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Abstract. The so-calledOntology Design Patterns (ODPs), which have been
defined as solutions to ontological design problem® of great help to
developers when modelling ontologies since thesétens provide a
development guide and improve the quality of theuitng ontologies.
However, it has been demonstrated that, in mangscatevelopers encounter
difficulties when they have to reuse the correcsigle patterns and include
errors in the modelling. Thus, to avoid pitfallsantology modelling, this paper
proposes classifying errors into two types: (1perrelated to existing ODPs,
calledanti-patterns and (2) errors not related to existing ODPs echitfalls.
This classification is the result of analysing & akeontologies. This paper is
focused on the pitfalls identified during the am#y In addition the paper
presents a classification of the pitfalls found arskt of pitfall examples.
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1 Introduction

Modelling ontologies has become one of the mainiceopf research within

ontological engineering because of the difficultiesnvolves. In recent years, the
emergence of Ontology Design Patterns (ODPs), whiehdefined as solutions to
design problems [4], has supposed a great helpeteelapers when modelling
ontologies.

Some experiments [3] carried out in ontology engiimgy have demonstrated that
design patterns are perceived as an aid to mogailiologies, a development guide,
and a way to improve the quality of the resultingotogies. However, it is well
known that [3, 1], in some cases, ontology devemxperience difficulties when
reusing the patterns during modelling, and incleders in the modelling. Therefore,
in order to understand and use correctly ODPs, el m better support that prevents
the emergence of modelling errors.

Thus, to avoid the appearance of pitfalls in orggldevelopment, we are working
on the creation of a new set of methodological gslidlThese guides, based on the
identification and classification of modelling erspclassify errors into two types: (1)
errors related to ODPs, calladti-patterns and (2) errors not related to ODPs, called
pitfalls. In this paper, both types are presented. Therpagecused on the pitfalls



identified during the analysis. In addition, welirde a classification of the pitfalls
identified and a set of examples of such pitfalls.

The remainder of the article is structured as fedioSection 2 presents the state of
the art of patterns and anti-patterns in ontoldgcaineering. Section 3 describes the
analysis carried out in 11 ontologies, which shaiwe presence of ODPs and
describes anti-patterns, and pitfalls. Sectioncluinles a template where the pitfalls
are described as well as the classification opitfalls found and a set of examples of
pitfalls. Finally, Section 5 includes the conclusadrawn and future lines of work

2 Stateof the Art: Patter ns and Anti-Patterns

The term “pattern” [4] appeared in the XIV centayd derives from the Latin term
“patronus”, which, among other meanings, standsafoitem that can be imitated. In
the 1970s Christopher Alexander introduced the tdesign pattern [2] to refer to
those shared guides that help solve modelling probl

In ontology engineering, the ontology design patiecan be considered as
modelling solutions to problems widely known in #iea. These solutions are based
on good practices and solve modelling problems.

In the ODPs field, we can distinguish between labipatterns and conceptual
patterns [4]. With regard to logical patterns, ¥8C work team, known asSemantic
Web Best Practices and DeployméBWBPD}Y, has established that in order to
provide support to developers and users of the 8eerid/eb, a set of good practices
is required. To that purpose, this group proposdgems that solve design problems
in the OWI2 language, independently of the particular concazation, which solve
logical problems. Regarding conceptual patternstf#g author proposes patterns (in
OWL or any other logical language) that solve degigoblems for specific domains,
which solve content problems.

In addition to the distinction mentioned above,[@) the authors propose the
classification shown in Fig.1.

The work described in [6] is focused on contentgras and provides guidelines
on how to apply content ODPs using import, spexadibn, composition and
expansion functions. In the same work, the contemiblogy anti-pattern concept is
defined as a design that is different from a canparttern in that the former codes the
solution to a problem in a wrong way.

However, we have observed that none of the papwetyzed have carried out a
thorough study on the use of any type of ODPs hait torresponding anti-patterns.
We have also observed that there is no previouk iaoused on identifying and
preventing to model errors not related to any axgsODP.

