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Preface

Ontology is a cross-disciplinary field concerning the study of concepts and theories that
support the building of shared conceptualizations of specific domains. In recent years,
there has been a growing interest in the application of ontologies to solve modelling and
classification problems in diverse areas such as Computer Science, Information Science,
Philosophy, Artificial Intelligence, Linguistic, Knowledge Management and many others.

The Seminar on Ontology Research in Brazil, ONTOBRAS, foresees an opportunity and
scientific environment in which researchers and practitioners from Information Sciences
and Computer Science can discuss the theories, methodologies, languages, tools and ex-
periences related to ontologies development and application.

In particular, this Seminar fourth edition was held simultaneously with the sixth edition of
the International Workshop on Metamodels, Ontologies, Semantic Technologies (MOST),
as the result of an effort of the research community in integrating the events on Ontolo-
gies which happened in Brazil in recent years. The goal was to create a unique highly
scientifically qualified international forum for presenting and discussing this important
topic.

The event was organized by the Federal University of Rio Grande do Sul (UFRGS)
through the Institute of Informatics and Faculty of Library and Communication Sciences.
It was also supported by the Pontifical Catholic University of Rio Grande do Sul (PU-
CRS), the Federal University of Espirito Santo (UFES) and The International Association
for Ontology and its Applications (IAOA). The event was partially funded by CAPES
Foundation, from the Brazilian Education Ministry, and by ENDEEPER Knowledge
Systems.

Researchers and practitioners were invited to submit theoretical, technical and practical
research contributions that directly or indirectly address the issues above. The call for pa-
pers was open for two categories of submissions: Full papers (maximum 12 pages) written
in English and describing original work with clear demonstrated results. Accepted full pa-
per were invited for oral presentation. The second category was short papers (maximum
6 pages), written in Portuguese, or English, or Spanish and describing ongoing work.
Accepted short papers were be invited for poster presentations.

We received 29 full-paper submissions, out of which 7 are accepted for publication and
oral presentation; and 36 short-paper submissions, out of which 16 are accepted for publi-
cation and poster presentations. Also, the reviewers considered that another 7 full papers,
while too premature to be accepted as full papers, are relevant enough to be presented as
posters. This volume is thus constituted by 7 full papers and 20 short papers, selected by
our program committee, which is composed by national and international referees.

We thank the organizing committee for their commitment to the success of the event, the
authors for their submissions and the program committee for their hard work.

September 2011 Renata Vieira
Giancarlo Guizzardi
Sandro Rama Fiorini
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A Domain Ontology to Support Evidence-Based Practice
and Context Usage on Crime Prevention®
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Abstract. Evidence-Based Practice (EBP) represents a deeisiaking
process centered on justifications of relevantnmfation. Context is a kind of
knowledge that supports the ability to define wisabr is not relevant in a
given situation. The decision-making context cavehan impact on evidence-
based decision-making, but the integration of eve@eand context is still an
open issue. Ontology is referred as the shared nataleding about a domain.
One of the main reasons for developing context fadmiesed on ontologies is
the knowledge sharing that enables computationadies, such as agents and
services to find actors’ similar profiles in deasi making environment. This
paper presents the integration of evidence andesdrdn decision making and
proposes a domain ontology to support EBP and ctntsage on the crime
prevention domain. A practical implementation serieevalidate our work.

1. Introduction

The Evidence-Based Practice (EBP) paradigm, useaflgloyed in several areas such
as Medicine, Crime Prevention, Education and So#wkangineering, are systematic
procedures that take into account a problem beaegd by an actor (e.g. diabetes in
children), his/her needs and preferences for degideading to a search for evidence
and an application based on the best researchreadeund (Sacket et al. 2001). The
procedures represent an evidence-based decisiomgnafirocess, centered on
justifications of relevant information (Dobrow dt 2004).

Context is a knowledge that supports the abilitydefine what is or is not
relevant in a given situation (Vieira et al. 201The application of evidence to a

! This work was supported by the National Institot&cience and Technology for Software Engeneering
(INES+), founded by CNPq grant 573964/2008vp://www.ines.org.hr

13



particular patient, for example, detains importaahtextual information in the EBP
procedures and includes comparative analysis betwédéerent contexts: that of the
generation of evidence and that of the patient.

According to Dobrow et al. (2004) “the two fundamted components of an
evidence-based decision are evidence and cont&et.dEcision-making context can
have an impact on evidence-based decision-makirggre is significant research in the
fields of EBP and context. However, the integratioh evidence and context in
computer models is still an open issue.

Ontology is referred as the shared understandingome domains, which is
often conceived as a set of entities, relationsgtions, axioms and instances. One main
reason for developing context models based on agied is knowledge sharing that
enables computational entities, such as agents ghuon software) to find similar
profiles in decision making environment (Wang et28i04).

This paper aims at: (i) presenting the integratainevidence and context
concepts preserving their characteristics of regragion for domains that use EBP; and
(i) describing domain ontology to support the skamland retrieval of evidence,
regarding their contexts. This ontology is a sfaoint to provide arguments for a
semantic formulation about the characteristics @r@blem, increasing the evidence-
based solution, in the crime prevention domain. Waivation behind the ontology
construction is due to the lack of ontologies adhlet to our purpose. Therefore, this
paper also aims at providing artifacts to suppgdtesn designers and provenance
community experts.

The evidence retrieval increased with contextofdrmation can also facilitate
reapplying decision-making justifications when daniproblems occur. The context
usage also allows filtering out and sharing morefulsinformation so the retrieved
information can meet the decision maker needs.hia $ense, context becomes a
significant tool to optimize performance and redusearch results. Filtering
mechanisms avoid more explicit user interactionth whe application (Bunningen,
2004).

The remaining of the paper has the following orgaton. The key concepts
regarding context and evidence are described itidde2. Section 3 presents a meta-
model that integrates evidence and context higél leancepts. In Section 4, the domain
ontology for the Crime Prevention domain, integilateth the meta-model concepts, is
described. An implementation for a scenario of asiagpresented in Section 5, which
serves to validate our work. Related Works are rdm=#t in Section 6. Finally, in
Section 7 we present our conclusions and direcfomiirther work.

2. Background
This section defines context and provides an oeenaf Evidence-Based Practice.

2.1. Context

There are several definitions about context. Asitad definition is proposed by Dey
and Abowd (2001) for whom context is “any infornaattithat characterizes the situation
of an entity, where this entity is a person, placeobject considered relevant in the

14



interaction between the user and an applicatiorcoAtext is typically the location,
identity and status of people, groups and comprtatiand physical objects”. Context
can also be seen as a set of conditions and rel@viéuences that make a situation
unigue and understandable (Brézillon 2007) or asetaof information items (e.g.
concepts, rules and propositions) associated witkngity (Vieira et al. 2010).

An item is considered part of a context only ifsituseful to support a problem
solving. This item corresponds to a contextual eleindefined as “any data, information
or knowledge that enables one to characterize @ty en a given domain” (Vieira et al.
2010). Contextual information regarding acquisitien(i) given by the user, whether
from persistent data sources or from profiles;dbjained from a knowledge base; (iii)
obtained by means of deriving mechanisms; or (ejceived from the environment
(Henricksen and Indulska 2006). It is usually ideed through the dimensionshy,
who, what, where, wheandhow (Brézillon 2007).

One step in the task execution or problem-solyngeess is known a®cus
The contextual elements should have a relevantioe&hip to the focus of a human
agent or software agent. In general, focus is wiktgrmines which contextual elements
should be instantiated (Brézillon 2007).

2.2. Evidence-Based Practice

According to Thomas and Pring (2007), in generdhrimation labeled as evidence is
those whose collection has concerns about itsitsglickedibility and consistency with
other facts or evidences. In relation to its craitljh evidences are categorized in ways:
1. Based on professional practice, as a clinical eratian;
2. Generated by a process involving scientific proceslwvith a proven history in
producing valid and reliable results, e.g a colfeaformed by biomedical,
3. Based from published research that correspondsticat reviews of the area,
such as randomized clinical trial.

“Evidence” in EBP, also called “research evidenasdrresponds to the third
category above and means a superior type of sitergsearch proof, such as generated
through systematic review and meta-analysis in highest level. These published
researches are available in reliable data basasllyi$ound on sites over the Internet,
carried out by independent research groups (Saekett 2001). This is the concept of
evidence applied in this paper.

To clarify further, a systematic review is a ravie¢hat presents meticulous
research and critical evaluations of primary stsdease study, cohort, case series, etc.),
based on research evidence related to a sp#uotfine It contains analysis a@jualitative
results conducted in distinct locations and atedédht times. Meta-analysis is a
systematic review dfualitativeand quantitativecharacteristics (Friedland et al. 1998).

Evidence-Based Practice (EBP) involves complexst®tmaking, based on
available research evidence and also on chardasrisf the actor of the problem,
his/her situations and preferences (Sackett 208l1).

In the medical area, EBP focus is to provide éffeccounseling to help patients
with terminal or chronic illness to make decisiondrder to extend or increase the
quality of their life (Friedland et al. 1998). Wh& objectively searched is “the
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integration of best research evidence, clinicall skid patient’s preferences, regarding
individual risks and the benefits of proposed wations” (Sackett et al. 2001).

In crime prevention, EBP involves the correlatignactice that has been proven
through scientific research, aimed at reducing theidivism of offenders. EBP
primarily considers the risk and need principletha# offender, besides the motivation,
and treatment and responsibility principles (Wai26a7).

The EBP focus for education area is improving tlity of research and
evaluation on education programs and practiceshande, the information diffusion in
the educational researchield to be used by professionals and policiestors (Thomas
and Pring 2004).

So, we generalize the EBP steps in the followiag:w

1. Transforming the need for information into a quastihat can be answered;
2. ldentifying the best evidence to answer the questio
3. Critically analyzing the evidence to answer:

* Is it valid (appropriate methodology and proxintiythe truth)?

* Is it relevant (size and significance of the obedreffects)?

e Can it help (applicable in professional practice)?

4. Integrating critical analysis with professionalllskand the values and cultural
aspects of the actor of the problem answering:
» How much the evidence can help the actor in pd&i@u
» |s it adaptable to actor’s goal and preferences?
* How much safety can be expected?

5. Evaluating the efficiency and effectiveness ofrsults of each step for future
improvement.

3. A Meta-model to Represent Evidence-Based Practice and Context Usage

The primary aim of a meta-model is to provide acsdtuilding blocks and rules used to
build models (Chomsky 1965). In this perspective pvepose a class structure that
represents information related to EBP procedurdsjewtaking into consideration
information about its decision-making context.

Thus, domain analysis was done in the crime premeiiparticularly in juridical
and social work), medical and educational enviromsieincluding: bibliographical
research (Warren 2007; Satterfield et al. 2009k&aet al. 2001; Friendland et al.
1998; Thomas and Pring, 2004, etc.), specific latits research, analysis of real cases
collected and interviews with decision-makers fi@arnambuco state court, Brazil.

Figure 1 below presents a meta-model that corretgpdo integration of EBP
with contextual information. We use the extensionstructstereotypeof the UML to
select enumerated values. To facilitate its prediemt in a systematic way, it became
convenient to group classes in two integrated pgek&ontextandEvidence

3.1. ContextPackage

The classes of theontextpackage are based on Vieira et al. (2010).fdbesis treated
as an association oftask with anagent which have aole in problem resolution. A
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task "make a critical analysis of the best eviddiocad" for a “medical” agent in the
role "evaluator", serve as exampl€ontextualEntityrepresents the entities of the
application conceptual model and is characterizedtbbeast one contextual element. A
contextual element is a property that can be ifledtiby a set of attributes and
relationships associated witontextualEntity(Vieira et al. 2010)Accessibilityis an
example of a contextual element for decumentlass. The association betwdertus
andContextualElemerdetermines what is relevant for a focus.

Characteristics attributed to the type of confgiiension) and the method of
acquiring contextual elements are considered irfrdreework.Contextual sourcesiay
be internal or external to the decision-making eynent (e.g., the patient’s medical
records, a document with evidence obtained fromsites).

—Context
F <<enumeration>> <<enumeration>>
ocus .
* < relevant SourceType AcquisitionType
* 1% 1% evidence document profiled
v actor profile user defined
1 1 ContextualElement TP ) .
) decision maker profile | |derived
1 execute =* ueried
Agent Task way : AcquisitionType : q
. <<enumeration>> sensed
type : ContextType
1 L ContextType
origin : SourceType
Role who
] %
- what
dedide ¢ where
- Contextual when
15-a i Entity is-a why
1s-a ﬁ
FEvidence! -
is-a
Document . n
presentedBy » is-a * < contain 1| Information
Actor Source
. 1 type : Study Degree
J\ 1.* * [ <<enumeration>> <<enumeration>>
T Problem <> Evidence DegreeType Study_Degree
| rimar
1 1 primary ]
! secondary ;
origin Intervention A i <<enumeration>>
retrieve <<enumeration>> StudyType
1 QuestionType systematic review
1 accomplish : diagnosis meta-analysis
_ Research <<enumeration>> | | prognosis randomized controlled
question : QuestionType L. 1 SeekType treatment cohort
evaluation: String Seek title drug testing case study
suggestion : String expression : String author occurrig disorders | | narrative
type: SeekType subject education research | |action-research

Figure 1. A meta-model integrating evidence with co  ntext

3.2. EvidencePackage

The starting point is the observation of a probf@esented by an actor to be decided by
agent. Each problem is associated with an inquigt is initiated by a formulated
question (see step 1 of the EBP procedures), amgleted with a self-evaluation of the
research performance and suggestions for the figerestep 5 of the EBP procedures),
whose information is instantiated in tResearcliclass. Each domain in which EBP is
applied has a list of different types of questiof@r example: "diagnosis" and
"prognosis” in the medical area, "drug testing" anccurring disorders” in the area of
crime prevention, and "educational research"” ircatian.

During the evidence research, several searcheseaperformed to retrieve
documents. For th8eekclass, the expression and the type of search baugresent.
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InformationSourcerepresents database sources that hold documetits regearch
evidences, such as Cochrane Library, Campbell tyba Springer International
Publisher, and the evidences were generated bpémdient research groups of specific
areas (e.g. Cochrane Collaboration for medical areh Campbell Collaboration for
areas of education and crime prevention).

Each document presents a type of study that cannball domains (e.g.
systematic review, case study) or in specific dom@ohort - in the medical area;
action-research - in education). Systematic reveewl meta-analysis are studies of
second degree; the remains are of first degreedland et al. 2001).

After finding evidences, the agent (decision makeitl choose the one that
seems the most appropriate (step 2 of EBP), wikiaistantiated in thEvidenceclass.

The result of the critical analysis — the validitylevance and applicability of the
best evidence (step 3 of EBP) — corresponds tcegtmdl information. Relevance is a
contextual element iDocument while applicability (practical utility) is irEvidence
Thus,DocumentandEvidenceare specializations @ontextualEntity

The Interventionclass is the result of an association amongdPtiodlem Actor
andEvidenceclasses. It contains a description of a decisiade (intervening solution)
where information about associated classes have dmesidered including preferences,
values and cultural aspects (conduct, behaviour.ekample) of the actor with the
problem presented (step 4 of EBP). A preferenca ontextual element and hence
Actor is a specialization ofContextualEntity Problem aspects, such as the
circumstances about a juridical fact for the criahimrea, generally, are contextual
elements used to diagnose the problem. Sd?tblelemclass is &ontextual Entitytoo.

Summarizing, some elements that characterize a-metel are shown through
some examples. Thagentclass corresponds, respectively, to bactor, Judgeand
Professorclasses for the medical, juridical and educati@neasEvidenceandSeekfor
example, are general classes for any domains. TdssesClinicalProblem in the
medical domain, anduridicalFact in the juridical domain, represent tReoblemclass
of the meta-model.

4. A Domain Ontology for the Crime Prevention

This section describes the main steps in the aactgin of ontology for representing
EBP considering contextual information in the criprevention domain. The ontology
is constructed using the Web Ontology Language (Wl edit the ontology and
axioms we used the Protégé (http://protege.stargfon).

4.1. Ontology Concepts

Figures 2 and 3 show a set of subclass/supercfas® anain concepts defined in the
crime prevention ontology. The concepts were coottd based on a survey of the
concepts related found in the technical and sdieriierature (Warren 2007; Gomes
2008; Moreira 2007; Saliba 2009). In this sectiwe, present the specific concepts for
the crime prevention domain, since the high levahcepts concerning context and
evidence were described in the meta-model (Se8bion
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The ontology comprises two main classe€ontextualEntity and
ConventionalEntity ContextualEntitycontains the subclasses that detain at least a
contextual element (or contextual property), whsapports the description of scenarios
found in environmental decision making. Accordimgthe meta-model, described in
Section 3ContextualEntityhas six main subclassesgent, Actoy Problem Document,
EvidenceandIntervention For the crime prevention domain, we defined thieckasses
illustrated in Figure 2 and summarized the mainedal properties in Table 1.
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Figure 2. Subclasses of ContextualEntity for the crime prevention domain

Table 1. Descriptions of the main contextual proper  ties - crime prevention domain

Subclass Contextual Description
Properties
Judge hasExpertAffinity| identifies a relation of expertise from the Judgefife on a given subject

matter (e.g. crimes against children). It helpsidentify mutual affinities
among judges optimizing performance and reduciagcberesults

Participant hasAbilities represents the defendant’s or victim's skills, asdused to find mutual
affinities with intervention programs (e.g. revehuReduce search results
Defendant hasPotentialRisk| comes from juridical and psychosocial evaluatiopoffle). Behavior data

conduct, fact description and given sentences,cédpefor recurrent cases,
are bases to characterize an offender’s degraskof r

JuridicalFact | hasCircumstances describes the information about time and geograpbpects for the occurred
fact. Information about number of people involvend atheir attitudes are
desirable too. It is relevant and determinant tdarstand the juridical fact

hasValidity indicates whether the document should be seleasédoon its quality and the
Researched methodological rigor associated with the questisked by the decision maker
Document (judges, in this case)
hasRelevance indicates whether the set of results (outcomes)th@ document, often
presented in statistical form, is consistent agdificant
Evidence hasApplicability | indicates whether the evidence presented in therdent is credible in the

context of other knowledge, or whether it has peatutility in general

hasAdaptability indicates the degree of coherence in the applicatbd evidence for the
conducted behavior, needs and preferences of feadbmnt (or victim)

Restorative hasSafety denotes the percentage of safety that the judge i@vapply the specifi¢
Intervention evidence to a particular participant (defendantictim)
hasExpectation refers to the percentage of support expected frioen use of evidence in
relation to the participant (defendant or victim)

ConventionalEntitycontains all the specific subclasses of the domaimch
does not have a direct influence of context. They JuridicalResearch Seekand
JuridicalEvidenceProvideas shown in Figure 3. For tllerridicalResearchsubclass,
the propertyhistoric should include general comments and the numbeloofiments
that were accepted and rejected, besides of thgegires presented in Figure 1. In the
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Seek subclass, properties about the researched docuwsdidity time must be
considered. They are specific to instantiate the sind the end of the document validity
found. TheJuridicalEvidenceProvidesubclass contains the follow propertiesime
that mean the name of the Internet site accessedh@nepagethat detain the URL
address.

Besides the enumerations presented in Figure rl,tHe crime prevention
domain, we add a subclaBasicProgramwith the following values instantiateditizen,
revenue, education, psychosocial, psychiatuind shelter This subclass serves to
support the conventional intervention (no evidebaeed) that exists in the courts. All
subclass with enumerations are children offthpeClas<lass.

| Seek |

(L =

< ConventionalEntity <—#=+—— InformatianSource ; *-il—“*“—'_.JuridicaIE\ridenceProvider_
- N B e S e s

P Research j}——3—— '.JuridicaIResearch &)

Figure 3. Subclasses of ConventionalEntity for the crime prevention domain

The figures and table of this subsection werefulbt developed in this article
due to the limits of space.

4.2. Inference Rule

Some inference rules have been built and othersnadevelopment. In the following
section addresses the applicability of some of thieon the sake of space we will not
describe the properties of all classes in this paj¢e will mention briefly the
characteristics of some of them.

Intervention program rule for victims When the participant is an offender, he
has access to any program described in the bagsmogp. However, when the
participant is a victim, potential routes are:zgtiship, psychosocial and psychiatric;

Rule to retrieve evidence-based solutions centeoedthe judge's specialty
from the expertise of a judge, logged in the systiém research solution space can be
reduced based on: (i) his/her expertise, (ii) tpecglties, or (iii) all experts;

Rule to find documents with evidence based in qukeyword the query terms
must be confronted with the words found in resesgidiocuments; programs must order
the most similar to facilitate the choice of thecid®on maker and a ranking as
presented.

5. Application to the Crime Prevention Scenario

We present an example adapted from a real casévingcan alternative penalty - a
model for infractions that are of minor and modelsatoffensive potential (e.g.,
contravention, illegal weapon possession). It deate a new modality, face-to-face
restorative justice, in which a victim that suff@éreiolence of an alcoholic offender
receives support. A prototype, developedJawva language, interacts with a XML
Database generated by Protégé ontology editor.oFiginal data, approximately one
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hundred cases, were extracted from conventionaltGoDatabase. Figure 4 presents
data for searching by evidence in the local dagbas

The High or Moderate Intervention Complexity isedio offender and victim
need of treatment. The Judge’s expertise in the cese is “drug crimes”. We applied
similarity cosine formula used imformation Retrievafor keyword similarity search
between query and document with evidence.

Evidence Retrieved from Local Database

O Title O Author @ Subject
"alcohol”; "violence"; "victim"; "face-to-face”

Searching for:

Keywords:

Contextual Elements

In relation to evidence In relation to actor-evidence:

Valid yes e Adaptable yes |v
Relevant  |yes v Safety: »= 70 %
Applicable yes v Expectation: >= 80 %
Intervention complexity: High Moderate O Low
Case situation: O Ongoing Concluded

Judge's expertise (default is the same end user):

O Anyone Specific: crimes against woman

Figure 4. Data for searching evidence from local da  tabase

In the first retrieval, we do not use contextukdngents and the results with
several cases are present in Figure 5a. Using>doateénformation parameters as filter
fewer cases were selected (see Figure 5b). Tkesifi§ was carried out as follows: (i)
based on the desired expertise ("drug crimes" a&nidhés against women") only the
documents 1, 3, 4 and 5 were selected initially;document 4 was rejected by the
safety indicator = 60.0 (so less than 70 % desiradyl (iii) document 5 was not
accepted by expectation indicator = 70.0 (so leas 80 % desired).

title keywords study source |saler(expertise con| situ.

character varying{Z0D0) character varying{200) character|{charact|nu|nv|character varyir|cha|chai
1 |Drunk and dangerous: a randomized controlled trial of alcohol [alcohol, brief interventions, violence, randorr |randomized |Spriger 4|75 |90 [drug crimes high{concl
2 |Reducing violznce thraugh vickim identification care and suppe|violence, crime victims rehabilitation, health plrarrative  [World Hel0,C[0.0homicide ango
3 | Assessing the effectiveness of interventions designed bo supg|victims of crime, systematic review, violence, |systematic (Campbell|50 85 |crimes against wom|mod|concl
4 | “hange in behaviour of alcohal consumption: what is the matifalcohalism, maotivation, gastroenteralagy, oul|case study [National |60 |S0)drug crimes rad|concl
5 |Effects of Drug Substitution Programs on Offending among Dr|drug substitution, drug-addicts, alcohol depe |systematic (Campbell| 70|85 |drug crimes love [concl
6 |Police crackdowns on illzgal qun carrying: a systermatic review|Campbel Collabaration, crackdowns, violence|systematic (Spriger Y50 |85 |homicide high{concl
7 | Cognitive-Behavioural Interventions For Children \Who Have Bilchild sexual abuse, victim, cognitive-behaviosystematic (Campbell|35 |80 jcrimes against child|mod{concl
8 | School-Based Education Programmes for the Prevention of Chchild sexual abuse, vickim, school-based educ|systematic iCampbell| 70|80 jorimes against child|low {concl

title keywords study source |saleHexpertise con|situ.

character varying{Z00}) character varying{200}) character|charact|nu|m|character varyir|cha|char
1 |Drunk and dangerous: a randomized controlled trial of alcohol [alcohal, brief interventions, violence, randorr{randomized|Sprigar ¥ |75 (90{drug crimes high [concl
2 | Assessing the effectiveness of interventions designed bo supg|vickims of crime, systematic review, violence, |systematic (Campbell |50 |85 |crimes against wom|mod |concl

Figure 5. Retrieved documents with evidence: a) wit  hout using context (upper),
(b) using contextual element (lower)

The presented cases are not sufficient to givep@upo the solution (they do not
treat face-a-face meeting). So, the judge shoudtickefor documents with evidences.
The researclhegan with the question containing the problem aetdr (woman with a
psychological problem who was assaulted), intergant(face-to-face sessions),
comparison of interventions (face-to-face sessiand conventional processes) and
outcome (beneficial effects). The sources Campbellaboration and Springer Verlag
were chosen and their respective home-pages weagnedl. Figure 6 show data for
second search regarding documents published be@@&#nand 2010.
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Evidence Retrieval over the Internet - Research

# Research |35

Question type treatment V

Question |For a 42-years-old woman with a panic syndrome who
had suffered a physical assault, would restorative justice
face-to-face meetings bring more beneficial effect to her
traumatic situation than conventional justice processes?

EBP step 1 |Confirm

#Seek : 2 Type seek:

O Title O Author @ Subject

Expressions |"alcohol”; "violence”; "victim"; "face-to-face”

Source

Type studies: All

Systematic review

Springer Verlag»| Home-page www.springer.com

Meta-analysis

Narrative Randomized controlled ¥ Case study

Document validity :  From 2005

Figure 6. Data for searching evidence in Springer V

Evaluate the Best Evidence

# Research 35 #Seek 2

Doc: Location http://www.springerlink.com/content/wq27gu7n60t41
Title Effect of face-to-face restorative justice on victims of cri
Author |Sherman, LW; Strang, H; Angel, C; Woods, D; Barnes, G,

Keywords restorative justice; face-to-face meeting; crime victim; f
Source |Springer Verla ¥ | Study meta-analysis Publication 2005
Sample Two randomized trial {RCT) include the violence {100 o]

offenders < 30) and personal property (173 offenders <18) =

conducted in Camberra, Australia, from July of 1995 to

June of 2000; and two RCT treat of robbery and burglary [+
Evidence The restorative justice (RJ) rituals succeeded in producing [

To 2010

EBP step 2

erlag’s database

Decision Making Actor : © Defendant © Victim

Name Maria Rita Lopes
Conduct |married, 2 children, universitarian, seller
Behaviour timid, drink socially, with panic syndrome
Needs
Abilities
Awailability Tuesday and Wednesday; 8:00 - 10:00 am

psychological and psychiatric support

oil-painting, gardener, cook

In relation to actor - evidence:

an outcome judged by the victims to be a successful
recommitment to group morality - between 10 and 100
times more likely with RJ than without it. The victims
assigned to Rl (average = 76%) were 'satisfied’ with the
conference. The consistently larger effect sizes for the
experiments for apologizes in Figure 1 (page 387)

Adaptable yes |v| Safety 80 % Expectation 60 | %

Intervention
It was established that the victim will participate in face-to-face [#]
meetings with the offender, provided that the police authorities
will be present. Police men are in training to attend the protocol
of this new modality. The meeting will be scheduled with tem

R

The face-to-face meetings must be conducted by

Suggested police officers. All of them have to receive four-day sessions. One hour per session. Each two sessions, the technical

Intervention training course. Training consists of both restorative team will evaluate the intervention performance. Psychological
justice theory and role-play practice at conducting the and psychiatric support must be effectuated weekly. v
sessions. Victims and offenders are urged to bring Program: |psychosocial || psychiatric [+ v

friends and family to the conference. 3
Valid |yes V Relevant |yes V Applicableyes V EBP step 3

Figure 7. a) Evaluate the best evidence; e b) Decis
Verlag's database

EBP step 4

ion-making g evidence in Springer

Figure 7a shows a meta-analysis study (taken fémminger Verlag) that was
selected by the judge as presenting the best esedem face-to-face meetings between
victims and offenders. The study sample is derifredh two randomized controlled
trials: one conducted with offenders who committgoines against private property
involving violence in Canberra, Australia, and tiker, crimes of burglary with victims
in London, England. The sample context was analyamsd contrasted with the new
problem. The evidence drawn from this showed objelst that 76% of victims were
satisfied with the results obtained from the famdaice meeting with offenders. This
study led to a successful implementation of a ingircourse for police officers, in
which the concepts of restorative justice and jacsessions in face-to-face meeting
between offenders and victims were applied. Theudwnt and the evidence were
evaluated in terms of validity, relevance and agtlility, and the information was
extracted manually and recorded in a local database

The decision making is presented in Figure 7ba@the victim were informed
and they are compatible with the best evidencedednThe victim agrees to participate
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in face-to-face meetings with the offender, prodidieat in previously established time
and with the presence of authorities. Victim suppprograms, with respect to
psychosocial and psychiatric treatment, must beredf in this particular intervention.
The process concludes with documentation of thearet performance made by judge.

This example shows that the presented applicdtasnpotential to be leveraged
to support a more appropriate evaluation of thelogy.

6. Related Works

In this section we present some related work orttemesevidencecontext ontology,
and integration of this themes.

In Stolba et al. (2009) is showed how Data Warehoiacilitating Evidence-
Based Medicine can be applied for reliable and reepuocessing of huge amounts of
medical data. The authors present a data modélititing a federated Data Warehouse
considering adopted international standards foettehange of healthcare data. Nakaya
e Shimuzu (2006) present the Knowledge representatichitecture based on Evidence
based Logical Atomism (KELA) that consider the anat hierarchic structure from
genome to human. Knowledge atoms of moleculardisehse findings are modeled as
entities and relationships - describes specieshddaice, and existing place in an
ontological view.

Vieira et al. (2010) presents a domain-independentext meta-model, which
guides context modelling in different applicatio$ie meta-model offers integrated
support for modeling structural and behavioral agp@volved in context management
and usage. Contextual graph and UML were useengh and Benatallah  (2005)
Introduce the ContextUML meta-model developed topsut the modeling of context-
aware Web Services. It separates modeling contigpeg, sources, etc.) from modeling
context-awareness (objects and Mechanisms) becomestgct to the Web Services
category of Context-Sensitive Systems.

The related works above regard individually evimkenor context. The
combination of research evidence with context wat developed computationally.
Besides, none of them has the perspectives ofratieg and extension for several
domains, and none of these present a vision of congoontological proposal.

7. Conclusions and Future Work

This article proposes the integration of contexthwavidence represented in a meta-
model to facilitate the development of applicatioestered in EBP considering context
for several domains. The class structure of theanmeddel was the base for build
domain ontology oriented to crime prevention. Cgntel information related to the
EBP of the criminal area were represented and ntiatad. With a practical
implementation we showed how contextual EBP canubed to support Judge’s
decision making and was verified that using contaikinformation makes the retrieve
more effective.

Future researches encompass (i) the buildingask bntology for the criminal
area; a high-level ontology for the areas thatEeBP such as Medicine and Education;
and a semi-automatic Evidence-Oriented Informatotractor (EOIE); and (ii) the
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incorporation of the classical case structure (l@mb solution and result) and Case-
Based Reasoning technique for decision making stippo
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Abstract. In this paper, we present a multiple views approach for exploring
relationships between ontology classes and their instances. We employ
thumbnails, 2D and 2.5D hyperbolic trees, which capture the hierarchical feature
of parts of the ontology, while preserving the different categories of relationships
between classes. In 2.5D visualization, the ontology is displayed as a tree on a
plane, representing only the hierarchical relationships between concepts, and the
user can explore other connections by creating projections of nodes (concepts) in
another plane and linking them according to the relationships to be analysed. We
report the comparison of our tool to Ontograf and propose a visualization method
for the representation of instances of ontology classes.

1. Introduction

Ontologies are used for sharing among people or software agents the common
understanding of the information structure in a certain domain. As such, ontologies
define concepts and ensure interoperability between systems. Gruber (1996) states that
an ontology is aformal and explicit specification of a conceptualization. The
conceptualization refers to the way people think, and the explicit specification relates
concepts and relationships, which must be supplied in accordance with specific and
well-defined terms.

However, due to the specificities of the concepts expressed in ontologies, the
analysis of individual relationships is complex. Thus, the ontology visual representation
and the quality of the provided interaction must be efficient. It is not simple to create a
visualization that will display effectively all this information and, at the same time,
allows the user to perform easily various operations on the ontology (Katifori et al.,
2007). The challenge is to define the best way to represent relationships between
categorized concepts, mainly because each concept can have a number of related
relationships as well as attributes.

Visualization systems should consider two main issues: the mapping of
information to a graphical representation in order to facilitate its interpretation by the
users, and means to limit the amount of information that users receive, while keeping
them "aware" of the total information space and reducing cognitive effort. When we
analyze an image, we activate our perceptual mechanisms to identify patterns and
perform segmentation of elements. The user must perceive the information presented on
the display, and the understanding involves cognitive processes. An image can be
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ambiguous or vacuous due to lack of relevant information or by excess of irrelevant
information.

This work presents a visualization tool for exploring classes, instances and
relationships in ontologies. In our previous works, we investigated ontology creation
and visualization (Silva et al., 2009a, 2009b); performed requirements analyses and
proposed a visualization tool based on interviews with experts who work with
conceptual modeling and ontologies in two specific domains (Silva and Freitas, 2011a);
and proposed a multiple views ontology visualization tool that aims at systematizing
and transmitting knowledge more efficiently (Silva and Freitas, 2011b). In this paper we
also report the comparison of our tool with Ontograf, which is also used for modeling
and visualization of ontologies. The text is organized as follows. Section 2 briefly
reviews related work. Section 3 summarizes our previous work and presents our new
proposal. Finally, conclusions and future work are drawn in Section 4.

2. Related Works

Different alternatives for visualization and interaction with ontologies have been
proposed (Katifori et al., 2007). In their work, Katifori el al. discuss different techniques
that could be adapted for ontology representation, such as indented lists, trees and
graphs, zooming, space subdivision (treemaps, information slices), focus+context and
landscapes. Besides that, tools for ontology visualization and interaction are reviewed.

The OntoSphere tool (Bosca et al., 2005) uses two techniques - 3D visualization
and focus+context — for providing overview and details according to user needs.
Baehrecke et al. (2004) and Babaria (2004) proposed the use of treemaps to visualize
data from GO (Gene Ontologies Consortium) database. In a treemap, color, size and
grouping are used for facilitating user interaction and information extraction. Fluit et al.
(2005) present the cluster map technique as a simple and intuitive method for
visualizing complex ontologies.

Mostly, researchers use Protégé (Noy et al., 2000) for the creation and
visualization of ontologies. Protégé’s main visualization for the ontology hierarchy is a
tree view (Class Browser). However, different visualization techniques have been
proposed: Katifori et al. (2008) present a comparative study of four visualization
techniques available in past versions of Protégé: Class Browser, Jambalaya
(discontinued), TGVizTab (discontinued) and OntoViz (discontinued). The information
retrieval features provided by these tools were evaluated.

The works by Samper et al. (2008) and Amaral (2008) address semantics
aspects. Amaral (2008) proposes a semantics-based framework for visualizing
descriptions of concepts in OWL. The framework aims at allowing users to obtain deep
insights about the meaning of such descriptions, thereby preventing design errors or
misconceptions. Icons and symbols are used in diagrams to characterize classes that
represent concepts. One can combine information visualization techniques, as in the
work by Schevers et al. (2006), where the user interacts with the ontology in the Protégé
tool. Classes representing spatial information (like polygons, points, etc.) are presented
in a second graphical interface that is used to mimic the functionality of a GIS
(Geographic Information System).

Erdmann et al. (2008) presents the NeOn Toolkit, an open-source multi-platform
environment, which provides comprehensive support for the ontology engineering life-
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cycle. The toolkit is based on the Eclipse platform, and provides an extensive set of
plug-ins (currently 45 plug-ins are available) covering a variety of ontology engineering
activities. Catenazzi et al. (2009) present a study about tools for ontologies visualization
and propose the OWLeasyViz tool. This tool combines textual and graphical
representations for displaying class hierarchies, relationships and data properties.
Interaction techniques such as zooming, filtering and search are available. Lanzenberger
et al. (2010) discuss the visualization of ontology alignment as well as solutions for
dealing with the inherent complexity of large ontologies. The presented techniques are
also compared.

Recently, Kriglstein and Wallner (2011) presented Knoocks, a visualization tool
focused on the interconnections between the ontology, its concepts and instances. This
tool employs the overview + details approach, and was evaluated against another tools,
although three of these tools are not available anymore in Protégé last versions
(TGVizTab, OntoViz and Jambalaya). Also recently, Bach et al. (2011) proposed
OntoTrix, a visualization technique designed to enable users to visualize large OWL
ontology instance sets. The technique uses both node-link and adjacency matrix
representations of graphs to visualize ontology data.

3. Multiple Views Tool

A multiple view system uses two or more distinct views to support the investigation of a
single conceptual entity (Baldonado et al., 2000). Multiple views can help users
understand complex relationships among different data sets. They are particularly
helpful when coupling two or more views showing otherwise hidden relations.

As presented in section 2, many studies have addressed the importance of
ontology visualization in creation, manipulation and inference processes. Different
visualization methods have been proposed, but there are still many gaps to be filled in
by efficient methods of visualization and interaction. The solution for these problems
may be the simultaneous use of different techniques. In order to pursue an effective
visualization tool, our study was divided in three steps:

e Interviews with four experts in creation and manipulation of ontologies to
identify the requirements for an ontology visualization tool (Silva and
Freitas, 2011a);

e Proposition and evaluation of a 2D and 2.5D hyperbolic tree visualization for
exploring relationships between classes of ontologies (Silva and Freitas,
2011b);

e Proposition of a multiple views approach combining thumbnails and tree
view visualization for exploring instances of classes in ontologies.

These three steps are described in details in the following sections.

3.1.  Requirements Investigation

The study started with interviews with four people, all experts in the creation and
manipulation of ontologies. The following questions were posed to the experts:

1. Which aspects could be improved with visualization when an ontology is
created?
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2. Which information is searched more often after the ontology was created,
and how this information could be displayed in order to make understanding
more efficient?

3. Why (and when) is a visualization better than another?

From the results of the interviews, we reached the following requirements for an
ontology visualization tool:

e Provide overview of the ontology hierarchy, with the possibility of detailing
some parts.

e Avoid presenting the different aspects of a specific ontology (classes,
description, relationships, instances) together in a unique visualization.

e Optimize the results from ontology validation generated by inference
processes.

e Explore the use of visual attributes such as color, transparency and shapes.

e Provide display filters based on different techniques of focus+context and/or
overview+detail, zoom, pan and rotation of the image.

e Allow rapid and simple inclusion of visual elements in the visualization, as
well as their removal.

These requirements were considered the starting point to propose our tool
described below. There was also a last requirement — “Allow printing the entire
ontology in paper sizes commonly used, such as A4”, which was considered less
important for the visualization design.

3.2. 2D and 2.5D Tree Visualization and Evaluation: Hierarchy and
Relationships

We propose a visualization method that fits the requirements pointed out by users as
well as the tasks listed by Katifori et al. (2007). In this step, we have chosen to focus on
visualizing the hierarchy of the ontology and the relationships between concepts
employing multiple views. For the hierarchy, we employ a 2D hyperbolic tree, a
focus+context technique, which reduces the cognitive overload and the user
disorientation that might happen during the interaction with the nodes, tree expansion
and contraction, especially in ontologies with many concepts (Figure 1a).

However, besides the class hierarchy (relationship "is a"), users of ontologies
need to analyze the other relationships in an integrated way. Thus, we use a second view
to display a third dimension showing one or more relationships (object properties)
selected by the user. To display them, we take the plane where the tree is displayed, and
perform a 90° rotation around the X-axis (Figure 1b). The rotated plane, positioned in
3D as an XZ-plane, displays the hyperbolic tree, and selected relationships are
represented as curved lines in space, connecting the related concepts, without interfering
with the display of the hierarchical relationship.

Figure 1c shows the proposed 2.5D scheme applied to an ontology
hierarchy/graph.
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Figure 1. Ontology visualization. (a) 2D hierarchy visualization; (b) 2.5D

visualization scheme; (c) Hierarchy and relationships in 2.5D

The main aspects of our technique regarding visualization and interaction are:

Nodes are displayed with different geometric forms according to their type
(root, subtree and leaf).

Edges of hierarchy are displayed with solid lines and edges of relationships
are displayed with dashed curves, the colors being related to the different
relationships.

In 2D hyperbolic tree view, the user can choose which nodes will be in focus
on the image, hiding the other ones.

Both 2D and 2.5D views can be displayed together, side by side, so the user
remains "aware" of the ontology hierarchy and visualizes one or more
relationships in a separate spatial dimension.

The user can choose to display one or more relationships at the same time or
hide them.

In 3D space, the user can choose which levels of the tree view or hide,
reducing the cognitive overload.

In addition to rotations around the X-axis, rotations around the axes Y and Z,
zoom and pan are also allowed, providing full 3D navigation.

The background color can be changed.

Tooltips are displayed over nodes and edges as additional information.
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Such usability features aimed at reducing the cognitive effort of the user in
analyzing the image and, at the same time, add functionality to the tool.

In order to evaluate our 2.5D visualization method, we have chosen to compare
it with Ontograf (Falconer, 2010), a 2D tool for visualizing hierarchy and relationships
of ontologies, which is available in the current version (4.1) of Protégé.

Ontograf presents seven visualization possibilities: alphabetical grid, radial and
spring graphs, and four implementations of tree visualization: vertical, horizontal,
directed vertical and directed horizontal. Figures 2a and 2b show two Ontograf
visualization examples.
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The four experts interviewed in the first phase of our study (as described in
Section 3.1) were invited again to perform evaluations of our 2.5D visualization and
Ontograf. Moreover, we invited two other experts in ontology specification to
participate, so we had a sample of 6 people.

For the evaluations we used two ontologies as case study: a large ontology
related to Stratigraphy concepts, and a smaller one, representing cities’ urban
performance. Before the participants started with the tasks, we shortly introduced them
to the important functionalities of the tools, and they explored them in many ways using
a training ontology. After the participants had finished their training, we started the
evaluation process.

The tools were presented in different order for the participants. For each tool,
they were asked to perform an analysis based on four questions that were defined in
order to obtain the requirements listed in Section 3. The questions are listed below:

1. lIsthe initial layout clear?

2. s it possible to clearly separate the concepts’ hierarchy from the other
relationships between these concepts?

3. Does the possibility of rotating the ontology representation improve the
analysis of relationships?

4. Do the pruning and expansion of the ontology levels enhance the
understanding of hierarchical relationships?
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Three possibilities of answers were defined: Yes, Partially and No. Figure 3
summarizes the users’ answers for these questions.
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Figure 3. Evaluation results: Q1. Is the initial layout clear? Q2. Is it possible to clearly
separate the concepts’ hierarchy from the other relationships between these concepts?
Q3. Does the possibility of rotating the ontology representation improve the analysis of

relationships? Q4. Do the pruning and expansion of the ontology levels enhance the

understanding of hierarchical relationships?

Regarding question (1), the majority of users (67%) responded that the initial
2.5D layout is clearer when compared with Ontograf. Among the reasons for that, users
pointed out the large amount of information displayed at the same time (nodes overlap)
in the image of Ontograf. This is a problem of scale versus amount of information, and
causes user disorientation. In our 2.5D method, this problem is solved due to the nature
of the hyperbolic tree.

In relation to question (2), users were divided (50%) between “Partially” and
“No” answers for Ontograf, because nodes and edges overlap. Usually, users do not
want to see relationships simultaneously, due to the cognitive overload that would arise.
Thus, the possibility of analyzing the “is a” (hierarchy) and other relationships in
different dimensions helps the user to understand the ontology. Another problem
reported for Ontograf is that the user needs to change the positions of nodes in order to
reveal the relationships occluded by them.

An important positive aspect noticed by users in both tools is the presence of
tooltips when the mouse is over the nodes or relationships. The use of tooltip texts can
help in the encoding of the displayed information, because they contain high loads of
information, and are presented selectively as the user explores the visualization of the
ontology.

Users also approved different colors for different types of relationships. Colors
are mainly a resource for information categorization, and graphical elements like shapes
and location of elements in the space help the user in mapping the concepts (Ware,
2008), and these features are present in our 2.5D method.

Regarding question (3), this functionality is not present in Ontograf, and the
users considered it an important interaction mode. In our 2.5D method, rotations around
the three axes (X, Y and Z) are possible, and complemented by zoom and pan. Thus,
users have more freedom to interact with the visualization, and are able to reset to the
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original layout at any moment. One of the users reported that when interacting with
the 2.5D view, he did not feel claustrophobia, which is common in other tools,
including Ontograf.

Finally, in relation to question (4), while 100% of users answered “Yes”, for the
2.5D view, for Ontograf, most users (83%) answered “Partially” and “No”. This result
is due to the feature of Ontograf related to the repositioning of nodes when it is pruned
or expanded, this fact causing disorientation on users. On the other hand, the 2.5D
allows pruning and expansion in two ways: through the hyperbolic tree functionality of
repositioning nodes, and through hiding/showing levels of the hierarchy.

These results indicate that the use of 2.5D visualization might be a solution to
common problems presented by 2D and 3D ontology visualization tools, mainly
cognitive overload and user disorientation.

3.3. Thumbnails and Treeview Visualization: Instances

Ontologies provide the explicit formalization and specification of the classes and their
corresponding relationships (Gruber, 1996). Ontologies can have associated specific
instances for the corresponding classes, which represent an essential part of any
knowledge base, and are often orders of magnitude more numerous than the concept
definitions. Thus, besides the class hierarchy and relationships, the visualization of
instances of classes in ontologies is another important aspect.

The traditional way of displaying instances of classes in ontologies is through
lists of items or indented lists (Figures 4a and 4b). We do not consider these the best
modes of visualizing instances of classes because a lot of instances displayed together
can generate cognitive overload. Bach et al. (2011) present OntoTrix (Figure 4c), which
employed a hybrid visualization introduced as NodeTrix (Henry et al., 2007) in order to
visualize the structure of ontologies. However, NodeTrix representations are less
familiar to users than graphs and trees, making ontologies analysis more difficult and
are likely to increase user’s cognitive load.
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Figure 4. Instances visualization. (a) Protégé (Noy et al., 2000); (b) Knoocks
(Kriglstein and Wallner, 2011); (c) OntoTrix (Bach et al., 2011)
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Based on the previous interviews with experts and in solutions adopted by other
authors, we propose a visualization for showing instances of ontology classes, which
employed thumbnails and a schematic treeview, as shown in Figure 5.
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Figure 5. Proposed instances visualization

The classes of the ontology are exhibited as miniatures at the topmost part of the
visualization (overview area), and the whole set can be navigated using shifting buttons
as in common pictures displays. The detail area shows the selected class in treeview
representation at the center of this view. This approach helps users to understand how
the entire collection is organized, keeping both views visible for quick interaction. The
classes can also be found by a search function of a typed keyword.

We adopted icons with a textual description because this representation gives a
better comprehension than icons alone or text alone. The icons are related to two main
categories of concepts of the urban ontology used in this example (agents and space)
and are based on the work of Murray et al. (1994).

This schematic view is shown along two other views that show the 2D and 2.5D
hyperbolic tree visualizations (Figure 6).
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Figure 6. Multiple views in our tool
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4. Conclusions

Ontologies tend to grow, incorporating new concepts and relationships, therefore
increasing the visualization complexity. Static graphs, commonly used for ontology
representation, are not the best alternative for such visualizations. Thus, we need
efficient visualization and interaction methods tailored to ontologies. Information
visualization techniques amplify cognition and reduce the exploration time of data sets,
allowing the recognition of patterns and facilitating inferences about different concepts.

In this work, we have designed a visual and interactive method for exploring
ontologies, aiming at improving the insight from such data. For this, we employed
multiple views; a common and useful system that offer advantages like improved user
performance, discovery of unforeseen relationships, and unification of the workspace.

We started this study with the definition of requirements for visualization and
interaction with ontologies in order to support our design decisions for helping users to
perform different operations on ontologies more easily and efficiently.

In our 2.5D visualization tool, we combine aspects of both 2D and 3D
techniques. During its development we have taken into account the aspects pointed out
by expert users. We evaluated the 2.5D visualization proposal by comparing it with the
Ontograf tool, available in the version 4.1 of Protégé.

Besides the 2.5D visualization, we explore two other views: hierarchy classes
and instances of classes. For the first, we use 2D hyperbolic tree, an intuitive
focus+context technique that aims at representing very large trees. On the other hand,
instances of classes are displayed as a hybrid view, exploring thumbnails and treeview
methods. The main idea is to provide a visual representation that is intuitive and allows
efficient analysis of the ontology concepts.

As future work, we intend to perform new evaluation experiments while
investigating interactive visualization techniques for displaying data related to
inferences.
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Abstract. This paper proposes an ontology to automatic classification of learning materials
to the Software Engineering knowledge domain. The Software Engineering Body of
Knowledge (SWEBOK) was used to define the hierarchical structure of the knowledge
area. The Rational Unified Process (RUP) was used to add the axioms to represent the
relationships between concepts and to enable the reasoning to SWEBOK knowledge areas.
Two testing scenarios were designed and experiments were performed. The results show
that the ontology is able to classify and locate learning materials from the Software
Engineering area, according to the desired area, role, artifact or task.

1. Introduction

The development of new web-based technologies has increased the number of learning
environments, from simple learning resources repositories to more complex learning environments.
In these environments, learner can access information, communicate among themselves and learn in
a self-learning method [Ruiz et al. 2008].

This self-learning process can happen through many didactic materials, such as digital books,
slideshows, audio or video recordings, etc. These materials allow knowledge sharing within a
common interest domain and are available to anyone, anytime, anywhere. This can facilitate the
learning of subjects that require highly trained professionals, who need to be up-to-date with the state
of the art of technology. Software Engineering can be named as one of such subjects.

However, the self-learning environment can present challenges that hinder the real
knowledge acquisition. The difficulty to search the learning materials according to the learning
theme is one of these challenges. This search can be more difficult to learners due to the range of
knowledge themes [Yu 2010], making the identification of desired learning materials a challenge
[Fischer 2001].

The process of classifying learning materials according to their knowledge area can be an
alternative to facilitate their retrieval. However, these classification mechanisms must use a common
language that would allow knowledge sharing to occur effectively [Davenport and Prusak 1998].

Most knowledge areas have terminology problems in the use of consensual terms, as an
example, the Software Engineering area. It is common that different development teams use diverse
terms for the same concepts. Even though many software engineers work with Software Engineering,
some professionals claim to never have studied the subject [Wongthongtham 2006]. Thus, it is likely
that professionals find some difficulty to search adequate learning materials due to lack of a common
terminology.

In this context, ontologies play an important role because they can be applied to provide a
common shared understanding of an information structure among individuals or organizations, as

37



well as be used to enable the knowledge domain reuse and make explicit assumptions of a domain
[Noy and McGuinness 2010].

Ontologies can describe a hierarchy of concepts related by subsumption relationships, in this
case, a taxonomy-driven concept; or a structure, where the axioms are added in order to express
relationships between concepts and to restrict their intentional interpretations [Guarino 1998].
Through ontologies, hierarchical structures of themes related to the learning materials can be defined
using a common vocabulary to the knowledge area. Furthermore, it is possible to add reasoning to
this structure in order to help the automatic classification of learning materials within the defined
hierarchy. The automated classification is relevant when people do not hold enough knowledge to
identify the theme related to the learning materials due to lack of common vocabulary of the
knowledge area. Software engineers can be mentioned as an example.

In this context, this paper aims to propose an ontology to automatic classification of learning
materials related to the Software Engineering knowledge area. The ontology aims to facilitate the
search for learning materials within the given domain. The Software Engineering Body of
Knowledge (SWEBOK) [Abran and Moore 2004] was used to define the hierarchical structures of
knowledge. The SWEBOK is intended to reach broad consensus on the area of Software Engineering
[Sicilia 2005]. The Rational Unified Process (RUP) was used to add axioms to represent the
relationships between concepts and enable the reasoning to the SWEBOK knowledge area.

The remainder sections of this paper are organized as follows: Section 2 presents the related
work; Section 3 describes in details the proposed ontology; in Section 4 some experiments are
discussed; Section 5 concludes the paper.

2. Related Works

There are several papers proposing ontologies for the Software Engineering area. This section
presents these researches and their approaches.

Mendes and Abran (2005) present a prototype of an ontology to represent the domain of
Software Engineering, based on the SWEBOK guide. A literal extraction from the guide results in
approximately 4,000 concepts. In this approach, there is no intention to establish a hierarchical
structure of the Software Engineering knowledge area. Sicilia et al. [2005] also proposes a
SWEBOK based ontology with a descriptive part in order to identify artifacts and activities and a
prescriptive part, with approaches and concrete activities’rules for “commonly accepted” practical
activities. Hilera et al. (2005) propose an ontology called OntoGLOSE based on the Software
Engineering Terminology Glossary, published by IEEE. OntoGLOSE includes about 1,500 concepts,
corresponding to 1,300 glossary terms with their different meanings.

More specific approaches are established on the Software Engineering domain as well. The
Win-Win approach represents a model created to manage the necessary collaboration and negotiation
by the people involved in the software lifecycle stage [Bose 1995]. ONTODM represents the
knowledge of requisite specification techniques of a multi-agent systems family in an application
domain. It is being used as a CASE tool to help to elicit and specify the domain models. [Girardi and
Faria 2003]. Sanchez et al. [2005] propose an ontology to represent the different meanings of the
term model, incorporating the different concepts related to the terms. Cyc [2011] presents a UML
subOntology integrated in the OpenCyc ontology containing about 100 concepts, 50 relationships
and 30 instances, including UMLModel Element, UMLClassifier, UMLClass and
UMLStateMachine, according to SWEBOK’s Software Projects Notations subarea, from the
Software Project area. The XCM ontology provides a pattern to a component definition that appears
in different component models and standardizes these differences [Tansalarak and Claypool, 2004].
Deridder [2002] presents a general ontology on concepts related to software maintenance. An
ontology organized in five subontologies to represent the knowledge related with software systems,
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the necessary skills to software maintainers, with maintenance process activities, organizational
maintenance topics and tasks that constitute any application domain is proposed by Dias et al.
[2003]. Ruiz et al. [2004] propose an ontology composed by four subontologies: products, activities,
organization processes and agents. Vizcaino et al. [2005] propose an ontology composed by the
ontologies proposed by Deridder [2002], Dias et al. [2003] and Ruiz et al. [2004]. The propose of
Deridder [2002], Dias et al. [2003], Ruiz et al. [2004] and Vizcaino et al. [2005] are based on an
initial software maintenance ontology proposed by Kitchenham et al. [1999]. Boehm and In [1996]
propose an ontology with concepts related to software quality attributes and information about the
software architectures influences and development processes on these attributes Other ontology
related to software process concepts is proposed by Falbo et al. [2002]. An ontology with the
software measurement terminology, associated with fundamental concepts is proposed by Garcia et
al. [2005]. Tautz and Greese [1998] present an ontology of the GQM (Goal Question Metric)
paradigm, and an ontology with concepts related to software process, including Life Cycle Models
concepts, Software Processes, Activities, Procedures, Tasks, Roles or Artifacts is presented by Falbo
et al. [1998]. The SPOnt, an ontology that reused concepts from other ontologies related to decision
support systems, establishing relationships, is proposed by Larburu et al. [2003]. Gonzélez-Pérez and
Henderson-Sellers [2006] present an ontology for software development methodology that include a
metamodel and an architecture divided into three domains. Lin et al. [2003] propose an ontology for
the IEEE 12207 and the CMMI Standards that can be applied in an organization in order to inspect
and enhance the software processes maturity. An ontology particularly focused on the Software
Engineering area was developed by Wongthongtham et al. (2007), the first Software Engineering
oriented ontology, based on the SWEBOK’s areas of knowledge. This ontology presents only a
hierarchical structure; it does not use axioms to define the concepts related to the knowledge areas.

There are several proposals for ontologies in the Software Engineering area, however, there is
not an ontology to classify materials according to the Software Engineering knowledge area. The
next section discusses the proposal of an ontology to help solving this problem.

3. Proposed Ontology

This section presents an ontology composed by SWEBOK and RUP concepts to classify learning
materials in the Software Engineering knowledge area. The ontology was developed with the
ontology editor Protégé [Stanford 2011].

To define the knowledge’s hierarchical structure related to Software Engineering, the
SWEBOK's definition knowledge area was used. The SWEBOK is a guide created under the
patronage of the Institute of Electrical and Electronics Engineers (IEEE) with the objective of
serving as reference to Software Engineering related subjects [Abran and Moore 2004]. This guide
presents a hierarchical classification of the Software Engineering topics, where the higher level is the
knowledge areas.

However, the definition of a hierarchical structure is not enough to allow the automatic
classification of learning materials according to the defined structure. The SWEBOK does not
present an approach to the definition of their knowledge areas using relationships among the
concepts or explicit properties. For this reason, RUP was also used. RUP presents well-defined
relationships among the main concepts, which are: Discipline, Artifact, Role and Task. Although
RUP is a software development process, hence, not exactly focused on knowledge areas, the concept
of disciplines can be related between some SWEBOK knowledge areas, as shown in Table 1. In this
proposal, only the areas with total correspondence were mapped.

In the following subsections the details of the proposed ontology for RUP and the integration
of this ontology with the ontology for the classification of learning materials according to the
SWEBOK knowledge areas are presented.
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Table 1 — Relationship between the SWEBOK areas and RUP disciplines

RUP Discipline
Project Management

SWEBOK Area
Software Engineering Management
Software Engineering Process
Software Engineering Tools and Methods
Software Configuration Management
Software Construction
Software Design
Software Maintenance
Software Quality
Software Requirements
Software Testing

Configuration and Change Management
Implementation
Analisys and Design

Business Modeling Requirements
Test

Deployment

Environment

3.1 OntoRUP: RUP representation ontology

OntoRUP was developed according to the Artifact, Role and Task concepts and their relationships
with the Discipline concept. Through these four concepts and their relationships, classes and their
properties were created. Table 2 presents the created classes and properties.

