some refcrence characteristics. These characteristics may be from the
information item (the content-based approach) or the user's social environment (the

collaborative filtering approach).
Ontology is an explicit specification of a conceptualization. In this paper, the

ontology is a set of hierarchical nodes that represent digital library concepts.

A User Profile describes user’s interests alongside with identification and personal
information, and the main interest is related with the set of concepts of the ontology
that representing user’s interests. When a user explicitly specifics the nodes that is
interest on, we obtain objective recommendations. When a user issues queries directly
to the digital library, the supplied keywords are matched against the ontology produc-
ing nodes that we call the subjective interest, therefore, subjective recommendations
result from such information usage.

A Source Profile (we use the acronym PF for the Spanish equivalent ‘Perfil de la
Fuente’) is related with the set of keywords of a document (paper, video, book) in the
Digital Library that maps the document with nodes in the ontology.

Since 80’s we find works related with information user recommendations. In [9]
user queries were modeled with point in Euclidean space, documents that satisfy user
requirements are also points in that space, therefore a linear distance is used to find
the documents that are closer to user queries.

Since 80’s, many researches have been working in user profiling and information
modeling. Particularly, digital libraries have been focused as field of study. In [10]
we found a similar work that employs user actions for building user profile that is
similar as our subjective recommendations. In our paper we let user to select key-
words to produce objective recommendations.

The rest of the paper is organized as follows. In the section 2 we explain the algo-

rithm. Section 3 explains the system that is under development that uses the proposed
algorithm. Conclusions and references are given at the end of this paper.

2. Recommendation Algorithm

As part of the tools that are being incorporated within a digital library, Recommender
Systems provide advice and suggestions to users. Some recommendations are based
on groups and others based on individual profiles.

Our proposal is an approach that focuses individual users’ interests stored in user
profile. As mentioned above user profiles (PU) are mapped against the ontology and -

2 http://en.wikipedia.org/wiki/Recommender_system
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also document profiles (PF) are also mapped against the ontology.
Generally, nodes from user profile does not coincide with the nodes from docu-

ments, therefore it is mandatory to use a metric that evaluates how closcly a document
matches user’s information requirements (figure 1).

Our algorithm is bascd on the confusion theory proposed by Levachkine and
Guzman [1). This theory provides a measure of the confusion on the utilizatio ;.l
node belonging to the ontology instead of other node. For example. somcbog ofa
quires a feline and he is provided with a cat. Here the confusion is zert’y Butifj y' l’e';
of a cat he is provided with a rose, then there is a difference. This dif‘fe.renCe : ‘nslea
lated using the relative distance among nodcs in the ontology. is calcu-

Consider the following nodes as an example (indentation represent i
example FELINE is son of ANIMAL): PSR reaives, for

THING
ANIMAL
FELINE
Cat
Tiger
CANINE
Dog
PLANT
FLOWER
Rose
Carnation
FRUIT
Strawberry

The Confusion Algorithm states that if I am requested with a node that js below th
provided node, for example, I was requested with a Feline but a Cat jg received i e
stead, the confusion is zero. But if I was asked to provide a Tiger but a Feline";;
given, then confusion is one in this case, because I am not sure that the specific node
concept is given.

In our work we take these ideas and divide the confusion b

e y the lo
tween nodes involved to provide in a number within 0 and 100 ngest path be-

% in this form,

Recommendation algorithm has the following steps:

1. User keywords (k, k, ..., k) are mapped with ontology nodes. This map-
ping is done using ontology nodes keywords (c,, cs, ..., c). We obtain a per-

centage of satisfaction (S), this a value in the interval [0, 13, calculated as fol-
lows:

n

1
S=) et

i=1
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where:

1 (€1, €2, ++es Cr)
v,
5 Ontology . p -
User Document
—> | Profile Profile
(ki Ka, ..o Kn) (Wi, W2y .oy W)
(51,2 -2 Sp)

Fig. 1. Context of our recommendation algorithm

1 ifw;=gj, j=1,..,1
equal(k;, ¢;) =
0  inothercase
Mapping document keywords (Wi, Wa, ..., W) against ontology nodes, as

stated above by keywords (cy, ¢, ..., ¢). In this case, we obtain a percentage
of belonging (P), a value in the interval [0, 1], calculated with the formula:

m
P =-1F-Z equal(w;, ¢;)
i=1
where:
1 if wi=c;, j=1,..,1
equal(w;, ¢;) =

0  inother case

Check up the new acquisitions table and calculate R that is the recommenda-
tion percentage for each document in the table.