It is worth mentioning that ODPs can be found idlioe libraries that include both
the description and the OWL code associated top#teerns as, for example, “the
Ontology Design PatteriViki’3, or they can be obtained from the work team
“Semantic Web Best Practices and Deploymeatime othetibraries [6, 7] do not

L http://www.w3.0rg/2001/sw/BestPractices/
2 http://www.w3.0rg/TR/2004/REC-owl-guide-20040210/
3 http://ontologydesignpatterns.org/



provide the pattern code, but they store descriptiof a great number of ODPs.
These libraries, which follow a software enginegrapproach, use a template for
describing the patterns included in the catalogue.

[ codsolutions: OntologyDesi |

I I I I I I
[ ReasoningODP | [ StructuralODP | [ ContentODP | [ P ionODP | [ Lexi icODP| [ C denceODP |

[ [ |
[ ArchitecturalODP | [ LogicalODP | [[NamingODP | [A ionODP | [ SchemaReengineeringODP | [ ReengineeringODP | [ Ali ODP |

f f |
| | |
Logi 0ODP Ti ionODP RefactoringODP
\ | | [RefactoringODP |

Fig. 1. Ontology Design Pattern types [6].

3 ldentification of Patterns, Anti-Patterns and Pitfalls

With the aim of identifying the types of errors nally made when developing
ontologies, we have analyzed 11 ontologies thakl¢adifferent aspects (art,
architecture, geography, tastes and likings, amdngonity services) of the domain of
Saint James’'s Way. These ontologies were develdpedVaster students as a
practical assignment on the “Ontologies and the &win Web” subject at the
Universidad Politécnica de Madridluring the 2007-2008 academic year. Due to the
provenance of the ontologies, most of them weresldged in Spanish. The students
did not have any previous notion of ODPs; therefdrdid not make sense to focus
our study on the correctly or incorrectly reuséd@Ps. Instead, we focused our work
on examining whether ODPs, anti-patterns and pstfabuld be detected in the
resulting ontologies. The approach adopted in tr@yais was based on the manual
search of ODPs in ontologies and on the manualtifitation of two types of
modelling errors: (1) those related to ODPs, cadleti-patterns;and those not related
to ODPs, callegbitfalls.

Taking into account the problem that each ontolimggnded to solve, the manual
analysis of each ontology was centered on the lseafcontology modules that
corresponded to some of the following scenarios:

» Designs that match solutions proposed in some ORinathose available in

libraries [6, 7].
« Design problems that could be solved by reusingesddDP within those
available in libraries [6, 7].

* Non appropriate solutions for the design problenden consideration.

As a result of the analysis carried out, we haeatified the possibilities shown in
the tree of Fig. 2. In that tree, we can distinguiswo main branches: the first one,
whose nodes are linked by arrows in a continumes liepresents whether an ODP or
an anti-pattern has been observed; the secondmmse nodes are linked by arrows
in a discontinuous line, represents that no ODP e observed, but where it is
possible to apply some ODPs from the libraries.



Can we identify a design equivalent to the

solution proposed by some ontology design
pattern among those available in the libraries?

Yes — T TT-- ~——__No
——
Is the solution given to the modelling Is there any ontology pattern
problem the correct one for the problem suitable for the modelling
to which it has been applied? problem?
Yes No Yes_--~ T T~~_ No
& =~
A correct design of a A design that matches an No design that matches an No design that matches an
solution is identified. ontology design pattern is ontology design pattern is ontology design pattern is
This solution matches identified. However, such a identified. However, there identified. Nor is there an
an ontology design design is not suitable for exists a suitable pattern for | | ontology design pattern suitable

pattern. the modelling problem. the modelling problem. for the modelling problem.

Fig. 2. Decision tree for classifying patterns, anti-pai$e and pitfalls.

The tree in Fig.2 classifies each of the scendidosd in some of the four leaf
nodesand determines if such scenario matches a pattentification, an anti-pattern
identification, or a pitfall identification in thi®llowing way:

1. Identification of an ontology design patter(l® leaf from the left)We have
identified some cases that have a correct desigthéomodelling problem; such a
design matches an ODP of those in the availablarlis.

2. ldentification of an anti-pattern(2nd and 3rd leaf) In some cases we have
identified a design that matches an ODP but thisgteis not a suitable solution to
the modelling problem. In some other cases we mtddentified a design that
could match an ODP in a suitable solution to thedefiong problem; however,
there is a suitable pattern that could have bepheapif we had known the ODPs.