Table 2 — Classes and properties from OntoRUP

Domain Class | Range Class Property Special Property (inverse)
Artifact Discipline hasDomain isDomainOf
Task
Discipline Artifact isDomainOf hasDomain
Task
Role Artifact modify isModified
Artifact Role isModified modify
Task Role hasPerformer isPerformerOf
Role Task isPerformerOf | hasPerformer

The general proposed hierarchy is presented in Figure 1. The RupElements class was created
in order to group the derivative concept classes: Discipline, Artifact, Role and Task concepts.
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Figure 1 — OntoRUP general hierarchy

The Discipline class was created to represent the nine disciplines that compose the RUP
model. Through this class the other relationships are established and then the integration is done with
the SWEBOK s knowledge areas.

The Artifact class was created to represent the software artifacts that are used within the RUP

process. The Artifact class is directly related to the Discipline class through the hasDomain property.
According to this relationship, subclasses were created, that identify the artifacts related to each of
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the nine disciplines proposed in the RUP model. Figure 2 presents an example of the hasDomain
property.
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ot ArifactConfigurationChangeManagement or WX
arlm: ArtitactDeployment

orlme ArtifactEnvironment otlim:hasDomain has orlm: AnalysizDesign

arlim; Arifactimplementation arlm: Atifact
orlim; AHifactProjecttanagement
arlm; ArtitactRequirements

ol Artifact Test

Figure 2 — hasDomain property

The Role class was created to represent the corresponding subclasses to the six groups of
roles within the RUP, namely: Analysts, Developers, General Roles, Manager, Production Support
and Testers. Furthermore, within the Role class, corresponding subclasses of the roles related to each
of the nine disciplines were also created as shown in Figure 3. To establish the relationship between
the Role and Discipline classes, it was used the property “modify” that relates the Role class to the
Artifact’s subclasses. As the subclasses of Artifact are already related to the Discipline class, the
relationship between the Role and Discipline classes is also completed.

v orim:RupElements
| orlm: Artifact

otlm: Dizcipline

v orlm:Faole o
arlm: Analysts T W%

arlm:Developers

orlm-GaneralRoles orim:modify some oflm: AdifactRequirements

arlm:Managers arlm Rale
orlm:ProductionSuport

arlm: Testers

arlm:Role&nalysizDesign
arlm:RoleBusinessModeling
arim:RoleConfigurationChangeManagement
orlm: RoleDeployment

arlm: RoleEnvironment

arlm:Raolelmplemerntstion

arlm:RaoleProjectManagemeant

. ; T4 e
arlim:RoleRequirements 0ot 62 B

orlm:RoleTest |
Figure 3 — Role’s subclasses

The Task class was created to represent the tasks of the RUP model. The Task class has direct
relationship with the Discipline class through the hasDomain property. Based on this relationship
have been created subclasses to represent the tasks corresponding to each of the nine RUP disciplines
specified in the model.
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3.2 Software Engineering Learning Materials Ontology

Once established the ontology structure for representation of RUP elements, it was defined the
necessary elements to enable the classification of learning materials within the Software Engineering
domain. The LearningMaterial class was created to represent the learning materials, and its
subclasses were created based on the ten SWEBOK ’s areas, as shown in Figure 4.

L J orlm: LearningMaterial
orlm: SoftwareConfigur stionMansgement
orl: SoftwareConstruction

ol SoftwareDesign

orlm: SoftwareEngineeringhanagement S

orlm: SoftwareEngineeringProcess o W

ol SoftwareEngineeringToolzhMethods

. orlcizRecommendedTo some (orimRoleTest or orlm: AdifactTest or arlm: TaskTest)
otlm: Softwaredsintenance

orlim: SoftwareGualty orlm:Learninghaterisl

orlm: SoftwareRequirements

orlm: SoftwareTesting

Figure 4 — Learning Materials according to the SWEBOK

In order to define the ten areas of the SWEBOK using explicit and formal properties, the
defined concepts of RUP ontology was used. It is possible to identify the related discipline through
any of the Artifact, Role and Task concepts, and through mapping it is possible to know the
SWEBOK’s knowledge area. Because of that, the isRecommendedTo property was created, as
shown in Table 3, in order to be able to recommend a learning material related to any of the three
concepts presented in RUP. Thus, when adding a learning material it is possible: to recommend the
material for the use of a specific artifact, such as a Business Case; the execution of a specific task,
such as Architectural Analysis; or the execution of a specific role, such as System Analyst.

Table 3 — isRecommendedTo property

Domain Class Range Class Property Special Property (inverse)
Artifact

LearningMaterial | Task isRecommendedTo hasRecommendation
Role

Artifact

Task LearningMaterial | hasRecommendation | isRecommendedTo

Role

Through the related recommendation it is possible to classify the material according to the
SWEBOK'’s knowledge areas. For instance, a learning material will be classified as belonging to the
Test knowledge area, if it has the isRecommendedTo property related to, at least, one instance of the
Artifact, Role or Task classes, linked to the Test discipline.

These possibilities of recommendations can help to obtain a more accurate classification of
the learning material, especially when there is no formal knowledge regarding to which knowledge
area the material belongs to.

4. Results

The ontology was proposed to be applied in a self-learning environment where people share their
knowledge related to the Software Engineering area by adding learning materials. The proposed
ontology will help in the classification of learning materials, mainly because software engineers may
not use a common vocabulary or may not have enough knowledge to classify correctly the material
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within the appropriate domain. Furthermore, the ontology will facilitate the recommendation of these
learning materials.

Two scenarios were designed to verify the proposal’s viability. The scenario 1 was used to
test the classification of learning materials and scenario 2 was used to test the recommendation of
these materials. The simulations were created using the Protégé tool.

e Scenario 1 — Learning Materials Classification

Instances of learning materials were added using the Protégé tool, as shown in Figure 5. Also
recommendations were made through the isRecommendedTo property. Each recommendation was
associated with instances of Artifact, Role or Task classes.

INSTANCE BROWSER X

For Project: & orim For Clas=: & orimLea... 5“3|ECt Resources.. ﬂ
Class Hierarchy Asserted |[nferred Allowed Classes : Direct Asserted Instances "
owl-Thing (£9) = & * X 6' orim: Artifact (73] & ot Businessarchitact
b (0 foat. Agent & orlmmaterizliint arim Role 4 ot BusinessDesigner
v orlm:Learningtaterial (9) ‘ arimaterialonz oflm:Analysts (5) ’ arlm BusinessProcessAnalyst
orlm: SoftweareConfigurationManagement ‘ arimaterialons orlm:Developers (8) ’ ol RequiremertsSpecifier
orlm: SoftweareConstruction ’ arimaterialond oflm:GeneralRoles (51 ‘ ol SystemAnalyst
orlm: SoftweareDesign ’ orlmaterialins orlmManagers (6]
orlm: SoftweareEngineeringhtanagement ’ arlmaterislong orlm:ProductionSuport (51 =
orlm: SoftweareEngineeringProcess ’ orimmaterialo0? "| "‘ @
orlm; SoftwareEngineeringToolsMethods ‘ orimmateriaio0s
orlm: SoftwareMaintenance ‘ "
otlm:material009
oK Cancel
orlm: SofbwareQuality | \/ | | ance |
orlm; SoftweareRequirements
ori SaftwareTesting orim:izRecommendi ‘? L delanguage F
' otlm: Systemdnalyst i
p O orimRupElemerts “ ¥ f ‘ | " string '|

Figure 5 — Learning materials instances included using Protégé

The values assigned to the isRecommendedTo class for each one of the learning materials are
shown in Table 4.

Table 4 — Values assigned to the isRecommendedTo property

Id. Material Recommendation for Recommendation for Recommendation for
) Artifact Role Task
. Analisys Model
material001 Use Case Model System Analyst
material002 Requirements Specifier
material003 Create Baseline
material004 System Administrator
material005 Test Plan
material006 Architectural Analisys
material007 Software Architect
material008 Business Case System Analyst
material009 System Analyst

The Pellet reasoned, version 1.5.2, was used to classify the learning materials. As shown in
Figure 6, it is possible to verify that the ontology correctly classified the learning materials according
to the defined concepts.

However, it is important to provide mechanisms to help software engineer to make their
recommendations in order to avoid inconsistencies. For instance, the material identified as
“material008”, was recommended to be used in the Business Case artifact. In this case, it should not
be possible to recommend it for the System Analyst role, as this role has no relationship with this
artifact. As a result, the material was classified in three knowledge areas, one of them due to artifact
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recommendation, and the other two due to recommendation by role. The ontology proposed can be
used to help filter consistent recommendations among Artifact, Role and Task classes.
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Figure 6 — Learning Materials classification using Pellet
. Scenario 2 — Learning Materials Recommendation

Scenario 2 was designed to present the possible recommendations of the learning materials
once these materials will be available in a learning environment. According to the simulation
described in scenario 1, after the learning materials were classified using the inference mechanisms,
it is possible to search for these materials through the knowledge areas defined in SWEBOK. For
instance, it is possible to retrieve all the learning materials related to the Software Requirement area.
However, besides retrieving the materials by Software Engineering knowledge area, the ontology
also allows to find all the materials according to recommendations, by Artifact, Role or Task.

SPARQL was used to simulate a preview of these possibilities. The SPARQL is a language to
retrieve data from Web Ontology Language (OWL) files. Figure 7 presents a SPARQL query in
order to retrieve learning materials recommended by Roles. In this case, the learning materials are
retrieved through the Roles view; however, the queries can be executed by Artifacts and Tasks as
well.

Query Ef—'—-l E:E'—-l Results
select ?GroupRole ?instanceRole TidMaterial || GroupRole | InstanceRole ldMaterial
where {#x dcidentifier PldMaterial. arl Analysts ‘ orlm: RequirementsSpecifier  material0nz
#x orimizRecommendedTo ?instanceRole. arlr: Analysts & orlm: Systembnalyst material0n]
FnstanceRole rdftype *GroupRole. orlm; Analysts #p orlm: Systemanalyst materiall0s
?GroupRole rdfs:subClassOf orim:Role. orlmDevelopers @ orim Softwaredrchitect material00?
H | orlm:Managers Q otlm: Systemsdministrator materiali0g
order by ?GroupRole ZInstanceRole =

Execute Query

Figure 7 — Query using SPARQL
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It is important to point out that new recommendations may be added to the learning materials
according to their use. For example, a learning material that was added with the System Analyst role
may also be recommended to the Elicit Stakeholder Requests task. So, the level of details for the
recommendation is enhanced and the retrieval of material becomes more precise.

5. Conclusion

This paper presented an ontology to automatically classify learning materials related to the Software
Engineering knowledge area, aiming to facilitate the search for these materials.

The ontology was defined using the main structure of ten SWEBOK knowledge areas and the
concepts and relationships among Artifact, Task and Role elements from RUP model. RUP was used
to define SWEBOK knowledge areas through axioms to enable the automatic classification of
learning materials according to recommendations.

Some experiments were performed and it was possible to conclude that the ontology
classifications were correctly, according to the Software Engineering knowledge areas. Furthermore,
the ontology provides views of the learning materials under three aspects, recommendations by
artifacts, tasks and role. This diversity can be another facilitator for retrieving the desired material.

The proposed ontology will be integrated to a self-learning environment, and experiments
with Software Engineering students and professionals will be performed in order to evaluate the
proposal.
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Abstract. In imagistic domains, such as Medicine, Meteorology and Geology,
the tasks are accomplished through intensive use of visual knowledge, offering
many challenges to the Computer Science. In this work we focus in an essential
task accomplished in many imagistic domains: the visual interpretation task.
We call visual interpretation the expert reasoning process that describes a cog-
nitive path that starts with the visual perception of domain objects, involves the
recognition of visual patterns in these objects and results in the understand-
ing of the scene. We investigate the role played by foundational ontologies in
problem solving methods involving visual information. We propose a cognitive
model for visual interpretation that combines domain ontologies, ontologically
well founded inferential knowledge structures based on the notion of percep-
tual chunks and PSM’s. The proposed model was effectively applied through a
Problem-solving method to solve the task of visual interpretation of depositional
processes, within the Sedimentary Stratigraphy domain.

1. Introduction

Imagistic domains are those in which the problem-solving process starts with a visual
pattern-matching process, which captures the information that will further support the ab-
stract inference process of interpretation. In this sense, imagistic domains make intensive
use of Visual Knowledge, which is the set of mental models that support the process of rea-
soning over information that comes from the spatial arrangement and other visual aspects
of domain entities [Lorenzatti et al. 2011]. Imagistic domains impose many challenges to
Computer Science, in terms of acquisition, modeling, representation and reasoning, due
to the tacit and unconscious nature [Polanyi 1966] of visual knowledge.

In the computational processing of visual data in imagistic domains, one aims to
represent, extract and reason over the raw data, according to the meanings defined by the
human mind. In this sense, we consider that the computational processing of visual data
is a problem composed by several sub-problems. In general, the recent studies are focus-
ing mainly in two of these sub-problems: the semantic representations of raw visual data
[Lorenzatti et al. 2011] and the symbol grounding problem [Hudelot et al. 2005]. The
former problem concerns to the development of computational representations that ab-
stracts the raw visual data and captures the meaning of it, in a useful way for human
beings. This is an important problem, since the meaning is established in human mind,

*This work is supported by the Brazilian Research Council (CNPq), CT-PETRO and ENDEEPER®
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not in the visual data. The latter problem concerns to the issue of embodying the semantic
interpretation of symbols into artificial systems, allowing it to establish the relation be-
tween the symbols and the raw visual data. We consider that there is a third problem that
is addressed in the recent investigations as a less important one: the visual interpretation
task, that is, the expert reasoning process that describes a cognitive path that starts with the
visual perception of domain objects, involving the recognition of visual patterns in these
objects and results in abstract conclusions which are meaningfully connected to these per-
ceptions, that is, the understanding of the scene. According to [De Groot and Gobet 1996]
“cognition is perception”, in the sense that in the expertise development, the subjects
develop dynamic abstractions of visual patterns of domain objects or visual features of
domain objects, which guides the problem-solving process. We are interested in visual
interpretation processes with these features.

The literature shows many approaches to deal with computational processing of
visual data, such as low-level image processing, machine learning and knowledge-based
approaches. Approaches that apply Image processing [Rangayyan et al. 2007] and ma-
chine learning [Akay 2009] techniques are based on detectable geometric features of the
image (such as texture and shape) extracted from the raw data. These features cannot
support the inferences that are developed in a more abstract level by the experts, as
demonstrated in [Abel et al. 2005]. On the other hand, knowledge-based approaches,
as semantic image interpretation, aims to model the abstract portion of knowledge that
supports visual data understanding and to process this information symbolically, in order
to reach conclusions in the domain. Recently, knowledge-based approaches make use
of ontologies and Problem-Solving Methods (PSM) [Mastella et al. 2005]. Other works
[Hudelot et al. 2005] propose the integration of image processing and knowledge-based
approaches with reasoning capabilities, to interpret the raw visual data. However, most
of the recent works have not been focused in the investigation of the human-like capabil-
ities of reasoning over the visual knowledge abstracted from the visual data. Thus, the
complete characterization of the inferential knowledge structures, needed to carry out vi-
sual interpretation tasks in a way that reproduces the human performance, is viewed as a
secondary issue. In this work we address this issue, proposing an inferential knowledge
structure for visual interpretation tasks.

We claim here that there are ontological meta-properties of domain concepts that
provide the conditions which allow the visual perception of it instances, determining the
domain concepts that can participate in the visual interpretation tasks. In this work we
attempt to clarify the meta-properties of domain ontology primitives that allows visual
interpretation tasks, exploring the role of foundational ontologies in the problem-solving
methods used for this kind of task. This ontological clarification should allows the defini-
tion of inferential knowledge structures and PSM’s that embodies ontological constraints
of foundational ontology, increasing the potential reuse of them and allowing a more
accurate mapping to the domain ontology. We propose here a knowledge-based compu-
tational approach for visual interpretation task that combines domain ontologies with an
inferential knowledge structure, called visual chunk, which is based on the cognitive no-
tion of perceptual chunk. The properties that the visually observable entities have in the
point of view of the human cognition are reproduced in visual chunks through ontological
constraints. In this sense, our approach relies on the meta-properties defined in the Uni-
fied Foundational Ontology [Guizzardi 2005] in order to establish the mapping between
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the domain ontology and the inferential knowledge structures. Our approach offers some
benefits: (a) approximates the class of possible inferential knowledge models to that of
intended ones; (b) captures in a narrowest way the organization of the inferential knowl-
edge used by the expert; (c) guides the process of acquisition of the inferential knowledge
for visual interpretation tasks, and (d) helps to manage and to maintain the inferential
knowledge in the systems.

The Section 2 presents the cognitive and technical foundations of our approach.
Section 3 details our inferential knowledge structure for visual interpretation tasks. In
this work we deal with a specific type of visual interpretation task, which concerns the
visual interpretation of the events responsible by the generation of the visually observed
object. Thus, we work with an instance of this task, that is, the visual interpretation of
depositional processes responsible by the generation of sedimentary facies, in the domain
of Sedimentary Stratigraphy. For these reasons, in section 4 we present an overview of the
Sedimentary Stratigraphy domain and describe a PSM that applies the proposed approach
in this domain. The section 5 presents the evaluation process of our approach and an
analysis of the outcomes. Finally, section 6 presents our main conclusions.

2. Cognitive and technical foundations

We describe here the core theoretical framework of our work, including some studies
of the human visual processing, the cognitive characterization of expertise, the unified
foundational ontology (UFO) and PSM’s.

2.1. Human visual processing

According to [Matthen 2005], the object perception depends on establishing a direct,
causal and informational relation with a set of external physical objects, that corre-
sponds to any unique material body that possesses hierarchically organized and cohesive
parts, which exists independently of internal states of the perceiver and his/her percep-
tual systems. Moreover, in [Tversky 1989] it is pointed out that the notion of parts and
partonomies play an important role in the perceptual processes. In this sense, the parts of
a complex object play the role of perceptual saliencies, which provide important clues to
individuate and recognize the object, through visual perception. The proper configuration
of parts determines the shapes that objects can take. In addition, parts, and their percep-
tual saliencies, seem to be natural units of perception and natural units of function. In this
sense, they provide important criteria in order to make more abstract judgments related to
the perceived object, such as, functions and behaviors.

2.2. Expertise

The experts organize the knowledge in a qualitatively superior way, influencing the ac-
cess to the knowledge and the interpretations of the perceptual stimuli coming of the
environment. For the experts, the indexes of access to the knowledge are chunks of
related perceptual stimuli that, when recognized together, allow the fast access to the
knowledge meaningfully associated. These perceptual chunks are developed through the
repeated recognition of the perceptual stimuli associated to specific situations or events,
and play the role of cognitive triggers to the abstractions of those events and situations
[Chase and Simon 1973]. Thus, perceptual chunks integrate sets of related perceptual
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stimuli to more abstract conceptual components and can be seen as abstractions of a so-
lution step in a problem-solving process [Cooke 1992]. In high degrees of expertise,
the problem-solving process of visual interpretation tasks is driven by pattern-matching,
where the visual stimuli that come from the domain are confronted with the visual pat-
terns stored in perceptual chunks, triggering the abstract interpretations related to them.
The gradual elaboration of perceptual chunks leads to the automation of the cognitive
processes that integrate perception and the high-level cognition [Sternberg 1997]. These
processes can explain the resistance that experts show in verbalizing the fine-grained
knowledge that relates the visual aspects of the domain and their high-level interpreta-
tions. This intermediary knowledge, composed by domain explicit facts and rules of the
domain theories in the early stage of expertise, is chunked and automated during many
years of repeatedly application, integrating some specific knowledge developed during the
practical activities, which transcends the explicit domain theories offered in the domain
literature. Thus, perceptual chunks play the role of cognitive shortcuts, from the visual
stimuli to the abstract interpretations related to them.

2.3. Unified Foundational Ontology

Foundational ontologies are meta-ontologies that have been developed based on the the-
ories of a philosophical discipline called Formal Ontology. Foundational ontologies offer
guides to make modeling decisions in the conceptual modeling process, clarifying and
justifying the meaning of the models, improving the understandability and reusability. In
this paper we use domain ontologies to represent the domain shared conceptualizations,
and the Unified Foundational Ontology (UFO) to formalize both, the domain ontology
and the inferential knowledge model. We will summarize the main UFO features that
we will apply in this work. A full description of UFO can be found in [Guizzardi 2005].
UFO defines a set of meta-types and meta-properties that classify concepts in conceptual
models. Initially, UFO makes a distinction between Endurant Universal and Perdurant
Universal (or Event Universal). Instances of an Endurant Universal (such as Dog, Person,
Country, etc) are individuals wholly present whenever they are present. On the other hand,
instances of a Perdurant Universal (such as Game, War, etc), are individuals composed by
temporal parts, that is, they happen in time, accumulating temporal parts. Within the En-
durant Universals, UFO defines Substantial Universals whose instances are individuals
that posses spatial-temporal properties, are founded on matter and are existentially inde-
pendent from all other individuals. The relation between a Substantial Universal and an
Event Universal is called participation, according to UFO. Some Substantial Universals
are Sortal Universals, which provide principle of identity (PI) and principle of unity (PU).
In this context, PI supports the judgment whether two instances of the universal are the
same, when PU supports the counting of the instances of the universal. Kind is a Sortal
Universal whose instances are functional complexes. On the other hand, Moment Uni-
versals are Endurant Universals whose instances are existentially dependent individuals
that inheres in other individuals. Some Moment Universals are Quality Universals, which
represents the properties in the conceptual models. A Quality Universal characterizes
other Universals and it is related to Quality Structures, that is, a structure that represents
the set of all values that a quality can assume. Thus, considering the property color as
a Quality Universal, a given instance of Car could be characterized by an instance of
quality Color, which is associated with a value of ColorStructure, which represents all the
possible values that the property color can assume. Finally, UFO proposes four types of
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parthood relations, clarifying their semantics: componentOf, memberOf, subCollectionOf
and subQuantityOf. Each parthood relation only can be established between individuals
of specific UFO meta-types, respecting some ontological constraints embodied in UFO.

2.4. Problem-solving methods

A PSM consists of an abstract specification that describes the reasoning process at the
knowledge level, capturing the expert problem-solving behavior in a domain and im-
plementation independent way, through the specification of the knowledge and control
structures required [Perez and Benjamins 1999]. A reasoning pattern is modeled through
a PSM, by three components: (i) a competence specification that describes what the
PSM can do, (ii) an operational specification that describes how the process is devel-
oped and the knowledge required in each inference step of the process, and (iii) require-
ments/assumptions embodied in the method in terms of domain knowledge.

3. Inferential knowledge structures for visual interpretation tasks

Our approach adopt the notion of perceptual chunk in order to propose a structure of in-
ferential knowledge representation that captures the direct relationship between the visual
stimulus and the abstract interpretations meaningfully related to them, in a cognitively
well founded way. Moreover, the inferential knowledge representation structure proposed
here, called Visual Chunk, is organized as patterns of constrained arrangements of domain
knowledge. This organization is the result of ontological constraints that allow the partic-
ipation of only certain domain concepts and relations, arranged in specific way. In visual
chunks, only instances of domain concepts classified as Substantial Universal according
to UFO, can be visually perceived, since substantial universals have instances that satisfy
the visual perception conditions: material bodies, which exists independently of internal
states of the perceiver and his/her perceptual systems. Thus the core of a visual chunk is a
Substantial Universal. The visual stimuli stored in the visual chunk, are values that belong
to quality structures associated to quality universals, which characterizes the substantial
universal, whose instances are visually inspected by the expert. Furthermore, our model
preserves the importance of the parthood relations to the human perceptual and cognitive
processes. We claim that an effective modeling of inferential knowledge structures and
inference processes in imagistic domains should be focused in revealing and representing
the perceptual chunks applied by experts, avoiding the problems related to elicit the tacit
fine-grained knowledge that relates perceptual stimuli and their abstract interpretations.

3.1. Characterization

Let O be a domain ontology, V' is the vocabulary that represents this ontology. The vocab-
ulary of interest to the realization of the task of visual interpretation of events is denoted
by Viarget, and corresponds to a subset of V. The V},,4; contains two pairwise disjoint
subsets: V,r € Vi,:. The V. represents the domain primitives (concepts, relations and
properties) used by the expert to describe visually the objects of interest in the domain.
While V;,,; corresponds to the vocabulary that represents the domain primitives that de-
scribe events that can be interpretable through visual inspection of the domain objects
described by V. Thus:

‘/target g V
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V;ﬁarget = ‘/;}k U V;nt
Vuk N ‘/int =0

In a very abstract level, a Visual Chunk has the general form of a logical implication, such
as

antecedent = consequent,

where the antecedent is a logical formula, constituted by atoms a,x, where a,r € Vi,
and the consequent is a logical formula, constituted by atoms a;,,;, where a;,,; € V;,,;. Our
aim is to restrict the vocabularies V,; and V,;, considering UFO ontological constraints
to reflect the cognitive constraints previously discussed. In this sense, these vocabularies
can represent only certain meta-concepts and relations offered by UFO.

The vocabulary V,; must contain only and exclusively the following constructs:

ObservableEntity: Represents domain primitives whose instances can be directly visu-
ally perceived. We consider that only instances of domain concepts classified as
Substantial Universal, according to UFO, can be direct visually perceived.

VisualQuality: Represents the abstraction of a possible visual quality of a domain entity
visually observable. In this sense, according to UFO, they are Quality Universals
defined in the domain ontology, which maintains a characterization relation with
an ObservableEntity.

VisualQualia: Represents a constrained set of possible values of a VisualQuality. Is a
subset of values that belong to the Quality Structure associated to a VisualQuality.

VisualQuale : Represents a value that belongs to the Quality Structure associated to a
VisualQuality.

PartOfRelation: Represents a parthood relation between two ObservableEntity in the
domain. This relation is one of that allowed by UFO. The specific type of parthood
relation depends on the specific ontological nature of the two ObservableEntity
related, following the ontological restrictions imposed by UFO.

The vocabulary V;,,; must contain only and exclusively the following constructs:

InterpretableEvent: Represents domain concepts that abstract the events responsible
by the generation of the ObservableEntity. These concepts are classified as Event
in the UFO. As an additional requisite, these concepts must be organized in a sub-
sumption hierarchy, since the interpretation task aims to find the more specific sub-
type of InterpretableEvent responsible by the generation of the ObservableEntity
individual under visual inspection.

ParticipationRelation: Represents a domain participation relation between the Observ-
ableEntity whose instance is being interpreted, and the InterpretableEvent respon-
sible by it generation.

The Visual Chunk is structured according to some internal structures, which rep-
resent recurrent patterns of relationship among the constructs previously presented. This
structure can be described as following, in a semi-formal way. Firstly, a VisualChunk is
the structure that relates VisualFeatures and an Interpretation.

VisualChunk =45 (Visual Features, Interpretation)

VisualFeatures can be simple (SimpleVisualFeatures) or complex (ComplexVisualFea-
tures).
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Visual Features =q.y SimpleVisual Features V ComplexVisual Features

SimpleVisualFeatures is a structure that relates an ObservableEntity and a set of Possible-
VisualFeatures.

SimpleVisual Features =ge¢
(Observable Entity, { PossibleVisual Featuresy, ..., PossibleVisual Features,})

where
Visual Features = Interpretation

PossibleVisualFeatures is a structure that relates a VisualQualia and a VisualQuality,
which maintains a characterization relation with the ObservableEntity. Here, Visu-
alQualia corresponds to a constrained sub-set of values of the Quality Structure asso-
ciated to the VisualQuality in the domain ontology. This sub-set of values represents the
values that the VisualQuality can assume to support the Interpretation according to the
expert.

PossibleVisual Features =q4. (VisualQuality, VisualQualia)

ComplexVisualFeatures, on the other hand, is a structure that relates a SimpleVisualFea-
tures to a set of VisualPart.

ComplexVisual Features =g,y
(SimpleVisual Features, {Visual Party, ..., Visual Part, })

VisualPart is a structure that relates a PartOfRelation to a set of VisualFeatures de-
rived from (Observable Entityy,,+), which are parts of the ObservableEntity (represent-
ing the whole visually observed). The PartOfRelation relates the ObservableEntity that
are wholes to the Observable Entity,q.+, which are their parts.

Visual Part =4.5 (PartO f Relation, {Visual Featuresy, ..., Visual Features,, })
Interpretation is a structure that relates a ParticipationRelation to an InterpretableEvent.
Interpretation =45 (ParticipationRelation, Interpretable Event)

In this sense, considering a specific VisualChunk, when VisualFeatures is found, then In-
terpretation is also found. In the case of VisualFeatures to be a SimpleVisualFeatures,
we say that it is found when all the PossibleVisualFeatures related to the ObservableEn-
tity are found. A PossibleVisualFeatures is found when there is a Quality individual
that is instance of the VisualQuality, which inheres in the particular ObservableEntity
under visual inspection and that assumes a value which is a VisualQuale that belongs
to the correspondig VisualQualia. On the other hand, a ComplexVisualFeatures is said
found when the SimpleVisualFeatures is found and all the VisualPart are found. A Vi-
sualPart is found when there is a PartOfRelation between the ObservableEntity and an
Observable Entity,.. that is its part, and when at least one of the SimpleVisualFeatures
(derived from the Observable Entityy., ) is found. When the Interpretation is found,
the ParticipationRelation that relates the ObservableEntity and the InterpretableEvent is
instantiated.

4. Case study: Sedimentary Stratigraphy

Sedimentary Stratigraphy is the study of sedimentary terrains in surface or subsurface of
the Earth, in order to define the geological history of their formation based on the visual
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description of well cores and outcrops. The main objects of study and description is:
Sedimentary Facies (SF), Sedimentary Structures (SS) and Depositional Processes (DP).
A SF is a region in a well core or outcrop, visually distinguishable of adjacent regions.
Each SF is assumed as a direct result of the occurrence of a DP. A SS is the external visual
aspect of some internal spatial arrangement of the rock grains. Finally, DP are events that
involve the complex interaction of natural forces and sediments. DP are responsible for
the formation of sedimentary rocks, through transport and deposition of sediments in a
sedimentation place. Our domain ontology of Sedimentary Stratigraphy is ontologically
well founded, using UFO. In this work, we present the ontological characterization of
these three main concepts, but the properties will not be fully detailed.

Sedimentary Facies (SF): Instances of SF can be visually recognized, individuated and
counted. SF offers a principle of identity and it instances cannot cease to be SF
without ceasing to exist. According to UFO it is a Kind. The set of Quality
Universals that characterizes SF include: lithology, sorting, roundness and others.
There is a relation between SF and SS, called hasSedimentaryStructure, which is
a componentOf relation, according to UFO.

Sedimentary Structures (SS): It is an analogous case to SF. Therefore it is also a Kind.
The SS concept has many subkinds organized in a taxonomy. The set of Quality
Universals that characterizes SS include: laminae shape, angularity, thickness,
laminae shape and so on.

Depositional Process (DP): Entities of DP happen in time. We consider DP as an Event.
Since the SF’s are the final results of a DP occurrence, they are participants of DP,
that is, there is a participation relation, called generatedBy, between SF and DP.
There are many specific types of DP, which are organized in a taxonomic structure.

During the inspection of a well core or an outcrop, the expert visually segments
the body of rock in many distinct SF, observing several discontinuities of the visual prop-
erties. After this segmentation process, each SF is visually examined to interpret a specific
type of DP, since that each SF was generated by a DP occurred in a remote past. The ex-
pert points out the DP by visually observing an aggregation of visual stimuli of the rock,
which preserves many visual features which record the action of plastic forces of the DP
occurrence. This interpretation process is based on the expert extensive previous knowl-
edge, indexed by perceptual chunks. Thus, the elicitation of these perceptual chunks was
a core question of the interaction with the domain expert, during the knowledge acqui-
sition process. The Figure 1 presents an instance of Visual Chunk built on the domain
ontology of Sedimentary Stratigraphy.

The reasoning pattern that the expert uses to interpret visually Depositional Pro-
cesses was abstractly captured in a PSM (represented in Figure 2). The PSM uses the
Visual Chunks presented in the section 3, as inferential knowledge structures. The com-
petence of our PSM takes a visual description of an Observable Entity and a taxonomy
of Interpretable Events and infers the specific Interpretable Event indicated by the Ob-
servable Entity. The assumption of our PSM is that the visual features imprinted in the
Observable Entities of the domain indicate an Interpretable Entity. The requirements are
the visual chunks that the expert applies to relate the visual stimuli of the Observable
Entities to Interpretable Event. The operational specification describes the inferences in
the PSM, which can be detailed as follow:
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Figure 1. Representation of a Visual Chunk for interpretation of Depositional
Processes

Generate: Generate candidate interpretations according to the constraints of the taxon-
omy of Interpretable Entities in domain ontology.

Retrieve: Retrieves a set of Visual Chunks, whose Interpretable Event corresponds to
the current Candidate interpretation.

Select: Selects a Visual Chunk of the previously retrieved set of Visual Chunks.

Decompose: Decomposes the Observable Entity in other Observable Entity that com-
pose it.

Specify: Specifies relevant Visual Attributes of the Observable Entity and its compo-
nents.

Obtain: Obtains relevant Visual Features (visual attributes and values assigned to then).

Match: Tries to match a specific Perceptual Chunk to the relevant features of the Ob-
servable Entity.

Assign: Assigns the Candidate as the current interpretation, in case of positive match of
Visual Features and Perceptual Chunk.

The PSM receives as input an Observable Entity (5) and Interpretable Entities (1)
organized in a taxonomy. The Observable Entity is decomposed in other Observable En-
tities that compose it (8). Relevant visual attributes (6 and 9) of the Observable Entities
are specified, and visual features are obtained (7 and 10) from these attributes. Candidate
interpretations (2) are generated from the taxonomy of Interpretable Entities (according
to the subsumption hierarchy in the domain ontology). A set of Visual Chunks (3) whose
Interpretable Event corresponds to the current candidate interpretation is retrieved. From
this set, it is selected a Perceptual Chunk (4). Finally, the PSM tries to match the Per-
ceptual Chunk with the Visual Features of the Observable Entity. In the case of positive
match (11), the candidate is assigned as the current interpretation (12). This process tra-
verses the taxonomy of Interpretable Entities in a top-down way, trying to reach a more
specific interpretation in each step. The final interpretation is the last Interpretable En-
tity with at least one Perceptual Chunk matched. The process occurs until a leaf of the
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Figure 2. Representation of the PSM to visual interpretation of Depositional Pro-
cesses

taxonomy is reached or the matching process return false to all the Perceptual Chunks
associated to the candidate interpretation (meaning that only an interpretation of inter-
mediary level of specificity can be reached from the visual description at hand). Thus,
this reasoning model can be viewed as a process of hypothesis generation, retrieval of
its associated Visual Chunks and symbolic pattern matching between the Visual Chunks
and the symbolic visual description of the domain objects. The hypotheses are generated
according to the constraints embodied in the taxonomy of Interpretable Entities. In this
sense, when a hypothesis is proved, the next step assumes the concepts of the next level
of the taxonomy as the new set of hypothesis to be tested.

5. Evaluation of the approach

Our approach was applied to interpret a set of three real stratigraphic descriptions avail-
able in the literature, and interpretations carried out by our approach were compared with
the interpretations offered by the literature. Since that this work was focused only in a
sub-type of depositional processes called depositional processes of tractive currents, it is
expected that the PSM interprets only sedimentary facies that had been generated by pro-
cesses of this sub-type. In other cases, it is expected that the PSM interprets the process
as a Depositional Process, the more general process in the taxonomy. We consider that an
outcome of this type is an inconclusive interpretation (a non-answer). Since the PSM can
reach interpretations in several levels of generality/specificity, is also expected that for
some cases, the conclusion generated by the PSM will be more general than the interpre-
tation of the literature. Thus, to evaluate our approach in detail, we defined some distinct
categories of outcomes. Firstly, the outcomes can be satisfactory, when the outcome of the
PSM is compatible with the expected interpretation; or unsatisfactory, when the outcome
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is incompatible with the expected interpretation. Among the unsatisfactory outcomes,
we distinguish the false negatives, when the outcome is an inconclusive interpretation
and an interpretation was expected; and false positives, when the PSM had offered an
interpretation and was expected an inconclusive interpretation, or when the outcome is a
specific interpretation that do not corresponds to the expected interpretation. Within the
satisfactory outcomes, we distinguish the true negatives, when the outcome is an incon-
clusive interpretation for the cases in that the depositional process is not a depositional
process of tractive currents; and the true positives, when the outcome is compatible with
the expected interpretation. Finally, within the true positives we distinguish the Specific
correspondences, when the approach provides the more specialized interpretation accord-
ing to the input; and General correspondences, when the outcome is a generalization of
the expected interpretation. The Table 1 shows an analysis of the evaluation process.

Table 1. Analysis of the outcomes of the evaluation process

Evaluated| Number | Unsatisfactory Outcomes Satisfactory Outcomes
cases of
facies
False False True True positives
positives | negatives negatives
Specific | General

Case 1 14 0% 0% 50% 36% 14%
Case 2 8 0% 0% 50% 38% 12%
Case 3 7 0% 0% 29% 57% 14%

The evaluation analysis showed that, for the considered datasets, all the results
accomplished had been satisfactory. However the analysis also revealed that, for a signif-
icant percentage of facies descriptions, our approach offered interpretations more general
than those offered by the literature. One hypothesis that explain this observation is the
possibility of the visual descriptions of datasets to be excessively general to support the
specificity of the interpretations offered in the literature. This hypothesis will be investi-
gated in future works.

6. Conclusion

We described a modeling approach to explicitly deal with the semantic embedded in visual
objects that are used by experts to support problem solving. We built our approach based
on the comprehension about how people individuate significant objects when scanning
them through the visual system. We recognized that the notion of perceptual chunk, pre-
viously identified in several studies, plays a fundamental role in the connection of percep-
tual capture and further interpretation inference over the domain knowledge. Therefore,
we showed that the inherent properties of visually recognized objects can be identified
and expressed using constructs that are ontologically founded. The ontological constructs
provide the necessary independence between the application and the model that allows
reusing both, the reasoning algorithms and the domain ontology. Thus, this work shows
the role played by foundational ontologies in problem solving methods involving visual
information. We have applied the proposed model to build a robust representation of vi-
sual knowledge in a complex real application in Petroleum Geology, and explore it to
extract useful stratigraphic interpretations of events and their register in the Earth.
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Abstract. Ranganathan, an Indian mathematician and librarian, has proposed
a set of comprehensible canons to provide guidance to the process of building
concept hierarchies. It is our proposition that Ranganathans canons can
contribute to fulfill the gap between the high-level domain conceptualization
guided by top level ontologies and the classification of such concepts within
facets, needed when building ontologies taxonomical structures. In order to
show the utility of Ranganathans canons applied to ontology structuring, we
have analyzed the structure of a biomedical ontology: Gene Ontology (GO).
As result, we have found that many of the existing inconsistencies on GO
hierarchies could be avoided if Ranganathans canons were adopted.

1. Introduction

Ontologies have been increasingly used since thy 88s, especially in complex
domains such as Biomedicine, where the multituleomcepts and the need to deal
computationally with resources described by theas, trged the adoption of standard
vocabularies. However, the fast growing nature ltd body of knowledge being
described and the necessity of fast solution tadbge of concepts standardization has
given rise to vocabularies such as the Gene OntolGgne Ontology Consortium,
2001], which has been created without a sound rdetbgy and has been largely
adopted as de facto standard, despite its many structural problemsnastioned in
literature [Smith e Kumar, 2004][Smith, Williams, Schulze-Kremer, 2003], which
affects its efficient utilization.

Notions underlying concepts nature, materialized classes of top level
ontologies, have given significant contribution datology structuring, as it allows
domain concepts to be identified and grouped tagethbasic categories according to
pre-defined basic features. These top level ctasse usually chosen according to
principles discussed in areas such as PhilosopbgniGve Sciences and Psychology,
providing a sound basis for identifying the natafeoncepts in a less ambiguous way.
However, once groups of concepts with the sameraatie identified, there is still the
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need to organize them in arrays (horizontal seoksibling concepts) and chains
(vertical series of concepts, organized hierardlyicahis is one of the challenges of
ontology structuring.

Underpinned by more than fifty years of handseaperience in information
classification and structuring of big vocabulari&hialy Rammarita Ranganathan, an
Indian mathematician and librarian, has proposedet of principles, orcanons,
[Ranganathan,1951;1963;1967a, 1967b], tailoredrdwigle guidance to the process of
working on thelevel of ideas. This level is the space where the concepts oifvang
domain are organized, building a system of conc¢@ampos e Gomes, 2008]. These
canons were meant to be used for bibliographicsifleation, in the context of the
development of documentary languages with taxonatniectures such as thesauri and
controlled vocabularies.

It is our proposition that Ranganathans’ canoms czntribute to fulfill the gap
between the high-level domain conceptualizatiomediby top level ontologies and the
systematic classification of such concepts withacets, needed when building
ontologies taxonomical structures. In order to shiosvutility of these canons applied to
ontology engineering, we have applied a set of@hm@nons to the widely adopteit
facto standard, Gene Ontology (GO) [Gene Ontology Cuxinso, 2001].

As a result, we have observed the timeliness atelance of his work, as a
series of existing inconsistencies on GO hierag;tteuld be avoided if Ranganathans
canons were adopted.

The remainder of this article is structured agofes: in section 2 we present
related work. In section 3 we discuss Ranganathaargns. In section 4 we analyze the
Molecular Function branch of GO in accordance #naganathans canons. Finally, in
section 5 we present our conclusions.

2. Related work

Ontology structuring has impact on knowledge resspnespecially when based on
subsumption relations. Reasoners expect ontolagiesomply with certain rules of
classification, and ill-formed hierarchies can ld¢adfalse results. On the other hand,
implicit structuring strategies used to form subddhies can hinder human
comprehension of ontology classification rationakding to ambiguity when using and
extending ontologies.

In order to tackle those issues, researchers asidBuarino and Welty [2004]
have proposed the use of philosophical notionsh s rigidity, identity, and unity,
materialized on top ontologies, to guide the idamiion of concepts nature and, thus,
to provide foundational principles to evaluate tlwenceptual correctness of
specialization relationships [Guizzardi, 2005].tins sense, Guarino and Welty have
used those notions to underpin BatoClean methodology [Guarino & Welty, 2004,
2002a, 2002b] aiming at building “clean” taxononhistauctures on ontologies. Inspired
by the work of Guarino and Welty, Guizzardi als@ paoposed a theory presenting a set
of postulates aimed to aid the construction of wgbunded conceptual models
[Guizzardi, 2005; Guizzardi, Wagener and Sindei2004]. The idea behind these
approaches is to axiomatize a set of rules that lmanapplied systematically to
taxonomies and on doing so, prevent structurakrfeor example, based on the axiom
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that rigid concepts cannot be subsumed by antirogincepts, the concepuman
(rigid) cannot be subsumed by the coneaptdent (anti-rigid).

Smith (2005) observes, complementary, the roledefinitions to identify
attributes “in a consistent manner, thus assufray transitive inheritance through a
type hierarchy”, and points that the definitionaotoncept within an ontology should
encompass the definition of all its parents. Besiddl intermediate classes in the
hierarchy where the concept is situated should aksodefined, in order to ensure
transitive inheritance of essential characteristM&th the intention of establishing
guidance for building well formed hierarchies, baitcording to a sound classification
systematic, Smith proposes a set of axioms forketfy of Biological Classification”.
According to Smith (2005), those axioms were magudaby the theory of classes found
in Aristotle’s writings. As an example, we can mentthe axiom that addresses the
issue of polihierarchy and states that a speciegldmever have two parents:

lowestspecies(A4) A lowestspecies(B) A A # B — —3x(inst(x, A) A inst(x, B))

In Information Science, Dahlberg (1978a, 1978bp atresses the importance of
definitions as they make explicit the contents @ficepts and provide the elements that
forge the relationships between them. Dahlberguiin her Concepts Theory, proposes
also that definitions reveal a set of common charestics which are useful to build any
system of classification or thesaurus [Dahlber@8319Dahlberg, however, focuses on
proposing principles to organize concepts in brosategories, and, although
highlighting with examples the importance of ddfons when structuring hierarchies,
she does not provide detailed guidance on how ¢aroze them systematically in
subclasses.

To exemplify the problems caused by the lack cfyatematic approach on
structuring an ontology taxonomy, Smith points sexeral issues in the Gene Ontology
(GO) hierarchies. Although his axioms can helpdentify solutions to those problems,
members of the GO community were not very recefdtivilne proposal, perhaps due to
the complexity that comes with it: “(...) When chalid with such problems, the
members of the GO and associated communities stilydasist that their concerns are
those of practicing biologists, and that they dmestnot concerned with the sorts of
scrupulousness that are important in logic” [Sm2D05].

Guarino and Weltys’ (2004) as well as Smiths’ @0proposals have the focus
on identifying concepts nature and on providingesuland axioms to help the
identification and grouping of concepts with sansune in a consistent way. The
inspiration behind the idea of identifying conceptsture, which has its roots in
Philosophy, has been used since the 60s in theexdoof library classification by
Ranganathan, who also adopted fundamental categmrieelp to identify and group
vocabulary concepts according to their high lewalre. In this context, Ranganathans’
categories provide a more intuitive, transpardtitpagh less formal (and consequently
more ambiguous) way to approach categorization.

It is worth noting that if, for one hand, the usfeformal axioms can improve
ontology structuring, when applied by ontologisithwveome expertise in logics and with
some background in Philosophy, on the other hanchit represent a challenge for
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domain experts to deal with the inherent complegitguch philosophical notions and
the formalisms used to express them [Yu, 2006].

However, although the identification of concepttune has a major role in
structuring well formed and consistent hierarchiksre is more to it than that. There is
still the need of detailed classification princple help organize concepts in subclasses,
and, besides, if possible, that those principlagdcbe more easily assimilated by the
community responsible for creating and maintairtimg ontologies. In this sense, to the
best of our knowledge, few proposals provide aesyatic set of principles to address
the problem. Even so, some are directed speciicalla given subject, such &k
biological classification of organisms [Berlin, Breedlove, Raven, 1973] oonstruction
works [ISO DIS 12006-2, 1999], while others [Ekholm, 2DOare focused on
identifying objects properties, which even thougtpk on identifying facets of interest,
does not present a solution to the issue of organthem in a more thorough way.

Bodenreider and others (2004) point that there samae principles of good
classification that (biomedical) ontologies are eotpd to be compliant and that, as they
believe, “rest on a wide consensus among thoseimgpdn biomedical terminologies”.
Such principles can be summarized as: (i) eactaltley must have a single root; (ii)
children should have exactly one parent; (iii) neaf classes must have at least two
children; (iv) each class must differ from anotk&ss in its definition. In particular,
each child must differ from its parent and siblimgsst differ from one another. The
authors, however, do not present evidences on bogtheir proposal has been adopted
and how exactly the consensus was reached. Begidg®ysing that a hierarchy must
have a single root seems to limit the possibibitexpress different aspects of a domain,
which, in a different perspective, could be eaghesented as facets. Also, their
proposal does not provide guidance to other impbdapects of classification, such as
the need to define homogeneous hierarchies, aseplouit by Smith (2005).

As observed, although there has been some comithnthe adoption of
systematic classification practices, preventagghoc built taxonomies, many of those
practices seem to be recent and still need to mafAlso, some of them lack a more
intuitive and transparent explanation, in ordetiow a better understanding by end
users and so, to avoid their rejection.

It is our proposal that Ranganathans’ canons adstfication, in use for more
than fifty years, provide a methodological pathtthan join the convenience of a
comprehensive explanation and a more complete atdrenset of guidelines, which
can be easily adopted to help building more coasistlassificatory structures. The
usefulness of these canons can be seen in a saophario for analyzing Gene
Ontology main classificatory structure, as preseiilow.

3. Ranganathans’ canons

In the present paper, we highlight two sets of Raathans’ canons, which provide
guidelines to the organization of classes of cotsceganons for the creation of arrays
and canons for the creation of chains. Chainsvartcal series of concepts, which can
be organized hierarchically according to generigeffi relations, or according to part-
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of relations. Arrays are horizontal series of cqsgorganized as siblings in relation to
a parent concept.

In the specific case of the organization of orga@s taxonomical structures, we
have selected a subset of Ranganathans’ canopartafular relevance to our purposes,
and which we shortly present in the following sewt, based on Campos e Gomes
(2008) and also Gomes Motta e Campos (2006).

Some of the canons aim at organizing arrays,oasnktance, the canons of
Differentiation, Concomitance and Exclusivity, wehibthers aim at organizing chains,
as, for instance, the canons of Modulation and 8libate Classes (Ranganathan,
1967a). The canons provide principles that fat¢dithe creation of classes in a more
consistent way, and, according to Ranganathan g)9@eir violation may result in ill-
formed classificatory structures. The selected narawe explained next.

3.1. Canons for organizing arrays

RanganathansDifferentiation canon states that a principle of division used as a
classificatory basis should originate at least tfasses. For example, let us consider the
array used to classify catalectic activities ofyenes. That array can have a principle of

division according to the kind of enzymes (hydmlissomerase, among others) and
another principle of division according to the kioreaction catalyzed by the enzyme

(free radical formation, first spliceosomal trartegfication, among others).

If the principles of division used to organize #reays are explicit, it makes the
classification of new concepts easier, as the cehgrsion of the rationale used to form
the hierarchy helps to figure it out where is thght place for the concept within the
ontology structure:

(...) in a classificatory scheme, concepts thatsailbordinated to

a more general concept can be grouped more acgurate
according to the principle of division that guidils grouping.
Principles of division bring transparency to thecaoulary and

so improve searches, locating and relating the eqaraccording

to its inner characteristics. [Novellino, 1996, ]p.1

RanganathansConcomitance canonstates that two different principles of
division should not result in the same array. B@meple, if we adopt the criteria of year
of birth and age to classify a set of individualge will have as a result arrays
constituted by the same elements.

RanganathansExclusivity canon states that elements belonging to an array
should be mutually exclusive, i.e., disjoint inatebn to elements belonging to another
array. For example, the termultidrug transporter activity should not be
subordinate to both arraysransmenbrane transporter activity and drug
transporter activity. Even if those arrays are organized according iti@rdnt
principles of division (in the above example, adbog respectively to the principle of
the local —transmenbrane — where the transport occur and according to the kif
element -drug — which is transported).
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3.2. Canons for organizing chains

As classificatory principles for chains, we highiligthe following canons of
Ranganathan: Modulation and Subordinate ClasResdanathan, 1967a] as explained
next.

The Canon of Modulation states that within a hierarchical classificatory
structure of concepts there should be a gradualfspy when organizing concepts in
chains, allowing thus a “conceptual consistencevden the classes of concepts”
[Gomes, Motta e Campos, 2006]. For example, letarssider the termsel i case,
ATP- dependent RNA helicase and ATP-dependent DNA helicase. According to
the Canon of Modulation, the last two terms shadt be directly subordinated to the
termhel i case. It should exist, between the first and the lagt terms, a term likaTp-
dependent helicase.

The Canon for Subordinate Classestates that in a hierarchy of classes, the
classes nature should be the same, i.e., theydsleouform to the perspective adopted
as principle of division that guides the organizatof the array. For example, in GO,
the definition of the termi ndi ng indicates that the principle of division of itsay has
to do with interaction between molecules. This nsakes believe that terms like
bacterial binding (Interacting selectively and non-covalently withyapart of a
bacterial cell) andéxtracel I ul ar matrix bindi ng” (Interacting selectively and non-
covalently with a component of the extracellulartmxa fall in conflict with such
principle, for abacterial, which is an organism, and axtracellular matrix, which is a
cellular component, both have different naturesnffinteraction between molecules”,
which is a process. According with Gomes, Motta am@os (2006), this canon
complements the Canon of Modulation, and, if mas violated, the affiliation sequence
of the chain to the array is correctly assured.

4. Analyzing GO (Molecular Function) and observingRanganathans’ canons

Our considerations about the utility of Ranganashaanons are made in the context of
the analysis of thentological commitment of the Molecular Function branch of GO.

Ontological commitment can be defined briefly asagreement shared by a
community about the consensual meaning intended tier ontology, not only
considering its comprehension by humans, but alsasidering its computational
processing by software agents. We assume thatdhmsnitment is not always precisely
explicit, however it can be identified, althoughrt@dly, by means of the existing
ontology documentation, the analysis of concepimitien and the metadata associated
to ontologies terms. On retrieving the ontologicammitment, we expect to have as
results the criteria observed as classificatorgigiple for the organization of first level
hierarchies of GO’s Molecular Function branch, tbge with the problems observed as
consequence of the adopted classificatory approach.

The choice of GO’s Molecular Function branch wae tb the fact that this
branch has intermediary complexity, if compared@@’s Cellular Component (less
complex) and Biological Process (more complex)wascould notice when analyzing
the terms definition and also the composition @ tinst level hierarchies (considering
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the hierarchies’ depth, number of terms and exgstalationships). In this sense, this
choice is adequate to our purposes, for if, onlwarel, it provides richness of issues to
explore, on the other hand it minimizes the comipfexlready big, of the analysis of

the ontological commitment of GO.

The analysis of the ontological commitment is magen the analysis of the
ontology’s hierarchical structure, the terms nonheince, and especially of the terms
definition, which is of main relevance to the fotroa and comprehension of domains
classificatory structures, once they provide riemantics about intended meaning of
concepts.

For the sake of space, however, we are not goinggdroduce the definition of
subordinate terms, but only data about the firgtlléerm being analyzed, and the final
result obtained, i.e., the criteria observed assdigatory principle, along with the
summary of problems found, considering the arrapmd@nalyzed. In order to help
understanding the analysis of thiendi ng array, we present on Figure 1 its immediate
subordinate classes. Thiendi ng array contains more than 1000 subordinate classes.

E+— H hinding
+— @ acyl hinding
+— @ alcohol binding
+— I amide binding
+— i amine binding
+— [ antigen binding
F +— 0 bacterial binding
+— W boron kinding
+— [ calcium oxalate binding
+— Wl carbohydrate binding
+— @ carbon monoxide binding
+— I carboxylic acid binding
+— 1 cell surface hinding
+— E chromatin binding
F +— | cofactor hinding
+— W dihydrofolic acid hinding
+— [ drug hinding
+— | extracellular matrix binding
+— @ hormone hinding
+— [ hostcell surface binding
+— 0 hydroxyapatite binding

+— [ metal cluster hinding
+— ® microfibril binding
+— B molecular adaptor activity
+— H neurotransmitter binding
+— H nitric oxide kinding
+— B nucleic acid binding
+— H nucleobase binding
+— [ nucleoside hinding
+— | nucleotide hinding
+— [ odorant binding
+— B organic acid hinding
+— H oxygen binding
+— H pattern binding
+— B peptide binding
+— E pigment binding
+— I poly(3-hydroxyalkanoate) binding
+— [ protein binding
+— ® guaternary ammaonium group binding
+— B ribonucleoprotein binding
+— H selenium binding
+— H suramin binding

+— [ ion hinding
+— [ kinetochore hinding
+— [ lipid hinding
+— [ lipopolysaccharide binding

+— B tetrapyrrole hinding
+— H toxin binding
+— | virion hinding

+— | vitamin binding

+— I lipoteichoic acid binding

Figure 1. Subordinate classes of GO’s Molecular Fun  ction bi ndi ng array

Results of the Analysis of thei ndi ng array

Identification: GO:0005488 - Binding

Definition: The selective, non-covalent, often stoichiometric ?, interaction of a molecule
with one or more specific sites on another molecule).

! The quantitative relation of the products and taats of a chemical reaction in the proportion they
appear in the chemical equation which describesahetion [Smith et al., 2000].

67



Narrow Synonym ligand

Classificatior? criteria observed:

* Chemical elements (exsoron binding), organical compounds (ex: pid
bi ndi ng), non organical compounds (ex:tric oxi de bi nding), kind of ion
(ex:ion binding), organical radicals (exicyl bi ndi ng), clusters of atoms
(ex: metal cluster binding), role of molecules (exantigen binding),
cellular locations (excel | surface bi nding).

In order to obtain the classificatory principlegshies analyzing the ontology
hierarchy and terms definition, it was necessamgter to specialized literature, in order
to understand the nature of certain terms. Fom@ka in the case of the termeyl
bi ndi ng (Interacting selectively and non-covalently with aayl group, any group
formally derived by removal of the hydroxyl grouporih the acid function of a
carboxylic acid),we came to the conclusion that “acyl” refers toraug of atoms (or
radical), due to the fact that GQierm definition refers to the teratyl gr oup, which
can be understood as a group of atoms or radisaésdefinition ofyr oup andacyl! in
Oxford Dictionary of Biochemistry and Molecular Bigy) [Smith et al., 2000f.

It is worth remembering that the analysis of GGsdnichical structure, if carried
out by a domain expert, or if applied more thordugind deeply in the ontologies
hierarchies, could bring richer results, possiblithwa wider range of observed
problems.

Problems observed:
» Violation of the Canon of exclusivity

Example:

O norepinephrine binding: Interacting selectively and non-
covalently with norepinephrine, (3,4-dihydroxyphenyl-2-
am noet hanol ), a hornone secreted by the adrenal nedulla
and a neurotransnmitter in the synpathetic peripheral
nervous systemand in sone tracts of the CNS.

o0 This class is subordinate both #bcohol binding (binding/alcohol
binding/norepinephrine  binding) and  to anine bi ndi ng
(bi ndi ng/ ani ne bi ndi ng/ norepinephrine binding).

* Violation of the Canon of modulation

Example:

O nitric oxide binding: Interacting selectively and non-
covalently with nitric oxide (NO.

2 For each organization principle observed, we havein parenthesis, and italics, a term exemplifyin
those principles.

® Interacting selectively and non-covalently withaayl group, any group formally derived by remowfl
the hydroxyl group from the acid function of a aajlic acid.

* This dictionary appears as bibliographic referemgthin comments in GOs terms.
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o Nitric oxide is a drug, according to the definitimi the termdr ug

bi ndi ng (Interacting selectively and non-covalently withdeug, any
naturally occurring or_synthetic substance, othiemta nutrient, that,
when administered or applied to an organism, afféleeé structure or
functioning of the organism; in particular, any Bwstibstance used in the
diagnosis, prevention, or treatment of dis¢asel literature [Gerlach and
Falke, 1995]. Therefore, according to the canomoélulation, the term
nitric oxide binding should be subordinated to drisgndi ng.

