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Resumo

Moreira, Jodo Luiz Rebel@ntowarehousing multidimensional design for heterogeneous data supported by
foundational ontology:a temporal perspective2014.a | & ( S NXXKlestiado S Mnfbrmatica Programa
de PdsGraduacao em Informaticdnstituto de Matematica, Instituto Tércioacitide AplicagGes e Pesquisas
ComputacionaisUniversidade Federal do Rio de Janeiro, Rio de Janeiro, 2014.

A escolhade como representar a informacdo € extremamente importante para
alcancarrequisitos analiticos, fazendo da modelagem multidimensighdD) uma tarefa
fundamental no ciclo de vida de soluc@ds Business IntelligencéBl)e Data Vérehousing
(DW) Para issonecessitase deum processo de engenhar@apaz decapturar a semantica
das entidades do negdcio e suas relac@&guntamente com as necessidades de BI
identificadas,avaliar para as possibilidades oferecidas pelos dados existentes, a melhor
forma de organizdos para o processamento analiticd expressividade semanticaa
modelagem MD é um assunto que vermde estudado h4 alguns anos. Porém, a falta de
construtos paraexpressar aonceitudizacdo de fendmenos do mundo real ainda apresenta
desafios, refletindese também @ dificuldade em escolher as represggbes corretas para
expressdos no modelo MDde forma a nelhor explicitarrestrices, dependénciasregras
de negocicem geraJ sendo o problema tratado aquilessa dissertacd@ apresentada uma
nova abordagem ontoldgica para a derivacdo de conceitos e esquemassiweridos ao
modelador a partir de categoriasda ontologiade fundamentado Unified Foundational
Ontology (UFO), usadas para classificaro dominio dos dados de origem durante a
modelagemMD. Propomos uma automac¢aa ébordagem hibrida, onde a ontologia de
dominio é construid com base em dados heterogéneos (fontes estruturadasée
estruturadag e posteriormenteclassificada consonceitosda UFOENtaq os conceitosMD
sdo derivads a partirda ontologia de dominio por regras de mapeamentoB&(éntos como
Fatos; (i) Partipacfesde objetos como Dimensfes eHierarquias; (iii) RelacdeBemporais
comoum esqueméasnowflake; (ivRelacéo de causalidade condecotomiaFato / Dimen&o;

(v) Mudancas desituaggescomoum esquemaViD para analisecausaefeito. A abordagem

é validadaatravés de argumentacdo das evidéncias obtidas na aplicagamemario do
sistema elétrico brasileiropara exploracdo conjunta denformacfes de perturbacdes
elétricas e sua repercussdem noticiss. Uma discussésobre causalidade e mudancas de

situacdes apresentadaisandouma ontologiado processdTILcomo exemplo



Abstract

Moreira, Jodo Luiz Rebel@ntowarehousing multidimensional design for heterogeneous data supported by
foundational ontology:a temporal perspective2014.a | & (i S NXX®lestiado&@ nfbrmaticay Programa

de PdsGraduacgao em Informatica, Instituto de Matematica, Instituto Tércio Pacciti de Aplicacdes e Pesquisas
Computacionais, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2014.

The choice on information repsentation is extremely important to fulfil analysis
requirements, making thenultidimensional (MD)modelling taska fundamental phasein
Data Warehousing (DW) lifecycle amisiness Intelligence (B$plutions For that, an
engineering process to capturesrmantics from business entities and their relatiorss
required This process must take in account the identified Bl needs and evaluate the best
ways to organize them for analytical processing, considering the possibilities offered by the
existing dataThe semantic expressivenessMD design is an issue that has been studied for
some years now. Nevertheless, the lack of conceptualization constructs from real world
phenomena in MD design is still a challengelecting the difficulty in choosing the coote
representations to express concepts in a MD model, considering identity principles,
restrictions, dependencies and business rulgkich is the problem treated her&herefore,
in this dissertation, it is introduced novel ontological approach for théerivation of MD
concepts andschemas suggested for the modellewusing categories from a foundational
ontology (FO) to analyse the data source domains as afeweided ontology supporting
MD designWe propose a systematic automatian the hybrid appoach, where the domain
ontology is built based orheterogeneous data (structured and unstructured sources),
classified withthe Unified Foundation Ontology (UFO) conceptualization, increasing its
expressivenessThus, MD concepts are derived from the domain ontology by a set of
mappingrules (i) Events as Facts; (ii) Object Participations as Dimensions and Hierarchies;
(i) Time Interval Relationas Snowflake Schema; (iv) Causality Relation as Fact/Dimension
dichotomy; (v) Situation Changes as Mihema for causeffect analysisThe approach is
validated through arguing the evidences obtained itsy application inBrazilian electrical
system scenariQ supporting joint exploration of electrical disturbancedormation, as
structured data;and their possible repercussion on the nepblications as unstructured
data. In addition, a discussion is presented for causality and situation changes, exemplified

within ITIL ontology.
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Introduction

Busness Intelligence (BIl) solutidrasedon Data Warehouse (DW) architecture is a
well-acceptedapproach for analytical information systerfiSIMBALL e ROSS, 208y the
last 30 years it has become a major industrial domain and economic NI, 2013)
From a research(DECISIONPATH, 2Q1i0)s estimated that90% of allenterprises use this
type of solution in their business decisiongth 70% ugg Bl solutions across more than one
department andapproximately20%of them useBI solutionswidespread across most or all
of their departments.Many organizations have been adoptitigis type of solution to
support decision making processes and even for operational concerns. Most often (64%) BI
solutions are directly related to traditional reporting used mainly by power ysersin 32%
of the casesdt can be used by all levels arporations

Both academi@nd industrial efforts have embraced the evolution of techniques and
tools for BI/DW solutionsThe number ofcourses andacademicschoolswith BI/DW
disciplineshas been increasing for the last yearom latu sensu to strict sensu(TDWI,
2010) such aghe IT4BI (Information Technologies for Byropeanmaster and doctoral
programme§, which counts withexperiencedresearchersand professorsof the area
Conferences such as DaW@BW and Knowledge Discoverghd DOLARInternational
Workshop on DW and OLARpresent some of the maimternational events that address

the research topics of BMoreover, some institutions were created poovide indepth and

high-quality education and training in BI/DW industry, such as TDW4 OwW Institute:j,
which provide recognized best practices reports about the strategies, techniques and tools
required todesign, build and maintain DWs.

BI/DWi nitiatives in companies are awad the challenges that face their projects
Among the main fetors that contribute to Bl success, the maturity tbe development
methodology iscrucial The sope of Bl environments, centralized and decentralized BI
resource organization, budgets, FTE {finle equivalent) employees and team szze also

relevart issuesthat must be addressedor a successful BI/DW proje¢TDWI, 2013)A

! https:/fitabi-de.ulb.ac.be/
2 http://tdwi.org/
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BI/DW solutionusually counts with a set of techniques and tools. Examples of these are
DBMS (Database Management Systenis],L (Extract, Transform and Loading), data
discovery,data quality evaluation, OLAP (Qme Analytical Processing), predictive analysis
and data miningtools. The most common modelling technique in BI/DW solution is the so
called multidimensional (MD) desigwhich is based in the dimensidatt dichotomy.It is a
method to deliver understandable information for users in a simple, concrete and tangible
way (KIMBALL e ROSS, 2013)

Bl encompasses several scientific and technological fields includifogmation
integration (HAAS e SOFFER, 200&gescale pocessingHOANG, TRAN! al, 2011) big
data analytic§YCUZZOCREA, SONG e DAVIS,, Zfillkporation(MARSHALL, WOBBIER,
al., 2012) privacy(CUZZOCREA e BERTINO, 20dddelling and semantic6 OVANOVIC,
ROMERCet al, 2014) Each of these fieldsr@sents research topics to be evolved, such as
the optimization of usedefined ETL activitie§GALHARDAS, LOPES e SANTOS, 2011)
streaming data treatment(LIU, LITAet al, 2008) data integration for semantic data
(BERKANI, BELLATRECHE e KHOURI, fBXiBe and efficient MD data processing
(MUSLEH, COLL. OF COMPUT. SCI. &EBIG2013) dataintensive analytical algorithms
(SHAH, JAITL¥t al, 2009) graph analytic{SATISH, SUNDARA®#I, al, 2014) query
processing for big timseries(BIEM, FENGt al., 2013) DW in cloud environmentéMA,
SCHEWIg} al, 2011) measurement of intangiblg1U, XIE e WU, 200@mong others.

The MD design task is a fundamental core phase in BI/DW lifg¢{i6/BALL e ROSS,
2013) It requires an engeering process to capture semantics from business entities and
their relations, dealing with restrictions, existential dependencies among analytical
perspectives and business rules. The difficulty in choosing the correct representations to
express the coreptualization constructs in a MD model is still an issue in MD design
becauseit can limit the accuracyf business analyses or even compromise the model
semantic(PARDILLO e MAZON, 20HR)rthermore,consideringunstructured dataduring
the MD design adtity is a challengéecauseof the difficulty in representing concepts from
large and ambiguous textual sources. Tikiaot addressed by typical dimensional modelling
methodologies and therefore, most of the data on a company is not {sEESAVICH e
INMON, 2007) worsening the problem Although some solutionsbased on Natural

Language Processing (NLP) and Information Retrieval (IR) technigquwesbeen recently
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proposed for dataepresentations(FREITAS, CARVALEIXI, 2012) only few researchls
are adoptingunstructured datan BI/DW solution§PARK e SONG, 201Wjith the explosion
of the internet, enhanced witthardware and softwarecomputing capabilities, this new
paradigm needs to be investigated.

From aBI/DW designerpoint of view in the Software Engineering (SE)context,
capturing essential aspects of domains during BI/DW lifecyiden the perspective of the
subject matter expes, is the specifiaesearchtopic treated inthis work. It includes the
identification and analysis of relewaiconcepts fordesigningconceptualMD modek, coping
with analytical requirements and data sourcds. this direction, ontologieshave been
already applied as a mechanism to enhance the semantic expressivefiedemain
representations from data sourcdROMERO e ABELLO, 201®)addition, we consider

heterogeneous and complex data, basically classified as structured or unstructatat
This dissertation is concerned with the development of derivation rules &ovell founded
domain ontology tanultidimensional (MD) conceptss suggestions for the Mibodeller.

In this chapter, at first, the general concepts to support this work are presented.
Secondlythe problem definition isformally stated. Afterwards, the methodology used is
described,alsodefining the expected objectives basedtire Goal Question Metric (GQM)
template. Thereafter, a minimal scoger this work is set Then,the structure of this

dissertation igpresented

1.1 Generalconcepts

To deal with modelling and semantics particuiast e general conceptto support
this work are the research topicérom BVDW and formal ontology. Regarding the first and
the second, MD design approaches (anafgsigen, supplydriven and hybrid), development
methodology (project lifecycle) and ungctured data treatment (NLP and IR techniques)
are the basic topicsnvolved Concerninghe formal ontology research area, foundational
ontologies (FQ)and, specifically the Unified Foundational Ontology (UFQ3UIZZARDI,

2005) with its applicationin different domaingo increaseY 2 R Ssénfadtic expressiveness

3 . . . .
We consider only textual data as unstructured and disregard images, sounds and others. There is a
discussion if a formal text is considered unstructured or not, because it follows morphological and lexical
patterns. However, we do not make this distinction in our approach.
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are utilized in this dissertationThe definitions regarding FOs, their relations to domain
ontologies and their role in the formalization of a domain representation are expltred

support air solution proposal.

1.2 Problem cfinition

The choice ba proper datarepresentationstructureis extremely important to fulfil
analysis requirements, making the modelling task fundamental in thBVBIproject. A
problem inthis context is the difficulty irthoosing the correct representations to express
the concepts in a MD model, considerindentity and partwhole principles, existential
dependencies constraintsand business rules. Representiognceptualization construst
from real world phenomena is still an issue in MD desigrere the lack of semantic
expressiveness in conceptual models may comprorthiseaccuracy of business analyses or
even limit its scope and comprehensivene$te semantigpower in the process ofMD
modeling is still a challengethat has been studied forosne years nom(ABELLO, 2002)
(MALINOWSKI e ZIMANYI, 2004) (ROMERO,. F¥ED) someractitioners such as Kimball
(KIMBALL e ROSS, 204:3) Inmon(INMON, 2005)introduced severallesignguidelinesfor
choosing MDelementsto represent domain concepts; they all were stated in an informal
way, not consideringheoretical foundations from different fields, likenetaphysics for
example Therefore, the main problem addressed here is the latkformalization in

choosing the appropriate concepts from a domain to use in MD design.

1.3 Objective

The objective of this work is to deal with the problem mentionadove by
formulating asemiautomaticderivation process basesh mapping rulesrom concejs of a
domain ontology, well founded on the foundational ontology UFO, to elemehts MD
schema This process us@ntological analysis based on UFO categotedsng advantagef
their precise characterization of domain conceptsat are represened in data sources,

enrichingsemanticallythe modellingactivity.
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1.4 Methodology

The research methodologgdopted in this worlcounts withbibliographic revisiorof
the general concepts and related worksroposal approachformulation and validation
through experimentatiorand examplesThe experimental studfollows the model defined
in (WOHLIN, RUNESO#{,al,, 2012) where theplan isspecifed in order to facilitateits
reuse in auture repetition of the studyThe deinition can be summarized in the following

assumptions

Table 21: Description of the methodology adopted this work
Object of study | The use of ontological approach based in temporal aspects of a

specifically UFO, in a hybrid MD design activity for BI/DW solutions.

Purpose The objective/goal is to formulate derivation rules for MD modelling fr
UFO concepts, applied to domain ontologibsit represent data sourceg

increasing the semantic expressiveness during the activity of MD design.

Quiality focus The gain achieved by the use of the proposed technique is measurg
discussing its effectiveness in choosing the concepts to represent

concepts from real scenarios and different domains.

Perspective The view point of the proposed hybrid approach is from the MD modik

perspective for BI/DW solutions development.

Context Bl solution based on DW architecture with MD design as the de

representation structure, supported by ontological analysis.

We also state our work withthe GQM template (SOLINGEN e BERGHOUT, 1999)
where the goal level is the conceptuaine, having an objective defined for an objeeinge
respecting quality modsl from different perspectives relative to a particular environment.
The question level is the operationdevel where questions are stated to define the
assessment of a goal through a characterization model. The objects of measurement
characterization ardased in quality aspects from a selected viewpoint. frietric level is
the quantitative layer, where objectively or subjectively a set of data is linked to each
guestion to answer it in a solid waln this dissertation we choghe subjective measuref
arguingabout the resultsbenefits and limitationsTherefore, he GQM templatefor this

researchisdefined as follows:
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Table 22: Methodology described in GQM template
To analysethe use of ontological approach based on temporal aspects of a FO, speci

UFO, in the MD design activity for BI/DW solutions.

For the purpose offormulating derivation rules for MD modelling from UFO concey
applied in domain ontologies that represent data sources, increasing the sen

expressiveness during the MD design activity.

With respect tobenefits and drawbacks of adoption the approach.

From the point of view ofMD modellesfor BI/DW solutions development.

In the context of BI/DW solutions based in MD design activity, supported by ontoloi

analysis.

1.5 Scope

In this work the scope is defined as:

1 Revision of the main literatureand related works regardingMD design in BI/DW

solutions;

1 Revision of the main related works to unstructured daszin BI/DW solutions;

1 Revision of a BI/DW development lifecycle methodology;

1 Revision of related works addressing ontological approaches for BEGIWions;

1 Revision of the main literature and related works regarding formal ontology, specifically

FO and UF@oncepts

1 Exploration of perdurantsaspects from UFO to increase semantic expressivity in MD
design activity considering mereological relabnhs among events participations of
objects in eventstime interval relationsand causality relation between events; and

situation changes related to events
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1 Introduction of an ontological approach based grerivation rules from UFO to MD

concepts;

1 Introduction of a hybrid method considering the prior ontological approach and

unstructured data modelling;

{1 Validation ofthe approach through thémplementation of @ example in real scenarios,

demonstrating each derivation rule execution and hybrid methpglization

1.6 Structure

This dissertation is organized as follows:

1 Chapter 2 presentan indepth characterization otoncepts and related works of
Bl and DW, the types of MD design approaches (analdysien, sourcedriven
and hybrid) andthe support for unstructured data in BI/DW development

methodology. These concepts help to understand the research base of this work;

1 Chapter 3 presentshe basic concepts of ontologies, how these were already
applied in BI/DW solutions. FurthermoreQis describedparticularly UFO and its
parts. OntoUME I f | y3dz 3S 0GKIFG O2yaids@ubking a2 Y S

related works and applications;

1 Chapter 4 presents the approach proposed in this work, so called
OntoWarehousing. A set of mapping rulesintroduced, describing how MD
concepts can be derived fromdomain ontology based ddFO concepts, such as
an event asa fact and participation as perspective of analysis. In addition, a
hybrid MD design adaptation regarding these mapping rules andue of

unstructured data sources is depact
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1 Chapter 5 presents the experimentation of the approach introduced in section 4.
At first, a prototype forMD elements derivation throughrules execution is
described. Afterwards, a study casgemplificationin the Brazilian electrical grid
security domainillustrates the proposed hybrid approach, considering the
prototype execution and the s of unstructured data sources. At last, a
discussioron causality and situation changes rulssmadeupon an example of

ITIL process domain scengrexemplifying through a MD schema generation

9 The Conclusion describes the main contributions of this dissertation and future

works to addressn the continuity of this research line.
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2 Business Intelligence and Dataaféhousing

This chapterpresentsthe main background conceptd the studyandrelated worls.
The researchmajor topics are Business IntelligencgBl), Data Warehousing(DW),
Multidimensional(MD) design andBI/DW Project Lifecyclelhe concept oBl was firstly
conceived by Hans Peter LURny” ™ dothieyabilitydto apprehend the interrelationships of
presented facts in such a way as to guide action towards a desired ¢JddHN, 1958)The
Bl term got popularity with Decisions Support Systems (8®)h research began in 1960s,
and tied toDWsince 1990sHowever Bl and DWare different conceptsa Bl system can be
built with DWarchitectureor not. Bl is the set of architectures, methodologies, technologies
and processeto enableanalyticalinformation exploring Blcan be understood as the use of
multiple sources of informatiomwith the main goato support thedefinition of strategies for
companes.

Some authors state that Bl aims to increase the companies profitable and
competitiveness ints market(MOSS, 2003However, we believe thahe concept of Bl is
broader, because it is bound to assist the decisianithin a business domain. Independently
of organizations objectives, profitable or not, Bl solutions can provide analytical iniorma
for decision making.

To build a Bl information system it is necessaryfollow an adequate software
development methodology. In addition, it must be basediater-organizational initiatives

coping with qualifiedsponsorsandappropriate Bl projecteam.

2.1 DataWarehousing

DW is definedas a technologyby some authors(SOARES, 1998DUESLATI e
AKAICHI, 2010However, it can be better understood assoftware architecture (INMON,
2005)becauseit refers to a higHevel design structure, whilst technology refdosspecific
platformsfrom vendors as sets of software and hardwaiBo avoid mistaken interpretation

DW is not a product that is simply bought and installed in the company, nor an
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implementation language, nor an isolated single project and nor a copy of transaktion
systems.

As DSSatural evolution the term DW was introducedby Bill Inmon in 1990s
(INMON, 1992)It was defined as data integraticand consolidatiorprocess tocentralize
the necessary information for analytical decision makings from the information systems
sourcesstored in relational DBMSts fast absorption from the companies is related to the
domain information needs to guarantee analytical responses antbractto ensure their
business decisionsAmong otherreasons the technological advances, the changes in
business structures and economy globalization contributed to it.

The missionoa52 Aa (G2 LlzfAaK GKS 2NAFYATFGAZ2
support decision makinglhe BI/DW system requirements can be summarized as: to make
information easily accessible, to present it consistently in a timely way, to be adaptable to
changes, to be secure and to hdrustworthy foundation for desion making(KIMBALL e
ROSS, 2013Yhe BI/DW system datfow, i.e. the Extract, Transform and LoadingT(}
process, begins in data extraction from heterogeneous data sources (@terrexterral,
structured or noj, then integrates and transforms data adéliversthe data to endusers
through different data visualization levelsccessiblevia OntLine Transactional Processing
(OLTPand/or On-Line Analytical Processing (OLAP) tolwiggeneral, architectures oriented
to BI/DW solutionsconsist of a set of tools that must respomaol heavy query processing
load. Those toolsnclude ETLcapability to prepareand deliverthe data OLAPcapabiliy to
visualize and explore the datdata profiling capability toevaluatedata quality in its ofigins
anddata mining capability to check data patterasid rules, enablingoredictiveanalysis

Numerous academic researches and commercial initiatives in Bl/D&Ve been
developedfor the last 30 yeard=rom 1990s until noywve can citeas significant authors of
BI/DW research aredill Inmon, Ralph Kimball, Margy Rdsarissa Mosg:steban Zimany
Elzbieta Malinowskand Alberto Abellé Somecommercialbooks stand out, such as Building
the DW(INMON, 1992andthe DW toolkit editionsF N2 Y Y A Y 0 (KiIMBARlae ROBHJ a
1996) (KIMBALL e ROSS, 2002) (KIMBALL e ROSSIH#018gr proposed th&D design
activity, describing fundamental conceptsfferent techniquesand applicationcase studies
RegardingVID design the Advanced DWook (MALINOWSKI e ZIMANYI, 20@®iginated

from the author PhD thesjsntroduces extensions for spatial and tempocainceptsin MD
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modelingY A Yo I f f Q& EDUXIMBALL, 2004hdBlVDWLifecycletoolkits (KIMBALL,
ROS&:t al,, 2008)should ato be mentioneds important related work

The definition adopted in this work for BI/DWsolutionA & &l &aeadaSy GKI
cleans, conforms, and delivers source data into a dimensional data store and then supports
YR AYLI SYSyida |jdzSNEAY 3T YR |yl KIMAALE 20843 NI { ¢
Therefore,while some works state that MD degi isnot strictly necessary for a BI/DW

solution(MOSS, 2003yve considerthe MD designn our BI/DWapproach

2.2 Multidimensional design

G¢KS FoAfAGRE G2 GAadzt Al S ‘A Xddrderaydd I a
GFry3axofS gle& Aa GKS aSONBG 2F dzyRSNREGI Y
0FaArAld LIKAf2a2LIKe RNJ\Q’))\ya RA Yéyai\zylf RS
AAYLIE S |a LJ2aaidsKISBALLG ®ROSSY?2R1B) a A YL SNR®

Also calleddimensionalmodelling, MD designis the most accepted technique for
presenting analytic data because it delivamormation that is understandable to business
usersand providedast performancavhen queryinglt is intuitive toqueryand presentsthe
information for the userin a concrete and tangible wayhe simplicity oMD modek s the
main reason whyiD design is widely employebeingits most important property because
it makes the datainderstandablefor non-expert users For example, it is not wessary to
know SQL to retrieve analysis results from a MD model through OLAP Nomisover, it
allows software to provide navigation and result delivery capabilities in a quick and efficient
way. Indeed, he data loaded in MD models represent the samilimation as operational
normalized models However, it presents the data in a formatted waydeliveing
understandable informatiorfor the user, coping withquery performance and resilience to
change(KIMBALL e ROSS, 20133an be implemented in relational BBusually referredo
star or snowflake schemas, being available to be accessed by Relational OLAP (ROLAP) tools.
It can also be implemented in MD DBs, knowrdats cubes being available to be accessed
by MD OLAPNIOLAP) tools

The MD conceptual view of data is based in thet/dimension dichotomywhere
the data items withn attributes are represented by points inan n-dimensional space

(ROMERO e ABELLO, 20®)MD model structures the information intdacts and
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dimensions basically Afact represents a focus of analygiIALINOWSKI e ZIMANYI, 2009)
or a business procesaeasurementevent (KIMBALL e ROSS, 2048a subject of analysis
(ABELLO, 2002Fxamples aresale , payment , delivery and any other business

processessuchas product  development process or aservice  provision

Notice that they are all representations of something that happened in time, composed by

events, bringindhe realityfrom one situation to anothern addition they can only happen
i.e. they haveexistential dependencywith the participation of other thingso contexualize
it. Thedimensions are those things that are associated tofti, theydescribedt 6 K2 Z ¢
GKSNB>X ¢gKSys désddated WitR thas événtKIMBALL e ROSS, 201Byr
example a common sale depends on avendor , aclient anda product , occurring
duringatime intervalin a certainlocation

The dimension attributes and hierarchiesare perspective of analysis ofa fact,
O2YY2yfe ARSYOGAFASR I a {KsSDimersions andaclReé
represented in DB adata tables. Thedimension is defined by a single Primary Key @Pid)
attributes, which may form hierarchies such aslocation dimensiors (e.g. country
state andcity ) andtime dimensiors(e.g.year , semester , month anddate ). The
concept of hierarchy is fundamental imanalytical solutions becausehuman mind is

organizechierarchicallybeing the base dbgic inhumancognition(ZHOU, JIN e HAN, 2009)

In the last years severalorks have been proposed for hierarchy visualization techniques.

The survey(SCHULZ, HADLAK e SCHUMANN, R@diduces a systematic design space of
these techniques.

The conceptual classification GLLA hierarchieswas introduced ifMALINOWSKI e
ZIMANYI, 20043nd different usages othem and their representatios in graphs were
explored in (VIEIRA, 2013A hierarchy level is the participation of aimension in the
hierarchy.The items comprising thdierarchies are callethembers omodes. The sequence
of members through thelevels is callednierarchicalpath, where the number oflevels is
defined as thepath length. The firstevel of ahierarchicalpath is theleaf, which is the most
detailed, and he highest Level of aggregation is theot. Hierarchies are usually
implemented as a flat table (in star schema) or a normalized structure (insaowflake
schema) For a full understanding about aggregationstar schemas refer t{ADAMSON e

KIMBALL2006)

KT

Ay

l.j
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DW hierarchies are fundamental in analytical solutions and its conceptual
representation can be complex. It deals with aggregation paths, sequence of levels-for roll
up/drill-down actions kinds of hierarchies, instance lesetardinalities and pa&nt-child
relationships.Theparallelhierarchyis an aggregation ahdividualhierarchies, which can be
simple or alternative. Theformer are the ones that can be represented as trees, i.e. all its
parentchild relations are om#o-many. It can be balarnced, unbalanced ragged) or
generalized.A full description of all these types is presented MIALINOWSKI e ZIMANY],
2009 page 80. The bridgetable plays a fundamental role in the implementation of
hierarchies. It is a manyp-manytable used to relatene row of thefact table to multiple
rows of thedimension hrough a grouptable. It can be applied in the implementation of
raggedhierarchies, as well as recursive poin(sftMBALL, 2004)

Thefacttable hasa set of Foreign Key§K)representingeachdimensionPK A fact
also containsmeasures, theattributes of the representedevent (MALINOWSKI e ZIMANY],
2009) Usually they are numeric qualities that allow quantitative evaluation through
aggregationse.g.product sale s value ,sale s tax es, profit s percentage ,
among others The idea is to represent the measurement eventhe physical world as a
one-to-one relationshipto a single row in thefact table (KIMBALL e ROSS, 20IR)e
additivity of a measure is an essential propertif defines the behwiour of aggregation
through different rows when joining and grouping the relatedimensions Common
examples of aggregationdunctions are sum, maximum, minimum and average.
Furthermore calculatedmeasurescan be set upwith manifold math functions such as
exponential, hyperbolic, logarithms, polynomial and periodic functioBemiaddictive
measures arethe ones defined by the modellerto be aggregaable for a subset of
dimensions The non-additive measures are the ones that shouldt aggregate \wen
drilling-down/rolloing-up.

