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ABSTRACT

Web site recommendation systems help to get high quality
information. The modeling of recommendation system in-
volves the combination of many features: metrics of quality,
quality criteria, recommendation criteria, user profile, spe-
cific domain concepts, among others. At the moment of the
specification of a recommendation system it must be guar-
anteed a right interrelation of all of these features. In this
paper, we propose an ontology network based process for
web site recommendation modeling. The ontology network
conceptualizes the different domains (web site domain, qual-
ity assurance domain, user context domain, recommendation
criteria domain, specific domain) in a set of interrelated on-
tologies. Basically, this work introduces the semantic rela-
tionships that were used to construct this ontology network.
Moreover, it shows the usefulness of this ontology network
for the detection of possible inconsistencies when specify-
ing recommendation criteria. Particularly, this approach is
illustrated for the health domain.

Categories and Subject Descriptors

H.4 [Information Systems Applications]: Miscellaneous:
Recommendation Systems

General Terms

Documentation, Design, Verification

Keywords
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1. INTRODUCTION

Web site recommendation systems must help to get high
quality information. In order to explicitly conceptualize this
property, the modeling of recommendation system involves
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the combination of many features: metrics of quality, qual-
ity criteria, recommendation criteria, user profile, specific
domain concepts, among others. At the moment of the spec-
ification of a recommendation system it must be guaranteed
a right interrelation of all of them.

The use of the web by common people, as a repository
where to find information, increases drastically day by day.
This is a very worrying reality because many of websites do
not contain data of good quality: precise, believable, rele-
vant to the userAés profile. There are several characteristics
of websites which make attention to quality issues neces-
sity. Particularly, the lack of quality controls (i.e. editorial
boards) at the stage of production. Then, quality-based
recommendation systems are a help to get high quality web
sites for users needs.

It is quite common to find recommendation systems based
on ontologies that model the user profile and the domain
of resources to be recommended [17, 7, 14]. However, it
is uncommon to find models that explicitly represent the
criteria used by the recommendation systems or that express
the quality dimensions of resources on which criteria are
applied.

In this paper we model a web site quality-based recom-
mendation system by an ontology network. Moreover, we
show how the ontology network is useful to check the cor-
rectness of the recommendation system specification.

Quality in websites is determined by several diverse fac-
tors, some of which are enough general, and therefore, they
can be considered for any type of sites and for any domain.
Such features include, for example, navigation, user inter-
face aspects, legibility (size of letter, colors, images), perfor-
mance aspects (time it takes to access to the site content),
the correct operation of the site, its conformity with stan-
dards of the used language or of accessibility like those de-
scribed in normative such as the Web Content Accessibility
Guidelines of the W3C 11 . There are quality models that
take these features into consideration, some of them are for
example WebQual [4] and WebQEM [10]. Particularly, in
this work, we focus on the quality that arises of the infor-
mation value that the site provides and its adequacy to the
consumerAgés context.

Regarding the correctness of the specification, the ontol-
ogy network helps to reach this goal, since it allows the ontol-
ogist to asses restrictions and rules to classify invalid quality
and recommendation criteria. Particularly, in this paper we
present an application on the health domain, however, it can
be extended to any other domains.

The remain of the paper is organized as follow: Section 2
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presents an introduction to web site quality assurance from
webAés content point of view. Then, in Section 4, the Salus
ontology network is introduced. Following, in Section 5 we
argue through the utility of the ontology network in validat-
ing the correctness of the recommendation system specifica-
tion. Finally, in Section 6 we present a brief conclusion and
future work.

2. QUALITY ASSURANCE

The general term “data quality” is a combination of quality
factors, where each factor focuses on a specific point of in-
terest. There are several data quality factors: relevance, ac-
curacy, reliability, accessibility, freshness and syntactic cor-
rectness are some of them. There are several works that
describe each one of these factors [3, 16, 11]. Which factor
is the most relevant, depends on the specific domain of the
information system and on the intended use of the data. In
this section we analyze some quality dimensions specially
tailored to the case when data is provided for web pages.