* Violation of the Canon of subordinate classes

Example:

0 A trisaccharide (Interacting selectively and non-covalently withya
trisaccharide. Trisaccharides are sugars composdd tloee
monosaccharide units) is ai gosacchari de (Interacting selectively
and non-covalently with any oligosaccharide, a male with between
two and (about) 20 monosaccharide residues corthdmteglycosidic
linkages), therefore its subordination to the clasgar binding
(Interacting selectively and non-covalently withyamono-, di- or
trisaccharide carbohydrate) violates the canorubbslinate classes, i.e.,
trisaccharide binding should be subordinated to the class
ol i gosacchari de bi ndi ng.

When tabulating the problems found, we highlidtg importance of the canons
of exclusivity, subordinate classes and modulatas,having the greater number of
violation occurrences (7), followed by the canorddferentiation (5). There were not
found evidences of violation of the canon of conitante (although it is worth
remembering that the analysis conducted did notercdhoroughly the complete
deepness of GO’s hierarchies).

Table 1. Total occurrences found on analyzing GO fi  rst level classes

Canon Total violations
Canon of Differentiation 5
Canon of Concomitance 0
Canon of Exclusivity 7
Canon of Mbdul ation 7
Canon of Subordinate C asses 7

The analysis of first level hierarchies of GO’s Btallar Function branch shows
a diversity of problems, which are materializediwariety of non uniform classificatory
principles observed, which seems to indicate a latkadoption of well defined
classificatory principles, gap which could be fildfil by the adoption of Ranganathans’
canons. In particular, we have observed the vmatf Ranganathans’ Exclusivity
Canon, which points to the relevance of understanpéiisting perspectives to think
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about the nature of the domains concepts. In csitmee have not observedhe
violation of the Canon of Concomitance. This finglioould be evidence that some
classificatory principles are more intuitively asgated than others, but could be as
well due to the characteristics of the domain, &fr gue to the deepness of the analysis
conducted.

5. Conclusion

Ontology construction, although a maturing resedield, still faces many challenges,
especially in domains with a rich variety of complsoncepts, and whose knowledge
advances dynamically. In Biomedicine, for examgie need to organize concepts in a
systematic way has to cope with the pragmatic padfiits community, with no deep
knowledge of Ontology related disciplines such agits and Philosophy, but with urge
to improve their ontologies.

One of the challenges of ontology constructiothis creation of classificatory
structures, or the backbone taxonomy, with its Egses organized in a systematic way.
The challenge presents itself not only due to tmaglex nature of the domains, but also
due to the interdisciplinary nature of ontologylding, which demands knowledge of
experts in knowledge organization, such as Comp@&gentists and Information
Scientists, but especially, end users who detanktiowledge of the domain and the
intended meaning of concepts contained in theiologtes. Considering that it is
important to provide the grounds for an effectiv@aue between people with different
backgrounds and, at the same time, to provide ipteethat can rapidly and easily be
assimilated and adopted on ontology structurinig, ilnportant to overview existing and
previously successfully adopted initiatives. Insthéense, Information Science can
provide relevant contribution, as it has maturedsann experience of information
organization for more than fifty years, classifysupjects from many different areas.

Ranganathans’ canons, some of those (but nof tlba) were presented in this
paper, can bring an important contribution to ooyl structuring as it provides a
comprehensive set of principles, that can be eamslyimilated, and that provide
effective guidance to avoid many of the problemsfbin ontologies structures, as we
could observe by analyzing Gene Ontology. AlthoRgimaganathans’ canons have been
originally proposed long ago, they are a matureaeguidance that have been used
successfully by more than fifty years, and are stifrent and relevant nowadays, as we
have presented on our application scenario.
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Abstract. Realist ontologies organize knowledge by strict adherence to
philosophical principles, ensuring robustness and coherence. According to
those principles, only entities empirically verifiable can be represented. Our
study aimed to analyze medical records to evaluate which kinds of entities
should be represented for physicians. We classified the entities and found
several entities that cannot be represented in realist ontologies. After due
analysis, results suggest that a categorization that distinguishes reality from
medical knowledge about reality and observations under both of them are
useful to describe entities present in medical records.

1. Introduction

Information structuring in electronic health records (EHR) is essential for the
development of health applications, due to its ability to exchange information between
different applications and healthcare professionals. Structured records are amenable to
use in several situations, such as: a) scientific discoveries; b) use of recorded data by
other professionals; ¢) healthcare facility management and quality control; d) prevention
of epidemics and health policy development.

System interoperability (the capacity of communication between systems without
human intervention) requires shared semantics of terms used in both systems. Recently,
the use of ontologies for semantic representation is being studied in several domains,
like the biomedicine [Rubin et al. 2008]. Particularly, the development and wide
adoption of the realist stance for ontology creation allows for an explicit, stable and
language independent vocabulary definition, which promotes communication without
ambiguities [Smith and Ceusters 2010].

Even though such methodology aims to describe scientific knowledge, such as gene and
protein biological functions [Hill et al. 2008], it actually limits the representation of
natural language terms that have no direct referent in the world. This “non-ontological”
terminology is important to clinical records [Stenzhorn et al. 2008]. For instance, a
clinician may use the term ‘“hepatitis” to refer to a real hepatitis, but can also refer to a
clinical suspicion (that the patient may have the disease), or to a preventive action (like
vaccine prescription). In this paper we generically refer to those terms as
epistemological [Bodenreider et al. 2004].

Besides, Schulz and colleagues [2009] argue that the attempt to code probabilistic and
default knowledge using ontologies is likely to create incorrect models. In fact, the
realist approach seems incapable to represent statements that are not universally true,

29 4C

such as “suspected fever”, “past history of fever” and “no fever”.
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This research aims to evaluate real medical records, to analyze which entities are
amenable to representation by the so-called realist ontologies, as defined by [Smith
2006]. The description of medical record entities by ontological and epistemological
principles, part of an ongoing research project, is being used to create a set of
procedures that will guide the analysis and create a generic framework that will improve
understanding of medical systems specificities.

This paper is structured as follows. In section 2 we describe the advantages and
limitations of realist ontologies for medical knowledge representation. In section 3, we
present a critical evaluation regarding the relationship of formal ontologies and clinical
reasoning. In section 4 we present the methodology used, aimed at identifying
information contained in real medical records. In section 5 we present results, in section
6 we discuss the results and in section 7 we present our final remarks.

2. Ontologies

Ontologies are being used in large scale in varied domains like architecture, geography,
[Bittner 2010], medicine and biology [Bittner and Donnelly 2007], whether as support
for legacy classification systems, or as way of adequately representing a domain. In the
following sections we describe applications in biomedical ontologies (section 2.1), as
well foundational principles of realist ontologies, widely used in biomedicine (section
2.2).

2.1. Biomedical ontologies

Ontologies have been successfully used in the biology and medical domain around the
world. Several initiatives were gathered in the Open Biomedical Ontologies Foundry
(OBO), a repository of accessible, interoperable ontologies, described in uniform syntax
and unequivocal identification [Smith et al. 2007]. Considering the OBO group, some
ontologies are worth mentioning, due to innovation and intense use in scientific
research. Among them, the Gene Ontology, an ontology that describes basic
characteristics of genes; the Foundational Model of Anatomy’, which describes the
prototypical human anatomy; the Cell-Type Ontology, which describes cell types from
some living; the Protein Ontology®, which describes the relationship between proteins
and clagses that represent protein evolution; and the Chemical Entities of Biological
Interest.

Besides these big foundational ontologies, several others are still under evaluation and
available at OBO, such as the Disease Ontology4 [Cowell and Smith 2010], the
Ontology for Biological Investigations |Brinkman et al. 2010], the Ontology for General
Medical Science’ [Scheuermann et al. 2009].

" http://fma.biostr.washington.edu/

? http://pir.georgetown.edu/pro/

3 http://www.ebi.ac.uk/chebi

* http://do-wiki.nubic.northwestern.edu/index.php/Main_Page
> http://code.google.com/p/ogms/
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2.2. Realistic ontologies

The term “realism” in Philosophy is widely used and controversial [Miller 2010]. We
have to emphasize that realism, while philosophical discipline, can disclose different
flavours. Indeed, there are issues under unending debate among people which declare
themselves as being realists. Defining universals, a main tenet of realism, is an example
of issue on which there is no agreement [MacLeod 2005]. In this paper, we take the
“ontological realism” as a methodology for ontology development — said “realist
ontologies” — based on principles of the philosophical realism. It is a methodology
widely used in biomedicine [Baker et al. 1999][Grenon et al. 2004] grounded at the
following generic tenets: [Munn and Smith 2008]: 1) there is a real world; ii) the reality
in which we live in is part of this world; iii) we are capable of knowing the world and
reality, even if just in a approximate way.

One of the assumptions of the ontological realism is the theory of universals, which
states that in reality there are particular and universal entities. Particulars are entities
described by the observation of the real world, e.g. a clinic or a laboratory. Universals
represent that which is common to every correspondent particular - e.g. the
characteristic of having a head that is common to every human being — which is
invariant in reality [Smith 2004][Smith 2006]. Since ontological realism is based on
reality and proposes that the best way to describe it is through science, universals are
those entities chosen to be used in the formulation of scientific theories.

According to the ontological realism, the unrestricted creation of classes to represent
every possible entity leads to inconsistencies. Classes are human creations — e.g. every
human being that is a man and likes swimming — and may be interpreted in different
ways [Munn and Smith 2008]. To avoid that, the realist methodology restricts the
possible classes to those defined by the scientific community. However, the precise
distinction between universals and classes is not always trivial. While universals are

grouped by what they are, classes are grouped by how they are [Smith e Ceusters,
2010].

The realist methodology uses a upper-level ontology to organize universals with a top-
down approach. Examples of upper-level ontologies are the BFO [Grenon et al. 2004],
DOLCE, the SUMO, among others. In the BFO, adopted in the ontological realism
stance, we can find structuring divisions made by generic universals called continuants
and occurrents. This division is based on the notion of SNAP and SPAN [Grenon et al.
2004]. SPAN entities, called occurrent or perdurants, are universals that posses a
determined beginning and end, and encompass process (e.g. “the life of an organism™)
and spatiotemporal regions (e.g. “the eighties”). SNAP entities, also called continuants
or endurants, are universals for particular that maintain their identities through time (e.g.
a “human being”). Continuants may be dependent (e.g. “the color of an object”),
independent (e.g. “a table”) or spatial regions (e.g. a “point”). To explain the different
treatments for high-level entities in other ontologies abovementioned is beyond the
goals of the present paper.

The use of the same upper-level ontology as starting point to create domain ontologies
increases the chance that its universals are compatible and, therefore, the chance that
they are amenable to integration.
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3. The limitations of realist ontologies for representing medical practice

The extension of realist biomedical ontologies to the medical practice is an alternative
for medical information organization. However, considering institutions of most
countries, medical documentation is usually made of barely structured documents,
sometimes even handwritten, containing heterogeneous information. Even so, the
medical record is an essential work tool for the clinician. The record is used for medico-
legal reasons, as a tool to support care plan creation and as a support to find information
required for clinical decision-making.

The realist ontology approach has been the target of many criticisms, which usually
argue against the proposal of universals as a sine qua non condition to the creation of
good ontologies [Merrill 2010a][Merrill 2010b] [Rector 2010] [Cimino 1998][Cimino
2006] [Dumontier and Hoehndorf 2010]. Such approaches for biomedical ontologies
emphasizes the importance of language, communication and medical reasoning and puts
under suspicion the obligation in considering [Merrill 2010a]. In many cases, such
approaches have been labeled as “epistemological”.

Conceptual approaches, a variant of idealism, are closer to medical everyday language,
since they use terms not referenced in reality which are commonly present in new and
yet not fully comprehended clinical situations. In the medical practice, diagnoses are
usually presumptive and based on incomplete data, making it difficult to identify a
particular and the corresponding universal. In fact, statements in such context are
constantly revised and do represent truths, but the physicians grounded opinion.

Realist-oriented researchers argue that the creation of ontologies around concepts is
based on language and, therefore, is subject to ambiguities and differences of
understanding and interpretation by different individuals [Smith 2006]. These
researchers consider that ontologies are artifacts made for use by computers and that
any natural language-derived ambiguity harms interoperability efforts. This is
particularly important in natural sciences representation such as biology in which,
despite the enormous volume of data, there is consistency in observation by different
institutions. Also in medicine, anatomical and physiological statements are consensual
when attributed to universals.

This is made clear by comparing the statements “AIDS is spreading quickly through
Asia” and “AIDS is caused by the HIV”. The term AIDS in the former is a class, while
it correspond to a universal in the latter. Classes are arbitrary sets and can result in
representation that cannot be understood and interpreted. By restricting the ontological
commitment to reality as described by science, the ontological realism promotes
consensus.

Another relevant aspect to be considered is the distinction between ontology and
epistemology. Epistemology is the study of how cognoscent beings come to the truth
about some event in reality. The difference between the terms can be shown by
evaluating how entities are defined in ontology and in epistemology. Ontology is about
an object, process, event, whole, part, determination, dependence, composition, etc.
Epistemological statements are about the way we know things and is about belief, truth,
probability, confirmation, knowledge and its variations [Poli 2010]. While ontology is a
theory of things, epistemology is a theory of knowledge.
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The interdependence between the existence of an entity and the knowing about it
frequently blurs the distinction between ontology and epistemology. Bodenreider and
colleagues classify epistemological terms usually identified in biomedical terminologies
in four categories [Bodenreider et al. 2004]:

» Terms containing classification criteria: terms that do not represent universals, but
that intend to convey information. For example, the distinction between “febrile
seizure” and “afebrile seizure” is not a distinction between characteristics of the
seizure itself, but conveys information about probable cause and prognosis.

» Terms reflecting detectability, modality, uncertainty, and vagueness: since complete
understanding of a clinical situation is very difficult, physician usually express this
incomplete knowledge of the patient condition by modal and approximate
statements. E.g. “possible cancer”, “probable cancer”, “unspecified chest pain”.

» Terms created in order to obtain a complete partition of the domain: contain terms
that intend to encompass entities not described by other classes. E.g. “Other” and
“Pneumonia not otherwise specified”.

= Issues related to normality and to fiat boundaries: terms that intend to convey
instructions about how the information should be interpreted, not about the entity
itself. E.g. “normal height”, “enlarged liver”. It is important to point out that part of
the medical knowledge is based on historical events which had an almost arbitrary

definition of normality [Vickers et al. 2008].

The fact that clinical observations are necessary is not opposed to the realist
methodology: information about opinions are fundamentally different from information
about objects [Munn and Smith 2008] and both have a place in an descriptive 0nt010gy6.
However, the medical practice requires the recording of information of both natures,
named here ontological and epistemological, including impressions, plans, suggestions,
etc. We intend to pursue this issue while searching for a complementary approach that
helps in understanding the medical reality.

4. Methodology

This ongoing research objective is to evaluate the representation of health
information in real medical records, through the use of realist ontologies. We intend to
determine its limitations and propose new ways of representing non-ontological
information. For example, administrative data, which at first had no counterpart in
realist reference ontologies, has to be represented through the creation of other
ontologies for dealing with such entities, like the Information Artifact Ontology [IAO
2011]. The methodology is composed by the following steps:

1. Record creation based on real clinical cases: The analysis must consider the way
health professionals record medical events. We studied two complete records,
created by two Internal Medicine specialists, based on common presentations of
real patients. No identification data was recorded, such as name, age,

® «concerns the collection of such prima facie information on types of items either in some specific
domain of analysis or in general”’[Poli 2010, pg.2]
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geographical location, health facility, dates and identification and contact
numbers, according to recommendations by [Meystre et al. 2010].

2. Transcription of records for information identification: In order to identify
information unities, a domain expert transcribed the records in sentential
fragments. The domain expert was asked to identify the reason for recording
those entities and the information that is being conveyed by the representation.
The transcription used the principles of logic and controlled languages described
[Fuchs et al. 2005][Fuchs et al. 1999] , which allowed clear identification of
entities recorded in natural language, outside the particular context in which the
event took place [Vickers et al. 2008]. Since the objective of this paper is to
analyze the content of the text, syntactical and markup aspects pertinent to
automatic processing are omitted. We hereafter call those information unities as
entities, despite their physical existence.

3. Analysis and classification of the record’s information items, according to
ontological realism guidelines: The information entities were analyzed according
to the tenets of the ontological realism [Grenon et al. 2004] , to verify if they
were suitable to ontological representation. This analysis was guided by pre-
established criteria aimed to classifying the entity in some upper BFO class.
Some examples can be found in table 1. Each entity was tested against the set
criteria, respecting the BFO class hierarchy. E.g. the first test separates entities
in continuants and occurrent; after this distinction, specific criteria are used for
each class. The entities that don’t belong to any BFO class are analyzed
according to realist principles and their use in everyday medical practice. We
selected some cases for further discussion, presented in section 6.

Table 1. Distinction between continuants (EMT) and occurrents (ECT)

Entities that maintain their identity Entities that change through time
through time (EMT) (ECT)
The entity exists completely in any a) The entity unfolds through a period
Characteristics given period of time in which it is of time.
present
b) The entity has no temporal parts.

5. Results

The records analyzed represent outpatient visits. The first one describes the consultation
of a patient with an unexplained chest pain and the second a post-discharge consultation
due to dyspnea. The records make use of routine record organization, such as
“Complaint”, “History”, “Physical examination”, etc. In table 2 we present a small
extract of one of the documents. Partial results can be seen below in Table 3:

Table 2. Extract of an outpatient record of a fictitious patient

QP: Chest pain and abdominal pain.

HMA: Six months ago, the patient felt severe precordial pain in addition to nausea and dyspnea. She
attempted medical care in the Hospital X, where received isordil + AAS 300mg. Enzimes: CKT 262
CKMB 30. She was not aware of previous pathologies. It was prescribed: Captopril, HCTZ e AAS.

Last month, the patient felt severe pain again and sought for medical care in a different place. Then, it
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was prescribed: Losartan, AAS, Sinvastatina e Nebilet.

She sought for medical care in other occasions because of the precordial pain. In addition to the
medicine mentioned, she uses Metoprolol - 100 mg 12/12 h.

She reports diffuse and intermittent abdominal pain, which becomes worse in case of stress. It is not
related with bowel movement alterations. She also reports rare burning epigastric pain that improves
with water drinking.

Table 3. Example of mapped and hon-mapped entities to realist ontologies

1- Aspects that represent entities IN REALITY (some examples)

Continuant Occurrent
-Chest pain -Were prescribed
-Abdominal pain, Precordial pain, Epigastric pain -Makes use
-Nausea, Dyspnea -Bowel movements
-Enzyme -Moment of first occurrence of pain (six months)
-Captopril, Losartan -Moment of re-incidence of pain (one month ago)

2- Aspects that represent useful constructs for medical practice NOT empirically verifiable

-Severe (precordial) heavy pressure (pain) -Diffuse and intermittent (abdominal pain)
-Rare burning (epigastric pain)

3- Aspects that represent observations ABOUT reality (not reality itself)

-CKT 262
-CKMB 30
-Left ventricle ejection fraction: 68%

4- Aspects that represent observations ABOUT the physician understanding of the clinical situation
(not about reality)

-Previous consultations and prescriptions -Previous diseases

-Not related to bowel movement alterations - (Diffuse and intermittent abdominal pain) that
worsens with stress

- (Rare burning epigastric pain) that improves
with water drinking

6. Discussion

The medical record is a complex document used for several purposes in healthcare
processes. According to the Brazilian Medical Council, it is “a single document made of
a set of recorded information, signs and images, created after (events) about the patient
health and care provided, of a legal, private and scientific character, that allows
communication between the multi-professional team and continuity of care provided to
the individual” [Conselho Federal de Medicina 2002, art 1°]. To live up to those
expectations, the professional uses the flexibility of natural language expressions to
represent the clinical situation, his clinical reasoning process and the relevant context of
the health event.

In our research, we drew terms from records trying to fit them to constraints imposed by
realist ontologies. Then, we created two main sets: in the first one, we included the
entities that could be represented in realist ontologies; the second one gathers entities
that can not be represented in realist ontologies as we defined them in the context of this
paper (vide section 1) Terms that can be used in realist ontologies are presented as the
first group of table 3. Arguably, realism has been shown capable of representing
diseases, disorders [Scheuermann et al. 2009] and symptoms [Smith et al. 2009], as
evidenced by the Ontology for General Medical Science (OGMS). The existence of
diseases — defined as a “disposition (i) to undergo pathological processes that (ii) exists
in an organism because of one or more disorders in that organism” [Scheuermann et al.
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2009, pg.3] is well known by medical science, and its representation is robust and
homogenous. Likewise, symptoms can be seen as body characteristics that a patient
experiences. In this case, we represent the body alteration considering its scientific
description. On the other hand, the diagnosis itself is not a patient attribute, but rather “a
conclusion of an interpretive process that has as input a clinical picture of a given
patient and as output an assertion (diagnostic statement) to the effect that the patient has
a disease of such and such a type.” [Scheuermann et al. 2009, pg.5])

We observed that the realist methodology in incapable of defining symptoms qualities.
In order to evaluate a patient, each symptom must be described according to its seven
characteristics [Bickley and Szilagyi 2009]: Location; Quality; Quantity or severity;
Timing; Setting in which it occurs; Remitting or exacerbating factors; Associated
manifestations. These characteristics can be classified in three groups, according to their
relation with realist ontologies.

Formal ontologies are capable of precise representation of symptom location and
temporality, through the description of body structures — organs and systems — or
spatiotemporal regions. This first group can be described by upper level classes of the
BFO, as continuants — independent continuants and spatiotemporal regions — and
occurrents — the temporal region occupied by the symptom and, eventually, the
symptom itself. For example, “chest pain” and nausea”. As stated in the Methodology
section, this analysis was based on the BFO, but different upper ontologies may suggest
different approaches. This is markedly true in the case of qualities [Masolo and Borgo
2005], defined by the BFO as “a specifically dependent continuant that is exhibited if it
inheres in an entity or entities at all (a categorical property)” [Basic Formal Ontology].

The second group of table 3, containing the characteristics of quality and
quantity/severity, describes attributes of the symptoms, its temporal evolution, qualities,
dispositions, functions and roles. The qualities refer to symptom types as described by
scientific knowledge of common clinical presentation of diseases. There are regional
and national variations of such typology, but classical symptom description is fairly
constant. For instance, the term “crushing pain” is commonly interpreted as a cardiac
originated pain. The quality “crushing” of the precordial pain has no direct and
unequivocal relation with the subjacent disorder, but the history of pain is similar in
patients with the same kind of disorder. In this case, we argue that the term is not a
realist universal, but can be described by concepts in a coherent fashion. The same
criteria applies to severity (“Severe pain”), which shows the same linguistic ambiguity
(how much is severe?). These terms must be described by non-ontological artifacts to
avoid reasoning and classification errors, since the distinction between types of pain
cannot be empirically verifiable — e.g. distinguishing a crushing from a heavy pressure
pain. Another example would be “diffuse abdominal pain”, which should not be treated
as a single ontological entity.

In the fourth group of table 3, we find the aspects referring to the situation in which the
symptom was experienced by the patient, according to the medical record description.
The setting of occurrence describes the state of affairs at the moment when the symptom
was perceived, what the patient was doing, climate and environment conditions, events
that preceded the symptom, etc. Remitting or exacerbating factors describe entities that,
according to the patient’s or physician’s interpretation, changed the natural course of the
symptom. This interpretation may be motivated by previous knowledge (e.g. causes of
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chest pain may be distinguished by their relation with physical exercise), temporal
coincidence or unjustified beliefs. Finally, associated manifestations may be represented
by any other symptom, or the absence of symptoms, as long as they aid medical
reasoning and the definition of a diagnosis. The representation of this group through
realist ontologies is mostly ambiguous. In the cited examples, the occurrent “drinking
water” and the “epigastric pain” intensity decrease are temporally related, but the
causality cannot be empirically determined. Rather, they reflect the understanding of the
situation, so that there is a belief that both entities are causally related.

Besides symptoms, several other entities were found, such as medications, laboratory
test results, physical examination findings, among others. Entities like life signs
measurements and lab test results do not directly refer to patient qualities, but to
observations about those qualities. For example, the CKMB (creatine phosphokinase
MB) refers to the enzyme blood concentration at the exact moment of blood sample
collection. It is, therefore, empirically verifiable. However, the value of the
measurement is arbitrarily determined (in this case, unity per liter) and does not refer to
the existence of the enzyme in the real world. Besides, this information is not analyzed
using logic operations, but used in a sequence of pre-established thinking rules,
according to clinical training. In this clinical case, the value 30 U/L is just above the
normal value (26 U/L) and, therefore, leads the physician to question the hypotheses of
myocardial infarction, suggested by the initial presentation of chest pain. The presence
of continua in the real world requires fiat delimitations, which are justified by pragmatic
reasons. [Schulz and Johansson 2007]. We argue that this information should be
distinguished from direct referents, since it refers to a representation of an observation
about reality. Moreover, it will be interpreted according to reasoning structure, not
according to the structure of reality itself.

Several solutions to this problem can be found. Despite conceptualism shortcomings,
the restrict use of concepts to represent epistemological information expands the scope
of those representations. To improve the meaning of concept and avoid misuse of the
term, we will use the definition put forward by [Klein and Smith 2010, pg.722]:
“concept should be used exclusively to refer (1) to the meaning of a corresponding
general term, this meaning being (2) unique and (3) agreed upon by responsible persons
in the given disciplinary field.”

The use of concepts to represent clinical information, though subject to inconsistencies,
is closer to language, since it represents term meaning and does not denote an entity
(universal or particular). The definition of each term can be made through formal
languages or natural language description, depending on the heterogeneity of
interpretations given to a term: e.g. concepts such as “up” and “down” are intuitive and
interpreted in a constant way, while the term “AIDS” requires precise explanation. The
relation between terms should be done through semantic relations “broader_than” and
“narrower_than”, considering the term meaning. Additionally, we can consider the
relation “related_to”, as proposed in the W3C Simple Knowledge Organization System
(SKOS) standard.

While the proposed typology encompasses real and epistemological entities, it still
needs improvement. The description of knowledge, thought as an attribute of the
cognoscent being, does not describe a real entity, but says something about it. For
instance, it is false to represent a “canceled surgery” as a ‘“surgery”, for it never
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happened. A solution is to represent the “canceled surgery” as an information artifact, a
plan that is about the “surgery”. In this case, the surgery will never come to be, but the
plan existed through a defined and verified temporal region [Schulz et al. 2010]. These
and other hypothetical entities, like instructions (“in case of recurrence, do X) and
goals (“the patient should try to lose at least 2 kg with this diet within 2 months”) can be
placed in more than one category — it may be seen as a real information entity ABOUT
another not yet instantiated real entity, or as a mental model simulation on the part of
the physician, stating an algorithmic behavior in the form IF X THEN Y. These cases
make evident that further effort in refining the model must be done.

7. Final remarks

The proposed categorization suggest that understanding reality representation in four
levels — reality itself, the perception of reality by the being, and the recording of reality
[Smith et al. 2006] — makes clear the connection between representation methodologies.
This connection will be important for proper computerizing of medical records.

During this research project, we intend to expand this categorization in a framework
connecting ontological and non-ontological entities that promotes representation of
entities required in medical practice without compromising interoperability and
automatic inferences. We intend to explore information models such as the HL7 v3 and
the OpenEHR, since they offer a great opportunity to understand the relation between
concepts and ontological entities.
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Abstract. This paper presents a mapping of enriched knowledge resources for
data privacy management. An ontology, enriched through natural language
techniques, is used for an integrated visualization for global inspection of
heterogeneous data. The visualization helps stakeholders in exploring and
maintaining a knowledge base for data privacy accountability. The integration
of resources on the basis of concepts described in an enriched ontology is an
aid to Knowledge Management (KM) in a dynamic domain, due to changes in
laws and the corresponding system requirements.

1. Introduction

The use of ontologies helps to achieve consensus on terms related to specialized
domains. The mapping of heterogeneous resources from knowledge rich systems can
help domain stakeholders in achieving their knowledge intensive related tasks. This
paper is contextualized in the data privacy domain, especially considering the task of
accountability. One of the main concerns in data privacy accountability is to avoid data
misuse in collecting and handling Personal Identifiable Information (PII) [1]. To ensure
that an organization needs robust mechanisms to implement its privacy policies.

Weitzner [2] defines: “Information accountability means that information usage
should be transparent so it is possible to determine whether a use is appropriate under a
given set of rules”. One aspect of determining such usage is the identification of privacy
risks related to sensitive information'. We discuss the integration of knowledge
resources of a rule based tool that provides guidance and privacy assessment of a project
that handles PII and identifies possible privacy risks. From now on we simply call it
‘accountability tool’. Its resources comprise a questionnaire, a glossary of privacy
terms, a set of encoded rules, company policies and a set of guidelines for developers.

The motivation of our work relies on the enrichment of an ontology, based on
linguistic and knowledge resources in the privacy domain. We developed a visualization
tool to integrate these resources. The mapping of knowledge sources and artifacts, based
on an ontology model, can provide a better overview of the information handled by the

! «“Sensitive information” as defined in: TCSEC - Department of defense trusted computer system evaluation criteria.
Dept. of defense standard, Department of Defense, Dec 1985.
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accountability tool, and thereby support various critical tasks to reduce oversights and
errors in the management of privacy in company projects.

The domain stakeholders are privacy officers, Knowledge Base (KB) engineers,
and project managers. Privacy officers are generally accountable for compliance with
privacy regulation, and for creating, maintaining and checking the correctness of the
underlying KB, as well as for evaluating impacts of changes in the body of laws and
documents such as company privacy guidelines. They are in charge of transforming
laws and regulations into specific company policies and guidelines. KB engineers are in
charge of modeling legal constraints and requirements involving policies and laws, and
writing and updating rules in the accountability tool. Finally, project managers are
responsible for company projects and their alignment with organizational policies. As
an example of benefits of the KM, richer information may help project managers to take
information into account such as privacy lawsuits in progress, upcoming changes in
laws and regulations etc. that are otherwise unlikely to be available to them.

To help stakeholders with their tasks we propose a mapping between various
knowledge sources. The existing sources comprise privacy regulation documents, along
with the KB of the rule based system mentioned earlier. Privacy documents are
regulatory texts like acts, norms and guidelines for privacy assurance and safe, and
accountable software development®. A domain ontology was developed, which is at the
core of the mapping structure. It is enriched by automatically generated resources: a
thesaurus and a list of Named Entities (NE) referring to normative regulations in the
privacy domain. The idea is that the enriched ontology can serve to maintain the rule
based system. Our work is then based on the definition of an automatically enriched
conceptual structure, and on the mapping of knowledge sources to ontology concepts,
aiming at the establishment of a KB management infrastructure.

This paper is organized as follows: Section 2 introduces related work, with an
analysis of the privacy risk management problem and the use of ontologies in this area,
and describes the contribution of our model for the representation of data privacy risks.
Section 3 presents an overview of linguistic and semantic resources and their integrated
visualization based on the enriched ontology. In Section 4 the overall process of
integration of the resources is presented, along with the evaluation of the ontology
enriching methods for Thesaurus and NE. Finally, in section 5 we present our
concluding remarks.

2. Related work

The development process in Information Technology (IT) is one of the main areas on
which privacy strategy needs to focus. Taking up to date privacy legislation into account
is an important requirement for IT projects. The knowledge of weaknesses in projects
with respect to privacy laws and guidelines, as well as their correct application in such
projects, can help to correct inadequate procedures or prevent serious privacy incidents
such as data breaches, and thus avoid lawsuits and the loss of consumer trust for a
company [3].

2 Asia-Pacific Economic Cooperation. 2004. APEC Privacy Framework. Directive 2002/58/EC of the European
Parliament and of the Council of 12 July 2002 concerning the processing of personal data and the protection of privacy in
the electronic communications sector, Official Journal L No. 201, 31.07.2002. Microsoft Privacy Guidelines for
Developing Software Products and Services, v. 3, 2009. The U.S. Children’s Online Privacy Protection Act of 1998
(COPPA). The U.S. Computer Fraud and Abuse Act. U.S. Federal Trade Commission (2000). Financial Privacy Rule.
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Our work aims at the identification of privacy risks, and the management of the
domain KB that supports it. An ontology was modeled considering the movement of
information across borders, and the actions performed on it to identify privacy risks, and
to organize thinking and discussion in the privacy field, which is relevant to IT. This
approach follows the need stated by Solove [4] who developed a taxonomy of privacy to
describe concepts of information collection, processing, dissemination and invasion to
capture violations of privacy. It focuses on actions and focuses on activities such as the
collection, processing and dissemination of information, which remove it further from
the direct control of the user.

A process to promote privacy assurance inside organizations and to establish
proper privacy management to address legislative requirements, policy guidance and
business standards is proposed in [5]. Knutson [6] presents some principles that
organizations should follow to create privacy awareness. He points out that a privacy
core team with technical and legal experts must define a privacy terminology to achieve
a common understanding of the scope and meaning of rules. Another recommendation
is to create guidelines to help developers to become independent from privacy experts
with respect to basic tasks. Similar concerns for software design are endorsed within
other works on privacy awareness [7][8]. In our work these requirements are carried out
with the definition of an ontology enriched by integrated knowledge resources.

Recognizing concepts and instances in text in order to support ontology
maintenance and semantically represent the meaning of sentences is a task explored in
[9]. One step towards a better control of the development process from a privacy
perspective is to have a proper representation of the relevant rules that have already
been formulated for handling PII. These rules are mostly described in laws, policies and
other normative sources, such as implementation guidelines, best practices and
information security standards. There is a rich literature describing ontologies to
represent such rules for the security and privacy management area. Abou-Tair [10]
presents a way to enforce privacy in enterprises using ontologies to generate XACML
[11] policies. The work presents the BDSG (Federal Legislation on Data Protection)
ontology in F-Logic mapping law statements to a machine interpretable language. In our
work the integration of resources to support the maintenance of a KB on the privacy
domain establishes a space for common understanding necessary for the implementation
of privacy rules in accordance with legal constraints and local policies among others.

Hecker [12] argues that privacy ontologies must show different concepts and
associations, enabling interoperability and determining the privacy level of a
transaction. Ontologies can also guide system developers who need to implement
privacy functionalities or mechanisms without requiring expertise from developers
specialized in the privacy domain. The proposed integration of resources on the basis of
an ontology aims at the integration between system developers and other
stakeholders in the requirements elicitation task.

Hu [13] proposes that the semantic model for EPAL privacy policies [14] can be
expressed as a variety of ontologies and rule combinations. It supports the idea that
ontologies are the main body of concepts to establish an infrastructure for the
knowledge management in a domain. Our work does not focus on rules. Instead,
ontology concepts are mapped to resources in the domain to support the challenge of
semantic representation. It defines the basis for the enforcement of privacy, as well as
for knowledge management in the privacy domain.
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Although there are many ontologies in the privacy domain, reusing them is a
difficult task, as they are developed for a wide variety of purposes, which differ from
the specifics of our context. Our privacy ontology was manually built, based on the
study of regulatory documents, guidelines, and also on some aspects of the KB system.
Ontology concepts are then a central structure, from which other knowledge and
linguistic resources are generated (Noun Phrase taxonomy, thesaurus, and NE). Several
domain documents are mapped to the enriched ontology. Identified concepts and their
extensions are then linked to all the domain resources in which they occur. Therefore
the privacy ontology serves as a guide to several knowledge related tasks in which
domain stakeholders are involved.

3. Knowledge resources

A manually built privacy ontology, validated by a privacy officer, a lawyer, and a
project manager, was enriched with other resources on the basis of corpus processing.
These resources are composed of a thesaurus, a noun phrase taxonomy, and NE. The
corpus-based thesaurus relates terms that are similar to each ontology concept, and
constitutes an extra semantic resource for assisting stakeholders. NE guide the access to
important law documents. The taxonomy shows concepts related noun phrases
organized in a hierarchy, which helps gathering information about contextualization of
terms.

The remaining resources support the inference of risks by the accountability
tool, comprising a glossary that describes important terminology, a questionnaire and a
rule set that guides the flow of questions for privacy assessment of projects, resulting in
the inference of the project risk level. Relating the system KB to the enriched ontology
and the corpus is considered as an aid for engineers responsible for system updates.

The domain knowledge resources can be accessed on the basis of a given term,
selected in a visualization tool available at http://www.cpca.pucrs.br/VisualizationTool/.
The Ontology is viewed as a hyperbolic tree of concepts, instances and related
properties. Such a view of fundamental domain concepts is then integrated with all the
other knowledge resources. Users can then access related concepts in the thesaurus, and
from it, navigating through all the accountability tool resources. A resource can be
accessed through its tab or through context menus. The following section explains in
more detail each accountability tool resource.

3.1 Accountability Tool Resources

This section describes resources directly related to the accountability tool. To
accomplish with project restrictions, these resources are presented as figures on the text,
and omitted from the visualization tool available.

3.1.1 Glossary

The domain glossary can help clarifying terms to stakeholders, represented as an entry
to which a description is given, or as part of the description. An occurrence of personal
information can be shown in Figure 1.

Children's Online Privacy Protection Act (COPPA)
Enacted in 1998, COPPA requires that websites that are visited by children under the age of 12 post a privacy policy detailing any
personally verifiable parental consent before collecting, using, or disclosing from children under the age of 13.

Figure 1 — Excerpt of the Glossary, with “personal information” as part of description
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3.1.2 Inference Rules

Inference rules are managed by a risk inference component in the accountability tool.
They guide the flow of questions that are shown, as well as determine the project
privacy risks based on the answers provided by the user. They are structured as follows:
rule name, risk indicator, origin of the rule, reason for the rule, remediation, and
condition to fire the rule. As seen in Figure 2, when modeling requirements, KB
engineers may learn that a notice statement must be provided by the system before
collecting personal information, and also that other issues are involved. Similarly,
privacy officers can check which rules will be affected when a change in the body of
laws involving personal information occurs. Project managers can access occurrences of
the term in the rulebook to help mitigate privacy risks for their projects as well as to
manage organizational resources affected by rules related to personal information.

compliance/non-compliance; weak transparency/choice
ruledata collect standard

"a notice statement must be provided before « is collected. it must include:
what information is collected how it will be used with whom it will be sharedwhat tvoe of contact the customer mav expect.
"ensure that you provide notice. privacy policy requires that whenever collects that 'notice’ is provided

to inform the individual shared with other parties and how the customer can contact fully notlfylng the data subject

Figure 2 — Excerpt of the rules with the personal information concept

3.1.3 Questionnaire

The questionnaire is managed by the risk inference tool through questionnaire and
compliance rules. The former rules involve pairs of questions and their possible
answers, and also allow for more user-friendly grouping and ordering of questions.
They are also used to set the value of intermediate variables, to decide which questions
should be shown to the user, given the answers already provided. Intermediate variables
are kinds of flags with a semantic meaning, hand-created by privacy experts to simplify
the authoring of the rule base and manage the relation between the data comprised in
questionnaire sections, and the knowledge it represents. Based on given answers a set of
compliance rules with the form “when condition then action” infers the privacy
compliance level of the project [15]. A compliance report is generated, with the results
of the assessment of privacy risks and a list of remediations in case of higher-risk
privacy concerns.

Figure 3 presents the term personal information in the question 66. For each
question or answer with at least one occurrence of the mapped term the system presents
the text of question and answer to better contextualize it. KB engineers can thus gain
immediate and comprehensive control of impacts of domain changes to the
questionnaire, and along with privacy officers keep the various objects in the rule base
aligned with regulations and internally consistent during KB management.

Question 66: Will any vendors involved with the tradeshow or event have access to the 1 n of event attendees?|
Answer: Yes, No, Not Sure

Figure 3 — Excerpt of questionnaire with the personal information concept

The next sections describe the ontology and the remaining corpus-based
resources.
3.2 Privacy Ontology

Despite the maturity in this field [16] reuse is difficult since each proposal is created for
different purposes. Privacy risk assessment and analysis vary according to the

89



requirements imposed by specific scenarios. The definition of our Privacy ontology
involves modeling concepts from several knowledge sources related to the problem of
data privacy accountability, such as a set of legal documents, an accountability tool, and
particular rules considered in the privacy risks inference scenario. The overall goal is
the reduction of the difficulty of KB maintainability. To better understand the following
explanation of the main concepts, we suggest the exploitation of the ontology through
the visualization tool. Ontology concepts are represented as seeds on the Thesaurus tab.

Some concepts were chosen to identify references to legal documents. Thus,
regulations are classified as normative and non-normative. Regarding the accountability
tool, the ontology includes concepts related to project activities and purposes, user
information, and sensitive information. Other essential concepts are PII and
Sensitive PII. People and organizations are also important concepts, because they refer
to those involved in a transaction handling PII.

Concerning the idea of privacy risks, the ontology includes different risk levels.
Actions conducted in a project can be associated to different Risk Levels. Actions and
activities with no associated risks are evaluated to a green level. When internal policies
are violated, the risk level associated with the activity is evaluated to a yellow level, and
finally, the red level is attributed to activities that violate laws or regulations.
Geographic locations, classified by the concept Geo as cities, continents and countries
directly affect the definition of privacy risks.

All these concepts can be used in the description of project actions and their
associated risks. In case of transborder data flows, for instance, risks depend on the kind
of information, and on the origin and destination of the data flow.

The EU Data Protection Directive 95/46/EC, for example, imposes restrictions
on the flow of PII to a third country, outside the European Economic Area [17]. A
country is considered adequate for the flow of personal data if its laws provide a level of
protection for personal data comparable to the Directive. Otherwise, it is considered
non-adequate.

3.3 Corpus

The corpus used in our project was composed of a set of 100 documents of privacy
regulations and development guidelines. By accessing the concept personal information
in the visualization of the corpus, each occurrence of the term in a document is
displayed in a context defined by five words on its left and right, which is called a
concordance, along with the document identification, and the line number. This link can
be used by Privacy Officers to evaluate how these concepts are used in regulations
contained in the corpus, e.g., to verify that company practices (or the KB) are aligned
with these regulations including in the presence of regulatory changes.

When a user selects the document name in the column Corpus, the original text
file is highlighted in a concordance. A KB engineer can have a better understanding of
requirements involving the flow of personal information to avoid the transfer of
information without some adequate level of protection corresponding to Section 12,
Item 1 of the highlighted text, for example. Similarly, a project manager can browse
through the corpus of laws and guidelines to discover which documents can affect a
system update involving, for example, additional transborder data flows of personal
information. Stakeholders can inspect the KB, in order to decide the implications of
changes to their respective fields in the organization.
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KB engineers can more effectively model requirements involving rules and laws
or check for KB correctness through being aided in the interaction with privacy officers
by searches in the corpus. The inspection of other resources also helps to clarify a term
in the domain, and to become aware of the impact of lawsuits arising from the misuse of
personal information among others as seen in the following sections.

3.4 Corpus based Ontology Enriching Resources

The next subsections describe the resources extracted from the corpus directly related to
domain concepts.

3.4.1 Thesaurus

As legal documents have large quantities of domain specific terms whose meaning can
be represented with different terms the creation and maintenance of a thesaurus is a task
that requires technological support. A thesaurus is composed of terms called seeds, to
which similar terms in the domain are related. Associating a thesaurus to an ontology,
and to a domain corpus can increase the efficiency of document retrieval. Instead of
retrieving only documents containing specific terms the ones with terms semantically
related can be retrieved. For example considering the term personal information it is
also referred to in the corpus as personal identifiable information, personal data, and
as the acronym pii. Thus by associating a thesaurus to our privacy ontology instead of
retrieving only documents that contain the occurrence of some specific term documents
containing also related terms can be the retrieved enriching the results with semantic
privacy meaning.

Each ontology concept represents a seed in the thesaurus. To each seed shown
on the tab “concept” of the visualization tool, a list of related terms from the corpus on
the right was automatically generated using linguistic and statistical techniques. The
ontology concept personal_information is found as similar to the terms, PII, patient
record and sensitive information. By choosing a term in the thesaurus its occurrences in
other knowledge resources can be accessed by stakeholders.

3.4.2 Named Entities (NE)

NE can be used to populate an ontology with instances extracted from the domain
terms. The automatic recognition of NE from legal and normative documents can help
the construction of a conceptual base of the privacy domain. In our work NE from legal
texts representing instances of classes that contain as keywords the terms act, law, and
rule were used to populate the ontology [18]. A list of classes extracted from the corpus
of laws is shown in Table 1.

Table 1 - Examples of classes extracted with NER

Original classes Derived Classes
Act Enactment, Number, Turn, Routine, Deed, Bit
Law Police, Jurisprudence, Constabulary
Rule Ruler, Normal, Pattern, Prescript, Regulation, Principle, Convention, Formula, Dominion

In the visualization tool the term personal information can be viewed along with
some recognized NE with the class to which they belong (Act), and the name of the
legal instrument that contains each term.

When privacy officers and KB engineers are involved in clarifying legal
implications that may affect the definition of requirements involving the protection of
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personal information, for example, the identification of NE related to the selected term
can provide a list of legal regulations to be investigated. Also the NE classes which are
represented by ontology concepts can be identified helping the investigation of
conceptual constraints in modeling decisions. Project managers can investigate relations
between personal information and the laws relating to it, through references to legal
documents retrieved on the basis of the term to evaluate possible legal implications of
this term on project risks, for example.

3.4.3 Taxonomy

A hierarchy of noun phrases related to domain concepts may help stakeholders with a
broader view of the context in which ontology concepts occur in documents. This
involves more complex structures, which are not modeled as ontology concepts or
instances. The taxonomy can help KB engineers to understand the uses of ontology
concepts, thus providing extra information about the domain through the inspection of
the contexts in which the term occurs. Our taxonomy was developed by parsing the
corpus to extract noun phrase hierarchies. This extraction is based on the identification
of noun phrases, and for each one on the identification of its constituents and nucleus.
Noun phrases with the same nucleus were grouped and organized in a hyperbolic tree
according to its constituents.

The resources described up to now summarize the mapping of textual sources,
on the basis of a term for the information handled by domain stakeholders. The
following section explores the evaluation performed by domain experts in the thesaurus
and in the NE, to validate our efforts aimed towards establishing an infrastructure to the
KM in this domain.

Apart from the taxonomy, the previous resources serve as the basis for the
annotation of all the other resources for the support of the KM conducted by domain
stakeholders as following described.

4. Integration of Heterogeneous Knowledge Resources

The resources mapping task consists in the XML-based indexing of terms from the
enriched ontology that occur in a set of domain related documents. The whole process
includes the generation of new resources and the annotation of documents in a mapping
model shown in Figure 4.

Initial Domain Resources Tool Resources

¢ . Tool Resources
= — e Domain [ [ Tool A 2
e E— Resources Glossary Questionnaire Rules ool Anngtated
= == Generation v Resources

Privacy Ontology  Corpus

——

Generated Domain Resources

Corpus

Processing Fw:% [;;g:‘;% [’;‘:}—,

Taxonomy Thesaurus NE )

Resources
Mapping

Reference
List

Generation

Reference List Named Entities Thesaurus

Figure 4 - Resources Generation and Mapping
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The mapping process comprises the following steps:
- Generating thesaurus, taxonomy and NE from the ontology and the domain corpus.
- Generating a reference list of terms by merging the domain resources and the
ontology concepts and instances.
- Checking the frequency of terms in each knowledge resource for the generation of
the reference file.
- Annotating/indexing each knowledge resource based on the reference list.

The mapping procedures must always be performed when the domain KB is
updated to set up new relations between resources. The indexing of the term
personal_information can be seen in Figure 5 which shows the reference list of terms
with the presence of the term in each resource.

<!-— reference.xml file>
<terms>

<term id="1124">
<name><][CDATA[pEIsonal_data]]></name>
<resource id="1" name="ontology" term occurs="false" frequency="0"/>
<resource id="2" name="thesaurus” term occurs="true" frequency="1"/>
<resource id="3" name="corpus" term occurs="true" frequency="1349"/>
<resource id="4" name="ne" term occurs="false" freguency="0"/>
<respurce id="5" name="questionnaire” term occurs="true" frequency="1"/>|
<resource id="6" name="glossary" term occurs="true" frequency="1"/>
<resource id="7" name="tagging” term occurs="false" frequency="0"/>

<resource id="8" name="rules" term occurs="false" fregquency="0"/>

Figure 5 — Excerpt of the reference XML file

All the other resources are represented by their specific XML files relating the
presence of the term in it by its identifier, and specific attributes like the document
number and line in which it occurs in the corpus.

4.1 Evaluation of the Ontology Enriching Methods

The evaluation process in our work consisted in verifying the quality of thesaurus
generation and precision, recall and coreference for the NE recognition. Although tests
for the evaluation of the overall integration of resources were not performed we
performed the evaluation of thesaurus and NE, the most important resources that
directly affect the enrichment of the domain ontology.

The evaluation of the thesaurus generation was performed by domain specialists
including a privacy officer, a lawyer, and a project manager for a sample containing 10
domain concepts and 90 similar terms. The chosen concepts were: children, consent,
customer, data_protection, data_subject, marketing, notice, personal data,
personal_information, and regulation. To evaluate them, specialists could assign a term
as “similar”, “not similar”, or “not sure” (about the similarity). A term can also be
ranked through arrows changing its position in the similarity list. A higher position on
the list indicates a higher similarity level.

The precision rate for the sample of similar terms in the evaluation was 51.1%.
We cannot fairly compare our results with related work because we do not share the
same data. In practical terms, the production of a list of related terms in which about
half is likely to be considered useful (as in the case of our methods over our corpus) is
an important aid for the knowledge engineering processing.

For the NE recognition three classes of Normative Regulation were considered,
namely Act, Law and Rule. Other classes were generated from them, as follows: Act
(Enactment, Number), Law (Police, Constabulary) and Rule (Prescript, Regulation,
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Principle, and Convention). For instance, the class Number resulted from the NE New
Tax System (Australian Business Number) Act 1999.

The Privacy corpus was tagged for these NE. The tagging task resulted in 4863
references to NE and 1191 unique entities in the domain. An evaluation tool analyses
the tagging output against a manually tagged reference to obtain precision, recall and F-
measure for:

a) Unique entities, represented by unique references to entities names;
b) Repeated references to the same entities.

The evaluation of the NE recognition performed on the corpus found 389 out of
1191 unique entities. An amount of 1460 references out of 4863 were found [18].
Resulting measures including precision, recall and F-measure are presented in Table 2.
The results were considered promising and comparable to the results obtained from the
2008 ACE Local ERD. However, the application of more sophisticated natural language
processing techniques over larger corpora can improve our results, in particular the
recall measure [18].

Table 2 - NER processing resulting measures

Precision Recall F-Measure
References to entities 60.48% (1460 /2414) 30.02 % (1460/4863) 40.13
Unique entities 40.06 % (389 /971) 32.66% (389/1191) 35.99

We also evaluated coreference (or “same_as” relations), based on the search of
acronyms. Table 3 has a row that represents both "Employee Retirement Income
Security Act of 1974" and "ERISA", as they were found in the corpus as legal NE, and
the system identified them as referring to the same entity. ERISA is said to be an
acronym of "Employee Retirement Income Security Act of 1974". The evaluator was
supposed to determine if this relation is correct or not, for the 185 instances related to it.

Table 3 — Acronyms for the relation "same_as"

Class NE Relation | Class NE
Employee Retirement Income
Act Security Act of 1974 same_as | Act ERISA
Act TCPA same_as | Act Town and Country Planning Act 1990
Act TCPA same_as Act | Telephone Consumer Protection Act of 1991

The evaluation of the relation “same_as” is presented in Table 4 according to 2
evaluators. We believe that the extraction of semantic relations between the entities
recognized in this work and those which relate region-specific laws to their specific
geo-political units can improve these results [18].

Table 4 - Evaluator's results for the relation “same_as”

Evaluator 1 Evaluator 2
Correct 52.97 % (98/185) 67.03 % (124 /185)
Incorrect 47.03 % ( 86 / 185) 32.97%(60/185)

Concerning the taxonomy an evaluation was not performed since the resulting
structure is just a straightforward reorganization of syntactic structures. However, the
taxonomy generation tool [19] was previously evaluated in [20].

The enriching techniques developed so far can be considered as semi-automatic
processes, whose output must be checked by experts given that the error rates are still
considerably high. Suggestions of terms are provided by these techniques but an expert
is needed in order to approve or refuse these suggestions. However these areas of NLP
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are still under development and it is likely that the near future will bring new techniques
with better recall and precision.

5. Concluding Remarks

Our work describes an ontology-based integration of knowledge resources in the
privacy domain to support an accountability tool, focusing on the definition of concepts
and the automatic enrichment of a privacy ontology, and on the construction and
mapping of knowledge resources to support KM in the domain. The generation of
relations between ontology concepts and various knowledge sources established the
basis for knowledge inspection and refinement in accordance with changes in laws or in
policies and requirements of the organization. The impact of such changes on the
resources can be evaluated with the help of the integrated visualization tool developed
in the project.

The domain concepts defined in the privacy ontology can be used to support the
maintenance of the accountability tool. Our efforts were aimed at the definition of the
mapping structure to integrate domain resources, and at the deployment of a tool to
permit stakeholders to explore the knowledge and evaluate impacts of changes in the
domain. As a result our ontology is composed of 113 concepts and 268 instances.

These efforts resulted in a semantic support that can help navigate through
several resources and documents. The generated thesaurus can help specialists to
identify similar terms for information search. NE are useful to keep track of changes in
laws that need to be considered for KB maintenance. The integrated visualization of
knowledge resources can help finding terms in a vast corpus of laws and other domain
documents on the basis of an enriched ontology.

The Privacy ontology could not be fully reused for the management of privacy
in different companies because it was defined to support a specific accountability tool,
and it refers to concepts and instances of Project Activity and User modeled according
to specific requirements. However, most concepts will remain useful in an ontology
engineering process for similar ontologies.

We consider exploring more specialized semantic relations and features for the
automatic recovery of information as future work.
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Abstract. Are upheld in the SPL domain all business rules that define
semantics links between entities for its completeness. By any change in
business needs implies to keep of these rules up-to-date and is necessary to fix
several application code to realize manually the necessary repair, making it a
hard work for developers. The purpose of this works to create a new boarding
to support software products in front of constant changes of business rules in
this scenario, with thought at the reference architecture to manage them.

Resumo. Fazem parte do dominio de um uma LPS todas as regras de negocio
que definem os lacos semdnticos entre entidades para a sua completude.
Qualquer mudanca nos requisitos de negocio implica na manutengdo dessas
regras e é preciso percorrer todo o codigo para realizar as mudangas
necessdrias manualmente, tornando esse trabalho drduo para os
desenvolvedores. A proposta deste trabalho é criar uma nova forma de manter
produtos de software frente as trocas constantes de regras de negocio neste
cendrio, com o suporte de uma arquitetura para gerencid-las.

1. Introducao

Ha tempos, pessoas envolvidas com a fabricacdo de software vém criando consciéncia
de que para a satisfacdo dos clientes, é necessario construir produtos com qualidade.
Porém nao basta ter uma boa qualidade, se ndo for economicamente viavel [Travassos et
al, 2002]. A engenharia de dominio, bem como, outras técnicas visa a reutilizagao e esta
entre as técnicas mais relevantes para que se possa construir um software em menor
tempo, maior confiabilidade e tendo como conseqii€éncia um menor custo.

A Arquitetura Orientada a Modelos ou MDA (Model-Driven Architecture)
[OMG, 2009] é uma abordagem de desenvolvimento de software dirigido por modelos
(MDD ou Model-Driven Development) [Braganca e Machado, 2007] que utiliza
modelos em diferentes niveis de abstracdo visando separar a arquitetura conceitual do
sistema do seu modelo especifico de plataforma. A definicio de mecanismos de
transformacdo permite a tradu¢do dos modelos em codigo de linguagem de alto nivel
que, por sua vez, sao compilados para geracdo do cédigo executdvel da aplicagdo,
facilitando o reuso e a manutencdo das aplicacdes. Tais vantagens tém propiciado a
crescente ado¢do da MDA como framework de desenvolvimento em diversos dominios
de aplica¢do nos dltimos anos.
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Apesar dos avancos da comunidade cientifica na 4rea de construcio e reuso de
modelos MDA [OMG, 2009] as empresas que trabalham utilizando linhas de produtos
de software precisam construir um dominio de aplicacdo contendo as mesmas regras de
negdcio em vdrias plataformas, muitas vezes para prover funcionalidades similares em
plataformas especificas. Qualquer mudanca nos requisitos de negdécio implica em
esforco e custo de manutencdo dos modelos especificos e independentes de plataforma.
Para garantir que as regras de negdcio ou propriedades especificas do dominio sejam
atendidas pelo modelo gerado ¢ comum aos desenvolvedores inserir o cddigo que
representa cada regra diretamente no modelo especifico de plataforma (PSM) [OMG,
2009], o que tende a ser fastiento e sujeito a erros. Assim, a falta de mecanismos
facilitadores que permitam a garantia de atendimento a essas regras, frente as constantes
trocas de requisitos de negdcio, torna-se um empecilho para a constru¢do de aplicagdes
confidveis e de ficil reuso e manutengao.

Este trabalho propde uma arquitetura para o gerenciamento eficiente de regras
de negbcio a partir de uma abordagem top-down usando a arquitetura orientada a
modelos (MDA). A secdo 2 e 3 apresenta os trabalhos relacionados, as pesquisas
realizadas até o momento e os seus resultados. A secdo 4 aduzi a respeito da arquitetura
proposta. Por fim, as conclusdes, contribuicdes e referéncias estdo na parte final deste
artigo.

2. Trabalhos Relacionados

A aproximagdo da MDA com uma familia de LPS é um tema relevante e emergente
onde se busca reduzir os custos de produgao de software [Braga et al, 2007]. Em 4SRS
ou Four Step Rule Set, foi concebido um framework utilizado pela Universidade do
Minho. A sua finalidade € integrar partes de diferentes trabalhos na drea de MDA e LPS
visando a obtencdo de regras de negdcio a partir dos diagramas de casos de uso e
derivando-as para diagramas de classe da UML [Braga et al, 2007].