A DWdesigned withMD schemascan also be understood as specialized DB aimed to
support the decisionmaking process, which stores and delivers subgeiginted, integrated,
nonvolatile and timevarying data. Therefore its digs should be made through a method,
similar toan information systenmdesign activityConventional transactionaystem supports
the business operational processestoring all datainput. Conceptual Modelling (CM) is

commonly used in software development process and it is revisetiapter3. A systems
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generally designed usirthe conceptual, logal and physial model levels. The first istagh
level @bstrac) conceptualization where the most important domain concepts their
relationsand somerestrictions(business rulesare describedThe main goal ofanceptual
models is to provide a common understandin@f the represented domain among the
stakeholderstPARENT, SPACCAPIETRIANAI, 2006)In addition, they serve as system
documentation, providing a reference point for software develop&tgnerally, they are
formalized through Unified Model Language (UML) and euvbmough Entity-Relationship
(ER)language describing normalizk relations for the correspondent logicschema That
oneis typically produced from the conceptual model, where the implementation paradigm is
chosen such aselational whichis typically generateavith ER representationsor object
orientation (OO),typically represented with UMLAfterwards, the physical schema is
designed from the logicahodelto describe the intern data structures, e.g. tables, columns,
relationships,PKs and FKmdexes,constraints,among othersin other words for common
transactional information systemspecific features of the DBM#Be usedin physi@al models
to increase querying performancenprove data normalization andtorage

Several CM researches have been conducted in the last years to deal with designing
issues fo transactional and analytical systems. The expressivity needed for better describing
the real world phenomena in models is one of them. Also cadsdanticexpressiveness or
semantic power, it is the measure of how a model describes the rea(®ALTOR,
CASTELLANOS e GARSTIBACO, 1991).e. how a model best represent conceptual
structures. The semantic enrichment of a model occurs wheseitsanticexpressiveness is
increased.Unlike the traditionalconceptual modelsthe MD conceptualschemas must be
modelled in a way that ensures a better comprehension of the data for common user
analysis,but alsoto increag performance for complex querigALINOWSKI e ZIMANY],
2009) In this direction, eme works introduced approaches wemanticdly enrich MD
models MALINOWSKI e ZIMANMroduced ER representations fopnceptualMD models
(MALINOWSKI e ZIMANYI, 20@4)illustrated in Figur.1. By grouping characteristics into
their corresponding levels, it is possible to enrich the expoespower of the ER model. A
dimension is differentiated from #&act by its shape: the former is rectangular, whilst the
latter is rhombus. In additiormneasures are directly connected to thact described in a

rounded rectangle. Thiierarchy is represemd byn-ary relations betweemimensions.
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Hierarchy level name, Hierarchy level name,

Dimension Name
Property attributes Property attributes

Attributes

Fact name c) Hierarchy

—=< (LN}
—0=< (0N)

a) Dimension Some (1.1)
e

b) Fact relationship with measures d) Cardinalities e) Analysis criterion

Figure2.1: Elements to arich the semantic expressivity of MD models in ER ff@ALINOWSKI e ZIMANYI,
2004)

Theeafter, in Advanced DVWMALINOWSKI e ZIMANYI, 2069 ER metamodel was
extended to describéMD conceptsdeaing with temporal and spatiatonceps, commonly
used in MD modeldt is stated that an event correspond a phenomena at one instatr a
setof instants while a gate occurs during an intervak a setof intervals The temporal data
types (Figure2.2a) consider simple and complex time structures, aeainity or a set for
instants and intervals Moreover, icons to characterizesynchronization relationships
between events were introduced baseyy’ ! f £ Sy Qa (i S YALIEN1983)epNB RA O
in Figure2.2b.

Time @ .
" "H meets '_'L overlaps/intersects
/% (total exclusive) - . - ,
— contains/inside | + covers/coveredBy
Smee @, Compiex O« A equals = disjoint
LY\ (total exclusive) : — starts = finishes
'3 =
‘ Instant (O Interval Q% Ingr:tnt ® Int;;\;a\ ®| precedes succeeds

Figure2.2: Enhancing semantic expressiveness in MD modelseif@dral data typesnd (b)syncronization
relationships fromMALINOWSKI e ZIMANY], 2009)

Besides temporal data types and temporal relations, temporality typwese also
explored n this work The Valid Time (V@gmonstrates a time period in whichfact is true
in the modeled reality. The Transaction Time (TT) represents the time period in wiaich a
is current in the DB, beginning when the row in the data table is inserted or updated and

ending when it is deleted or updated, commonly generated Iy fourcesystem. When
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both occurs (VT and TT) it can be classified as Bitemporal Time (BT). The Lifedpaan(LS)
object existence time irthe source application, used to representhe duration of an
instance.lt is also applied in relationships, demonstrating how long a relation instance can
exist. For last, the Loading Time (LT) represents the time since whelatheés current in a
DW.

The application of theseonceps in anexample scenario is shown in tig 2.3. It
represents a common MD model withsales fact, which is classified as an event that can
overlap, i.e. asale instanceoverlapsanothersale instance. Furthermore, it defines that
the measure quantity amount is a YWhich means that it keepsdck of the changes in its
value. The samelassificationis applied inproduct , category andsales district
attributes. Notice that these types of classification enhance the understanding of a MD
model regarding temporality issues. A complete descriptbrihis model example can be

found in page 192 MALINOWSKI e ZIMANY], 2009)

LS Category Client LS| Sales district
Category name Client id District name
Description First name Representative
Responsible Last name Contact info

VT Max. amount Birth date /7| District area

Salary range %
LS | Address Ls @S
p- < ' £ A ™
{ Product groups ) ._ I\Sales organization )
LS Product = LS Store
< Sales
Product number \\ = Store number
Name P ~— - Name
Description Quantity Address
Size |\\V Amount ‘ Manager's name
vr Distributor ) Area

Figure2.3: A MD model examip semantically enriched by temporal concepts fr(ALINOWSKI e ZIMANY],
2009)

In (ABELLO2002) a survey ofdifferent metamodels for MD desigwith UML was
made. In addition, it introducea complete conceptual MD metedel described with UML
(YAM), coping withsemanticOO benefitdor stars relations Among other characteristics, it

deals with explicit aggregation and multiple hierarchies, measures at different levels of
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granularity, generalization and association relationships, mrtaayany relationships
between two levels and betweefact anddimensgon, inherent integrity constraints and
operations (e.g. drdacross, rotup, projection and dice)Figure 2.4 depicts the main

concepts off AM MD metamodel and their relationssplit in three abstraction levels.
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Figure2.4: YAM MD metamodelusing OO (UML) frofABELLO, 2002)

Regarding MD modelling,hé¢ Common Warehouse Metamodel (CWNB an
important research effort tobe highlighed (MEDINA e TRUJILLO, 200R)is an open
industry specificationof Object Management Grouf®MQ andalso describes Mbonceps
as anUML extension dealing with some of the issues addressed by YAKWM is one of
the MD metanodels compared in the survayentioned However, the main objective of
CWM is to provide atandard metadatadefinition to ensure interoperability among

different DW platforms, such as OLAP, ETL aatia mining tools. The CWM architecture is
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organized in 21 packages, grouped in five layers by means of similar roles. The analysis layer,
specificadly the OLAP package, can be used for conceptual MD design. Nevertheless, it lacks
in characteristicssuch asneasure sets and additivity semantiesid was not conceived as a
conceptual modelMore recent works are applying ontologies to represent the domand

the correspondent data sources, dealing wstmanticexpressivenesssues of conceptual

MD models. These works are revised in sectidn 3

As cited before, the design activity of MD modelinthssmostimportant and crucial
phase inthe development of a BI/DW solution, beirsg fundamental core phase the
BI/DW project lifecycle.It requires an engineering process to capture semantics from
business entities and their relationships. A problem in this context is the difficulty in
choosng the correct representations to expregge conceptan MD mode$. Moreover, MD
design depends mostly on a prior knowledge from the designer, being error prone. This
situation results in the lack sEmanticexpressiveness MD models.

A method for MD design was introduced ifMALINOWSKI e ZIMANYI, 2009)
following thesame steps as in transactional systems development. FR)Gndustrates the
process begiming by requirementsspecificationfrom interviews with stakeholdersThen,
the conceptual design phase considersdbelicited requirements to describe concepts and
their relationsto respond the analytic question#é\fterwards, the logical model is designed
from the conceptuamodeland the physical, usually, autgenerated fran the logi@al model.

The MD modeling task for BI/DW solutions considers those four phases and may be classified

as analysislriven, supplydriven or hybrid approach.

Requirements Conceptual
Specification Design

Physical

Logical Design Design

Figure2.5: Standard designrpcess foitransactional and analytical systems

2.2.1 Analysisdriven approach
Also calleddemanddriven or userdriven, analysisdriven approachis the process
wherethe user is fundamental during the requirements analysis gneddesign of concepts

for facts anddimensionsthrough sessions of interviews and meetinsA Yo I £ £ Qa | LJL
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(KIMBALL e ROSS, 20&8h be considered as analysisven, illustrated in Figure B. It
starts in a preparation activitywhere business participants are identifiedbusiness
requirements are elicited and reviewedn addition,modeling and data profile tools are
chosen and naming conventions are definéd result, the business case, bus matrix and
detailed business requirements are generatsdning as input to theMD design process.
Thereafter, business process to be analyzedare identified and a higHevel model is
designed, detailing the gma of analysis, theacts anddimensionsconcepts found In an
interactive and iterative process thiéD model is verifiedand validated with the business
representatives. At last, the findD design documentation is writterwith the detailed DB

design and an issues log

‘ Preparation
JL

‘ High Level Dimensional Model

1
‘& ‘ , lterateand Test !
‘ Detailed Dimensional Model Development D R

<

‘ Model Review and Validation o

‘ Final Design Documentation

Figure26: YA YO | f £ Q&proeeSs RS & A Iy

Amongi KS Y Ay | R@I y il 3 Qdven2adproach afedlitferdalbles | y |
the understandng and formaliation of specific business need§j) it provides to users a
better understanding about théacts, dimensions,measures andittributes; (iii) it defines
ASIS business process models and increases the acceptance of the BI/DW 3ystemain
disadvantages arefi) dzi SN & NBIljdzZANBSYSyidGa OFy o6S ((RAFTFS
duration of the project tends to be longer, increasing cost; (iii) existent information in
sources may not be feasible to achieve the requiremefith YAt I NJ 42 YAYol f
Malinowskie Zmanyi described the analysidriven method as illustrated idrigure 2.7.
b2GAOS (KIFIG GKS YI Ay arR ih@ datNkxaifabilByachedk NtReYETLY A Y ¢

definition and implementation



36

¢ Requirements specification ™
Identify users
Dett;rmme analysis Define, refine,
needs and prioritize
goals
- T
L 4
v Model business processes
. Determine
Detail user processes for Specify services
demands accomplishment or activities
e — of goals
Document
requirements
specification
-~ ) L ™,
Concepiual design \
i Check data Develop final
Dewellop indial avzilability & schema & refine
schema ; - :
specify mapping mapping
A
" Legical design ™
Define ETL
Develop schema
processes
. ¢ /“
" Physical design ™
Implement ETL
Develop schema »> processes &
staging area
b -

Figure2.7: Analysisdriven process from (MALINOWSKI e ZIMANYI, 2009)

A variation of this approach is the so callegsinessdriven or processdriven orgoal
driven orrequirementsdriven, where the derivation of the concepts of the MD model starts
from an analysis of the higlevel business requirements or the business pgses existent
services and activitiespecificationgWINTER e STRAUCH, 2008)a better understanding
of detailed differences among thesequirementsapproactes refer to(BUSSER, 2011)

2.2.2 Sourcedriven approach

Also calledsupply-driven or data-driven, the MD model is derived from the source
systems analysis, looking for normalized DBs to extracfabts,dimensionsmeasures and
hierarchiesconcepts. The users are involved only sporadically and the data is typically

represented at a low levelfodetail. Among its main advantages af@: it reflects the
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underlying relationships in the datéj) it simplifies the ETL procegsi) source systems may
provide more stable basis then user requiremen(s) the development process can be
faster andif the sources are normalized DBs, then automatic or semiautomatic techniques
can be appliedsuch as reverse engineering. Among its main disadvantage§)drasiness
needs gathered are only reflected by the existent data source mo@glshe DW sygem
YIe y2i YSSiG GKS (iijgaeSnNisan ofHeta@ietaybd @ryipiichted
and, in case of largesources data models, it isarder to be understandablerigure2.8
bellow demonstrates the activities during the sowdaven approactirom (MALINOWSKI e
ZIMANY!I, 2009)

\\.

Requirements specification

' - Document
Identify source Apply derivation requirements
systems process P
specification
. ¢ _,/
4 Conceptual design ™
L . Develop final
Develop initial Determine user
schema interest schem_a &
mapping
e ¢
4 Logical design ™
Define ETL
Develop schema }—b processes
N ¢ e
" Physical design ™
Implement ETL
Develop schema processes &
staging area
L S

Figure2.8: Sourcedriven approach fronfMALINOWSKI e ZIMANYI, 2009)

A full comparison of the approaches can be found(MALINOWSKI e ZIMANYI,
2009) In the sourcedriven approach the main step is the derivation procéssn source
systems which may be performed manually or (semi) automéd®egardless the automation,
it should follow a set of heuristics to find the dimensional concepts. For the éass yhere
are some works in this direction, one of them is presented RODRIGUES, 2004)
introduces a proposal to obtain informaticcdompatible with the user analytical perception
from source DBs, i.e. it classifies and selects the potential MD eksnfi®m relational DBs

by a set of inference heuristicSome examples of metadata collected of each element in the
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sources DB are columns name, data type, length, nullable admission, primary and foreign
key relationsjndex participationamong others In the end of the derivation process some
analysis groups are proposed, composed by elements, tables and columns. They are
classified and organized as trees, where roots represent the fact tables anddpaésent

the dimensions.For the experimentatin of this work it was used the TRCbenchmark

(TPC, 20021 common DB used for examples regarding DW solutions.

2.2.3 Hybrid gproach

Also called analysis/souragliven, it is the combined approach, where a source
driven approach is executed preliminary, piding a sketch of the existent data structures
from the source systems. Then, it is executed an anatiysisn approach where the model
reflects the user needs. In a third step both models are matched somelmomany real
scenarios of hybrid approach exdions, the users usually dwt know the potential data
for analysis from sources and may not consider them in their requiremdrtsre isa
distinction between sequential and interleaved hybrid approaches. The foormirswhen
demanddriven and soure-driven are performedndependentlyand the modelsonciliaed
at the end, whilsthe later performs both stages simultaneously, using their partial results to
support each other, benefiting from their feedbacks and obtaining better result at the end
(ROMERO, 2010)The main advantages ar€) it generates a feasible solutioiii) it may
indicate missing data in operational DBs that is required and the analysis can be expanded to
include new issues not considered at first. The main disadvantage in dukybrid
approach is the need, and therefore major effarf,designngtwo models to be matched in
the end. The greater difficult is in the need of complex techniques for the integration
process

To increase the semantic expressivity of MD models described in ER specifications,
(MALINOWSKI e ZIMANYI, 2008)oduced a set ofconceps to categorize spatial and
temporal constructs as cited before The schema generated by the hybrid approach is
semantically enriched by including the inherent semantic fr@patial properties, such as
lines, surfacesnd topological relationshipgsand temporal properties, such asmporality

types and synchronization relationships, as illustrated in Figi®e
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Figue 2.9: Hybrid approach steps for spatial and temporal DW

To deal with the problem of matching user analysis requirements twverdata
sources, which is usually done manually in natural languR®MERO ABELLO, 2010)
proposedthe automatic methodMDBE focused on linking endser requirements with the
data sources. It follows a classical approach, considering tharthlyticalrequirementsare
clear,all gathered by theMD designer and specified as SQleriesto be executed irthe
data sources. Then, it discovers MD conceptshmckingthe requirements conciliad with
the data sourcesSection 3 presents the revisiorof the second part of this workcalled
AMDQ which uses ontologies and considers rdear requirementsThe continuation of
this work through GEM approa¢dROMERO, SIMITSIS e ABELLO, i80d1$) revised

2.3 BI/DW lifecycleand the support for unstructured data

OWe need to look always for the relationships and inter retroactions betwesamy
phenomenon and its context, relations of reciprocity whole / parts: as a local
modification affects on the whole and as a modification of the whole reflects on
the partieg (MORIN, 20030age 25.

The BI/DW system development methodology is alsdedathe BI/DW project
lifecycle. As cited before, the BI/DW solution construction follows similar activities of a
transactional (conventional) information systertt. should consider the same issues of
software engineering, such as the process itself, tmejget management activities, its
metrics, project planning, risk analysis and management, project scheduling and tracking,
quality assurance, cdiguration management, architectural project and test techniques
(PRESSMAN, 2002Many organizations have thenecessary infrastructure for the
implementation ofBIDW applications. However, it is observed that many companies still
lackon maturity in aspectssuch as understanding the complexity offBV projectsand the

need of establishng a methodology for developing BIW projects. In addition, it is
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necessary to mderstand the BDW project managerrole, businessanalyst€participation,
key activities of standardizatigrevaluation of the impact of "dirty” data in busineasd to
undergand the need and uss of metadata

Several factors determine the complexity of a/[BV project, such as the
establisiment of a clear difference between a/BMW project and traditionalbne, described
in Table 2.1. Moreover, understandng the function of e@ch specificinfrastructure
componentin a BIDW applicationis important.Recogniing what are theimpactingfactors
on a BIDW project, determining the amount and types of resourcdboth technical and
human) and defiring the architecture of the applicatiofe.g.MD designor adhoc querie$
are natural concern®One of the main differences between aBIV project to a traditional
transactional onds the incremental definition of requirement&.or each newiteration in
application developmentthe requirementsfor strategic informationmust bereviewed and
enhanced. This is due mainly to the fact that DBV application is oriented to business
opportunities, making the development process a dynamic and iterative actiMity.data
and features are available in versions (releases). Each new version starts the process of

elicitingnew requirements for the next version

Table 23: Differences between [EDW and transactional systems

Applications

BI/DW Transactional

Orientation/

L Business opportunities Business needs
Direction

Implementation Support organizational strategie Support departmental

for decision making activities
Requirements Strategic information Operational functions
Analysis About business About system

Kimball (KIMBALL, ROS&, al, 2008)and Inmon(INMON, 2005)ntroduced two
different approaches to build a BI/DW solution. The first is the bottgrstrategy, where
each department visiorg also called a Data Mart (DM) is built and, then, integrated
forming an Enterprise DW (EDW). The second is thaltmmn, where the whole business of
the company is mapped and designiedbuild the EDW, aftethe DMs are derived from it.
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Moss introduced a BI project lifecycldMOSS, 2003 defining theprocessto build a Bl
solution, illustrated inFigure2.10. Thereis anadequacyof this methodologydl 2 YA Yo | £ f
(KIMBALL e ROSS, 20a8)la I f A y 2(MALINDWSKI e ZIMANYI, 2088proaches In

addition, it proposesmetadata repositoryconstruction during the project It presents a
balancedapproach, consideringomplexityand practice Its acceptance in academic and

computer industrysolutionsis high.Each activity is set to a specific phase.

sLanen Justification «Lanen Flanning sLanen Business Analysis sLanen Design sLanen Construction wLanen Deployment
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Figure2.10:a 2 a BIMW process lifecycle methodology

The necessityof coping with unstructurediata in BI/DW solutions fsindamental for
business analytics nowadayAaccording to a TDWI research in 2QRUSSOM, 20Q7i is
estimated that more than 31% of useful information to business is in unstructured format.
However, with the advent of big data and cloud computing technologies in the last years, it
is believed that this rate is rising exponentialifven so,almog all Bl environments,
supported by EDWor interlinked DMs, are based on structured data coming from relational
DBs that store operational data. Analyzing and exploring data from heterogeneous natures,
jointly, can enhance the analytical applications putal offered to decision makers of these
organizationfINMON, STRAUSS e NEUSHLOSS, 2008)

Many approaches to integrate texthrough relational DBgor analytical solutions
were proposed such ayGROSSMAN, FRIED&ER|., 1997)(LEE, GROSSMAd al,, 2000)
(MCCABE, LE#, al, 2000)(LEE, GROSSMAN e ORLANDIC, EDARISMENT, DOUSSET e
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ALAUX, 2003JROY, MUKESH al, 2005) (TSENG e CHOU, 20Q®AVAT, TESTE e
TOURNIER, 2007) (LIN, DIBiGl., 2008)(BHIDE, CHAKRAVARTé4¥).,, 2008)(MOREIRA,
CORDEIRO e CAMPOS, 2(DHANG, ZHAdt al, 2009)(THOLLOT, BRAUERaAI, 2010)
(BARCZYNSKI, BRAUERal., 2010) (GARCIALVARADO e ORDONEZ, 2@HBUSELER,
2010)(PARK e SONG, 20{MOYA, KUDAMA al, 2011) (SAIAS, QUARESHAI, 2012)
(NE\ES, 2012)(MOREIRA, CORDEIRO e CAMPOS,. 20b3) of them implement
Information Retrieval (IR) and Natural Language Processing (NLP) techniques.

In the following sectioawe describeeach phaseéssues related to unstructured data
needs passing throughMoss methodology(MOSS, 2003phases discussing possible
adaptations specifially forwhat afectsthe MD Desigrtask

2.3.1 Justification

TKS aadzadATAOl Gdugpgrt inkigtide must always BeSbhOsinégdiveny
and not technologyR NA @BQSE2003) so the business driverand requirementsare
always the motivator of a BI/DW project. For this reason a BI/DW pragjachot be
motivated only because of technology challenges. However, the business analysis issues
must take into account the textliainformation sources, once it can provide the data
necessary for the higlevel requirements, possibly serving as the data sources to attend
them. The process must consider the information systems that hold the unstructured data
sources, such as Contentalagement Systems (CM$8).many times this kind of software
can provide important information in text formathrough intranets, collaboration (wiki)
websites, among others. Other types of unstructured data souceese verified too, such
as emails, ontracts, corporative procedures, reports, presentations, medical records and
other types of documentsin addition Semantic Web (SW)features has broughtfrom
outside of organizations important textual data to their processes herefore searcling
information needed in the webs advisable even if it has direct costs involved to its
acquisition (affedhg the costbenefit analysis). For example, if an organization aims to
analyze how energy consumption of a certain regioours, maybehe data torespondthis
is available in the internet freely by governmentwebsite or costy by specific compaes

who ownthe information.
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The source data quality analy$ structured data isalreadya challenge because
estimaing DBs cleannessand consisteny is a hard task. Textual information sources
increase its complexity and the cdsénefits analysibave tobe improved to considethem.
AnalyZng how data isunstructuredis a necessityi.e. if they follow a formal natural language
structure or if they ae totally free. Examples of formal written documents are contracts and
corporative procedures, whilst tweets and social media posts are many times written
without grammar and other language constructs conceffise detailed risk assessment
matrix should iclude a line with the degree of how the unstructured data sources quality is
measured. An example would be: high formal language used (green), formal and informal
language used (yellow) and informal language (red).

Sometimes, to structure free texts genéed from business procegs can have a
better costbenefit then to use the unstructured data the BI/DW solutionFor examplein
electrical security domairthe information system that supports the process of registering
electrical disturbances provides textual fieldthrough a form to describe the sequential
occurrencesof a disturbance event. If the system form changes to have a list of classified
(naturally normalizeylentities representing the sequential occurrencesstead of free text,
then using conventional structured data can be costless to the organization. Moreover,
maintenance like that can improve the data assertiveness on representing the steps
occurred in the business process, providing better data quality. Therefiwee,cost
calculation for changng transactional information systes(within processes)or usng
textual informationd I-Ad&kould be made.

As indicated by Moss, ithis earlier stagethe BIDW analystshould startto draft a
high-level domain model based on the tépvel requirements and main conceptaptured
As itis presented in section 4, the application BOin domain representations can increase
the semantic captured from real world. To support this actjvitye subject expertshould
be encouragedto point the structured and unstructured datasources involved to the
business requirements, revising timegh-level model. Corporaof these documentsan be

collected and analyzeldy the designerFor this taskNLP toolscan help for morphological

and lexical analysisAh example is VisualTéxBoftware, whichstructures the content,

4 .
http://www.textanalysis.com/
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correlating terms fromthe text. Moreover, it provides entities recognition fronmames,
locations, dates, and other atomic features of text. Indexing, filtering, mitiiegext, test
grading summarization, automated coding, natural language query and dissemination are
capabilities presented in this type of softwar€he morphologic analysis can provide a
degree of how risky is to use each unstructured data source and how they can be accessed
and used by the analytical solution. Indicating how BI/DW project can benefit by using them
is fundamental and can be done by demonstrating revenue or profit increases, customer
satisfaction improvements or market share gain.

The risk assessment is onetbé most important justification components, once it
defines the risk conditions that can impact a BI/DW project, such as technology used, which
can be incompatible to the unstructured data sources. The complexity of the project aspects,
such as textual iferent formats, should beconsidered The integration risk is a variable
hard to estimate wherit is usedunstructured data sources, ondeis necessaryo checkfor
potential linkagesbetween them and the structured data sourcddaving same entities
represented in both sourcds common andat this point of the project, makga high level
relation between themis necessaryFor example, in a BIW solution for a medical clinic,
the existence of a direct relatiobetween patients accownt system (as structured data
source and medical recordsf patients(as unstructured dataource is probable In this
case the patient entity is represented in both sources and the relationldde done by
conforming them.

The business case assessmigpiort is theartefact produced from the justification
phase. It contains the strategic business goals of the organization, fiBEVRIroject goals,
the businessopportunity, costbenefit analysis results, risk assessment and improvements
considerationsfor transactional data. The process to build this document is illustrated in
Figure 2.11 bellow, which also shows the particular steps to regard unstructured data

sources.
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Figure2.11: Business casassessment tasks considering unstructured data

As shown in Figure 21, assessing current DSS solutions, if exists, is important to
estimate the technological and complexity risks. The same is applied in assessing operational
sources and procedures, ageddy discussed in this secticBome BDW vendors already
deal withunstructured data sources throughe so called Textual ETNESAVICH e INMON,
2007) a similar process of conventional ETL which dH&3 andRcapabilities such as text
mining, ternms occurrencesndexing, relevant document selection, orthographic correction,
case sensitive and stop words removal, tokenizing, stemming, synonymous and homographs
resolution, categorization and classificatiChLMEIDA e SILVA, 200R¢garding NLP and IR

techniques, there are some APIs mature enough to provide their implementations and
should be considered too, such as Luceaed Stanford NLRibraries.

An exampleof Textual ETLls Forest Rirh software Therefore, checkng their
particularities successes and failures in different domaicen be helpful. Testng and
evaluaing POCs can be helpful to justify tbeeof them. This way it is possible to determine
the necessary supplemental code to be writtdfurthermore the analytical solutioncan
considerparticular types of analysis, such as sentiment analysis over customer opiagns (
free text) in sociahetworksmedias(ROY, MUKESEt, al,, 2005)(SANTOS, 2013)herefore,
these king of techniguesmay be investigatedto be considered in the BDW project

justification phaseand reflected in the business case assessment report

5 https://lucene.apache.org/core/

6 http://www -nlp.stanford.edu/

7 http://textualetl.com/
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2.3.2 Planning

The planning phase is divided in two activities: the enterprise infrastructure
evaluation and the project planning. The former is thetivity of checkingtechnical and
nontechnical issues. Enterprise architecture standards, hardware, network, DBMSs and
other specific tools, such as OLAP and metadata repository, are revised for the Bl project.
The later is the taskn whichdetailed information from the prject is given, considering the
goals and objectives, risks, constraints and scope issues. The plan of the project includes the
resources, material and human, and the activities, which are divided in tasks and subtasks
with their dependencies set.

During the technical enterprise infrastructure assessment the hardware platform
requirements have extreme importance, especially if unstructured data sources are
consideredor the BI/DW project, once their volumes can be hugata volume, variety and
velocity neels are the three pillars of big data research, providing technologies as NOSQL
DBs and Mapreduce algorithm, which treat data storage and processing, respedtively.
addition, cloud computing must be considered when planning BI/DW solutitiagorms for

Cloud Warehousingere proposed(MA, SCHEWEt al,, 2011)and vendors sell services for

BI/DW infrastructuresuch as Amazon Web Services (AWSjshif?, where different types
2F RIFIGF a2d2NDOSasx &a4dzOK Fa {2 RIGl aaeaphlbew5 Ck |
explored.