2.1 Timeliness

Timeliness is widely identified as one of the most impor-
tant factors of data quality to consumers. Hence, giving
information to the systems about the timeliness degree on
the web data that they are consuming is a major challenge in
the developing of applications. However, there are several
definitions about data freshness, in general it is accepted
that timeliness measures how much updated are data for
a specific task. In Pipino et al. [12], the following defini-
tion can be found: Timeliness is the extent to which data is
sufficiently up-to-date for the task at hand.

Considering web data, one approach is to focus on the
concepts of age and volatility as defined in [1, 16, 11]. The
age suggests how old are data, captures the time interval be-
tween the creation or updating of data and the time at what
user receives data. On the other hand, volatility measures
the frequency with which data change over time.

Note that it is possible to have updated data and yet they
are useless, since their usage time expired. In this sense, the
volatility of data is a relevant element in the composition
of the timeliness degree. Therefore, timeliness degree is ob-
tained by the metric defined by the following formula, which
relates the concepts of age and volatility:

Timeliness = Max(0,1 — (age/volatility)) (1)

This metric results in a value between 0 (the data are not
up-to-date) and 1 (data are extremely up-to-date).

However, depending on the specific web site contentAés
domain, users can find useful other metrics or different def-
initions. The quality dimension ontology that we have de-
veloped is flexible to model different points of view [11].

2.2 Readability

Readability dimension concerns what makes some texts
easier to read than others. In Dubay et al. [6] were in-
troduced different readability metrics created for different
domains and user profiles. Readability is what makes some
texts easier to read than others. There are a lot of readability
formulas created for different authors, like FOG and SMOG
[9] grade levels, that reached good results when they were
tested [6]. The FOG and SMOG grade levels are defined by
the next two formulas:

FOG = 0.4(averageSentenceLength + hardWords) (2)

SMOG = 3+7polysyllableCount (3)

Here also, the decision on which formula, 2 or 3, to use
must be taken for a domain expert.

Syntactic correctness is a factor that is involved in some
readability metrics of web data quality. The syntactic cor-
rectness concerns that data are free of syntactic errors such
as typing errors or format. The data are considered syn-
tactically correct if they comply with user-defined rules or
restrictions. Examples of rules are: classrooms are identified
by three digits numbers or the one that says that a date is
represented by the format mm/dd/yyyy, where mm, dd and
yyyy are integers such that 00<dd<=31, 00<mm<13, con-
sidering also the different number of days according to each
month and year (31, 30 or 28). In this example, syntactic
correctness verifies that the date is a valid date, without
verifying the relationship that the date may have with the
reality; for example, that a given date is really the date of
my birthday. The latter kind of correctness is what is called
semantic correctness.

The value of the outcome of the metric that measures the
syntactic correctness takes values true or false. A useful idea
may be, the use of a range of values more significant than
simply Boolean to represent the seriousness of the error.
However, the measure of the seriousness of the error varies
among different situations depending on the use will be given
to the data, the domain of interest and the viewpoints of the
user; making it impossible to establish this range of values
generically. Here also, the decision on which formula to use
must be taken for a domain expert.

2.3 Believability

Regarding believability, in Pipino et al. [12] are intro-
duced two definitions: Believability which is the extent to
which data is regarded as true and credible and Reputa-
tion, which is the extent to which data is highly regarded
in terms of its source or content. The former is a general
definition that expresses the meaning of data believability,
while the latter talks about data properties (source, content)
to be considered to evaluate whether a document is believ-
able. About this factor in health domain for example, it is
important to take into account the existence of sites with
certified quality labels, such as HON ', WIS ? and WMA
3 which means that documents linked by these sites will be
evaluated with a higher level of quality than those that have
no certification.

Metrics to measure believability regarding as true and
credible data may involve different factors, for example, se-
mantic correctness and consistency.