Da aplicacdo conjunta da MDA em uma LPS também pode se beneficiar do
melhoramento da geréncia das variabilidades do dominio, sendo possivel uma solug¢do
para o problema de sincronia entre os modelos especificos e independentes de
plataforma. Um dos possiveis resultados seria a evolucdo das propriedades do dominio:
conceitos, relagdes e restricdes dentro de uma familia de LPS de forma independente da
arquitetura de implementacdo [Deelstra et al, 2003]. Em um dos trabalhos pesquisados,
foi criada uma ontologia de dominio para modelar variabilidades de um software de
apoio a configuragdo que inclui: componentes e features com suporte as estruturas de
composi¢do e seus atributos, interfaces, conexdes e restricdes. A ontologia utilizou a
linguagem natural e um perfil UML com o suporte as inferéncias sobre o dominio para
fornecer verificacdo semantica formal dos componentes [Asikainen et al, 2006].

Outra questao relevante é a necessidade de se prover técnicas e ferramentas para
que se possa ter agilidade na traducao da légica de negdcios. Alguns trabalhos permitem
a integragdo com ferramentas existentes no mercado, o que facilita o uso dessas técnicas
nas empresas. Joukhadar (2008) criou um framework baseado em perfis da linguagem
UML e utiliza diagramas de classes para capturar os conceitos, suas propriedades e
relacdes e prové a especificagdo de regras de negécios em linguagem natural, de forma
automdtica sem a ajuda do programador. Em uma pesquisa recente foi criada a
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plataforma SMICE [Wu et al, 2010] baseada na MDA com objetivo de envolver tanto o
cliente como os desenvolvedores na constru¢cdo de softwares para a WEB. A plataforma
oferece uma ferramenta para desenho dos componentes bdsicos dos processos, suas
integracdes e regras de negdcio. O cliente define todo processo utilizando qualquer
software especifico para BPM [Santos et al, 2011] e a ferramenta converte o processo e
suas regras de negécio do formato BPMN para WS-BPEL, simplificando a criacdo e
manutenc¢do de servicos na Web.

3. Resultados

Durante a constru¢do de uma linha de produtos € preciso também ter um processo
conciso para construir e verificar os pontos de variabilidade do dominio e a falta de um
conjunto detalhado de atividades e ferramentas para apoiar esse processo foi um dos
principais problemas enfrentados na pesquisa. Em um trabalho anterior Silva e Saba
(2008) propuseram a criagao de um processo de integracdo de componentes com base no
guia CMMI [SEI, 2002] e uma metodologia de Business Process Management (BPM),
que mescla a padroniza¢do de documentos, diagramas e representacdo de atividades
junto com técnicas de modelagem de requisitos baseadas em casos de usos. A técnica de
extra¢do de requisitos com base em casos de uso foi utilizada por ser bastante difundida
nas empresas desenvolvedoras de software. Aproveitando essa padronizacdo foi criada
uma aproximacao com ontologias para a concep¢ao de um processo a fim de guiar a
construgao, verificacdo e validacao de dominios de aplicagao [Silva, 2010].

A transformacdo de modelos MDA com base em ontologias de dominios
requereu aprofundar os estudos sobre quais ferramentas e técnicas poderiam ser
utilizadas para permitir a sua construgdo e verificacdo semantica. Silva e Pezzin (2007)
definiram um toolkit utilizando ferramentas do mercado combinando o uso de modelos
nas linguagens OWL e UML. Esse trabalho possibilitou a transformac¢do do modelo
conceitual ou ontologia de dominio no formato OWL (PIM) em um modelo para banco
de dados (PSM). Realizando uma verificagao e validagao semantica do dominio antes da
transformacao dos modelos através de raciocinio automatico, usando légica de descricao
sobre o arquivo OWL gerado a partir da ontologia [Haarslev, 2004].

Durante as inspecdes de codigo foi constatado que os axiomas ou regras de
negocios provocavam um alto grau de acoplamento, dificultando a sincronia, evolugdo e
manutencdo dos modelos. Por serem convertidas normalmente para estruturas de
controle de uma linguagem de programacgdo (e.g. IF-Then-Else), tornavam-se muitas
vezes repetitivas. A proliferacdo de muitos pontos de controle de regras de negocio,
frente as constantes trocas de requisitos, tornou-se um trabalho arduo para os
desenvolvedores. Uma solugdo para este problema foi criar um processo para separagao
e validacdo de regras de negdcio [Silva e Barreto, 2008] e a ferramenta OWLtoASPECTJ
para realizar esta tarefa de forma automatica [Silva, 2008]. A ferramenta transforma os
axiomas, apds serem verificados e validados semanticamente, em um novo modelo
especifico de plataforma (PSM) contendo apenas as regras de negdécio. Através da
programagao orientada a aspectos [Laddad, 2003], as regras encontram dinamicamente e
em tempo de execugdo, os métodos a serem interceptados, tornando possivel a
verificacdo da mesma regra em varios pontos da aplicacdo. Além disso, as regras
geradas na linguagem AspectJ podem ser reutilizadas em outras plataformas que
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utilizam a linguagem Java [Soares et al, 2002] agregando valor ao uso da MDA em uma
familia de LPS.

4. Proposta para o Gerenciamento de Regras de Negocio MDA em LPS

A Figura 1 apresenta a proposta em forma de diagrama de componentes da UML para
facilitar a compreensdo. A arquitetura ou ambiente de constru¢do e verificacdo de
modelos MDA serd composto por 4 componentes: 1 - Ferramenta de Constru¢do de
Dominio, 2 - Ferramenta de Verificagdo Semantica de Regras de Negdcio, 3 -
Ferramenta de Separacdo do Dominio da aplicagdo e 4 - Repositério de Regras de
Negdcio ou Base de Conhecimento.

sd Component Model

Linha de Produto de Software
«OWL-MDA
Ambiente de Construgdo e Verificagdo de Modelos MDA
Plataforma Java
E] «Fenamenta Gerenciamento Regrass ! i
«Protégés . Ferramenta de Separagdo do Dominio
peno o8y | Bominio = Regras de Negodo em OML | e aplicagdo, Extragdo, Verificagdo o 7]
N c Flow 3 ocio [T = Middleware com
Construgo de Dominio aflows Wanutengio das Regras de Negécio e «J5Ex
‘ Aplicagio Deskiop
T T sy Pl
: L
Regras de Negacio #1oWs . ¢
E] ; cacoesn Web Services
«Racers i %o N
Ferramenta de Verificagio E]
Seméntica de Regras de Negocio +Base de Dadoss {l
Repositdric de «lEEs  promootoeooes
Regras de Aplicagio Web
Megécios em
Aspect)

Figura I — Arquitetura Proposta para o Gerenciamento das Regras de Negocio em LPS usando MDA.

A ferramenta de edicdo de ontologias representada pelo componente <Protégé>
[Protégé, 2011] serd designada para a construcao da ontologia de dominios da LPS. O
primeiro passo € a criacdo do dominio conceitual da aplicacdo contendo: as entidades,
suas propriedades e relacionamentos e os axiomas. O artefato base produzido por esse
componente serd uma ontologia de dominio consonante com os requisitos da aplicacao.
A construcdo da ontologia serd guiada a partir de casos de uso que identificam os
requisitos funcionais de uma familia de LPS [Silva e Barreto, 2008].

O dominio conceitual da aplicagdo ou ontologia de dominio deverd sofrer
inferéncias para a sua verificacdo e valida¢do através da ferramenta de verificacdo
semantica de regras de negdcio, representado na Figura 1 pelo componente <Racer>
[Haarslev, 2004]. Apés serem validados, os axiomas (regras de negocios) serdo
transformados do formato OWL (Ontology Web Language) (PIM) para uma linguagem
de programacdo orientada a aspectos (PSM) com a ajuda da ferramenta de separacdo do
dominio da aplicagdo ou componente <Ferramenta de Gerenciamento de Regras>
OWLtoAspect] [Silva, 2008].

As regras de negdcio extraidas da ontologia de dominio farao parte de um tnico
modelo (PSM) que servira para o tratamento da légica de negdcio e serdo armazenadas
em uma base de conhecimento ou repositério de regras de negdcios, reproduzido na
gravura pelo componente <Base de Dados>. Os outros modelos serdo criados de acordo
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com as necessidades ndo-funcionais dos casos de uso. No exemplo da LPS proposta na
Figura 1, seria necessdrio gerar 3 modelos especificos para a plataforma Java: o primeiro
para compor uma aplicacdo que ird executar em computadores desktops <JSE>, o
segundo para uma aplicacdo Web <JEE> e o dltimo servicos Web <EJB>.

A arquitetura deverd prové o suporte a atualizacdo das regras de negdcios de
forma centralizada e automadtica. A ferramenta de separacdo do dominio da aplicacdo
fard a extra¢do das novas regras da ontologia corrigida (Secdo 3), realizard o merge na
base de conhecimento das regras antigas e atuais, realizando busca semantica através de
taxonomias e finalizard com a insercdo das novas regras na LPS.

Com a utilizagdo do paradigma de programacgdo orientada a aspectos [Kiczales,
1996], os modelos de regras e especificos de plataforma podem ser combinados para
que a aplicacdo possa interceptar automaticamente as regras em tempo de execugdo sem
que o desenvolvedor necessite conhecer os pontos de reparacdo do software (Secao 3).
Seja usando diretamente a linguagem Aspect], componente <JSE>, ou um Midleware
com o seu suporte, componentes <EJB> e <JEE>.

5. Conclusao

Gerenciar as regras de negocio para um produto de software ndao é trivial e tal
dificuldade aumenta substancialmente em uma linha de produtos de software. Neste
ambito, pensar nos modelos MDA para apoiar a geréncia de tais regras torna-se uma
alternativa relevante. O artigo propde uma arquitetura para melhorar o gerenciamento de
regras de negdécio no contexto de linhas de produtos de software, utilizando uma
abordagem MDA. Foram definidos os componentes que integram essa arquitetura, bem
como, os resultados alcangados até o momento. Espera-se em uma préxima etapa
validar a arquitetura em um estudo de caso real de um sistema para uma grande
institui¢do do mercado financeiro usando as tecnologias Java (e.g. JSE, EJB e JEE)
[Sun, 2011] por ja ser bastante utilizada no mercado.
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Abstract. We propose a treatment of uncertainty in areasSemantic Web

ontologies for modifying the schema PR-OWL.O schsitmaited to considering the

uncertainties of randomness, but certain areasepiresentation of the real world

can also have imprecise variables. To qualify foe process examined plausible
inference is a hybrid model of reasoning that dagotetically be incorporated into

the scheme of syntactic and functional PR-OWL.artele explores this conceptual
integration, assuming that PR-OWL will increase #ecuracy of the results of
inference.

Resumo. Propfe-se um tratamento de incertezas em domé#osntologias para
Web Semantica modificando-se o esquema PR-OWL. g0erea limita-se a
considerar as incertezas por aleatoriedade, magpsedominios de representacao
do mundo real também podem apresentar variaveiseiogas. Para qualificar o
processo de inferéncia plausivel analisou-se umetoode raciocinio hibrido que,
teoricamente, pode ser incorporado no esquematsioté funcional da PR-OWL.
O artigo explora conceitualmente esta integracdogspupondo que PR-OWL
aumente a acuracia dos resultados da inferéncia.
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1. Introdugéo

A inferéncia € um processo inerente a operaciangiia das ontologias em Web Semantica,
amplamente explorado em aplicacfes focadas namietegydo de respostas a partir de uma
busca analitica sobre um ambiente com variavessrglaicionadas.

A teorizacdo acerca da utilizacdo de inferénciapgssa fundamentalmente pelos
postulados da Logica de Primeira Ordem e todo ode=menvolvimento aprimorado por
séculos, dadas as contribuicbes de matematicoslogofis da antiguidade e da
contemporaneidade.

No desenvolvimento da Web Semantica e, mais eggauiénte, nas construcdes de
ontologias, 0s processos de inferéncia sdo exemfam motores de raciociniceésoners
Existem diversas especificacbes ou formas de aiugsi raciocinadores aplicaveis em Web
Semantica, existindo desde aqueles formulados paocipios da Logica, por processos
otimizados de busca com conotacdo semantica e, @qdales com funcionalidades inerentes
ao tipo de tratamento estocastico de informacdes.

Este artigo objetiva apresentar uma discussao aadgc utilizacdo do raciocinio
plausivel em Web Semantica, destacando a Prolimb{i8VL como um dos formalismos
para aplicacbes em dominios de ontologias com texas. Pretende abordar de maneira
tedrica a possibilidade da contribuicdo de um nmdhbrido de raciocinio, combinando o
processamento da imprecisao e da aleatoriedade.

2. Os raciocinadores para Web Semantica

Raciocinadores computacionais realizam operacOgica® aplicadas sobre bases de
conhecimentos compostas por fatos e sdo amplaméhtados nas ontologias, agindo de
modo a executar regras que buscam alcancar resposta processo de inferéncia.

Ontologias em Web Semantica podem apresentar dmsnénimplexos e dinamicos e
dispdem de uma linguagem formal que descreve repegdes, € a OWL, normatizada pelo
W3C. No ambito da OWL encontra-se a OWL DL, comodgeuma derivagcdo que suporta
inferéncia a partir da Logica Descritiva. Horro€dR902) define a Légica Descritiva como
uma denominacgédo geral para uma familia de formaksde representacdo do conhecimento.
Ao referenciar ferramentas para representacdo tiogias é evidente o uso intensivo do
software Protégé (PROTEGE, 2010). Para este framkevexistem varios plug-ins
disponibilizados, tais como, o raciocinador Pell@h Clark & Parsia LLC, sendo um
mecanismo de inferéncia especificado em OWL DL edeslvido em Java e de coédigo
aberto. Conforme observado em (PELLET, 2010), Péllama implementacdo baseada no
algoritmo de Tableaux (tabl6), um método formalndo da Ldgica de Primeira Ordem. O
Pellet d& suporte a especificacdo de tipos de dgdespodem ser definidos pelo usuério,
incorpora heuristicas para detec¢do de ontologwds ©ull na tentativa de expresséa-las com
OWL DL e identifica axiomas que causam inconsiggnentre conceitos.

Em (SILVA, 2008) é possivel conhecer diversos mesoaos de inferéncia para
servirem as ontologias e entre varios observou-Bazay DL. Este sugere uma abordagem
mais exploratéria e uma reflexdo acerca da utéiaade métodos focados ao processamento
de incertezas existentes em dominios nas ontolggies a Web Semantica. Na sequéncia
deste artigo, prop8e-se discorrer sobre 0 contestocastico que pode ser manifestado na
representacao de ontologias.

3. Fuzzy e a incerteza pela imprecisao

Em conformidade com a abordagem de (ROSS, 199b§ga&ca Fuzzy € um formalismo
matematico para modelar problemas que apresenta@veia munidas de incertezas inerentes
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a imprecisdo de seus valores. Na Logica Classisaléimte), dado um conjunto A, um

elemento »= A ou x & A, em Fuzzy, um elemento possui uma medida delplidade num
intervalo [0, 1]. A modelagem fuzzy sugere o usovdeaveis linglisticas para descrever o
dominio em representacdo. Estas variaveis est@xiadas com objetos ou conceitos do
mundo real possiveis de uma especificacdo quawditatais como, velocidade, altura,
temperatura, etc. Estas variaveis sdo segmentadamtervalos denominados Conjuntos
Difusos que podem, em circunstancias, caractecdas sobreposicdes de conceitos, como,
pouco, pouquissimo, muito, muitissimo, denotandarétisdo de conceitos na representacao
de dominios.

4. Raciocinio Plausivel Bayesiano

O raciocinio bayesiano apresenta solucao de irdferéma modelagem de dominios cujas
variaveis estdo sujeitas ao acaso, onde o fatodomaicidade é o tipo de incerteza

manifestada. E propicio enfatizar uma diferencaddmmental entre a proposta da Logica
Fuzzy e do Raciocinio Bayesiano: em Fuzzy, umaavatié incerta pela sua imprecisdo e a
certeza € uma medida de possibilidade. No contét@plicacdo do Raciocinio Bayesiano, as
varidveis sdo incertas devido a aleatoriedadensdda e a certeza € uma medida de
probabilidade.

Pearl (1988) aborda a descricao formal deste psocds inferéncia bayesiana onde a
relacdo entre varidveis acarreta em uma rede dedégendéncias, logo, a modificacdo de
uma variavel do ambiente pode afetar varias o@masermos de crencgas probabilisticas. De
maneira sucinta apresenta-se o principio da foigAolanatematica do Teorema de Bayes:
Seja 0 espaco de probabilidade F) e os eventos compostos H1, H2,...0Hk desde que
nenhum desses eventos tenha probabilidade nuéey:ent

P(e / Hi) . P(Hi)

P(Hi/e) = (1)
P(e)

ondeP(e) = P(H1).P(e / H1) + P(H2).P(e / H2) + ... +1¥).P(e / HK) (2)

As foérmulas (1) e (2) compdem o cerne do mecan@denmferéncia das denominadas Redes
Bayesianas. Contudo, conforme discorre Carvahaal. (2008) estas redes apresentam
limitagOes para representar diversas situagOesuhaoreal e da Web como, dificuldades em
lidar com elevado nimero de variaveis aleatdriasiso de recursdo, o que retrata problemas
no campo da complexidade computacional. Logo, Mawvat al. (2008) apresenta uma
proposta acerca do raciocinio bayesiano em onsedqgira Web Semantica utilizando Redes
Bayesianas Multi-Entidades (MEBN). Estas redeggnat® a Logica de Primeira Ordem com
0 raciocinio bayesiano, conforme proposta deserdalpor Laskey (2008). No ambito da
especificacdo de ontologias, a linguagem OWL n&morsa raciocinio plausivel, assim,
Carvalhoet al. (2008) recorre a linguagem PR-OWL (probabilisti&/ como sendo a
primeira implementacdo de MEBN para ontologias denidios com incertezas. (PR-OWL,
2011). Trata-se de uma contribuicdo para os traballesenvolvidos pela URW3-XG (W3C
Uncertainty Reasoning for the World Wide Web IndobaGroup). As MEBN modelam
conhecimento por meio de MFrags que constituemessgs de entidades de dominio por
meio de grafos. Segundo Carvalled al. (2008), uma MFrag € uma distribuicdo de
probabilidade das instancias de suas variaveiséail@a A figura 1 ilustra por meio de uma
MFrag, a modelagem que representa o nivel de parige uma nave é exposta.
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Fragment Graph
@ (sA{Starship, sty)  (ISA(Timestep, )
Nodes -
: (IsOwnStarship(s)) (Gis=st)
OpSpec(st) HarmPotential(st, t)
Cardassian True
- Friend False
EnpE Klingon
Nodes Romutan
Unknown
DangerToSelf(s, t)
R Unacceptable
Resident High
MNodes Medium
Low

Figura 1 - exemplo de uma Mfrag (Carvalho et al. (2008))

O problema representado pela figura 1 é signifioapara elucidar elementos de
investigacdo no campo do processamento de incerté€2hbserva-se a especificacdo de
variaveis aleatorias que denotam subjetividadesega, sdo vinculados a um dominio com
valores imprecisos. Os estadblsgh, Medium, Low caracterizam conceitos difusos que
incorporam mais incertezas a MEBN.

Em conformidade com esta observacdo objetiva-sgecgin para uma proposicao:
utilizar Logica Fuzzy na formulacdo hibrida do catnio plausivel em ontologias para
qualificar a inferéncia em func&o dos conceitossti existentes em nos residentes em uma
MFrag. Na sequéncia sera apresentada a propo&ienudacao.

5. Possibilidade da representacdo de Raciocinio Hitho para Web Semantica

Em suas obras, Ross (1995) e Kandel (1986) intedualgumas abordagens e
ensaios mateméaticos de modo a nortear pesquisageqgham a caracterizar uma utilizacédo
combinada dos processos de inferéncia fuzzy e iaanges

Brignoli (2001) sugeriu em seu trabalho que umaeRBdyesiana pode ter uma
redistribuicdo de suas probabilidades de saidal{@e®s) quando inferirem sob variaveis de
entrada que apresentam imprecisdo como incertereem®. Para tal, 0 autor apresenta
f(p, 8 como uma funcao que expressa o que denominou tiagaer para o modelo hibrido
de raciocinio. Mostra por simulacdo gueausara a redistribuicdo das probabilidades da Red
Bayesiana tende como uma probabilidade condicional sem imprecesdaoepresentando um
ou mais eventos difusos. Estes eventos podem sariaseis de entrada da Rede Bayesiana.

Brignoli (2001) utilizou a férmula do Teorema deyBa (1) com modificacdes em sua
forma original, conforme segue:

P(J/ Hi)

P(Hi/ & = 3
o ©)
onde, P(dHi) = P(Hi) . [ P(AHI) . ugi (9 + (1-P(dH)) . ug (I)] (4)
n
e, P(9 = P(Hi) . [ P(dHI) . ug1 (9 + (1-P(AHI)) . ug» (9] (5)
i=1

Na férmula,s1 e €2 foram usados para representar conjuntos difus@ntlada
que determinaram a incerteza por imprecisdo exestas variaveis de entrada da Rede
Bayesiana. Em termos de confiabilidade do modetopdrtante ressaltar que apos ser
aplicada a funcae de qualificacdo, o axioma estatistice(Hi) = 1continua verdadeiro.
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Uma conclusdo notéria obtida nesta modelagem é&aqutilizacdo do modelo
de inferéncia hibrido causou um espalhamento naibdigdo de probabilidades da
Rede.

A argumentacéo para este espalhamento estd baseatservacio de que, quando
as probabilidades estdo condicionadas a eventosodif aquelas acima do ponto de
maxima entropia, diminuem, enquanto as demais atamerDesta forma, o processo
de qualificag@o provoca uma redistribuicdo das gbdidlades e o referencial para
esta mudanga de informagdo é justamente o pont@ummesta situada a maior
incerteza no conhecimento da Rede. (BRIGNOLI, 200110)

Considerando a validade do modelo descrito, volsampeferenciar a PR-OWL
e 0 esquema ilustrado na figura-1. Carvathal. (2008) propds a implementacao de
uma ferramenta visual que servisse como plug-iRratégé para apoiar a representacao
de ontologias com dominio probabilistico e incogaofuncionalidades da PR-OWL
nesta ferramenta. O autor argumenta a vantageta theglementacao visual dado o
fato que arquivos PR-OWL sao similares aos arquihd®iL, sendo exaustiva sua
construcao e manutencao.

Conhecida e disponibilizada a PR-OWL, propde-se naorporacdo de
mecanismos de inferéncia hibridos que agreguemaagscinadores de ontologias em
Web Semantica, a partir, do proprio uso da PR-O¥é4_funcionalidades para operar
sobre dominios com imprecisdo e aleatoriedade. afeenoportuno explorar uma
esquematizacdo para uma Hibrido-OWL como sendo extensdo da PR-OWL. A
figura 2 sugere um macro-esquema:
|

e e e e

H
H

Includes :

(hashiF rag) i

1

H

H

H

1

| Detecgdo de varaveis difusas

Hibrido-OWL

Figura 2 - esquema de uma PR-OWL hibrida (Adaptado de Carvalho et al. (2008))

E importante enfatizar que o objetivo é apresemt@a possibilidade de
integracdo das funcionalidades de uma inferéndiddai fuzzy-bayesiana ao esquema
da PR-OWL ja em uso nas ontologias com dominidaabteza.

Em termos operacionais e de implementacdo computacipoder-se-ia agregar
ao codigo PR-OWL a capacidade de inferir impreces@oontologias com a insercao
adequada do modelo apresentado na formula (3).

6. Conclusdes

A exploracdo tedrica mostrou a possibilidade de umzestigacdo com maior
profundidade no tema visando propostas implemeistafeabordagem estocastica e o
estudo das incertezas sado convenientes no amtstordalogias em Web Semantica
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devido a magnitude de variaveis que representaninimsn Notou-se que as ontologias
no ambito da Web Semantica podem acarretar cosogit@riaveis incertas, expressas
na forma de imprecisédo ou de plausibilidade.

O estudo das inferéncias foi fundamental para g@qsta de construcdo de
motores de raciocinio aplicaveis as ontologias embV®emantica e a PR-OWL
incrementou a qualidade da acuracia em ontologiasrequerem, por sua natureza de
descri¢cdo, uma forma de raciocinio plausivel oriudd aleatoriedade especificada nas
relacdes das variaveis.

Na analise da funcionalidade da PR-OWL ficou pefeepsua limitacdo ao
raciocinio sobre incertezas por imprecisao, pontoial que identificou uma lacuna no
processo de raciocinio sobre incertezas nas omaslegh Web Semantica e oportunizou
uma reflexdo acerca da utilizacdo de um raciocinabibrido agregado as
funcionalidades da PR-OWL. Por ter sido utilizado @utras aplicagdes, o raciocinador
hibrido elucidado neste artigo sugeriu um caminhmmgssor na investigacdo sobre
esquemas formais para lidar com cenarios de ixzeream ontologias para Web
Semantica. Esta verificagcdo assegargyiori, uma adequacao ao esquema PR-OWL,
com provavel incremento da eficicia na inferéncia.

Como maior contribuicdo ao processo de inferéreadizada em ontologias, o
raciocinador hibrido argumentado neste trabalhdeieam acarretar uma qualificacédo
dos resultados no que tange ao aspecto da semg@itcezida.

Referéncias

Bravo, Carlos de Oliveira. (2010). Geracdo Autoostde Ontologias para Web
Semantica. Dissertacdo de Mestrado. UnB. Brasilia.

Brignoli, Juliano T. (2001). Modelo Hibrido Difugerobabilistico: uma alternativa para
Sistemas Especialistas. Dissertacdo. UFSC. Flqr@iso

Carvalho, Rommel Novaes et al. (2008). Raciociniausivel na Web Semantica
através de Redes Bayesianas Multi-Entidades — MEB#$ertacdo.UnB. Brasilia.

Horrocks, I. (2002). DAML+OIL: a description logfor the semantic web. IEEE Data
Enginee-ring Bulletin, 25(1):4-9. URL http://citesast.psu.edu/578691.html.

Kandel, Abraham. (1986). Fuzzy Mathematical Techegywith Applications. Florida:
Addison-Wesley Publishing Company.

Laskey, K. B. (2008). MEBN: A Language for Firstd@r Bayesian Knowledge Bases.
Artificial Intelligence, 172(2-3).

Pearl, J. (1988). Probabilistic Reasoning in ligelt Systems: Networks of Plausible
Inference. California: Morgan Kaufmann.

Pellet. (2010). Disponivel em: http://pellet.owmiatty/. Acesso em:<15/08/2010>.
Protégé. (2010). Disponivel em: http://protegefstahedu. Acesso em:<15/08/2010>.
Pr-OWL. (2011). Disponivel em: http://www.pr-owlgprAcesso em:<22/08/2011>.
Ross, Timothy J. (1995). Fuzzy Logic With EnginegrApplications. McGraw-Hill.

Silva, Marcel Ferrante. (2008). Semantic web reiagpnSeminarios de disciplina.
Organizacéo e Tratamento da Informacédo. UEMG. Belazonte.

110



Hierarquias de Conceitos para um Ambiente Virtual de Ensino Extraidas
de um Corpus de Jornais Populares

Maria José Bocorny Finatto', Lucelene Lopes’, Renata Vieira’, Aline Evers’

"“Programa de Pés-Graduacdo em Letras, Universidade Federal do Rio Grande do Sul (UFRGS), 'Pés-
Doutoranda ICMC-USP
Av. Bento Gongalves, 9500 - 91.540-000 — Porto Alegre — RS — Brasil

*Programa de Pés-Graduaciio em Ciéncia da Computagio, Faculdade de Informética — Pontificia Universidade
Catdlica do Rio Grande do Sul (PUCRS)
Av. Ipiranga, 6681 — 90.619-900 — Porto Alegre — RS — Brasil

mfinattolterra.com.br, lucelene.lopes@pucrs.br, renata.vieiralpucrs.br,
aline.evers@gmail.com

Abstract. In this paper we present conceptual hierarchies automatically obtained from the popular
newspaper Didrio Gaiicho. The hierarchies were generated by means of ExATOIp tool through
the extraction of noun phrases considered concept candidates by applying linguistic and statistic
approaches. When accessed in a virtual learning environment, the hierarchies became a
differentiated resource for vocabulary teaching and for the journalistic language patterns
research in newspapers geared to audiences with lower education.

Resumo. Neste artigo sio apresentadas hierarquias de conceitos geradas automaticamente a
partir do jornal popular Didrio Galicho. As hierarquias sdo obtidas pela ferramenta ExATOlp
através da extracdo de sintagmas nominais considerados candidatos a conceitos mediante
combinacdo de técnicas linguisticas e estatisticas. Acessadas em um ambiente virtual de
aprendizagem, as hierarquias oferecem recurso diferenciado para o ensino de vocabuldrio e
pesquisa sobre padroes da linguagem jornalistica voltada para piiblicos de menor escolaridade.

1. Introducio

Apresenta-se aqui um modelo de hierarquia automdtica de conceitos produzida a partir de uma amostra de
textos do jornal popular Didrio Gaiicho (doravante DG). A hierarquia, em diferentes formatos, é gerada pela
ferramenta ExATOlp, acessada gratuitamente em <http://www6.ufrgs.br/textecc/index_porpopular.php>, em
que se oferece um ambiente virtual de aprendizagem. Seu acesso é um resultado parcial da pesquisa Padrdes
do Portugués Popular Escrito — Projeto PorPopular, dedicada a reconhecer o vocabuldrio e especificidades
do texto de jornais populares brasileiros, cujos leitores preferenciais tém poder aquisitivo e graus de
escolaridade menores se comparados aos de leitores de jornais tradicionais. A investigacdo tem apoio do
CNPq e conta com a colaboracdo de pesquisadores do grupo de pesquisa de Processamento de Linguagem
Natural (doravante PLN) da PUCRS <http://www inf.pucrs.br/~linatural/>.

A ferramenta EXATOIp [Lopes et al. 2009] retira do corpus DG sintagmas nominais candidatos a
conceitos (portadores de informacdo) via combinacdo de técnicas de extragdo baseadas em principios de
andlise linguistica e estatistica. Para os itens extraidos, a ferramenta organiza uma hierarquia e uma lista dos
contextos verbais nos quais cada conceito foi encontrado. A hierarquia gerada pode ser consultada em
diferentes formatos, com maior ou menor detalhamento de informacdes, dependendo da op¢do de visualizagdo
do usudrio, podendo auxilid-lo na percep¢do da organizag@o do contetido do corpus em foco.
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Este trabalho estd assim organizado: na Segdo 2, estd a caracterizagfio do quadro geral da pesquisa
PorPopular, do corpus e do jornal DG; na Secdo 3, descrevem-se a ferramenta EXATOlp, o processo de
geracdo das hierarquias e traz-se uma pequena amostra de hierarquias obtidas; na Secdo 4, exemplificam-se
aplicacdes das hierarquias, apresentam-se limitacdes do trabalho e sdo indicadas possibilidades para trabalhos
futuros.

2. A Pesquisa PorPopular e o Corpus Reunido

A pesquisa PorPopular ¢ de natureza linguistica, centrada em aspectos lexicoldgicos e discursivo-gramaticais.
Adota a metodologia e ponto de vista da Linguistica de Corpus (doravante LC) [Berber Sardinha 2004] e
enfatiza a descricdo com base estatistica partindo de acervos textuais em formato digital. Esses acervos sdo
denominados corpus/corpora e servem tanto para estudos da linguagem quanto para producdo de alguma
aplicacdo computacional. A LC concebe a lingua como um sistema probabilistico de combinatdrias, de modo
que ndo se pode observar as palavras isoladas do vocabuldrio de um texto ou corpus. Isso porque, conforme
Stubbs [2001], o conhecimento humano da linguagem e dos textos ndo se restringe a um conhecimento das
palavras isoladas, mas € integrado fundamentalmente pelo conhecimento de combinatdrias possiveis e pelo
conhecimento cultural que essas combinatérias frequentemente contém. Assim, os principais focos da
pesquisa PorPopular sdo a descri¢do e o estudo de padrdes associativos do vocabuldrio para o que sdo
utilizados também métodos, abordagens e produtos do PLN. Visa-se uma caracterizacdo do léxico e da
linguagem posta em um texto que ¢ feito, em tese, de um modo mais simplificado, para ser compreendido com
facilidade por pessoas com grau de escolaridade relativamente baixo. Na etapa atual da investigago, até o
final de 2011, utiliza-se como corpus apenas textos coletados do jornal DG, versdo impressa, publicado em
Porto Alegre-RS, produzido pelo grupo RBS.

O DG impresso ndo oferece assinatura e é vendido apenas em bancas da cidade de Porto Alegre e
regido metropolitana. Foi escolhido para estudo em fungo de sua grande tiragem (168 mil exemplares/dia) e
de sua longa existéncia (11 anos), além de j4 ter sido objeto de pesquisas na drea do Jornalismo [Amaral 2006;
Bernardes 2004]. Entretanto, ainda ndo havia sido explorado no ambito dos Estudos da Linguagem ou do
PLN. Seu nimero de leitores supera o de jornais da mesma cidade dirigidos a ptblicos mais tradicionais
distribuidos em todo o Estado do Rio Grande do Sul. No corpus, estdo arquivos de edicdes completas,
coletadas em dias alternados da semana, do jornal impresso em formato somente texto (.txt) do ano de 2008,
com pequenas amostras de 2009 e de 2010. O material em formato .txt pode ser compartilhado com
pesquisadores e boa parte ja se acessa via expressdes de busca na se¢do Experimente do site do Projeto
PorPopular. Materiais e recursos associados a esse corpus ja estdo sendo utilizados para atividades de ensino
de lingua portuguesa, ensino de vocabuldrio, como também integram proposta de um diciondrio de portugués
como lingua estrangeira, dado um cardter a priori mais simples dos textos e da linguagem do DG. Entre as
aplicagdes disponiveis, destaca-se neste trabalho o recurso Hierarquias de Conceitos, compreendido como
uma representacdo ontoldgica do contetido dos textos reunidos, conforme detalhado na Segdo 3 a seguir.

3. A Ferramenta EXxATOIp e o Processo de Geracao de Hierarquias

O processo de aquisi¢do de hierarquias da ferramenta EXATOIp [Lopes et al. 2009] possui base linguistica,
uma vez que o ponto de partida é a extracdo de termos (sintagmas nominais), partindo de um corpus
previamente anotado pelo parser PALAVRAS [Bick 2000]. Os sintagmas extraidos passam por uma andlise
detalhada em que diversas heurfsticas sdo utilizadas para descartar ou aprimorar a qualidade informacional dos
sintagmas obtidos.

Em resumo, o processo de extracdo de termos aplicado consiste em considerar todos os termos
(multi-token) anotados como sintagmas nominais, ou tokens anotados pelo PALAVRAS como sujeito, objeto,
complemento de sujeito ou objeto de oracdes. Em seguida, aplica-se um conjunto de heuristicas propostas na
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ferramenta ExATOIp. A aplicacdo dessas heuristicas foi comparada com uma abordagem estatistica em
[Lopes et al. 2010] e o resultado da comparacdo mostrou a superioridade de cerca de 15% de precisdo do
método linguistico frente a abordagem puramente estatistica. As heuristicas sdo as seguintes:

vrecusar termos que possuem numerais na sua forma textual ou numérica, por exemplo, “sete
meses”; “8 horas”, etc.;

v'recusar termos que tenham outros caracteres além de letras acentuadas ou ndo, por exemplo, “%”,
A EC@7ete

vrecusar termos que tenham como ntcleo palavras identificadas sintaticamente com outras
categorias além de substantivos comuns, proprios, adjetivos ou verbos no participio passado, por
exemplo: “Eles mesmos t€m de construir um muro”. Nesse caso, esse sintagma seria recusado,
pois o niicleo € um pronome;

v'remover artigos contidos nos termos, por exemplo, “O Incrivel Hulk” serd salvo como “Incrivel
Hulk”;

v'remover pronomes contidos nos termos, por exemplo, “Ele foi para sua casa de praia”, o sintagma
salvo serd casa de praia;

v criar termos implicitos detectados pelo uso de conjungdes entre adjetivos, por exemplo, “As
pessoas espertas ou sdbias...”, nesse caso, dois termos serdo salvos: “pessoas espertas” e
“pessoas sabias”;

v criar termos genéricos pela remogéo sucessiva de adjetivos, por exemplo, do sintagma “O perigo
das doencas virais hemorragicas”, cria-se mais trés termos “perigo das doencas virais”,
“perigo das doencas” e “perigo”; e

v'replicar termos que sio sujeitos de mais do que um predicado, por exemplo, “Pacientes idosos
compram e tomam remédios caros” replica os termos, desdobrando a frase em duas: “Pacientes
idosos compram remédios caros” ¢ “Pacientes idosos tomam remédios caros”.

Os termos considerados segundo a aplicacdo das heuristicas sdo salvos em listas de acordo com o
niimero de palavras que os compdem, ou seja, unigramas (uma palavra), bigramas (duas), trigramas (trés), efc.
Além da anotagdo sintdtica, o PALAVRAS realiza anotagio seméntica dos tokens de acordo com um conjunto
de 16 categorias. Com base nessas etiquetas seménticas, os termos sdo organizados em uma estrutura de
drvore hiperbdlica, apresentada na Figura 1.
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Figura 1. Viséo geral do primeiro nivel (categorias seménticas) da Hierarquia
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Cada uma das categorias semanticas possui diversas etiquetas semanticas, totalizando 174 etiquetas
distintas. Dessa forma, cada um dos termos extraidos (que correspondem as folhas da drvore) é relacionado a
uma dessas etiquetas. A hierarquia baseada em categorias e etiquetas seménticas produz um primeiro nivel
qualificado. Em seguida, ¢ feita uma nova estruturacdo a partir de cada etiqueta semantica, organizando o
segundo nivel da hierarquia. Nesse segundo nivel, os termos (sintagmas nominais) sdo divididos em
subgrupos que possuem o mesmo nicleo. Em seguida, ¢ feita uma organizagdo dos termos de cada subgrupo,
considerando hiperonimo de um termo o termo que estiver contido nele.

Do corpus desta pesquisa, que possui 1.137.847 palavras, foram extraidos inicialmente 176.287
sintagmas nominais. Apds aplicacdo das heuristicas de refinamento, 83.107 foram rejeitados. Os sintagmas
aproveitados foram organizados em uma hierarquia em dois niveis: no primeiro, o nivel das categorias
semanticas; e, no segundo, nivel hierarquia estrutural do termo. Por exemplo, o nodo mulher liga-se a0 nodo
humano num primeiro nivel. Dessa forma, coloca-se hierarquicamente em relagdo a outros nodos
semanticamente proximos, como homem, por exemplo. Partindo da estrutura lexical, s3o considerados filhos
do nodo mulher os nodos que correspondem aos sintagmas mulher de minha vida — mulheres nascidas este
dia - mulheres que vivem em Rio de Janeiro — mulheres escravas, etc.

A saida de todo o processo de geracdo de hierarquias realizado pela ferramenta EXATOlp sdo
arquivos no formato XML. Arquivos desse tipo podem ser utilizados como formato de entrada de vdrios
sistemas com diferentes aplicagdes. Uma delas ¢ a visualizagdo hiperbdlica da hierarquia para analistas do
discurso/texto, como nesta pesquisa com o0 DG. Nessa modalidade, € possivel a manipulagdo dos termos por
drvores interativas que facilitam tanto uma visdo ampla dos nodos da hierarquia (Figura 2) quanto uma visao
mais restritiva somente do segundo nivel (Figura 3). Adicionalmente, as hierarquias possuem um terceiro
nivel, que corresponde aos verbos associados aos nodos, indicando-se a ocorréncia do termo e seu respectivo
contexto verbal. A Figura 4 traz a hierarquizacdo do termo arroios e seus respectivos verbos. A hierarquia
estabelece a seguinte ordem: hierarquia > concreto > inanimado > lugares > lugares aqudticos > arroios (que
estd relacionado com os verbos: limpar, alagar, ter, transbordar, encontrar, apresentar, ser). Note-se que
o termo arroios possui hipdnimos (arroio local, arroio que corta a restinga, efc.) que s6 aparecem quando
ndo se observa seus contextos verbais (Figura 3).
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Figura 2. Visao focada na etiqueta seméntica <lugares> para o corpus DG
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Figura 3. Visao do segundo nivel da Hierarquia para <lugares> no corpus DG
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4. Utilizacoes das Hierarquias Geradas, Limitacoes e Trabalhos Futuros

A aplicacdo mais direta das hierarquias produzidas pela ferramenta EXATOIp ¢ a geracdo de dados para
auxiliar a reconhecer padrdes de organizacdo de contetddo de um corpus, o que permite também um
aproveitamento para o reconhecimento de padrdes vocabulares e textuais em diferentes cendrios
comunicativos e em distintas categorias de textos (redagdes escolares, textos jornalisticos, textos cientificos,
etc.) que conformem um dado corpus. No caso do jornalismo popular, um segmento ainda pouco estudado
entre os pesquisadores de Comunicacdo Social/Jornalismo e de Letras/Linguistica, o auxilio € bastante
importante, sobretudo pelo tipo e desenho de informagdo que o recurso oferece ao investigador da linguagem
em foco.

Como uma outra aplicabilidade futura associada também ao corpus DG, embora indireta, cita-se a
construcdo de um diciondrio on-line de portugués para estrangeiros, projeto em fase inicial ao Projeto
TEXTECC <http://wwwo6.ufrgs br/letras/dicionarioportuguesle/>. Com novas hierarquias geradas desse
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corpus DG, segmentado por temdticas ou assuntos do jornal, esse diciondrio on-line poderia dispor seus
verbetes por nodos em vez de privilegiar uma ordem estritamente alfabética, ou até mesmo oferecer defini¢des
e verbetes dindmicos, permitindo visualizacdo da rede de relacdes estabelecida através da saida da ferramenta.
Por meio da apresentacdo da hierarquia de conceitos, o usudrio teria uma visdo amplificada, por exemplo, de
um determinado dominio semantico e que conseguiria estabelecer ou reconstruir as relagdes de forma mais
dinamica e proveitosa, construindo seu conhecimento de lingua de forma mais concreta. Esse recurso também
teria bom aproveitamento em diciondrios para falantes nativos do portugués.

O trabalho realizado também poderia ser expandido para que as hierarquias incluam outras relacdes
além da relag@o taxondmica “é um” representada na drvore hiperbélica. Assim, seria possivel localizar termos
que sdo sujeitos e objetos de verbos especificos e criar relagdes ndo-taxondmicas. Uma opgdo, por exemplo,
seria extrair da ocorréncia de uma frase tal como “Os alunos compram doces” e criar uma relagdo “comprar”
entre o termo “aluno” e o termo “doce”. Este tipo de relagdo ndo-taxondmica seria facil de extrair a partir da
versdo atual da ferramenta, mas seria necessdrio encontrar uma forma de escolher os verbos para criar as
relacdes e 0 modo de visualizagdo desse tipo de informacdo, pois uma drvore hiperbdlica ndo se prestaria para
150, jd que o conjunto de relagdes na maioria dos casos poderia gerar ciclos. Cabe salientar que o processo de
aquisicdo de hierarquia de conceitos executado automaticamente pela ferramenta integra um trabalho de
doutorado em andamento junto ao Grupo de Processamento da Linguagem Natural da Faculdade de
Informética da PUCRS, de modo que novas configuracdes para a selecdo dos sintagmas podem ser testadas.

A ferramenta EXATOIlp gera representacdes de conteddo dos textos que se prestam a um sem-
niimero de aplicacdes. Integrada a um ambiente virtual de aprendizagem que aproveita textos de um jornal
popular, oferece uma visualizacdo panoramica sobre seu contetido em diferentes opcdes. Da integracdo entre o
PLN, a geragdo de ontologias e os Estudos da Linguagem, especialmente com a LC, tem-se uma nova opcao
de leitura e de descobertas para os contetidos e palavras postos nesse tipo de texto, sem contar que a amplitude
e a dinamicidade das representagdes de contetdo de textos e dos corpora tende a entusiasmar estudantes e
pesquisadores.
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Abstract. Our purpose is to enable interoperability of documents and achi-
eve portability of digital documents through the reuse of content and format in
different plausible combinations. We propose the characterization of digital do-
cuments using ontologies as a solution to the problem of lack of interoperability
in the implementations of document formats. As proof of concept we consider
the portability between ODF (Open Document Format) and OOXML (Office
Open XML) document formats.

Resumo. Nosso objetivo é possibilitar a interoperabilidade de documentos e
atingir a portabilidade simples e confidvel de documentos digitais através da
reutilizacdo de formatos e conteiidos, em diferentes combinacoes plausiveis.
Propomos a caracterizacdo de documentos digitais usando ontologias como
solucdo ao problema da falta de interoperabilidade nas implementacées de
formatos de documentos. Como prova de conceito, serd considerada a por-
tabilidade entre os formatos de documentos ODF (Open Document Format) e
OOXML (Office Open XML).

1. Introducao

As organizagdes precisam trocar informacao através de documentos. Muitas vezes es-
ses documentos sdo apresentados com formato e conteddos pré-definidos, que podem
ser equivalentes ou quase equivalentes entre si, porém bastantes distintos em diferentes
organizacoes (ou em uma mesma organizacao em diferentes contextos historicos). Como
recurso importante para gerenciar seu conhecimento de forma efetiva e preservar seu ca-
pital intelectual, as organiza¢des precisam disponibilizar documentos independentemente
do software com que foram criados. Propomos a caracterizacdo dos formatos de docu-
mentos digitais usando ontologias para favorecer a portabilidade e superar o problema de
falta de interoperabilidade de documentos nas organizagdes.

O trabalho estd organizado da seguinte forma: na Se¢do 2 introduzimos o pro-
blema da preservacdo dos documentos digitais; na Se¢do 3 apresentamos 0s conceitos
fundamentais da interoperabilidade e portabilidade de documentos; na Secao 4 mostra-
mos os principais conceitos das ontologias; na Secdo 5 resumimos alguns trabalhos re-
lacionados. Na Secdo 6 explicamos nossa proposta; finalmente, na Secao 7 fazemos as
consideracgdes finais.

2. Preservacao dos documentos digitais

Um documento digital ¢ um documento codificado em formato bindrio, acessivel por
meio de um sistema computacional [Gouget et al. 2005]. Nosso trabalho estd focado em
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documentos digitais criados a partir de aplicacOes de escritério. As aplicacOes de es-
critdrio sao aplicativos voltados para as tarefas de escritorio e geralmente estao agrupadas
em interfaces de usudrio conhecidas como suites de escritorio.

Cada documento digital possui um formato de arquivo. O formato
de arquivo especifica a estrutura em que os codigos digitais estdo organizados
[Shepard and MacCarn 2008]. A codificacao do formato de arquivo estd profundamente
relacionada ao programa que o criou. As vezes, apés um periodo de tempo, se torna extre-
mamente dificil a leitura do documento sem perda significativa da informacao. Assim, os
documentos podem existir por dezenas de anos, mas a vida ttil de uma suite de escritorio
nao € sempre garantida. Diante disso, as organizacdes t€m que garantir a integridade e
perpetuidade dos documentos, mesmo apds o software que os criou ter desaparecido do
mercado [Ngo 2008, Taurion 2009].

Na preservacao de documentos € importante provar sua autenticidade. A autenti-
cidade ¢ a capacidade de demostrar que um documento digital € aquilo que se propde ser.
E fundamental provar que existe um conjunto de propriedades significativas que foram
corretamente preservadas ao longo do tempo. Quanto maior for o nimero dessas proprie-
dades, maiores serdo os requisitos relativos a infraestrutura tecnolégica para dar suporte a
sua preservagdo. Torna-se necessdria a criagdo de politicas de preservacdo que exprimam,
para cada classe de objetos digitais, o conjunto de propriedades significativas que serdao
asseguradas pelo repositério [Ferreira 2006, Rusbridge 2003].

Este trabalho concentra-se na preservagdo da autenticidade dos documento digi-
tais, mais do que na preservacgdo das caracteristicas estéticas do documento.

3. Interoperabilidade e portabilidade de documentos

Interoperabilidade’ ¢ a habilidade de transferir e utilizar informagdes de maneira uni-
forme e eficiente entre vérias organizagdes e sistemas de informacdo. A interopera-
bilidade de documentos ¢ a habilidade das aplicacdes de documentos de extrair da-
dos de diferentes tipos de documentos e transformé-los em estruturas padronizadas.
Esta informacdo pode ser trocada entre varios sistemas e posteriormente ser processada
[Schmidt et al. 2006]. Com a interoperabilidade de documentos baseada principalmente
na tecnologia XML, as aplicacdes podem comunicar-se diretamente com servigos do go-
verno eletronico.

Por outro lado, a portabilidade de documentos ¢ a troca de documentos com
todas as informagdes que eles contém, principalmente suas configuracdes de formato
[Schmidt et al. 2006]. Na portabilidade de documentos é importante a fidelidade do for-
mato do documento. A fidelidade de formato é a capacidade de manter o formato
do documento e seu sentido associado, apesar de ser editado em multiplas aplicacdes
[Ditch 2007].

Ao contrario da portabilidade, a interoperabilidade de documentos estd exclusi-
vamente preocupada com a troca da dados corporativos contidos nos documentos € nao
faz exigéncias sobre requisitos em termos de aparéncia, elementos estilisticos, formato ou
questdes semelhantes [Schmidt et al. 2006].

Thttp://www.governoeletronico.gov.br/acoes-e-projetos/e-ping-padroes-de-interoperabilidade/o-que-e-
interoperabilidade
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3.1. Office Open XML (OOXML) e OpenDocument Format (ODF)

OOXML e ODF sao os principais padroes abertos de formatos de documentos baseados
em XML. No entanto, os dois padrdes sdo incompativeis e rivais no mercado, provo-
cando a guerra dos formatos abertos, gerando discussdes técnicas sobre as vantagens e
desvantagens de cada um deles.

O OOXML foi desenvolvido pela Microsoft em 2008 e tornou-se um padrdo
aberto ISO (ISO/IEC 29500:2008). OOXML foi projetado para representar o corpus
preexistente de documentos de processamento de texto, apresentagdes e planilhas que
sdo codificados pela Microsoft. A especificagio OOXML contém material normativo e
informativo estruturado em aproximadamente 6546 paginas.

O ODF foi desenvolvido pela Sun Microsystems em 2002 e seu processo de
padronizacdo foi iniciado pela OASIS?. O ODF foi projetado para ser uma especificacio
de formato de documentos independente de fornecedor ou de software. Embora a
especificacdo ODF (aproximadamente 700 piginas) seja complexa para os padrdes nor-
mais, a reutilizacdo de padrdes abertos existentes reduz consideravelmente a complexi-
dade da especificagdo [Eckert et al. 2009, Ngo 2008].

O estudo de [Shah and Kesan 2009] demonstrou que nao existem implementacoes
que oferecam 100% de compatibilidade (avaliacdo da leitura dos documentos) dentro das
implementagdes de OOXML e ODF.

4. Ontologias

Na ciéncia da computacdo, a definicdo mais citada de ontologia na literatura € de
[Gruber 1993]: uma ontologia ¢ uma especificacdo explicita de uma conceitualizacao.
Em 1997, Borst [Borst 1997] ligeiramente modifica a definicdao de Gruber, afirmando que:
uma ontologia é uma especificacdo formal de uma conceitualizacio compartilhada. A
formaliza¢do de uma ontologia esta definida em cinco componentes: conceitos, relagdes,
fungdes, axiomas e instancias [Gruber 1993]. As ontologias, dependendo do seu grau de
formalidade, podem ser modeladas baseadas em técnicas de modelagem de inteligéncia
artificial, engenharia de software e bancos de dados [Gomez-Pérez et al. 2005].

A ontologia explicita a informac¢do independentemente das estruturas de dados
que sdo usadas para armazenar a informacdo. Além disso, a conceitualizacdo de uma
ontologia pode ser expressa em varias linguagens [Guimaraes 2008]. Elas s@o projetadas
para que a informacgdo seja compartilhada entre agentes que garantam compromissos on-
tolégicos. Desse modo, as ontologias viabilizam solucdes para problemas como a falta de
padronizacdo, falta de interoperabilidade, problemas com a recuperacio da informacao,
falta de reuso, confusdes terminoldgicas, problemas de troca de informagdes entre agentes
de software, dentre muitos outros [Uschold and Gruninger 1996].

Este trabalho propde o uso das ontologias para a modelagem das caracteristicas
da estrutura de formato e do conteudo corporativo dos documentos digitais.

5. Trabalhos Relacionados

No trabalho de [Eckert et al. 2009] € analisado como os formatos OOXML e ODF espe-
cificam as caracteristicas mais importantes dos documentos € como essas caracteristicas

Zhttp://www.oasis-open.org
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podem ser traduzidas entre os dois formatos. Esse trabalho concentra-se mais na defini¢ao
de orientacdes para a traducao da estrutura da apresentacdo do documento do que so-
bre a preservacao da estética do documento. Os autores concluiram que a separacao
da apresentacdo do documento do seu contetido corporativo oferece mais facilidade na
manipulacdo de documentos. Assim, editar os componentes de apresentacdo e dados do
conteudo corporativo de forma independente confere flexibilidade consideravel na criagdao
e edi¢do de documentos.

Outro trabalho € de [Eriksson 2007]. O trabalho dele explica como a combinagao
de ontologias e documentos cria novas possibilidades para melhorar a gestdo do co-
nhecimento nas organizacoes, isso através dos documentos semanticos. Os documen-
tos semanticos sdo as integracdes dos documentos com as ontologias. O trabalho de
[Eriksson 2007] integrou documentos no formato PDF com trés ontologias: ontologia de
anotacgdo, ontologia do documento e uma ontologia do dominio. Essas ontologias ajudam
na explicagdo do contetido do documento e facilitam sua busca. As multiplas ontologias
permitiram ter conceitualizacdes com diferentes inten¢des habilitando seu reuso.

6. Caracterizacao de documentos digitais usando ontologias

Propomos a constru¢cdo de um modelo que considere as qualidades essenciais de formato
de um documento digital. Um documento digital criado com o padrao OOXML ou ODF
podera ser caracterizado nesse modelo.

Nosso modelo serd caracterizado a partir de ontologias. Uma ontologia do
formato especializada em caracterizar a estrutura da apresentacio do documento
(paragrafos, tabelas, listas, enumeracgdes, etc.), ela apresenta a informacao da ontologia
de contetdo. Outra ontologia de conteiido que caracteriza a informagdo dos dados cor-
porativos contidos no documento (dados do paciente, estudante, vendas, etc.).

A Figura 1 ilustra a interacdo da ontologia de formato e o documento final. Os
documentos digitais serdo recriados através de tradutores. Os tradutores sao mediadores
entre a ontologia de formato e um formato especifico.

A ontologia de formato é criada baseada em um conjunto de propriedades sig-
nificativas a serem preservadas de uma classe especifica de documentos. O objetivo da
criacdo da ontologia de formato € atingir a portabilidade simples do documento, isto &,
preservar a estrutura da organizagdo da apresentacdo do documento, a Figura 2 ilustra os
conceitos principais desta ontologia. Por outro lado, o objetivo da criacao da ontologia de
conteddo € possibilitar a interoperabilidade de documentos, isto é, habilitar o intercambio
coerente de informagdes corporativas especificas sobre um contexto.

A ontologia de formato pode ser modificada independentemente da ontologia de
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conteddo e vice-versa. Os documentos digitais serdo recriados através de tradutores entre
a ontologia de formato e um formato especifico. Um novo documento pode ser cons-
truido com a mesma informacdo contextual, mas agora num formato apropriado a seus
propdésitos, bem como um novo documento pode ter a mesma informacao contextual, mas
com uma apresentacdo distinta.

6.1. Avaliacao dos resultados

No trabalho de [Shah and Kesan 2009] € apresentado um exemplo de avaliacdo de inte-
roperabilidade e portabilidade de documentos. Eles testaram um conjunto de suites de
escritério que implementam os formatos de documentos ODF e OOXML. Os resultados
do estudo estao baseados em pontuacdes de quao bem as implementacdes podem ler e es-
crever documentos. A parte final da pontuacdo estd focado na capacidade de preservacao
dos metadados dos documentos, isto €, atributos de estilos, nimeros de paginas, tabelas
de conteudos ou cabecalhos, informacdes do documento (tempo, ou o nimero de palavras
em documentos), e controle de alteracdes.

A avaliacdo dos resultados do nosso trabalho seguird essa metodologia de
avaliagcdo, no entanto com adaptacdes. Neste caso os documentos serdo traduzidos para
diferentes formatos, julgando que cada documento pode ser traduzido seguindo varios
graus de fidelidade. Para cada documento recriado a partir da ontologia de formato, sera
quantificada qualquer modifica¢io ao conteddo original.

7. Consideracoes finais

A interoperabilidade € um ponto critico nas questdes de governo eletronico. O pre-
sente artigo apresenta a problematica na preservacao de documentos digitais e destaca
a importancia da interoperabilidade e portabilidade nos formatos de documentos digitais.
Propomos o uso de ontologias para garantir a integridade e perpetuidade dos documen-
tos digitais, priorizando a preservagdo das caracteristicas da estrutura da apresentagdo e
conteddo corporativo (os elementos importantes para provar sua autenticidade) sobre a
preservacdo das caracteristicas de estética do documento.

Como trabalho futuro sera desenvolvido um caso de uso de interoperabilidade de
documentos aplicada ao governo eletronico, em que as ontologias de formato e conteudo
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tenham papel comprovado na preservacao e distribui¢do eficientes de documentos digitais.
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Abstract. In a semantic portal, contents are described and organized based on
domain ontologies. However, with the increasing amount of information generated
each day on the web, dynamic publishing in these portals, whose contents are
obtained from a large and diversified number of sites, still represents a major
challenge, since this task lacks mechanisms to update and integrate information
automatically. This paper presents an architecture that facilitates the population of a
domain ontology from web sites that have a certain semantic feature. These instances
may be used later in the process of a semantic portal automatic updating.

Resumo. Em um portal semantico, contetdos sdo descritos e organizados com base
em ontologias de dominio. Entretanto, com a quantidade crescente de informacoes
geradas a cada dia na web, a publicacdo dindmica nesses portais, cujos contetdos
sdo oriundos de um grande e diversificado nimero de sites, ainda representa um
grande desafio, uma vez que essa tarefa carece de mecanismos para atualizar e
integrar informacgdes automaticamente. Este artigo apresenta uma arquitetura que
facilita a populacdo de uma ontologia de dominio a partir de sites que apresentam
alguma caracteristica semantica. As insténcias recuperadas destes sites podem ser
utilizadas posteriormente no processo de atualizagdo automéatica de um portal
semantico.