Therefore, estimating the volume of unstructured data which will be used is crucial to
the project success. However, at this early stage it is only possible to derive a calculation for
an order of magnitude of the dataize The clasgial approach forstorage estimation
calculuss checking the average size of each data source, sum them and dupheatesult
For example, if contracts are considered for user analysis and they are stored in network
directories, supposing their size rauis 500GB, than the estimated size needed would be
1000GB.In addition volume increase tax shoulaso be calculated(increase of MB/day
expected).

Middleware components are evaluated in this phase and the ability to access

unstructured data sources shimlibe checked, once they can providéridge to textual data

8 http://aws.amazon.com/redshift/
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extraction. An example is the ODBC provider, which can support the connection to different
types of text files, such gsdf and docfiles. Furthermore, web crawlers are powerful tools
acting agniddleware orextractingtextsfrom web-based interfacesRegarding the choice of
OLAP toolsvhen unstructured data is usedpen APIs can represent a better adequacy to
for joint explorationand quantitative indicators taeachspecific documents

Nontechnical infrastructure components should also be evaluated the
assessmentsuch as CASE toolhey are fundamentab support the business analysis and
design phases. As it presented inchapter 4 CASE toolgan provide welifounded
modellinglanguages to best represent the semantic from real world. Coupled to thieen
verification and validation tools play an important role to increase the maturity of the
models, making the BI/DW software construction more assertive to represent the domain
observed. In addition, netadata repositories provide navigating capabilities through
metadata from different types of data sources, such as DBMSs, information systems,
business glossaries, organization charts, among others. The metadata of unstructured data
sources, such as official procedures and reports, should also be scanned and available,
gathered with the other technical and business informatibtare expressiveepresentation
of metadata conceptsan be delivered through ontologgpresentations and S\8tandards,
such as RDF, OWL and SPAR@UYEN THANH BINH e MANGISENGI, 2001) (TORRES,
LORENZATEL al,, 2011) (KUBIK e IWANIAK, 20%2)their exploration ability can evaluate
user experience. They caalso be improved by reasoning mechanisms presenta
particular tools, such as FaCT+pellet® and RacerPr%(DENTLER, CORN# B/, 2011)

Patterns and guidelines from enterprise standards are essential to the success of the
development of DBs, ETLs and OLAP cubes. Test, reconciliation, secufly/s(fservice
Level Agreementsgre specific subjects that should have theiroceduresadapted for
structured and unstructureddata sources. For example, tests should consider a certain
volume of documents corpora during the quality assurance phase. igipg on how large

are the textual data sources, this can directly impact the analysis tests and if thermtare

9
http://owl.man.ac.uk/factplusplus/

10 .
http://clarkparsia.com/pellet/

11
http://www.racer-systems.com/products/racerpro/
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standardized procedures then the results can be deprecialémhse aspects should be
analyzed and presented by a full infrastructure assessmegort.

The project planning itself shoultbnsiderunstructured data sources when setting
the project scope and deliverables definition. For exampléD\BIl solutions scope is
traditionally measured by the number of data elements from the sourddserebre, it
should include textual data elements, such as different documents that could be used and
their main concepts Project risks must include the lack of textual tools necessary and the
unstructured data limitations, such as incompleteness of inforrmatiwhich will affect
directly the costbenefit analysis taskas cited before) Moreover, hybrid estimating
techniquescan be taken to measure the efforto integrate textual information, merging
projects historical patterns, preview experiences and forrrhdaed over worst, average and
best estimates. Critical path meth@anbe appliedin all tasks.

ills management is one of the main parts of the projeleinning task. Specialized
human resources are a key point to the success on the application of unstructuredhdata
BI/DW project lifecycle. The Bl analysts need specific cépmt¢d analyz text from
linguisticpoint of viewand knowhow to manage IRNLP and &xt Miningtools. In addition,
human resources should be specialized in domain engineeringg ladle to work with
ontologies rules formalizations by first order logifor business rules (e.g. OCahd

familiarity with modeling and ontologicalanguagessuchasUMLand OntoUML

2.3.3 Business nalysis

Business requirements elicitation is an important task which should have the
application leader developer time prioritized onRunctional requirements reflect the types
of information the businesseed, it can origin from both structured and unstructured data
sources. In this aspect, business executives are essential during the requirements interviews
because of their visionary characteristics. IT managers are important stakeholders too and,
commonly have wide systemic view over the information required and their sources.

Historical requirements can be affected by textual information volume, limiting the
DW historic capacity. The security requirements must deal with permissions and roles over
documerts. For example, the security pojifor analyzes of e-mails contents should follow

several rules, preventing individual righBata requirements elicitation needs provide the



49

location of the unstructured data sources, how clean they are and if they loa
summarized.The definition of the most appropriate sources and their data quality by a
tolerance level for dirty datas important For example, in the health domain, if specific
reports regarding heart frequency are required and this information isly available in
patients medical records (under textual format), then it is necessary to establish a poor
quality level that can be accepted. In this case it would be necessary to check if the heart
frequency property is described in each medical recakdt follows a pattern and their
measure ranges.

An application requirements document is written to describe adisthrequirements,
including the main reports over textual information, which includes graphical representation
needs that can be achieved IQLAP tools. ThELAdor the query response time are also
included in this document. However, the requirement elicitation task is an interactive
process and is enriched by the data analysis phase activities. Once the requirements are
represented, e.g. lted in this document, the next step is to expand the Kigwel logical
data model built in previews phases. The newly discovered concepts and relations from both
structured and unstructured data should be added testtonceptual model.

Data analysisactivity considers if there are multiple sourcdfsthey are internal or
external of the organizatiomnd the models refinementand expansion.n this phase, the
conceptual domain modedan besupported byFOformalisms and conceptual MD schemas
can bederived from it Moreover, business rulesanbe described in the conceptual model
by the cardinality of the relationships and the possible constraints existéhe MD concepts
resulted are the entry to thddBand ETL design activitieBhis is themain sulpect of this
work and is detailed in chaptet.

The application prototyping task is part of the business analysis phase and occurs
parallel to the data analysigctivity. It serves to validate the project requirements and to
evaluate risky issue€loud canputing environment can provide an interesting cbsnefit
on prototyping with greaterdata volume. Nevertheless, the same best practices over
prototyping should be considered, such as limitation of the scope, understanding of data
sources, usability testby OLAP tools andviolvement with business peoplé key issue in
prototyping is the prototype charter, which will set the structured and unstructured data to

be used, the hardware and software platforms to deal willem and the prototype
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measures of sccessFurthermore, i also points the reports and queries to be designed and
the work necessary. For examptarough a proofof-concept (POQj is possible texplore
the implementation risksof extracting a set ofdocumentsby a time frame, applying
determined NLP techniques, such as clustering, classification and entity recognition. In
addition, demonstraing how reports over textual information will be delivered by visual
design prototype over an OLAP t@ain be made

Metadata repository analysis &stask that supports the other business analysis tasks
and should have some adjustments to consider unstructured data sources. First of all,
metadata repository initiatives already suffer from budget, political and other technical
difficulties. MoreoverBI/DW developers in majority dwot use a specific tool to manage the
metadata, leaving it in spreadsheets and text documents, which is hard to maintain up to
date and has several problenfiar integrated access and analysiss cited before, ontology

basedapproaches for metadata repositories can be used.

2.3.4 Design

Moss methodology doesot obligate MD design, but considers it becausgravides
data structures to aggregate and summariaege amounts of information in a practical way
for the decision makeanalysis requirements in a BI/DW solutiofhus, in this phase the
star and snowflake schemas for both la@jiand physical DB desigrare built From the
prototype built in business analysis phase, the DB designer should review reports and
gueries to best define the DB design schem&@ata aggregation and summarization
requirementsare setto a lowest level.Textual measurexan benon numeric and non
additive (RAVAT, TESTE e TOURNIER, .2003@ydition keyword aggregation functions
provide navigabity through terms by implementing proximityfunction between them.
Therefore, the DB designer should determine the most appropriate DB design based on
textual drilling down and rolling up requirements. Moreover, thinking in performance is
crucial in this ativity anddistributed computation capabilitypnay be considered

In DB physical desigdata storing, partitioning, clustering and indexifay target
BI/DW DBs usual Furthermore parallel query execution, backup and recovery activities are

maintenanceprocedures which shoulde addresed. Because of size increasing due to
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unstructured data, tuning queries and monitoring the Bl applicationesmsential for better
performance.

Some authors call the ETL design as conceptua(FEIMERO, SIMITSIS e ABELLO,
2011) a high level description of where data should be extracted and loaded; and how the
transformations should occuirom an abstract point of viewTraditionally, a sourcéo-
target mapping documenh a spreadsheetas a matrix) is built to show dataigins, targets
and transformation specifications. ETL design should be adaptesdipport unstructured
data, once it will lead with both datsourcetypes when extractingnd transforminghem.
As cited in planning phase, IR and NLP technigndscompomrnts shouldbe used as a base
for Textual ETLThereafter both conventional and textual ETL data floan bedesigned,
componentizing the possible parallel tasks. Performance isatgesonsidereal, by analyzing
the possibilities to turn off referential tegritiesamong tables which storthe indexeddata
Data should be manipulated in a staging area and quality metrics to analyze integrity errors
shouldbe defined.Parallel to DB and ETL design, metadata reposisatgsigned regarding
conceptsrepresented intools such as CASE, DBMS, ETL dkeaasing, OLAP and data
mining tools. The metameta modelcan be designed as ontolegs, as cited in planning

phase.

2.3.5 Construction and dployment

The implementation of the ETL processes, related DBs akP @Gre made in this
phase. There are numerous issues regarding construction and deployment phases of a
BI/DW solution, but they will not be considered in the scope of this waskellect theuse
of unstructured dataTextual ETL should be applied and\PLtools adapted, as cited before
ETL testing is a subjewiith great importance and may consider unit, regression, quality
assurance, integration, acceptance and performance te8tsa result, all deliverables must
be prepared, such as ETL and appicapackages, the metadata repository, the target Bl
DBs and all operation and guide documentations.

Notice the equivalence of the MD design approaches revised in section 2.2 with
business analysis, design and construction phases of Moss methodologyficapgcin
requirements definition, data analysis, DB design and ETL dmsidevelopment activities

Therefore, in this section, it was described the high level issues regardingistnef
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unstructured data sources (as text) in a BI/DW solution, seram@ basic theory (and
related works) for the experimentation described in chapteHBwever, the specific gap in
BI/DW project lifecycle treated in this dissertation is the lack of semantic expressiveness
when MD modellers choose the appropriate MD c@mts to represent the domain during

the MD design activityln next chapter we describe how related works deals with this

problem by applying ontologichlased approaches
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3 Ontologies

Representations of portions dhe reality are necessarp understand, communicate
and reason about these representations. A modeamsabstraction and simplification of
reality and, more than that, a description or representation of something from a specific
point of view and with a specific purpose. The Unieeo$ Discourse (UofD) &real world
part being modded, the domain. Models abstract irrelevant details and enable more
efficient analysis gbast, currentandfuture states of a Uof[HODGES, 1993)

Ontology is a representation schemie. a model that describes the formal
conceptualization of a &fD, implemented through schematidiagrams In Software
Engineering(SEreait iscommonly builtasUML class diagrami Artificial IntelligenceAl)
areait iscommonly builtas semantic networkandin Database (DB) area &R diagrams. All
these models seek to represent entities, relationshipgperties, rules and restrictionsof
areas It can be considered formal when it is machim®cessable, enabling automated
reasoningoy thesemanticslescribedm formal logic.

The term ontologyg "onto" (to be) and "ology" (studyy was created in theXVII
century, butits concept was systematically built amestern ancient philosophyandit is a
sub-area of metaphysics that deals with the nature and existence of thifhigs.categories
classifications arpresent in the ideas of Platdn Categorie¢Figure3.1), Aristotle discusses
the common and philosophic vocabularies, based in words aopgsitions.It is a discipline
that aims to study the most general features thie reality, differing from other areas of
science, such as physics, chemistry and biology, dealing with spsmiteptsof their
domains It is the philosophical study of ¢hnature of being, of change, eiistence of
reality and their relationships

Aristotle invented the ontologyhe waywe can still recognize today, the study
how thethings are organized ithe universeastypesor kindsor universals ocategorieslt
deals with questions such as what entities exist or can exist and how they can be
hierarchically grouped and classified according to their similarities and differeBasisally
the categories ar¢he universasin the highest level in a hierarchicargcture that contains

these other concepts, defined as top level categories. For Aristotle these categories are
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intelligible, ie. we can formulate definitiongbout them in a way that we can understand

them.
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Figure3.1: First page of Categories, Aristotle, 3th century BC

Metaphysics seeks to answer questions tiludnat is the existence of a beingddoes

essence precede existenag@fiany, what are the fundamental entities®, a It entities are

objectsZ, & dat is a physical object? awhat differentiates objects and events as they

relate®, dwhat is the identity of an objecé? éan object isSlj dz € G2 GKS

ohow objects relatethemselveswith their properties, amongothers. To try to answer

a dzy

them, concepts such asiniversa) individual substance, accident, abstract, concrete

existence, persistence, change and classification were used in formulating hypqtbages
GSOSNRUKAY3I OKlFy3ASaeod

1967, wasin the context of datgrocessingt ¢ KA a A a

The first time that ontologiesvere mentioned in the context of computer science

Iy ok theiqueStior of
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what exists”"(MEALY, 1967)This work was about the data modelling formalisms aind i

discussed the distinaih amongthe definitionsof the real world as it really ,is.e.the ideas
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inherent in the human mingandthe symbols used in sontgpe of storage such as paper or
computer. In the 70s the thredier architecture ¢ with conceptual, interfaces and
implementation schem& ¢ began to popularize. Lagal models such as relational and
network, were most important in theSEarea with a large increase in proposals offering
better semantic expressiveness of these models throoghceptializationlanguagessuch
as ERintroduced by Peter Chen in 1976.

The Conceptual Modiing (CM)is the activity of describg formally some aspects of
the physical and social world around, ier purposes of understanding and communication
between humans and not machines, suppattby structures and inferencegrounded in
psychologyMYLOPOULOS, BORGH2AJ., 1990) Its goals incomputer scienceare domain
learning database schemamtegration, problem solvingor domain engineering,services
interoperability,information correction and intelligentsearch in theSW In CM, onceptsare
described oriented to specifidomains andrepresented by entities, relationships, goals,
actors, among others being structured according to cognitive principles, such as
generalization,aggregation and classificatio@notlogies are commonly used as a tool to
support CM of domains, mainly by SW approachésalogous to traditional SE
development, the process of Ontology Engineering necessary, dealing witlthe
identification of purposerequirements specification, the ontology capture, formalization,
reuse integration, evaluation and documentationThe use ofCM techniques baseddn

ontological analysis fd8l/DW solutiongs commonrand is described as follows

3.1 Ontologies and their rolen BI/DW solutions

The application of ontologies in BI/DW has been increasing in the recent years. In
(BERLANGA, ROMEROal., 2011)it is introduced howSWtechnologies carbe useful in
noncorventional Bl scenarios, discussing their advantagesadvantagesand application
cases SW languages such as RDF and OWL, founded in Description Logic (DL), can be used to
define rules to be processed by reasoning services, assisting data aggresroantic
annotations can be applied in the construction of Edhceptual data flows to deal with its
structural and semantic heterogeneity. In MD modellinlge ontologies and reasoning
servicesare applied to discover dimension hierarchies from -giginains, integation

concepts from different ontalgies and MD scimea production.
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SW technologyattern RDFwas also used foto supportthe definition ofrelations
among the measures and the dimensions, i.e. the meadurension consistenes(NIEMI e
NIINIMAKI, 2010)The MD consistency definitions formalizedto guamntee that the
aggregation results are correct. The inputs are the aggregation fun@ignSUMand MAX,
type of dimensiontemporal or nontemporal)and the measureAs a start point it usean
OLAP ontology, illustrated iRigure 3.2. By the executionof an RDF queryRDQL)he

summarizabilityis checked.

HasFactRow

OLAPCube —— | FactRow

HasMeasure
¢ HasDimensioi
HasMeasure- HasMeasureConsistent
Summarizability Ty WithinDimension . .
lyType Measure P Dimension
HasDimension-‘
HasMeasure TemporalityT
Unit {L"LZE
Temporality-
Measure- . 'IE))!pe ty
Summarizability- MeasureUnit
Type
| DependsOnDimension

Figure3.2: OLAP ontology describing OLAP concepts {tlEMI e NIINIMAKI, 2010)

Other approaches represenDLAP concepttirough MD ontology, descrilmg facts,
dimensions, measures, attributes, hierarchies their relations and specificities Business
entities are described in th&lomain ontology andctonsideringthe business measures and
their meaning on the domain, such as a procestciator. A hybrid ontological structure was
proposed in(CAO, ZHANG e LIU, 20@®)ntegrate Bl components (including conceptual,
analytical and physical views) over DW and Enterprise Information Systemg3ltiEySiere
divided into four layersfi) business ontologiesuch as user profile and interface agen(i§

DW ontolog, containing OLAP and data mining concepts, metadata management and global
vocabulary (iii) EIS ontolog, for billing and accounting systemgv) mapping and query

parsing mtologyasmediaton layer.
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As cited in section 2.2,0tenforce the semantics in MD design, Romero et al.
(ROMERO, 2010proposed an approach to enforce the semantic expressiveness of
conceptual modelling on BI/DW development, based on-eser requiremens elicitation
and hybrid MDdesign. The firsstep is to represent data sources aslomain ontology In
parallel, e enduser requirementsare described as SQL queries over data soyrodeere
the involved concepts are linked to the domain ontology. Thenuses a suppldriven
mechanism (AMDO{p derive MD concepts facts, measures,dimensions,hierarchies and
attributes) from exisent functional dependencies data sourcesformalized through first
order logic It proposes a set of derivation rules discover MD conceptsThis is a trend in
CM6 SO dzaS & A F caul thel éxjreSsivédngsa &f thé algebras, they mighias
semantically rich as c@S LJi dzI f  Y{(RBEKQ.O,52200P)NBVID formalization through
Descriptive Logic (Dl not a newidea, itis an initiative introduced in DWQ proje@ARKE,
LENZERINd{ al, 2003)

The GEM approacfROMERO, SIMITSIS e ABELLO, apa&titionalizesthe whole
process automating the identification of potential MD conceptsby analyzing the domain
ontology and the semantic annotationgepresentedin OWLDL It filters the conceptsby
requirements (like SLAsHescribedin XML files.It also provides the design of the ETL

conceptual representation as a data floswmplementationindependent
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Figure3.3: GEM- Generation of ConceptudD and ETL frofROMERO, SIMITSIS e ABELLO, 2011)
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Figure3.3 above illustrates the process that is divided in five phases, beginning in the
requirements validation, where the ontology from the data sources are tagged by the
functional requirementsffreqs concepts and theon-functional requirementgnf-reqs) are
analyzed. The second phase is the requirements completiovhere the ontology is
simplified by ignoring the untagged structures and the unwelcome ntamgany
associationsAfterwards it produces an annotated ontology subset (AOS) to answer-the f
reqgs. Tle MD validation is the third phase, which begins by validating untagged concepts and
tagging those that could play dimensional or factual roles; then, the rest of the concepts are
analyzed and schemas are proposed followiD normal forms. The fourth phasis the
operation identification, where the ETL operations are identified by the annotations done in
previews phases Additional information about surrogate keys and slowly changing
dimensions are considered. The last phase is the conciliation, wherEThedata flow and
the unique conceptualiD schema are merged with the AOS and the ETL operations.

D9aQ&a | NOKAGSOGdzZNE KIF a o0&8¥y tod @astbdintg 3 T 2
support the whole process. In addition, supporting evolution of DW designndseru
construction as addhs for both conceptual MD models and ETL proces$RE module
(JOVANOVIC, ROMEROal., 2014)was proposed to consider the inevitable complexity of
frequent changes in MD design. It integrates each new analytical requiremeinttie
existing MD schemas in an iterative and incremental procEssCoAl module is responsible
for integrating the existing ETL flows to these new requirements, producing an unified ETL
process coping with tuning and optimizing both MD and ETL designs

The representation of MD modelsss OWLDL ontologies through a set of
transformation rules(MD to OWL conceptsyere proposedin (PRAT, AKOKA e WATTIAU,
2012) Examplesof those mappingsare: Dimensionand Factas ClassHierarchyas Class
linked by Object PropertyAttribute and Measureas a Data Type Propertlf also defines the

OWL object properties formeasures: summable, averageable, maxable, minable and

countable. An implementation using Proteé% was made considering a casef
spatiotemporal DW, as the presented Advanced DWMALINOWSKI e ZIMANYI, 2009)

revised in section 2.3nd a set of transformation rules specializing this case as axioms and

12 http://protege.stanford.edu/
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facts in description logicThe reasoning capabilities of O\DL were explore to infer at the
classes, properties and instances levels, such as consistency checking, class subsumption and
equivalences (explicit and implicit).

Another work deals witlihe problem of integrating heterogeneous data sourcts
OLAP operationghe stiema inconsistency that may happ€8HAH, TSAgt al., 2009) It
presentsthe semantic conflicts in heterogeneousata cubesand a survey othe useof SW
technologies in DW, alsdiscussinghe application ofdistributed warehouse data model
through columnstore architecturefor large volume of datalt treats the gap between
conceptual model and MD implementations of data cubes by proposing OLAP features
supported bysemantic annotations. Thapproachstarts by mapping the MD schenuging
the OLAP ontology illustrated in FiguB4. Afterwards a set of semantic services,
implemented in Je® and Fuzz;}j (Java APIdor rules execution and fuzzy logic,
respectively, provide thepointersto different DBsand unique query interfacen energy
sensor data applicatiort uses reasoning capabilities to define rules to calculate specific
measures, such as average energy consumptibne framework could enhance the
reusability of existing data cubes and composed to others to provide an integrdiéd O

tool.

Object

Has dimension

Object

OLAP
Dimension

Object

OLAP
Cube C

Object

OLAP Cube OLAP Fact Has

measurement

row
Composed ™ OLAP
Cube D

Figure3.4: Composite OLAP cube ontologydkVL from(SHAH, TSAdt al., 2009)

13 http://www.jessrules.com/
14 http://rochard.github.io/FuzzyJ/
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The similarity inusing ontologies on tle revised workss the mapping from MD
schemas to SW standards (RDF or OWL). They useraetéinodel ontology as a basis to
link exising MD models However, all those workdo not consider the cognitive process in
MD modelling, assuming that the MD schema designed bwyams is always semantically
correct or an automatic process can substitute theifhis works that automate the MD
design are rostly relatedto the analyss of functional dependencies of ¢hdata sourceand
business requirementsepresentations. Pardillo e Mazon (PARDILLO e MAZON, 2011)
discusses theise of ontologies for the design approaches of BI/DW solutions based in MD
schemas. It brings a set of shortcomings pointing the MD design needs and how each on
can be addressed by ontology applicatiome adption of FoundationalOntology (FO)s
mentioned for semanti@aware simmarizability of measure aggyationsto treat the lack of
ontological foundatia in the measuresand constraintgepresentdions, which miss formal
semantics. Structurakfduran) andtemporal perduran) concepts from FO can be used to
classify the domai conceptsand MD models can be logically derived from the ontologies.
¢KS aSYlFIydAO lyy2GrGA2y 2F a5 Y2RSta 6A0GK
where the process of agyning ontological meaning is made. Then, ontological reasoners can
be used to infer concepts such &scts and formalize summarizability constraintsThe
motivation is set as follows:

GThe problem is that, without an ontological foundation (...) theradspossibility

of being sure that these frameworks are complete or formally stated. Simply, there
is only tacit knowledge, not formal semantics (two readers may interpret different
things).In this way, ontologies enable us to gain better understandingualthe

very nature of summarizability constraints, reasoning about why, when, and how to
hold it. One first issue to deal with is the role that time dimension plays in the
summarizability constraints. (...) time is a (probably, the) key dimension inaa dat
warehouse. (...) Therefore, the first dimension to check additivity is usually this
one. Here, these facts that are described temporally, may be understood as events,
should be described by a foundational ontology such as DOL@Bdasant or
perdurant particulars. The distinction betweeandurantsand perdurantsplays a
prominent role in toplevel ontologies and it can provide very useful knowledge
about what is really managed by data warehouses and how OLAP analyses should
be performed over themé (PARILLO e MAZON, 2011)

3.2 Foundatioral ontologies

Theformal ontology discipline is an analogous reference to the formal logic, which

contemplates logic formal structures, such as truth, validity and consistévic@ENBURG e

A
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Logics deals with the interconnections of truths (...) formal ontology deals with the
interconnections of things, objects and properties, parts and wholes, relations and
collectives @ LU Aa F2dzyRSR 2y GKS YIFIOGKSYFGAOLI ¢
part-wholes, also the theory of dependence and topologylniiormation Systemsl§ area
ontology is used as a system of categories that is independent of language andfstate
things, in contrast to other areasvhere the term is used to refer to a set of artefacts with
different characteistics, such as catalogs, glossaridgesauri and taxonomiesHowever,
they havelow complexityand do not have the potential for automatic reasoningand
inference In this work we use the definitions tife conceptsof conceptualizationlanguage,
logic models and intentional models, as(fBUIZZARDI, 200@hose relationships are shown

in Figure3 5.

Conceptualization ¢
commitment &

Language ~

Logical Models asz) ‘//x'“‘ ""\\
."’J \"-
II‘

I'| Ontology

Intended Models Ig;cf e

Figure3.5: Ontology relations to conceptualization, language, logic and intended models@0H{ZZARDI,
2005)

TheconceptualizatiorCis anintentional structure<W, D, R, whereW is a nonempty
set of possible worldd) isthe domain observe@&ndRis the set of relationships among the
concepts considered in domai@ There areintentional relations CR where eachn-ary
relation isa function defined in it fopossible worldsV for n tuples of individuals iD. The
intended wald structureSis the state of affairs characterization of woddCW considered
admissible forC A logic modelis described by danguagelL and defined inS with the
interpretation functionl of the elements oD. Theintentional interpretationis a stucture of
Cand theintentional functionJto sign the elements oD. It can be seen as the Ullman

triangle, depict in Figur.6, wherea concept is represented by a symbdiichrefers to an
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item of reality, i.e. an abstracted conceprheontological ommitment <C,& of <S,b model
with languagd.andvocabularyV is definedwhen (i) alls €S (ii) for any constant then I(c) =
Jc) and (iii) there is world wvhich all predicate is mapped inl Thelogical renderingsthe

theory T of aspecificationXin languagd.which is the description ofin first order logic

Concept
(conceptualization)

A
/N
/ N\

represents J/ \ abstracts

, \
/ \
/ \

/ N

Symbol refers to Thing
(language) (reality)
Figure3.6: The intentional function described as Uliman triangle frg&uUIZZARDI, 2005)

Domain EngineeringDf is a subfield ofSoftware EngineeringSB and was
motivated by the need to reduce the costs of software maintenaheceugh the concept of
reuse In the early 2000s some proposals for the userablogiesin DE were madesuchas
ODE approach(FALBO, NPALI, et al, 2003) It proposesan ontology for sdtware
development processshowing how to reuse componenfsom activities. The modeling
language LING(@UIZZARDI, FALBO e PEREIRA FILHOy29Witfyoducedo support the
domain modelsconstructionbased on ontologyA systematic approach to derivabject
oriented structures from theontology was proposedts methodology comprises a number
of techiques such as policies mappjragsign patterns anculesformal translation.