3. Identification of a pitfall (4th leaf) In some other cases we have observad t
there is an unsuitable solution to the modellingbfgm whereas there is not an
ODP suitable for the modeling problem. Most of theases have been treated as
pitfalls; however, a few set of cases could havenbslved by means of adapting
or combining existing ODPs.

As a result of the analysis performed with 11 arg@s, we have found 208 cases
in which we have identified a correct design ofoluson that matches an ODP. We
have also found 117 cases of anti-patterns, of wBig correspond to situations in
which the solution matches the modelling proposedame ODP. However, such a
solution is not suitable for the design probleneimted to solve. Besides, we have
found 34 cases in which we were unable to iderdifgesign solution matching an
ODP though a suitable ODP exists. Finally, we haomme across a set of pitfalls, that
is, solutions unsuitable for the design problerthendomain of the ontologies studied
for such design problem; such pitfalls do not hameODP associated. These pitfalls
are described in Section 4.

4 Pitfalls: Description, Classification and Examples

As can be seen in Section 3, we have identifiecetao$ pitfalls for solving a
modelling problem for which there is no an avaia@IDP.



To describe the pitfalls found, we propose the tampshown in Table 1 that
includes, among other fields, a series of recommtoaks to avoid pitfalls.

Table 1. Template describing possible pitfalls during ooyl development.

Name | Representative name of the pitfall intended to évoi

Description

This field can include a general description of gitfall. It can also include the possible inconesrtes
that its use may imply and the different casesthicivthe pitfall can appear.

Recommendation

This field provides some guidelines or recommerthatito avoid the use of the pitfall.

Example?

Description of a representative example of theiagpbn of the pitfall.

In the “Not Recommended” field we can see a graghiEpresentation of the example where the pitiad
been identified. In the “Recommended” field we a possible design for the problem proposeldein
example; such a design tries to avoid the pitfall.

—

Not Recommended Recommended

Graphic representation: Protégé screenshots. Grapiesentation: Protégé screenshots.

Comments

This optional field includes possible commentstam pitfall or the associate recommendation.

In addition, we have classified the pitfalls idéetl in the ontologies studied
bearing in mind the types of ODPs proposed in Figdch pitfall is associated to the
type(s) of ODP to which a pattern created to asoich a pitfall could belong.

As can be observed in the pitfalls classificatigpearing in Fig.3, the types of
pitfalls identified are the following:

» Annotation pitfall.It refers to the ontology usability from the usepoint of view.
Therefore, it means additional information in tleenfi of annotations included in
the ontology. These annotations should improveuser’s understanding of the
ontology and its elements.

» Reasoning pitfall It refers to the implicit knowledge derived fratime ontology
when reasoning procedures are applied to suchtatogy.

» Naming pitfall.lt refers to the ontology usability from the usestsnt of view and,
specifically, to the naming of the ontology elenserit is important to note that the
naming of the elements should provide the users avibetter understanding of the
ontology.

» Logical pitfall. It refers to the solution to design problems irichitthe primitives
of the representation language used do not pretigeort.

» Content pitfall.It refers to the solution to design problems eato the ontology
domain.

4 Some examples found in Spanish have been tradstateEnglish to facilitate the reading.
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Fig. 3. Classification of the pitfalls identified.

Below we provide a brief description and an exangfleeach pitfall classified.

Some examples are provided both in Spanish anddhng|

Synonyms as classes. This pitfall consists both in creating severalsskes whose
identifiers are synonyms and in defining them as\edent.

Label vs. Comment and other annotations. This pitfall consists in interchanging
the contents of the annotations of the types “labad “comment” and in not
including any annotation of the type “label” andfement”.

Inverse relationships that are not inverse. This pitfall consists in defining two
relationships as inverse when, in fact, they ate no

Undefined inverse relationships. This pitfall consists in having inverse
relationships in the ontology, but they are nofrisf as such.

Recursive definition. This pitfall entails using an ontology elementit& own
definition.

Multiple classes in domains and/or ranges of relationships and/or attributes.
This pitfall consists in defining the ranges anddmmains of the relationships
and/or attributes by intersecting several classesases in which they should be
the union of such classes.

Polysemy. This pitfall entails using an ontology elementrapresent concepts
different from the domain under consideration.

Same URI for different ontology elements. This pitfall entails assigning the
same URI to two different ontology elements.

Relationship “is”. This pitfall entails confusing the subclass relasioip
(subclassQf the membership to a clasimgtanceO), or the equality between
instancegsamelndividuglwith an ad hoc relation called “is”.