1. Introducéo

A Web Semantica surgiu com a finalidade de suprir as deficiéncias da web atual. De acordo com
[Berners-Lee et al., 2001], significa disponibilizar informagdes com significados adicionais, de
forma a contextualizd-los e torna-los interpretveis por maquina, permitindo que agentes e
pessoas possam trabalhar em cooperago.

Neste contexto surgiram os portais semanticos que, ao contrario dos portais tradicionais,
agregam valores semanticos que ajudam na classificacdo e organizacdo dos seus conteudos,
facilitando os mecanismos de busca a recuperarem informacdes mais Uteis ao usuario final, isto €,
com maior precisdo. Os portais semanticos utilizam-se de ontologias [Gruber, 1995] como
mecanismo basico para fornecer expressividade semantica a seu contetdo. A tendéncia atual é
adicionar as suas funcionalidades a capacidade de realizar consultas aos contetidos da ontologia
que embasam o portal via endpoints, utilizando a linguagem SPARQL'. No entanto, para
alimentar portais semanticos é preciso buscar formas automatizadas de modo a manté-los sempre
atualizados. Muitos ainda contam com mecanismos manuais, como formulérios.

! http://www.w3.0rg/TR/rdf-spargl-query/
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Em [Latchim, 2008], é proposta uma arquitetura para recuperar informagdes da web
baseadas em ontologias de dominio. Com essas informagdes recuperadas, é possivel integrar o
contetido do portal com as informacOes obtidas a partir de diferentes portais semanticos. No
entanto, ja que boa parte da informacdo que se deseja recuperar encontra-se em portais
tradicionais ou simplesmente na web aberta, voltamos a enfrentar os problemas e limitagdes ja
conhecidos. Cada pagina web tem sua estrutura propria, textos mal formatados e carentes de
metadados que possam descrevé-los, ndo havendo uma separacdo nitida entre o contetdo e a
apresentacdo da informacdo, o que interfere sobremaneira na qualidade dos servigos de busca.

Assim, o trabalho aqui proposto da continuidade ao trabalho de [Latchim, 2008], tendo
como objetivo a especificacdo de uma arquitetura que permita coletar conteldos a partir de
outros sites e/ou portais da web aberta, considerando um dominio especifico, e instanciar a
ontologia j& existente que serve de base para um portal semantico, desse mesmo dominio, com
tais contelidos. Dessa forma, estaremos facilitando a alimentacdo deste portal seméntico, e
ajudando-o a manter-se atualizado.

O restante desse artigo esta estruturado da seguinte forma. A secdo 2 descreve alguns
trabalhos relacionados. Na se¢do 3 é descrita a arquitetura proposta para alimentar portais
semanticos através de sites e/ou portais web. A se¢do 4 apresenta um estudo de caso no qual,
contetidos de portais no contexto educacional, servem de subsidio para atualizar e popular uma
ontologia nesse mesmo dominio. E por fim, a secdo 5 conclui o artigo com alguns comentarios e
sugestdes para trabalhos futuros.

2. Trabalhos Relacionados

Algumas alternativas de solucdo para o problema de interoperabilidade de informacdes entre
portais e instanciacdo automatica de conteldo tém sido alvo de pesquisa ha alguns anos. A
literatura apresenta alguns trabalhos, tais como [Lachtim, 2008], [Lachtim et al., 2009],
[Suominem et al., 2009], [Yvon et al., 2009] e [Castafio, 2008].

Esses trabalhos apresentam como caracteristica comum o uso de tecnologias da WS,
porém utilizados em contextos diferentes. Lachtim [Lachtim, 2008] integra e instancia
informacdes a partir de portais semanticos. Em [Castafio, 2008] a popula¢do da ontologia é feita
através de paginas HTML de curriculos, mas com o objetivo de gerar relatérios. J& em [Suo
minem et al., 2009] metadados e documentos sdo recuperados de contelidos publicados nos
Sistemas de Gerenciamento de Conteldos (Content Management Systems) ou por conteldos
anotados manualmente, através do editor de metadados SAHA [Kurki et al., 2010].
Posteriormente, estes metadados sdo conectados aos servigos da ontologia ONKI [Viljanen et al.,
2010] para serem validados. Os metadados validados com sucesso sdo entdo publicados no
portal. O portal apresentado por [Hyvonen et al., 2009] utiliza como processo de criacdo de
contelidos uma variedade de esquemas de metadados, ferramentas como ONKI, SAHA, POKA
[Poka, 2011] e VERA [Vera, 2011], além de servicos da Web 2.0, como Wikipedia e
Panoramio. Esse processo permite a produgdo e recuperacdo de conteldos relacionados a
museus, bibliotecas, arquivos e outras organizacdes, cidaddos individuais e de fontes nacionais e
internacionais da Web 2.0.

O grande diferencial do trabalho aqui proposto em relagdo aos demais estd na atualizagdo
de portais semanticos a partir de conteldos de sites e/ou portais da web aberta, considerando
apenas a estrutura de apresentagdo e a estrutura navegacional dos portais, como links, listas e
tabelas. Dessa forma, as atualizacOes destes portais sdo feitas de forma simples, permitindo
assim que estes deixem de ser simples paginas voltadas somente para usuarios, e tornem-se
capazes de integrar e instanciar informacdes a partir do uso de ontologias.

3. Arquitetura Proposta para Alimentar Portais Semanticos
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No escopo desse trabalho, o termo portal com potencial seméantico é designado a todo aquele que
se beneficie de uma das seguintes caracteristicas: (i) tenha algum tipo de organizagao e hierarquia
em sua estrutura; e/ou (ii) parte de seu conteldo seja apresentado na forma de uma taxonomia,
isto é, bastando que algumas de suas paginas apresentem tais caracteristicas.

A figura 1 apresenta a arquitetura proposta por esse trabalho. E constituida de vérios
componentes que, em termos gerais, contribuem para alimentar uma ontologia a partir de portais
da web aberta. A estratégia adotada por esta arquitetura segue 0s seguintes passos: a partir de
uma navegacdo realizada em portais web com potencial semantico (lista de portais definida
previamente pelo usuério), tendo como base uma ontologia de dominio (OB), informagdes
consideradas Uteis sdo extraidas para enriquecer esta ontologia com novas instancias. Lembrando
que este artigo ndo contempla a construgdo de uma nova ontologia, mas sim uma extensdo da
mesma. A seguir é apresentada uma nova versdo da ontologia inicial, aqui denominada OB’, com
as novas informagdes ali encontradas em formato de triplas RDF2. Essa nova versdo da ontologia
OB’ servird como entrada para o alinhamento com as informacfes do portal semantico em
questdo. Dessa forma, as categorias existentes no portal semantico considerado serdo atualizadas,
tendo como base os novos contetidos adicionados a OB’.

ey Portal FERETE ST
> G Potencial
[ Semantico Semantico
Documentos]
'opulacao anti
do Portal

e
-~ e “{Semantica] ] Anotado
[ rorr=rerre ] Mddulo de Extragdo
] e omasaes |-—

Figura 1. Arquitetura Proposta Figura 2. Médulo de Extracdo de Informagfes

O principal modulo dessa arquitetura diz respeito a Extracdo de Informaces, que dara
subsidios para a populacdo de portais. Esse modulo, ilustrado na Figura 2, é composto por outros
submédulos, cada um apresentando funcionalidades bem especificas, cujas caracteristicas sdo
descritas a seguir.

i. Recorte da OB. Esta etapa carrega uma lista de classes, instdncias e propriedades de
relacionamentos existentes na Ontologia Base (OB) que servirdo de base para a pesquisa de
instdncias em cada pagina web visitada referente aos portais com potencial seméantico. Os
relacionamentos entre as classes sdo considerados para estabelecer a ordem de navegacao pelas
classes da ontologia. Além disso, é levado em consideracdo o nome real de cada classe (sempre
comecando pela classe mais abrangente definida pelo usuério), o label e as classes equivalentes
para a navegacdo nas paginas (processo iii) dos portais. As instancias de cada classe, bem como
as instancias equivalentes (definidas pela clausula same as) as instancias principais;

ii. Pré-categorizacdo e identificacdo de pagina de inicio. Uma pré-categorizacdo com base no
titulo sera efetuada para limitar a navegagao estabelecida por (i). Caso a pagina inicial contenha
no titulo um nome similar a uma instancia de alguma classe da OB, a navegacao se dara a partir
da proxima classe a ser pesquisada. Caso contrario, a navegagdo se dard a partir da primeira
classe. A identificagdo da pagina de inicio serve para definir a pagina a partir da qual serd
iniciada a navegacao (processo iii). Se esta ndo for informada a navegacdo se inicia pela pagina
principal do portal;

iii. Navegacao pelas paginas. Este modulo realiza a navegacdo pelas péaginas (de cada portal
definido pelo usuério) a procura de links, que servirdo para recuperar classes e instancias. E

2 RDF & uma linguagem ontol6gica. Triplas sdo declaragdes com a seguinte estrutura: "sujeito, predicado e objeto"”. Descreve a relagéo
de um objeto a outro objeto ou literal através de um predicado. [RDF — W3C, 2011]
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composto pelos subprocessos de Recuperagdo de Classes, de Insténcias, de Pares de Instancias
e Anélise de Hierarquia, descritos a seguir.

A. Recuperacdo de classes. A navegacdo comeca pela pagina de inicio pré-definida
anteriormente pelo usuario no inicio do processo. O sistema devera primeiramente ler a
pagina a procura de links e labels que apresentem um grau de similaridade com a classe
da OB procurada (definida no processo i). Estes links serdo considerados prioritarios
para a navegacao e deverdo ser internos, i.e., do mesmo dominio de navegacdo. Quando
um link que satisfizer as condi¢Bes descritas anteriormente for encontrado, o sistema
deverd verificar se este ja foi visitado. Em caso afirmativo, ird para o proximo link, e em
caso negativo, este deverd ser visitado e as instancias recuperadas conforme o passo B;

B. Recuperagdo de instancias. Para que instdncias sejam consideradas candidatas a
alimentacdo de um portal semantico, estas deverdo estar em tags® (links, listas e/ou
tabelas). Além disso, devem ter o titulo com alguma similaridade (palavras semelhantes)
com as instancias existentes na OB (definida em i). Durante a navegacao, as informacdes
extraidas sdo recuperadas para posterior validacdo do usudrio (processo iv), incluindo as
triplas e os sites candidatos a portais com potencial semantico;

C. Anélise de hierarquia. De modo a evitar a repeti¢do de triplas na OB’, as informagdes
deverdo estar compativeis com a hierarquia definida pela OB. Por exemplo, uma
instdncia de uma subclasse pode ser listada duas vezes, visto que é a mesma instancia
para superclasse;

D. Recuperagdo de Relacionamentos. Pares de instdncias em conformidade com os
relacionamentos presentes na OB. Assim, por exemplo, na ontologia da Figura 3, as
instancias de  “Education_Program”  se relacionam com as de
“Academic_Research_lInstitution” através da propriedade “provided_By Program”.
Estes pares sdo entdo recuperados e armazenados como triplas RDF.

| Academic_Research_Institution Research_Project

Masteriprogmm| | PHD_Program |

” | Extensional_Course_Program | <7
t Of offers_Reseach_Project|
gl Graduation_Program
Institution_Units Education_Program
Higher_Education_Program Undergraduation_Program |
provided_By_Program

Figura 3. Recorte da OBEDU

iv. Validacdo. O usudrio realiza a validacdo das informacfes extraidas. As que forem
consideradas invalidas deverdo ser armazenadas, para que posteriormente sirvam como uma pré-
validacdo para as proximas informagdes recuperadas;

v. Transformacdo em triplas RDF. Este processo realiza a transformagdo das informacdes
vélidas em triplas RDF, que deverdo ser adicionadas & nova ontologia, i.e., a OB’. Esta
corresponde a um recorte vazio da OB (sem instancias), que vai sendo atualizada com as novas
instancias recuperadas. Posteriormente a OB’ devera passar por um processo de alinhamento de
ontologias com a OB, e suas instancias poderdo ser usadas para a populagdo de um portal
semantico cuja base seja a OB.

4. Estudo de Caso

A OB tem um papel muito importante na estratégia proposta para a alimentacdo de portais
semanticos. Embora a arquitetura proposta tenha como foco uma aplicacdo genérica, essa se¢do
apresenta um estudo de caso voltado para o dominio educacional, cuja ontologia base utilizada é

L I . U . - . «
Téo significa etiqueta e sao utilizadas como breves instru¢des em linguagens de marcagéo.

126



a OBEDU [Lachtim et al., 2009], que serviu de ontologia base para a cria¢do do portal semantico
POSEDU".

A estratégia proposta na se¢do anterior foi adaptada para o contexto educacional. Nesta
secdo, foi utilizada apenas uma visdo parcial da ontologia OBEDU, como mostrada na Figura 3.
O recorte da OBEDU fornece classes e instancias (recuperadas em i) para auxiliar a pesquisa nos
portais com potencial semantico definidos pelo usuério. Inicialmente, o usuério realiza uma pré-
categorizacdo da pégina principal do portal (conforme mencionado anteriormente em ii), onde
definird a classe inicial de onde comegara a navegacdo em busca de instancias. As instancias
procuradas tém sempre como base as classes da ontologia. Assim, a pagina inicial é percorrida e
seus links sdo extraidos comecando pelos de maior prioridade em relagdo & OB (processo i). Os
nao prioritarios deverdo ser visitados posteriormente, até que as opgdes de extracdo de instancias
tenham sido esgotadas para uma determinada pagina. Um exemplo de navegagdo por um portal
com potencial seméantico é mostrado a seguir.

Neste exemplo, o portal do Instituto Militar de Engenharia - IME® foi escolhido como
modelo para o estudo de caso (Figura 4). Na pré-categorizagdo (processo ii), é verificado se o
titulo da pagina principal do portal é similar a alguma instdncia da classe
“Academic_Research_lInstitution”. Com isso é possivel verificar que este portal é restrito e
fornece apenas informagBes especificas de uma Unica instituicdo (IME), o que torna
desnecessaria a navegacdo e a procura de instancias desta classe. Assim, a navegacdo devera ser
iniciada pela préxima classe, ou seja, “Institution_Units”. Para esta classe o portal IME ndo
apresenta links com alguma similaridade (subprocesso A), i.e, ndo apresenta links prioritarios, e
por isso, os demais deverdo ser visitados. Durante a navegacdo pelas paginas destes links é
verificado se estas contém tabelas, listas e outros links, com alguma similaridade as instancias da
classe “Institution_Units”. A pagina referente ao primeiro link (ndo prioritario) visitado é
ilustrada na Figura 5 (a). Nesta figura, o primeiro item com maior prioridade encontrado (Ensino
de Po6s-Graduacdo — SD/1) é comparado as instancias da classe. Ao constatar tal similaridade,
este deverd ser extraido e armazenado (subprocesso B). Esse processo € realizado para todos 0s
itens (links, listas e tabelas) da pagina visitada.

SUBDIVISOES E APOIO SD/ 1
- Ensino de Pés-Graduagao (3D/1) CURSOS
- Ensino de Graduagdo (SD/2) Mestrado:
o Bionc] - Concursos (SD/3) Mestrado:
| [/ BV o] j LT T - Quimica (1969
- . o] - Projeto, Pesquisa e Atividades de Extensdo (50/4)
AT PRl ] - Biblioteca - Engenharia Nuclear (1969)
Tl RavsiBGi ] - Secdo Técnica de Ensino - Engenharia Mecinica (1973)
- o sotscoea i - Engenharia de Transportes {1977)
BOrAR- Y24 - Secdo de Meios Auxiliares
M SR (a) - Sistemas e Computagéo (1987) (b)
Figura 4. Pagina Inicial para a Navegacao Figura 5. Paginas com Instancias

Como a navegacgdo pelas paginas do portal é feita de acordo com a OBEDU, ap6s a
extragdo das instancias da classe “Institution_Units”, a préxima classe a ter suas instancias
pesquisadas é a “Education_Program” e todas as suas subclasses. E por fim, a proxima classe
é ““Research_Program” (Figura 3), repetindo o processo para todas as classes da ontologia até
que se esgotem todas as possibilidades de instancias e o portal tenha sido totalmente visitado.
Durante a navegacdo, a analise da hierarquia (subprocesso C) e a recuperacdo de pares de
instancias (subprocesso D) também deverdo ser efetuadas. S&o analisadas primeiramente as
instdncias das subclasses em relacdo as instancias das suas superclasses para eliminar as
instancias repetidas. Como exemplo, podemos citar o programa de Sistemas e Computacao, que
por ser uma instancia da Classe “Graduation_Program”, também é uma instancia da classe
“Education_Program”. Assim, a instancia da classe mais especifica é armazenada e a instancia

4 http://www.comp.ime.eb.br/~posedu
5 http://www.ime.eb.br/
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da classe mais abrangente é descartada. Na recuperacdo de pares de instancias, sdo verificados os
relacionamentos entre as instancias de acordo com as propriedades do objeto. Como observado ha
Figura 5(b), pode-se dizer que Sistemas e Computacdo (instancia da classe
“Education_Program™) € “provided_By Program”, SD/1, que é uma instancia da classe
“Institution_Units”. Ap06s esse processo, 0 usuario fard uma validacdo (processo iv) dessas
informacdes obtidas e as informagdes validas sdo transformadas em triplas RDF (processo v).

5. Concluséo

Este trabalho apresentou uma arquitetura genérica para a populacéo de uma ontologia de dominio
necessaria para a atualizagdo automatica de um portal semantico. Dentre os moddulos
constituintes dessa arquitetura, foi dada énfase ao mddulo de Extracdo de Informacdes,
componente fundamental no processo de atualizagdo de portais. Um estudo de caso no dominio de
educacgdo permitiu ilustrar como contetdos de um portal académico na web aberta podem ser
recuperados e integrados a uma ontologia basica de dominio, de modo a prover subsidios para
posteriormente popular um portal semantico. Como etapa adicional desse trabalho, pretendemos
especificar algumas métricas para validar os resultados obtidos, bem como realizar uma
avaliacdo de usabilidade da ferramenta para identificar possiveis melhorias.
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Resumo. O presente artigo aborda a relacdo de meronimia (RM) ou parte-
todo para fins de representacéo do dominio juridico, mais especificamente do
Direito Processual Penal (DPP). Tendo em vista a grande demanda por
sistemas cada vez melhores no que tange a recuperacdo da informacdo, o
grande nimero de sites juridicos, bem como a relevancia social em aclarar a
linguagem juridica para o leigo, ontologias tém se revelado Uteis neste
sentido. Por isso, objetiva-se aqui refletir de que forma os conceitos do DPP
podem ser explicitados sob a luz da relacdo parte-todo, visando inserir 0s
resultados da pesquisa em uma ontologia.

1. Introducao

Este artigo apresenta 0 andamento da pesquisa de mestrado, a qual aborda a RM no
dominio juridico, mais especificamente, no DPP para fins de uma futura inclusdo em
uma ontologia juridica linguistica. A escolha desta relacdo semaéntica para a
representacdo do DPP deve-se ao fato deste dominio ser constituido por um
conhecimento segmentado em etapas, em que a RM se mostra recorrente, como
também de que referida relacdo em uma ontologia linguistica possibilita a associacdo
pela maquina, por exemplo, das partes/fases do DPP a um todo/atividade tal como um
jurista é capaz de fazer.

Neste sentido, a maquina ¢ capaz de identificar que as agdes, correspondentes a
unidades e ndo a tipos, frisa-se, <depoimento do ofendido>, <inquiri¢do de testemunhas
da acusagdo e da defesa>, <depoimento dos peritos>, <acarea¢do dos envolvidos> etc.,
compoem um todo, uma atividade, qual seja: a <audiéncia de instru¢do e julgamento>.
Ontologias permitem a recuperacdo da informag¢do com maior eficiéncia, bem como a
unificacdo de ordenamentos juridicos e a desburocratizacdo, visto que elas ensejam o
mapeamento de conceitos, o raciocinio automatico e o processamento da linguagem
natural (PLN). Na Unido Européia ontologias juridicas vém sendo construidas, visando
a comparacado e unificacdo da legislagdo, como também a recuperagdo da informagdo. A
Core Legal Ontology (CLO), a LRI-Core e LOIS sdo exemplos de iniciativas neste
sentido.

Tendo em vista referidos movimentos e a demanda cada vez maior de
aperfeicoar sistemas de busca em sites juridicos, objetiva-se construir uma ontologia
juridica linguistica. Para tanto, apresentam-se os seguintes objetivos: (i) apresentar os
corpora; (i) discorrer sobre consideracdes semanticas acerca da RM, trazendo
exemplos juridicos; (iii) definir e distinguir ontologias, léxicos computacionais e
ontologias linguisticas e (iv) mencionar a metodologia e a andlise dos tipos de
merdnimos mais pertinentes para o DPP, objetivando-se verificar em quais dos corpora
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podem ser encontrados exemplos mais produtivos por meio da utilizagdo de marcadores
lingtiisticos (ML) no uso da ferramenta corpografo.

2. Nocoes prévias
2.1. Os corpora

Os corpora correspondem: (i) Ao codigo de Processo Penal (CPP), ou seja, a norma
juridica aplicada na existéncia de um processo criminal, em que estdo registradas todas
as etapas que instruem o desenrolar de uma agdo penal, bem como os possiveis
participantes do contexto penal e processual penal, as institui¢des e os documentos. O
CPP ¢ composto por artigos 811 artigos, organizados em titulos e capitulos, podendo
conter incisos, alineas e letras. (ii) A dez acorddos do Tribunal de Justiga do Rio
Grande do Sul, coletados por meio de pesquisa organica sob as palavras-chaves:
<homicidio qualificado apelacao>.

2.2. Rela¢ao de meronimia ou parte-todo: consideracoes semanticas

O Iéxico pode ser estudado sob diferentes perspectivas. Uma delas € a analise por meio
de suas relagdes de sentido com outras palavras, estruturando e regularizando o 1éxico
de uma lingua. Dentre os diferentes tipos de relagdes lexicais, hd as ordenadoras do
lIéxico em superordenados/subordinados, em parte-todo e de forma associativa (Saeed,
1997, p.63). Aqui, serdo abordadas as relagdes parte-todo, as quais a priori sao nogdes
ontoldgicas pertencentes a disciplina de Mereologia.

Tendo em vista a interface Linguistica do tema, traz-se autores desta linha como
Cruse (2000), o qual entende que a meronimia corresponde a uma relagdo ou conexao
entre duas entidades de uma mesma natureza ontologica, aludindo a ideia de inclusdao
entre dois elementos mutuamente implicados como em X esta implicado no sentido de
Y, podendo estar dispostos hierarquicamente. Saeed (1997, p. 70) refere que meronimia
¢ um termo usado para descrever relagdes parte-todo entre dois termos lexicais, em que
as partes ou meronimos sdo unidades de holonimos. Conhecida como uma relagdo
partitiva ¢ representada por ML, tais como: parte de, contém, tem, possui, sendo mais
encontrada entre os nominais.

Estudando a relagdo parte-todo entre pares de unidades lexicais, percebem-se
caracteristicas peculiares a esta relacdo semantica. Nota-se que algumas partes podem
ser mais essenciais diante do todo, tal como em pe¢a acusatoria e processo. Outras,
apesar de comuns, ndo sao obrigatdrias, sendo tidas como facultativas como em rol de
testemunhas, j4 que uma acao penal pode ser oferecida ainda que sem a mencao de
testemunhas do fato criminoso. Da mesma forma, a RM pode ser transitiva ou
intransitiva, isto ¢, quando ndo ha o mesmo tipo de RM em todas as partes de uma
hierarquia, configurando uma assimetria. E transitiva quando ha uma correspondéncia
de acarretamento entre as categorias de uma hierarquia. No plano juridico,
exemplifica-se a transitividade: 4 votagdo no Tribunal do Juri (evento juridico) contém
leitura dos quesitos. A leitura dos quesitos contém uma ordem. A vota¢do tem uma
ordem. Lyons (1977) verifica que nem sempre a RM ¢ transitiva, sendo a
intransitividade gerada pelas variedades de relagdes parte-todo existentes e presentes
em um mesmo silogismo meronimico.

Caracterizando a RM, faz-se a revisao tedrica com base em Cruse (2000, p. 154-
5). A primeira caracteristica ¢ a necessidade de algumas partes ao holonimo para sua
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adequada formacao, configurando uma relagao canonica. Em oposicdo a necessidade,
has a opcionalidade da parte diante do todo (Cruse,1986, p. 162-3), quando a parte ¢é
facultativa na relagdo. O segundo traco da RM ¢ a integralidade da parte ao todo.
Deteccao possivel de ser feita pela descricdo de como a parte € presa ao todo, sendo que
quanto mais dificil esta descricdo for, mais integrado parte-todo estardo. No dominio
juridico ilustra-se com o objeto fisico processo, (autos como é chamado tecnicamente)
e seus volumes. A motivagdo ¢ outro traco que pode ser identificado na RM,
implicando na fung¢do da parte e permitindo que o todo funcione conforme o fim
proposto e inclusive que a parte seja identificada mais facilmente. A congruéncia ou
harmonia entre parte e todo pode originar dois fendmenos: a supermeronimia ¢ a
semimeronimia. O primeiro corresponde as partes que sdo aplicadas a mais de um
holonimo, como a <apresentacao de documentos> ¢é parte da <resposta do réu>, como
também ¢ parte da <pecga acusatoria>. O segundo trata da sobreposicdo da parte no
todo.

No que tange aos tipos de meronimos, Winston et. al. (1987) trazem seis
categorias. (i) Componente-objeto-integral: relacdo tipica parte-todo, em que o todo
inclui a parte, sendo constituido por varios componentes discretos, com limites e
funcdes definidas em relagdo ao todo. (i) Membro-cole¢ido: parte como um objeto
singular ¢ membro de um todo que denota um conjunto. (iii) Material-objeto: parte
como elemento constitutivo de um objeto concreto, ou seja, a conexdo entre a matéria
de que ¢ feita e uma entidade concreta. (iv) Por¢cdo-massa: parte indefinida diante do
todo, o qual configura uma entidade mais concreta. (v) Lugar-area: parte ¢ o lugar
localizado no todo ou darea. (vi) Acdo-atividade: parte como fase de uma
atividade/todo, descrevendo diferentes subatividades que compdem uma maior
estruturada e cronologicamente organizada. Antecipa-se que dentre aludidas categorias,
as mais produtivas para a representacdo do DPP sdo a (i), (i1), (v) e (vi), reestudadas
quando da andlise deste artigo.

2.3. Ontologias, léxicos computacionais e ontologias lingiiisticas

O termo ontologia tem sua origem na Filosofia, como o estudo das categorias que
compdem o mundo, visando uma classificacdo universal. Sob o viés tecnoldgico, as
ontologias se diferem da concepgdo filosofica, apesar de se relacionarem com ela, de
certa maneira, ja4 que ambas trabalham com representagdes de mundos. Ontologias
ressurgem no contexto da web semantica, criada por Berners Lee, tendo em vista que o
conhecimento organizado e relacionado por meio de relagdes semanticas facilita a
recuperacdo da informacdo. Ontologias permitem a indexagdo de textos com maior
precisdo, permitindo melhores resultados quando da busca virtual. Elas tém o objetivo
pratico de oferecer estruturas de conhecimento para os sistemas computacionais,
possibilitando a resolu¢do de problemas de conhecimento de mundo relacionados ao
PLN e o raciocinio logico automatizado. Como produto tecnologico ndo buscam a
verdade, mas o que existe em um dominio, almejando o melhor funcionamento de um
determinado sistema computacional.

Atualmente, ontologias, como estruturas para organiza¢do do conhecimento,
tétm sido estudadas pela Ciéncia da informacdo, Linguistica Computacional,
Inteligéncia Artificial (IA) com énfase em aplicacOes voltadas para o PLN e Web
Semantica, por exemplo, visando estruturar e descrever conceitos. Considerando este
fato, percebe-se uma imprecisao terminologica e a aproximagao de ontologias, 1éxicos e
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ontologias linguisticas. Hirst (2004, apud Prévot, 2010) afirma que ontologias e
recursos lexicais sdo aparentemente similares o suficiente para que sejam usados de
forma intercambiavel e combinada, apesar de possuirem aspectos que os distingam
pontualmente. Por tal razdo ¢ pertinente apontar em que medida se aproximam e se
afastam.

Entende-se que ontologias devem observar a logica formal. Para a (IA), uma
ontologia ¢ uma especificagao formal e explicita de uma conceitualizagdo, sendo que o
existente ¢ passivel de representagdo (Gruber, 1993). O autor vincula conceitualizagdo
a especificagdo, descrigdo e representacdo dos termos em uma linguagem de
programacado, formal. Compartilhado relaciona ao conhecimento consensualmente
compreendido, ndo restrito a um individuo. Para sistemas de informag¢ao, uma ontologia
¢ um artefato de engenharia, constituido por um vocabulério especifico usado para
descrever certa realidade, organizado hierarquicamente e inter-relacionados por
relagdes de suposi¢do. Tais relagdes descrevem o significado pretendido, considerando-
se a finalidade para a qual a ontologia ¢ construida. A hierarquia béasica de uma
ontologia corresponde a uma taxonomia, relagdes é um e outras como: de meronimia,
parte_de, e associativas.

Outra forma de estruturacdo do conhecimento distinta da ontoldgica, mas que
em varios aspectos se aproxima desta, podendo, por vezes, serem intercambiaveis ou
ocorrerem concomitantemente sdo léxicos computacionais. Aplicagdes computacionais
sdo um recurso tecnoldgico em prol do PLN, cujas primeiras aplica¢des foram para fins
de traducdo automatica, sendo hoje usadas para a recuperagdo de informacao.
Atualmente, 1éxicos estdo se tornando recursos robustos com muitas informacoes
linguisticas. WordNets equivalem a importantes bases de dados para o PLN. Por estas
razdes, a fronteira entre 1éxicos e ontologias torna-se, cada vez mais ténue. Uma grande
diferenca entre léxicos e ontologias ¢ que os primeiros descrevem o significado de
expressoes de linguagem natural; enquanto os segundos descrevem as entidades de um
dominio e as relagdes entre as mesmas. Grosso modo, o que se percebe ¢ um processo
de ontologiza¢do dos léxicos, dando margem a mais um termo afim: ontologias
linguisticas. Estas se situariam entre as ontologias formais e os léxicos robustos. Elas
emergem da semantica e do léxico, representam um determinado conhecimento por
meio de relagdes semanticas, mas sem o compromisso de se valer da logica formal.
Prévot et. al. (2010) explica que a conceitualizagdo ¢ baseada em critérios linguisticos,
mais precisamente em informacdes encontradas em recursos lexicais.

Neste sentido, ontologias linguisticas caracterizam-se por armazenar apenas
conceitos lexicalizados, conceitos expressos por uma ou mais palavras. Sob este viés,
uma ontologia linguistica corresponde aos sentidos de uma dada lingua, aos conceitos
compartilhados por uma comunidade lingiiistica (DI FELIPPO, 2008). O objetivo da
pesquisa de mestrado € justamente este: representar o DPP por meio da RM, visando
inseri-lo em uma ontologia linguistica juridica, a qual estaria comprometida com a
representacdo do Iéxico e ndo com uma linguagem formal.

3. Metodologia

Tendo em vista os corpora selecionados (cf.2.2) e as consideragdes acerca da RM
(cf.2.3) pressupde-se que: os tipos de meronimos (i), (ii), (v) e (vi) de Winston et.al
(1987) sao pertinentes para a representacdo do DPP. Assim, objetiva-se, verificar em
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quais dos corpora podem ser encontrados exemplos mais produtivos por meio da
utilizagdo de ML como: tem, composto, constituido, fase, peca, contém, bem como
frases preposicionais com preposi¢des como "de" ("do", "da", por exemplo) e "em"
("no", "na"), fazendo uso de concordanciador. Vale esclarecer que neste artigo
trouxeram-se apenas os ML que ensejaram resultados, considerando ainda a concisdo
do artigo. Estabelece-se, assim, a metodologia para a realizacdo da andlise: (i) pautado
nos pressupostos estudados, testaram-se os ML que representam relacao de parte-todo;
(i1) utilizando o corpografo, testaram-se os ML nos corpora; (iil) analisaram-se qual
corpus trouxe exemplos que melhor representassem o dominio do DPP e (iv)
apresentaram-se, neste artigo, somente os pares de parte-todo que trouxeram resultados
de meronimia para inclusdo em uma ontologia juridica lingiiistica.

4. Analise dos dados

Testaram-se os ML acima mencionados; todavia poucos se mostraram produtivos em
ambos os corpora. Em decorréncia do limite de paginas, mencionaremos somente um
exemplo de cada retorno pertinente para a representagdo da RM no DPP, procurando
um enquadramento nas tipologias de Winston et. al. (1987) retro-referidas:

ML composto: recuperou 01 exemplo apenas no corpus do CPP e nenhum no
conjunto de 10 acorddos. Ex. O Tribunal do Juri ¢ composto por 1 (um) juiz togado,
seu presidente e por 25 (vinte e cinco) jurados que serdo sorteados dentre os alistados, 7
(sete) dos quais constituirdo o Conselho de Sentenca em cada sessdo de julgamento.

ML fase: recuperou 11 concordancias do CPP e 3 dos acorddos, sendo que
todos expressam o mesmo tipo de RM. Os retornos obtidos ilustram a categoria agao-

atividade, pois aludem as subatividades de um evento maior. EX. 0 exame poderd ser
ordenado na do 1inquérito, mediante representacdo da autoridade
policial ao juiz competente.

ML contera: recuperou 11 concordancias do CPP e 0 dos acordaos, sendo todas
as 11 tipologias de componente-objeto-integral, porquanto elementos constitutivos de

um todo em sua forma mais tipica. EX. A representacdo conterd todas as
informag¢cdes que possam servir a apuracdo do fato e da autoria.

5. Consideracoes finais

Tendo em vista o limite de paginas imposto, resumem-se as considera¢des finais neste
paragrafo. O presente artigo revisou a literatura quanto a RM, situou ontologias, 1éxicos
computacionais e ontologias linguisticas. Na andlise, comparou dois corpora do
dominio especializado, almejando testar se a busca automadtica por meréonimos seria
produtiva. A andlise mostrou que: (i) provavelmente pela especialidade do dominio
juridico, a busca automatica ndo restou produtiva, apesar de ter apresentado alguns
resultados, conduzindo a conclusdo de que a busca por merdnimos devera ser manual
no caso dos corpora juridicos; (ii) o corpus do CPP trouxe mais resultados; (iii) poucos
ML trouxeram resultados precisos, a maioria deles esbarrou na polissemia dos termos
juridicos, como o sentido de peca como documento juridico escrito, parte como autor
ou réu, tem ou possui no sentido de posse e constituido como os poderes outorgados ao
defensor para representar em juizo e (iv) a categoria agdo-atividade de Winston et. al.
(1987) foi o tipo de meronimia mais recorrente no DPP.
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Abstract. An issue concerning the organizational information security is the
lack of standards to describe incidents. One of the first initiatives to face
attacks and failures may be the creation of a uniform vocabulary. Ontologies
are an alternative to organize such vocabulary. This paper advocates that
information security guidelines are effective insofar as they are able to
encompass three perspectives — namely, technology, people, and processes —
and that such perspectives are present within ontologies development process.
We describe the preliminary terminological stage of an information security
ontology, part of an ongoing research, as well as its future uses.

Resumo. Uma questao sobre seguranca da informacéo nas organizacgdes é a
falta de padronizacé@o para descrever incidentes. Um vocabulario uniforme é
0 primeiro passo responder as tentativas de ataque e falhas. Ontologias séo
uma alternativa para organizar tal vocabulario. Esse artigo advoga que
politicas de seguranca da informacdo sao efetivas na medida em que
abrangem trés perspectivas — tecnologia, pessoas, e processos — e que tais
perspectivas estdo presentes no processo de desenvolver ontologias.
Descreve-se estagio terminologico preliminar de ontologia para seguranca da
informac&o, parte de pesquisa em andamento, bem como suas possibilidades
de uso.

1. Introducao

A evolucdo dos sistemas de informagdo tem possibilitado as empresas ganhos em
mobilidade e conectividade. A descentralizacdo promovida pelas redes, entretanto, tem
exigido mais atencdo a gestdo e ao controle, em um conjunto de esforgcos que se
convencionou chamar de “seguranc¢a da informagao”.

Os investimentos em seguranga da informagao tem sido crescentes, mas existem
dificuldades em definir: o que deve ser protegido, qual o nivel de protecdao necessario, €
quais as ferramentas utilizar no ambiente corporativo. A TI tem meios para solucionar
parte do problema de seguranga, mas o elemento humano ainda representa grande parte
das ocorréncias e falhas de seguranga [Colwill, 2010].

O presente artigo apresenta pesquisa em andamento na qual se busca os
requisitos para definir seguranca da informagao na perspectiva de tecnologia, pessoas, €
processos. Usa-se uma abordagem baseada em ontologias para classificar informagdes
sobre seguranca, cujos resultados correspondem ao estagio terminolodgico preliminar de
uma ontologia de dominio sobre seguranca da informacao na 4rea de saude, a qual ainda
requer decisdes de natureza ontoldgica, criagdo de restri¢des, validagdo, implementacao,
dentre outros. Tais acdes estdo planejadas para a sequencia da pesquisa.
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O restante do artigo esta dividido conforme segue. A se¢do 2 apresenta uma
visdo geral da seguranca da informacdo e a secdo 3 detalha a seguranga do ponto de
vista das trés perspectivas mencionadas. A se¢do 4 descreve a metodologia de pesquisa,
a se¢do 5 apresenta resultados parciais e a se¢do 6 apresenta consideragdes finais.

2. Seguranca da informacédo: uma visao geral

Seguranca da informag¢ao ¢ uma questao multifacetada, composta por diversas variaveis
interagindo em um Unico ambiente. Uma empresa demanda confidencialidade da
informacao sem, entretanto, perder a disponibilidade frente aos riscos, ameagas e
vulnerabilidades. A seguranca da informagdo abrange a totalidade dos elementos de
negdcio corporativos: a busca de melhorias em processos que garantem a qualidade e
competitividade; o aprendizado e a producdo de conhecimento organizacional; a criagdo
de modelos e o uso das informacgodes; detec¢ao e prevencao, assim como documentagdo
de potenciais riscos, ameagas e vulnerabilidades.

A TI ¢ quesito fundamental em qualquer solucdo para a seguranca da
informagdo. Os sistemas, contudo, sdo projetados, implementados e operados por
pessoas. Sdo pessoas que proporcionam seguranca fisica, concedem acesso aos
sistemas, causam, relatam e gerenciam a resposta das empresas frente as violagdes e
incidentes de seguranga [Lacey, 2009].

Segundo Sveen, Torres e Sarriegi (2009), o desenvolvimento de um plano
estratégico de seguranca da informagao efetivo depende dos aspectos: 1) pessoas, como
formadoras da cultura organizacional; ii) processos, como condutores do fluxo
informacional; e iii) tecnologias, ferramentas que sustentam processos e necessidades
dos usuarios.

3. Fatores intervenientes em seguranca da informacao

A concepgdo sobre o que ¢ seguranga da informacdo tem evoluido e ndo mais se
restringe apenas a questdo técnica. A seguranca da informagdo estd atrelada ao negocio
da empresa através da necessidade de protecdo dos ativos informacionais. Esses ativos
informacionais nao incluem apenas informagdes valiosas em repositérios da empresa,
ou em suas marcas, mas também o valor fornecido pelo know-how, expertise,
habilidades e relacionamentos incorporados na rede corporativa, dentro e fora de seus
limites fisicos. Os ativos informacionais envolvem assim pessoas, executando
processos, em geral, como uso de tecnologia.

3.1. Seguranca e pessoas

Incluir pessoas nos estudos de seguranca significa dar atencdo devida a subjetividade
inerente ao seres humanos, suas relagdes e seu comportamento informacional nas
organizagOes que tanto influencia a gestéo e a tecnologia.

O elemento “pessoas” gera vulnerabilidade, uma vez que a falta de
conhecimento ou treinamento resulta em condutas inapropriadas as a¢des de seguranca.
Colaboradores das organizagdes, intencionalmente ou por negligéncia, sdo a maior
ameaca a seguranca da informacéo [Van Niekerk e Solms, 2010]. A seguranca depende
tanto do conhecimento humano quanto de sua cooperacgdo. A falta de conhecimento é
tratada através da educacdo ou treinamento, enquanto a falta de cooperacao € abordada
através da promocdo de uma cultura de que incentive preocupagao com a seguranga.
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As organizagbes ndo podem proteger a integridade, confidencialidade e
disponibilidade das informacdes em ambiente de sistemas em rede, sem garantir que
cada pessoa envolvida compreenda suas responsabilidades, e seja treinada para realiza-
las.

3.2. Seguranca e processos

A adocdo de politicas, procedimentos, normas e diretrizes relativas a seguranca em
organizacgOes, busca tornar claro o comportamento esperado e as regras a seguir. Nesse
sentido, uma série de fatores contribuem para seguranca ineficaz: falta de especificacédo
e de documentacdo, incapacidade interna de criar politicas efetivas, e a falta de
mecanismos de execucéo [Kraemer, Carayon e Clem, 2009]. Incidentes decorrentes da
ineficacia dos controles sdo minimizados através de rotinas e instrucfes acessiveis.

Um fator-chave no sucesso de uma politica de seguranca é a implantacdo dos
controles de seguranca, incluindo o acompanhamento, sancdes e recompensas de
colaboradores, proporcionais aos potenciais riscos envolvidos [Sianes, 2006].

3.3. Seguranca e tecnologia

A necessidade de protecdo dos ativos informacionais das empresas faz com que a
tecnologia ganhe uma posicdo de destaque. Existem diversos tipos de controles para
auxiliar na gestdo da seguranca, na limitacdo dos incidentes e na violacdo de seguranca
[Sveen, Torres e Sariegi, 2009]: check-lists, analise de risco, avaliagdo e métodos de
deteccdo, dispositivos biométricos e de bloqueio, antivirus, firewalls, criptografia,
permissdes na rede, auditorias, dentre outros.

A ISO/IEC-15408-1 (2005) ¢ a principal referéncia para avaliacdo de atributos
de seguranca em produtos de TI. Esta norma estabelece um critério comum para a
avaliagdo, possibilitando que o resultado seja significativo para audiéncias variadas.

No ambito da Internet, cabe destacar o papel do Computer Emergency Response
Team / Coordination Center (CERT/CC), cujo objetivo é centralizar a coordenacao de
respostas a incidentes de seguranga.

4. Metodologia de pesquisa

Diversas iniciativas de uso de ontologias em seguranca da informacéo estdo disponiveis
na literatura [Raskin et al, 2001] [Martiniano e Moreira, 2007] [Fenz et al, 2007]
[Ekelhart et al, 2006]. Apresenta-se a seguir um conjunto de procedimentos utilizado em
uma organizacdo de salde para criar a ontologia relativa a seguranca. O processo foi
divido em trés etapas: i) organizagdo da informacgéo registrada; ii) organizacdo da
informacdo especializada; iii) terminologia para ontologia.

Etapa (1) — organizagdo da informagao registrada em documentos e em sistemas

» Organizacdo: classificam-se 0s documentos a partir de seu conteido e de sua
proveniéncia, registra-se sua tipologia e seu ciclo de vida, elegem-se os vitais;

= Padronizacdo: acrescenta-se uma folha de rosto a cada documento, na qual sdo
registrados dados como autor, data de emisséo, etc;

= Treinamento: o0s colaboradores sdo orientados sobre como classificar
documentos assim que este € produzido;
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= Relatorios: sdo gerados a partir de registros e dados provenientes de sistemas
utilizados no setor, os quais sdo tratados da mesma forma que os documentos.

Etapa (2) — organizacdo da informagéo especializada fornecida por pessoas

= Aquisicdo de conhecimento: obtém-se com o0s colaboradores e especialistas as
informacdes sobre suas atividades, documentos que utilizam, conceitos e relacfes
relevantes para o entendimento de suas praticas;

= Técnicas: sdo utilizadas técnicas bem consolidadas, como entrevistas, grade
repertorios, ordenamento de cartfes, dentre outras;

= Relatérios: o material obtido, sejam de cunho administrativo ou cientifico, é
registrado em sinteses de entrevistas e planilhas;

Etapa (3) — elaboracdo da terminologia

= Organizacdo preliminar. os dados obtidos sdo organizados em uma lista
composta por termos obtidos nas etapas 1 e 2;

= Estagio terminoldgico: a lista é organizada agrupando-se substantivos candidatos
a conceitos, e verbos candidatos a relagdes na ontologia; cabe destacar que tais
correspondéncias — verbo < relacdo, e substantivo <> classe — sdo mais simples
do que aquelas requeridas para construir a ontologia, mas atendem a demanda por
organizacdo preliminar do vocabulario nessa etapa da pesquisa.

Os processos organizacionais e as praticas dos colaboradores registradas em
documentos e em sistemas, 0s quais correspondem a grande parte da informacdo da
organizacao, sao classificados e relacionados entre si. O estagio terminolégico, produto
parcial da pesquisa em andamento, é parte da atividade de desenvolvimento de
ontologia. A atividade de desenvolvimento de ontologias abrange etapas de aquisicdo e
modelagem correspondem a formas de incrementar a comunicagdo humana [Almeida e
Barbosa, 2009]. A ontologia serd, ap0s sua consecucdo, a referéncia Unica para
classificar dados em uso na organizacao relativos a seguranga da informagéo.

5. Resultados parciais

Os termos obtidos pela metodologia descrita na secdo 4 caracterizam a organizagao
preliminar de dados e resultam no que se denominou aqui de “estagio terminoldgico”.
A Tabela 1 resume as entidades consideradas basicas e traz uma descricdo de seu
significado obtida no ambito da organizagdo de satude.

Tabela 1 — Exemplos de termos e definicbes da ontologia de seguranca

Entidade Descricéo

Organizagio Organizagdo e uma entidade social composta por recursos
materiais e humanos, e caracterizada por objetivos, procedimentos
de controle e limites. Ex. publica, privada.

Atributo de Atributo de seguranca caracteriza um ativo e diz respeito a
seguranca requisitos de seguranca sobre tal ativo. Pode ser um atributo de
confidencialidade, ou de integridade.

Ativo Ativo € um bem da organizag&o, seja fisico ou imaterial, utilizado
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pelos seus membros para alcancar os objetivos estipulados. EX.
um, um sistema, um documento.

Controle Controle é um procedimento sistematizado para atenuar
vulnerabilidades, bem como para estabelecer medidas preventivas
e corretivas com vistas a protecédo de ativos.

Ameaca Ameaca € uma possibilidade de dano aos ativos da organizagao,
que afeta atributos de seguranca e explora vulnerabilidades. Ex. de
origem humana ou natural.

Vulnerabilidade | Vulnerabilidade € a situagéo caracterizada por falta de medidas de
protecédo e que possui um grau de severidade associado. Pode ser
administrativa, técnica ou fisica.

A Figura 1 apresenta a organizacdo de termos correspondente ao estagio
terminologico preliminar, resultado parcial de pesquisa. Enfatiza-se que o estagio de
pesquisa aqui apresentado requer ainda consideragfes para que Se possa obter a
ontologia. A organizacdo de termos e definicdes se restringe, nessa etapa, a uma Visdo
terminoldgica que ainda carece de considerac@es adicionais de natureza ontoldgica. O
conjunto terminologico € composto por 165 termos representativos de conceitos no
dominio da seguranca da informacéo, bem como classes. Os termos estéo distribuidos
da seguinte forma: 13 tipos de ativo (por ex., movel, sistema), 3 tipos de organizacédo
(por exemplo, publica), 11 tipos de atributos de seguranga (por ex. confiabilidade), 51
tipos de ameaca (por ex., controle de operacbes em servidores), e 40 tipos de
vulnerabilidades (por ex. término de contrato de trabalho de colaborador).

Atributo

é propriedade de requer um

afeta um

implantado em
p&e em risco
Controle atua sobre

\ explorado por

atenuado por

Vulnerabilidade

classificada por

Figura 1: Organizacao preliminar de termos béasicos em forma de rede seméantica
6. Consideragdes finais

O presente artigo aborda a necessidade de se tratar a Seguranca da Informagdo sob a
Otica da triade “pessoas — processos — tecnologias” no contexto corporativo. Através das
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ontologias pretende-se registrar, classificar e relacionar as informagdes de seguranca
informacional através de uma abordagem sécio-técnica em instituicdes de saude.

Entende-se que através do mapeamento das préaticas de seguranca da informacéo
dos colaboradores da area biomédica, seu registro e documentacdo, e consequente
classificacdo e relacionamento das entidades apuradas, promover-se-4 um mecanismo
de criacdo de conhecimento organizacional e desenvolvimento para processos e
sistemas.

O desenvolvimento de ontologias é uma oportunidade para unir perspectivas e
integrar pessoas, processos e tecnologias de forma equitativa. Fomenta a criacao,
aquisicdo e compartilhamento de conhecimento, bem como a aprendizagem
organizacional. Os resultados esperados apontam para um produto de informacédo, uma
base de conhecimento, que auxiliard o desenvolvimento de sistemas e politicas no
contexto empresarial em que for aplicada.

Na continuidade da pesquisa, pretende-se reavaliar ontologicamente os dados
organizados no estagio preliminar de termos, buscando alinhamento com ontologias de
alto nivel e, em Gltima instancia, a reducao da ambiglidade.
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Abstract. This article presents some problems of knowledge management in
management information security organizations and suggests ontologies as
part of solving these problems. The article describes the construction of a
specific ontology for information security using the methodology NeOn and
discusses the use of this ontology in the management information security
environment.

Resumo. Este artigo apresenta alguns problemas de gestdo do conhecimento
em organizacoes de consultoria de gestdo de seguranca da informacdo e
sugere ontologias como parte da solucdo destes problemas. O artigo descreve
a construcdo de uma ontologia para gestdo de seguranca da informacdo
utilizando a metodologia NeOn e discute o uso desta ontologia no cendrio de
gestdo de seguranca da informagao.

1. Introducao

A gestdo de seguranca da informacdo € realizada por consultores internos ou externos
em uma organizacdo com o objetivo de identificar o grau de seguranca de um ambiente
corporativo e propor controles tecnologicos ou administrativos para a redugdo dos riscos
de incidentes de seguranca da informacao neste ambiente.

Geralmente o conhecimento necessdrio para a realizacdo de um projeto de gestao
de seguranca da informacdo estd descrito em normas técnicas, como a ISO 27001
(conhecimento explicito), ou internalizado na mente dos consultores de seguranca da
informacdo (conhecimento titico), sendo que neste segundo caso a qualidade do projeto
de gestdo de seguranca da informacgdo depende da experiéncia e pratica do consultor.
Este fator torna-se um problema na medida em que empresas de consultoria em
seguranca da informagdo ndo conseguem manter a mesma qualidade de atendimento em
todo o seu corpo de consultores, ou seja, um consultor com mais experiéncia ou
conhecimentos especificos poderd desempenhar um trabalho diferenciado frente a outros
consultores [Kim, 2007].

Considerando também o problema da dispersdao de conhecimento (em diversas
normas técnicas, politicas, boas praticas e na mente dos consultores) nas organizagdes
de consultoria em gestdo de seguranga da informacdo, a constru¢do de uma
especificacdo explicita e formal para o gerenciamento deste conhecimento seria um
grande avanco rumo a gestao do conhecimento nestas organizacoes.
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As ontologias visam a definicdo de semantica para representacdo do
conhecimento em um dado contexto [Bachimont, 2002]. Uma ontologia aplicada a
gestdo de seguranca da informacgdo poderia contribuir para a gestdo do conhecimento em
empresas de consultoria de gestdo de seguranca da informacdo, servindo de auxilio para
os processos de aquisicdo, representacdo, armazenamento e compartilhamento de
conhecimento obtido a partir de normas e consultores de seguranca da informacao.

O objetivo inicial deste artigo é mostrar a construcio de uma ontologia para
gestdo de seguranca da informacdo seguindo a metodologia NeOn de desenvolvimento
de ontologias. Futuramente espera-se que esta ontologia possa ser utilizada na gestdo de
conhecimento em organizacdes de consultoria de seguranca da informacao.

A secdo 2 deste artigo apresenta os conceitos de seguranca da informacgdo que
serviram de base para a construcdo da ontologia. A secdo 3 descreva a construcdo da
ontologia a partir dos conceitos de seguranca da informacdo. A secdo 4 descreve
resultados obtidos até o momento com o desenvolvimento da ontologia, e a se¢do 5
apresenta as conclusdes e extensdes do projeto.

2. A Gestao de Seguranca da Informacao

Virios elementos compdem a Gestdo de Seguranca da Informacdo. Estes elementos
permitem a realizacdo de andlises de risco, defini¢do de controles de seguranga da
informacao e a melhoria continua do ambiente. Um elemento essencial na gestdo de
seguranca da informacdo € o ativo de informacdo. Ativo de informagdo é qualquer
informacao que possua valor para a organizacdo, bem como qualquer outro elemento de
infraestrutura que forneca suporte a esta informagdo, como: hardwares, softwares e
ambientes fisicos [Campos, 2007].

Para a realizacdo de uma anélise de risco de seguranga da informacao existe a
necessidade da definicdo de Ameacas e Vulnerabilidades relacionadas ao ambiente a ser
avaliado. Ameaca é o agente ou condi¢do que realiza um incidente de seguranca da
informacao [ABNT, 2006]. Grupos comuns de ameagas podem ser: invasores internos,
invasores externos, eventos naturais e programas maliciosos (malwares).

Vulnerabilidades sao falhas em potencial existentes nos ativos de informacao.
As vulnerabilidades podem ser agrupadas de diversas maneiras. Uma forma simples de
agrupar ou categorizar as vulnerabilidades ocorre dividindo-as em: deficiéncias fisicas
ou deficiéncias 16gicas [ABNT, 2007].

Os conceitos discutidos acima serdo modelados em uma ontologia para gestao de
seguranca da informacao (secdo 3 deste artigo) com o objetivo de se estabelecer uma
conceituagao clara e explicita dos mesmos.

3. Ontologia para Seguranca da Informacao Utilizando Metodologia NeOn

A partir de conceitos gerais de gestdo de seguranca da informacdo, foram modeladas
classes de individuos para uma ontologia de seguranca da informacdo. Estas classes
foram modeladas utilizando-se a ferramenta NeOn e a metodologia NeOn de construcdo
de ontologias [Sudrez-Figueroa, 2008]. A Figura 1 apresenta as classes resultantes a
partir dos conceitos de seguranga da informacdo levantados. Pode-se observar a criacao
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das classes Ameaca, Vulnerabilidade e Ativolnformacdo, bem como suas respectivas
sub-classes.

.Io}cvl:Thing [0,01

a‘ . II

- .'.Ameaca [4.4] L

.Eventol\latural o /| |
A/ ', .‘u’ulnerabilidade[E,E]
.Invasclrbct_er'no[ﬂ,ﬂ? III “' .'
. L ' @o<ricienciaLogica [0,0]
.In\.rasorlntemo [0,0] %f\\twolnformacao [5,5] |
Malware [0,0 ; : DeficienciaFisica [0,0]
@nweon /A ’

« / A \
/ .Informacao[]igital [0,0]

@redvare 00 @ software [00]

.Ambiente [0,0] .InformacaoFisica [0,0]

Figura 1. Modelagem das classes da ontologia

Ap6s a defini¢do das classes de individuos da ontologia, € necessdrio estabelecer
a relacdo entre elas. Conforme os conceitos de gestdo de seguranca da informagao, um
incidente ocorre quando uma ameaca explora uma vulnerabilidade existente em um
ativo de informacdo. Outro conceito importante € o fato de que ativos de informacdo
podem estar localizados dentro de outros ativos de informacdo, por exemplo, um
documento digital importante para a organizagdo estd localizado em um servidor, que
por sua vez estd localizado em um Data Center (ambiente fisico).

“ 4 ehExplorado A Ameaca
bl Ativolnformacao i
localizacacDe - \

¥ possu Vl.llnerabilidac!e__ explora 4
| Vulnerabilidade
presenteEm W
Ativolnformacao

Figura 2. Visualizacao dos relacionamentos

Com base no exposto acima, foram criados os seguinte relacionamentos na ferramenta
NeOn: localizadoEm, localizacd@oDe, possui, presenteEm, ehExplorado, explora. A
Figura 2 apresenta a relacdo entre as classes de individuos com base nos
relacionamentos criados, onde se pode observar que um ativo de informacgdo esti
localizado em outro ativo de informacdo ao mesmo tempo em que também € a
localizagdo de outro ativo de informac¢do. Uma vulnerabilidade estd presente em um
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ativo de informacdo e é explorada por uma ameaca. E uma ameaca possui o
relacionamento de explorar um ativo de informacao.

Além das defini¢des de relacionamentos, também foram modeladas restri¢des
entre as classes da ontologia. Por exemplo, o relacionamento localizadoEm nao pode
ocorrer entre as classes Hardware e Software, pois ndo faz sentido um hardware estar
localizado em um software. O mesmo ocorre entre as classes Ambiente e Hardware, por
exemplo. Existem restricdes também entre o relacionamento de Ameagca com
Vulnerabilidade, por exemplo, uma vulnerabilidade fisica ndo pode ser explorada por
uma ameaca da classe Malware, bem como uma vulnerabilidade 16gica ndo pode ser
explorada por uma ameaca da classe EventoNatural.

Apo6s a defini¢do das classes, dos relacionamentos e das restricdes, a ontologia
foi populada com vérios individuos representativos das classes. Conforme apresenta a
Figura 3, foram criados individuos para todas as subclasses de ativos de informacao,
ameacas e vulnerabilidades previamente modeladas.