A Foundational Ontolog{FO)is a high-level category system based on philosophical
concepts a top-level ontology (GUARINO, 1995)The classification of #se types of
ontologies and levels were introduced (BUARINO, 199&nd is illustrated in Figurd.7.
There are four typesn three levels: the topevel ontologies, the domain and activity
ontologies, and the application ontologloplevelontologiesare the FOs. Thajyescribe the
most general concepissuch space, time, matter, object, event and acti@oncepts
independent of a domain or a particular problemThe domain ontologies describe the

vocabulary related to aemeric domain such as astronomy, medicine or genealtgpugh
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specialization of the concepts aftop-level ontology Activities ontologies describe tasks or
activitiesfrom business processesuch as sales or opaion of the electrical systemalso

specializing the concepts ahe top-level ontologies Application ontologies describe
concepts that depend both on domaend activites ontologes, representing the role of

domain entitieswhile performing certain activities

Top level
ontologies
Domain Activity
ontologies ontologies
Application
ontologies

Figure3.7: The intentional function described as Ullman triangle

The FQs the mechanism diormal ontologyto define, throughfirst order logi¢ the
metaphysic questions, such as the general notions of types and instances; objects and their
properties; the relation between identity and classification; the distinctions among sorts of
types and their admissibleskations; characteristics of pawhole relations;dependencs;
unity theories events perduranty and other temporal and social aspects described in
section 2.2, the semantic expressiveness is an essential property of models, and it is
increased in © due the philosophical constructs. Téh@main ontology is a representation of
business congas, whilst a FO is aell-founded and domain independentonceps set
(GUIZZARDI, 2005Among the subjects treated by FOs, some principtbsuld be
highlighted(ZAMBORLINI, 2011)

1 Endurants
Structural concepts, defined as types and instances, object properties, progattyg

spaces end different types of relations.
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1 Perdurants
Temporalconcepts of changes, defined as evemsnsideringobjects participations

on them and their relations, changitige realityfrom asituationto another.

1 Identity

It is the principle to distinguish and count individudisy. apple , car , person .

1 Rigidity
A conceptis Rigidwhen the individual pertains ti while exists, e.gperson , bird
stone . Aconceptis Anti-Rigidwhen the individual pertains to it in a contingent wa.
can stop being it and continue existingg.student , athlete . Aconceptis SemiRigid
when it is optional for an individual dnobligatory for other, e.g.eadable is optional for

road sign  but obligatory toacademic paper

1 Dependency

A concept hasGeneric Dependencdo another if the dependency relation can
change, buiit always instantiagsthe part-of relation to an individual, e.can equipment
(in energy griddomain) always instantiates thepart-of relation to an equipment
container , but can change one to anotheA concept hasSpecific Dependencyo
another if the dependency relation panot change,i.e. is defined in terms of mutual
disjointness A concept hagxistential Dependencyo another if the dependency relation is
strictly necessary for théndividual exists, e.g. water reservoir is alwayspart-of a

drainage basin (watershed ), beingfundamental to its existence.
1 Formal relations
A relation is Formal when it only needs the existence of the individuals which it

connects e.g.grater - then , company- owner , father - of .

1 Material relations
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A relation isMaterial when it only exists dependinigg a connection entity, e.ghe
relation registered company can only exists depending in the registration mediating

the company and thegovernment .

1 Meronymic relations
A relation isMeronymic when itrefers to a parwhole (art-of) property. It can be

essential, inseparabler sharable.

3.2.1 Unified Foundational Ontology (UFO)

The applicabn of formalsms through ontologies ia way to better understand the
concepts and relations from a domaiithe domain ontology built with thoseoncepts
categories is classified asference ontology The challenge in creating such a common
language is to balance expressiveness with computational efficiency, once FO requires the
use of high expresge formal language to its chacterization. The Unéd Foundational
Ontology UFO) was proposed to be a framark for modellingreference ontologiesind it is
evolving for the last years, being applied in several domdihslightweight ontologiesare
versions of thaeference ontologieshat are createdoncethere is acommon sensamong
the users Theyare focused on the required computational properties, and therefore do not
prioritize adaptation to realitf{ GUIZZARDI, 2008)ML andOWL can be considered suitable
languags for lightweight ontologes while UFO purports to be a conceptual mdawey
language for the development oéference ontologiesBellow it is described somgeneral

characteristics tdetter understandJFO:

1 Language levels
The main levels of languages were classif@ARINO, 199%)s: (i)Logiclevel has
predicates as primitive constructs, the formalization as main characteristic and arbitrary
interpretation. (ii) Epistemologicalevel has concepts and roles as primitive constructs, the
structure as main characteristic and its irgeetation is also arbitrary. (ii(Pntologicallevel
has structural relations based in semantic, having the meaning as main characteristic and
restricted interpretation.lt concerns the nature of phenomena of interest, independently of

particular informaton needs.
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Thelogic level is also callethformation level, focused on structure of information
about specificphenomena of interest, mainly drivefor the development of information
systems and DBslherefore, ontological level languages are the more @ppriated to
represent real world concepts in a clear and unambiguous way, but, theynate

computationallyefficient.

1 Ontology EngineeringOE)

Analogous to SE and IS methodologies, the process distinguishes three levels of
models: conceptual, proje@nd implementation. In OE the first has the objective of building
the domain reference ontology, to better represent the domain in an ontological level. The
second has the objective of choosing the appropridightweight ontology for the
implementation ptase to maximize nocfunctional requirements. This last one has the
objective of representing the domain reference ontology in epistemological or logic level to

guarantee the computational characteristics needed.

1 Ontological Alnguages
The ontological languages are those set of patterns to support modelling, being

divided inthree levels mentioned above

The UFQGUIZZARDI, 2008)a system of categories developed to suppeference
ontologiesby using formalisms from the formal ontay, philosophial logic, linguistics and
cogntive psychology. It was derived from other FO languag&~O/GOL and
OntoCleanDOLCE (GUARINO, 1998)both used on natural science and cognitive
engineering. The UFO purpose is to unify thB8s overcominghe limitations in the ability
of capuring basic concepts from them and fro@M languages, such as UML. Its formal
characterization is based on axioms commonly found in modal, Idggcribing all admissible
relations from a philosophical point of vieuts architectureis divided in three parts: UFQ
the structural aspectstJFOB, the temporal aspectsand UFGC, the social aspectd-igure
3.8 depicts the mainontological subjects treat in each part of UF@s revised in the

following sections
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UFO-C (SOCIALASPECTS)
(Agents, Intentional States, Goals, Actions,
Norms, Social Commitments/Claims, Social Dependency Relations...)

UFO-A (STRUCTURAL ASPECTS) UFO-B (DYNAMIC ASPECTS)
(Objects, their types, their parts/wholes, (Events and their parts,
the roles they play, Relations between events,
their intrinsic and relational properties Object participation in events,
Property value spaces...) Temporal properties of entities, Time...)

Figure3.8: UFO divisions and their main subjects

UFO was initially builippon UFQ@A conceptualization, also calléthdurant Then, it
was extendedo the Perdurant(Even) formalizations, which has been dvimg as UFGB,
supportingUFQC social aspec{&UIZZARDI, WAGNERal., 2013) UFQOB layer provides a
set of temporal representations and the relations to UA@oncepts, such asereology of
Events the Participation of Endurantsin Events how anEventtransforms oneSituation to
another, among others. For last, Ufpresents the set of concepts that represent social
aspects, agctionsand Social Agentswhich are supported by UF®and UFEB conceps.

The UFO togevel concept is theThing which can be seen as the most abstract
concept, defined to be the root dhe theory about categories dfiniversalsand Individuals
Theformer is the set of standard properties and relations (&lgg, person ) that can be
used to classify théndividuals which representthe instanceqe.g.the dog Kito , the
person Jodo ). Universalis represented in theonceptial levelasMonadic, i.e. an entity,
or a Relation i.e. a relationshigoetween Monadics The Individuals are represented in a
conceptual levelnd the instances of themin the instancelevel Figure3.9 demonstrates

those concepts and hotiey are organizeth those abstractions levels
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Thing

?

. * instanceOf>1..* -
Individual Universal
| |
| Endurant | | Perdurant |
| |
| Monadic | | Relation |

| I

| Moment | | Substantial |

Figure3.9: TheEndurantand Perdurant(Event) categories from UFO in conceptual levels

Regardingindividual, it can beConcrete Particulaor an Abstract Particular The
former is applicable for particuldbjects whilst the later is applicable to properties (quality
or characteristic). Th€oncrete Particulacan be anEndurantor Perdurant as previously
cited. TheAbstract Particularcan be aQuality Structureor a Quale Theformeris a measure
structure, a vlues space, where a quality is associated tQuality Structure(e.g. age)
Qualitiesk NB a0 KS o6FaA0 SyidAidAiSEBANGEMI, GUARINEISINDOS A @
2002) being distinguished by their qualiaQuale corresponds to a point in th€uality
Structureand means a conceptualization of an intrinsic property L1 a¢ RS &a ONRX 6 S a

of an individuaRQuality within a certainQuality Structuré€ (CARRARETTO, 2012)

3.2.2 UFOA: structural concepts

UFQA layer presents the structural aspeaftthe redity, defining how the objects
and their relationsare formed. Endurantcan beclassified asSubstantial(e.g.tier , car ,
road) or Moment (e.g. moves , part -of, operates, rides, is - a).
Substantialis an entity that persists in timend which carres the identity principle and
rigidity properties, being specialized &srtal or Mixin. The former aggregatesdividuals

with the same identy principle, whilst the later classifies entities that represent individuals
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with different identity principles, sch asinsurable item (e.g. car insurance ,
health insurance , life insurance , etc.).A Sortalcan beRigid(the individualonly
pertain to it) or AntiRigid (the individualcan change).heRigid Sortalcan be anUltimate
Sortal or a Subkind An Ultimate Sortal, i.e. Kind or Collectiveor Quantity, provides the
identity principle toits individuals whilst a Subkindinherits this principle.The Kind is a
functional complex, one of the most common categories in a domain representation. The
Collectiveis a ollection of entities and th€uantity is a cumulative of entities.

An Anti Rigid Sortacan be aPhase i.e. its individuals are classified as it because of
their intrinsic properties (e.gAdult by age property), or aRole i.e. its individuals are
classified as it because of their relational properties (&\gfe by is - married - with
property). Categoryis aRigid Mixinwhich generalize®igidconcepts with different identity

principles. Mixin and RoleMixin are the Semi Rigidand Anti Rigid Mixins respectively

Figure3.10 illustratesthis classification and the domain concepts as instances of them.

RigidSortal AntiRigidSortal [ MonRigidMixin | [ rigidmixin |

[ AntiRigidMixin | |SemiRigidMixin |
| Quantity | | Collective | | Kind | | SubKind I | Phase | | Role | | RoleMixin | | Mixin | | Category

«kind»
< l_ {disjoint, complete}
Person

i

{disjoint, complete}

«phase» «phase» «phase»
Child Adolescent Adult

Figure3.10: A domain ontology classified I8ubstantialsconcepts

The Moments are individuals that are inherent in others, classified Reslator or

Intrinsic Moment. The Relator representsthe mediaton between individualsi.e. it is a
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concept that defines a relation, such as subscription of a student in the
university , mediating thestudy -in relation. Thelntrinsic Momentcan be &Quality
or aMode and itdenotes the intrinsic properties of thiedividual that carries it. The former
IS a measurable propertfe.g. weight and height ), whilst the later cannot be

represented in a measure system, having its value in a multidimensional structure (e.g.

colour , flavour , level of pain ). Those concepts are demonstrated in figugdl
bellow.
Moment
/\

disjoint, complete

IntrinsicMoment

disfoint, complete

( Mode )( Quality )( Relator)

Figure3.11: Types oMoments from (ZAMBORLINI, 2011)

All those concepts presented aMonadic Universals as previews described. The
Relation Universakan be classified asormal Relation Material Relationor Meronymic.
The philosophic literature typically considethe fist two types of relations A Material
Relation depends on an intermediatandividual,a Relator, whilst aFormal Relationis valid
only by the existence of the conceptennected It can be aBasic Internal Relationi.e.
represents an existential dependency relation; oDamain Formal Relationi.e. formal
relations specific of the domains. THasic Internal Relatiorcan be Characterization or
Mediation. The former is the inherits-in relation to relate Moment individuals
The later is themediate relation to relate Substantialsthrough Relators The Meronymic
Relations conceptualizepart-whole rehtions, being classified asComponentOf (among
functional complexes) MemberOf (among Collections and functional complexgs
QubCollectionOf (among Collectiond or SubQuantityOf (among Quantities). They are all

illustrated inAgure 3.12 below.
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Relation Universal

AN
disjoint, complete

[ |
(Furmal Relaticn) (Material Relation)
AN
disjoint

(Basic Internal Re|ation)(Domain Formal Relation) ( ComponentOf) ( MemberOf )(swcmecﬁcnm)( Subouanmyc)f)

T disfoint

(Characterization ) (" Mediation )

Figure3.12: Types oUniversal Relation$rom (ZAMBORLINI, 2011)

3.2.3 UFOB: temporal concepts

Perdurant aspect from UFO denotes thEventswhich happen on the timeline,
composed from temporal parts that extend in time. They are represented by possible
transformations from one portion of the reality to anothelt can affect the reality by
changing its characteristics from a pituation to a post Situation. UFQOB was firstly
introduced in (GUIZZARDI e WAGNER, 208%) it is advancing, full described with
axiomatization ifGUIZZARDI, WAGNERal., 2013) It proposes a definition for th&vents
Mereology, where Eventcan be classified a&tomic or Complex Eventswhere the first
denotes anEventthat begins(beginpoint) and ends(end-point) in the sameTime Poin{
being partof aComplex EventAn Eventis aconceptwhich is exitentially dependent on the
Participation of Substantialclasses and it is composed by them. This is an important part of
UFOB because ipresents a connection frorPerdurantsto Endurants a formal relation

calledparticipationOf, as depict in Figurd.13 below.

. -
| Participation I—Dl Event
< participationOf ?

I Object | | Atomic | | ComplexEvent |

Figure3.13: Eventmereology andthdér 6 2SO0 Q& t I NOUAOA LI A2y

It illustrates the representation ofComplex Eventsas sums of ho 2SO0 Q4

Participations, where eachAtomic EventdependsOnan Objectto happen.One of the main
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parts of UF@B is theTime Interval Relationbetween two Events(source and target), a
Formal Relatiorthat is represented by each f t Sy Q & (A2 EBS MNB3§uzhN\asiuring,
before, meets overlaps starts, finishes and equals An example of the use of @me
Interval Relationis to relate promotion entity (first Even) to a sale entity (second
Even) by thebefore relation. So, if we need to consider how this temporal relationurs,
we could model that apro motion can happen before a sale Event Figure 3.14

demonstrates those concepts and their relations.

a before b
ameets b
aoverlaps b

astartsb

aduring b

]
1
|
:
: IIl afinishes b
1
|
1

aequals b

S e bd
o

[before || meets |loverlaps||starts [finishes|[ equals | | Temporal Dimension |
l | I I I ]

- v - source —
[Time Interval Relations| target | Time Interval |
framedBy >
* 2.% <inheresln -
Event Qualit

< participationOf

|
[ Substantial K Object | | Atomic | [ComplexEvent]

Figure3.14: Events Relationsind theirTime Points

Note that, in Advanced DWMALINOWSKI e ZIMANYI, 20G@@)ge 186 the Event
concept definition is differenfrom UFO There the state definition is the same as thévent
definition in UFGB, which is framed byegin and end Time Points Moreover, theevent
definition in Advanced DW can be seen in UFO aAtamic Event The conceptualization of

UFOB was formalized in groups of axiog@&UIZZARDI, WAGNERal,, 2013) M1 to M9 for
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the Eventsmereology P1 to P5 folParticipationsand T1 to T14 foifemporal Relations

Table3.1shows these rules.

Table 24: Axiomatization oEventsmereology Participationsand Temporal Relationgrom (GUIZZARDI,
WAGNERet al,, 2013)

M1 Ve:Event AtomicEvent(e) «» —3e’:Event has-part(e.e’)

M2 Ve:Event ComplexEvent(e) <> —AtomicEvent(e)

M3 Ve:ComplexEvent —has-pari(e.e)

M4 Ve.e :ComplexEvent has-part(e.e’) — —has-part(e’.e)

M3 Ve.e:ComplexEvent, ¢'": Event has-part(e.e’) A has-part(e’.e’”) — has-part(e.e™)

M6 Ve:ComplexEvent. e”:Event has-part(e.e’) —

Je”":Event has-part(e.e”’) n —overlaps(e’.e™)

M7 Ve.e :ComplexEvent overlaps(e.e’) «» (has-part(e.e”) v has-part(e’.e) v
(3e” has-part(e.e””) A has-part(e’.e™)))

M8 Ve.e:ComplexEvent (Ve :Event has-part(e.e””) —
has-part(e’.e””)) = ((e = ¢’) v (has-part(e’.e))

M9 Ve.e:ComplexEvent (e = ¢”) <> (Ve :Event has-part(e.e””) <> has-part(e’.e”"))

P1 Ve: AtomicEvent 3!0:Object dependsOn(e.o)

P2 Ve: AtomicEvent, 0:0Object excDepends(e.0) <> dependsOn(e.o)

P3 Ve:ComplexEvent, 0:0Object excDepends(e.0) <>

(Ve :Event hasPart(e.e’) = excDependsOn(e’.0))

P4 Ve:Event Participation(e) <» 3!0:0bject excDepends(e.o)

P5 'Yo:0bject. p:Participation participationOf{p.o) <> excDepends(p.o)

Tl Vt: TimePoint —precedes(t.t)

2 Vit TimePoint precedes(t,t”) —» —precedes(t’, t)
T3 vttt TimePoint precedes(t, t') A precedes(t’.t”") — precedes(t, t')
T4 Vt,t:TunePoint (t # t7) —» precedes(t, t') v precedes(t’, t)
T5 ve:Event 3!t: TimePoint, 3!t :TimePoint (t = begin-point(e)) A (t” = end-point(e))
T6 ‘Ve:Event precedes( begin-point(e), end-point(e))
T7 Ve, :Event before(e.e’) <> precedes( end-point(e), begin-point(e”))
T8 Ve.e :Event meets(e.e”) <> (end-point(e) = begin-point(e’))
T9 Ve.e :Event overlaps(e.e”) <> precedes( begin-point(e). begin-point(e)) A
precedes(begin-point(e”), end-point(e)) » precedes( end-point(e), end-point(e”))
T10 ‘Ve.e :Event starts(e.e”) <> (begin-point(e) = begin-point(e’)) A
precedes(end-point(e). begin-point(e’))
T11 Ve.e :Event during(e.e’) «> precedes(begin-point(e”), begin-point(e)) A
precedes(end-point(e), begin-pomt(e’))
T12 Ve.e :Event finishes(e.e”) <> precedes(begin-point(e’), begin-point(e)) A
(end-point(e) = begin-point(e’))
T13 Ve.e”:Event equals(e.e’) <> (begin-point(e) = begin-point(e’)) A
(end-point(e) = begin-point(e’))
Ti4 Ve.e :Event has-part(e.e’) — ((begin-point(e) = begin-point(e’)) v

precedes(begin-point(e). begin-point(e’)))

((end-point(e) = end-point(e”)) v precedes(end-point(e”). end-point(e)))

The Situation concept from UFE& has the same meaning of the state of affairs
defined in philosophical literatureTheSituationsare snapshotérom a part of the world in
a specificTime Point involving intrinsic aspectsuchas Endurantsparticipations andeven
other Situations Once they are representations of the reality changes, they have two
relations toEvents (i) ASituation cantrigger a set ofEvents (ii) ASituation can bebrought
about a set ofEvents Therelations triggers and brings-about are illustrate in Figure3.15

and its axioms formaled. Therefore it is possible to modehow a changen the world (an
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Even) makes the state of affairs changes fromne pre-situation (the Situation which

triggersthe Even) to a post-situation (a Situation brought aboutthe Even.

I
01 Iobtalns in 7eauses b
,' *
* fdirectly_causes »

1"

4 obtpins in

triggers »
Situation
{subsets causes}
1 4 brings-about
1."
S1 s:Situation, e:Event triggers(s,e) — obtainsIn(s, begin-point(e))
S2 s:Situation, e:Event brings-about(e,s) — obtainsIn(s, end-point(e))
S3 We:Event d!s:Situation triggers(s.e)
S4 ‘Ve:Event 3!s:Situation brings-about(e,s)
S5 '7's:Situation fact(s) <> 3t: TimePoint obtainsIn(s,t)

CULTCIICC 01 €, 111 OUICT WOLUS, WE Cdll SLdLC LdL © dIiFreciy-cdises © 111,

S6 Ve.e’:Event directly-causes(e.e’) <>
Js:Situation brings-about(e,s) A triggers(s.e’)
Fially, we define a causes (5/) relation between events as tollows:

S7 We.e " :Event causes(e.e’”) «» directly-causes (e.e”’) v
(de”:Event causes(e.e”) A causes(e’.e’’))

Figure3.15: Situationsmetamodel andaxiomatizationfrom (GUIZZARDI, WAGNERal., 2013)

The causality relation amortgyventsis also explored in UFB), stating thaEventscan
cause other Eventsto happen. An Enabling Conditionis a Proposition which is the
description of the necessary conditions for the occurrence oEaant Once aSituation
satisfies aProposition the enable relation between aSituation and the Event can be
derived.

There are works that discuss theSituation conceptualizationfor simulation and
ContextAware SystemqCOSTA, 2007)he concept ofStuation was included in the
conceptial level andts contextualspecialization(Context Situatior) wasformalized witha

relation to the Context which is an individuahherentto other entitiesparticipations The

Context Situation can beRelational (e.g. Jodo being married to Bel ), Intrinsic
(e.g.Joédo being with fever ), Formal Relation(e.g.Jo&o being more then
10cm taller th an Pedro ), Situation of Situation (e.g. Jodo being with

recurrent fever for 2 days ) or Combined Situation (e.g.Jo&o being  older
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than 30 years while Dilma is president of Brazil ). A network
domain ontologywas constrainedby OCL rulesSituation of Situationsare composition of
situations of any types, i.ét is possible tayroup otherSituations havinga relation (called
sitSituation) to Context Situationwith cardinality 1..*.

As cited before, Contedware Systems can be developdthsed in MDD
approaches considering Situationsnodelling In this line of research, a language for
modeling situations,the SML (SituationModelling Language) was proposed {(COSTA,
MIELKEet al, 2012) and evolved in(MIELKE, 2013)singrulesbased platform for the
management of situations is a subject thaas applied iINPEREIRA, COSTA e ALMEIDA,
2013) In addition, UFEB defires an Eventas Dispositionof objects, that is, the properties
that are activatedby some Situationsand manifesteeby Atomic Events Several issues are

open about thePerdurantpart of UFGand they are under discussion.

3.2.4 UFOC socialconcepts

UFQC is the part of UFO that deals with Soeidities, classified by UR®@ and UFOB
concepts.The Substantialis divided as a®bjector an Agent TheObjectis an inanimate
Substantia] unable to act, unlike a\gent They can be classified &ociaJ such as a
society  (Agent) and alanguage (Objeci), or Physical such as @erson (Ageni and a
book (Objec)). An Agent can beHuman Collective Sociabr Organizationand creates
Actions which is arintentional Event Normative Descriptionis a specialization of Social
Objectand aPlan Descriptionis aNormative, which describe€omplex ActionsA set of
concepts of UFE was described and formalized in first order logic some works are
applying and discussing (ROCHA, 2012Among othersconcepts, stand outSocial Role
Goal Intentional Moment, Mental Moment, Commitment Claim Belief, Desire Social

Relator, Delegation Resource Participatiomand Action Contribution

3.2.5 OntoUML
OntoUML, an extension of UML, was budt represent UF@onceps (GUIZZARDI,

2005) It contains the elements that represent ontological distinctions and the constraints

that govern possible relations which these elements can have, fromAJpérspective.
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These constraints are derived from the UFO axiomatizationSdibstantialsand Moments,
such aind, SubKind Role Relator, formal relation, material relation and themeronymic
relations

The admissibility of some sates of affair in domains depends on factual knowledge,
which only human cognitive can be used to validate. Thereforethasmodetdriven
approaches, a verification and validation process is required. It is done by the visual
simulation of possible words, i.e. by automatically generate examples and counter examples
of the concepts and their relations presented into the domantology. To support this, it

was proposed a set of patterns and apétterns as best practices {BALES, BARCELOS e
GUIZZARDI, 2012Jhis kind of approach is available through the OLED softwaaetool

which provides OntoUML domain ontology veation, a set of antpatterns detection
(common design errors), OCL parser and Alloy AnalyZRCKSON, 20129r visual
validation.

A plugin of OntoUML for Enterprise Architect (EA) was made available by NEMO

research grouf)6 and there are several apphtions considering UFO as a tlgvel ontology
for different goals Also, diverse domains have been modelled dfaihded in UFO, such as
ITIL process (CALVI, 2007) , h ealth care for context aware

system (COSTA, 2007) tuberculoses disease (PEREIRA, COSTA e
ALMEIDA, 2013) , banking (COSTA, MIELKd al., 2012) news publications
(ROCHA, 2012) soccer game narratives (PENA, 2012) marriage and
genealogy (GUIZZARDI e ZAMBORLINI, 2012piodiversity domain,

normative  acts, army equipments, federal  universities
organizational structure, transport optical network
architecture, heart electrophysiology, on - line  mentoring

activities (SALES, BARCELOS e GUIZZARD| a20d2y others

A remarkable work regarding OntoUML was introducedGARRARETTO, 2012)
proposal a modeldriven approach to derive information models fromell-foundeddomain
ontologies classified withUFO concepts. A process based in transformation rules was

introduced, stating a set of mapping patterns from ontological concéptaalized through

15 . . .
https://code.google.com/p/ontoumdlightweighteditor/

16 http://nemo.inf.ufes.br/
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OntoUML to object OO concepts formalized through UML. Informational concerns about
history and time tracking were discussed. For example, if the informational interest
regarding &ind Person is only the past, then th€lassPast Person is mapped. If the
informational interest is both past and present, GlassPerson containing current
property (a Boolean) is mapped. When analyziRglator concept, a similar strategy for
history decision withcurrent  attribute is defined, but it also considers thRelator
cardinalities in the mapping rule. For time tracking decisionRelators the Classderived
counts with three attributesstartTime  and endTime as Timelnstantdata type; and
duration  as Timelntervaldata type. In this approach, itis also discussed refemce
decisions via attributes and data typlg identifiers, where it can be mapped to primitive or
userdefined data type. In addition, measurement representation by attributes is
demonstrated fromQuality in OntoUML. Figur8.16 illustrates an example othe execution

of the approactconsidering the pattern for Relator types and Role associations.

domain ontology

<==mediation>>

<<role==> > ==subKind=>=

1 Husband Man
1
<<relator== <<kind== <<kind==
Marriage Person Organization
' AN
1 \
\ L <<roles> > <<subkind=>>
c<mec!ia‘tion>> . Wife Woman E—— <<roless
| Employee Employer
1 1
1 <<relator== U=
<<mediation=> Employment | __cdiation==
i :
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N
|
i i |
information model husband 1
¥ Man |
|
i |
0.* v |
.| |
I
Marriage Person I Organization
E |
|
0. employee | (1) I 1| employer

- j i I
| § Woman |
|
wife A

. 0. 0.* .

| . Employment . -

Figure3.16: An example of domain ontology described in OntoUML mapped to UML{E&RRARETTO, 2012)

Thereare substantial research effort§in the direction of evolve UFO and apply it in
distinct ways.

17 http://nemo.inf.ufes.br/en/publications
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4 Proposal

This chapter introduces aovel approachto increasemultidimensional (MD) design
activity automationin BYDW solutiondrom the point of view of a MD modeleWe propose
a systematic automation of the hybrid approach, where the domain ontology is built based
on UFOconceptualization, increasing its expressivend$ge semantic enrichment of MD
schemass madeby exploringthe temporalconcepts defined in UF@ profile A derivation
process isuggestedor the designof MD conceptdrom well-foundeddomain ontology by a
set of rules The approach includes support fonstructured data in BI/DW lifecycle process
oncethis kind of data sourcés fundamental fobusinessanalytics

The following sections describe the proposal detaitsl its overview is illustrated in
Figure 4.1 At first, in section 41, a set of derivation ruless proposed to increase the
semantic expressiveness of the MD design process, oriettiagMD modelerhow to
choose the MD concepts based on UFO concepts, such as events, participations, temporal
relations and situationst KSa S NXzf S& S E S Gdnieptd gerivationQiziugh A y
rules (UFOB a50¢ | OQOGAQGAGRET 6KSNB a5 O2ywnGaStdia OF
step, the domain ontology isuilt well founded on UFOcategories.In section 4.2 an
ontological hybrid MD design method is introduc@zhsed on Figure 4.1)considering both
structured and unstructured data sourceturing the sourcedriven phase Finally, we

conclude the approacproposalin section 43.