The semantic correctness refers to the degree to which
data represent real-world. To measure this factor, it is nec-
essary to make a comparison of data with the real world
that may be represented by a trusted reference, called ora-
cle, considered always as correct. Considering, for example
a webpage that has information on health clinics and their

"http://www.hon.ch/

http:/ /www.portalesmedicos.com/web_interes_sanitario/index.htm

3http://wma.comb.es/
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directors, in order to verify whether in the real world each
clinic was directed by the director that is indicated on the
page, one should access an external trusted reference in or-
der to evaluate some questions. This reference may be, for
instance, a Public Health Database. Possible questions that
this oracle should answer are:

e [s it correct that <DirectorName> is a doctor?
e Is it correct that <ClinicName> is a health clinic?

e Is it correct that <DirectorName> directed the <Clin-
icName>"?

This example shows that semantic correctness of data
from webpages must be evaluated considering the relation-
ships among all the data. The difficulty lies in that semi-
structured data, such as data from a webpage, does not ex-
plicitly express these relationships, as they do, for instance,
functional dependencies in relational databases. Therefore,
metrics to evaluate this factor depend on the ability to the

information extractor to recognize relevant relationships among

web data.
Assuming that these relevant relationships among data

are known, one possible metrics for this quality factor may
be this:

e If establishing a single question to check its correctness,
and this is passed successfully, the page is considered
absolutely correct in terms of semantics, evaluated to
1

e If establishing only two questions and only one was
successfully approved, the semantic correctness of the
web page is evaluated to 0.5

e and so on

Ultimately, this is a correct response rate compared to the
number of replies.

The consistency factor measures the fulfillment of integrity
restrictions. This factor is strongly related to the seman-
tic correctness factor, if we have data semantically correct,
these must be consistent, because they correspond with re-
ality which is always consistent. Anyway, the consistency
factor measures complementary aspects from semantic cor-
rectness. While the semantics correctness verifies the cor-
rectness of the values that take place in relationships within
concepts, the consistency factor measures the correctness of
relationships itself. For example, whereas the clinic name
and the director name in a webpage that really corresponds
to the clinic directed by this doctor is evaluated as seman-
tically correct, if the data is about a clinic directed by an
animal this is evaluated as an inconsistency.

The detection of this inconsistency is achieved because
there exists the restriction that the director of a health clinic
must be human. The extractor of data from the webpage
must be able to validate this restriction from an ontology
that describes the domain relations. Hence, as has been
shown in [8], the metrics of the consistency factor depends
directly on the quality of the data extractor.

3. QUALITY ASSURANCE ONTOLOGY

In order to get the values of quality from web data in
a flexible and consistent way, the first step is to specify a

Web Sources

QF-Relations

gives-a

Quality Factors
)

measured-by|

has|

Parameters

participate-in

Figure 1:
Ontology)

The Quality Factor Ontology (QF-

formal model that represents the factors involved in the ac-
quisition of the quality of web data as well as the different
metrics that can be applied. Our approach to do this chal-
lenge is the design of an ontological model inspired in the
works of Qurator project on biological data quality [7], and
also from work in the area of QoS [5]. However, we differen-
tiate from these projects in the sense that our proposal is to
model a generic ontology to quality dimension (Q-Ontology),
independent from the specific domain and from the different
factors and metrics applied.

In addition to the valuable property of checking the con-
sistency among concepts and relationships, the ontological
model provides a high level abstraction that allows specify-
ing in simple way relations between factors and metrics. It
also offers a rule language, SWRL, which in a declarative
way can be used to specify the mechanisms to measure the
quality of factors and dimensions.

Figure 1 depicts, in a simplified way, our proposed ontol-
ogy for representing the context to assessing quality dimen-
sions of web data. As described in Section 2, data quality is
a composition of quality dimensions such as timeliness, se-
mantic correctness, consistency, among others which holds
some relationships. For each quality dimension can be de-
fined factors with different metrics. Metrics are functions
that have input parameters and produce a result. Web data
belongs to a web source, which provides metadata. Web
source metadata and metricsAé parameters participate in
the process of acquisition of the quality dimensions values
for a given data or relationship between data.