4 Armario [Ambiente] L] FaltaParaRaio [DeficienciaFisica]

LJ BancoDeDados [Software] LJ FolhaDePagamento [InformacaoFisica]
L BaseDeDados [InformacaoDigital] £J Funcionario [Invasorinternc]

LJ ChuvaComRaios [EventoNatural] LJ Matriz [Ambiente, Ativolnformacao]

&4 Concorrente [InvasorExterno] L PlanilhasFinanceiras [InformacaoDigital]

oJ DataCenter [Ambiente] - PlanoE?trategico (]
B3 Escritorio [Ambiente] ] RelaterioDeVendas [InformacacFisica)

+J exFuncionario [InvasorExterno] &3 ServidorAphcacoo [Hardware]
e ’ 4 ServidorArquivos [Hardware
oJ FaltaAutlizacaoSoftware [Deficiencialogica] - & [ .

" e i T——"— L] ServidorBD [Hardware]
o) FaltaChecklistFisico [DeficienciaFisica] B3 SistemakRP [Software]

4] FaltaComunicacaoSegura [Deficiencialogica] & Virus [Malware]
. FaltaControleAcessoFisico [DeficienciaFisica) £J Visitante [Invasorinterno]
4J FaltaControleAcessologico [Deficiencialogica]  §i§ Worm [Malware]

Figura 3. Criacao dos individuos da ontologia

Uma vez que os individuos estdo cadastrados, estes ja recebem influéncia dos
relacionamentos e das restricoes modeladas na ontologia, ou seja, a ontologia j4 fornece
semantica para os individuos, a partir dos relacionamentos das classes e das restri¢des.

FaltaControlefcessoFisico FaltaControleAcessoLogico

FaltaChecklistFisico
2 W
¥ explora

Funcionario

¥ explora ServidorArguivos
DA & |ocalizadoEm

FaltaCentraleAcessalegico PlanilhasFinanceiras DataCenter
Figura 4. Visualizacao dos relacionamentos

A Figura 4 (extraida diretamente da ferramenta NeOn) apresenta um exemplo de
relacionamento de individuos inferido através da ontologia modelada. Através da
ontologia e dos individuos cadastrados pode-se concluir que o funciondrio ¢ uma
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ameaca no cendrio de seguranga da informacdo que explora as vulnerabilidades de falta
de controle de acesso fisico, falta de checklist fisico e falta de controle de acesso légico.
Da mesma forma o servidor de arquivos € um ativo de informacdo que possui a
vulnerabilidade de falta de controle de acesso 16gico, também € a localizacdo de outro
ativo de informacdo que € a planilha financeira e estd localizado no Data Center da
empresa.

Esta secdo apresentou a modelagem de uma ontologia para gestdo de seguranga
da informacdo e a cria¢do de individuos representativos para as classes desta ontologia.

4. Resultados e Discussao

Com uma ontologia para gestdo de seguranca da informacdo desenvolvida sob a
metodologia NeOn de desenvolvimento de ontologias € possivel aplicar qualquer
ferramenta de inferéncia compativel com o padrao OWL. Outra ~ vantagem ¢ a
possibilidade de integracdo desta ontologia com outras ontologias de outros dominios,
por exemplo: esta ontologia que se fundamenta na ISO 27001 poderia ser integrada com
outras ontologias desenvolvidas com base em outras normas da ISO (ex. ISO 9001),
formando assim uma ontologia maior e integrada.

Para demonstrar os resultados e possibilidade a partir do desenvolvimento de
uma ontologia para seguranga da informacao, fez-se uso de uma ferramenta compativel
com o NeOn para inferéncia e consulta sobre ontologias no padraio OWL — o SPARQL.

A partir do SPARQL € possivel realizar questionamentos complexos sobre a
ontologia e seus individuos. A Figura 5 demonstra a execu¢do de uma consulta
SPARQL sobre a ontologia modelada e os individuos criados neste projeto.

D Relationship visualization | =] SPARQL Query View &3 =0
Project: | SeglnfeOntology hd |
Ontelogy: | http:/fwww.NewOntol .org/seglnfo - |
Status: evaluating query... done in 62 ms

Load | | Load and Materialise

PREFIX seg: <http://www.NewOntol.org/ontologyl®>
SELECT Zindividuo WHERE { findividuo segiexplora segiFaltaControlefcessologico . }

individuo

http:/fwww. NewOntol.org/ontologyl #exFuncionario
http:/www. NewOntol.org/ontologyl #Visitante
http:/www. NewOntol.erg/ontelogyl#Funcienario
http:/fwww. NewOntel.org/ontologyl2Concorrente

Figura 5. Visualizacao dos relacionamentos
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Foi questionado a ontologia quais sd@o os individuos que exploram a falta de
controle de acesso 16gico, como resultado o SPARQL apresentou os individuos: ex-
funciondrio, visitante, funciondrio e concorrente. A partir deste exemplo seria possivel
realizar qualquer tipo de questionamento com base nas classes e relacionamentos
modelados.

O uso do SPARQL neste exemplo foi feito através de um console de consulta,
porém no desdobramento deste projeto o SPARQL e outras ferramentas de inferéncia
sobre ontologia poderdo ser utilizados em forma de biblioteca dentro de um ambiente

mais amplo de suporte a gestdo do conhecimento de seguranca da informagdo em
empresas de consultoria de gestdo de seguranca da informacao.

5. Conclusao

Este artigo apresentou a concepc¢do, modelagem, populacdo e teste de uma ontologia
para gestdo de seguranca da informacdo, desenvolvida sob a metodologia NeOn de
desenvolvimento de ontologias. Esta ontologia servird de base para o desenvolvimento
de uma ferramenta de suporte a gestdo do conhecimento em organizagdes de consultoria
de seguranca da informacdo. A ontologia de gestdo de seguranca da informacgdo
auxiliarda na aquisi¢do, representacdo, armazenamento e compartilhamento de
conhecimento relacionado com gestao de seguranca da informacao.

Como extensao deste trabalho sugere-se: a ampliacao da ontologia, com a adi¢do
de classes para o suporte de controles de seguranca da informacdo tecnoldgicos e
administrativos; a aplicacdo desta ontologia em uma arquitetura para gestdo do
conhecimento em organizagdes de consultoria de gestdo de seguranga da informacao.
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Abstract. Acquiring knowledge from experts has been a challenge within
several research fields. There is no difference in the scope of Biomedicine,
mainly because of the large amount of data. In this paper, we present an
underway research being conducted in the domain of hematology, which
investigates problems of the knowledge acquisition activity. A list of topics to
carry out the knowledge acquisition was developed, which involve steps being
applied in real world situations. The record of problems faced along the
process aim to reach improvements in the best practices of the knowledge
acquisition activity. In addition, we present and discuss partial results.

Resumo. Obter conhecimento especializado a partir de especialistas tem sido
um desafio em diversos campos de pesquisa. 1sso € especialmente verdadeiro
em Biomedicina em funcdo do volume de dados produzidos. No presente
artigo, descreve-se pesquisa em andamento sobre dificuldades para aquisi¢ao
do conhecimento no dominio da hematologia. Um roteiro para aquisi¢ao de
conhecimento foi desenvolvido e tem sido aplicado empiricamente. Os
registros das dificuldades ao longo do processo objetivam propor melhores
praticas para a atividade. Resultados parciais sao relatados e discutidos.

1. Introducéo

Investigar como o conhecimento produzido € traduzido em conhecimento de um campo
cientifico, bem como 0s meios para organiza-lo e representa-lo € atividade essencial no
ambito da pesquisa. Entretanto, a medida que o volume de informagédo tem aumentado
significativamente nos Gltimos 30 anos, representa-lo para uso por pessoas € por
sistemas tem se tornando tarefa complexa.

Nesse contexto, ontologias tém sido propostas como alternativa para criacdo de
representacdes da realidade. Desde os anos de 1980 tém sido estudadas como forma de
representar conhecimento [Guarino, 1998], como referéncia para a criacdo de modelos
[Fonseca, 2007] e para a representacdo do conhecimento [Vickery, 1997]. De forma
simples, ontologias consistem de termos, relacGes e regras que regulam a combinagéo
entre os termos organizados em uma taxonomia.

Ontologias sdo também definidas a partir do conjunto de processos que compdem a
respectiva atividade de desenvolvimento [Fernandez, Gomez-Perez and Juristo, 1997],
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como por exemplo, a aquisicdo de conhecimento. Trata-se de uma atividade
sabidamente complexa em funcao das dificuldades de comunicagdo entre o engenheiro
do conhecimento e o especialista [Milton et al 2006].

O presente trabalho se insere nesse contexto, enfocando a atividade de Aquisi¢do de
Conhecimento (AC) a partir de especialistas para o desenvolvimento de ontologias,
conduzida no escopo de projeto em andamento no ambito da biomedicina. Descreve-se
a pesquisa que busca melhores praticas em atividades de AC, a partir da observagéo de
dificuldades na obtencdo de conhecimento de pesquisadores na Hemominas, instituicdo
responsavel pelo sistema hematoldgico e hemoterapico de Minas Gerais. A pesquisa
busca, em Gltima instancia, estudar solu¢fes para problemas como: a distancia entre o
conhecimento do especialista e o responsavel pela AC - daqui em diante, “engenheiro”
e barreiras entre especialista e engenheiro, como dificuldades de se obter consenso. O
presente artigo apresenta o estagio atual da pesquisa: a metodologia utilizada para AC e
as observacOes realizadas ao longo do processo na busca por respostas as perguntas
citadas.

O restante do presente trabalho estd organizado como segue: a secdo 2 apresenta uma
visdo sobre AC. Cabe destacar que, por limitacGes de espago, muitas questdes sao
apenas pontuadas. A se¢do 3 apresenta a metodologia de pesquisa e a secdo 4 discute
resultados parciais. Finalmente, a secdo 5 traz consideragOes e perspectivas futuras.

2. Aquisic¢éo de Conhecimento

A expressdao AC é empregada desde a década de 1980 para se referir ao estudo da
obtencgéo de expertise para representacdo em sistemas especialistas [Boose and Gaines,
1989] [Milton et al, 2006]. Diversas definices para AC sdo encontradas, mas é
consenso que a atividade inclui pelo menos etapas de coleta, analise, estruturacdo e
validacdo do conhecimento com finalidade de representacdo [Shadbolt and Burton,
1990].

A AC compreende um conjunto de tarefas que empregam teorias e métodos
provenientes de campos diversos. Dentre essas disciplinas, cabe destacar a Ciéncia da
Computacdo [Newell and Simon, 1975]; a Ciéncia Cognitiva [Hawkins, 1983]; a
Linguistica [Zellig Harris, 1976]; a Semidtica [Campbell, 1998] e a Psicologia [Kelly,
1955]. Cada um desses campos tem contribuido para a compreensdo da atividade de
AC.

2.1. Aquisicdo de Conhecimento: uma proposta de classificacdo das técnicas

N&o ha consenso sobre a classificacdo das técnicas de AC e diferentes propostas sao
encontradas na literatura, a saber: i) sob o ponto de vista do instrumento de aplicacéo:
manual ou baseadas em computador (automaticas e interativas) [Boose and Gaines,
1989]; ii) em relacdo ao tipo de conhecimento obtido: procedural, conceitual, explicito,
[Shadbolt, 2005] [Milton et al., 2006]; iii) do ponto de vista dos métodos [Shadbolt and
Swallow, 1993]; e iv) dos metodos aplicados a biomedicina [Payne et al, 2007], esses
ultimos, relevantes no contexto desse trabalho.

As técnicas manuais, como a Grade de Repertorios, tém raiz na Psicologia [Boose and
Gaines, 1989]. As técnicas interativas fazem uso de algum tipo de ferramenta para a
interacdo do engenheiro com o especialista. Exemplos de técnicas automatizadas, como
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o aprendizado da méquina, sdo apresentados no Projeto Neon' [Maynard and Nioche,
2006] [Gomez-Perez, Erdmann and Greaves, 2007]

As técnicas para AC orientadas para 0os métodos de aplicacdo podem variar de acordo
com o tipo de conhecimento que se objetiva eliciar. Exemplos de tais técnicas sdo: a)
geracdo de protocolos, entrevistas e observagdo; b) técnicas baseadas em matriz; c)
técnicas de ordenamento e; d) técnicas de limitacdo e restricdo de informacdo
[Shadbolt and Swallow, 1993].

2.2. Aquisigéo de conhecimento em Biomedicina

A organizacdo de terminologias na area biomédica é um desafio constante, em funcao
da amplitude do assunto e da multiplicidade de interpretacbes para os dados e suas
formas de obté-los [Smith, 2008]. A literatura AC em biomedicina apresenta diferentes
propostas para representacao do conhecimento médico e bioldgico.

Vita et al (2006) descrevem a curadoria, parte do processo de anotacdo automatizado,
quase uma exigéncia face a quantidade de artigos cientificos produzidos. As anotagdes
geradas exigem analise e validacdo por especialistas. Um exemplo é a extracdo de dados
imunologicos que exigem alto nivel de especializacdo. Stehr et al (2010) descrevem
curadoria em redes colaborativas. Hoehndorf et al (2009) também se valem de uma
interface wiki baseada em ontologias para aquisi¢cdo semi-automatica de conhecimento.

3. Metodologia de pesquisa

Os entrevistados para AC sdo especialistas do grupo de pesquisa sobre HTLV (virus
linfotropico de células T humanas) em Minas Gerais. Um roteiro experimental para AC
foi proposto, como forma de realizar a pesquisa fim: identificar dificuldades ao longo da
atividade de AC em biomedicina. O roteiro foi elaborado a partir da revisdo de
literatura. Ao realizar uma AC real, o pesquisador vem registrando problemas de forma
a propor melhorias. O roteiro de tarefas para AC contempla trés fases: 1)
Levantamentos; ii) Contatos; 3) Validacao.

A fase de levantamentos compreende atividades anteriores ao contato direto com
especialistas. A primeira tarefa € conhecer o escopo da ontologia de dominio, conhecer
a que fim a se destina, quem vai utiliza-la e com que propositos, além de dados sobre a
ontologia de alto nivel. Além disso, é necessério identificar os especialistas, bem como
0 conhecimento que produzem e registram em fontes. Exemplos de levantamento dos
especialistas e expertise sdo apresentados na Tabela 1.

Tabela 1. Extrato do levantamento de especialistas para atividade de AC

Experts ) A.B.C.F. M.AR. D.U.G. E.F.B. M.S.N.
Formacéo Médico Médico Médico Veterinario Médico
x . Pesquisa e Pesquisa e Pesquisa e .
Atuacéo Pesquisa Medicina Ensino ensino Pesquisa
. Epidemiologia | Epidemiologia | Otoneurologia - Clinica médica
Linhas de - : : -
- Hematologia Infectologia Infectologia - Hematologia
Pesquisa - - - -
Virologia - - Virologia -

®) 0s especialistas sao aqui identificados por c6digos

! Disponivel na internet em: http://www.neon-project.org/ Acesso: 21 julho de 2011
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A fase de contatos consiste no encontro com especialistas e realizacdo de atividades que
permitam obter e registrar conhecimento. Exemplos de técnicas utilizadas sdo: i)
entrevistas, baseadas em template no Protegé-Frames baseado em Scheuermann et al
(2009); ii) técnicas baseadas em matriz; iii) técnica de ordenamento,. A fase de
validacao faz uso de ferramentas wiki para colaboragdo na analise de termos candidatos
a ontologia, bem como de suas defini¢cbes. A partir do conhecimento obtido na AC,
termos candidatos a ontologia sdo transpostos para uma wiki, onde em seguida séo
validados pelos especialistas via internet.

Tabela 2. roteiro de AC utilizado na pesquisa

Fase Objetivo da tarefa Descricdo da Tarefa Instrumento
1.1 conhecer o Conhecer escopo da ontologia em .
. Dados do projeto
contexto desenvolvimento
(1) 1.2 conhecer Conhecer conceitos basicos do Literatura basica da
Levantamento fundamentos dominio em questéo area
1.3 identificar Identificar expertise dos Diretdrios de
expertise especialistas envolvidos pesquisadores
2.1 obter Entrevistas realizadas com Template Protege-
conhecimento especialistas Frames
(2) 2.2 conhecer Identificar problemas para Técnicas de
Contato terminologia organizacdo da informacéo Matriz
2.3 ver organizagéo Entender como especialistas Técnicas de
ad-hoc ordenam conceitos ordenamento
3.1 vall_dar Obte_r aprovagéo sobr_e .teNrmos Pagina Wik
©) conhecimento adquiridos e suas definicdes
Validagdo 3.2 manter Atualizar dados apés cada - o
. L Pagina Wiki
conhecimento validagéo

4. Resultados parciais

Conforme j& mencionado, a pesquisa tem sido realizada no contexto de projeto de
organizacdo da informacdo sobre biomedicina. Ao longo da atividade de AC tém sido
observadas e registradas problemas relativos aos especialistas e aos engenheiros. As
principais observacdes sdo descritas brevemente a seguir. Os resultados parciais foram
obtidos através de observacdo ao processo de AC em questdo e, no atual estdgio de
pesquisa, ndo representam amostra quantitativa significativa.

Especialistas:

= O especialista tem pouco tempo disponivel por acumular outras atividades como:
ensino, coordenag&o, atendimento clinico entre outras;

= O especialista tem dificuldade de explicitar o que sabe e desconhece ontologias;

= EXiste super-especializacdo no ambito da prépria especialidade, o que resulta em
narrativas com diferentes niveis de granularidade e formas de organizar a
informacao;

= O especialista sugere fontes adicionais de conhecimento como complemento ao seu
relato na AC, tendo em vista que suas inumeras publicacdes;

= O uso de entidades provenientes de ontologias de alto nivel, de forma a apresentar a
organizacao hierdrquica preliminar, acaba por confundir o especialista;

Engenheiro
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= A curva de aprendizado no dominio da biomedicina é longa e complexa;

= O vocabulario especializado dificulta a compreensdo das terminologias;

= O assunto é multidisciplinar e os especialistas atuam em sub-dominios: existem
poucos especialistas para consulta e eles séo super-especializados;

= Entidades de provenientes do alto nivel usadas para orientar o engenheiro, nem
sempre encontram respaldo no dia a dia do especialista, o que dificulta o dialogo.

As observacBes registradas até o momento resultam em recomendagfes: a) 0 uso de
fermenta de apoio como Protegé-Frames para organizar as entrevistas de acordo com
principios ontoldgicos sistematicos; b) a consideracdo de AC semi-automatica pelo
grande volume de publicac@es; ¢) a imersdo da literatura € acompanhada de técnicas
como andlise de assunto, andlise conceitual, dentre outras; d) a realizacdo da AC tem
lugar ao longo das atividades rotineiras do especialista; e) uso de ferramentas interativas
para que o especialista registre, ele mesmo, o que sabe, sem intervengdo do engenheiro.

5. Consideracdes finais

Este artigo apresentou_pesquisa em andamento que busca por melhorias nas praticas de
AC. Para tal, descreveu-se literatura sobre AC (inclusive no ambito da biomedicina),
apresentou-se um roteiro para a AC, e discutiu-se resultados parciais através da
identificacdo de dificuldades na comunicagao.

A continuidade da pesquisa abordara questdes ainda em aberto e buscara a confirmacao
de resultados parciais ,na busca por respostas a questdes mencionadas na introducédo do
presente artigo, a saber: como lidar com barreiras no processo de AC como: a formagéo
de consenso; o desconhecimento sobre o trabalho do engenheiro; a falta de tempo do
especialista? Que favorecem o consenso em ambientes colaborativos? Como lidar com
diferencas terminoldgicas entre os proprios especialistas em ambientes colaborativos?
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Abstract. This paper describes the semantic portal project being developed at
CPDOC - FGV, along with all the initiatives that are being undertaken in
order to achieve the final goal. Among those initiatives we can highlight the
domain ontology creation, in the field of Brazil’s contemporary history and
document description, for the proper metadata supply to the documents from
the archives of interest.

Resumo. Este artigo descreve o projeto de criagdo do portal semantico do
CPDOC - FGV, juntamente a todas as iniciativas que estdo sendo
engendradas para que este seja possivel. Dentre estas, destacam-se a criacao
de ontologias de dominio para histéria contemporanea e descricdo de
acervos, para o adequado provisionamento de metadados para os documentos
pertencentes aos acervos em questao..

1. Introducéo

O Centro de Pesquisa e Documentacdo de Histéria Contemporanea do Brasil (CPDOC)
é parte da Escola de Ciéncias Sociais e Historia da Fundacdo Getulio Vargas. Criado em
1973, tem o objetivo de abrigar conjuntos documentais relevantes para a historia recente
do pais, desenvolver pesquisas historicas e promover cursos de graduacdo e poés-
graduacdo. Dentre estes conjuntos documentais, podem-se distinguir aqueles doados por
importantes personalidades da historia brasileira contemporanea e aqueles que séo fruto
de atividades de pesquisas do préprio CPDOC, como entrevistas, dossiés e dicionarios
de verbetes. Os conjuntos documentais sdo organizados em sistemas, com
caracteristicas proprias, como detalhado a seguir:

e Arquivos pessoais, doados ao CPDOC como partes do espolio de personalidades
publicas constituem, atualmente, o mais importante acervo de arquivos pessoais de
homens publicos do pais, integrado por aproximadamente 200 fundos, totalizando
cerca de 1,8 milhdo de documentos, entre textos, imagens e videos.

e Programa de Historia Oral do CPDOC, que desde 1975 vem produzindo um acervo
de depoimentos (em audio e video) de importancia reconhecida tanto no Brasil como
no exterior. No total sdo cerca de 1.000 entrevistas, correspondendo a mais de 5 mil
horas de gravacdo, estando metade delas abertas a consulta na web.
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e Dicionério Historico Biogréfico Brasileiro (DHBB). Comegou a ser desenvolvido no
CPDOC-FGV em 1974 e gerou uma primeira versao impressa em quatro volumes
com 4.493 verbetes sobre conceitos da Histéria Contemporanea Brasileira. Lancada
em 2001, a segunda edi¢do do DHBB em formato de CD-ROM atualizou os verbetes
existentes e incluiu novos, atingindo um total de 6.620 entradas. A versdo atual,
langada em 2010 na web, compreende 7.553 verbetes, sendo 6.584 de natureza
biografica e 969 verbetes tematicos, relativos a instituicdes, eventos e conceitos de
interesse para a historia do Brasil p6s-1930.

Em 2008 o CPDOC iniciou um amplo projeto de digitalizacdo do seu acervo, ainda em
curso. Em 2010 o acervo digitalizado continha a conversdo de mais de 300 mil
documentos textuais, 65 rolos em pelicula, 106 fitas (VHS, Beta e U-MATIC), 350
discos, 187 fitas cassete, 85 fitas rolo e cerca de 32.000 fotografias do acervo de
Arquivos Pessoais. Além disso, foram digitalizadas 5.000 horas de entrevistas do
Programa de Historia Oral, estando toda esta documentacao disponivel para consulta no
CPDOC . Ao final do projeto, conta-se com cerca de 80.000 fotografias digitalizadas
disponiveis para consulta através da web, dando conta de praticamente todo o acervo de
imagens doado até 2010 para o Centro. Além disso, todos os verbetes do DHBB se
encontram em formato digital.

A caracteristica comum aos acervos reside no fato de conterem documentos em midias
diversificadas, como texto manuscrito, texto em formato digital, audio com e sem
transcri¢Oes, imagens e videos com e sem legendas, caracterizando a multimodalidade
midiatica que apresenta dificil tratamento para fins de recuperacdo, e a publicizacdo
destes acervos vem sendo realizada através de interfaces e processos distintos, apesar de
serem abrigados por uma unica instituicdo e poderem ser acessados através do mesmo
portal.

Em 2008, foi criada na FGV a Escola de Matematica Aplicada (EMAp), tendo como
missdo atuar na aquisicdo e repasse do conhecimento cientifico e tecnoldgico de base
matematica para utilizacdo nas areas de interesse da FGV e parceiros. Em contato
inicial com o CPDOC, prop6s-se uma parceria para aplicacdo das técnicas de
recuperacdo de informacgdo desenvolvidas no escopo da Matematica Aplicada para uso
no CPDOC. A partir deste contato, foi realizado um diagndstico nos sistemas de
informacdo do CPDOC que apontava, de maneira geral, para a necessidade de maior
integracdo entre os sistemas e melhoria na descricdo dos dados e nas interfaces de
acesso. Estes motivadores levaram a criacdo de projetos de parceria que, em termos
gerais, buscam melhorar a integracdo e gestdo dos sistemas de informacéo, e acesso
externo aos acervos, aumentando a visibilidade dos arquivos salvaguardados e das
produgdes intelectuais desenvolvidas para a sociedade.

Neste artigo descreve-se em linhas gerais o projeto do portal seméntico do CPDOC, e
especificamente sua vertente que envolve o desenvolvimento de ontologias. O projeto
prevé a migracdo de todo o acervo atual para uma base de dados comum em formato
RDF triplestore, e a unificagdo dos padrdes de descricdo entre todos os fundos e
sistemas, 0 que envolve a criacdo de ontologias de descricdo e de dominio. Como
objetivo, pretende-se oferecer uma interface Unica para buscas tematicas transversais e
integradas, utilizando-se conceitos e categorias de conceitos relativos ao dominio da
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Historia Contemporanea Brasileira — como pessoas, acontecimentos e locais — através
de todos os sistemas/acervos atuais.

2. O problema

O principal problema a ser enfrentado se caracteriza pelo tratamento integrado de bases
heterogéneas e em formatos multimidia, e a auséncia de padronizacdo nos formatos de
descricdo. No ambito do projeto, almeja-se uma interface Unica e um padrdo unificado
de metadados para descricdo dos inumeros itens dos diversos acervos.

Como foram construidos de maneira independente, os acervos, sistemas e fundos
adotaram padr@es idiossincraticos de descricdo, ressaltando diferentes caracteristicas a
serem descritas e diferentes terminologias para descrevé-las. Acrescenta-se a esta
dificuldade o fato de ser o acervo composto por fotografias, cartas, desenhos,
periddicos, entrevistas em &udio e video, gravacdes de radio, de video, dentre outros.

3. A solugéo proposta

O problema proposto demanda uma série de iniciativas razoavelmente independentes de
preparacdo dos acervos e sistemas para a migracdo. Estas iniciativas sdo descritas a
sequir:

e Projeto de reconhecimento de faces e personagens: teve como objetivo otimizar os
processos de gestdo do acervo fotografico do CPDOC, a partir de técnicas de
reconhecimento de faces e de personagens. Como resultado, foram desenvolvidos
aplicativos para tratar os fundos organizados com legendas, realizando a detec¢édo de
faces e a combinacdo destas com as legendas ja produzidas. Além disso, atende a
demanda do CPDOC de disponibilizar ao publico de maneira mais amigavel a
localizacdo dos personagens em cada fotografia de nosso acervo.

® Projeto de alinhamento de som e texto: teve como objetivo produzir transcri¢es
automaticas de voz em lingua portuguesa, a serem utilizadas pelo o programa de
histéria oral do CPDOC no tratamento de seus acervos. O material utilizado é
constituido de entrevistas transcritas, entrevistas gravadas — arquivo de audio,
transcricdes das entrevistas — arquivo de texto, entrevistas sem transcricao,
entrevistas gravadas — arquivo de audio, Sumario das entrevistas — arquivo de texto.

e Projeto de mineracdo de textos: é, na verdade, um conjunto de iniciativas de
processamento de linguagem natural para oferecer, entre outras coisas, Suporte aos
projetos reconhecimento de faces e personagens e de alinhamento de som e texto.
Nesta iniciativa, foram coletados possiveis descritores (termos frequentes
encontrados em legendas de fotos, em documentos, e em transcri¢cdes de entrevistas)
com vistas & incorporacdo nas ontologias de dominio e também no DHBB.

® Projeto de “Wikificacdo” do DHBB: Foi engendrado para promover uma maior
interligacdo das bases de dados internas do CPDOC com as externas, como a propria
Wikipédia, com beneficios no sentido de aumento da publicizacdo e estruturacdo de
redes sociais de colaboragéo para contribuigdes e eventuais corre¢des para 0 acervo.
Estd sendo implementada atraves de uma ferramenta open source de Wiki Semantico
(MediaWiki com extensdes semanticas), e nesta wiki estdo sendo cadastrados
verbetes do DHBB para demonstrar as possiveis funcionalidades do ambiente. Este
projeto se beneficia das ontologias que estdo sendo criadas.
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Projeto de Criacdo de Ontologia a partir dos Descritores de Sistemas: a descri¢cdo dos
acervos do CPDOC é realizado hoje através de uma enorme lista ndo hierarquica de
descritores, que contém, entre outras coisas, instancias de pessoas, entidades,
processos, eventos, locais e atributos. Esta lista se constitui no primeiro
levantamento de conceitos para a criacdo da ontologia de historia contemporénea,
junto aos verbetes hoje presentes no DHBB.

4. O portal semantico toma forma

Todos estes projetos sdo fins em si, com utilidade e potencial de melhorias imediatas
para os sistemas como se encontram atualmente. Mas a culminacdo dos projetos
constitui o embrido do Portal Seméantico do CPDOC. Este compreende uma solucao de
migracdo dos acervos para um sistema Unico, com tecnologias abertas e preconizadas
pelo W3C. A proposta de Portal encerra uma solugdo que proporcionara:

Acesso unificado aos acervos dos sistemas;

Navegacao e busca pautada por conceitos, independente de midias e de sistemas;
Buscas transversais entre sistemas (DHBB, Arquivos Pessoais, PHO, etc.);
Interligacéo dos acervos através de conceitos comuns;

Padrdes unicos de descri¢do de itens entre os sistemas;

PadrOes de descricdo adotados mundialmente, permitindo a interoperabilidade e
interligacdo com sistemas e acervos externos;

Integracdo com os repositérios da web (Linked Data / Linked Open Data’) através da
utilizacdo de uma base de dados em padrédo RDF triplestore;

Conceitos relevantes estruturados sob a forma de verbetes, com nome e enderego
unicos, preferencialmente sob a forma de URIs;

Maior visibilidade do acervo sob a 6tica dos mecanismos de busca;
Possibilidades aumentadas de integracdo dos acervos como objetos educacionais;
Possibilidade de integracdo com a Biblioteca Digital da FGV;

Dentre outros aspectos. A FIG.1. A seguir exemplifica o esquema do Portal Semantico
com 0s processos de conversao de bases:

! http://linkeddata.org/
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Figure 1. Esquema do Portal Semantico

Para materializar a solugdo integrada, em conjunto e adicionalmente aos projetos

apresentados, serdo desenvolvidas as seguintes a¢fes de nivel macro:

e Anaélise dos metadados descritivos de cada fundo/acervo;

e Criacdo de um formato padronizado de descricdo, preferencialmente atraves da

composicdo de ontologias existentes e utilizadas no escopo da web semantica
(Dublin  Core, Bibliographic Ontology, FOAF, dentre outros), e que sejam
compativeis com os padrBes de descricdo arquivistica (NOBRADE, ISAAR(CPF),
ISAD(G));

Criacdo de Ontologias leves (light ontologies) no dominio da Histdria
Contemporanea para descri¢do do contetdo dos documentos;

Classificagdo dos documentos segundo os campos dos padrGes de descri¢do
adotados, e utilizando os conceitos desenvolvidos na Ontologia de Historia
Contemporanea;

Classificacdo das fotografias através da digitalizacdo e processamento de legendas, e
através de técnicas de reconhecimento de faces e de personagens;
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e Classificagdo do material em &udio, através de processamento de transcri¢des e
analise dos campos de metadados;

e Migracdo dos acervos para uma nova base de dados em formato triplestore, ou seja,
um banco de dados proprio para armazenamento de dados no formato RDF;

¢ Interligac&o interna e externa dos itens dos acervos através de identificadores Unicos,
preferencialmente acessiveis via hipertexto (URIs e URLS);

¢ Criacdo de interfaces de pesquisa no acervo através da tecnologia SPARQL.

As ontologias a serem criadas — de descricdo e no dominio da histéria contemporanea —
serdo desenvolvidas segundo a metodologia hibrida proposta em Silva, Souza e
Almeida (2008), dando-se prioridade ao reuso de ontologias existentes, no caso
especifico das ontologias de descricao bibliografica.

5. Discussao

Este artigo apresenta 0 panorama de um projeto que se encontra em plena execucéo,
tendo sido iniciado em 2010 e com previsdo de término para o final de 2012. Envolve
uma série de iniciativas que estdo sendo desenvolvidas em paralelo, com um horizonte
de unificacdo, materializada na conjuminagdo de cinco projetos independentes, como
foi apresentado, além de acGes especificas do projeto do portal seméntico. Constitui um
projeto representativo de recuperacdo de informacdes multimodal porque lida com
documentos em formatos diversificados, como audio, video, imagens, textos e modelos
conceituais. Além disso, incorpora tecnologias e instrumentos oriundos do ferramental
da web semantica, como triplestores RDF e ontologias. O produto final, acredita-se
aumentara enormemente a publicizacdo e acesso dos acervos e sistemas mantidos pelo
CPDOC, contribuindo para seu melhor uso pela sociedade em geral.

6. Referéncias
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Abstract. In recent years, researchers have focused on merging knowledge
bases in both pragmatic and theoretical points of view. In this paper, we enu-
merate a few attempts to deal with inconsistencies while merging knowledge
bases. We focus on ontology merging and show that pragmatic and theoretical
approaches are not integrated and that both could benefit from a closer relation-
ship. We extended an existing theoretical algorithm for Description Logics and
applied it for the ontology merging problem. We describe here an implementa-
tion of this algorithm as an open source Protégé plugin.

1. Introduction

There has been a rapid increase in availability of (semantic) information on the web. Nev-
ertheless, there is no standard way of reusing knowledge, creating a challenge of building
new knowledge bases for specific domains. This has forced users to build knowledge
bases from scratch instead of being able to reuse previously established knowledge.

Ontologies have been considered as a mean for expressing and sharing semantic
knowledge among systems [Gruber 1993] specially in the context of the Semantic Web.
Their underlying structures allow machine-processing, providing a common vocabulary
for expressing metadata about each web resource. Also, they are based on first order logic,
allowing the usage of reasoners that are able to infer relationships between concepts based
on their logical description. In that sense, W3C proposed the OWL! standard specification
language to express ontologies.

The main challenge faced by knowledge integration research is solving incon-
sistencies by removing the minimum amount of information so that the remaining stays
consistent. Since we are talking about removing part of the knowledge from the base,
it is important to clarify the difference among three kinds of knowledge integration: (a)
merging, (b) revising, and (c) updating. Revesz [Revesz 1995] claims that revision and
update operators are characterized by the inclusion of knowledge that is either more or
less relevant (or trustful) than the knowledge previously defined, while merge, in contrary,
does not prefer any piece of knowledge over another.

That kind of concern resulted in works like [Konieczny and Pérez 1999] where the
authors have dealt with the merging problem for the propositional logic case by means of
a model-based approach. This kind of work has inspired most of the research conducted
in the theoretical field of first order logic merging, such as the work of Gorogiannis et
al. [Gorogiannis and Hunter 2008] and Qi et al. [Qi et al. 2006]. Unfortunately, prag-
matic approaches did not follow the same evolution pace as theoretical ones and just a

*The author would like to thank FAPESP for sponsoring his research.
'www.w3.0rg/TR/owl-features/
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few tools have been developed to provide knowledge base integration. This might have
happened because pragmatic research has focused on the ontology mapping activity. If
we think about the whole knowledge integration as a process: first of all, we have to
compute whether there are similar concepts and how similar such concepts are - this is
the mapping activity - and each concept correspondence is called concept match. After
mapping the concepts, the merging activity takes place. During the merging, the concepts
from all the knowledge bases are copied into the output base. Thus, mapping is the activ-
ity that most of the time comes before the merging (at least in the ontology integration)
[Falconer et al. 2007].

In this paper, we present our current work on ontology merging, including the
implementation of a plugin for the Protégé? editor.

This paper is organized as fallows. Section 2 presents a brief summary of prag-
matic and theoretical works that aim to deal with ontology inconsistencies. Section 3 ex-
plains our efforts in bridging the gap between both points of view and present the merging
plugin we developed. Finally, at Section 4, we present a few conclusions taken from our
work and discuss what we plan to do in the future.

2. Ontology Merging

In this section, we intend to show the common approaches used to deal with the ontology
merging and inconsistency handling problem. We have divided this section in two to show
that these two fields of study are not dealing with the same problems.

2.1. Theoretical Approaches

Only a few studies in the literature deal directly with description logics based knowl-
edge integration and inconsistency management. We classify these works, like
[van Harmelen et al. 2005], into two main categories: syntactic and semantic-based ap-
proaches. The syntactic-based approaches sees ontologies as a set of axioms, which are
syntactic objects, while semantic-based approaches sees ontologies as a set of models,
which are semantic objects that are represented by a finite set of axioms.

In the context of syntactic-based approaches, we would like to cite the research
conducted by Thomas Meyer and his colleagues. They proposed an algorithm for finding
maximally consistent sets from inconsistent knowledge bases [Meyer et al. 2005]. This
algorithm is a modification of the conjunctive maxi-adjustment algorithm for proposi-
tional knowledge integration and is called CMA-DL. In that sense, such work is similar
to the work developed by van Harmelen et al. [van Harmelen et al. 2005], but instead
of looking for maximally consistent subsets their goal is to build minimally inconsistent
subsets, which they call diagnoses. The main difference between these two approaches is
that the CMA-DL algorithm takes into account the order of the bases to be merged. Each
base is called strata and the set of all strata is called stratified knowledge base. This set
is ordered by preference, which means that the first ontology is preferred over the second
one during the merging activity. We have proposed a small modification to this algorithm
that gives to the user all possible merging precedence order. We have used this algorithm
to implement our Protégé merging plugin.

Most of the semantic-based approaches have been inspired by model-based propo-
sitional logic inconsistency solving like what is presented at [Konieczny and Pérez 1999].

http://protege.stanford.edu
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In that context, Gorogiannis et al. [Gorogiannis and Hunter 2008] propose an approach
to deal with inconsistencies by means of Dilation Operators that are, basically, an strat-
egy to iteratively relax the formulas to remove inconsistencies. The authors have first
proposed the use of Dilation Operators to deal with inconsistencies in propositional log-
ics and showed the equivalence of their approach to the one from Konieczny and Pérez
[Konieczny and Pérez 1999]. Finally, they took the idea of using Dilation Operators fur-
ther and proposed an operator that iteratively transform first order formulas by changing
universal quantifiers into existential ones. This approach may solve a few inconsisten-
cies but we figured out that it would be hard to translate it to an ontology context. For
instance, the description logic formula equivalent to Vz.p(z) — z(x) would be p C =
but we were unable to define a way to dilate the description logic formula so it would
be equivalent to the dilated first order logic formula, i.e. 3x.p(z) — z(z). Qi and col-
leagues have also proposed model-based operations to solve inconsistencies in ontologies.
In [Qi et al. 2006] they proposed a model-based operator named weakening and showed
that its results are semantically equivalent to those of CMA in stratified knowledge bases.

2.2. Pragmatic Approaches

In this section, we present a few tools which purpose is to manage multiple ontologies to
combine and promote the reuse of knowledge. We will discuss the PROMPT approach
for ontology merging and specially inconsistency handling in more detail as it was the
only one that we have found that deals with inconsistency. We have tried a few other
tools but, unfortunately, none of them provided any inconsistency handling mechanism.
For instance, we have tried Watson For Knowledge Reuse®, which is a tool that allows
the user to query a web service that contains ontologies and ask it for suggestions on
new concepts to be added. It may suggest to include relationships and concepts that
may break the ontology consistency. So, it is not specially concerned with keeping the
ontology consistency. We have also tried the OWLDIff* tool. It intends to work just
like the common Unix diff command, providing an easy-to-use interface that shows the
differences between two ontologies. It also allows the user to copy ontology fragments
between ontologies but does no consistency checking after doing so.

We have studied the PROMPT tool for merging and it does provide support
for inconsistency management. Unfortunately, the inconsistencies dealt with PROMPT
strategies are not logic inconsistencies and they arise due to the fact that its merging al-
gorithm sometimes fail in merging concepts and properties. We figure that PROMPT
does not deal with logical inconsistencies because when the authors proposed its idea
[Noy and Musen 2000], the Protégé OWL tool did not provide support for more expres-
sive logics constructions like the disjoint clause.

PROMPT deals with 4 kinds of inconsistencies: a) Name Conflict: this inconsis-
tency happens when the algorithm includes two different concepts with the same name in
the merged ontology, so the system advises the user to rename them; b) Dangling Ref-
erences: this inconsistency happens when the image of a given property is missing in
the merged ontology, so the system suggests that the user includes such concept into the
merged ontology; c¢) Redundant Hierarchy: this inconsistency happens when there is more
than one path connecting a concept to one of its ancestors, so the system suggests that the

3http ://neon-toolkit.org/wiki/1l.x/Watson_for_Knowledge_Reuse
*http://krizik.felk.cvut.cz/km/owldiff/
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user removes one of these paths; d) Slot Constraint Violation: this inconsistency happens
when some property has its cardinality violated at the merged ontology, e.g. a property
that should have only one individual as its images is used to connect two different pair of
individuals. The systems then suggests that the user removes one of these individuals.

3. On the confluence of theoretical and pragmatic approaches

The main focus of the work that we are currently developing is to bridge the gap be-
tween the theoretical and pragmatic approaches for ontology integration. Unfortunately,
pragmatic approaches have very little to offer since the only conflict solving approach
described (by PROMPT) does not deal with logical inconsistencies. Also, the theoretical
works most of the time cannot be directly applied to Ontology merging, their algorithms
were designed for using with first order logics like [Gorogiannis and Hunter 2008].

We chose to use the CMA-DL algorithm designed by Meyer et al.
[Meyer et al. 2005] to solve merging inconsistencies in description logics and applied
it to ontology merging. The algorithm proposed the generation of maximally consistent
subsets of the axioms present at each ontology at the inconsistent knowledge base in an it-
erative way. We chose to use such algorithm as the starting point for our research because
it is a syntactic-based approach that can clearly build maximally consistent ontologies,
not like the algorithm from [van Harmelen et al. 2005], which relies on a Connectedness
notion and the proposed Direct Structural Connection function cannot detect axioms that
cause inconsistencies that are not structurally connected.

The CMA-DL algorithm takes into consideration that, at the inconsistent knowl-
edge base, the ontologies are sorted by order of preference. We believe that, sometimes,
this is the case and we believe that this approach is close to the knowledge revision, but
sometimes we cannot classify the ontologies according to their relevance. Let us take a
look at the example (taken from [Meyer et al. 2005]) for instance:

Example 1: Consider the knowledge base K = (.S, S2) and that the ontology S is com-
posed of the following axioms bird(tweety), - flies(tweety), bird(chirpy) and that the
ontology 5> is composed of the axiom bird C flies. It is easy to see that this knowledge
base is inconsistent, sice Sy states that rweety is a bird that cannot fly and .S, states that
every bird flies.

The CMA-DL algorithm gives preference to the knowledge present in .S; and the
result for its processing is the ontology O composed of the axioms exclusively from 57,
ie., O = {bird(tweety), - flies(tweety), bird(chirpy)}. Although this is an ontology
free of inconsistencies, we argue that at this case the discarded axiom seems to be very
important to the result. It is a constraint that applies to all individuals of the bird concept.

We have proposed a modification to the CMA-DL algorithm that takes into ac-
count all possible ordering combinations of the input knowledge base. Such algorithm
can be seen at the Listing 1. It accumulates the results of the possible combinations and
leaves to the user the choice of which one to use. The algorithm presented relies on a set
of specific operations. It uses a PowerSet() operation to calculate all possible subsets of a
given set and Permutations() to calculate all possible permutations of a given set. It also
relies on the Ontology() operation to generate a new Ontology from a set of axioms given
and, conversely, it uses the Axioms() operation to retrieve a set containing all axioms of a
given ontology.
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Listing 1. Modified CMA-DL

Algorithm M-CMA-DL:
Input: A set of ontologies D := (Dy1,D2,...,Dyp)
Output: A Set of Consistent Ontologies
B := {An Empty Ontology}
for all Permutation (O1,0a2,...,0,) in Permutations(D) do
for i := 1 to n do
C =B
for all Ontology C in C do
O := Azioms(0;)
i= o]
S =10
repeat
X = {X||X € PowerSet(O) and |X]| = j}
for all Axiom Set X in X do
if Ontology(Azioms(C)U X) is consistent then
S = SU{X}
endif
endfor
ji=j—1
until S is not empty
for all Axiom Set S in S do
B := (B\{C}) U {Ontology(Azioms(C)U S)}
endfor
endfor
endfor
endfor
return B

If we run our version of the algorithm using as input the same knowledge
base presented in Example 1, we would get the following set as output: R =
{01,04,03}, where O = {bird(tweety),flies(tweety),bird(chirpy)}, O =
{bird(tweety), bird(chirpy),bird T flies}, and O3 = {bird(chirpy), bird T flies}.
One can easily see that our approach gives more power of choice to the user and at two
different options he/she is able to keep the axiom that states that every bird flies, which
was our primary goal.

We have developed a Protégé view plugin (Figure 1). that allows users to merge
two ontologies at each time. The plugin can use both the classic and our version of the
CMA-DL. It uses the HermiT® reasoner to check the consistency and OWLAPI® to access
and manipulate ontologies. It is distributed under the GPL v3.0 license and is available at
http://ccsl.ime.usp.br/en/onair/ontology-merging. The plugin al-
lows the user to pick two ontologies from his/her filesystem and choose the destination
where the resulting ontologies are going to be stored. Lastly, the user chooses whether
he/she wants to use the classic CMA-DL or our modified version by checking the option
“Merge ontologies using the first one as more important (Classic CMA-DL)”.

Ontology 1: Select First Ontology Output files prefix |
Qutput Path Select Output Path
Ontology 2: Select Second Ontology
[] Merge ontologies using the first one as more important (Classic CMA-DL] Merge ontalogies

Figure 1. Protege Merging Plugin

Shttp://hermit-reasoner.com/
®http://owlapi.sourceforge.net
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4. Conclusions and Future Work

In this paper, we presented a brief overview of theoretical and pragmatic research in the
ontology merging field. We showed that there is a big gap between the pragmatic and
theoretical approaches for ontology merging. We believe that both sides would benefit
from a higher degree of integration. Also, we believe that the pragmatic field is a little
bit stagnant when it comes to dealing with inconsistent merging results. In that context,
we have chosen the CMA-DL algorithm as a starting point for our research because it
clearly solves inconsistencies and could be directly applicable to ontologies. After a few
experiments, we have proposed a small modification for this algorithm to provide more
power of choice to the users. Now, the user can choose which ontology ordering suits
better his/her needs.

Currently, we are working on building a software library to manage inconsis-
tencies. An initial version of it is available at http://ccsl.ime.usp.br/en/
onair/ontology-merging. Also, we intend to implement a web version for this
merging mechanism and integrate it to the OnAIR - Ontology Aided Information Re-
trieval system’, which is an ontology-based search tool for multimedia bases. OnAIR has
an ontology-based query expansion feature and the merging mechanism would help the
experts to build better ontologies, improving the retrieval results quality.
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Abstract. This paper presents preliminary results of a end of course work from
a computer engineering's student (EComp), which aims to develop an ontology
engine for educational games for children with visual needs. In addition to the
preliminary results, presents some methodological resources that are being
used for developing such an ontology.

Resumo. Este artigo apresenta resultados preliminares do Trabalho de
Concluséo de Curso (TCC) de um estudante do curso de Engenharia de
Computacdo (EComp), que objetiva elaborar uma ontologia de engine de
jogos educativos para criancas com necessidades visuais. Além dos resultados
preliminares, apresenta os recursos metodoldgicos que estdo sendo utilizados
para o desenvolvimento da referida ontologia.

1. Introducéo

A condicdo de visdo de pessoas com necessidades visuais pode ser categorizada como:
cegueira e baixa visdo [Glat 2009], também chamada de visdo subnormal [Conde
2010]. Nos dois casos, tais necessidades afetam o desenvolvimento eficiente da visdo
para a execucdo de tarefas que exigem tal sentido. Naqueles que apresentam visao
subnormal, o residuo visual, em diferentes proporcGes, permite a essas pessoas o
desenvolvimento de tarefas educacionais. Aqueles diagnosticados com cegueira
conseguem, no maximo, perceber a luz [Gasparetto ¢ Nobre 2007], dependendo,
portanto, de outros recursos que os auxiliem em tais tarefas. Dessa maneira, 0 processo
educacional envolvendo cegos requer atividades e recursos proprios, aplicagdo
cuidadosa da mente e concentragdo [Rabello 2007]. No campo da Informatica, diversas
tecnologias assistivas (i.e softwares, maquinas) vém sendo criadas com o intuito de
colaborar no processo de formagéo e inclusdo dos portadores de necessidades visuais
nos diversos setores da sociedade.

165



O Ministério da Ciéncia e Tecnologia (MCT), através da Pesquisa Nacional de
Tecnologia Assistiva (PNTA), tem acompanhado a produgéo de tecnologias assistivas e
fornecido, a cada ano, dados estatisticos sobre a sua producgdo, necessidades, uso e
investimento no Brasil [MCT 2011]. Conforme as informagdes divulgadas no portal
MCT (2011), o uso de tecnologias para pessoas com necessidades visuais tem ganhado
importancia nas mais diversas &reas do conhecimento humano. Um exemplo de
tecnologia indicada para promogéo da interatividade e aprendizagem para cegos sdo 0S
jogos eletrénicos (e.g aShooter, BlastChamber; Bobby sRevenge; Bop It Ultimate;
CrazyDarts; CrazyTennis; Deekout DescentintoMadness).

O motor de jogos eletrénicos, também conhecido pela palavra inglesa engine, € o
software responsdvel por carregar os arquivos de arte para a memoria, realizar os
desenhos, tocar sons, etc. Ele oferece componentes reutilizaveis que podem ser
manipulados para carregar, exibir e animar modelos, e que podem ser utilizados para a
producdo de outros jogos com caracteristicas basicas similares [Sanches 2010].

Todavia, percebe-se a escassez de engines para jogos eletronicos educativos para
criancas cegas. Tomando isto como uma demanda de pesquisa, e motivado pela
possibilidade de desenvolver habilidades e competéncias técnicas fundamentais para o
seu desenvolvimento profissional e poder contribuir com a incluséo social, Rodrigues
(2011) estd objetivando compreender os beneficios advindos da elaboracdo de uma
modelagem de um engine de jogos eletronicos educativos para criangas cegas.

Para a consecugdo do objetivo de pesquisa supracitado, foram realizadas algumas
acdes tais como o levantamento, exploragdo e analise de jogos eletronicos educativos
disponiveis para criangas cegas; a identificacdo de requisitos funcionais e nao funcionais
que sdo comuns aos jogos explorados; e a representagdo do dominio engine de jogos
eletronicos educativos para criangas cegas, a partir da elaboracao de uma ontologia.

Ontologia, conforme explicam Gruber (1993) e Guarino (1998), ¢ uma
especificacdo explicita e formal de uma conceitualizagdo compartilhada. E Breitman
(2005) explica essa defini¢gdo, comentando que a ‘“‘conceitualizacdo” representa um
modelo abstrato de algum fendmeno que identifica os conceitos relevantes para o
mesmo; “especificacdo explicita” significa que os elementos e suas restricoes estdo
claramente definidos; “especificagdo formal” significa que a ontologia deve ser passivel
de processamento automatico; € o adjetivo “compartilhada” reflete a nogdo de que uma
ontologia captura conhecimento consensual, aceito por um grupo de pessoas. Segundo
Breitman (2005), as ontologias tém sido adotadas por diversas comunidades formadas
por profissionais de diversas areas de Engenharia de Computacdo, como Inteligéncia
Artificial, Representagdo do Conhecimento, Processamento de Linguagem Natural, Web
Semantica, Engenharia de Software, entre outras.

Guarino (1998) afirma que ¢é possivel classificar as ontologias quanto a
generalidade em ontologias de nivel superior, que descrevem conceitos muito genéricos
(e.g. espaco, tempo e eventos); ontologias de dominio, que descrevem o vocabulario
relativo a um dominio especifico através da especializacao de conceitos presentes na
ontologia de alto nivel; ontologias de tarefas, que descrevem o vocabulario relativo a
uma tarefa genérica ou atividade através da especializagdo de conceitos presentes na
ontologia de alto nivel; e ontologias de aplicacdo, que sdo ontologias mais especificas.
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Este artigo objetiva apresentar alguns passos que estdo sendo dados no intuito de
elaborar a ontologia de dominio engine de jogos eletrénicos educativos para criangas
cegas. Aqui, o termo “cego” é utilizado tanto para se referir as pessoas que apresentam
baixa visdo, quanto aos portadores de cegueira total. O artigo esté articulado da seguinte
forma: a Secdo 2 apresenta algumas escolhas metodoldgicas que foram realizadas no
intuito de desenvolver a ontologia. Os resultados preliminares, obtidos a partir da
execucdo da primeira fase da metodologia de desenvolvimento de ontologias que foi
adotada, sdo apresentados na Secéo 3; e, finalmente, na Se¢éo 4, as consideragdes finais
séo elencadas e os trabalhos futuros apontados.

2. Escolhas metodoldgicas para o desenvolvimento da ontologia

Para o desenvolvimento da ontologia de engine de jogos eletronicos educativos para
pessoas cegas, utilizaram-se a Ontology Web Language (OWL) e o editor Protegé.

A Ontology Web Language (OWL) apresenta como principais elementos para a
construcdo de uma ontologia: (1) Namespaces: sao declaragdes que permitem que os
identificadores que estdo presentes na ontologia sejam interpretados sem ambigiiidades;
(2) Classes: representa um conjunto ou cole¢do de individuos que servem para descrever
conceitos de um dominio; (3) Individuos: sdo membros das classes e que podem se
relacionar a outros individuos através de propriedades; (4) Propriedades: que sdo
relacionamentos bindrios e sevem para descrever fatos em geral, a todos os membros de
uma classe, ou a um individuo dessa classe; e (5) Restrigdes: sdo utilizadas para definir
alguns limites para individuos que pertencem a uma classe [Breitman 2005].

O Protege é um software livre, de cddigo aberto, que fornece, para uma
comunidade de usuarios em crescimento, um conjunto de ferramentas para a construgédo
de modelos de dominio e bases de conhecimento baseadas em ontologias. Em seu
nacleo, implementa um rico conjunto de estruturas de modelos de conhecimento e
suporta a criacdo, visualizacdo e manipulacdo de ontologias em diversos formatos e
representacdo. Pode ser personalizado para fornecer apoio amigavel para elaboracédo de
modelos de conhecimento. Além disso, pode ser estendido por meio de um plug-in e
uma arquitetura baseada em Java Application Programming Interface (API) para
elaboracdo de ferramentas baseadas em conhecimento e aplicacfes [Protege 2011].

Além da adoc¢do da linguagem OWL e do Protege, foi escolhida a Metodologia de
Desenvolvimento de Ontologias (MDO) para auxiliar Rodrigues (2011) quanto aos
procedimentos metodoldgicos necessarios para a elaboracdo da ontologia. A MDO foi
proposta por Pinto et al. (2005) e esta articulada em quatro fases: (1) Preparacéo, (2)
Formalizacdo, (3) Implementacéo e (4) Andlise de Qualidade: A Fase de Preparacéo esta
dividida em trés processos (Analise do Dominio, Levantamento de Conceitos e
Identificacdo de Relacionamentos e fungbes) os quais objetivam ter um modelo
conceitual do dominio que esta sendo analisado. A Fase de Formalizacdo esta dividida
em dois processos (Definicdo de Axiomas e Mapeamento Estrutural), que definem a
I6gica proposicional e esquematizam o modelo conceitual, definido na Fase de
Preparacdo. A Fase de Implementacdo executa a ontologia. Esta tem um processo
(Prototipacgdo), o qual possibilita uma possivel modificagdo em sua ontologia. Na Fase
de Analise de Qualidade, os processos de Validacdo e Verificacdo e Usabilidade séo
utilizados para verificacdo de falhas e da aplicabilidade da ontologia construida.
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Esta pesquisa encontra-se na Fase de Preparacdo da MDO. Alguns jogos
eletronicos foram selecionados, explorados e analisados, de modo que o estudante
pudesse compreender o dominio de conhecimento e levantar conceitos candidatos a
integrar a ontologia. Em seguida, os conceitos candidatos foram relacionados. A
representacdo grafica gerada a partir de OWLViz, do Protege, serd apresentada na
proxima secao.

3. Resultados Preliminares

Atualmente, a ontologia elaborada contém 120 conceitos, obtidos por meio da andlise de
20 jogos destinados a pessoas cegas. Para analisar os conceitos existentes nos jogos,
tomou-se como referéncia o trabalho de Zagal (2010a, 2010b), que, em seu projeto
intitulado Game Ontology Project (GOP), objetiva representar as caracteristicas dos
jogos em conceitos.

A fim de apresentar as caracteristicas basicas da modelagem do engine proposto,
apresentam-se, neste artigo, alguns dos conceitos obtidos. Eles encontram-se
relacionados taxonomicamente a partir do conceito raiz OntoEngineGameBlind, sao
eles: Interface, Rules, EntityManipulation, Goals, conforme pode ser observado na
Figura 1.

[ Interface W
|5’; —
; e ea —ARue)
[ Thing =+ =2 OntoEngineGameBlind .
e o g — - B _f:‘.--"':'..-—Jﬁ’_'?‘__ —

T EntityManipulation B

— "--i.‘_Ej-?I

T Goals W

Figura 1. Defini¢des basicas da Modelagem.

Fonte: [Rodrigues 2011]

Interface € um conceito onde se encontram a apresentacdo do jogo, as entradas de
dispositivos e seus métodos. Divide-se basicamente em Entradas (Input) e
Apresentacdo. Os Inputs utilizam de componentes que interagem com 0 usudrio através
de dispositivos fisicos, e 0 Presentation dispde na tela os resultados e as possibilidades
existentes para que a pessoa utilize o jogo. A Figura 2 expde a Interface e seus
subniveis.

Rules (Regras) definem e estabelecem as condi¢des de um jogo a serem seguidas.
As regras sdo divididas em Regras do Jogo, Regras do Mundo do Jogo e as Regras de
Sinergia, estas ultimas utilizadas para a comunicacéo das duas anteriores. A Figura 3
mostra o conceito Rules e seus subniveis.