«BusinessProcess»

Ontological analysiswith UFO Rules execution: UFO to MD concepis
Analysis-driven Y )

«BusinessProcess»
Build well-founded domain
ontology with UFO

lo¥ o] «BusinessProcess»

MD concepts derivation
through rules (UFO -> ND)

o0

«BusinessProcess»
Build MD schemas

oo

«BusinessProcess» oo

Source-driven

Heterogeneous data exploration

Figured.1: Proposal overviewas MDdesign process
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4.1 OntoWarehousing

UFO deals with temporal aspects (UBY) which is an important characteristic of MD
design, having intuitive relation to MD concepts such asfdet (in MD terminology)as a
businessevent In addition, it provides a tofevel ontology welfounded in metaphysics,
axiomatized indescriptive logic L. Therefore, in our approach, we adopted UFO and
ontological analysis to support the developmentacdomain ontology used for MD schemas
derivation, based on a set of rule¥/e concentratedn analysing theperdurants(events),
their temporal aspects, participations and situations.

It is proposal herethe semantic enrichment of MD schemas by using the temporal
conceps defined in UF® profile(presented in section 3First, the domain representation
is semantically enriched using UFIDen, a set of mapping ruless appliedand alternative
elements for the MD schema are identifieBnally, based on analytical requirements, the
appropriate eéments are chosenTherefore, the approach defines how to magp-level
conceps from a domain (UFO categorigs) MD concepts, represented &acts Measures
Dimensions Hierarchies and Attributes. In this direction, our proposal resembles the
mapping from ontological level to thaformation level introduced iINCARRARETTO, 2012)
revised in chapter .3

As cited in section 3,dw to classify domain ontolégs based on UFO has been
extensively coverg in manyefforts and particularly on the original wo({GUIZZARDI, 2005)
One must assume that well-founded domain ontology is available, markeglA G K ! Ch Q:
stereotypes and coplemented by the corresponding restrictions. MD elementsraspped
from the domain ontology elements: (Events and their mereologfcomplex andatomic
events) are mapped tofacts andmeasures.(ii) Participants inevents determine posslb
perspectives of analysiglitnensions anchierarchies).(iii) Time interval relations betwe®
events could derive &act pattern for the analysis of those temporal relatiofig) Causality
relation betweenevents can be analysed throudhct/dimension dichotomy. (vpituation
changes andtheir relations toevents as a MD schenfar causeeffect analysis

This derivation process is independent of data sources :tygteuctured or
unstructured.It is assumed that the domain ontology here already represents the concepts

from both universes.However, there are some issues regardingpdalling textual
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information, such as using reverse engineering from texthe domain ontologywhich is

treated in the hybrid approacproposalin section 4.2.

4.1.1 EventsasFacts

The factsare representations of businegsents withmeasurementdo be andyzed
by theirsdimensions attributes andhierarchies(perspectives of analysis). Blentifyingthe
domain events and their mereology, i.e. howomplex and atomic events are related in a
taxonomy, we carderive possiblefacts and measuresto the MD modder. To do so, all
complex events and its parts shold be listed, as other complex swdvents (parts of the
whole event). The numeric values represented logyalitiesin events can support useful
aggregations, so they can be setrasasuresof afact The &t of axioms that defines the
mapping rules to proposéactsand measuresfrom complexand atomic events mereology

can be described g&igure 42):

Py,

l.a. Ifeis aComplex Eventthene can berepresentedas aFactf;

R1.b. |If fis aFactdefined byEvente, then the numericquality of e can bederived as
Measuresof Factf;
Rl.c. Iffis aFactfrom EventeandS @ anEventwhichhas mereologic relatiorpértOf) to

e and there exist quality valuesgs of S,Qhen S €an bederived as aFactor gs as

Measuredn the Factf.

UFO Metamodel Multidimensional Metamodel

-————

- P

Figure4.2: MappingsEventsmereology (UFO) dsactsand MeasuregMD)
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Notice that, asevents can bearqualities (GUIZZARDI, WAGNER al., 2013) the
second axiom théMleasurederived from anevent can be fully evaluated by its particular
qualities(their attributes). In other words, checking the numenjigalitiesof the event (or its
parts), they can be described Bgeasures For example, thsale eventcan be composed
by othe events such asproduct request and payment . Thepayment tax is a
quality from payment event and can be designed asMeasurefor both cases: isale
event (Figure4.3a) or the payment event (Figure4.3b) is choseras aFact having different

aggregationconstraints.

Fact Sale Fact Payment

Dimension Product Dimension Location

-City
-Country

-Number of sales

-Payment tax

-Number of payments
-Payment tax

-Name
-Base value

-Base value

-Country

Dimension Time Dimension Time

Figue 4.3: (a)sale asFact (b)payment asFact both withpaymenttax Measure

An electric disturbance in Brazilian integrated systens acomplex event
which is composed by other subvents and it is suggested as MID Factby the rule

definition R1a The startingevent of adisturbance  occurs in one particulagquipment ,

this participation defines the disturbance cause and can be anatural
phenomenon, such as armtmospheric electrical discharge or astorm . It
can also be dauman f ailure , or anaccident in somet ransmission | ine , such

as animals hitting it or a flood , among others types ofailures in the

network . According to UFO they are classified participations of objects in a
dist urbance . Transmission | ine (an equipment container ) or apower

t ransformer  (an equipment ), classified asubstantialsin UFO, are affected by those
types of disturbance causing events (disturbance cause ), then the
disturbance event begins to occur. Depending on a set of parameters (classified as
guality structuresin UFO) thedisturbance  can have othesequential, even parallel, sub

events The disturbance accumulates all its temporal parts, such asf arced
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shutdown complex event, which is anevent of automatically or manually turning off
components of the electrical network . It can also be suggested ad/® Fact
by ruleR13 pointing to a real necessity for the business, once the analysis ovéwticed
shutdown event is an important issue to theelectric high - voltage post -
operation process

Duringa disturbance  occurrence, thd oad cutting eventcan happen. It is
measured by amnergy i nterrupted charge (in MV} which isa quality structure of
the electrical network a ffected . When thischarge is turned off,blackouts
can happen depending on its value and the resources involved, affecting several regions. By
applying rule R2h 1 oad cut can be derived as a possibleMeasure of the Fact

disturbance . This example ihoroughlyexplainedin chapter 5.

4.1.2 Objects Participations aBimensionsand Hierarchies

Dimensionsand their hierarchiesare perspectives of analysis@rding to different
level of details ovela businessvent, derived as afact by R1 Substantialobjects can be
participants in an event (through participation). An event is exisentially (ontologically)
dependent onother objects and acomplex event is represented as a sum ofd 2 SO0 Q&
participations Therefore, 00 2 S Qart@igations in events represented in the domain
ontology can be viewed as possible perspective of analysis fofattte i.e. dimensions
attributes and hierarchies Typical examplesf object participants in @ale eventare: the
sold product with its associatedcategory , which forms aproduct hierarchy the
spatial region where it was sold classified bycountry, state, city;
the product supplier (companies); the sale vendor;, among others
Notice that we can derive possibldimensionsand their hierarchiesby analyzing the
relations between itxonceps, such as the entities classifiedrage mixin participantof the

participation described as followin@igure 44):

R2.a. Iffis aFactrepresenting arEvente, o is anObject(Substancég which is mediated by

formal relation (participationOf) to a Participation p, which has a mereologic

relation (artOf €), theno can bederivedas aDimensiorof Factf;
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2.b. If fis aFactrepresenting arEvente, d is aDimensiondefined byObject o which is

Participantof e, and o has relationships to otheBubstancess then eachSubstance

sof Scan be suggested &tierarchief the Fact fthrough Dimension d.

UFO Metamodel Multidimensional Metamodel

- =

~.\4

| Fact | | Dimension

Partici|

< participationOf
particips .

Object | | Atomic | | ComplexEvent |
3

Figured.4: MappingsParticipations(UFQ asDimensiongnd HierarchieMD)

For example, thesale eventisthe sum ofclient and product participatiors.
Therefore client  and product participations in a sale are relations between the
client andproduct participants (role mixins), respectivelywith sale event. Therefore,
we can representlient and product asdimensiorsin aMD schemaas illustrated in
Figure4 5.

Dimension Client

-Name
-55M

Fact Sale

-Number of sales
-Payment tax

Dimension Product Dimension Location

-City

-Name

-Base value -Country
o) = )

Dimension Time

-DateTime
-Month
Year

Figured.5: Example ofale fact withproduct andclient participants as dimensions
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In another example, he disturbance is existentially dependent from

equipment participation Theparticipationis an event and can becomplex oratomic as

well. So, thet ransmission | ine participation in a disturbance is a mediation
relation between the t ransmission | ine participant (a role mixin) to a
disturbance event. Therefore, we can represent theransmission line as a

perspective of analysis (Amensior) at the MD schemaas depict in chapter.5

4.1.3 Time Interval Rlations betweenEvents asa SnowflakeSchema

The temporal properties oéventsare represented by guality structure composed
of time intervals In our work we adoptinear ordeed time points as achronicdue to its
formalization in(GUIZZARDI, WAGNERal., 2013) Eachevent must be framed (assaated)
by atime interval that is defined by itdegin and end time points. Thetemporalrelations
betweeneventsin the domain ontology design are represented by thé  Gp¢r&Gts i.e.
before, meets overlaps starts, during, finishesand equalsformal relations Those operators
are represented asime interval relationsand join the time intervalsof two eventsby their
time points. The use of tbse representations by the modet indicates that thetime
interval relationsare important issues tthe business needs. Therefore, analysis over them
can bederivedthrough aMD schemawhich relates twaventsby their temporal parts. The

mappingrule checks for the relatedventsin the domain ontology andformalized as:

R3.a. If el e2are Eventsand theyare modelled withone or moreTime Interval Relations

between themlg, then aFact fcan be represented bthe Time Interval Relations
between the Eventsel and e2, whereel is represented byDimensiondl and e2
represented adDimension d2EachDimension(d1l and d2) has aTime Hierarchyor

the BeginandEnd Time Points

R3.b. If aFact fis represented by th&ime Interval Relationgrom the Eventsel and e2,

havingel representedas Dimensiondl and e2 represented aDimension d2then

18 . . . e

In ourapproach we only consider the temporal relations between two events which was specified in
the domain ontology, even knowing that any event can be formal related with another by their time
points intervals.
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the fundamentd Participants of the Events can be derived as Attributes or
Hierarchiedor d1 andd2.

A temporalfact pattern is establishedsa snowflake schema supporting analysis of
all possibleemporalrelations betweenthe two eventsbeing observed. Theventsinterval
timesare represented byime dimensionsfor eachevent with typicaltime hierarchies such
asyear, semester,month anddayfor the beginandend time points. Eachevent (dimensior)
also has itsparticipants designed as (shared or not sharedimensions attributes or
hierarchies Complementary, exploring UF@me interval relations and their intrinsic
constraints, it is possible to derive data loading rulestii@r ETLprocessthrough beginand
end time points relations between theevents TheAllen’s operatorglay this role because
they provide the specific constraints for loading data into thettable and in the evaluation
of thetemporalmeasures consideringsummarizability issue§or examplethe measurecan
represent how long theevent el overlapsthe event e2, stating the relations among the
events time points pegin andend). Those constraints can be mapped to Sfderies as

WHERE clauses to join teeentsstructures and load théacttable (Figure 46).

a b sstart(a) < start(b) A OVERLAPS
J/end(a) > start(b) A

-* end(a) £ end (b)

.-

2
4 - 1

where a.beginTimePoigt <-b.beginTimePoint and
a.endTimePoint > byjbeginTimePoint and
a.endTimePoint < b.endTimePoint

Figure4.6: Example of overlapping Events and the resulldERElause

The axiomatization of thd f f Sy Qa 2 &v&ildle (ire BDREB formalization
(GUIZZARDI, WAGNERal.,, 2013)and each one is mapped to its respective WHERE clause
as follows(Figures 4/ to 4.12).



a b Iend(a) < start(b) BEFORE

-

| 4
where a.endTimePoint < b.beginTimePoint

Figure4.7: Example obefore relation aswHERI[Elause

a b end(a) = start(b) MEETS

f
Z

-
Pl

14
where a.endTimePoint = b.beginTimePoint

Figure4.8: Example omeetsrelation aswHERElause

a ____start(a) = start(b) A STARTS
’ end(a) < end (b)
b ; /

I s
L -

1 4

v /
where a.beginTimePoigt = b.beginTimePoint and
a.endTimePoint < b.endTimePoint

Figured.9: Example o§tartsrelation aswHERI[Elause

, start(a) > start(b) A DURING

J end(a) < end (b)

I
” 1
- i

I

’

[
/ s

A 4 '
where a.beginTimePoint > b.beginTimePoint and

a.endTimePoint < b.endTimePoint
Figure4.10: Example oluring relation aswHERElause

, start(a) > start(b) ~ FINISHES

, end(a) = end (b)

1
- 1
[

rs

7
! -

A 4 [
where a.beginTimePoint > b.beginTimePoint and
a.endTimePoint = b.endTimePoint

Figure4.11: Example ofinishesrelation as WHERE clause
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, start(a) = start(b) A EQUALS
/ end(a) =gend (b)

» 1

= I
4 I
i

v /
where a.beginTimePoint = b.beginTimePoint and
a.endTimePoint = b.endTimePoint

Figure4.12: Example oéqualsrelation as WHERE clause

Adding possible perspectives over trevent by their participants which define the
structural objects is important For example, d analye the possible impacts of a
disturbance  eventto the societyby the news publications event, it is possibleo
model that adisturbance  occurshefore the news publication which reflects the
disturbance impact in the community. Particulatiythe before relation must be
accompanied by a maximum number of tirpeints quantitywhen implementing the ETL
process as we shall demonstrate in the case study, mearing 2 4  ¥idadv&nhcé |y
event mayoccurbeforeanother.

The first three sets of mappings are represented in Figu#el3 by colours
equivalences. Figur.13a presents a subset of UFONnceps and the derived MD schema is
represented in Figurel.13c. Justas a reference, a MD metedel is depicted in Figure

4.13b, also using colosifor the corresponding concepts.
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Multidimensional Metamodel

|before || meets |[overlaps||starts |finishes|| equals || Temporal Dimension |
[

Star Schema

source begin
Time Interval Relations[ Target | Time Interval [ end | Time Point Value
| | UFQ::Event UFO::Participation
szngdBY> Fact Dimension
Participation = Event Quality | T
< participationOf
| [ | UFO::Event Quality UFO::Substantial | [UFO:: Relator
Object | [ Atomic | [ComplexEvent] Measure ] Attribute | Hierarchy

Substantial [

.

BeginTime =

b

Time Dimension

Multidimensional Model of Event Temporal Relations

< BeginTime

Time.ID

EndTime >

DateTime

< EndTime

Dimension Event 1

BeginTime.lD

Fact Temporal Relation

Temporal Measures

Dimension Event 2

BeginTime.ID
EndTime.lD

EndTime.lD
Event 1 Attributes

Event 1 Aggregatable Attributes
Event 2 Aggregatable Attributes

Event 2 Attributes

Event 1 Participant 1|

Event 1 Participant n

Shared Participant 1 |

Shared Participant n

Event 2 Participant 1|

Event 2 Participant n

C Attributes

Attributes

Attributes

Attributes

Attributes

Attributes

Figure4.13: Mapping rules representefiom UFO to MD conceptsy colors coding
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4.1.4 Causality relation betweerkvents as-act Dimensiondichotomy

An event can causeanother event to happen, asdescribedin section 3.2.3. This
causalityrelationis a type of dependency relation agdn provide a perspective of analysis
about the cause of a busineegent. Therefore, in this rule we state th#éta cause relation
is found in the domain ontology, then theausingevent is set as alimensionand the
causedevent is set asa fact As defined in ruldR1lh any numeric quality of the caused

eventcan represergd asthe fl O in€xdures Therule isdescribed agFigure 4.1%

R4.a. Ifel, e2are Evensandel causex?, then el can bederivedas aDimensiorand e2

can be derived as laact

R4.b. If fis aFactdefined byR4.1 fromEvente, then the numeric attributesttr of e can

be suggested adleasuredor Factf.

Measure |—|>

Figure4.14: MappingsEventsCausalityUFQ asDimensionf Fact(MD)

In an example domain scenario whetke payment event is designedwith
causlity relationto aproduct delivery , the execution of this rule can derive thect
product delivery  and the dimension payment . An analysisexamplecan bethe
average deliver y time bypayment attributes, such as date/timeNotice that by
combining these rules with RR is possible to set severattributes and hierarchiesfrom
the causingevent participations In this context, thepayment event can have the
participationsof client , vendor , product and store . Therefore, it is possible to

generatea set of analysis over throduct delivery factby thepayment dimension
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hierarchy for exampe. Figure4.15 illustrates this MD schema

Hierarchy Client

-Name
-55

EE

Hierarchy Vendor

-Name

Hierarchy Product

Fact Product Delivery

Dimension Payment

-Number of deliveries

-Delivery time (hours)

Lity
-Country

g |

4 Dimension Time

-DateTime
-Month
-Year

Figure4.15: Payment event causingproduct delivery

as MD schema

4.1.5 SituationchangesasMD schemafor causeeffect analysis

Stuations represent possiblstates of affairs of the realitgnd changes through

events (section 3.2.3 An event can be triggered by dtuation or it can bring about a

situation. In this rule we introduce a MD schema pattern to provide analysstuwdtion

change by thesetwo relationswith events. To do s¢ a fact is created to describe the

situation chang byone event and triggeed byanotherevent. The situation itself is set as

a dimension as well asachevent. Similar to rule R3attributes and hierarchies of those

dimensions can be derived from thevents participations.The formalization of this rule is

set as(Figure 4.6):

R5.a. |If el, e2are Evens and s is aSituation that has atriggers relation to el and a

brought-about relation toe2, thenel, e2andscan be derived aBimensios d1, d2

andd3respectivelyanda Factf that relate these thredbimensions
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R5.b. If fis aFactdefined by B.1 with Situation s, Eventsel and e2, then the numeric

attributes ofs, elande2can be suggested adeasuredor Factf;

R5.c. If dsis aDimensiorprovided by R5.1 from &ituations, sis aSituation of Situation
and a ¥ the Situation composition ofs, then it can be derived as Ragged

Hierarchy

- - -
- - . ~
L I, ~e «
Event = ——b-l Fact | :*l Dimension I
- -
~_ 7 ¢ !
‘F\__ —’l
- - = -
causes >

Measure |—|>

- -

Figure4.16: MD schema pattern to analyS&ituation causeeffect

An interesting causeffect analysis of theevents that affects foreseensituations
can be performedover this MD schema. Supposen internet banking domain
inspired in (MIELKE, 2013)where securityconcerns about conneet situations is
necessary. Aituation of suspicious parallel login can be brought about the
login event when two or moreconnections  happen for the samdogin  from
different hosts . In addition as a result actiorthis situation can trigger thealarm event,
for example. By the application of this rule the reswdtMD schemacan be used to analyze
the behaviour of thecausing (login) and performed  (alarm) events before
and afterthe suspicious parallel login Situation. Moreover, theparticipations
in both events can beonsideredperspectives of analysis, such as tbgin location
and thealarm target , as shown in Figuré.17. An analysis example would be: how
often the situation suspicious parallel login occurs by country/city
location, IP address and date (year, month and day ). Regarding
situation of situation instruction as aaggedhierarchy, this is due to the fact that both

concepts are used to group othdtuations anddimensions, respectively.
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Hierarchy Location

Dimension Suspicious Parallel Login

-Severity
-Number of parallel logins

-City
-Country

Fact Suspicious Parallel Login Change

Dimension Causing Login Dimension Performed Alarm

-Login
-IP address

-Number of changes
-Average time (hours|

Dimension Time

-DateTime
-Menth
-Year

Figure4.17: MD schema for causeffect analysis ofuspicious parallel logins

4.2 Hybrid multidimensionaldesign tasikfor heterogeneous data

In this sectionwe discusow the derivation rulesntroduced inthe prior section
fits in a MD design approachm addition we demonstratehow unstructured data sources
can be usedduring the modelling activity.Business analysis and design phases are
considered the most important activities of this methodology becausmit be a critical
divisor between the success and the failure of the projéidte increase of the MD
modelling efficacy can reduce future costs in maintaining the BI/DW solution by avoiding
conceptual errors through some type of formalization of the commmderstanding
Moreover, the hybrid MD design activity, i.e. sowdreven and analysidriven as parallel
processes, is the most common technique. It can produce more complete and assertive MD
schemas, trying to combine what already exists in data ssurwith tacit domain
knowledge from eneisers analytical requirements. Therefore, this line of thought is
maintained in our proposal, being classified as a hybrid MD design task adaptation.

Our adaptationis a similar processo the proposedin Advanced & (MALINOWSKI
e ZIMANYI, 2009nd GEM(ROMERO, SIMITSIS e ABELLO,,2@Viged in section 2.2
Both begin with parallel souregriven and analysidriven activitiesto developthe initial
schemas. Theafter, these schemasre reconciledsomehow and, thengnriched with
particular semantics.Advanced DWadds spatial and temporal aspects the ER

representation of the, so called conceptual MD schemawhilst the later explores
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functional dependenciesf the data sourcegrough an ontologial approachderiving MD
conceptsand combiningthem with the analysis requirementgs SQL querigs

In MosK2 énethodology (MOSS, 2003)he MD designactivity fits into business
analysisand designphases. Moss lifecycle process has an alignment with&imf t Qa | v
alftAy26alAiQa YSUK2R2({ 2 BAitkaaddition k&he Wetddgfa RA F-
repository construction during the project. It presents a balanced approach, considering
complexity and practice. Each activity is set to a specific phase, asba@elsatithe left of
Figure 4.18 As revised in chapter 2f starts with the justification phase, where the
business case assessment is created. Then, the planning phase uses it as input to produce
the infrastructure evaluation, project plan, activitiessoeirces and schedules. Next, in the
business analysis phase, information requirements are collected and sources of data are
analyzed, starting the MD and ETL process design. Then, in the design phaB& the
physical model is designed and the ETL proced<d AP interface are implementddring
the construction phase. At last, the BI/DW solution is deployed in the production

environment.

..........................................................................................

BI/DW lifecycle ™ Multidimensional (MD) design
i \ _,:" Analysis-driven: Source-driven:
: Justification initial schema initial schema
' Reverse engineering - sources
. N/ Unstructured
Planning H Ontological analysis Structured (text)
!
[ . & Match the two initial
Business analysis
{ ) schemas

Ontological analysis

Design J
7 Add semantics
i A Verify and validate ontology
: Construction T

Deliver final MD
schemaand ETL

Deployment

' \ J i ., OntoWarehousingrules

............................................

Figure4.18: MD design pocessadaptation proposal
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Our aim in thissection is to describe our adaptation of the hybrid MD design
process through a methodological procesdsfinition, being agnostic of technologies and
expansible, so other existent hybrid approaches can be integrated in future work. As seen
in last sectionpnce the domain ontology is well founded with Utf@ugh the ontological
analysis the set of rules introduced in section 4.1 can be used to derive MD concepts as
suggestions to the MD designer. In addition, from UFO concepts, their relations and
intrinsic constraints, it is possible to define hifgvel extraction and transformation rules,
as described in rule R3. Therefore, the main goal of this process is to produce the MD
schemas from wellounded domain ontologies.

In the analysigiriven part, the nodeller can use the domain knowledge from
domain experts, existing procedures, glossaries, taxonomies or other terminological
standards. Moreover, if other hybrid approaches are used, then their ontologies
(representing data sources) can be matched. Hathiegdomain ontology constructed and
well founded with UFO, the modeller can verify and validi&taefining the model in a
cyclical way, increasing the domain ontology quality. Afterwards, the rules defined in
section 4.1 can be applied to derive possibiD concepts. At last, the MD conceptual
schema is built based on the concepts derived from the rdles.final MD schema derived
can be adapted to others existent MD schemiaach of the activities i&lly explainedas

follows:

1 Analysisdriven designanalyse business

Analysngthe businesslomainis acommon activityin a BI/DW projectifecycle.We
propose that i occursas atop-down conceptuakation process havingthe observed
reality represented bythe designerpoint of viewthrough ontological analysis approach
The business experts should be consulted to assert business rules, even if they are not the
main stakeholders of the project. Each domain concept should be correctly named,
uniquely identified and validated by all flness people who will be accessing the data. This
task can be supported biterviews, as usual in requirements elicitation, abdsiness
official vocabulary definitions, such as glossaries and standardswvd@lkounded domain
ontology should bebuilt upon UFO concepts andhdependent of processes and

technologies, i.e. the domain representations should not be influenced by any type of
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software (e.g. DB) or hardware. A5 business processes should be understood, so the
behaviour of the concepts, e.g.dah creation or modification, is mapped to the entities in

the domain ontology.

1 Sourcedrive design: everse egineering fromstructured data sources

Reverse engineering from structured data sources were already addressed by
related works as supplgiriven approach, such as AMD@evised in chapter .2In the
majority, they check the existent functional dependencies among tables and their
relationships, cardinalites and constraints. Then, MD concepts can be derived
automatically based on a set of heuristicThis activity is usual in BI/DW projects, being
useful because it can capture some important business rules and policies, such as integrity
rules, that could not be captured during the interview sessions, enriching the domain
ontology. Nowadays the majity of CASE tools can support thidiaty, such as Power
Designer and Enterprise Architect (EA)

1 Sourcedrive design: everseengineeringfrom text

The goal of the reverse engineering from text is to generate the representations of
the entities and their relations from unstructured data sources. This can be made in two
ways: manually or automatically. In both cases a set of text corpora is seleotadtlie
sources, with the support of the business experts, and its content is analyzed. In the
former, the designer sketches the domain ontology based on the main entities found in the
text by reading it. The later is the case where specific Natural LaegRexgessing (NLP)
and Information Retrieval (IR) techniques are applied to the corpora, which can
automatically generate models suggestions. In this sense, entity and relations recognition
techniques play an important role on automatically generatingdbenain ontology. Tools
that implement these techniques are based on lexical methods, such as orthographic
correction, stop word elimination, tokening, synonymous resolution, stemming,
morphological classification and some type of semantic categorizatiom fbusiness
terms. The result artefact from this activity is a sketch of the domain ontology extracted
from the text samples, containing the domain represented by the unstructured-data

sources. From both reengineering processes (structured and unstrugiutdd crucial to
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make annotations abouthe origins of the information, i.e. the data source elements for

the concepts sketched.

1 Match two initial schemasenrich thewell founded domain ontoloy

The possible inputs for this phase are the model sketches from both andijses
and supplydriven approachesThe output of this activity is the domain ontology modelled
based on UFO concepts, consolidating both structured and unstructured data sources
Common concepts found in those representations should be matched or associated, by
annotating their data structures origins.

For example, imn analytical solution ofmedical appointments and their
relations to patient diseases , registered textually inmedical records , the
representations from the unstructured data source could contairpatient,
complaint, disease, heart frequency and blood pressure concepts
In addition, by analgng the business domain, the motkx could have designed a model
with pati ent, doctor and appointment entities. An example of UFO usage, to
enrich semantically the conceptual domain design, would be settingpttient  entity
as a Role of the Kind person , having the formal relationparticipationOf to an
appointment  Event which also has thdoctor participation. Througha sourcedriven
approach, an ontology could be generated from the structured data sources of the
clinical transactional information system, containingatient, appointment,
payroll, schedule entities. Pati ent entity is the same (unique) ontological class
from all sources, so ishould be matchd. Therefore it can be extractedrom both
unstructured and structured data sourgesnnotatng its origin to be referenced
afterwards in the conceptual ETh. addtion, patient  entity from the textual medical
record could have its identity set by hisme in the header of the document. From the
structured data source its identity is set by a primary key, but the table also provides the
name attribute. All those infomation will be necessary to build the linkages between the
structured and the unstructured uverses when designing the Ediocess After matching
all entities,annotatingtheir origins, a consolidated model should be built.