Class 2 in 1. This pitfall entails creating a class whose name is
“Class1AndClass2".

Classes vs. Instances. This pitfall consists in deepening into a hierarcoythat
the more specific classes do not have instancee sinch classes become class
instances of the upper level of the hierarchy.

Relationship and/or attributeswithout domain or range. This pitfall consists in
not specifyinghe domain or range in the relationships/attributes

Incomplete information. This pitfall entails not representing all the knegge
that could be included in the ontology.

Miscellaneous class. This pitfall consists in creating an artificial ro@laneous
class to classify in a certain level the instamuatsbelonging to any of the sibling
classes of this level.



In section 4.1 we present a set of pitfalls, relaaenong them, that have appeared
very frequently in the ontologies analyzed. Thesflfs are related among them in
Section 4.2.

4.1 Pitfallsin Relationship Modelling

This section presents three examples of pitfadleniified in the ontologies we have
analyzed, that would affect the relationship madgll The two first ones are related
to reasoning patterns (Undefined invérgelationships (Table 2) and Inverse
relationships that are not inverse (Table 3)), #mellast one is related to logical
patterns (Relationships and/or attributes witharhdin and/or range (Table 4)).

Table 2. Pitfall referring to “Undefined inverse relationgh’.

Name | Undefined inverse relationships

Description

The pitfall consists in having inverse relationship the ontology but not defining them as suchsTiplies
that when reasoning we obtain less information thatwe could infer.

Recommendation

= When creating a new relationship, verify whetherpoyting the verb into the passive voice its ineefs
relationship can also be created; verify also wérethis new relationship makes sense.

= Define the relationships by establishing, if polsithe domains and ranges. If two relationshipgehbe
domains and ranges inverted, that is, the domaianefis the range of the other and vice verses |t i
probable that both are in inverse relation. Thea)yze their meanings.

Example

In the non-recommended scenario, within the ontolmg architecture, we can observe how the relatipss|
“isLocatedAt” and “isLocationOf” have been createithout defining them as inverse. With this modsili if
we have thatBui | di ngl i sLocat edAt site3”, then, when we activate a reasoner, we will rathm
thatin“site3 isLocati onOf buil di ngl”.

In the recommendation we have added the domaimaarge that the relationship “isLocatedAt” could bav

Not Recommended Recommended

Description: isLocatedAt

Description: isLocationOf

Domains (intersection) ains (intersection) P .
bomains (interse ction Building OR ArchitecturalElement
Ranges (intersection) Ranges (intersection) Ranges (intersection)
Place
Equivalent object properties Equivalent object properties

Equivalent object properties

Super properties Superproperties -
Super properties

Inverse properies Inverse properties Inverse properies

MisLocationOf

5 If a relationship P1 is defined as inverse to ottegationship P2, then for all x and vy is
satisfied that P1(x,y}> P2(y,x).



Table 3. Pitfall referring to “Inverse relationships thaearot inverse”.

Name Inverse relationships that are not inverse

Description

This pitfall consists in defining two relationshigs inverse when, in fact, they are not.

As a consequence of this pitfall, undesired knogéets probably obtained when a reasoner is appdie
the ontology. This is because if we have one ofitkanced relationships, then the reasoner wilthale
the inverse relationship, which could be incorie¢he domain.

Some possible situations where these mistake qzernap

= Confuse two complementary relationships with ineeedationships.

= Do not check the bidirectional implication of thefidition of the inverse relationships in bo
directions. That is, we want define the relatiopshA and B as inverse, and we know that whenevg
occurs B occurs, but we do not check if whenevec@urs, A occurs necessarily.

>

2r A

Recommendation

= Check that if the verb from a relationship is pupassive the verb of the other relationship isioled.

= Check that the domain of one of the relationshipsches the range of the other, and vice versa.
is one of the reasons why we recommend to setdah®ih and range of the relationships whene
possible.

= Check that whenever a relationship between twoviddals exists, the inverse relationship necessd
exists.

This
er

=

Example

In this example we can see the result of considetimo complementary relationships, “toSell” a
“toBuy”, as inverse.