Entity Manipulation, ou Manipulacdo de Entidades, realiza as agdes principais de
um jogador. Estas ac¢des podem ser: a customizacdo de jogadores e cenarios, a
movimentagdo do jogador, a composi¢ao de agdes dentro de um jogo, a criacado,
remogao e selecdo de componentes e jogadores, além da possibilidade de acontecer
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colisdbes em um jogo e a manipulagio do tempo. A Figura 4 mostra os conceitos

relacionados @ Manipulagdo de Entidades.

Goals sdo os objetivos de um jogo, as metas a serem alcangadas. Os objetivos

podem ser os do jogo (GameGoals), que tem suas

proprias limitagdes, os limites para

cada objetivo(GoalMetrics), e os objetivos do usuério (jogador) do jogo (AgentGoals).
A Figura 5 exibe o conceito Goals e seus subniveis correspondentes.

' Presentation F

P
| Input W

([ Interface =}

Figura 2. Interface e seus subniveis.
Fonte: [Rodrigues 2011].

'Z'_..'-I'nl.'.:ustornize-.._i-

-~

'_. TaolMowve h

is- 3.~

A -
y .

&
!

r

i
#

A

7
L ;
(_ EntityManipulation === —
—— "*-.,'.'i:j_ i - isa "
3..{‘\ S

. -~ e i

is- g3

//;3* (_ Compoundfction E

is—a..---""'f-
2

'_/ ToRotate \_'

"
—
- —

[

ToCreate \_'

-

. — T
\ .53 i
.._.x_“ I L TnGoIIlde_zl
'.._" M, — —
“, \\is-a __.-H-"-' - T ——
A S ¢ ToManipulateTime B
4 \ s e I
."\. ‘\\ ) ", —
N, isa e
'\\._l g -,
, [ ToRemowve )
. ~ —
", .,
N a e,
{ ToSelect B
. 0

' T Dwin h

Figura 4. Entity Manipulation e seus subniveis.

Fonte: [Rodrigues 2011]

4. Considerac0es Finais
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Figura 3. Rules e seus subniveis.
Fonte: [Rodrigues 2011].

. 1' GameGoals )'

P N _Ed
[ Goals = )

M ——l®d o

""--.h_____j_s_a 1 AgentGoals |

4 GoalMetrics P

Figura 5. Goals e seus subniveis.
Fonte: [Rodrigues 2011].

Este trabalho objetivou apresentar alguns resultados preliminares tendo como base
um Trabalho de Conclusdo de Curso (TCC) [Rodrigues 2011]. Com o intuito de

contribuir com a incluséo social e desenvolver hab
sua formacdo profissional, esta sendo desenvo
eletronicos educativos para criangas cegas. Plan
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através da execucdo das fases de Formalizacdo, Implementacdo e Analise de Qualidade
da MDO, com o intuito de finalizar o desenvolvimento da ontologia engine de jogos
educativos para criangas cegas, e disponibiliza-la para uso.
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Abstract.

Data Mining (DM) for association rules tends to generate an unmanageable
number of rules affecting the scope of its application. To solve this problem we
propose the use of ontologies in the stages of pre and post-processing tasks to
support the MD. In addition, the article points out that human organizations
require the notions of possibility, subjectivity and interpretation, contrasting
with the notions of necessity, objectivity and explanation, useful in fields of
natural sciences. These requirements demand new perspective on ontologies
and DM, often sheltered by soft computing.

Resumo. Mineragcdo de dados(MD) por regras de associagdo tende a gerar
um numero intratavel de regras prejudicando a abrangéncia de sua aplicagdo.
Para solucionar esse problema propoe-se o uso de ontologias nas etapas de
pré e pos-processamento no suporte as tarefas de MD. Alem disso, o artigo
ressalta que organizagcoes humanas exigem as nogoes de possibilidade,
subjetividade e interpretacdo, contrastantes com as nogoes de necessidade,
objetividade e explicacdo, uteis em dominios de ciéncias naturais. Tais
exigéncias demandam novas perspectiva em ontologias e MD, normalmente
abrigadas pela computagdo suave.

1. Introducao

Ontologias e minera¢do de dados (MD) sdo areas, em geral, construidas com
base nas ciéncias naturais (CN). Lidam com as nog¢des de necessidade, objetividade e
explicacdo, em ciéncias fisicas, quimicas e bioldgicas. Entretanto, em organizagdes,
fendomenos humanos prevalecem, demandando metodologias de ciéncias humanas (CH)
que, por sua vez, exigem as noc¢des de possibilidade, subjetividade e interpretagdo. Tais
nogoes ja sdo abrigadas por tecnologias humano-céntricas na perspectiva da computacao
suave. Assim, com base em sistemas difusos, propde-se utilizar ontologias no suporte a
atividade de MD nas fases de pré e pds-processamento. Agrega-se entdo valor
conceitual, associado ao conhecimento de dominio, e propicia-se suporte semantico no
processamento dos dados. O analista ¢ auxiliado na explicacdo e interpretagdo das
regras obtidas da MD. Inicialmente o artigo introduz nogdes de MD. A partir da analise
das tarefas de prescri¢do, predicdo, descricdo, explicacdo e interpretacdo, conforme
abordados em Domingues (2004), sdo discutidos métodos que devem ser incorporados a
ontologias em contextos humano-sociais, tipicos de questdes surgidas em economia,
administracao, contabilidade, direito, etc.

2. Mineracao de Dados
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A MD ¢ uma das etapas da Descoberta de Conhecimento em Bases de Dados.
E um processo de identificagio de padrdes novos, potencialmente uteis e
compreensiveis, em um conjunto de dados. Esses padrdes podem se constituir, dentre
outros, em regras de associagdo, ou seqii€éncias temporais que permitam revelar
relacionamentos ndo aleatorios entre atributos de variaveis. Em especial, o volume
excessivo de dados justifica a MD para a descoberta de padrdoes que possam revelar
informagdes uteis a tomada de decisao.

A MD lidard com questdes de ordem computacional e de usabilidade. Ter-se-a
de lidar com a confiabilidade dos dados, a geracao de resultados excessivos, autonomia
e conhecimento do negdcio para a analise dos resultados, desempenho e produtividade,
facilidade de uso e utilidade.

Ha uma variedade de paradigmas de mineragdo de dados. Objetivando nossa
analise, consideramos mais interessante a taxonomia que realca a existéncia de modelos
supervisionados e ndo-supervisionados.

GARADIGMAS DE MINERAGAO DE DADO§

Figura 1.
hemm ,
Taxonomia de

.
Anallse de variancia Predl;ao pal‘adlgmas de
(superwswnado) IO D 1 b1
(néo supervisionado) mineragao de dados

CIasstfcacao Regressao (Maimon c ROkaCh,

2005, p. 7).
Redes Redes Arvores de Maqulnas Base de egras de A t on]untos de’ Anallse de
Neurals Baye5|anas Demsao Vetorlals Instanz:las ssoma;a grupamen ° Frequenua Vlnculos

Em modelos supervisionados, como o proprio nome ja diz, o processo de
detecgdo de padrdes ¢ supervisionado. As classes a qual cada padrio possa ser
pertinente ¢ pré-definida. Sao modelos prescritivos. Além disso, sdo preditivos no
sentido de serem mais adequados a revelar tendéncias.

J4 em modelos ndo-supervisionados, ndo se conhecem a priori classes as quais
os padrdes possam ser pertinentes. Sao modelos de énfase descritiva, no sentido de
serem mais adequados a apresentarem descrigdes, relevando caracteristicas dos dados
minerados.

3. Ontologias no suporte a MD

A despeito dos algoritmos de MD atenderem critérios de desempenho na
criagdo de novos dados, freqiientemente, eles sdo insuficientes para garantir seu uso
pratico. Conhecer o dominio ¢ crucial. Vem-se desenvolvendo um paradigma MD
guiado pelo conhecimento,
Cao (2010). Em refor¢o a
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Figura 2. MD com suporte de ontologias, esquemas de regras e operadores.

4. Peculiaridades das ciéncias humanas
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A analise cientifica de fenomenos humano-sociais deve articular dialeticamente
os niveis descritivo, explicativo e interpretativo. Como apresentado na Figura 1, a MD
subdivide-se em dois ramos: mineracdo supervisionada e ndo-supervisionada. A
supervisdo estd associada a atividade de previsdo, a partir de conhecimentos
explicitamente pré-estabelecidos (prescriciao), descobrem-se fatos novos, mas de algo
que ja se conhecia. A ndo-supervisdo ¢ associada a atividade de descri¢do. Nao ha
conhecimento prévio. Busca-se a descoberta de associagdes a serem descritas,
conhecimento util. Em minera¢do supervisionada, ontologias, podem ser vistas tanto
para representar conhecimento previamente adquirido, necessdrio a previsdo, quanto
para descrever conhecimento util em mineragdes preditivas posteriores. Na mineracao
nao-supervisionada, ontologias suportam a andlise dos padrdes descritivos obtidos no
processo de mineragdo, tarefas de explicacio ¢ interpretaciao. A énfase na explicagdo ¢
tipica das CN, enquanto na tarefa de interpretacao ¢ tipica das CH (Domingues, 2004, p.
103 a 135, em especial, p. 116 e p. 134-135).

Figura 3. Suporte de ontologias e MD as
tarefas que se articulam dinamica e
dialeticamente para a constitui¢do e no
uso da base de conhecimento empirico.

Com base nessas caracteristicas
da MD e de ontologias, a Figura
3 mostra como MD e ontologias
aplicadas se inserem no auxilio
as  tarefas de  predicdo,

interpretagao,
explicagdo, descri¢ao e
prescricdo. A seguir iremos
esclarecer como a consideragao
dessas tarefas revela que os
métodos de constituigdo de bases
de conhecimento, em CH,
possuem peculiaridades que os distinguem dos voltados as CN.

Ontologias
Aplicadas

Explicagio

Base de
conhecimento
empirico

Mineragao
de Dados

Descrigio

4.1. Tensao entre a objetividade inalienavel versus a subjetividade inexoravel

Ao se buscar referéncias para o desenvolvimento ontologias especificas para
dominios humano-sociais, de imediato, depara-se com questdes de fundamentagdo. O
método em CH ¢ ainda questdo aberta. Seus padrdes de cientificidade encontram-se em
busca de uma consolidacdo a partir de distintas vias. Seus fendmenos resistem as
exigéncias da objetividade. No cerne dos dilemas do método, na busca inalienavel da
objetividade, encontra-se a dificuldade de objetivacao da significacdo dos fatos sociais e
de lidar com a subjetividade inerente aos fendmenos humano-sociais. Se a objetividade
¢ a meta inaliendvel, a subjetividade ¢ elemento inexoravel que se imiscui nos fatos, nos
fendomenos, e na praxis das CH.

4.2. Descricao

Um mesmo fato, ou fendomeno, pode ser descrito de diferentes maneiras e a
descricdo nunca serd completa. Ela depende da granularidade observada, e da
intencionalidade do observador. A intencionalidade condiciona a granularidade. Mesma
coisa nas CN. Peculiar das CH ¢ que, além dos aspectos objetivos dos comportamentos
humanos, a descri¢do deverd debrucar-se sobre um conjunto de elementos subjetivos
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(intengdes, sentimentos, consciéncia, valores e fins visados pelos agentes humanos)
(Domingues, 2004, p. 107). As CN debrugam-se sobre causas, descri¢do e explicacdo
causal dos fatos. As CH estendem esse leque para buscar a descrigdo e explicacdo das
motivacdes, razoes ¢ crengas. A descricdo dever-se-a, necessariamente, langar seus
elementos a tarefa interpretativa que, em CH, raramente ja estard encapsulada pela
tarefa explicativa.

4.3. Explicacgao

Com base nos elementos descritivos ha distintas formas de explicacdo
possiveis: genéticas, estruturais, funcionais, finais e, dentre outras, causais. A
explicacdo causal é considerada a forma de explicacio por exceléncia (Domingues,
2004, p. 116). Entretanto, a questdo da causalidade, assim como a questdo da vaguidade,
¢ assunto de intensos debates. A causalidade aproxima-se da vaguidade. Assim como
ela, a nogdo de causalidade tem sido util para fins de andlise e, como a vaguidade, ao
invés de ser abandonada, ressurge revigorada nas ultimas décadas. Uma mesma coisa
pode ser causa de efeitos contrarios; pode-se identificar uma causalidade reciproca ou
circular; pode ocorrer dependéncia mutua, a¢do, ou influéncia de causa e efeito e, ainda,
causalidade freqiientemente ¢ confundida com condicional l6gica. Conclui Domingues
(2004, p. 119) que o importante ¢ a andlise causal depender da consideragdo de um
contexto mais amplo, que se decide em outro nivel de andlise: a interpretacao.

4.4. Interpretacio (compreensio)

Muitos pretendem que a interpretagdo ja se decide no nivel da explicagdo, e
ndo ¢ sendo um de seus aspectos. Entretanto, para Domingues, ¢ o caso de distinguir
uma da outra, considerando que a explicacdo incide sobre os fatos, ou coisas. Ja a
interpretacdo envolve a significacdo, o sentido deles. Portanto, a interpretacdo ira
introduzir as unidades significativas de andlise, como as hipoteses, os modelos (tipos
ideais), as postulacdes de sentido, e assim por diante (Domingues, p. 119-120). Em CH,
a candidata de ter a primazia no método e de conduzir a andlise ¢ a tarefa interpretativa.

4.5. Inter-subjetividade

A subjetividade ¢ crucial na andlise do conhecimento em dominios de CH.
Anscombe considera ndo sé a subjetividade de um individuo, mas a de coletividades
inteiras. Desafio maior, ¢ a inter-subjetividade; comunicacdo das consciéncias
individuais. Na constru¢do de ontologias, a inter-subjetividade ¢ tratada. Ontologias
expressam consenso.

Outro lado da questdo ¢ o uso de ontologias na etapa de decifracdo do sentido
intersubjetivo na tarefa da interpretagdo. A verdade a ser considerada advird da
convic¢ao de verdade recolhida pela analise na comunidade. Em CI e CC, a demanda
pela inter-subjetividade ¢ eventual. Mas tal demanda ¢ sentida nas comunidades de
inteligéncia onde a inter-subjetividade ¢ regra. Distintos analistas sdo confrontados
numa andlise conjunta que traduza a convergéncia das analises individuais.

5. Quais fundamentos em ontologias demandam as ciéncias humanas?
Peculiaridades das CH em relagdo as CN sdo: primazia da interpretacdo sobre a
explicagdo; importancia e necessidade de subjetividade em conjunto com a objetividade;
flexibilizagdo da no¢do de necessidade (lei) para a nogdo de possibilidade. Ao buscar
agregar conhecimento de dominio, via ontologias, no suporte a MD em contextos
organizacionais, impde-se a nés duas questdes: (1) As ontologias fundamentais, ou de
alto nivel, referéncias na constru¢do de novas ontologias, lidam com peculiaridades
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atinentes ao dominio de CH? (2) Como ontologias poderiam incorporar as nogdes de
subjetividade e possibilidade, suportando a tarefa de interpretacdo? Nao examinaremos
essas questdes, mas teceremos a seguir alguns comentdrios, indicacdes e avaliagdes
iniciais que poderdo nortear avaliagdes mais aprofundadas no futuro.

5.1. Ontologias Fundamentais'.

DOLCE, a SUMO e a BFO explicitam suas orientagdes filosoficas.
Consideram universais, particulares, ou tropos, seu compromisso ontoldgico, entidades
no tempo e no espago, € como se relacionam. Oberle et. al (2007) avalia as citadas
acima, com base em quatro pares de escolhas ontologicas. Descritiva, ou revisiondria
(prescritiva); multiplicativa, ou reducionista; atualista, ou possibilista; e endurante, ou
perdurante. Considerando o subjetivismo e a nocdo de possibilidade inerentes as CH,
avalia-se que escolher o descritivismo, o multiplicativismo e o possibilismo permite
melhor tratar dessas peculiaridades. O descritivismo, ao considerar o que a realidade ¢, e
ndo como deveria ser, esta apto a tratar da linguagem natural, do senso comum, da
vaguidade, de objetos ndo fisicos, da diferenciacdo entre objetos e processos etc. O
multiplicativismo por considerar a diferenciagdo de entidades a partir do ndo
compartilhamento de propriedades fundamentais, também estd mais proximo ao senso
comum. O possibilismo, por levar a modalidade que faz uso da possibilidade.

Comenta-se brevemente as trés ontologias. Ver detalhes em Sreejith (2008). A
DOLCE adota uma metafisica descritiva, baseada em Strawson’, em oposicao a
metafisica prescritiva, e considera aspectos lingiiisticos ¢ de engenharia cognitiva.
Procura incorporar em sua estrutura elementos que permitam lidar com artefatos
cognitivos, marcas culturais e convengdes sociais (um tipo de metafisica cognitiva).
Inspira-se na nogao de deep background desenvolvida por Searle (2002, Intencionality).
A SUMO vai na mesma direcio, classificando atos intencionais’, orientacdes, interacdes
sociais (Sreejith, 2008, p. 66). Oberle et. al (2007), em solucdo hibrida (SWIntO),
integra a DOLCE e a SUMO. Acomoda resisténcias a DOLCE, abstrata demais, e a
SUMO de axiomatiza¢do ardua. A DOLCE teria uma proposta mais abrangente, ja a
SUMO teria uma taxonomia mais rica. Por fim a BFO distingue entre dois tipos de
entidades: substanciais ou continuantes, € processuais, ou ocorrentes. Smith considera a
BFO um subconjunto de DOLCE, adequada ao tratamento de instancias, tipos e
relacdes. Mais adequada que a SUMO, que, segundo esse autor, ndo apresenta um
tratamento claro de relagdes entre instancias versus relagdes entre tipos (Barry Smith,
Upper Level Ontologies). Em CH, a DOLCE e a SUMO ja sdo ao menos parcialmente
aptas a lidar com as peculiaridades apresentadas anteriormente, enquanto que a BFO vai
na contramao das considera¢des ontologicas envolvendo aspectos do senso comum, da
linguagem natural, da considera¢do de atos intencionais, vaguidade, causacdo mental
etc. Consideramos que, a despeito dos riscos, ¢ inevitavel, para o bem da propria
objetividade cientifica, buscar lidar e tratar de questdes que se nos impdem por sua
forca e penetrabilidade em amplos dominios, envolvendo aspectos cognitivos, tais como
a vaguidade, a subjetividade, a intencdo e a causacdo mental. A BFO ndo pretende
alcangar dominios das CH. Ver debate recente (Merril, 2010a ¢ 2010b versus Smith e
Ceusters, 2010).

' Foundational Ontologies, por vezes traduzidas como ontologias “fundacionais”, um

neologismo. Também sdo chamadas de ontologias de alto nivel (upper ontologies).
2 STRAWSON, P.F.. “Individuals. An Essay in Descriptive Metaphysics. Routledge, 1959.

http://virtual.cvut.cz/ksmsaWeb/browser/print/3%23IntentionalProcess e http://swserver.cs.vu.nl/partitioning/SUMO/
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5.2 A emergéncia da computaciio suave, granular e humano-céntrica

A insuficiéncia das solucdes focadas em detalhes técnicos como eficiéncia de
algoritmos, vem levando & consideracdo da usabilidade, conhecimento do dominio e
capacidade de interpretagdo de resultados. A computagdo suave e granular se associa a
uma abordagem humano-céntrica, flexivel e com foco na interagdo do homem com a
maquina. Considerando-se essas trés abordagens convergentes — computagdo suave,
granular e humano-céntrica — destacam-se as solu¢des em sistemas difusos, redes
neurais e algoritmos genéticos. Mitra (2002) da uma visao da literatura disponivel sobre
MD. Sistemas difusos preocupam-se com a natureza amigavel ao usudrio (Pedrycz e
Gomide, 2007, p. xvii). Sistemas difusos podem ser integrados com outras ferramentas
de computagdo suave levando a geracdo de sistemas mais poderosos, com aplicagdes em
reconhecimento de padrdes, processamento de imagens, e inteligéncia de maquina
(Mitra e Pal, 2005). Nesse contexto, confirmando a emergéncia dessas abordagens, vem
surgindo estudos que aplicam tecnologias de sistemas difusos a MD e ontologias.

6. Conclusao

As ferramentas computacionais de MD, por si s6, ndo garantem o sucesso em
ambientes organizacionais. Esses ambientes sdcio-humanos possuem peculiaridades e
exigem abordagens distintas daquelas associadas as CN. Ao invés do carater de lei
associada a no¢ao de necessidade, ha a nocdo de possibilidade; ao invés da énfase na
explicacdo, ha a énfase na interpretagdo, e ao invés do expurgo da subjetividade, ha a
sua concomitante consideracdo, ndo em contraposi¢do, mas em cooperacdo com a
objetividade cientifica. O surgimento de novas abordagens apresentadas traz novas
metodologias que permitem tratar as peculiaridades dos dominios sdcio-humanos.
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Abstract. Visual knowledge refers to the set of conceptualizations owned and
used by imagistic-domain experts on problem-solving tasks. Because of its vi-
sual nature, there is a lack of constructs for representing this kind of knowledge
using ontologies. This paper presents hybrid meta-constructs proposed to for-
malize and represent visual knowledge using ontologies. Beyond that, this paper
presents a visual knowledge based system which uses a domain ontology and the
meta-constructs.

1. Introduction

The aim of our research is to create appropriate models to formalize knowledge in order
to support reasoning on knowledge intensive domains. Lately, our research is focused on
the creation of visual knowledge models applied to imagistic domains.

Imagistic Domains are the ones where the domain expert starts the problem-
solving process with a visual pattern matching over visual information input, which
will further support the more abstract processes of inference. Image-based diagnosis in
Medicine, and visual analysis of petroleum-reservoir rocks are common tasks executed
by domain experts and are highly based on visual-information input.

Visual knowledge refers to the set of conceptualizations owned and used by indi-
viduals to recognize the relevant features in the domain and start the inference process.
This kind of knowledge is built through the experience and differs from the propositional
knowledge in the sense that the expert is not able to either express it verbally or in a
sentential manner [Abel et al. 2005]. Since ontologies formalize knowledge by making
use of propositional vocabulary, it is showing itself a challenge to formalize and represent
visual knowledge using ontologies.

Visual knowledge and image are disjointed concepts. The Ullmann triangle
[Ullmann 1979] describes the relation among an Object in the reality, a Concept in a
conceptualization and a Symbol in a language (its extended version is presented on Fig-
ure 1, firstly published in [Lorenzatti et al. 2011]). An Object is supposed to be a real
or concrete object where its existence can only be referred by the perception process of
someone. Concepts, by their side, are abstractions that humans create over objects in or-
der to deal with the external world. Symbols are the trial of individuals for representing
concepts during the externalization process of communication in order to share a concep-
tualization among a community. A concept can have different representations and they
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Figure 1. The pictorial representation vertex added in the extended version of the
Ullmann triangle.

will vary according to the purpose of the chosen language. The image concept is normally
referred as a pictorial representation of a concept.

When mentioning visual knowledge we are referring to the conceptualization ver-
tex of the Ullmann triangle. A pictorial representation is an alternative representation that
can be used in the externalization process of communication. Its choice depends on the
requirements for externalizing visual concepts, like in spatial or location problems that
require visual representations for sharing concepts. Thus, we add the new vertex “Picto-
rial representation in a Visualization” to the Ullmann triangle (in the baseline of Figure
1). Thus, the same concept can be simultaneously represented by a propositional symbol
in a language while being represented by a pictorial symbol in a visualization and this
correspondence between them is called anchoring.

The visual knowledge that we are modeling does not reside on the image content,
but into the conceptualization of the domain experts. Thus, we do not seek to model the
abstract visual patterns found in the image content, but our objective is to model the set
of visual concepts residing in the experts’ mind.

2. Conceptual Modeling

Creating knowledge based systems requires deep systematicity in the engineering pro-
cess when using ontologies to represent knowledge [Guarino and Welty 2002]. Guarino
and colleagues [Guarino and Welty 2004] have proposed a systematical and domain in-
dependent methodology applied to evaluate and validate the ontological choices taken
when building up an ontology. The analysis is based on ontological notions coming from
philosophy and are represented by formal meta-properties.

We apply the unified foundational ontology - UFO - of Guizzardi [Guizzardi 2005]
with the goal of orienting the semantic negotiation of the concepts and the consen-
sus achievement among the interacting agents (artificial or human) within a commu-
nity [Gangemi et al. 2002]. UFO was built by meta-concepts, like kind, role, phase, and
mixin, whose definitions were based on formal meta-properties. The meta-properties like
identity, rigidity, and uniqueness impose constraints over the taxonomical relations which
prevent the creation of inconsistent knowledge models.

The meta-property identity refers to the problem of identifying a single instance
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based on its intrinsic characteristics that, make it unique [Guizzardi 2005]. The identity
criterion concept involves the analysis of conditions and characteristics which, for ex-
ample, allow the identification of a person along the time. The rigidity meta-property
is related to the essentiality of an individual having a property in order to preserve its
identity [Guizzardi 2005]. Being human is an essential property to all human beings, oth-
erwise they will loose their identity. Being hard is not essential to all instances of hammer
since, hammer toys should not be essentially hard. The meta-property uniqueness deals
with the problem of identifying the parts and limits of objects [Guizzardi 2005]. The
meta-property is used to analyze the composition of an object in order to identify if it is
a whole or a composition of other objects, for example. Instances of the property being
a lake have well defined boundaries, while instances from the property being water have
not. Thus, the analysis of the meta-property unity prevents modeling the property being
water being subsumed by the property being a lake, which sounds intuitively correct. In
fact a lake is not the proper water but, it is constituted by water.

Rigid sortals are concepts where individuals have ontological rigidity. A tree is
a rigid sortal, while teacher is not because an individual can become and stop being a
teacher through time. A concept classified as a Kind is a concept which supplies the
identity criterion to its instances, while a Sub-kind is a concept which inherits its identity
criterion from the kind concept. A Quantity is a concept in which the set of its individuals
refers to portions of some substance like water, for example. Quality dimension is a
structure used to represent the set of values (Qualia) associated to a rigid sortal. Each of
the values from a quality dimension is a Quale.

The conceptual modeling process starts by selecting objects in reality and evalu-
ating their adequacy with representing primitives. Selecting the best primitive that fits for
representing an object is a key point in conceptual modeling. Thus, meta-properties and
meta-concepts analysis have turned to be a powerful tool on the evaluation and selection
of primitives during the ontology construction process.

3. Visual Representations

A representation is characterized by an entity assuming the role of representing another
one. Furthermore, a representation is characterized by the set of relationships established
between the representing entity and the represented entity [Gurr 1999]. The interpreta-
tion of a piece of knowledge represented using propositional languages is achieved by
concatenating the symbols. However it is possible to explore the visual-language sys-
tem intrinsic properties in order to explore the direct correspondence among the concept
properties and the visual representation properties [Gurr 1999].

Atsushi Shimojima defines as inferential “free-rides” the possibility to capture
semantic information through the direct correspondence among the representations’ and
the concepts’ visual properties [Shimojima 1996]. Figure 2 depicts the use of free-rides
representing two equivalents logical syllogisms. The same conclusion (iii) is achieved in
a more straightforward way on Figure 2-b while exploring the correspondence between
the concept and the visual representation properties.

Based on the main characteristics, Peirce apud [Burks 1949] classifies representa-
tions as symbol, index, and icon. A symbol has no direct or indirect relationship with its
meaning. The meaning of a symbol is established by convention, which must be known.
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(i) AlAareB
(i) AllB are C B B|C
(iii) Ergo, all A are C

(a) (b)

Figure 2. Equivalent logical syllogisms represented using propositional lan-
guage (a) and the Euler Circles visual language (b) [Guizzardi et al. 2002].

Indexes have associative and indicative relations with their meanings. The mercury col-
umn height of a barometer is an index of the atmospheric pressure. Icons seem with what
they mean. Thus, the meaning of an icon is captured by the same perception process used
to recognize the originally represented object or event.

4. Meta-constructs

In order to formalize visual knowledge using domain ontologies, two hybrid meta-
constructs are formally defined. They are considered hybrid because the concepts classi-
fied by them are represented by a pair consisting in one propositional and one pictorial
representation. While the propositional representation formalizes the domain vocabulary
and it is used for communication purposes, the pictorial representation formalizes the vi-
sual knowledge that the domain expert is not able to verbally express. The representations
do not fully overlap but they complement each other. These two meta-constructs are built
based on the Guizzardi’s UFO and the extension of the Ullmann triangle.

PictorialConcept is the meta-construct responsible by representing visual types.
Based on the meta-properties proposed by Guarino this meta-construct gives or carries
an identity criterion, has ontological rigidity, and unity property. According to that, and
based on the UFQO, this meta-construct represents the concepts classified as rigid sortals,
i.e., it represents kind, sub-kind, collective, and quantity meta-concepts. The left side
of Figure 3 depicts the propositional representation of a geological sedimentary structure
while the right side shows the iconic representation used to express the non-verbalizable
knowledge.

Proposicional Iconic
Rej

Convolute presentation D|CTOR|JAL  Representation
Lamination ' CONCEPT _>

N

Figure 3. Application of the meta-construct Pictorial Concept.

PictorialAttribute is the meta-construct created to represent the quality dimen-
sions’ values from (visual) concept attributes. The quality dimensions classified by this
meta-construct give or carry identity criterion, have ontological rigidity, but, differently
from the previous meta-construct, they do not have unity criterion. Therefore, based on
the UFO, this meta-construct represents concepts classified as quale, i.e., it represents the
value set associated to a quality dimension. Figure 4 left side shows the propositional
representation while the right side depicts the pictorial representation for the quale of the
sorting attribute of sedimentary rocks.
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Figure 4. Application of the meta-construct Pictorial Attribute.

5. Visual Knowledge based system

We have built a stratigraphy domain ontology based on the proposed meta-constructs.
Stratigraphy, an imagistic domain, is a sub-area from geology responsible to study the
formation processes of sedimentary rocks [Press et al. 2004] where the geologist’s analy-
sis is based on the rock visual features. The formalized ontology represents the concepts
both in Portuguese and English. Using the proposed meta-constructs the iconic vocab-
ulary is defined for the visual types and for the visual attributes in association with the
propositional vocabulary.

The visual knowledge based system, built upon the domain ontology, is used to
visually describe petrological features (litology, textures, structures) in cores collected
from exploration wells, that will be further used to understand the structural correlation
of geological units in petroleum exploration. The interface of the system is fully based
on the pictorial concepts and attributes which keeps the interaction closer to the way ge-
ologists use to describe cores. The pictorial features are, by their side, internally related
to propositional concepts that give to the system the capability of extract geological cor-
relation. Therefore, the hybrid model guarantees a unique ability to our system: depicts
to the user core descriptions based on pictorial visualizations the user are used to, while
capture real knowledge for further correlation and inference. The full model is persisted
in a relational database as well the user data.

The knowledge base is built to be scalable in order to grow as the expert geologists
use the system and find/create new (visual) concepts and (visual) attributes. Once the
knowledge base is referenced by the user-data database, any change on the former is
automatically reflected on the latter, ensuring the data integrity.

6. Conclusion

Domain novices take long time and lots of resources to be trained and accumulate suffi-
cient knowledge to become a domain expert. When dealing with image-based problems,
experts build their ability by accumulating internal abstract representations of the key vi-
sual features that allow solving problems in the domain. An intrinsic characteristic of the
imagistic-domain experts is to use drawings to externalize and express their mental mod-
els. Imagistic-domain experts have difficulties to externalize their knowledge and make it
accessible to share with others.

Integrating visual content into ontologies opens the possibility to formalize the
visual knowledge from imagistic-domain experts. Our proposed meta-constructs give
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the first step in that direction. One advantage of using the proposed meta-constructs to
formalize visual knowledge is to make a very specialized kind of knowledge accessible
to novices. Another advantage of their usage is to open the possibility of constructing
visual-knowledge based systems, since the knowledge becomes machine readable. Future
directions of the studies will be exploring the relationship among properties of concepts
and properties of pictorial representations in order to better understand the externalization
process and to create more accurate representations.
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Abstract. This paper aims at presenting a methodology for semi-automatic val-
idation of an wide-coverage ontology based on an existing electronic resource,
PAPEL. From the existing relations, we choose those of synonymy and hyper-
nymy to generate the ontology. The resulting output was converted to OWL for-
mat e manually validated by a lexicographer. As result, we have a wide-coverage
ontological resource that can be used in different subareas of computer science.
The resource displays concepts organized according to their hypernymy and
validated synonymy relations.

2z

Resumo. O objetivo desse trabalho é apresentar uma metodologia para
validacdo semiautomdtica de uma ontologia de ampla cobertura, com base em
um recurso eletronico existente, o PAPEL. Das relacdes disponiveis, foram usa-
das as de sinonimia e de hiperonimia para construcdo da ontologia. Os resul-
tados foram convertidos para o formato OWL e manualmente validados por um
lexicografo. O resultado obtido foi um recurso ontolégico de ampla cobertura
que pode ser empregado em diversas dreas da computacdo. O recurso apresenta
termos organizados a partir de suas relacoes de hiperonimia e de sinonimia,
sendo estas validadas.

1. Introducao

Sistemas computacionais como sistemas de perguntas e respostas (P&R) tém a tarefa
de responder automaticamente uma questio em linguagem natural, procurando por
informacdes em fontes de dados, tais como um banco de dados estruturado ou docu-
mentos nao-estruturados em linguagem natural (p. ex., jornais). Esse tipo de sistema
normalmente realiza quatro passos: andlise da pergunta; identificacdo dos documentos
candidatos; geracdo das respostas candidatas; e pontuacdo das respostas. Exemplos sao
[Kaisser 2005], [Lin 2005], [Zheng 2002], [Sarmento et al. 2008] e [Amaral et al. 2006].

Um exemplo de sistema de P&R para o portugués é o projeto Comunica
[Wilkens et al. 2010], que busca responder perguntas sobre transferéncias constitucionais
de municipios via telefone. Nele, tanto a pergunta do usudrio quanto a resposta do sistema
sdo em liguagem natural, visando a uma maior inclusdo digital. O projeto se divide em
quatro modulos-chave: reconhecimento de voz, processamento de texto, acesso a banco
de dados e sintese de voz. O mddulo de reconhecimento de voz realiza a conversdao de
audio para texto. O processamento de texto tem a funcdo de identificar dados relevantes
informados pelo usudrio a partir da frase transcrita (pelo médulo de reconhecimento de
voz). A identificacdo dos conceitos € feita por meio de duas ontologias que validam as
palavras da pergunta do usudrio: uma de proposito geral e uma do dominio da aplicacao.
Os conceitos identificados sao entdo buscados pelo médulo de acesso a banco de dados
e a resposta gerada € sintetizada pelo médulo de sintese de voz. Para tal aplicagdo, é
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necessdria uma ontologia de ampla cobertura que possa auxiliar tanto o médulo de recon-
hecimento de voz a validar as palavras reconhecidas quanto o médulo de processamento
de texto na identificacdo de conceitos.

O objetivo deste trabalho € apresentar a metodologia de extracdo e validacao da
ontologia de propésito geral usada no ambito do projeto Comunica. A ontologia foi ex-
traida de modo semiautomatico a partir do PAPEL (Palavras Associadas Porto Editora
Linguateca) [Oliveira et al. 2008] e convertida para o formato OWL. Os resultados da
conversdo foram validados por um lexicégrafo. O PAPEL é um conjunto de relacdes
entre palavras extraidas automaticamente das definicbes em um tesauro eletronico. Ele
contém 199.672 entradas, distribuidas em 8 tipos de relagdes. Dentre essas, foram sele-
cionadas as relagdes de hiperonimia ! e de sinonimia ? como base para a ontologia. Neste
trabalho, sdo descritos os processos de conversdo dos dois tipos de relagdes, com uma
discussao da validacao das relacdes de sinonimia.

Este artigo € estruturado da seguinte maneira: na Se¢do 2, sao discutidos alguns
trabalhos relacionados; a metodologia para extracdo e validac@o € descrita nas Secgdes 3 e
4; por fim, a Se¢do 5 apresenta conclusdes e trabalhos futuros.

2. Trabalhos Relacionados

Buitelaar [Buitelaar et al. 2005] define o aprendizado de ontologias como a aquisi¢do
de conhecimento a partir de textos. Grande parte desse trabalho utiliza como base
areas da computacdo como processamento de linguagem natural, inteligéncia artifi-
cial e aprendizado de maquina. Existem diversas abordagens para a extracdo au-
tomatica de ontologias. Algumas abordagens sdo probabilisticas, como em [Venant 2008]
[Chotimongkol and Rudnicky 2002] [Salton and Buckley 1988]. Contudo, uma das abor-
dagens mais exploradas € a identificagdo de relagdes a partir de expressoes textuais, como
mostrado em [Hearst 1992]. A identificacdo baseada em expressdes apresenta um mel-
hor resultado na extracdo de documentos que possuem uma estrutura mais ou menos fixa,
como diciondrios, por isso, essa abordagem foi utilizada para a criagao do PAPEL.

Ontologias, especialmente as de ampla cobertura, sdo recursos de grande valor
para sistemas que empregam tecnologias de linguagem. Por exemplo, a WordNet
[Miller 1995] € um recurso eletronico que contém relacdes semantico-conceptuais e lexi-
cais entre as palavras. Ela foi originalmente desenvolvida pela Universidade de Princeton
para o inglés, e posteriormente estendida para outras linguas, inclusive para o portugués
[Marrafa et al. 2005]. Nela, os termos sao agrupados em synsets, onde todos os sindnimos
de um termo estdo no mesmo grupo que ele, contendo uma definicdo e um conjunto de
relagdes linguisticas. A Wordnet € utilizada em aplicacdes como traducao automatica, sis-
temas de busca e extracdo de informacao, entre outros. A WordNet do portugués (Word-
Net.PT ?) contém cerca de 19.000 termos, distribuidos em vérios campos semanticos.
O fragmento disponivel € composto por termos de diversos dominios, como arte, saude,
transportes e vestuario.

'hiperonimia é uma relagio entre palavras que dé idéia de um todo, da qual se originam diversas
ramificag¢des, por exemplo, veiculo é hiperdnimo de carro, barco e avido

%sinonimia é uma relaciio entre palavras da mesma categoria gramatical, com sentido parecido e com
forma diferente, como por exemplo carro e automével

3Desenvolvida pelo Centro de Linguistica da Universidade de Lisboa pelo CLG - Grupo de Computacio
do Conhecimento Léxico-Gramatical.
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Outro importante recurso léxico para o portugués € o PAPEL, desenvolvido
com o objetivo de prover uma ontologia geral da linguagem, de grande abrangéncia
[Oliveira et al. 2008]. Esse recurso foi construido através de extracdo semiautomética
baseada em padrdes de expressdes que ocorrem nas defini¢des do Diciondrio da Lingua
Portuguesa [Editora 2005]. Dessa forma, foram identificadas relacdes composicionais,
hierarquicas e de sinonimia. Exemplos dessas relacdes seriam:

repartir SINONIMO_DE partilhar
vasqueiro PROPRIEDADE _DE_ALGO_QUE_CAUSA vasca
vazar ACCAO_QUE_CAUSA vazao
cabo PARTE _DE vassoura
navio HIPERONIMO_DE veleiro

Devido a sua abrangéncia (com 199.672 entradas), foi realizada uma avaliagdo
por amostragem dos resultados da extracdo semiautomatica [Oliveira et al. 2009], sendo
que 50% das relacdes de sinonimia apresentam erros em potencial. Por exemplo: de-
liberadamente SINONIMO _DE peito. Para contornar estes problemas apresentamos uma
metodologia de extracdo e valida¢do mais confidveis (pela validacao manual) inseridas no
projeto Comunica[Wilkens et al. 2010].

3. Metodologia

Para a construc¢do de uma ontologia de alta cobertura e precisao a partir dos dados disponi-
bilizados no PAPEL, foi necessaria a definicio de uma metodologia para conversao e
validagdo sistemadtica do recurso com a constru¢cdo de um sistema para identificacdo au-
tomatica de conflitos nas entradas definidas. Neste trabalho, € abordada a conversao de
duas relagdes para o format OWL: sindnimos e hiperonimos.

3.1. Relacoes de Hiperonimia

O PAPEL contém 61.263 entradas com relacdes de hiperonimia expressas no seguinte
formato: palavra_l HIPERONIMO DE palavra 2. Para a conversao, foi utilizada a lin-
guagem de programacdo Java e o framework Jena. A metodologia de conversiao prevé
duas etapas: conversao passiva e conversao ativa.

3.1.1. Conversao Passiva

A abordagem passiva consiste em armazenar as classes ontolégicas apenas quando estas
sao apresentadas pelo PAPEL (as classes vao sendo criadas enquanto o arquivo de relacdes
¢ lido). Para cada entrada do PAPEL, definida em termos de duas palavras (palavra_l e
palavra_2):

1. Para cada palavra:
(a) Verificar se a palavra j4 existe como classe (dadas as vérias palavras repeti-
das no PAPEL),
(b) Se nio existe, criar a classe.
2. Adicionar a ontologia a relacdo onde a classe palavra_1 é superclasse da classe
palavra_2.
Esse processo € repetido para cada uma das relagdes de hiperonimia existentes.
Devido ao nimero de entradas do PAPEL e as vdrias comparacdes necessarias, esta
abordagem se mostrou muito custosa em termos de processamento e alto consumo de

memoria *.

“* Apenas cerca de 3% das relagdes em um periodo de aproximadamente 24 horas.
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3.1.2. Conversao Ativa

Para tornar o processo mais eficiente em ontologias de alta cobertura, a segunda abor-
dagem proposta cria inicialmente uma nova ontologia esquemadtica, e as informagdes ja
validadas somente sdo inseridas na nova ontologia ao final de cada passo de validacao.
Esse processo é composto por duas etapas. Primeiro, define-se uma ontologia basica com
todas as classes necessdrias, mas sem as relagdes entre elas. Para tanto, extraem-se do
PAPEL todas as palavras sem repeticdao e cria-se uma classe para cada uma delas. A
partir dessa ontologia basica com as classes necessdrias, adicionam-se as relacdes en-
tre as classes. Dada uma definicdo no PAPEL no formato palavra_-1 HIPERONIMO_DE
palavra_2, procura-se na ontologia bésica as classes relativas a palavra_1 e palavra 2 e
adiciona-se a relacdo a ontologia. Como resultado, obtem-se a conversao da estrutura de
hiperonimos do PAPEL para o formato OWL.

3.2. Relacoes de Sinonimia

A base de sindbnimos do PAPEL possui relagdes expressas da seguinte maneira: palavra_1
SINONIMO_<classe>_DE palavra_2, onde em <classe> ocorrem as seguintes tags, que
indicam classes gramaticais: N substantivo, V verbo, ADJ adjetivo e ADV advérbio.
Dado o contexto deste trabalho, foram extraidas as relacdes de sinonimia entre substan-
tivos °. A extracdo de sindnimos foi realizada através das seguintes etapas:

1. Criar uma lista (inicialmente vazia) de conjuntos (inicialmente vazios). Cada con-
junto armazenara palavras que sdao sindnimas entre si.
2. Para cada uma das entradas, identificar as duas palavras sindnimas presentes.
3. Verificar se uma dessas palavras ja se encontra em algum conjunto de sindnimos
existente.
(a) Se sim, insere-se a outra palavra nesse conjunto.
(b) Se as palavras ndo estavam em nenhum conjunto existente, cria-se um
novo conjunto contendo ambas.

Dada a ampla abrangéncia do PAPEL, a polissemia das palavras e a transitividade
da relagdo de sinonimia (se A € sindnimo de B e B € sindnimo de C, entdo A € sinbnimo
de C), ao final do processo, quase todas as palavras foram reconhecidas como sindnimas
entre si. Para criar uma ontologia de alta precisdo e cobertura, a aplicacdo da metodolo-
gia foi semiautomatica, e esses casos foram supervisionados por um lexicégrafo, com a
seguinte modifica¢do no passo 3:

3. Verificar se uma dessas palavras ja se encontra em algum conjunto de sindnimos
existente.

(a) Se sim, realizar a verificacio manual da ambiguidade, analisando os dois
conjuntos em que as palavras seriam inseridas. Caso necessario, editar os
conjuntos manualmente, separando as palavras de modo adequado.

(b) Se nenhuma estava em um conjunto existente, criar um novo conjunto com
ambas.

Ao final do processo obtem-se um amplo conjunto de grupos de sindnimos, que
pode ser integrado a estrutura da ontologia gerada no passo anterior.

SPorém, essa abordagem pode ser, em principio, aplicada diretamente aos outros tipos de relacio.
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4. Validacao das Relacoes de Sinonimia

As relacdes de sinonimia da ontologia resultante foram manualmente validadas. Essa
validag¢do ocorreu com consulta a diciondrios de lingua portuguesa e a contextos reais
de ocorréncia dos pares de sindnimos analisados 6. Caso as definicdes dos diciondrios
nao aclarassem o problema, utilizou-se o buscador on-line do Yahoo! para se observarem
também os contextos de ocorréncia.

Dada a magnitude do recurso gerado, para palavras poliss€micas, a validacao foi
realizada com base no significado mais frequente apropriado para o grupo de sindbnimos,
sendo que cada substantivo poderia estar presente em apenas um grupo de sinénimos. Por
exemplo: dada a avaliag¢do da relagdo de sinonimia proposta entre abatimento, diminui¢ao
e desanimo, apesar de desanimo e diminui¢do nao parecerem sindnimas sem um contexto
muito especifico, a palavra abatimento pode ser considerada sindbnima de ambas, entre
outras. A consulta a diciondrios retornou informacdes sobre abatimento de animais, aba-
timento de precos (diminui¢do) e abatimento emocional (desdnimo). No buscador do
Yahoo!, entre as primeiras 20 ocorréncias de “abatimento”, havia 12 ocorréncias “abati-
mento de precos”, 4 de “abatimento emocional” e 1 de “abatimento de animais”; as outras
eram irrelevantes (defini¢des de diciondrios on-line etc.). Como resultado, abatimento foi
incluida com diminui¢ao e excluida do conjunto de desanimo.

A adog¢ao da metodologia proposta permite reduzir a subjetividade envolvida em
todo o processo de decidir que palavras sdo sindnimas entre si e quais nio devem ser .
Isso se torna importante para a replicabilidade do processo de validacao, tendo em vista a
natureza inerentemente subjetiva e depedente do vocabulério do avaliador da decisdo de
quais palavras possuem uma semelhanca de significado.

Ao final desse processo, a ontologia resultante contém 46.904 entradas, com
40.614 relagdes de hiperonimia e 20.096 de sinonimia. O recurso apresenta alta
abrangéncia e pode ser utilizado em uma grande variedade de sistemas de tecnologia
de linguagem.

5. Conclusoes e Trabalhos Futuros

Este artigo propds uma metodologia para validacdo de uma ontologia com relacdes de
hiperonimia e sinonimia a partir de um recurso lexical eletronico. Foi apresentada em
detalhes a avaliacdo de sinonimia realizada manualmente e com decisdes auxiliadas por
outros recursos. Apesar da magnitude do recurso original e das relagdes a serem adi-
cionadas, essa metodologia possibilitou uma validagao mais ampla do recurso, em vez
da avaliacdo por amostragem proposta em [Oliveira et al. 2009]. Apds a etapa apresen-
tada neste trabalho, resta ainda a validacao da estrutura de hiperdnimos. Contudo, a parte
ja validada do recurso permite a sua utilizacdo em diversas areas da computagdo, tais
como traducdo automadtica, sistemas de busca e extra¢ao de informacao, sistemas conver-
sacionais, sistemas de inferéncia e extragdo automadtica de ontologias.
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"Tal procedimento pode ser suficiente para os casos que envolvem mais de um significado frequente,
mas, dada a abrangéncia do recurso, tal avaliacdo manual se torna impraticavel.
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Abstract. This paper presents an ongoing work on ontology learning from text,
focusing on the acquisition of concepts and relations. In order to do that, this
work investigates approaches for ontology learning, and presents a proposal
based on graphs metrics to identify concepts, and text analysis to find relations
between the concepts.

Resumo. Este artigo apresenta um trabalho em andamento na drea de apren-
dizado de ontologias a partir de texto, focando na identificacdo de conceitos
e relacoes. Para isto, este trabalho investiga abordagems para o aprendizado
de ontologias e apresenta uma proposta baseada métricas de grafos para iden-
tificar conceitos, e andlise do texto com os conceitos encontrados para obter
relagoes.

1. Introducao

Em alguns sistemas computacionais como sistemas de perguntas e repostas e agentes
conversacionais, para suprir as necessidades de informag¢des de usudrios, pode ser ne-
cessario utilizar informagdes ndo-estruturadas, como as disponiveis na web, e realizar um
processamento dessas informagdes. Para tanto, diversas linguagens e padrdes vem sendo
desenvolvidos, tais como Resource Description Framework [3] e Web Ontology Language
[1], que permitem a definicdo de conceitos e a descri¢do de suas relacdes e propriedades.
Segundo o W3C (World Wide Web Consortium) [13], para sistemas que precisam com-
partilhar conhecimentos do mesmo dominio (por exemplo, medicina, mercado imobilidrio
e petréleo) € necessario o uso de ontologias para unificar este conhecimento. Contudo, o
processo de criacdo de ontologias de forma manual € custoso em termos de tempo e re-
cursos e exige um especialista do dominio. Desta forma, algumas tarefas desse processo

tem sido automatizadas em sistemas computacionais, como mostrado em [16], [18], [11]
e [6].

Em geral o aprendizado automadtico de ontologias € visto como a aquisicao de
conhecimento a partir de textos, onde grande parte do trabalho utiliza como base areas
da computagdo como processamento de linguagem natural, inteligéncia artificial e apren-
dizado de méquina [2]. Para Yang e Jamie [18] o processo de construcao de ontologias
ocorre em quatro passos: (1) detectar candidatos a conceitos; (2) agrupar conceitos simi-
lares; (3) encontrar um nome para cada grupo; (4) formar uma arvore para representar a
ontologia.

Para muitas linguas e dominios o aprendizado de ontologias tem que ser realizado
a partir de poucos recursos linguisticos disponiveis. Nesse contexto, este trabalho objetiva
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cure(dom:DOCTOR, range:DISEASE) Relations
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DISEASE: =<l EL> Concepts

1diseace iliness) S\,'non',rms

disease, iliness, hospital Terms

Figura 1. Hierarquia dos processos de aprendizado de ontologia [2]

investigar dois aspectos do aprendizado de ontologias, a identificacdo de conceitos e de
relacdes entre conceitos, focando na identificacdo de conceitos simples e na identificaciao
de elementos que indicam relacdes entre termos. Para tanto esse trabalho inicia com uma
revisdo do estado da arte, na se¢do 2. A seguir, na se¢do 3 sdo apresentadas as técnicas
utilizados na abordagem proposta. Na secao 4 sao discutidas as conclusdes e os trabalhos
futuros.

2. Trabalhos Relacionados

Gruber [10] define uma ontologia como uma especificacdo formal e explicita de uma
conceitualizagdo compartilhada por um dominio de interesse, onde formal significa que a
ontologia deve ser interpretavel por computador e aceita por um grupo ou comunidade da
area que a ontologia modela. Além disso, deve ser restrita a um dado dominio de interesse
e, portanto, modelar conceitos e relagdes relevantes a uma tarefa ou aplicacdo particular
do dominio [2]. Atualmente ndo hd um consenso sobre os métodos para o aprendizado
automaético de ontologias, que segundo [2], podem ser divididos em seis niveis: termos,
sindnimos, conceitos, hierarquias de conceitos, relacdes e regras. A hierarquia dessas
tarefas no processo de aprendizado de ontologias € mostrada na Figura 1.

A aquisicdo de termos consiste em encontrar automaticamente palavras que re-
presentem conceitos de um dominio. Este € o passo inicial do aprendizado de ontologias,
sendo seus resultados usados em todas as etapas posteriores. As técnicas mais utiliza-
das para tanto sdo a indexagdo de termos, andlise de frequéncia, coocorréncia € uma
combinag¢ao dos dois métodos anteriores [14]. Segundo Buitelaar [2], a extra¢do de con-
ceitos € uma etapa controversa, por nao estar claro o que exatamente € um conceito. Nesta
etapa podem ser considerados como conceitos uma definicao, instancias de um conceito
ou um conjunto multilingue de termos, dependendo do uso que o pesquisador da ontologia
gerar.

A identificacdo de sindnimos visa a aquisi¢ao semantica de variantes de termos, ou
seja, encontrar entre os termos de um texto aqueles que compartilham fungdes semanticas.
Para tanto, o estado da arte mapeia a semantica de cada palavra e identifica as palavras
que possuem intersec¢do, sendo este mapeamento comumente realizado pelo contexto
dos termos [3] ou diretamente pala semantica dos termos [17].

A extragdo de taxonomias busca identificar uma organizagdo hierdrquica entre
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os conceitos, sendo comum o uso de listas de termos que indicam tais relagdes, o que
gera uma boa precisao na identificagdo, mas devido ao fato destes padrdes serem muito
especificos esta abordagem apresenta uma baixa cobertura das relacdes existentes [11].
Outra abordagem ¢ a hipdtese de distribuicao, onde sdo derivadas automaticamente as
hierarquias de termos a partir do texto usando andlise de conceitos formais [8] (ex. [4], [7],
[9]). A comunidade de recuperacdo de informacao trata esta tarefa a partir da avaliacio
da distribuicdo e relevancia dos termos nos documentos, como mostrado por Sanderson e
Croft em [15].

A extracdo de outras relagdes ndo hierdrquicas entre conceitos (por exemplo,
relacdes entre sintomas, doencas e drogas) tem sido feita a partir de textos, em geral
procurando por relagdes entre pares de conceitos com mesma classe gramatical.

Por fim, a extracdo de regras, discutida em [12] e [5], € a drea pesquisada menos
abordada em aprendizado de ontologias [2]. O objetivo deste passo € encontrar regras
gramaticais que rejam as relagoes das ontologias.

Dentro desse contexto, esse trabalho € similar ao de [3] no uso de mutual informa-
tion para a extracdo de sinonimia, com a difierenca de que utilizamos esta métrica sobre
um grafo do texto, e ndo diretamente sobre ele, e a [16] que verificam relacdes, diferindo
por generalizarmos os padroes encontrados.

3. Metodologia

O objetivo deste trabalho é gerar automaticamente ontologias a partir de um corpus do
dominio, com foco na identificacdo de conceitos e relacdes do dominio, discutidos res-
pectivamente nas secoes 3.1 e 3.2.

3.1. Aquisicao de Termos e Conceitos

Neste trabalho nao diferenciamos termos e conceitos no processo de aquisi¢do devido a
natureza proxima destes, assim tornando o resultante do sistema mais proximo de uma
ontologia linguistica de dominio. O processo inicia com a geracao de um grafo a partir do
corpus, onde as palavras sao os nds, que sao ligados uns aos outros quando as palavras que
formam os nés encontram-se na mesma sentenc¢a, como ilustrado na Figura 2. Nas Figuras
2.1 e 2.1i, as frases “Jodo e Maria foram ao parque domingo’’e “Domingo o parque estava
lotado”, respectivamente, sdo transformadas em grafos. As duas frases unidas geram um
grafo, cujas arestas sdo pesadas de acordo com o nimero de vezes que cada par de nds
coocorre no texto. (Figura 2.iii). Sobre este grafo utilizamos as seguintes métricas de
grafos para gerar candidatos a conceitos:

e centralidade para verificar a importancia do né no grafo,
e grau, que representa o numero de ligagdes de um né e
e closeness, que verifica a média dos caminhos minimos para se chegar ao né.

3.2. Aquisicao de Relacoes

Para a obten¢do das relagdes ndo hierarquicas realizamos uma analise do corpus para iden-
tificar possiveis expressoes que indiquem alguma relagao entre os termos. Este processo
foi dividido em trés etapas sequenciais: extragdo de relacdes; generalizacao das relagdes
para obter padrdes; e re-extracao das relagdes utilizando os padrdes encontrados.
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Jodo e maria foram ao parque domingo.

Jodo e maria foram ao parque domingo.
Domingo, o parque estava lotado.

Figura 2. Exemplo de texto transformado em grafo.

Para a extragdo de relacOes o sistema identifica no corpus todos os conceitos e
segmenta as palavras que ocorrem entre eles.! Todas as palavras que se encontram en-
tre um par de conceitos sdo consideradas candidatas a relacdo. Estas relacdes candida-
tas sao filtradas, permanecendo apenas palavras cujas classes gramaticais sdo permitidas
(neste ponto utilizamos filtros que combinam informagdes lexicais e morfosintaticas para
uma extragdo mais direcionada). Desta forma € obtida a primeira lista de relagdes entre
conceitos (este processo é exemplificado na Figura 3, onde duas relagdes distintas sao
encontradas para a frase? entre os conceitos obras e licensas, e distribuicdo e trabalhos).

lessig/prop se/pron-pers refere/v-fin a/prp asfart préiticas/n culturais/adj
cujas/pron-det obras/n sfo/v-fin disponibilizadas/v-pcp por/prp licengas/n alternati-
vas/adj que/pron-indp permitem/v-fin a/art livre/adj reproducédo/n e/conj-c distribuigo/n
,/, podendo/v-ger restringir/v-inf o/art uso/n comercial/adj e/conj-c a/art criagdo/n de/prp
trabalhos/n derivados/adj ././

Texto do corpus

sao/v-fin disponibilizadas/v-pcp por/prp podendo/v-ger restringir/v-inf de/prp
Etapa 1 1 1
obras, licencas: 1 distribui¢ao, trabalhos: 1
P
v-fin v-pcp prp v-ger v-inf prp
Etapa 2 1 1
obras, licencas: 1 \ distribuigo, trabalhos: 1
* % prp
Etapa 3 2

Figura 3. Extracao de relagcGes entre conceitos.

Na segunda etapa, generalizacido das relacdes, consideramos as relacdes apenas
como uma sequéncia de classes gramaticais (no exemplo da Figura 3, etapa 2, as palavras
sdo substituidas por suas classes gramaticais). Estas relagdes formam uma segunda lista,
onde estdo as relagdes compostas de classes gramaticais e suas respectivas frequéncias.

! Assume-se que ndo pode haver um conceito entre um par de conceitos.