Therefore, the main advantagef our adaptation inthis activity is the semantic

power increasewith the application of UFQ@ategoriesin the ontology constructionto



97

better represent the domainBesides all weknown advantages of ontological analysv&,

can derive possible MD concepts by applying the rules introduced in this work.
Nevertheless, there are critical limitations related to the amount of entities found in the
unstructured datasources analed. An example isni a situation of a distributianal
semantic methodbeing applied to automatically generatethe domain ontology from
textual sourcesresults ten thousand entities with several relatiormmongthem. It is
almost impossible for a human to designwell-founded ontology based on so larger

ontologies

1 Add semantics: grify andvalidate (V&V) the domain ontology

In the Verify and Validate (V&V) task, the designer analyzes the foundational
constructs and checks if the entities and relations from the model are semantically
consistent, also vewying business rules violations. This is made by analysing the
foundational constructs and checking if the entities and relations from the model are
semantically consistent. This kind of activity is common in CM and it improves the quality
of the designedontologies. It receives as input the domain ontology built upon UFO
concepts, as seen in the prior step. The patrticipation of the domain experts during this task
is fundamental to improve the quality of the domain ontology, ensuring that the model is
semartically correct and covers the main entities involved in the business requirements,
avoiding ambiguity among concepts. This is a cyclical process because, once the designer
finds an error or an inconsistency, he can fix the model and validate it agairg\vimg the
model expressiveness.

The domain ontology can be verified by a formal constraint language, such as OCL ,
in case of using UML as language to represent the domain, and validated via visual
simulation, such as Alloy analyzer. Thus, the designerrgato certify that themodelled
world is the intended state of affairs admitted for the domain. Verifying and validating
ontologies with many concepts can be unfeasible for humans because of its size and
complexity. Thus, a common practice is to choas#ology parts (sulmlomains), apart
from the rest of the model, validate each part separately and then merge these pées.
resulting artefact in this activityis the well founded and validated domain ontology. The

main advantage of performing this task to refine and test the domain ontology,



98

increasing its quality, so it reflects the domain beingpdelled by representing the
admissible state of affairs. Furthermore, by using UFO temmanateps, such as events,
participations and temporal relations, is possible taderive MD conceptérom the set of
the rules suggested in sectionl4.The main limitation is, again, the size of the ontology. If
it provides too nany concepts, even by separating ttlseib-domains to validate, it can be a

painfultask.

1 Deliver final schema: derivenultidimensionalconcepts from UF@onceps

In this activity the final MD schemas are designed based on the domain ontology
built on the prior activity and other existent MD schas. In common DW methodologies
this task dependgurely on decisions from the MD designer based on informal guidelines,
i.e., it depends on tacit knowledge, and therefore, it is error prone. In our appro&ch
defined a set of mapping rules to derive possible MD structures from thefaweided
domain otology and its temporal aspects, such as events, temporal relations and objects
participations. Therefore, the MD designer can use this method to increase its
assertiveness in designing the final MD schemas. The mechanism to derive MD concepts
begins by eading the domain ontology and looking for the foundational ontology
categories. Once they are found, it executes the mapping rules and presents to the
designerthe possible MD structures inferred.

Thereafter, the MD concepts derived are conciliated watkistent ones if MD
schemas are already used in the organization, so the MD concepts can be conformed and
refined, providing new analytical possibilities. At last, the designer defines the final MD
schemas with data sources annotations for the ETL prosesse comments in natural
language. In addition, other ontological MD hybrid approaches, such as [25] can be used in

parallel, combining the final MD concepts produced.

4.3 Conclusion

In this chapter we have systematically introducedOntoWarehousing approach,
proposinga set of mapping rules from UFO concepts to MD concepts, considering temporal
classifications in the domain ontology. With these rules, the process of choosing

accordingly the representations of real woddnenhance the MD design activitgt first,
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the events were explored to derive facts. Secondly, possible perspectives of analysis could
be mapped from events participations. Thereafter, time interval relations could be mapped
to a snowflake schema pattern. Then, a fact/dimension dichotomy swggested to
represent the causality relation between two events. At last, situation change was analysed
and, based on it, a MD schema was proposed for caffeet analysis.

The second part of the approach contextualizes how to adopt the derivation, rules
above mentioned, in a hybrid MD design activitytough a method In addition, it
considersprior works (MOREIRA, CORDEIRO e CAMPOS, 2009) (ALMEIDA e SILVA, 2009
(MOREIRA, CORDEIRO e CAMPOS, t20d&)e witha valuable source of data: textual.
Therefae, our own adaptation of an existing apparatuas explainedMoreover, we could
specify the general abstract concepts in a valid way to the BI/DW lifecycle domain,
specifically in MOdesign activity In addition, the adequate motivation for theroposed
approachwas presentedensuring that it follows logically from the research problem and
the theoretical frameworkWe believe thatsufficient informationis providedfor a reader

to replicate or evaluate our proposal.
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5 Applicationexamples

Our aim in thischapter is to present how the theoretical concepts, revised in
chapters 2 and 3, were represented and applied. At last, we state how our goals have been
corroborated, also discussing the limits of our findings for each exampevalitlate the
proposed aproach effectiveness bgiscussg its application irtwo different scenarios,
evidencing its benefits in choosing appropriate MD concepts from the rules executions in
well-founded domain ontologies. Oufocus is the derivation process, but he adapted
hybrid MD designmethod consideringheterogeneous data sources also exemplifiedin
the first example. The method executionagperimentedas part of the BI/DW solution
lifecycle forONScorporate image analysis the Brazilian electrical systeaiomain Rules
R1, R2 and R3 are executed by a prototypa and a MD schema is designed for the
analysis needs. Thereafter, the ETL process and involved DBs were implemented and data
loaded in a data cube, being explored through an OLAP tool. The second exassnpkses
rulesR4 and R5, bgnalysingcausality and situation changestime ITIL processntology
from a prior work (CALVI, 2007Mapping executiona are simulated and analyses are
exemplifiedbased on the result MD schemas.

In section 51 we presenta prototype implementationto semrautomaticallyderive
MD concepts froman UFQbased domain ontology by applyingthe rules proposed in
section 41. Thehybrid MD design activity proposed in section &2xemplified in section
5.2, considering both prototpe execution and unstructured data soungge The example
is presentedby passingthrough the main activitiesin the BI/DW lifecycle (Mossa
methodology), considering newdippingsas unstructured data source and disturbances
DM as structured data souec We present (i) analysis requirements(ii) domain ontology
construction; (iii)derivation of MD conceptdrom prototype execution (iv) MD schema
development; (v)ETLprocess deploymentand, (vi)an OLAP applicatioexploring joint
analyses of the datacube In section 5.3he exampleregarding R4 and R5 on ITIL ontology
is presented supportingcausality and situatioehangesFor each examplehe resultsare

analysed, presentingdvantagesand limitations of our approach
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5.1 Prototypeimplementation

In this section wedescribethe implementation ofa prototype to support the
derivation process oMD concepts froma domain ontology designedpon UFOconceps.

Our aim is to present an automatigechanisnto exemplify the mapping rulgsroposed in
section 41. We chose to develop our prototype based on the visual modelling CASE tool
Enterprise Architect (E}l\%with OntoUML plugin because alreadypresentsthe language
which provides UFO stereotypess describedin section 3.2.5. The @EB° software
provided by NEMQesearch group was also choset.ptovides verification and visual
validation by examplésounterexamples andhe possibility of using@®CL reasoning for
ontologies written in EA/OntoUML.

Therefore, the prototype noifiunctional requirement for interoperability is to
accept the exported domain ontology from EA/OntoUML, specifically in XMI 2.1 format
with UFO main formalismsAt the time of writing, OntoUML languagealoes not yet
implementperdurants(UFOB) stereotypes.Therefoe, the techniqueusedto deal with this

problem was basedn the following choices:

1. Useof the nonofficial UFO package library in EA/OntoUpdavided byNEMOwith
separated packagebat represent conceptsuch asEvent, Participation, Temporal

Relation, among otherqFigure5.1):

] Orologie

- [ [ Brazilian Electrical System SIN
(@ 1 UFO-A

| @ O3 uFo-B

| @ O3 uFo-C

@ 1 UFo:PW

Figure5.1: UFO packages used in the solution

Ob<ervation 1: These packageslo not implementexactly OntoUML nor UFénd

there are still some related conceptual issuesinder discussion aboutJFO parts

integration. For example,ni those packagedi K S & K 2 dzé , maéaniGgNiB2 ( & LIS

19
http://www.sparxsystems.com.au/

20 . . .
https://code.google.com/p/ontoundlightweighteditor/
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Order Universalwas used. It is not represented in OntoUML yet, buefresents

an universal that classifies other classes from second ordef; leve

Observation 2: UFO:PW package was created for integration convenieftoa)

which atomiccomplex concept from UFO can specialize. €Be packagesry to
solvesome preliminary issuaggardingUFQCformalization and presenparts that
are also stillunder discussionFor examplethe Kind representation in UF@

packagewvas chosen to harmonize the language, but there are inconsistencies.

. TheEventstereotype provided by EA default structural cl@d$Il) was defined to

represent anEvent (as the same meaning from UFO) when it is speethlfimom

Event Individuaklass (represented aSategoryin UFGB package).

Participationis represented by a class stereotyped agapnt specialized from the

Participation Individualclass (represerid asEventin UFGB package).

The participationOf (dependsOn relationship is defined as an OntoUNtrmal
relationship, which links a classpresentedas Participationto a class defined as

Participant(represented afkoleMixinin UFGB package).

The temporal relations(! £ £ Sy Qa ) &réd JSpxdseintaBdNF OntoUMilormal
relationships between twdvents To differentiate them (e.goverlaps meets, etc)

an EA metadata property was choseXias

Functionalrequirements

The highest levelfunctional requirement (f-req) of this prototype is to implement

rules R1, R2 and RBoposedin section 41, having as input a domain ontologgsignedn

EA tool wih OntoUML adn profile, available as<Mlfile in version 2.1format. Based on

this assumption, théunctional requirements are described below:



103

1. Realizationof R1: The derived Factsfrom UFGB Events(and their mereologal

pattern representingAtomic and Complex Evers) should be listed and presented

to the user;

2. Realizationof R2:Once anEventis closen tobe represened asa Fact(in the last

step, output of freq 1), the prototype should list all it®articipants which can
potentially be derivedasDimensionsAlso, it should present the associations to the
classes defined as structurabnceps from UFQA) from eachParticipant of the
selectedBEvent, potentially suggesing themasHierarchiesof the Dimensiorfor the

selectedFact

3. Realizatiorof R3 - first interface It should providea mechanism through whichll

Temporal Relations(! f f S yefators) 2oudd in the domain ontology are

presented to the user;

4. Realizationof R3 - second interfacelt should provide an interface where the user

can choose twdeventsand then the Temporal Relationdbetween themare listed.
Also, it shouldoresentthe MD pattern defined irR3 of both selectedEvents and
their Temporal Relations In addition it should provide the SQL constraints
derivationsto be used for dataransformation andoading (ETproces$ of the Fact

at the MD schemaaccording tahe Temporal Relations

5.1.2 Construction

The prototype was builunder .NETplatform (framework 4.0), C# language and
Windows Form interface within Visual Studio 2012 IDE.mAin reason for this choice was
the author experiencewith this technology. The architecture chosen for the prototype
solutioncontemplatestwo tiers: a business layer and an interface layer. The buslages
is responsible for the algorithm for mapping the XMI file to terdurantclassesn OO
classes: Atomic and Complex Eventsand Participations Time Point and Interval,
Relationshipand Substantial Also, it executes theule mappings to MD concepts. The

interfacesupportingthe requirements is illustrated iAigure5.2.
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ol Forml % B » —— .... ‘ o |

Select XMI (EA/CntoUML).  trado*Dissertacao’EstudoCaso \Framework 03-Business Analysis \Main \Src\TAITIDWTAITIDW Presentation. Win App XM\ Teste xml -
<nules description:

Ve ufo-b:Event —» dw:SuggestedAsFact(e) ‘We: ufo-b:Event, e ufo-beEvent,

. dw SuggestedAsFactie) Wt dw:SuggestedAsFact(e)
[Rule 1] Suggested as Facts Vde: wloEndurant, i
Disturb V'r. ufo-b:Partic Offdle, &) —» dw; de.r) Wi uf Timel | (e,6')—» WS dAST: IRelalionFaci{fe’ i)

|- Disturbance

- Cause " . !

i... Forced Shutdown [Rule 2] Suggested as Dimensions [Rule 3] Suggested as Temporal Relation Fact

" Load Cut
- News :ublicaﬁon =I- Disturbance =- Disturbance

-~ Transmission Line Participant - News Publication {ufo-b TimelntervalRelationBefors)

i~ Power Transformer Participant
i Geographical Region Participant

Manipulate temporal relations

Figure5.2: Prototype main screen

To use itat first, the pathto the domain ontology aa XMl file should be informed.
Theeafter, the user carexecutethe first requirement R1) by clickingon the first button
(at left), where allEventsand their parts Complexor Atomic Event} are listedasa tree
view (hierarchically)The user carthen select one of them to be set asFact anEventto
be analysedrom different perspectives. Byressinghe second button (in the middle), the
direct Dimensionssuggested tobe linked withthe Factare listed in the first levelln
addition, the possibldHierarchiesfor them are presenteds atree view, at lower levels. All
the Eventsset with Temporal Relationgo other Eventsin the domain ontology are listed
in the third tree view whemressingthe third button (at right).The tree view presentsi
the first level theEvents in the second level theelated Eventand the correspondent
temporal relatior(s)(e.g.before, overlap) in parenthesis.

Whenselecting the a | Y A LDdripobral Belationgbutton, aform is openedas a
pop-up (Fgure5.3). It provides twatemslists (drop-down components)which containthe
Eventsfound in the domain ontologylhe previouslyselectedEverts are marked as default
in these drop-down lists Moreover, the user can select differeriEventsto manipulate
other possibilities ofTemporal Relations Once eachdrop-down has anEvent selected,
than the existenfTemporal Relationgrom the original dorain ontology are presentednd

checked in the checkbox liddy checking the temporal relations and clicking Resume ETL
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constraints, @pendingon the Temporal Relationsthe list of WHERE clausgsn SQL)
02 ¥y & A R S NXkoyisaints{ irfici8déd)aterin the ETLprocessto load datato the MD

schemag are presentedin the text box beellowlt considers eackvent(and fundamental
Participantsproperties) as ®imensionimplementedthroughone data tableln the Fgure

5.3, before Temporal Relationbetween Disturbance  and News Publication

EvensA & OKSO1 SR | WRERE&GuSesstatideat igie<erited & S

ol Form2

Disturbance v relatedto  News Publication v

Temporal relations: Z i
Allercs;Relations
[T] Meets: end(A) = start(B) &
Qverlaps: start(A) < start(B) and end(A) > start(B) and end(A) < end(B)
% Starts: start(A) = start(B) and end(A) < end(B) =11 before s
[] During: start{A) > start(B) and end(A) < end(B) = enrh
[] Finishes: start(A) > start(B) and end(A) = end(B) ] 2 overlaps b
[] Equals: start{A) = start(B) and end(A) = end(B) ] astarts b

Relation name:

[ Resume ETL constraints
ETL constraints for loading the fact rows:

[Before]
where Disturbances.end TimePoint < News Publication begin TimePoint |

Figureb.3: Prototype interface to manipulate the temporal relations pattern
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5.1.3 Limitations

The main limitation is outside the prototype scopwhich isthat, until that time,
OntoUML language does not provide the stereotypes for represgiof Perdurants (UFQ
B) concepts, such & ents, Participations, Temporal Relations and Stuations. Therefore
there is the disadvantage of losing the expressiveness given by the first order logic
formalismsand rules Moreover, representingilemporal Relationghrough EA metadata

property Aliasdo not contemplatetemporal constraints defined by the axioms for each

relationship.21

5.2 Applicationexample I impact of disturbances o institutional image

In this section weliscussthe application of our approach in a real scenario of the
Brazilian electric system. Firste present an overview of thelectric gridsecurity domain
regarding disturbances in the national electric systand associatednews publications
Next we describethe existing information systems that support both transactional
(operational) and analytical processes related to the disturbances retiistrdriage and
analysis.Afterwards the business needs for integratirige disturbance analysis system
with published news about the electrical systdfor institutional imageevaluation) are
listed. Then,we presenthow the hybrid process proposed iedion 42 can beused to
model the MD schemalo evidenceits effectiveness, historic daia loadedthrough an ETL
process and possiblanalyses arepresentedwith their results At last, results of the

approach application in this scenario are analyzed.

5.2.1 Business &enario

The Electric System National Operé?o(rONS)s an entity in lawprivate and non

profit organization performing its dutiesunder the supervision and regulation of the

21 The prototype was built without some common concerns when developing sadtwarch as:
code quality, testing mechanisms and algorithms complexity (e.g. to find the stereotypes in the XMI XPath
gueries it were not used nor mapping patterns). The decision to build with these problems was made based
in the assumption that it will hae to be rebuilt from scratch when OntoUML suppogisrdurants

2 . . . .
http://www.ons.org.br/institucional linguas/relacionamentos.aspx?lang=en
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National Electric Energy Agency (ANEEL). Its mission is to opezdtgegrated National

System SING{ A&adSYlI St SONRO2 LyidSNuith Bdnsparendy,! OA 2
fairness and neutrality in order to ensure security, continuity and economy optimization of
electricity supply in Brazil.

The SIN is the set dhcilities and theirequipment ¢ such as power plants,
substations, transmission lines, power transformers, among othenesponsible for
supplying electricity for 97% of the Brazilian territory. It is a large hydrothermal system,
with a strong predominace of hydroelectric plants with multiple owne¢sthe companies
2F GKS StSOGUNAROFE &aSOG2NI o6ly2sy a al3aSyida
far from the loadcentres requiring an extensive network of electricity transmission, which
coverscompanies in geoelectrical regions (south, southeastwadt, northeast and parts
of the north). Equipmentin the systemgrid are aware to faults and failures of various
natures, causing forced shutdowns of one or more devices in the transmission system
can interrupt the power supply to consumers.esk occurrences are known as electrical
disturbances and may be caused by atmospheric electrical discharges, floods, fires or
human failures, among others. In the ONS official technical terms glossasleetncal
disturbance is defined as:

G!'y 200dzZNNByOS Ay {Lb OKINIOGSNAT SR oeé
components, which cause any of the following consequences: loss of load, shutdown of the
system components, equipment damage or violatio@dfJSNJ G Ay 3 f A YA (& oé

The processedo fulfil the coordination and the control of the SIN operation are
basedon technical procedures, rules and criteria defined in normative documents, called
Network Procedure$”. They are divided in 26 modules which standardiX¢Smacro
processesThe analysis of occurrences and disturbances is the neted process in our
experimentation.

Information systems were developed by ONS to suppibe registration of
disturbance ocurrences (categorized as abnormalities, undesirable events or
unsatisfactory performance) such as the Disturbances Integrated System (SIPER),

Disturbance Oscilograms Integration System (SPERT) and the Calculation of Transmission

23 . .
http://www.ons.org.br/procedimentos/index.aspx
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System (SATRA). They alieintegratedthrough ONS masterelational DB, called Electrical
System Technical DB (BDT).

In SIPERall disturbances involving equipment belonging to the network are
analysed. Operating companies should inform all relative datarfrdisturbances in th
equipmentand facilities under their responsibilities. A process of consolidation is made
between ONS and companies through this system, providing precise and high quality
information, which isstoredin BDTas structured dataTextual informations also provided
in this process, such as the protection team action descriptions and the detailed sequence
of events of a disturbance (which are recorded in DB table columfreasext). Later, the
information is analged, though a conventional BI/DW solutiom order to assess the
behaviaur of the network during the disturbance8ased on it, solutions are provided for
the problems encountered, supporting the operation planning and execution.

To address analytical aspects of disturbances famded shutdownoccurrences,
supporting disturbances analysis mad¢tdNP OS&ax hb{ KIF& | adl A
information solution based on BI/DW architecture, called Disturbances BI. It consolidates
the data from transactional systems which support the processfofmation registration
and classification from BOBIPER, SPERT and SATRW®)integration is made through a

conventional ETprocess(implemented in ss%é over structured datdrom BDT DBMS

Informixzs), being available in a DisturbandeM (storedin MSSQL Server Déhging. The

users can navigate and generate reports to asalgtata through OLAP tools, suchMS

Excel and Business Objedts#¢Viewand XcelsiusZ)G.

At first, the ETLlprocessextracts data from BDT to load wn an intermediate
repositoly, called Operational Data Stof@D39 DB. This data represents information about
equipment, facilities, companies, geographical regions, disturbances, forced shutdowns,
outages, among others. After being available in ODS, a second ETL process extaacts dat
from ODS to load in a MD schema in the DW relational DB. This model is represented by

the conceptual star schema in Figusel below, havingas the main facthe disturbances

24ETL tool from Microsoft: SQL Server Integration Services (SSIS).
25Im‘ormix is a DBMS provided by IBM.

26Business Objects is the Bl platform provided by SAP, havinQltA® tools InfoView (welased)
and Xcelsius (desktop based in MS Excel).
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with measures: disturbances quantity, number of load cuts, load cut value YWh)vi
interrupted energy value (in MWh), disturbance recovery time, load cut recovery time and
the connectivity node recovery time. The disturbance occurrence and its measures can be
analysed from different perspectivegdimension$, such as voltage levelequipment
disturbances causes, detailed characteristics, related regional areas, related companies and

time.

Voltage Level
-Voltage Level -Equipment Type

Afected Electric Region

Cause Characteristic
-Group -Level of Load Cut

-Description -Radial Power
-PES acting

Fact Disturbances

-Disturbances Quantity
-Load Cut Quantity
-Interrupted Load Value (MWh)
-Interrupted Energy Value (MWh -Disturbance Interval
-Disturbance Recovery Time -Load Cut Interval
-Load Cut Recovery Time
-Connectivity Node Recovery Time

Involved Electric Region

Related Companies

-Agent Type

Figure5.4: Disturbance conceptual MD schema

Source Equipment Operator Source Equipment Owner

/

This MD conceptual schema was physically designed and implemented in a

relational DB and is available to be accessed by ROLAP tools. A third ETL process was built
to deliver this relational DB a datacube,available to beexploredthrough MOLAP tools.
Important Key Performance IndicatorKR13 can be extracted from this MD schema, such

as the severity indicator for the system performance, based in the calculated measure

Minute-System (SM), defined in the Disturbance Analysis prass®e following fomula:

O 0Q1 1 OQOEBEORw 20 0 QI OO QI | ¥iRa @OE 6 0 Qi
0 OOQAIBAWER XN G ORBMY Qi "TE @

()

YO

The indicator is defined in five levels of severity:
T Nomal:"Y0 p

1 Notseverep YO p T
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1 Severepm YO pTmiT
1 VeryseverepmmYO pPTTT

1 Extremesevere™Y0 p T T

Despite the SM KPimportant analysesan be madeavhen navigating through the
data cube, such as the comparison of disturbances with and witHoat cuts, most
common source equipment type, which originate disturbances, disturbances originated in
transmission lineand causeconsequence analysisgarding affected areasmong others.

Gommon analyss made in the original data culaee illustratedin appendix.

5.2.2 Application of the proposed approach

We followthe essential activitiesf the BI/DW methodologyparticularly thehybrid
MD approach proposed in section24testing the mapping rules defined in sectionl4.
supported by the prototype builand the appropriate toolsTo contextualize the MD
design activity,we described justification, business analysisiesign and construction
phases of the chosenBI/DW methodology(MOSS, 2003)evisedin section 2.3Thiswas
made because the whole process is complex, having direct interconnections Miith

modelingactivity, being affected by the kind of data wséstructured or unstructured).

5.2.2.1 Justification

ONS provides a daily summary of nevetated to the electricity sector inits
Intranet home page, named Clippings. A webit presents three publications considered
most important in the week with the link to access theynopsis, showing wine ONS is
cited. The main purpose of having such information system is to préwiddlaborators of
the company what is being published about the electric sector, quoting the organization
when it is mentioned by the Brazilian pressgureb.5 illustrates the webpart highlighted
in the top with a link for each of the three top daily neasd a link to access all news
publications.Be selectingt, a popup is opened presenting a summaof/the news of the
day, howmanytimes ONS was cited, a brief summaryeatch oneand the links to each

news article available in PDE the copy of the oginal newsarticle published¢ and in
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HTML.This information system is provided by an outsource firm, moaiyh manual

efforts (reading daily news from various press companies).

clipping operagao

Acompanhe:

Boletim diario da operagdo varine | smepse || Jornais & Revistas | Tv__| Rédio | Internet | Intemacional | sivioes 1o cLiepis?

Brauisao didsiadacaog » f—

Situagao dos reservatérios il o 2 i por el | ) tmprec

IPDO cli 21/03/2014
s desta sexta-feira,

=====

setor na web Gltimas noticias

o clipping de hoe.

Marcelo Negreiros - Video Clipping Produgdes

Figure5.5: TheClippings in ONS intranet homepage and its link to the publications

The corporate image is the way the organization is perceived by society, tending to
be classified as positive or negative, varying in intensity and depending on variables such as
the oppatunities, threats and its competencfCARDOSO e POLIDORO, 2@itferent
from its identity, which is constructed from its policies and procedures, the corporate
image has an exteaiorigin: the public mind.

The result of a disturbance in the system d¢aad to cutting of the power supply of
a geographical area, popularly known as blackout, which has a direct relation to the load
cut level inthe Disturbance Bl analytical solution. The negative consequences of a blackout
to the population are numerous, enerating large financial losses in all sectors of the
economy. For this reason, Brazilian press gives great focus to the subject, often citing ONS
when such situation occurs, which may influence its corporate im8geause of the
nature of ONS work, mosiften it is noticed bythe publicwhen problens occur Moreover,
amongONSmain concerns irthe electrical security domain, to analyze faults caused by
RAAGOdzNDFyOSa Ay (KS aeai@ehécted i khe rhadlifiis muyhlLdr O
relevant Therefore, the organization needs analytical tools to address this issue.

Qurrent organizationinformation systemso address these analytical needsesent

the information of disturbances and news about $tdependentlyand hard manual work
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IS necessarnyfor a joint analysis over large amounts of historic data, often making it
impossible to reach the desired results. Therefore,aaalyticalinformation system for
joint exploration of disturbances and their impact in news publicatioissnecessaryA
BI/DWproject can be built to acquire this need.

The higlestlevel requirement for the proposed BIW solution was toprovide
businessanalysiscapabilities regardin@NS corporate image affected by news publications
when load cuts happen in SIN. Arsalyabout the terminologyusedin news publications
from specialized press of electric sect@hen a disturbance occurs can support this Righ
level requirement. Therefore, the existing DSS solution that was magdaist, was the
Disturbance Bsolution It alsorepresents one of the operational data sources that could
provide the necessary information, as the intrar@@ppings information system. Both can
provide transactional records from business processes involvé&NS8macro process of
analysis of occurrares and disturbances and corporate image analy$isrefore, they are
pointed as data sources in business case assessiNergpecific proceduref®r corporate

image analysisere found in network procedures.

5.2.2.2 Businessanalysis

From the higHevel business requiremestprovidedin the justification phase,the
analysisof disturbancesrelated to news articles publicationsa solution basedn the
approachproposedin chapter 4 wagsonceived Through its application, the prototype built
based in deriation rules from UFO temporal aspects was executbetailedas follows.
The data analysis activity could be performed by considebiath data sources listed in
business case assessmébisturbances Bl and Clippings)d the hybrid MD tasknethod
proposda in section £ was tested It begins with analysidriven execution parallel to
sourcedriven execution. Afterwards, the domain ontology was desigusthgOntoUML,
in a cyclic process of verification and validation. Then, MD concepts were derived from
rules execution and a MD conceptual schema was propoEeese steps ardetailed as

follows.