In the QF-Ontology, the Freshness factor for example, is
a subclass of QualityFactors and it can be measured using
different Metrics. If we use the metric proposed in Section
2.1, the input parameters for movies domain are age and
volatility. The user must give the value of volatility accord-
ing to the features of the domain, but the value of age must
be calculated according to the features of each source. In
this sense, web sites have different metadata that can be
used to get the value of the age of their data (i.e. headers
http, RDF, RSS, ATOM). Therefore, QF-Ontology should
be developed according to the profile of a user-specific do-
main and by defining the metrics that should be used to get
values of each quality factor in terms of the data from spe-
cific sources on the web. An OWL version of complete Qual-
ity Factor Ontology (QF-Ontology) can be accessed through
the home page of Salus Project *.

“http://www.fing.edu.uy/inco/grupos/csi/Proyectos/SALUS/
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The problem of how getting the values of quality factors
from web data is tailored in paper [8]. In this paper, we
mainly focus on exploiting the quality ontology as a com-
ponent of an ontology network in order to check the whole
correctness of the modeling recommendation system.

The quality assessment of web contents and their recom-
mendation to users in a specific context, is strongly based
on the correct specification of the quality dimensions to be
assessed and the way the recommendation is carried out.
Then, on one hand, it is very important how the system ad-
ministrator determines the quality dimensions that are going
to be considered to evaluate web contents, and what metrics
are used to assess each factor. Moreover, it is important to
remark that the combination of user profile, context features
and quality levels associated to web contents is a key aspect
to reach a recommendation that suggests the most suitable
contents to each user.

A key issue of this approach is that the validation of the
relationships between these different ontologies are exploited
by the use of OWL language and SWRL rules (explained in
Section5). In the next section, we will explain the concept
of ontology network by a motivated example in the context
of the Salus Project.

4. THE SALUS ONTOLOGY NETWORK

The Salus ontology helps to recommend health-related
web pages for a particular user. Specifically, it conceptual-
izes the different knowledge domains that are involved in a
recommendation system in a shape of a ontology network
[15, 2, 13]. These domains are: specific health domain, the
web site domain, the quality assurance domain, the user con-
text domain and the recommendation domain. Each Salus
networked ontology conceptualizes each of this domains:

The Specific Health Ontology conceptualizes a health do-
main. This ontology may be an already existing ontology
like UMLS® which conceptualizes, for instance, risk factors,
impact, treatment, diagnostic, effects, phases of a disease.
This ontology can be refined in terms of a specific disease; for
example "Alzheimer treatment”, AniDiabetes diagnosticAg,
etc.

The Web Site Ontology conceptualizes the domain of web
resources that will be consider in a quality assessment. The
main concepts of this ontology are web resource and web
resource property. A web resource is any resource which
is identified by a URL; for instance a webpage. Web re-
source properties models the properties that can be at-
tached to a web resource. For instance, possible properties
of a webpage could be the author, the amount of words,
etc. Among these properties there is a particular one, the
hasTopic property that relates web resources with con-
cepts at the Specific Health Ontology. The hasTopic prop-
erty describes what a web resource is talking about. This
property is always presented in webpages.

The Quality Assurance Ontology conceptualizes metrics,

quality assurance specifications and quality assessments. Met-

rics are specific calculus based on web resource proper-
ties. A quality assurance specification describes the
different quality dimensions; for instance readability, pre-
cision, believability, completeness, timeliness, etc. The qual-
ity assurance specification associates to each quality
dimension a corresponding metric. A quality assess-

Shttp://www.nlm.nih.gov/research/umls/

ment models the assessment of a particular web resource
(i.e. a web document) for a particular quality dimension
through a specific metric. It also models the obtained qual-
ity level.

The Context Ontology describes the user profile and query
situation. The user profile describes user properties as
user age range, role, academic level, health domain expertise,
among others. The query situation represents the context of
the query. A characteristic query situation is the query goal
(i.e. educational, commercial, academic, etc.).