2 A frase estd anotada com suas classes gramaticais (prop: nome proprio, pron-pers: pronome pessoal, v-
fin: verbo finito, prp: preposic¢do, art: artigo, adj: adjetivo, pron-det: pronome determinado, n: substantivo,
v-pcp: verbo no participio, pron-ind: pronome indeterminado, conj-c: conjunc¢io coordenada, v-ger: verbo
no gerundio, v-inf: verbo no infinitivo).
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Neste ponto, as relagdes sdo generalizados de acordo com seu nimero de palavras e de
classes gramaticais que compartilham a mesma posicdao. Na Figura 3, etapa 3, as duas
relacdes t€ém o mesmo tamanho e compartilham o mesmo elemento na posicao trés, ge-
rando uma nova relacdo genérica contendo trés elementos, restringindo apenas o terceiro.

O objetivo da primeira etapa € mostrar as relagdes que ocorrem diretamente no
corpus, enquanto a segunda etapa objetiva criar padroes genéricos de identificacdo. Com
estas informacdes, a terceira etapa, re-extracao das relacoes, utiliza a lista gerada pela
etapa 2 como modelo para identificar novas relacdes no corpus, ou seja, relacdes que nao
foram identificadas na primeira etapa.

4. Conclusoes e Trabalhos Futuros

O aprendizado de ontologias é um campo interdisciplinar, que abrange diversas dreas da
computaciao, como processamento de linguagem natural. As propostas para aprendizado
semi-automatico de ontologias permitem diminuir consideravelmente o custo e esfor¢co
envolvidos na constru¢do de ontologias.

Dentro desse contexto, esse trabalho apresentou uma abordagem baseada em gra-
fos para a identificacdo de termos e relacdes a partir de corpora. Essa abordagem permite
extrair de forma recursiva novas expressoes que PODEM indicar relacdes entre termos.

Como trabalhos futuros se prevé uma avaliagdo sistematica dos resultados obti-
dos, por cada etapa do processo, por um especialista do dominio. Os trabalhos futuros
envolvem ainda a aquisicao de sindnimos e aquisicado de relagdes hierdrquicas, assim per-
mitindo alem da identificacdo das relacdes gerais, aquelas relacdes mais especificas (por
exemplo, “tipo de”, “€¢ um”). Pretendemos também validar os resultados obtidos com o
sistema utilizando corpus de diferentes dominios, como o corpus GENIA * do dominio

de biologia.
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Abstract. The connection method earned good reputation in the field of
automated theorem proving for around three decades, due to its simplicity,
clarity, efficiency and parsimonious use of memory. This seems to be a very
appealing feature, in particular in the context of Semantic Web, where it is
assumed that the knowledge bases might be of arbitrary size. In this paper, I
present a connection method especially tailored to infer over the description
logic (DL) .4£¢. Our AL connection method is formalized in sequent style,
although matrices should be employed for practical reasons.

1. Introduction

The problem of reasoning over ontologies written in Description Logic (DL) [Baader et
al 2003] has been receiving strong interest from researchers, particularly since the
Semantic Web inception. Regarding this issue, the use of memory is certainly one
important asset for a good reasoning performance. | am proposing a formalized
inference system which seems adequate to address understandability and the use of a
small amount of memory. Our inference system is based on the connection method
(CM) [Bibel 1987], which is a simple, clear and effective inference method that has
been used successfully over first order logic (FOL). Its main features clearly meet with
the demands: (i) it keeps only one copy of each logical sentence in memory; and (iii) it
does not derive new sentences from the stored ones.

Definition 1 (Disjunctive normal form (DNF), clause, positive matricial form). A
formula in DNF is a disjunction of conjunctions, being in the form ¢, v ... v ¢,, where
each ¢; is a clause (or dual clause). Clauses are conjunctions of literals like L, A ... A L,
also denoted as {L, ..., L,,}. Formulae can be also expressed in disjunctive clausal form
as {Cy, ..., C,}. Formulae stated this way are also in positive matricial form, since they can
be represented as a matrix. In the matrix, each clause occupies a column.

Definition 2 (Skolemization). Instead of existential quantifiers, universal quantifiers
(v) are replaced by constants or Skolem functions, since I will work with the whole
knowledge based negated (see next section). Variables in the resulting DNF are then
(implicitly) existentially quantified.

| started with the Description Logic 4.£C (Attributive Concept Language with
Complements) [Baader et al 2003], since it constitutes the foundations of many other
DLs. I now present an _4.£¢C normal form and the 42¢ CM calculus.
2. An _AL£C Positive Matricial Normal Form

To reach this normal form, the first two actions to be made over the axioms are: (i)
splitting equivalence axioms of the form € = D into two axioms C = Dand D C C, and
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(if) converting all the axioms into a Negated Normal Form (NNF), in which negations
occurs only on literals [Baader et al 2003]. Next, | define the normal form and
impurities with regard to it.

Definition 3 (A£C disjunction, AL£C conjunction). An 4£C disjunction is either a
literal, a disjunction E, U E; or an universal restriction Vr.E,. An _A4L£C conjunction is
either a literal, a conjunction E, N E; or an existential restriction 3r.E,. E, and E; are
arbitrary concept expressions.

Definition 4 (4£C pure disjunction). The set S, of A4,£C pure disjunctions is the
smallest set where: (i) D, € Sp, for every literal Dy; (ii) If D,,D; € Sp, thenD, U D,
€ Sp; and (iii) if Dy € Sp then Vr.D, € S,. An element D € S, is an ALC pure
disjunction. An _4.£C non-pure disjunction is an 4, disjunction that is not pure.

Definition 5 (4£C pure conjunction). The set S, of 4.£C pure conjunctions is the
smallest set where: (i) C, € S for every literal Co; (ii) if Co,£; € S¢ then C, N C; €
Sc; and (iii) if Cy € S; then 3r.Cy € Sc. An element C € Scis an ALC pure
conjunction. An _4.£C non-pure conjunction is an 4.4 conjunction that is not pure.

Definition 6 (Impurity of a non-pure expression). Impurities of non-pure 4£C DL
expressions are either conjunctive expressions in a non-pure disjunction or disjunctive
expressions in a non-pure conjunction. The set of impurities is called 4£¢ impurity set,
and is denoted by S;.

Example 1 (Impurities on non-pure expressions).

The expression (Vr.(Do U ... UD, U (CoMN ... NCp) U (AN ... MAp)), a non-pure
disjunction, contains two impurities: (Co M ... M Cy,) and (A M ... M A,

Definition 7 (Positive normal form). An 4£¢ axiom is in positive normal form iff it is
in one of the following forms: (i)C = D; (ii)C & 3r.C; and (iii) Vr.D E C; where C
Is a concept name, C a pure conjunction and D a pure disjunction.

[Freitas et al 2011] contains 4, transformation algorithms to this normal form.

2.1. Translation Rules for the normalization

With all axioms in normal form, it is easy to map them both to FOL and to the matricial
form, by applying the rules given in Table 1. Table 2 brings the mapping treatment of
recursive sub-cases of existential and universal restrictions, when they occur inside any
of the three normal forms. An improvement of the approach is, as the usual DL notation,
we do not need variables, since all relations are binary.

In order to prove KB = «, the whole knowledge base KB is negated during this
transformation, once we wish to prove =KB V « valid. Because of that, subsumption
axioms of the form C = D, which are logically translated as C — D, because negated
(—=(C — D), indeed), are now translated to C A =D, instead of -C v D. Moreover, to
establish a uniform set of rules to apply over formulae, we deal with —a instead of «,
so we consider formulae as -4,V ...V 7A,V -na where A;€T (axioms in the TBox).
The translation rules can then be applied over ~a and all A;.

Regarding skolemization, one representational advantage of the approach resides
in the clearer matrix representation of universally quantified roles’ (Vr.C or in the
matrices, the negated 3r.C). This construct, by definition, has the interpretation
(vr.C)! = {vb,(a,b) € R - b € C'}. Hence, for an axiom of the form A = vr.C, the
definition does not oblige concept A to dispose of instances — this is indeed a very
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common error from DL users. But maybe it is not their fault: for instance, tableaux
proofs over such axioms don’t stress this semantics, in the sense that it allows instances
of A without any role instances from r associated to it. In the 4, CM, the matricial
representation explicits this situation: either there are no role instances (—r) or when it
has a role instance (a,b), b has to be an instance of concept C.

Table 1. Translation rules to map 4.£¢ into FOL positive NNF and matrices.

Axiom type FOL Positive NNF Matrix
mapping
. L (CHIA ~r(x,f(x))) v
CzarC ,where C =) A, (€t A () cc - ¢
i:1 V...V = — _‘Al
with A eS¢ (pure conjunction) Cen~A () | T
m
— ~ ' (~r(x.f(x))A~C(x)) v
vr.D E €, where D=JL_J1A i | 0 AL E)ACH) F AL A'm}
v.v | e
with A' je Sy (pure disjunction) (= A’ (F())A-C(x)) -C-C —-C
A (OALAA (X) A Al
C = D, where —A (A A=A (X)
A,
oy L X " ' —uA\I
C :ﬂpﬁ D :U Ay, '
= =1
Aﬁ € Sc (pure conjunction), _—|A'n |

Alj € SD (pure disjunction)

Table 2. Recursive sub-cases of existential and universal restrictions.

Axiom type FOL Positive NNF Direct
DNNF Positive Matrix
mapping Matrix
A is an existencial B ,
restriction: A Fx '
L MArAn .. rey)A ) "
' AN '
with A <S¢ AY) A

(pure conjunction)

A i -
Aj is an universal
A

restricti’on: r()'("i,) A r(x,y) ro
e d VrA L eay —|A’(y)/\ _‘Au(y) _|A'i
with A’ e S

(pure disjunction) L

3. An A£¢ Connection Calculus in Sequent Style

Definition 3 (Path, connection, unifier, substitution). A path is a set of literals from a
matrix in which every clause (or column) contributes with one literal. A connection is a
pair of complementary literals from different clauses, like {L{,-L3}, where o(L,)
(ora(Ly)) is the most general unifier (mgu) between predicates L,and —L,. o is the set of
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substitutions, which are mappings from variables to terms.

Definition 4 (Validity, active path, set of concepts). An 4.£¢ formula represented as a
matrix is valid when every path contains a connection {L,, L, }, provided thats(L,) =
a(L,). This is due to the fact that a connection represents the tautology L v =L in DNF.
As a result, the connection method aims at finding a connection in each path, together
with a unifier for the whole matrix. During the proof, the current path is called active
path and denoted by B. The set of concepts 7 of a variable or instance x during a proof is
defined by 7(x) « {C|C(x) € B} [Schmidt & Tishkovsky 2007].

Definition 5 (A£¢ connection sequent calculus). Figure 1 brings the rules in sequent
style of the 2 connection calculus, adapted from [Otten 2010].

Axiom (AX) m

CZ'M' {}
&M, e

where M is the matrix KB E «, C, is a copy of C; € «

C° M,Path U {L,}
CU{L},M,Pathu {L,}
witho(L,) = o(L,)

CI\{L$}, M, Path U {L,} C° M,Path
CU{L,},M,Path

with C, a copy of C; € M, L, € C,,0(Ly) = a(Ly),

CU{L},MuU{Cy}, Pathu{L,}
CU{L},M,Pathu {L,}

withL, € C,,u < pu+1,and (x[{ & Ny or T(x,‘{) ¢ r(x;{_l)), o(L,) = o(L,) (blocking conditions)

Start Rule (St)

Reduction Rule (Red)

Extension Rule (Ext)

Copy Rule (Cop)

Figure 1. The Accconnection calculus rules in sequent style (adapted from
[Otten 2010)).

Blocking didn’t occur in the original CM due to FOL semi-decidability, but it
consists in a common practice in DL to guarantee termination. Here, to assure
termination, we have to check if the set of conceEts T associated to the variable x (i.e.,
if the new x,, was unified) of the new literal L, being created by the Cop rule is not
contained in the set of concepts of the original x from L,(x) (in the rule, 7(x?))
[Schmidt & Tishkovsky 2007]. Examples of the 4c£¢ CM calculus, as well as an
algorithm of the system based on [Bibel 1987] can be found at [Freitas et al 2010].

In terms of complexity, the system is PSPACE in case of non-cyclical ontologies
and EXPTIME for cyclical. Proofs of its completeness, soundness and termination are
presented in [Freitas et al 2010].

Example 1 (A£C connection calculus).
Animal M FhasPart.Bone = Vertebrate
i =
Bird = Animal M JhasPart.Bone M 3hasPart.Feather } =Bird & Vertebrate

In FOL positive matricial clausal form, where the variables y and t were respectively
skolemized by the function f(x) and the constant c, the formula is represented by
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{{Bird(x) ,~Animal(x)}, {Bird(x) ,—hasPart(x,f(x))}, {Bird(x) ,~Bone(f(x))}, {Bird(x)
,hasPart(x,g(x))}, {Bird(x) ,~Feather(g(x))}, {Animal(w), hasPart(w,z), Bone(z),
=Vertebrate(w)}, {-Bird(c)}, {Vertebrate(c))}}.

Figure 2 deploys the query proof. In the figure, literals of the active path are in
boxes and arcs denote connections. For building a proof, we first choose a clause from
the consequent (Start rule), say, the clause {—Bird(c)} and a literal from it (=Bird(c)).

C
[ Bird Brd  Bird  Bird Bird Animal Vertebrate(c) |

—Animal —hasPart_ —Bone —hasPart_ —Feather hasPart:

1. Bone 1
—Vertebrate
L
[ Bird Bird Bird Bird Bird Animal  [SBird(c)] Vertebrate(c)]
—hasPart_ —Bone _hasPart_ -Feather hasPart:
2 o B
. one 1

—Vertebrate
"
[ Bird Bird  Bird  Bird Bird Animal  [EBird(c)] Vertebrate(c)]
N —nbart

Bone !
—Vertebfate

C =
[ Bird Bird Bird Bird Animal Vertebrate(c) |

—hasPart —Bone —hasPart _ —Feather [ hasPart]!
4. (c, Bone !
—Vertebfate

C

[ Bird Bird Bird Bird Bird Animal  [SBird(c)] Vertebrate(c)
—hasPart —Bone —hasPart_ —Feather

—.Vertebrat?

[ i Bird Bird Bird Animal Vertebrate(c) |
—=Bone —hasPart. —Feather |
6 &7. . I c
L y |

Figure 2. A connection proof example in matricial form.

Step 1 connects this clause with the first matrix clause. An instance or variable -
representing a fictitious individual we are predicating about -, appears in each arc, for
this connection, the instance c. The arrow points to literals to be checked in the clause
(-Animal in Step 1), that should be checked afterwards. After step 2, the connection
{=Animal, Animal} is not enough to prove all paths stemming from the other clause, the
one with literal =Animal. In order to assure that, the remaining literals from that clause,
viz hasPart, Bone and —Vertebrate, have still to be connected. Then, in step 3, when we
connect hasPart, we are not talking about instance ¢ any more, but about a relation
between it and another variable or fictitious individual, say y (indicated by (c,y)).

Until that moment, we were only applying the Extension rule. However, in step
4, we use the Reduction rule, triggered by its two enabling conditions: (i) there is a
connection for the current literal already in the proof; and (ii) unification can take place.
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Unification would not be possible if we were referring to different individuals or
skolemized functions (in 4., equality among individuals is not necessary).

A small note on unification is necessary here, because it brings a small trick to
the calculus. Since horizontal dashlines represent universal restrictions (vr.C), the
qualifier concept (C, represented as —C in the matrix) correspond to a skolemized
concept (say C(f(c))). Therefore, it can only be unified with variables, but not with
concrete individuals or other skolemized qualifier concepts.

In case the system is able to summon the query, the processing finishes when all
paths are exhausted and have their connections found. In case a proof cannot be
entailed, the system would have tried all available options of connections, unifiers and
clause copies, having backtracked to the available options in case of failure.

4. Conclusions and Future Work

I have formalized a connection method to take on the DL 4.£¢, by adapting the CM
calculus formalized in sequent style from [Otten 2010] and including a new rule. | also
introduced some notational improvements, the key one being the representation without
variables. Of course, | plan to continue this work in many research directions, such as
implementations, other DLs, Semantic Web, etc.

| intend to extend the work presented here to more complex description logic
languages in a near future. Particularly, formalizations and implementations for the DLs
EL++ SHIQand SROIQ will be practically useful for applications related to the Semantic
Web and for some other biomedical applications that | am involved in.

Last but not least, lean implementations written in Prolog, in the flavor of
leanCop [Otten & Bibel 2003], that demand small memory space, can serve
applications that are constrained in memory, such as stream reasoning in mobile
applications, for instance. They are also in my research agenda.
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Abstract. Domain ontologies are widely used to explicit declarative
knowledge. However, it is a difficult task to obtain an explicit and shared
vocabulary that can be used in computer systems. Besides that, many domains
require not only textual data but also visual data to express the meaning of the
concepts. Some ontology editors have been devel oped to support collaboration
on the ontology development process, but none of them have support to visual
domains or ontological foundation, which is important to build efficient
ontologies with semantic validation. In this paper, we introduce an approach
to support collaborative construction and evolution of visual domain
ontologies using metadata ontol ogies based on a foundational ontology.

1. Introduction

In the Knowledge Engineering process, we are uguatincerned on collecting
knowledge shared by a specific community, storingsi a formal ontology and using
this ontology as a reusable artifact for variougppses. As we know so far, an ontology
is defined as a formal specification of shared conceptualization (Borst, 1997).
Knowledge domains are not static: they evolve whew elements become part of the
domain or when elements become obsolete (De Le¥19)2These changes need to be
adapted to the domain model, updating the ontolbyy adding or removing
components. Therefore, collaboration has becoménaortant part of the ontology
development process, helping in making explicit tomcept behind vocabulary and
evolving the vocabulary to its new meanings.

Several classic ontology editors have been devdloper time. Some interesting recent
approaches focus on collaboration aspects of ogyalevelopment, like NeON Project
(Haase et al., 2008), OntoEdit (Sure et al., 2@d2) Collaborative Protégé (Tudorache,
Noy, & Musen, 2008). Collaborative Protégé hasoiiticed a metadata ontology to
support this collaboration, allowing the specifioatof changes and annotations on the
domain ontology. However, we think that the fordaalguage oriented-interface is hard
for the domain specialist to deal with, becausesh®/is not usually familiar with
ontology formalization.
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Many information domains like Medicine and Geologged visual information to
express knowledge. Our tool allows the user todbailconceptual model of visual
knowledge, getting advantage of visual represemtatlike icons and images to help in
expressing the full meaning of the concepts. Onother hand, in order to capture the
correct meaning of a concept, it is necessaryttthéeuser express his/her understanding
about that concept through the use of propertiasitave concrete meaning to him/her.
This is the role of foundational ontologies: exgrése inherent properties that provide
identity to the objects in some world. Our proposansists of developing a
collaborative web environment for ontology constiat with two main contributions:
support to visual domains and support to ontolddamandation.

The collaboration is based on metadata informatioout the ontology components, so
that the users can express their understanding #®wmeaning of the concepts without
requiring any formal representation language, buing mechanisms to manipulate
visual information and to express rich semantic edVietadata information provides
the necessary vocabulary and artifacts that caar difie basis for the development of
applications for collaborative ontology construntioThe metadata and the domain
ontology data are generically stored in a datahagéples.

This paper is organized as follows: In Section 2 explain why and how visual
domains are important on ontology development. kctiSn 3, we present the
foundational ontology that provides ontological fidation to our metadata models.
Section 4 introduces the metadata ontologies tieath@ main contribution of this work.
In Section 6, we conclude and anticipate some éutwork.

2. Visual Domains

Some information domains require visual knowledgeaacrucial part of the problem
solving process like Medicine or Geology and mo$t Natural Sciences. The
interpretation process occurs through a visualepatimatching against the domain,
capturing the objects that can support the infexgrath. Some of these visual objects
have even barely translation to a propositionalcdgson. Therefore, the ontology
construction in visual domains requires more thantmlic descriptions to explain the
concepts. Besides that, many ontology developadsifieasier to provide descriptions
of their domain concepts and properties using Visgpresentations rather than only
formal descriptions (or pure natural language desons).

According to Lorenzatti (2011), a concept can beresented in two different ways:
through a symbol from a language or through a padtoepresentation (an imagistic
representation, like an image or icon). Icons arglar to what they represent, so, their
meaning is captured through the same process cep@rn used to recognize the
represented object or event. In other words, itammg can be understood from the
observation of the representation. Images are phapbs of concepts, intended to
provide examples of instances of a concept, tryingransmit its meaning. Therefore,
the concepts can be associated either to a symbolaopictorial representation, like an
image, a draw, an icon, a chart, etc. An icon dan be associated to each property
value. For example, the propeRpundness can have an associated icon to each of its
values: low-rounded, rounded, high-rounded.
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3. Foundational Ontology

The aim of a foundational ontology is establishan¢pasis to obtain coherence in the
negotiations of meaning during the collaboratiomcpss of individuals to build a
conceptual model. Recently, @nified Foundational Ontology (UFO) was proposed
(Guizzardi 2005), defining categories that providetological foundation in the
construction of conceptual models. The UFO is didith three fragments callééFO-

A, UFO-B and UFO-C. We are interested in the thicak framework of meta-
properties and meta-types proposed by Nicola Gagi@Guarino 1995) and Giancarlo
Guizzardi, mainly focused in the UFO-A, which isetltore of the foundational
ontology, consisting of a stable thedmat introduces structuring concepts to offer more
semantics to conceptual modeling languages. Thexefwe will mention here the
notions of rigid sortals, properties, quality domains, partonomic relations and
hierarchical relations. For instance, a rigid sortal is a concept whafeiion requires
that their instances cannot stop being an instaht@s concept in any possible world.
This means that if thessential properties chosen to define the concept cease to be
recognized in the way they were defined, the instanill cease to exist to because it
loses its identity criterion. A person is a rigiortsl while a student is not, since there
are instances of it that can stop being a studdéhiut losing its identity. These are
important constructs for ontological models, sintey allow producing trustful
mappings among different domain ontologies thapstpnteroperability.

The current ontology development tools don’t impdenthis rich formal semantic

representation because they are based only in itlee biasic ontology constructs

(concept, property, property value, relation, aXiahat don’t express the differences of
objects in reality according to human discriminati®he unified foundational ontology

extended these basic primitives, creating sevedditianal constructs that helps in
establishing the taxonomic classification and tleationships among concepts.
Therefore, ambiguity is reduced and the expregsofithe model is increased.

4. M etadata Ontologies for Collaboration

In this paper, we introduce an upper-level domadgependent metadata to specify the
structure of the domain ontology components andalootation events. Using this
metadata, the community of users can define coacaptiributes and domain values,
making also explicit the intended meaning througle tuse of primitives of a
foundational ontology (assigning values to metgprboes and meta-types of concepts),
visual icons and illustrative images. The confliateout selection of names, attributes,
icons and images are solved by the propositiorhahges in the models. The changes
are justified by the ontological definition and atered for further reference.

We introduce two metadata ontologies: the Reprasient Ontology (R.O.), which
defines primitives for representing the domain gy, and the Collaboration Ontology
(C.0.), which defines primitives for representiig tcollaboration events. The domain
ontology components are defined as instances oRte concepts and the changes
made over the domain ontology are defined as ins&f the C.O. concepts. These
models are the basis of our environment, struajuitie meta-level data and helping the
application to deal with the abstract represemtatiof the domain ontology and to track
changes involving symbolic or visual representatiand foundational artifacts.
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4.1. Representation Ontology (R.O.)

When dealing with ontologies, we are commonly fecu®n its main components:
concept, property, property value, relation anaaxiTo add more semantics, this meta
ontology extends some of the main ontology compteney specializing them based on
visual and foundational aspects.

In order to provide visual support, we used theceph [Image], which is specialized in
two sub-concepts: [Photography] (for representihgtps of concept instances) and
[lcon] (for representing symbolic pictorial icon3he R.O. contains some relations that
link a [OntologyConcept] or [OntologyPropertyValug] one [Icon] kaslcon) and a
[Photography] to a [OntologyConceptphptographyOf). To provide ontological
foundation to the model, we have specialized th®.Roncepts using some of the
foundation constructs proposed in the UFO-A fouimtia ontology, enriching the
semantics of the model without adding significamtnplexity. The [OntologyConcept]
was specialized to represent Substantial Univeraats its subclasses: Sortal, Kind,
Mixin, RigidSortal, etc. The [OntologyProperty] a@pt was specialized to represent
the distinct types of property: DataTypeProperty @froperties that point to primitives
like string, int, datetime, etc.) and QualityUniversalProperty (for propestibat have
one or more pre-defined values, like color, ageerudl, etc.). The
[OntologyPropertyValue] concept was specializedQnale. The [OntologyRelation]
concept was specialized to represent the diffetgpes of relations, allowing the
representation of partonomic relations (Extension®femberOf, PartOf, SetOf,
SubQuantityOf and SubsetOf) and the hierarchichssmption relation (SubclassOf).
These constructs, when used correctly, impose samnastrictions to the model, which
can be analyzed by the knowledge engineer to helusers to detect semantic failures
and representational misuses on the domain ontology

4.2. Collaboration Ontology (C.O.)

The Collaboration Ontology (C.O.) defines whichlabbration activities can be done
on the domain ontology. In a simplified way, th€@Cinstances are the changes related
to what has been represented by the R.O. ontolgizh is the domain ontology. The
collaboration process is focused on the proposdl storage of changes made over
concepts, properties or relations and also on atinos that can be attached to any
domain ontology component. The specialists can naeetly changes or annotations
in the domain model by adding, changing or removimgtology components.
Collaboratively, they can see each other changeriiignd discuss about it, possibly
making new modifications until a consolidated damraiodel is obtained.

The C.O. concepts define the set of possible ogyotthanges that can be done in the
system. A change event has some properties thatng@aning to itdomainComponent
relates the change to one domain ontology comppaetiior stores who made the
changegdate stores thalate and time when the changed occurred, to hehacking the
evolution of ontologyyalue storesthe new value of the change. The C.O. describes not
only common changes (ConceptCreated, PropertyReihdwat also visual changes
(ConcepticonChange, ConceptPhotographyChange) aodnddtional changes
(MemberOfRelationCreated, SubsetOfRelationCreated, = QualeCreated,
QualelconChanged, etc.). Therefore, we can chahgesémantics of the concepts,
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adding more information to the domain ontology mathkan the current approaches
offer. For example, if the user once created a €phby instantiating the R.O. concept
[OntologyConcept], and now he/she wants to chatsysteéreotype because it is, in fact,
a RigidSortal, it can be done by creating an instanf the C.O. [ConceptTypeChange]
concept and setting it&lue property to “RigidSortal”. The concept type candbanged
unlimited times by the community, to reach the ecriconsensual semantics.

The C.O. also allows the collaboration on visuamdms. Icons are an unique
alternative representation of the concept, basethenvisual perception, that helps in
avoiding the excessive use of propositional intar$ain ontology-based systems. When
a user changes a concept icon, an instance of EptioonChange] is created and
associated both to the concept and to the icon emgzgoaded. Using the same
procedure, a concept can be associated to onererphotographs by creating instances
of the C.O. concept [ConceptPhotographyCreatedd. Uiser deletes a photograph, an
instance of [ConceptPhotographyRemoved] is createproperty value can also have
an associated icon by creating an instance of ge@Changed]. Further, the users can
make comments specifically about the icons or phatal change these artifacts later on
until they reach the correct consensual visualesgmtation. In Lorenzatti (2011), a
library of icons related to the Sedimentary Geolafpynain was developed with
cognitive analysis support. We are currently usiigs library to validate our
environment. An example of the metadata ontologgraction and the collaboration
history generated when changing visual and fouadati aspects of the domain
ontology is shown in Figure 1.

ConceptCreated
z OntologyConce pt| value: Rock
domainComponent: Concept#1
E G subCIassOf mage author: john 8
L S * haslcon \ date: ConcepticonChange T §
w0 Igldsorta is-a value: iconjpg 72
4 E domainComponent: Concept#l 43
E [=) author: john :% §
date: =<
w ConceptTypeChange =
& | m Photograph value: RigidSortal e}
‘ po;-af_“f_ JdomainComponent: Concept#l =
domgmf—qr.‘-‘- ae author: john
Seitthii date: 2011-05-20 09:30
instance-nf| \!nstance -of e |
instance-of

Concepti#l \ |

>| |termo_EN:Rock |""» Icon#l !
< Q| [termo_PT:Rocha K ange o
=0 o A o
8 E "'-imageUR\ iS-a‘—ICOHCEptChange | 3 5
o e Yy Qo
A Conce ptCreated| og
is-a v Q =
— ConceptTypeCha ngel =

icon.jpg etc

Figure 1 Collaboration structure with visual and foundation constructs

6. Conclusions and Future Work

Domain ontologies are explicit conceptual modela shared knowledge, focused on a
specific domain of common interest. Some domaingdnenore than textual
representations for concepts of reality, requiningual representations as well. The
foundational concepts introduced in the UFO-A faatimhal ontology helps the
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construction of semantic models by helping to ditialthe essential properties that
express the identity of the concepts. Besides tihat, foundational data helps the
knowledge engineer to understand the domain andtéoact with the specialists. We
consider that supporting the user to recognizeethm@sperties would help in doing
ontological choices in associating the concepté Wik representation constructs. This
would lead to the development of better quality domontologies, in terms of lucidity
and laconicity, avoiding ambiguity and redundanicyorder to provide the adequate
support, we develop a framework based on metaddtdogies that allow the domain
experts in developing and evolving domain ontolsgigsing textual and visual
representations and ontological foundational data.

The metadata ontologies introduced in this papdrisrusage are focused on providing
a basis for the collaborative construction of ridnguage-independent domain
ontologies. The generated collaboration events farmimportant collaboration and

evolution history that can be used to analyzecaitpoints of the ontology or to track

changes. Our approach is experimentally availabla web-based environment for the
collaborative construction of the Sedimentary Gggldomain ontology at the address
http://obaita.inf.ufrgs.br/, which is currently under constant development.
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Abstract. FrameNet frames have been used to develop ledatabases and
annotated corpora for different languages. This grapnalyses the use of
FrameNet frames to build a legal ontology for the&lian Law. In order to
discuss the problems of such approach to ontolapeldpment, the lexical
units evoking theCri mi nal _pr ocess frame were contrasted in English
and Portuguese. Frame divergence between langulagesonsequences not
only for legal ontology development but also foe tievelopment of legal
lexical resources, such as lexical databases ampara annotation.

1. Introduction

Semantic Web technology for the legal domain haskan important topic in the last
years. Semantic Web technologies involve both apfins in corporate settings, such
as knowledge management and intranet systems, @aolec pnformation retrieval on
internet (Benjamins at al., 2005). Semantic lexeccamd legal ontologies have been
developed to facilitate the access to legal infdioma

Lexicons and ontologies sometimes are considesed similar resource. The
parallel between word sense and ontological categian one hand and lexical relations
and ontological relations on the other hand suggést similarity of these two resources
(Hirst, 2003). Nevertheless, ontologies and lexscare different resources. In the words
of Gruber (1993, p.199), an ontology is an expbgécification of a conceptualization.
While lexicons represent words senses in a natlaajuage, ontologies are, by
definition, an engineering artifact that represtiet knowledge of a particular area in a
formal language.

This paper analyses the use of FrameNet frambaild a legal ontology for the
Brazilian Law. It is a first attempt to construct a legal ongpldexically oriented. In
this paper, the lexical units evoking t@ei m nal _pr ocess frame are contrasted in
English and Portuguese. The aim of this contrastiuely is discussing the conceptual
structure evoked by lexical units and how this infation is particular to each country.
In social-oriented areas, such as Law, concepts moaype shared among countries.
Considering countries that share the same langaaggal concept may evoke different

! The work presented here was developed in the sobfiee of the projecBemantic Technologies and
Legal Information Retrieval Systejres project supported by CAPES and CNJ (ConselhcioNal de
Justica) and coordinated by Professor Dr. Roved.diz Oliveira Chishman.

207



conceptual structures, because countries do nate stiee same set of laws and
regulations.

FrameNet frames have been used to develop ledm@bases and annotated
corpora for different languages. Semantic framescansidered conceptual structures
independent of language (Boas, 2005; Padd, 2003). cAnceptual structures
independent of language, semantic frames would hheecharacteristic of being
universal. This is the principle that enables ttandfer of semantic annotation from
corpus of one language to another language (Pa@6y)2and the automatic
development of lexicons expanding FrameNet francesther languages other than
English (Padé e Lapata, 2005).

This paper demonstrates that FrameNet frames atealways language-
independent conceptual structures. In order toudsthe problems of using FrameNet
frames to build legal ontologies, this paper isicired in seven sections. Section 2
presents legal ontologies and lexicons. Sectiome3gmts FrameNet methodology for
frame creation. Section 4 presents the methoddiogy¥rameNet creation other than
English. Section 5 presents the FrameRet m nal _process frame. Section 6
presents the mismatches between legal knowledg&dSA and Brazil. Section 7
presents the conclusions of this work.

2. Legal Ontologies and L exicons

Terminological lexicons and legal ontologies haeerb proposed for legal information
retrieval purposesCore Legal OntologfCLO) (Gangemi et al., 2005) is an ontology
developed by the Institute for Theory and Technsgfex Legal Information (ITTIG-
CNR). This ontology is used to structure legal @pts from the terminological lexicon
JurWordNet(Gangemi et al., 2005)L.RI-Core (Breuker et al., 2005) is a legal ontology
developed by the Leibniz Center for Law, in thepe®f the European project e-
COURT (Breuker et al., 2005). The main purpose Rf-Core is to support knowledge
acquisition to legal domain ontologies and allowtoaatic indexing of legal
documents.

Terminological wordnets likdur-WordNet(Sagri et al., 2004) aim to improve
legal information retrieval by connecting termsotgh semantic relations, mainly
synonymy. LOIS (Lexical Ontologies for Legal Infoatron Sharing) (Curtoni et al.,
2005) was an investigation project supported byogean Commission within the e-
Content program. The aim of LOIS was to build adpaan legal wordnet for legal
information retrieval. The semantic relations cartrterms in different languages. The
LOIS architecture was based on another EuropegeqbyaheEuroWordNet(Vossen,
1998). In LOISthe different language databases were connectedghran interlingual
index. This work differs from lexicons and ontolegipresented in this section because
it aims at using lexical databases to develop legtilogies.

3. FrameNet

FrameNet is a lexical database that describes waahing according to the principles
of Frame Semantics. In FrameNet lexical items areeived as lexical units. A lexical
unit is the combination of a word form with a meaniEvery new meaning of a word
represents a new lexical unit. Therefore, it isldéxcal unit that evokes the frame, not
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the word. According to Fillmore and Baker (2010)e tmethod of lexical analysis in
FrameNet follows five steps: (IFharacterizing the frames, (2) Describing and
naming frame elements, (3) Selecting lexical units, (4) Creating manual
annotations of sample sentences and (5)Automatically generating lexical entries.

4. M ethodology for FrameNet Creation

In order to discuss the use of FrameNet framedefgal ontology development, it is
necessary to present some points related to Franaedemultilinguality. FrameNet for
languages other than English has been created ub&gexpansion methodology.
Expansion methodology assumes that semantic frastegs the same and only the
linguistic information is substituted to create nEvameNets. This is the methodology
adopted by Spanish FrameNet (Subirats, 2009) goanéae FrameNet (Ohara, 2009).
According to Lonneker-Rodman (2007, p.5), expansimethodology risk to “(...)
neglecting language-specific differences in lexaalon”. Lénneker-Rodman (2007)
presents four types of mismatches between frameBrameNet construction: (1)
Semantic Frame, (2) Frame Elements, (3) Semantic Type and Frame Element
Coreness and (4)Frame Relations. The criteria for new frame creation presented in
Lonneker-Rodman (2007) showhat lexical changes between two languages will
change the conceptual structure, in other worag;déchanges may affect the structure
of a semantic frame. This work analyses how diffetbe conceptual structure may be
in a social-oriented field like Law.

5.Cri m nal _process Frame

In the FrameNet terminologgr i m nal _pr ocess frame is a non-lexical frame. The
function of non-lexical frames is to connect sentatly related frames. Non-lexical
frames do not present frame-evoking lexical uniteey represent complex events
divided in more specific frame&r i m nal _pr ocess frame describes the different
steps of a criminal process according to the Amaeriegal system. In case of complex
frames, likeCri m nal _process, each sequence of events or states is described as
single frame, related to the complex frame thro8gbframerelations and to the other
subframes througPRrecedeselation.Cri m nal _process frame is divided in four
subframes temporally succeededArrest, Arraignnment, Trial, and
Sentencing. Arraignnent frame is divided in three subframes:
Notification_of charges, Entering_a plea, and Bail _deci sion.
Tri al frame also presents three subframegourt exam nati on,
Jury_del i beration andVer di ct. There is still the fram&ry_def endant . In
FrameNet terminology, th&ri al andTry_def endant frames are in erspective
relation. That relation describes frames that arelar and represent two sides of the
same event. Therefore, thei al frame describes the organization of the trial,levhi
theTry_def endant frame describes the event of trying a defendant.

6. Mismatches between L egal Knowledge in USA and Brazil

In order to contrast the legal knowledge descritme@r i m nal _pr ocess frame to
Brazilian legal system, firstly it was necessargteate manually frames to represent the
legal information about a criminal process accaydio the Brazilian legal system.
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Crim nal process frame was contrasted with a Brazilian criminal qgass frame
considering three levels of linguistic analysisid¢al units, frames, and frame elements.
In the contrastive study, it is possible to peredivat semantic frames present different
levels of equivalence. Some frames in FrameNetdamequivalent frame in Brazilian
legal system, with lexical units presenting equewés in Portuguese, correspondence
between the American and Brazilian legal knowledge the same frame elements for
both frames in English and Portuguese. Other Fran&dmes found equivalence only
between lexical units in English and Portuguesat i the legal event represented in
FrameNet frame did not exist in Brazilian Legaltsys.

The FrameNet framé@ry_def endant represents a legal event in which a
defendant is tried by a jury or a judge in a cqgrameNet definition). The core frame
elements for Try_ def endant frame are: @GARGES  DEFENDANT,
GOVERNING_AUTHORITY, JUDGE, and IRY. The lexical unit that evokes this frame is
to try that has as an equivalent in Portuguese the lenitajulgar. The legal event
represented byfry def endant frame is comparable to the legal event of trying a
defendant in Brazil. The lexical unulgar in Portuguese evokes a legal knowledge
comparable to the legal knowledge evoked tbytry. It is possible to say that
Try_def endant is equivalent to the Brazilian legal framhal gar _acusado.

Other frames, likeNot i fi cati on_of _char ges, present only lexical unit
equivalenceNot i fi cati on_of _char ges represents a legal event in which the
judge informs the accused of the charges agaimsther (FrameNet definition). The
core frame elements forNotification_of charges are: ACCUSED
ARRAIGN_AUTHORITY, and @GIARGES The Ilexical units that evoke
Noti fication_of _charges frame areto accusecharge to chargeto indict, and
indictment These lexical units present equivalent in Porsguto accuse/acusar
charge/acusac¢ddo charge/acusarto indict/pronunciar andindictment/prondnciabut
the legal knowledge evoked by these lexical umts€English is not the same legal
knowledge evoked by their equivalents in Portuguese

There are still frames that do not present eqaia@ of any type. This is the
case ofArrai gnnent frame.Arrai gnnment frame describes a legal event that is
typical of the American system which is based oom@wn Law. Even the frame-
evoking lexical units do not find an equivalenBPartuguesearraign andarraignment

7. Conclusion: Consequences of Frame Mismatchesfor Ontology
Development

The conception of semantic frame as a languaggperdient conceptual level motivates
proposals to use semantic frames as interlinguptesentation for multilingual
databases (Boas, 2005). Other proposal for semiatiees is automatic generation of
frame-based lexical databases (Pado, 2007). Senfaautnes are still used for corpus
annotation in languages other than English (Burdihetral., 2009). Considering the use
of FrameNet frames for lexical resource developmigns important to ask whether
FrameNet could be a starting point even for ontpldgvelopment. The assumption
that semantic frames are conceptual structuresuéayggindependent could enable the
use of semantic frames as ontological categories.
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The contrastive study ofCri m nal process frame brought important
evidences against the use of FrameNet framesdat tmtology development. Semantic
frames may represent a more language-independemteptual level, but being
language-independent does not mean being sociallasral-independent. Law is a
social-oriented area, which means that laws aresqoal for all countries. The frame
evoked by a lexical unit will reflect the legal kmiedge of a regulation from a specific
country. In countries that speak the same languadgxical unit may evoke a different
legal knowledge in both countries.

The levels of mismatches between frames in diftelanguages show that
semantic frames cannot be considered a conceptwal language and cultural-
independent. An example of semantic frame that doégxist in Brazilian legal system
is theAr r ai gnnment frame. The arraignment is a hearing in which geasis asked
to entering a plea. Therefore, the lexical unitat ttvokeAr r ai gnnent frame in
English do no find a translation equivalent in Bguese. In other cases, some parts of a
frame do not find a correspondence in Braziliamaral process. This is the case of
Trial frame. Tri al frame is divided in three subframé&®ourt examni nati on,
Jury_del i beration, andVer di ct . According to the Brazilian legal system, the
Jury_del i berati on frame is not a step in a trial.

FrameNet semantic frames are not a good sourceontepts for a legal
ontology. Legal frames are social and culturaligimted. Using FrameNet frames would
mean adopting a conception of legal system basedhén United States legal
organization. Different from other works in devetognt of lexical resources, the social
character of legal frames make them being spefofieach society. Using FrameNet
frames to develop an ontology to cover the concefptise Brazilian legal system would
entail the problem of adapting frames created foreAican legal system. A possible
solution until this moment would be the manual mimgeof a Brazilian legal ontology.
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Abstract. Através do estudo de modelos conceituais de femgas utilizadas
na Ciéncia da Informacao e na Ciéncia da Computaedte trabalho objetiva
analisar, de forma comparativa, 0os elementos sesnédls entre os modelos
conceituais utilizados na construcdo de tesauraxeituais e de ontologias
de fundamentacéo, a partir de um modelo de agremagdposto na literatura
de Ciéncia da Informacéao.

Resumo. From the study of conceptual models from toolsl usd.ibrary and
Information Science and Computer Science, thisystiied to analyzing in a
comparative way, the similar elements between tineeptual models used in
the conceptual thesauri and foundational ontologigem an aggregation
model proposed in Library and Information Scienterature.

1. Introducéo

bY

A construgcdo de modelos conceituais estd diretamégada a representacdo do
conhecimento e estes devem ser capazes de repraz@entontexto, sendo construidos
a partir de processos que evitem qualquer tipo rdeiguidade, ressaltando objetos
relevantes ao dominio, bem como seus relacionamentatributos. Na Ciéncia da

Informacdo, a representacdo de dominios do conketimé responséavel pela

organizacao e recuperagdo de conhecimento regis#adim, com a necessidade cada
vez maior de recuperacdo de informacdes de formaistente, deve ser levado em
conta 0S processos tedricos e metodologicos qumiteen desenvolver modelos

capazes de organizar e representar conhecimento.

E importante que a construcdo de sistemas queitparnrecuperacdo da
informacéo seja baseada no conhecimento existpatajitindo que o conhecimento
sobre o0 mundo permita a construcdo de modelos swheerealidade. Esses modelos
sdo representacdes parciais de determinado mumile é possivel representar a
existéncia de objetos e as relacbes entre eleandmrestruturas processaveis por
maquina, quando se trata questdes computacionagerraitindo a construcdo de
linguagens documentarias, quando se trabalha cest@ps na Ciéncia da Informacéao.

213



A Ciéncia da Informacdo vem trabalhando questééscas e metodoldgicas
capazes de fornecer bases para a construcdo de lomodenceituais e,
consequentemente, sistemas de organizacéo e mpgEggedo conhecimento — como 0s
tesauros conceituais —, permitindo que modelosrsejganizados a partir de conceitos
e categorias, garantindo a durabilidade do sistammaomportar sua atualizagéo. Isto
estd pautado em questdes que tratam o conceitastia gos estudos de Ingetraut
Dahlberg (1978a, 1978b), além de trabalhar conteyodazacdo dos mesmos, baseados
na Teoria da Classificacdo Facetada, de ShiyalidrRaita Ranganathan (1967).

O tesauro conceitual € formado por uma parte éliiedy onde os termos sao
apresentados na forma alfabética com as espeéifisagas relacdes existentes entre
eles, e uma parte sistematica, onde os conceitagresentam no modelo conceitual do
instrumento. Além disso, esses tesauros se premcapem 0 conteldo conceitual dos
termos, 0 que destaca a importancia das defing@eada conceito.

No que tange a Ciéncia da Computacdo, seu focoesemacional é a
possibilidade de realizar comunicagdo entre sisgtenNos Ultimos anos, porém,
parecem ter havido percep¢des que possibilitam delagem de parte de um dominio
tendo como base teorias independentes de domimimo cas ontologias de
fundamentacdo (GUIZZARDI, 2005), tornando-se impat¢ para a elaboracdo de
modelos conceituais, aplicando teorias filosofi@scognitivas neste processo e
fornecendo principios ontoldgicos para classifioad@ conceitos.

Uma ontologia de fundamentacdo apresenta prireige estdo concernentes
com uma ontologia formal. Esses principios, inddpates de um dominio, permitem a
elaboracdo de modelos para a representacdo desaliveontextos de representacéo,
sendo altamente reutilizaveis. E também caractiaizeor ser filosoficamente bem
fundamentada, permitindo a explicitacdo de umaovikiirealidade, ou seja, do acordo
ontoldgico estabelecido, com determinacéo de retgagstricdo, bem como conceitos,
categorias e metapropriedades.

Este trabalho procura analisar de forma comparats/modelos conceituais em
que tanto tesauros conceituais quanto ontologidsirtdamentacdo estdo pautadas, de
forma a promover a verificacdo das semelhancasnéacias em seus modelos de
representacdo de dominios, tomando por base pdacgstabelecidos por Campos
(2004) para a modelagem conceitual de dominios.

2. Metodologia

A comparacdo entre os modelos conceituais de tsaumceituais e ontologias de
fundamentacéo foi realizada a partir de um procedim sistematico e organizado,
possibilitando estabelecer relacbes de semelhariga @jetos, a fim de concluir algo

(COLINO, 2002). Privilegia-se, neste trabalho, ogesso (comparativo) mais do que o
modelo em si, evidenciando aspectos que ocorrermnanos modelos.

A andlise comparativa de semelhancas foi dadarir pla observacédo dos
elementos dos modelos conceituais dos instrumeotos,base no que é considerado
um modelo de observacdo de principios construidoGQammpos (2004), a saber: (a)
método de raciocinio; (b) objeto de representa@orelacdes entre os objetos e; (d)
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formas de representacdo grafica. Estes principios abservados aqui a partir do
enfoque da Ciéncia da Informacéo e da Ciéncia aapQtacao.

O método de raciocinio pretende compreender ans&izacdo utilizada de
como olhar o dominiocompreendendo a construcdo de modelos a pagimeétodos
dedutivo e/ou indutivo. O objeto de representac@mrésiderado, em geral, como “a
menor unidade de manipulacao/representacéo de dmatatexto” (CAMPOS, 2004,
p. 26). As relagbes entre os objetos permitem gjzeabservada a estrutura do contexto
em que 0s objetos estdo inseridos, sendo posdesificar tipos de relacdes e como
elas ocorrem entre os objetos. As formas repres@ntgrafica permitem que o modelo
conceitual seja visto como “um espaco comunicatiermaque transpomos o mundo
fenomenal para um espaco de representacao” (CAMP@4E, p. 31).

3. Aspectos comparaveis entre os modelos conceitide tesauros conceituais
e ontologias de fundamentacao

No que diz respeito ao método de raciocinio, atcog&o de tesauros conceituais conta,
basicamente, com o aporte de duas teorias na €i@aciinformacdo: a Teoria da
Classificacao Facetada e a Teoria do Conceito.gidela Classificacdo Facetada visa
o estabelecimento de categorias gerais a partilldr sobre um dominio, deixando a
compreensao dos objetos que as constituem paraamembo posterior. A Teoria do
Conceito, por outro lado, compreende um modo améintético de conhecer o
dominio, sendo “uma metodologia hibrida [...] agrep [0 método dedutivo e
indutivo] em um exercicio de pensar o particulamooum todo e o todo possuindo
particulares” (CAMPQOS, 2004). Deste modo, entereleise o dominio apresentara
categorias ao final da analise dos conceitos, emib@o se conheca inicialmente quais
sdo, chegando-se a elas a partir da andlise dositam

A ontologia de fundamentacgéo se utiliza da indwgino método de raciocinio,
ou seja, parte da observacgéo dos objetos no mpadic(lares/individuais) para chegar
aos universais. Por outro lado, “apesar de posgrircipios para descricdo de
metaniveis de objetos em um dominio (universa#), utiliza esta classificagcdo como
um mecanismo inicial para a organizagdo dos objetosum contexto” (CAMPOS,
2004, p. 26). Isto permite que a observacédo domegl®s traga a tona uma estrutura
conceitual que revele a real constituicdo dos medmem como suas relacdes, ja que a
partir de uma perspectiva filosofica realista o slodtonceitual gerado € um modelo da
realidade.

No que se refere ao objeto de representacdo, segendo mostram os estudos
realizados, a menor unidade de representacéo aentexto. A Ciéncia da Informacéo,
a partir da Teoria do Conceito, admite a existénoizeitos propriamente ditos, sendo
este composto pelo referente — o0 objeto —, suasteaisticas e um nome que o designa.
Este referente é um objeto no mundo, alguma coiga rgalmente existe, sendo
classificado como objeto geral ou individual. A @& da Computacdo, a partir da
ontologia formal, os objetos, ou particulares, s#assificados inicialmente como
endurants(continuos) owperdurants(ocorrentes). Osndurantssdo objetos/entidades,
enquanto operdurants sdo eventos/acdes. Apesar dos tesauros concemdais
possuirem tal classificacdo, 0s conceitos que osstitoem sdo também
objetos/entidades, eventos/acdes, entre outragocete de conceitos.
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A ontologia de fundamentacdo estd pautada no habaiom objetos de
representacao a partir de uma visdo Aristotélicandedo, estabelecendo a existéncia de
categorias gerais que podem ser usadas de forms&ruauear modelos da realidade,
sendo, assim, sdo passiveis de representacdo. edte 0 modelo formal construido
permite o “raciocinio” sobre estes elementos.

No que tange as relacdes entre objetos, para &rwgds de modelos conceituais
de tesauros conceituais, 0s conceitos estao redlds entre si porque existem
caracteristicas comuns entre eles. As caractagsts@io, assim, essenciais para a
construcdo de relagbes e o posicionamento do ¢onesi um sistema de conceitos.
Essas caracteristicas permitem que seja observaskéacia do conceito, uma vez que
descricdo de caracteristicas essenciais de umoolpetmitem sua identificacdo
conceitual, formando, como ressalta Campos (2@0d3trutura conceitual do contexto.

As relagbes existem tanto em tesauros conceitusmasitq em ontologias de
fundamentacdo. Aqui esbogcaremos um comparativorteafa caracterizar as relagoes
existentes em tesauros conceituais que também m&astps em ontologias de
fundamentacdo, sem, no entanto, deixar de peraperas relagbes existentes em
ontologias de fundamentagcéo sdo de uma variedatdEnm@amente maior. Deste modo,
apresentaremos as relagcdes propostas por Camp06d4) (para a modelagem de
dominios de conhecimento utilizadas em tesauroseitis que podem apresentar
semelhanca com rela¢des na ontologia de fundan@ntagaber: (a) relagéo categorial;
(b) relacéo hierarquica; (c) relacdo partitivadd;rélacédo funcional-sintagmatica.

A relagdo categorial é apresentada na construcdesdaros através da relacéo
formal-categorial na Teoria do Conceito. Esta @a¢oma por base o referente
escolhido, impondo-lhe um processo de categorizac@ermitindo, assim, que seja
montada a estrutura do dominio, conferindo estiulk e flexibilidade a esta estrutura.
Nota-se que este processo € substancialmente ndéed® utilizado na Teoria da
Classificacdo Facetada, onde as categorias saoniddefia priori e os elementos
“encaixados” nestas categorias. Na ontologia dddorentacao, a observacao parte dos
objetos e a partir deles sdo estabelecidas relag¢desse processo, “a categoria,
especificamente, € considerada uma classe de miaisl amplo, tendo como funcéo
possibilitar uma classificacdo geral do dominiogerastao” (CAMPOS, 2004, p. 28).

A relacao hierarquica € compreendida por concegogiesma natureza, ou seja,
agueles elementos que ja estdo agrupados em dwdancategoria. Em tesauros
conceituais a relacdo hierarquica compreende agOes género/espécie e a relacao
lateral (conceitos em renque). Na ontologia de dnmehtacdo, novamente por sua base
estar situada na ontologia formal, a relagcdo decrgéespécie permite organizar
taxonomicamente a estrutura do dominio. Neste psoce&omo lembra Campos (2004),
pode ser observada a questdo de identidade ddss)lgemo forma de verificagdo da
natureza dos mesmos. Pode-se ressaltar tambéméesmie dependéncia e rigitlez

Outro tipo de relagéo € a relagdo partitiva odepdo. Como o proprio nome
denota, esta relacdo compreende a ligacdo entwdooet suas partes e a relagcdo das

! Dependéncia: versa sobre a existéncia de umaadetiespécie estar condicionada a existéncia de uma
entidade género. Rigidez: responde pela entidade mesma ao longo do tempo (esséncia), mesmo
sofrendo alteracdes.
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partes entre si. Basicamente este € o entendimsoiice a relagdo partitiva na
construcdo de tesauros conceituais. A ontologiafuelamentacédo, por sua vez,
compreende o estudo aprofundado desta relacamatest uma area da Filosofia para
estudar especificamente os relacionamentos emnd@oce as partes de uma entidade.

A relacdo funcional-sintagmética pode ser recoml@como uma relacdo que
torna “evidente uma determinada demanda, ou fungétre 0s objetos no mundo
fenomenal, ndo objetivando explicitar o objeto asspropriedades” (CAMPOS, 2004,
p. 30), ou seja, esse tipo de relagdo é conceitumbémorientada a processos ou
operacdes (DAHLBERG, 1978b). A ontologia de fundatagdo tem, na ontologia
formal, subsidios para que esta seja trabalhadaéstrda nocdo de dependéncia a
ligacdo entre o0s conceitos, explicitando a “depea@dé existencial, envolvendo
individuos especificos pertencentes a classesedifss” (CAMPOS, 2004, p. 30).
Assim, embora ndo nomeada desta forma, a ontottyitundamentacdo possui uma
vasta tipologia destas relagdes.

Chegando, por fim, as formas de representacdo-smwderificar que a Ciéncia
da Informagé&o destina teorias e metodologias cemtes e utilizadas desde muito
tempo para a modelagem de dominios, mas as patsiles de manifestacdes graficas
ndo sao desenvolvidas. A ontologia de fundamentégdioexplorando o ferramental
tecnologico para constituicdo taxonémica de eleaseigue compdem um dominio,
desenvolvendo aparatos capazes de projetar visoi@raeonstituicdo do dominio.

Uma vez que nosso intuito € estabelecer os elemenistentes nos modelos
conceituais dos instrumentos analisados, ndo cahksar a forma de representagcéo
grafica desenvolvida por uma ou outra area, maspmender que a Ciéncia da
Computacdo, a partir da utilizacdo de seu arcabdagecnologia da informacao, esta
largos passos a frente da Ciéncia da Informacéseng®cesso de desenvolvimento.
Este é, sem duvida, afetado pelo dominio do feméahede desenvolvimento
tecnoldgico daquela area.

4. Algumas consideracdes finais

Observa-se que a Ciéncia da Informacédo dispbe desbi&oricas e metodologicas
proprias para a construcao de instrumentos terggiems, como tesauros conceituais, o
que constitui um arcabouco solido de conhecimectaz de permitir que seja criada
uma teoria independente sobre um dominio. Estdbauca esta posto na Teoria do
Conceito, a qual permite perceber o dominio ampadetuma analise analitico-sintética, e
na Teoria da Classificacdo Facetada, a qual pemsiibelecer categorias gerais de
dominio, bem como regras para que isso seja feifortha valida.

As ontologias de fundamentacao, por outro ladt&rmddorte fundamentacéo da
Filosofia e das Ciéncias Cognitivas, permitindo guestrutura real de um dominio, seu
compromisso ontolégico, seja representada de fdrelaclara e consistente. Isso
permite que a representacdo realizada detenha emm@ansca baseada no mundo real,
restringindo interpretacdes sobre seus conceitassteD modo, as ontologias de
fundamentacédo, permitem que a construcdo de umia tabre o dominio possibilite
testar e validar um modelo conceitual.
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Assim, um tesauro, desenvolvido a partir de algmda da Biblioteconomia e
Ciéncia da Informacéo, tem sua organizagdo senadatiaves de relacionamentos e da
restricdo dos significados dos termos, fazendo goenestes sejam utilizados de forma
univoca. As ontologias, por outro lado, oriundagdgenharia informatica e tendo por
base a ontologia formal, apresentam relacdes der maiiedade, também permitindo a
representacdo de determinado dominio. Essa repmedené definida formalmente,
sendo possivel observar a estrutura conceituarafigigia) do dominio e receber
respostas do sistema a partir de um esquema denofas. Isto permite que as
ontologias possuam maior teor semantico no queesdjzeito as suas relagdes, evitando,
quando bem projetadas e filosoficamente bem fundtadas, diversas inconsisténcias
conceituais.

Por fim, parece nédo restar davidas que um doglgeafatores de diferenciacéo
entre tesauros (conceituais) e ontologias (de fuedéacao) é o entorno digital em que
as Ultimas séo desenvolvidas. Embora a utilizagateshuros conceituais seja possivel
em ambientes digitais, sua utilizacéo € estatieaemdo o usuario realizar consultas ao
sistema através de assertivas. As ontologias, tta maneira, sdo um tipo de sistema
capaz de responder questbes formuladas pelos asu@risistema, entdo, é capaz de
realizar inferéncias, desde que os elementos doaceique fazem parte da pergunta
estejam em sua base de conhecimento. Ou seja ddas ontologias serem oriundas
de um meio computacional, permite que a automa@apnferida pelo meio lhe
sustente a capacidade de, por exemplo, realizaréméias tendo por base as restrices
impostas, percorrendo regras validas acionadasmmo de complexos axiomas,
respondendo questdes propostas.
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