1. Analysisdriven
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At first, the analysis of the domain to represeiitassociatedconceptswas made

supported byONS official glossary, some domain analysts (p@ystemsengineers) and

the CIMIEC 61970 international standard. They are described below:

a. ONSofficial glossary and domain engineers
ONS official glossary has the main terms used in the electricabrsant their

natural language (textual) definition. It is the soiodule 20.1 of the Network Procedures,
serving as a common understanding about the main business concepts among ONS
departmentsand companies actuating in the sect@nsuliations on this dcument were
madeseveral times to assert the initial domain representation. In addition, when a specific
term wasnot encountered in the glossary or there was an ambiguous conceptualization,
occasionally, the domain expertsnostly power systemsengineers(ONS collaborators)
were consulted. They could assert specific rules, such as the membership relation between
a disturbance and #orced shutdown , where aforced shutdown is part of one

uniquedisturbance , for example

b. CIMIEC 61970

CIM IEC 61970 the international standard developed by the electric power
industry and adopted by the International Electechnical Commission (IEC) for
information systems interoperation and common concepts agreemd&obmmon
understanding)Particularly, the main part ofthis standardwaschosen, the IEG1970 {or
energy management), because it brings core definitions of the electric power transmission
and distribution domainsuch agquipment andtheir sets équipment container )
aspower system resources . As a practial advantage, this standard is available in
EA tool as UML class structural packagganized irBase and Dynamics sub-packages.
It wasimported in the EA solution to serve as a conceptual bemgire5 .6 illustrates these
packages in the solution, hightiggd with one of the most important entities:

equipment .

27http://www.iec.ch/smartqrid/standards/
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As sourcedriven approach, the involved data sources were checked to assist in

domain modelling BDT data model (part under responsibility of SIPER),(BlATentities

mapping, Disturbances Bl solution and Clippings information system documents (news

publications) were analyzed.

a. BDT

As cited before, BDT is the master DB which provalkesepresenations ofthe

main domain entitiestheir relationsand some restrictionsf SIN. The physical data model,

designedin Power Designé? CASE togplwas used to check tables, attributes and

relationship integritiesand constraintghat implement the domairbehaviour For example,

different kinds ofcompanies in the electrical sector

company and a generation

, such ast ransmission

company are implemented in BDT by an association

table that linkscompany and company t ype tables It's conceptualization in DB data

model is depict irHgure5.7.

28 . .
http://www.sybase.com.br/products/modelingdevelopment/powerdesigner
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Figure5.7: Company data table and associatiable that implement company types

b. BDTF CIM entities mapping
A mapping document specification from entities represented in BDT to entities
represented in CIMin majoritywith similarconceptswas also used to support the domain
representation. This deenentation was built under an ONS large proj(REGER) and an
ETLprocesswas built based on ,jwhere itextract data from BDTtransforms and loadt
to a CIM file representation (as RDF). In tis document, for each CIM entity (e.g.
PowerTransformer ), the source definitionn BDTand the execution conditions (insert,
update and delete) was mappedthrough SQL queries. That wathe domain could be

modeled in English terms, reusing the knowledge existent.

c. Disturbances BI

As cited inthe last section, we also use@isturbances Bl solution, mainly
Disturbance DM. Through this solutionanalyzing the available EPtocess we could
check how the tables and relations from BDT were extracted and transformed (following
transformation rules) to load the Disturbances MD schemdrom the DM we could
compare some domain concepts and conciliate with the other representations, such as
the disturbance source equipment . In Figures.8 the factdisturbance  has
associations todimensions owner agent , sour ce equipment , disturbance

cause, begin andend time, among others.
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Figure5.8: Disturbance DM disturbance factits cause begin and end time

d. Clippings

The Clippings website was used to check and designniées article

papers subdomain as textual information which metanodel is independent from

electrical sector . The header structure of th@mews documents was also

verified, so patterns could be listeduch aspublication date , press company

andnews a rticle , as illustrated in FigurB.9. A Web Crawléf was built to navigate

throughthe Clippings  website, visiting eachews article webpage from 2011 to

2013, saving each one asext document(.txt).

29 Web Crawler is a type of program which provides the access and navigation over web pages in an
automatic way. In this implementation a program was built to access the Clippings URL,
manipulating the query string news identification to access the news text by date range

approximation.
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Belo Monte recebe aval do Ibama
para desmatar area de reservatorio

André Borges
De Brasilia

0 consbreio Norte Energia obte-
ve autorizagio do Ibama para ini-
ciar o d das dreas

beneficiamento no proprio local
da madelra extraida. Pelas regras

segundo a Norte Energia.
Apesar de as novas autoriza-

I ndo é mais permiti
o enchimento do lago dl. hidrelé-
tricas sem quL avegetagaodolocal
retirada.

que vio abrigar o reservatorio da
hidrelétrica de Belo Monte, em
construgio em Altamira (PA), no
rio Xingu. A autorizagio de “su-
pressio vegetal”, assinada pelo
presidente do Ibama, Volney Za-
nardi Jiinior, permite ao consércio
fazer o desmatamento de uma
érea total de 9.112 hectares, equi-
valentea91 km

A Norte Energia quer iniciar o
enchimento de seu reservatrio
até o fim deste ano. O acionamen-
to da primeira turbina de Belo
Monte, segundo o consércio, estd

2 Sy

doanoque

¢oes o

nas dreas do reservatorio, a reti-
rada de vegetagdo ja avanga a
passos largos na regido, por con-
ta da construgdo da usina e de
seus canteiros de obras. A desti-
nagao de milhares de toneladas
de madeira extraidas de Belo
Monre é rnm—ada pelo Instituto

P q
vem. A autorizagio de desmata-
mento dada pelo Tbama nio per-
mite, porém, que o consércio ini-
cie o enchi do lago assim

Desses 9.112 hectares, 3.824 es-
tao localizados em dreas de preser-
vagio permanente (APP). Para
compensar a retirada da vegetagio
nessas dreas protegidas, o consor-
cio serd obrigado a recuperar a ve-
getagdo em uma area do mesmo

que concluir a retirada da vegeta-
¢ao. Para isso, é necessirio que o
consbrcio comprove que cumpriu
todas as agbes da

Soci (ISA), com base
em pareceres técnicos elabora-
dos por agentes do Ibama que
monitoram a obra.

Desde o fim de 2012, afirma a
organizagdo, analistas ambien-
tais tém constatado problemas
quanto & forma de estocagem e
das toras, além

licenga de instalagao das obras.
A drea total do reservatério que
serd formado por Belo \iunu éde

de erros na contagem e classifica-
¢do do material. Em um relatério
de vistoria técnica realizado no

formado em um “sumidouro dé
madeira”. O Ministério Pablico
Federal (MPF) no Pard conduz
um processo interno de investi-
gagdo sobre o caso,

Um cadastro social feito pela
Norte Energia aponta que cerca
de 7 mil familias que vivem nas
areas de igarapés do rio Xingu te-
rdo de ser realocadas por conta
do enchimento do reservatorio.
Muitas dessas familias vivem em
palafitas, barracos de madeira
suspensos nas margens do rio. As
estimativas apontam que mais de
20 mil pessoas terfio de mudar de
endereqo até o fim deste ano.

Com 11.233 megawatts (MW)
de poténcia, Belo Monte terd uma
geragiao média de 4.571 MW por
ano, quando estiver operando a
plena carga, a partir de 2019. Du-
rante cerca de quatro a cinco me-
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tamanho na regido que sofre in- 503 quild d dos do, afirmaoISA, analis-  ses, a maior parte de suas turbi-
fluéncia direta do empreendimen- ~ quais 228 km correspondem a0 tas chegaram a afirmar que 0 nas ndo poderd funcionar, por
fo. As exigéncias incluem ainda o préprio leito natural dorio Xingu,  canteiro de obras tinha se trans-  conta do periodo seco do Xingu.

Figure5.9: A news article example, published in March/2014 available at the Clippings website

3. Wellfoundeddomainontology
Based on the information provided from analydisven and sourcelriven
activities the domain ontology was builising in EAand OntoUML plugin tools.
addition, the library of UFO conceptualization provided by NEMO (depict in section 5.1)
was used, basically by importing the URQUFGEB, UFAC and UFO:PW packages. Then,
the SIN domain package was created and divided in five-daimains, the structural

behaviaur of companies , f acilities , equipments and geographical

r egion . In addition, the dynamic aspects disturbances and published news

were added, as illustrated in Figuselo.
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|j Disturbances
- L Facilities and Equiprments

- ] GeagraphicalRegion
|j T enis

JF -4,

LUFO-B

0 [ UFo-C

0 [ UFO:p

[ (@] TCETCIM

H-
H-

[
3
£
[

Figure5.10: Brazilian Electrical Systgf@IN) domain and its main parts designed in EA tool
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In this division classes and relationships were created basedUFOconceps,
having basic UFO structurabnceps available through OntoUML language as stereotypes
(e.g. Kind, Collective Quantity, SubKind Role Phase Category RoleMixin, among
others). Thecompany sub-domain is illustrated in Figurg. 11, where te company itself
was defined as &ind. Theoperation company was defined afkoleMixin and was
specialized  as disjoint and complete in Generation Company,
Distribution Company and Transmission Company (all classified aRoles). Also,
there are material relations to other concepts, such asvnerCompany relation from
Equipment to Company and operatedByCompany relation from Transmission

Line to Transmission Company . The complete EA solution is availabl@appendix

aKinds

Company

«Category» - aliasMame

Facilities and - description

Equipments:: - localMame
Equipment

I Zf
«Matérialn

ownerCompany
-

«RoleMixins «Rolen

OperationCompany CommercializationCompany

1 A
EquipmentContainer
aKind»
Facilities and
Equipments::Line
«Rolen -4 operatedByCompany - length :int
GenerationCompan L «.Rolen .«F.iolen | - - nominalVoltage :int
pany DistributionCompany TransmissionCompany | 1 alMaterial» 15 num circuits Cint

Figureb.11: Company types ontology cwell-founded with UFO)

A cyclic verification and validation activity was performed using OLED/Alloy
Analyzer software to increase the ontology quality and assertiveness in representing real
world concepts After the first time designing the main concepts in the domain ontology,
we made cut offs to verify them. That way we could generate small words to assert the
ontology by the generation of examples and counterexampésiulating instances of

classes and their relations. The criteria utilized for the cuts was to bring to V&V each part of



119

the domain ontology. Figure 5.12 illustrates the relations asserted for

DisturbanceComplexEvent classand its parts, as participations.
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Figure5.12: Example of visual validation in OLED/Alloy software

During this processomeassertions were made and the domain ontology could be
evolvedand semantically enhanced. Asesult from this procesghe ontologymatured to
a better level of common understanding. To achieve our objective in this work, the main
parts to be analyzed are thdisturbances and news sub-domains. The former is
illustrated in Figure5.13, where the Disturbance is set asEvent stereotype aml
specialized fromComplex Event(from UFOB package). Thearticipations of
equipments as sources of disturbance occurrence s arerepresented by
the Source  Equipment Participation class, stereotyped asEvent and
specialized fronmParticipation (from UFOGB package). ThiBarticipation has Load Cut
Value andRestoration Time attributes and is a part of th®isturbance  Event
formalized by thememberOfmereology relation. Moreover, thiBarticipationis different
depending of theequipment type , which & represented by the disjoint specialization
for Transmission Line ParticipationandPower Transformer  Participation As
described in section 5.1, thearticipationOf relation was defined aBormalrelation from
an Event to a Substantial (from UFGA packa@). Therefore, the RoleMixins
Transmission Line Participant and Power Transformer Participant which

specialize theTransmission Line Kind, the Power Transformer SubKindand
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the Equipment , respectively (alfrom equipment and f acilities sub-domairs),
are linked by theparticipationOf relation to their analogous names. We used the blue
colour to represent UFQonceps, green for concepts in Bl/DW@halyticalproject context

and blank for outside our interest for the experimentation.

I_ UFO::Participation

Source Equipment ¢<forma)> -

Participation in Disturbance UFO::Complex Event| _\befofe UFONg&?QﬁgME;:em
Load Cut Value Disturbance Publication

Restoration

zr
I

UFQ::Participation
Transmission Line Participation

UFO::Participation
Power Transformer
Participation

UFO::Participation
News::News Article Text
Participation in Publication

< participationOf

< participationOf

UFO::Role Mixin
Transmission Line Participant

UFO::Role Mixin
Power Transformer Participant

7

| UFO::Kind
. Facilitiesand =~
@u\pments::Transm\sswn Line

UFO::SubKind
Facilitiesand
Equipment::PowerTransformer

< participacionOf

UFO::Kind - UFO::Kind
News::News Article Text News::Term
UFO.".'Cutegor
—> Facilitiesan i
Equipment::Equipment UFO::Kind
News::PressCompany
< ownerOf l

| UFO::Kind

[>. Companies::Company |

Figure5.13: Disturbances and News publications domain ontology

Thenews article publications sub-domainare alsoillustrated in Figure

5.13 which presents the concept akews publication as acomplexevent, having the
News article Text participation as mereological relation (partOf). Thidews
article t ext is the document itself, composed Gyrms, beingowned by apress
company andwritten by anauthor , allof them represented a&ind, with ownerOf
and writtenBy  formal relations. However, the most significant representation in this
ontology for our experimentation is thdefore temporal relation between a News

. It means that for eacllisturbance  there is a

publication and adisturbance

beforerelation toanews publication with 0..* cardinality between them. It is a weak

relationship, but it is sufficient important to the business needs to formalize it.

4. Derivation ofmultidimensionalconcepts from Rules
Once having thedomain ontology verifiedas a valid structure, the prototype
executioncould be madedo derive MD concepts. We exported the full ontology as<xMm
file and load it in the prototype. Aa result of the first rule eecution,the following MD

concepts weralerived
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1 EromRl:EventsasFacts
Rl.a. Ifeis aComplex Eventthene can be represented askactf (Figure5.14):
o Disturbance
0 News Publication

<<formal>>

UFO::Complex Event| _ before
Disturbance —

UFO::Complex Event
. News::News
Publication

Figure5.14: Complex EventasFactsin Domain Ontology

R1.b. |If f is aFactdefined byEvente, then the numericquality of e can be
derived asdMeasuresof Factf:

o Complex Eventwith attributes wasnot found.

R1l.c. If fis aFactdefined byEvente and S & anEventwhich has mereologic
relation (partOf) to e and there exists quality valugs of S,@henS €an be
derived as &actor gsasMeasuresdn the Factf (Figure5.15):

o Fact f as Disturbance , S (s Source Equipment Participation,

Measuresas attributesattr Load Cut Value andRestoration Time

UFQ::Participation

Source Equipment
Participation in Disturbance UFO::Complex Event
————4 .
Load Cut Value M Disturbance

Restoration

Figureb.15: Measurederived fromEventattributes

1 From R20Objects Participation@sDimensiongndHierarchies
R2.a. |If fis aFactrepresenting anEvente, o is anObject (Substancég which is
mediated byformal relation (articipationOf) to a Participation p, which
has a mereologic relatiorp&rtOf e), then o can be derived as Bimension
of Factf (Figure5.16):
o Transmission Line

o Power Transformer
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UFO::Participation
Source Equipment
Participation in Disturbance UFO::Complex Event
L e .
Load Cut Value Disturbance

Restoration

P UFO::Participation
UFQO::Participation
Transmission Line Participation Pomra;grrtTiE?F;\as{%rrqner
T I
< participationOf < participationOf
UFO::RoleMixin UFO::RoleMixin
Transmission Line Participant Power Transformer Participant
I L T
UFO::Kind UFO::SubKind
. Facilitiesand Facilitiesand
Equipments::Transmission Line Equipment::PowerTransformer

Figure5.16: ParticipantsasDimensions

R2.b. If fis aFactrepresenting arEvente, d is aDimensiondefined byObjecto

which isParticipant of e, and o has relationships to otheBubstancesS

then eachSubstances of Scan be suggested ddierarchiesof the Fact f
through Dimension d(Figure5.17):

o Owner Company Hierarchy of Transmission Line and Power

Transformer

UFO::Complex Event
News::News
Publication

UFQ::Participation
News::News Article Text
Participation in Publication

< participationOf

UFO::Kind o UFO::Kind
News::News Article Text News::Term
UFO.'l.'Categor
Facilitiesan
Equipment::Equipment UFO::Kind
quip quip News::PressCompany
< ownerOf l
UFO::Kind
Companies::Company

Figure5.17: Measurederived fromEventattributes
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An observation that must be mentioned in this step is that Transmission
Line Owner Company  Hierarchycould bederivedbecauseTransmission Line IS

an Equipment Container and is related t&equipment Categoryclass.

1 From B3: Time Interval Relation®etweenEventsasSnowflake Fact
R3.a. If el, e2are Eventsand they are modelled with one or mofi@me Interval
Relationsbetween them, then aFact fcan be represented by th&ime
Interval Relationsbetween theEventsel and e2, whereelis represented
by Dimensiondl and e2 represented aDimension d2EachDimension(dl
and d2) has aTime Hierarchyor the Beginand End Time PointgFigure
5.18):
o Temporal Relation (before) between Disturbance and News

Publication

UFO::Complex Event
News::News
Publication

UFO::Complex Event| |_<before ||
Disturbance

Figure5.18: Temporal RelatiorbetweenDisturbance  andNews Publication

Basedon this rule we could design a MD schema to analyze the temporal relation
before defined for Disturbances  and Published News . Figure5.19 depicts this
Snowflake Conceptual Schenterived from the domain ontologyThere are two
Dimensions Disturbance and Terms Published . Both presenttheir main
Participantsas Dimension Attributesor Hierarchies For example, th&@ransmission
Line Hierarchy of the Distur bance Dimensionwas defined withfirst level the
Company Owner , second levethe Transmission Line and third levelthe Code.
Analogous situation occurs withower Transformer Hierarcly. TheDisturbance
Cause is grouped by Categories, than they can alscabgerspective of analysis of the
temporal relationFact TheTerms Published Dimensioralso containdierarchiesset,
for example theCategory of Terms , Whichis a perspective of analysis by grammar

categories (verbs, nouns, adjectives, etc). Phess Companies is also aierarchyset.
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UFO::Participation Well founded Domain Ontology
Source Equipment <<formal=>=
Participation in Disturbance UFO:-Complex Event| before UFC'E.'COH‘{,?EX Event
Disturbance ® SWSLINEWS
Load Cut Value | Publication
Restoration —= I )
[ .~ | ,
. L UFO::Participation ! UFO::Participation
TransmL{st?él:Eirrﬁrgr'gg%gi ation Power Transformer ; News:News Article Text
P Participation ' Participation in Publication
<participati0n.6f < participationOf < participationOf |
i . UFO::Kind - UFO::Kind 4
UFO::RoleMixin UFO:RoleMixin News::News Article Text News::Term \
/J Transmission Line Participant | -{powerTransformer Participant ; i
h ; 7 UFO:: Catego[riv :
| 47 P é’ ; Facilities an UFO-Kind
' T - - . Equipment::Equipment ::Kin
! UFO::Kind UFO::SubKind el auip News::PressCompany
' . Facllitiesand Facilities and < ownerOf a
Equipments::Transmission Line Equipment::PowerTransformer . T
. UFO::Kind
’ Companies::Company

Mapped MD Schem ai

me Dimension

LFO Time Interval
4« . UFO:Substantial Fact TemporaIReIatlon al UFO::Subs ,'
Dlmensmn Disturbance DlmenslonTerms Publlshe(l
Maximum Difference Time |da,fsl
BeginTime.ID Restoration Time Disturbance Value (min)
EndTime.|D Load C '-,-'alue W —
Code Mumber of

Load CutLevel Mumber o
—, Number of Terms 3LII lished _ ;
s | UFO:: Pm icipation UFQ::Participation UFO::Participation ‘."
Transformer . News Article Text Term
Company Owner Company Owner 4 Press Company - L Category
File Path Facet

Figure5.19: Mapped MD schema faemporal relationanalysis oDisturbances  andNews

Finally, theMD schemacould be designed by the MD concepts derived from the
proposed rules and also conciliated with the existenMD schema from the
Disturbances =~ DM. Moreover, by asserting thbefore relation we could annotate the

constraint for theFactload during theETL design proceas represented in Figuf20.

a b end(a) < start(b) BEFORE

’

-

v
where a.endTimePoint < b.beginTimePoint

Figure520Y . S¥2NB YI LIISR G2 9¢[ O2yaidNXAydy al é

5.2.2.3 Design
A DB was physically designed and its creation scripts can be fousyopendix
reflecting the MD conceptual schema generated frone R3 to analyze theemporal

relation between Disturbances and News Publications . The ETlprocesswas
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also designed basedn JointOLAP architecture (see appendiXhe application of this
architecturein the Disturbances  andClippings  BI/DW project followed each of the
mentioned steps. The conceptual data flow presented in Fighr&l describes the ETL

steps.

Download News Textual ETL Conventional ETL

Articles (Clippings) Framework - IR for Textual ODS
techniques

p

- Framewark (Java):
- Clippings Intranet _Jazzy - 3L Server
- Web Grawler . TreeTagger . Database (Relational)

- Wytool . Integration Services
. PTSEenmer . "

- Postgres SCL
- Bxcel

Conventional ETL Conventional ETL

for Disturbances for Linkage and DW
0Ds t construction

- 500 Server OLAP Cube
. Analysis Services
- Tableau

- BExeel

construction and
analysis

Figure5.21: ETL conceptual data flow a@l AP cube development

The initial step is to download the news articles from the Clippings
information system by a web crawler. Then, Textual ETL framework is performed in those
documents, resulting in the Terminological DB load&dxtual ETL is one d¢iie main
components of JointOLAP, which starts reading each news article as a textfilgt fimds
expressiongatterns, such as title andress company. The main pattern in the text is the
publication date, which is the basis for temporal analysislippingsused as a temporal
qualifier. The textual extraction and indexing is detailedALLMEIDA e SILVA, 20a)rring
this processin paralle] a conventional ETprocessextracts the structured data from
DisturbancesBl. Thereafter, an ETprocessruns the Linkage activity, responsiblefor
loading the temporal relatiorFact between Disturbances  and Terms Published
in News . In this stage it isnuchimportant to annotate the constraint definition from

temporal relation provided byule R3 execution(to load theFac). At last, the OLAP cube
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and the user interface for the integrated analysis are built. Each step is supported by a set

of tools, as depi@d in Figure5.21

5.2.2.4 Construction andexecution

The full ETlprocessconstruction is described in appdix, where the experimental
environment andETLdevelopment steps are described, including the acquisition of the
news article publications, the involved DBs, ETL data flows anBatigata load, coping
with the constraint from rule R3. The result isettMD schema in built in relational DB,
which have to be preparetb be explored byan OLARNterface. The process of building
the data cube was made in SSi\()S definingfacts, howdimensionsare related and how
their measuresshould behave on aggregating, responding to summarizability issues,
consideringhierarchiesattributes and key attributes relationships.

In appendix each part of the data cube developmeéntrepresented such as
preparation of dimensions, fact and measar In addition, each OLAP analysis to support
the mainbusinessanalytical requiremert, regardingenergy supply securitgubjectand
the impact ofdisturbancesn ONS corporate image, is explained in detatamples osuch
analyses are:

1 Number of termspublished in news articles reflecting the related disturbances
severity and the increased proportion tfe cblackout word when the load cut
level is higler;

1 The Press companies that have more publications relatetthéanational electric
system;

1 How a evere disturbance can affect the number of publications by tiae the
blackoutoccurred in February 201 Wvhich reflected the raise of terms published in
the following months;

1 The most common causes, from the disturbance cause dimensiodencethat
G GdzNF £ LIKSY2YSyYy ¢ A& ljdzAGS dzadzr £t & bSO
GSN)X&asx G KSNMREZNIS NI LJINRYNE | a. TRisg&lenge®hati KS (i

in several situations the medsuppose that an operational error is the origin of a

30Data Cube tool from Microsoft: SQL Server Analysis Services (SSAS).
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disturbane, but in factthey more often accusedatural phenomena. In this case,
ONS could invest in marketing actions when blackouts occurred to cthafy

causes

5.2.3 Result analysis
As resuls from the approach applicatioto impact analysis of disturbances in ONS

corporate image we can highlight:

1 The mapping rulesderived through the prototype execution, necessaMD
conceptsto achieve the analysis requiremeneyidencingtheir effectiveness.The
main representations forthe final MD schemawere addressed such as

transmission line dimension and owner company hieraychy

1 The mapping rules derived some existent MD concepts, such as the disturbance fact
from R1. Thigvidencethat, if there was nbyet aDisturbances Bl sdion and all
its concepts wre modelled in the domain ontology, the rules could derive the same

MD concepts as Disturbances BI,

1 The hybrid approach application in this scenarwld cope withunstructured data
sources (Clippings information system) fdre BI/DW solution. In addition, it
considered entities from the unstructured data sources during the MD design
activity, such aghe terms published dimension from the participation of a

news article in anews publication ;

1 The temporal relation before between disturbance and news
publication could be analyzed through the MD snowflake schema derived from

R3, bringing new perspective of analysis about this relation.

1 A limitation in this example case was that the EfFacessand the developed

applicationdid not follow common software concerns best practiceqas the
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prototype) because of the necessaeffort. They shouldonly be considered as
POCs.

5.3 Applicationexample 2:causality andsituation changes in ITIL process

In this section wediscussexampes of how rules referring to causality relation
between events (R4) and situation changes(R5)can enhance temporal analg in MD
schemas At first, the ITIL ontology, from a prior work, is shortly depicted. Thereafter, the
application of the above mentioned rulesasperimented discussing possible analysis over
the resulting MD concepts. Finally, the resulésd implications of the domainntology

changes to consider an incident as event are analyzed

5.3.1 Businesscenario

A well-founded domain ontology fronpreviewswork (CALVI, 2007yas choserand
its representation was designed in EA tool with support of the NEMO packagathe
first example applicationlt contemplatesthe scenario othe ITIL incident process. In ITIL

terminology ani ncident is defined as arBvent that is not part of thestandard

operation of a service , Which causes its quality reduction or its
interruption . Examples areservices affected by software and hardware
failures , service requests , infrastructure tasks , consultation

services and questions  from clients and customersAn i ncident call is an
Action (Even) executed from armgent (the user ) to resolve an ncident Situation,
which is the prestate of (riggers) ani ncident call . Aroot case in ITIL can be
defined as anEvent bringing about (has a posstate) the i ncident  Situation.
Moreover, aroot case, such as arinfrastructure failure (e.g. broken
intern etlink ), cancauseani ncident call

Uponthe original ontology it was added a data type attribute: thy@eratorCost
(float), which indicates th@perator cost for the companyof ani ncident  call ,

illustrated in Figuré.22 bellow.
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«Formals causes

) i +posState
Individual brings_about Endurant
0.7 1 aCateqgorys
aCategorys ategorys
UFO-B::Event Individual enables +praState UF?;,?j.iﬁ:jt:::mn
Zﬁ U"* | ?
; T
«Events aBEvents
causes m= .
RootCause 1— IncidentCall
operatorCost float

\

x T
0. 0-

1 triggers
{redefines preState} «Situations

IncidentSituation

brings_about 1
{redefines posState}

Figure5.22: ITIL ontology changed withperatorCost  based on(CALVI, 2007)

5.3.2 Application of the proposed approach
In this section we discuss the rule R4 and RZexecutionon ITIL ontology by

simulating them, showing the possibtesuling MD concepts In addition,analyses over
the resulted MD schemas are exemplified with their hypothetical data resialke
execution ofrulesR4 and R5 in this ontology snippet resultedhe MD conceptswhich

were illustrated withDimensiorand Factstereotypesas follows

T From R4:
R4.a. Ifel, e2areEvensandelcausesx?, thenel can be derived asRimension

ande2 can be derived as Bact(Figure 5.23)
0 Root Cause (Dimensiordl) fromRoot Cause (Eventel);

o Incident Call (Fact f) from Incident Call (Event e2) and

causegel,e?) relation.
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«Dimension» «Fact»
RootCause IncidentCall
rootCauseld int 1 1 % |- rootCauseld :int
label char - count :int

Figure5.23: Incident Call Fact and Root Cause Dimension derived

o0 Analysis ExampléMost commonsRoot Causes (number ofincident

Calls byRoot Cause ).