Finally, the Recommendation Ontology describes the dif-
ferent criteria of recommendation for a particular context
(user and query situation), quality assessment and the ob-
tained recommendation level.

Particularly, Salus ontology network is specific tailored
to the health domain, but it could be easily adapted to
another domain, just by changing the health ontology by
another specific domain ontology.

All of these ontologies, each one built for different pur-
poses, may be used together in complex applications. How-
ever, the information about how is the relationship among
them, is usually hidden in the application code. The ex-
plicit use of an ontology network does not only describe re-
lationships between ontologies but also serves as the concep-
tualization of the main challenges of software development
process.

The challenge is to get relationships for each networked
ontology in order to help us to specify the ontology net-
work and to detect inconsistencies among them. Then, our
approach is to consider, in an integrated way, the specific
health domain of interest (i.e. Alzheimer diagnosis, Diabetes
treatment,etc.), the query goal (i.e. educational, commer-
cial, etc.), the user profile (i.e. user age, language, genre,
etc.), the dimensions of quality and the criteria to assure
that some information is in accordance to the goal of "fit-
ness for use” for a consumer.

Salus networked ontologies are interrelated by three dif-
ferent relationships. They are: uses, extends and describes
relationships. The semantic of these relationships is de-
scribed below:

The uses relationship relates two ontologies by the import
primitive. For example, this relationship occurs between the
Web Site ontology and the specific domain ontology because
of a web content topic can be any concept at the specific do-
main ontology. In the Salus ontology network, the specific
domain ontology is the Health ontology and web content top-
ics could be treatment, diagnostic, etc. In Salus , Alzheimer
Treatment can be a topic of Alzheimer Webpage.

The extends relationship describes a more specific ontol-
ogy which is the specialization of a more general one. The
more clear example is the Alzheimer ontology is an special-
ization of the Health ontology. For example at the Health
ontology can be defined the concept: diagnostic, treatment,
risk factors, etc, then these concepts can be specialized at
the Alzheimer domain in the Alzheimer ontology.

The describes relationship defines the relations between
a model and its metamodel. For instance,the Web Site is
an instantiation of the Web Site Specification ontology. The
later is a meta ontology for the former. Webpages are typ-
ical concepts at the Web Site ontology and model the class
webpage concept. This class is an instance of Web Resources
which are defined at the Web Site Specification ontology.
Another example is the property hasAuthor that is defined
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at the Web Site as an instance of the Web Resource Prop-
erty concept that was defined at the Web Site Specification
ontology.

The Figure 2 shows all of these networked ontologies; each
one by a different color. In this figure, it is possible to ap-
preciate the different interrelationships hold among the net-
worked ontologies.

Health WebSite Context

Quality Assurance Recommendation

Website
Specification

Recommendation

i Metri
€= i ' specification
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>
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Website
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isTheSchemaFor
Figure 2: Salus ontology network

During the execution of the process to get a set of web-
sites to be recommended, the Salus ontology network plays
different roles: in some cases it helps to discovering knowl-
edge domain units in the web pages (i.e. based on health
ontology and the specific health ontology), while in other
cases, it helps to supporting quality and recommendation
assessments. In the last cases, the Salus ontology can be
used to both: assisting in the modeling and specification of
a recommendation system and checking the correctness of
the resulting system specification.

The modeling and specification of a recommendation sys-
tem based on the Salus ontology network involves the popu-
lation of the Salus ontology network. The population of the
Salus ontology is done in three different moments: at the
start up of the recommendation system, when performing
the quality assessment of a set of given webpages and finally,
at the execution of recommendation assessments. The Fig-
ure 3 represents the resulting knowledge base when a docu-
ment Alzheimer webpage was assessed to be recommended to
the user Paul. The content associated to the Alzheimer web-
page has ”Alzheimer Treatment” and ”Alzheimer Diagnostic”
as topics. In this example the recommendation assessment
took into account the Believability quality dimension, which
was assessed by Provenance, which uses the hasAuthor prop-
erty of the webpage. The recommendation assessment also
considers the fact the user Paul is a teenager and the goal
of his query is "looksFor”.

url
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Treatment of @A)
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Figure 3: A population example of the Salus ontol-
ogy

The ideas about the correctness checking of a recommen-

dation system specification will be developed following in
the next section.