R=S P (1-conf(K, W)
where:

K is the set of user keywords.
W is the set of document keywords.

User recommendations are those documents for which R is maximal.
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2.1. User Modeling

In our algorithm users are modeled using keywords that refle .

keyvyoxjds are used during recommendation process to ﬁn(‘i:‘ ::zl:griso‘: These
maximize matching among user and node keywords. For each user keyword a es that
S related with each ontology node is calculated. The five top nodes are sclect, :“mber
best nodes that define user interests, automatically. There is another way to dc as ghe
ontology nodes that define user interests. That is the set of nodes which § i g
threshold established by each user. is below a

After calculating S, user interests are a set of five or less nodes with a pe

of user satisfaction. We have selected five nodes, but another number of ngd":cnlage
be used according with user’s requirements. The third option to obtain user es could
is to select directly from ontology those nodes that fulfil user’s requirement: lf1§eres§s
case S should be 100 % or users themselves may choose this percentage. i this

2.2. Document Modeling

Documents are modeled using their keywords that are mapped in a similar fa hi

user keywords. The same percentage is provided for each node that comainsS ion as
one document keyword. For example if the document contains the kcyword:, t least
base, relational-model and data-design; and upon calling the database a node data-
that contains two keywords: database and information; then the node is assj ar:jpears
% because one of three keywords of the document matches with concept ke yi’“grd: 33

2.3. Objective Recommendation

Once we have user profile (PU) and a set of document profiles (PF), the rec,

dation algorithms works attempting to find the documents that should be pr el

the user as recommendations. Ovided to
The algorithm works with a database table that contains new a acquisition

row the universe of calculations. For each document that appears as a new © ]

tion, the following formula is calculated to determine the rank of mcommenda;f,?:.um-

R=8 P (1-conf(K, W)

where:
K is the set of user keywords.
W is the set of document keywords.

with the above we expect to obtain a number within [0, 1] that represents a percent-
age of recommendation. The recommendations above a threshold containeq i the
user profile are showed to the user. These are objective recommendations yecayse
they are based on the nodes that have been selected by the user.
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2.4. Subjective Recommendation

We found an alternative approach to calculate recommendations. This approach takes
into account the keywords issued by the user when he or she searches the digital
library. The keywords are stored in the user profile in a place different from key-

words issued directly by the user.
The term subjective recommendation is used due to the fact that the user did not
request those keywords explicitly but instead he or she uses these keywords during

search tasks.
Recommendation calculus is done in the similar way as for objective recommenda-
tions. Subjective recommendations appear below objective recommendations unless

user states differently in the user profile options.

3. Recommender Agent System Development
Currently an Agent Based System for a Digital Library is under development, and the
proposed algorithm explained in this paper is part of it to determine what the recom-

mendations to users are.

The system is developed using MySQL database and Java Servlets in a Web envi-
ronment. User profile is generated using an HTML screen and a set of servlets are
employed to expand the nodes of the ontology to enable user the selection. Nodes are
stored in his or hers user profile in the database. Ulterior update is possible by erasing

undesired keywords and inserting new keywords. The system automatically searches
the ontology to determine which nodes represent user interest and also the percentage

of accuracy.
A similar treatment is done with document keywords to determine the nodes and

accuracy of the recommendation.
Sistema de Biblioteca Digital

| S.B.D
|

'

| Lolaoscar

| Consultas Solicitadas® Desconactar

EE

Sugerencias def Agente

|

|

Fig. 2. Screenshot of the main user interaction screen
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As the system is agent based, there is an agent server that at schedules the time to
activate the agents that issues user recommendations.

Currently recommendations are stored in the database and they are optionally
browsed by the user. They appear as a link in the main user screen called “Sugeren-
cias del Agente” (figure 2). We are developing a tool to send proactively the sugges-
tions generated to the user, according with the relative importance given by user. The
importance is also stored in the user profile.

4. Conclusions

We have presented an algorithm to calculate user r dations of d out
of a digital library. User and documents are modeled as a set of keywords that points
to nodes of an ontology. For each node the p ge of refé is calculated and

used further on to calculate of objective and subjective recommendations to the user.

A set of computer programs are under development to provide a tool for improving
user’s employment of a digital library.
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