In the non-recommended scenario and within thelogyoon art, we can observe how the relations
“isSoldIn* and “isBoughtIn” are defined as inverdehis fact could cause an error at the semantiel,lg
since if we have thatobj ect 1 isSol dl n pl ace3”, then the reasoner will infer thapl'ace3

i sBought | n object1”.

In the recommended scenario, the relationship ‘igBin“ has been changed to “isPointOfSale”. Irs t
way, the semantic error above commented disappsiace if ‘obj ect1 i sSol dl n pl ace3”, then
the reasoner will infer thap'! ace3 i sPoi nt O Sal e obj ect1”.

It has been added in the recommendation the doamaimange that could have the relationship “is®dldI

nd

ps

=

Not Recommended Recommended

Domains (inter

Dromains (intersection) Object

Ranges (intersection) Ranges (intersection)
Place

Equivalent object properties
Equivalent object properties
Super properties
Super properties

Inverse properties

misBoughtin

Inverse properies

mEisPoIntOfSale

Comments

It is possible that sold and buy are inverse retethips; for example, if the relationship refershte people
involved in buying and selling, then it can beeid shat “buyTo” (buy something to) is inverse ot o”
(sell something to). That is, ifcbnpanyl buysTo conpany?2”, it will be correct to infer that

“conmpany?2 sell sTo conpanyl”.




Table 4. Pitfall referring to “Relationships and/or attribsteithout domain and/or range”.

Name Relationships and/or attributes without domain endinge

Description

This pitfall entails not specifying the domain asrdfange in the relationships/attributes.

Recommendation

It is recommended to specify, if possible, the dimmand/or ranges in the properties and/or ateut

Additionally, annotations in the “comment” fieldsaild be added. These annotations should deschibe w
we wish to represent with the Property and/orlaitg; for instance, if the property or attributenfis part
of an n-ary pattern.

Example

We can observe in the not recommended scenario,thewelationship “isLocatedAt” has been defined
without specifying its domain or range, whereas tire recommended scenario, the relationghip
“isLocatedAt” has been defined by specifying itsrdon and range.

Not Recommended Recommended

Domains

Domains (intersection)

Building OR ArchitecturalElement

Ranges (intersection) Ranges (intersection)

Place

4.2 Relationships among Pitfalls

During the analysis of the ontologies we have olestthat the pitfalls can be related
through different types of relationships. For ime®, some pitfalls can be specific
cases of a more general pitfall, or a pitfall caow as a consequence of other pitfall
that has taken place previously.

With regard to the pitfalls presented in Sectioh, 4t should be noted that the
“Inverse relationships that are not inverse” andt'Mefined inverse relationships”
pitfalls are inverse. That is, in the first caset malid knowledge is represented,
whereas in the second case knowledge is omittedwgh is valid. In addition, these
two pitfalls can be a consequence of the “Relatigpss and/or attributes without
domain and/or range” pitfall, since in the caséMét defined inverse relationships”
pitfall, two inverse relationships may not be detiras such because their ranges and
domains have not been defined.

We think that the relationships between the pgfathn be very useful during the
development of the methodological guides to avotthlis. Therefore, we are now
analyzing the existence and types of relationships.

5 Conclusions and Future Work

This paper presents the analysis carried out onordtblogies with the aim of
identifying a series of patterns and anti-patteidsring the analysis we have also
found a set of pitfalls that may appear duringghlogy development.



The pitfalls identified have been classified acaugdto a subset of the types of
ODPs found in the literature with which they couteé related. The paper also
provides a template in which the pitfalls and sahtheir examples are described.

However, even though it is possible to find relasiips among the different
pitfalls, we have not studied all the possible tiefeships. Therefore, as a future line
of work we propose the identification of the redathips between the different
pitfalls. It would be interesting to identify theoyps of pitfalls that usually appear
simultaneously so that, once the concurrence dfallps identified, the other pitfalls
that could appear could also be identified.

We also propose to analyze the existence of stfaiid their relationships in
domains other than those represented in the onéslagudied in this paper.

Another interesting work could be to carry out #malysis described in this paper
but modifying the ontology development processofettd by the students. In this
new process we propose to include notions about OiDForder to compare the
resulting ontologies with and without notions ab@RDs and analyze to what extent
the pitfalls do not appear.

Finally, as we have already mentioned, the pitfaléntified are not related to any
ODP present in the current libraries; therefore, ame investigating the creation of
new design patterns with the objective of avoidimg use of such pitfalls.
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