S. SPECIFYING A CONSISTENT RECOM-
MENDATION SYSTEM

Having an ontology-based recommendation system is not
only advantageous at the moment of configuring this kind of
systems (for instance to discover knowledge domain units),
but also it is helpful to validate the resulting configuration
of the systems. For example, someone might try to assess
a quality dimension with a unappropriated metric. In this
section, we show how by using web semantic technologies
like: OWL, SWRL and SQRWL, it is possible to maintain
consistent the Recommendation System specification.

Ontology languages, like OWL® and their combination
with rules likes SWRL7, are potential tools to express re-
strictions on the ontology network. OWL allows implement-
ing each networked ontology and gives facility to describe the
relationships between them; for instance, the uses relation-
ship can be implemented with the owl:import.

However, OWL does not provide facilities to draw infer-
ences about individuals. To mitigate this drawback, OWL
is combined with SWRL, allowing users to write Hornlike
rules expressed in terms of OWL concepts. Besides, the
OWL query language SQWRLS, based on SWRL, provides
the chance of doing queries on OWL ontologies and enables
to perform closure operations like counting and aggregation,
among others. SWRL is used to describe the recommenda-
tion rules.

At the following, we illustrate by examples the utility of
OWL, SWRL and SQWRL in order to preserve the consis-
tency of the recommendation system model. First we depict
how OWL restrictions are used to complete the specification
of a class. Then, we show how SWRL and SQWRL are used
to detect specification anomalies.

5.1 Consistency by using OWL

Within the Quality Assurance ontology, a quality di-
mension assesses to a quality level. Considering believ-
ability as an individual of the Dimension class, in order to
the assessment makes sense, there must be at least two in-
stances of the QualityLevel class related to the believability
individual, for example “high believability” and ”low believ-
ability”. Here, we can use OWL in order to define a con-
straint that satisfies this requirement. Thus, the Dimension
class has attached the conjunction of the following two re-
strictions to represent this constraint (we use a description
logic-style notation for simplicity):

(4)
()

Axioms 4 and 5 express an existential restriction and a
cardinality restriction respectively. According to 4 for each
individual of the Dimension class that has the relationship
assessTo must exist at least an individual of the QualityLevel
class linked to it. According to 5 for each individual of

Shttp://www.w3.org/ TR /owl-features/

"W3C. SWRL Semantic Web Rule Language.
http://www.w3.org/Submission/SWRL/
Shttp://protege.cim3.net /cgi-bin/wiki.pl?SQWRL

JassessesTo.Quality Level

>= 2assessTo.Quality Level

URL:

180



Web Applications 1

iiWAS2010 Proceedings

the Dimension class that has the relationship assessTo it
must be related with a minimum of two individuals of the
QualityLevel class.

5.2 Consistency by using SWRL and SQWRL

Considering an scenario to model a Quality Criteria Defi-
nition, we can define for example a metric called BasicProp-
ertiesMetric, to measure whether a webpage has certain ba-
sic properties like author and source. It may be a composite
metric that uses two elementary metrics: the authorMet-
ric, that measures if the webpage has an author, and the
sourceMetric, that measures if the webpage has a source.
An expert working in the recommendation system can define
that to assess the Believability dimension the BasicProper-
tiesMetric metric must be applied. Then, the Believability
individual, which is an instance of the Dimension class, will
be related to the BasicPropertiesMetric individual, which
is an instance of the Metric class, through the relation as-
sessedBy. At the moment of carrying out the quality as-
sessment of a webpage for the Believability dimension, the
BasicPropertiesMetric metric must be used. But, the hy-
pothetical situation where the dimension assessment was
executed through another metric, for example authorMet-
ric, would be a mistake; it is not a right metric to assess
the Believability dimension. Therefore, before populating
the Salus knowledge base, it is necessary to guarantee that
the input of new information does not leave the knowledge
base in a inconsistent state. In this hypothetical scenario,
there should be a mechanism to detect that AuthorMet-
ric is not a right metric to assess Believability dimension.
For instance, to identify invalid quality assessments, the In-
validQualityAssessment class could be added as a subclass
of the QualityAssessment. This new class will contain in-
consistent quality assessments. Then, before executing the
assessment itself, a validation process can be run. This val-
idation process will classify a quality assessment into the
InvalidQualityAssessment class when assessment has some
inconsistency. The implementation of that validation pro-
cess can be done using SWRL rules with SQWRL operations
and queries. The following rule implements the validation
of the example:

QualityAssessment(?assess) (6)
A Metric(?metric) (7)
A through(?assess, Tmetric) (8)
A Dimension(?dimension) (9)
A for(?assess, 7dimension) (10)
A Metric(?metricD) (11)
A assesed By(?dimension, TmetricD) (12)
A squrl : makeSet(?7s1, Tmetric) (13)
A squrl : groupBy(?sl, 7assess) (14)
A squrl : makeSet(?s2, TmetricD) (15)
A squrl : groupBy(?s2, Tassess, 7dimension)

(16)
A squrl : notIntersects(?sl, 7s2) (17)
= InvalidQuality Assessment(?assess) (18)

In this rule, for each ?assess individual of the QualityAssess-
ment class, it is retrieved:

e those ?metric individuals related to Zassess by the ob-
ject property through, by 7 and 8 and those ?dimension
individuals related to Zassess by the object property
for, by 9 and 10. They are the metric and the dimen-
sion that were used in the quality assessment.

o those ?metricD individuals related to the ?dimension
individuals by the object property assesedBy, byll and
12. These are all metrics that can be selected to assess
current dimension.

e A set ?s! is constructed containing the ?metric in-
dividuals, grouped by quality assessments, by 13 and
14. Each set has the metric associated to the quality
assessment.

e A set ?s2 is constructed containing all ?metricD indi-
viduals, grouped by quality assessment and dimension,
by 15 and 16. Each set has the metrics associated to
the quality assessment and the dimension.

e The built-in notIntersects guarantee that there is no
common individuals between ¢s! and ¢s2, by 17.

e In case of the intersection set is empty, the instance
Zassess is classified into the InvalidQuality Assessment
class, by 18.

In this way, this rule will infer that an the BelievabilityQA
assessment for Believability dimension with the AuthorMet-
ric metric is invalid, and then, it will be included as an
individual of the InvalidQualityAssessment class.

6. CONCLUSIONS AND FUTURE WORK

In this paper, we present a quality-based approach to get
the more adequate websites for a specific consumer context.
We show the Quality Assurance Ontology as a networked
ontology for a Web Site Recommendation System. More-
over, we show how OWL ontology and SWRL and SQWRL
may be very useful in order to predict inconsistencies among
different definitions of the Recommendation System.

We have described the Salus Ontology Network that mod-
els the different domains related to a recommendation sys-
tem These domain are: the specific health domain, the web
site domain, the quality assurance domain, the user context
domain and the recommendation domain.

The main aim of this design was to obtain a flexible model
that were not dependent on any particular mechanisms of
websites content evaluation, such as a specific quality metric
or health domain. Whenever it is required to apply a differ-
ent metric for a quality factor or to consider another health
domain, new extensions of quality and recommendation on-
tologies might be implemented, keeping up the model core
intact.

In addition, a valuable feature of driving the recommen-
dation process by ontologies is the property of checking the
consistency among concepts and relationships that allow to
detect inconsistencies at the design phase.

Starting from the presented design, good practices on On-
tology Engineering lead to evaluate the model in an interac-
tion between ontology engineers and domain experts. From
this evaluation, it is expected to obtain a feedback to reach
a final refinement of the structures which compose the on-
tology network.
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