Table 25: Analysis example Incident calls by root causes

Root Cause # Incident Calls
Internet link broken 50
Active Directory out of service 30
Network synchronizatiofailure 23
Application cofiguration error 15

R4.b. |If fis aFactdefined by R4.1 fronkvente, then the numeric attributesttr
of e can be suggested &deasuredor Factf (Figure 5.24)
0 operatorCost (Measurem) from Incident Call (Fact J, Incident

Call (Evente) andoperatorCost  (Attribute attr).

«Dimension» «Fact»
RootCause IncidentCall
rootCauseld :int 1 1. *|- rootCauseld :int

label char - count :int

operatorCost :int

Figureb.24: operatorCost ~ Measurein Incident Call Fact

o Analysis Exampldvlost expensiveRoot Causes (number ofincident

Calls byRoot Cause ).

Table 26: Analysis example Operator cost by root causes
Root Cause # Incident Calls | Operator Cost $

Active Directory out of service 30 2,519.93




T

Application coffiguration error 15 1,980.00
Internet link broken 50 1,230.00
Network synchronization failure 23 450.00

From B:
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R5.a. Ifel, e2areEvensandsis aSituationthat has ariggersrelation toeland

a brought-about relation to e2, then el, e2 and s can be derived as

Dimensions d1d2 and d3 respectively, andh Factf that relate these three

DimensiongFigure 5.25)

o Incident Call

(Dimensiordl) from Incident Call

o0 Root Cause (Dimension dpfrom Root Cause (Evente2);

o0 Incident Situation

(Situations);

o0 Incident Situation

brought - about (s,e? relations.

«dw:Dimension»
IncidentSituation

1

1

«dw Dimension»
RootCause

wdw Fact»
IncidentSituationChange

Change (Fact ) from triggers

(Dimension dBfrom Incident Situation

«dw. Dimension»
IncidentCall

Figure5.25: MD schema for Situation Change by relafadntsand Situation

(Eventel);

(s,e) and

0 Analysis Example:Most common Root Causes of Incident

Situations

(number of Situation changes

Incident Situation ).

by Root Cause

Table 27: Analysis example Incident Situations by root causes

Incident Situation Root Cause Situation Changes
Network Error Applicationconfiguration error 87
Network Problem Active Directory out of service 60

and
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Application Error Error during deployment 34

Application Problem | Missing cofiguration 21

R5.b. If fis aFactdefined by R5.1 witlSituation s, Eventsel and e2, then the
numeric attributes ofs, eland e2 can be suggested adeasuresfor Factf
(Figure 5.26)

0 operatorCost (Measure m) from Incident Situation Change

(Fact ), Incident Call (Eventel) andoperatorCost  (Attribute attr).
«dw:Dimension»
IncidentSituation
1
1
. . wdwFact» « . ony
“ d;r'nD;';”ce:j's:n” IncidentSituationChange ?:L?ﬂi:g;?
1 11~ operatorCost -float 1 1

Figureb.26: Addition ofoperatorCost ~ Measureto Situation Change MD schema

0 Analysis Exampleéviost expensivel ncident  Situations caused by

application con figur ation error (sum of operatorCost of
situation changes byl ncident Situation where root cause =
6applicatifoigor ataommn er)ror 6

Table 28: Analysis example Incident Situations by root causes

Incident Situation # Situation Changes | Operator Cost $
Application Problem XPTOO01 5 1,455.09
Application Problem XPTOO02 3 1,280.00
Application Problem XPTOO03 7 1,125.32
Application Problem XPTOO04 2 410.00
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5.3.3 Result analysis
The results from rules R4 and R5 manual execution the ITIL process

ontology can be anaked as:

1 The mapping rules derived MD concepts for causality analysisioadent
calls (as fact) byroot causes perspective (as dimension). This type of

analysis could be shown by a simple analysis;

1 A rumeric attributeof an event could be derived as a measureidencedthrough
the operatorCost  usage in incident call. In the example, the finance effect of

root causes could be exploresingthis measure;

1 A MD schema to analyze incident situation changes could be derived from R5,
where two essential events (roatause and incident call) were correlated to the

incident situation dimension through the triggers and brougbbut relations.

We considered exactly the ITIL ontology from a prior work to serve as domain
ontology to apply the rules. Nevertheless, sombkamges may be discussed in its
representation, such as the classification of iacident as an event, instead of a
situation. If we change it to be an event that is caused bgpa cause  and which
causes arncident call , then we could derive two dimermi/fact dichotomies(from
R4)as: root cause  (dimension) andncident  (fact); incident  (dimension) and
incident call (fact) with operator cost (measure) They may be also interesting
perspectives of analysis when exploring the amount of incidents by renmes and total
operator costs in incident calls by incident dimension.

We evaluate our approach by discussiagd evidenang benefits of the proposal
through theapplication exampleghat a FO can be applied in designing MD constructs in a
more comprehensive way than the one describe?ARDILLO e MAZON, 2014 could
enrich the semantic expressivenessft MD models by increasing the level of
concepualization things from real wait to MD conceptsThe derivation rules that maps

foundational temporal concepts from UFO to MD concepts (facts, measures, dimensions,
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attributes and hierarchiesjvere prototyped andexemplifed through two domainsto
evidencetheir effectiveness.

The apfication of the hybrid MD design approach proposed was made in a real
scenario: the impact of disturbances on ONS institutional image. A full set of tools for
designing and construction was used @videnceour approach feasibility, following the
main phags of a BI/DW lifecycle methodologihe process considers heterogeneous data
sourcesq structured and unstructured (texty in a step prior than the rules execution.
Therefore, weevidencethat the useof FO in MD design does not depend on data source
types. Moreover, MD modelling of unstructured data is a decoupled activity in the process,
being part of supphkdriven phase by reverse engineering of text corpora, using NLP and IR
techniques to develop an initial ontologywhich is enriched by UFO clagsfion in next
step. The application of rules R4 and R5 waddencedthrough examples of their
execution in adlomain ontologyfrom a prior work: the ITIL process ontology wellinded
with UFO. Sample analyzes were listed to argoeutthe rulesexecutims results.

With these two examplesve could achieve a serautomatic way to design MD
schemas from an ontological aspect, respecting foundational conceptualization of UFO
categories. Nevertheless, some possibilities were not covered in the domain ontology
classificationthat could derive interesting MD schemasuch as blackout situations

representations in news publicatiomsr causeeffect analysis
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6 Conclusion

In this chapter we conclude thdissertation first by making a general description
of the work, secondby listing the contributions achieved then listing limitationsand, at
last, we discusBiture works.

We introduced a MD design process based on UFO ontological analysis, taking
advantage of the semantic expressivenegained by using a welifounded domain
ontology.The mereology relation among events and their qualitiessexplored by the first
rule (R1), which derives facts and measures. The participabiosisbstantialsn eventsare
explored by the second rule (R2), which derives posgiarspectives of analysis of an
event (dimensions, hierarchies and attributes). The temporal relations between two events
are explored by the third rule (R3), which derives a fact patternaddD snowflake
schema, representing each event as dimension antemporal measure. In addition,
£ f Sy Qa aik¥ldiddit® défine ETL constraints to load the fact pattern. The
causality relation between eventare explored by the fourth rule (R4), which derives a
fact/dimension dichotomy, where the causing ewds mapped to a dimension and the
caused event is mapped to a fact having its numeric attribute set as measure of the fact.
The situation changes through triggers and brought about relatemesexplored by the
fifth rule (R5), which derives a MD schefoa causeeffect analysis, where the events that
triggers and brings a situation (as well the situation itself) are mapped to dimensions,
having a fact defined for the situation change. It also considers the numeric attributes of
the events as measures fone fact.

The feasibility of thaiseof these conceptual apparatus was experimented through
application examples. Besides the FO application, we considered heterogeneous data
sources (unstructured data) in the study case through IR and NLP techniquésdappl
text sources, such as morphological analysis and entity recognition. However, the
application of this approach is not restricted to unstructured data sources context, and can

be applied in conventional BI/DW solutions over structured data.
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6.1 Contributions

The main contribution of this dissertatiois the introduction of an unexplored
research topic regarding the application dbundational ontologiesin MD design
(MOREIRA, CORDEIBGI., 2014) The rules introduced in this work are part of a reskar
effort in analysing all UFO concepts and map them to possible MD conceptualizations. Until
now, as far as we know, there arm® other works proposing tfs kind ofmapping rules.
Knowing the nature of domain concepts by UFO ontological classificatich, as event
and temporal relation, we could benefit of correctly choosing MD concepts and schemas
representations in a semautomatic wayby following establishedules derivations For
example, identifing dimensionsis facilitated by checking participéss and causality
relation in events.Facts can be derived from events, situations changes and temporal
relations. Measures can be derived from events quality structutas.addition, by
formalizing textually those derivation rules we evidence that thay loa fully axiomatized,
S0 it can serve as basis for reasoning approaches that explore inference capabilities.

Therefore we believe we cangain by increasingthe productivity in business
analysis and design phaset BI/DW solutionsthroughthe semiautomation of the MD
designactivity by anontology-basedapproach where scheras can bemore correctlybuilt
becausethey follow specificpatterns A prototype wasdeveloped, as a PQa@llowing the
automaticgeneration of MDconceptsfrom a domain ontology, suring greatercorrection
and coveragein the MD design activityndeed,some of the proposed rules are intuitive
such as events as facts (RApwever, this work can lead to new initiatives in the modelling
and semantics of BI/DW solutions research topic and ohraxe potential new results. In
the limit, having information systems designed in a i@linded manner, i.ebased ona
foundational atology, and linkedsomehowto their data sources, it may be possible to
automatically derive significant part of an analytical information systems based in BI/DW
architecture (MD design and ETL) by applying a full set of mapping rules like those
introduced here.

A MD hybrid approach for heterogeneous dafthat can be expandedwas
introduced in this workalso consideringthe rules execution. Following this method both
structured and unstructured data sources can be used when modelling BI/DW soldtmns.

support it, an ontologicalbased analysis process, coping with UFO classification, was also
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described.Another contribution is the bibliographic revision of the main concepts and
related works regarding Bl/DVifecycle(specifically MD design) and formattology, also

describng how ontologies were applied in BI/DW solutions until now.

6.2 Limitations

During the time period when thisdissertationas being written the OntoUML
language @l not yet implementperdurants(UFGB) as native stereotype$heirtheory and
formalization are recent and several issues about consistency are under discussion.
Therefore, applyingpur approachin real scenarios expecting the full axiomatization from
UFO, for now, may not be possibMoreover, the tools involved for ts MDD automation
approach are extremely dependent on the language definitibn.addition, the rules
introduced in this work are not yet described in first order logic, so they cannot be
processed by Al reasoners tools. Only a few set of UFO stereotygresamalyzed and
exemplified in few domains, therefore, moexperimentationare necessary tprove the
feasibility of our approach.

Even using our approach to semantically enrich the MD schemas during the
modelling activity, some semantics from the wielinded conceptualization can be missed
for the end usersFor example, the meaning of a relation that is transformed to a hierarchy
may not be explicit in its visualization through the OLAP tdblast, the choiceof MD
concepts for the final MD schema®ntinues to be a tacit activity where the modeller

should have some project decisions when modelling, being error prone.

6.3 Future work

There is a full set of concepts in UFO to be aredyand mapped to MD concepts,
such asobjects dispositionsactions ad agents, i.e. each of UFO concepts revised in
sections 3.2.2 (UFRA), 3.2.3 (UFB) and 3.2.4 (URQO). We believe that the
representation ofhierarchies in MD schemsacan be enriched by formand mainly by
material relations among substantial concefisg. roles, kinds, collectives, etproviding
more meaning to the relatiors between levels in a hierarchy In addition, tke

conceptalization of hierarctes can be explored by OLAP tdolssummarizatiorpurposes
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and semanticenhancementof user interface. Moreover, the definition of measures
aggregations through dimensions and their additivity properties may be set by analyzing
event qualities and their dependence relations to objeeéts cited ifPARDILLO e MAZON,
2011) In addition, cardinality andlependencies issues must be considered in the rules.
Different time granularities in time point representationsf events are important
characteristics that may be explored for extracting aggregation rules and for ETL concerns.

For now, we have formalizethe rules only textually, but they can be full
axiomatized in first order logic, servingabasis for automatic reasoning in the derivation
process. Thitack of complete formalization means that the full potentialsnot yet been
reached, e.gno full reasoning can be performebly Atificial Intelligencetools. After
axiomatizing the rules, set of metrisfor evaluatingMD model qualityresulted from rules
executioncan be used to prove the efiency of the approach such as described in
(CALERO,IRTTINIet al, 2001)(SERRANO, TRUJIL&ICal, 2007) (GOSAIN, NAGPAL e
SABHARWAL, 2011) would be relevant to compareach rulewith informal design
guidelines provided by practitioners such as KimpdIMBALL e ROSS, 2013)

Regarding thenvolvedtools, the prototypecan be develogd from scratchand
transformed in an extension of OLED softwadgen OntoUML implemenperdurantsand
social aspectspossibly by using rulengineslibrary. That way it would be possible to deal
with the dynamicaspect ofchangesin axioms during the formulation of the full seff
mapping rulesin addition, thedexport to OWE capability of OLED software could use an
implementation of ! £ £ Sy Qa 2LISNI 02NB O2yaidNFAyda Gt
0hQ/ hbbhw 18 Udnpa{maturet @GASE tool (EA) integrated to OLED was a great
strategy from NEMO group and evolving this integration considenmd/DD approah for
MD design would enrich the tool capabilities

Once our hybrid approach was designed a decoupled press,prepared to
interoperate with anotherone, integraing it with another mature hybrid method ¢ from
both theory and supporting tool points of view could enhance the effacy in
automatially generating MD schemadgrom thereview on other approachesGEM(and
ORE module) looks the best ontological approach for this initiative, having the domain
ontologies enriched with UFO and discovery mestias enhanced with our mapping

rules In addition,automated code generation based in MDA is a technique ¢hatenrich
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this integration, such ashe proposed in(GARCI/DIAZ, FERNANDEZ, al, 2009)and
(SADIQ, FAZZIKI e SADGAL, 2014)

Although our main aim was ndiocused onunstructured data modelling and
guerying,we describedin a highlevel way how to cope with textual data ithe hybrid
approach. There are several issues related to the reverse engineering from text activity by
using NLP and IR techniques to be explored. The most remarkaldear opinion is the
use of distributional models tehniques, mainly the recent distributional semantics with
besteffort method (FREITAS, CARVALEICal, 2012) It can build ontologies from text,
presenting balanced efficiency and efficacy results. Furthermore, we believe that the entity
recognition andrelation extraction activities can also be classifiedonsidering UFO
concepts, making the step of building willnded domain ontologies feasible to large
ontologies when conciliating the result concepts from analgsigen and sourcelriven.

For the ET integration approach there asomeissues to be evolvetbo. For example, a
gap in tre JointOLArocess is the definition of how incremental load should work in DMs
that stores textual information.

We believe that reasoning capabilities from formal oloigy research area
combined to NLP and IR approachen improe BI/DW solutionsapproximating the
meaningofi KS daLé¢ thedNPy FTHNRYI2! L O
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Attachments

ATTACHMENA ¢ DB SCRIPTS

Available at linls:
https://drive.google.com/file/d/0B36SsM5rekUCM1YwWVEVBV015Wnc/edit?usp=sharing
https://drive.google.com/file/d/0B36SsM5rekUCWWxQVUpFMONVd3M/edit?usp=sharing
https://drive.google.com/file/d/0B36SsM5rekUCZ3MteEE2MOhLMnM/edit?usp=sharin

ATTACHMENB ¢ EA SOLUTION
Available at link:

https://drive.google.com/file/d/0B36SsM5rekUCMWdaVXMOUFdreDQ/edit?usp=sharing

ATTACHMENC¢ PROTOTYPE SOURIIEDE

Available at link:

https://drive.google.com/folderview?id=0B36SsM5rekUCdWxCbkZCaUExRmc&usp=sharing
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Appendices

APPENDIA ¢ JOINTOLAPRAMEWORK FAREXTUAL ETL

Based in a prior wok(MOREIRA, 200MOREIRA, CORDEIRO e CAMPOS, 2009)
(ALMEIDA e SILVA, 2088)architecturegto integrate Textual ETL and conventional ETL was
designed and experimented i(MOREIRA, CORDEIRO e CAMPOS,. 21 8)st, the
unstructured data is extracted from the data sources and loaded in a Textual ODS DB
(namedODS_Textual). Parallel to @pnventionalETL process extracssructured data, as
usual loading it in a conventional ODS DB ((3b$) third process, calledinkageg based
in the concept presented IINESAVICH e INMON, 2Q0G8)responsiblef populating the
relational DBof the DW solution. Itjoins data arien from textual information and
structured data sourcesDuring this phase the linkage is physically buptoviding an
integrated way for joint exploration over both data source types through OLAP tools.

FigureO1lillustrates this architecture.

[ Fontede | ( [ Basesde | [ Sistemas de \
Dados ETL (Extra.ct,Tra..nsform and Dados Informagio
- — Load) Conjunto Analiticos Analiticos
Dados de - - T
Matureza C o 'd L2 A
Estruturada S =] . I ) E Diashboard
Bases de Dados Transformagio == =]
2 n Bl =l e ——
= = == |
@ l = -
Dados de Terminologia [:> a I: > ! OLAP
[Natureza Linkage !
[REGR — !
Fetruturada D‘ |_'| : Pielatdrios
................... Documentos ! Limpeza e ClaSSiﬁcacao ! .
| Legenda: :>Transporte deDados NN Acesso de Dados —— B Pontsirs | JOIntO LA P W,

Figura0.1: JointOLAP architecture fro(MOREIRA, CORDEIRDAMPOS, 2013)

1 . .

3 We decide to set a DB for each ODS (structured and unstructured) most becauge of s
considerationsOther types of approaches can also be applied, as having only one ODS DB or even
distributed DBs. Also, having two separated DB is an organized manner such as using schemas
(prefixes).
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In the Extracting phase a heavy worknsde to bring semantic from the text
documents. Firstly, the Textual ETL performs a set of IR operations, such as orthographic
correction, stop word elimination, tokening, synonymous resolution ansnateng. The
output of the Textual ETL is a relational DB schema loaded indtbxed text, which
structures the relation of files with terms and their morphological classifications in the
context, called Terminological DB. Moreover, language libraries canidar terms
synonymous and radicals, permitting a high quality classification and different perspectives
of analysis over text. Those terminology libraries for natural language can be found, for
example, in terms glossariesd taxonomies, exercising a fdamental role inprocessing
text documents.

Thereafter, the terms are categorized into facets, which can be enriched with
concepts found in terminological tools such as domain glossary of teramsioned above
The concern with the correct usage and imgestation of data is a constant in this
architecture, representing a severe risk for the BI/DW project. This treatment will make
navigation easier over the textual information in the presentation layer. Afterwards,
conventional ETL executedto extract data fromthe TerminologicaDB and loadit in the
MD schemacomputingterms occurrencefor documentsanalysisTextual information can
also be the starting point of analysis. The result of the Textual ETL is the analytical database
with the unstructureddata in a relational DB.

Having both ODS DBs loaded (structured andtructured, the Linkageprocess
constructs the connection between them in the final MD schema. The linkage can be
implemented based on the temporal relation fact pattern resulted froole 3 for
example However, in previewsvork (HEUSELER, 201Q@he linkage could also be
implemented through shared dimensions. By mapping dimensions from structured data
sources to entities found in text i possible to use them in joint exploratiomhe facts are
connected by the shared dimensions, calladkage Dimensionpermitting the association
and navigation in the facts from both dataiverses. Most of the time the timdimension
is one of those dimensiorand through this analysis perspest it is possible to analyze
the behaviourof a certain fact over the years, and from that, make decisions to enhance or
inhibit that fact. Moreover, with textual information available, these analyzes are enriched

allowing its correlation with facts thawvere not originally described and represented in a
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structured way. However, the shared dimensionsrai allow an easy and usable way to
explore the linkage, lacking in semantic expressivity and needing SQL (or MDX) queries for
joint analysis most of tharhes.

The default MD snowflake schenfiar unstructured data counts with actless fact
pattern for text analysis. It presents a fact of terms occurrences and dimensions for
documents, its creation date (with conventional time hierarchy) and a term hierarchy,

which counts with the facets in the highest levetarategories in aniddle level.

APPENDIB ¢ COMMON ANALYSES MARNEDISTURBANCES BI

The analyses listed here are common analyses made in Disturbance Bl sojutiomains

specialists

1. Number of disturbances

The total number of @turbances involving equipmerh SIN ha been increasing
for the last years. This is an expected behavioecause of the SIN continuous expansion,
aggregating new transmission lines, power transformers, among other equipment and
power plants. Figur®.2 illustrates in blue the number of distbances and in orange the
number of load cuts. The load cuts indicate wherever an electricity interruption to the
consumers occurs. By comparing those measures, the difference between them, we
perceive that the tax of load cuts to disturbances is decreadm@007 it was 12.6%, in
2008 it was 11.9%, in 2009 it was 9.5%, in 2010 it was 8.5%, in 2011 it was 7.9%, in 2012 it
was 6.9%, in 2013 it was 4.4% (until July). This indicates the quality increase of the

protection and emergence actions in the SIN opierafor the last years



156

A nilha Painel Anilise Maspa Formatar Servidor Janela Ajuda
c o> a|De-sd B2 st |[ ] B - [amat=]] = | 2 - | Mosreme |
Nomes de medida Némero Do Ane De Inicio Da Perturbagio
Nismero de Perturbagies 2007 2008 2009 2010 2011 2012 2013
[ Namero de Cortes de Car.
8K
5K
4K
=
=
3
2K
1)
A mEEENEEENN .-
NUmero de NOmero de|Numero de NOmero de Numero de Nomero de Nimero de Nimero de|NGmero de NOmero de|Mimero de NUmero de Namero de Nomero de
Perturba.. Cortes de. |Perturbag.. Cortes de.. Perturbac.. Cortes de. Perturbac.. Cortes de..| Perturbag.. Cortes de..|Perturbac.. Cortes de..| Perturbag.. Cortes de
Planilha 1 { Planilha 2 3 Planilha 3 { £ / *

Figure0.2: Comparison between disturbances number and load cuts number measures

In the Figuréd.3the analysis over the severe disturbances is generated by applying
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2. Disturbances by source equipments
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A disturbance in 8l always initiates in one or more equipmehtr example when
an atmospheric discharge hits a transmission line or a power transformer has a short
OANDdA G ¢K2aS SldALlYSyda FTANRG FFFSOGSR
Figure 0.4, the most common source equipments are the generator units, vi@tb by
transmission lines, power transformers with three terminals, bank of capacitors and others

from outside the network operation.
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Figure0.4: Disturbances by equipment types. (a) values (b) graph
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This distribution changes when we filter the number of severe disturbances (load
cut level greater then 99MW)kvidendng that the transmission line is the main source
equipment, followed by the power transformers, representing together almost 60% of the
total grave disturbance@-igure 0.5)
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Figure0.5: Disturbances with load cut level major then 99MW by equipment types

3. Disturbances originated in Transmission Lines

The disturbances occurred in SIN are ioated, mostly, in transmission lines
because they are extensive and, therefore, more exposed to damages. In Biguhes
predominance is visible when comparing the number of disturbances by year and
equipment types (the transmission lines are represehby the biggest bars). As in Brazil
much of the electricity is generated by hydroelectric plants, which are located far from the
load centres it is necessary an extensive transmission grid to ensure the supply of energy

to all parts of the country.
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FHgure0.6: Predominance of transmission lines as disturbances source equipment type

The main identified causes of disturbances originated in transmission linegare
order: natural phenomena; environment issues; human failures; strange objects;
accessories and equipments; and protection and control activities. The possible causes are
classified by those groups and can be drilled down to specific causes, astéistrahe

following analysis result table Figure 0.7
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Figure0.7: Number of disturbances by cause



160

The main specific cause of disturbances in natural phenomena is the atmospheric
discharges, followedy storms and strong winds. When disturbances are caused by
environment issues, the specific causes are fires, followed by pollution. Human failures that
cause disturbances in transmission lines are mostly classified as accidental (70.8%). An
interesting &ct occurs when we filter this analysis by the level cut grater then 99MW and
compare the representativeness of the disturbances caused by fires and accidental human
failures. They increase considerably from an average (from 2007 to 2013) of 2.4% to 9.6%
and 3.1% to 7.4%, respectively. However, independently from the load cut level, the
atmospheric discharges keep being the most common cause of disturbances when they are

originated in transmission lines.

4. Disturbances originated in Power Transformers

As cied before, the second most common equipment source of disturbances is the
power transformer, which represents 14.1% of the total. In the disturbances with load cut
level greater then 99MW this tax increases to 26.2%. As these devices are usually located
on the border of the system to supply the consumers (by distribution companies),
disturbances involving power transformers typically cause load interruption. Fig&e
illustrates the main causes of disturbances originated in power transformers, mostly

accdental human failures (17.9%) followed by defects (8.4%) and failures (6.0%).
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Figure0.8: Main causes of disturbances originated in power transformers




161

5. Disturbances caused by atmospheric discharges

As seen in previews analysis over transmission lines, the atmospheric discharge is
the main disturbances cause, they represent 29% of the total from 2007 to 2013. One
relevant characteristic is that there is a direction relation to climatic seasonalitg ins
possible to identify the periods of the major incidence of disturbances caused by
atmospheric discharges. Figuded bellow shows that in the same periods of severe rains
and electrical storms in Brazil, i.e. from January to March, the disturlsanaased by
lightening are more often than in other months. In addition, whilst in months with high
level rains there are more disturbances caused by atmospheric discharges, in months that

are lower levels therare less disturbances caused by atmosphelischarges, such as July

and August.
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Figure0.9: Disturbances caused by atmospheric discharges by month
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6. Disturbances caused by fires

With similar characteristicef atmospheric discharges when comparirgydimate
seasonality, the fires are also one of the main causes of disturbancearring mainly in
dry periods It coinciceswith periods of high energy transfers betwe8naziliannorth with
mid-west and north-south with north-northeast Thereafter, the disturbances occurred in

those interconnections commonly entail in severe consequences for the affected regions.
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Moreover, the fires have a direct relation to the harvest period in the areas of sugarcane
cultivation (August to October), courring frequently innortheast region, where the
sugarcane stills burned before manual picking. The graph defgure 0.10demonstrate

both situations.
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Figure0.10: Disturbances caused by atmospleedischarges by month

7. Disturbances caused by human failures

The disturbances caused by human failures are fairly representative within the
universe of occurrences in transmission lines and power transformers, often causing severe
impact to the system anébr energy consumers. Its origin is external to equipment and is
associated with maintenance teams and electrical system operafiberefore, it is
believed that there are ways to minimize these events. The vast majority incidents
involving human failureg68.7%) occw during the execution of inteentions and
equipment testing in SIN, caused b® 2 Y LJ- yhairlehaBce teams. In general, with
expansionincreasingof the electrical system, the main causes of disturbances originating
from human failures are:difficulty of skilled human resources for maintenance
performance, low skills of the teams involved in the maintenance and operation of the
system; increased outsourcing services by companies from the development and

implementation of projects of new fdiies. Figure0.11bellow illustrates this analysis.



163

Tatteau - Lot S T VR . L T Ol Th-. W O ]
Arquivos Dados Planilha Painel Anglise Mapa Formatar Servidor Janela Ajuda Ve A Al as

G oWl sl el F o ][] B ema ] w [ 2

mwe w s s 131

a ¢ gio
Erro ds Ajusts - Galoulo
9.

o 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Nimero de Perturbacdes

14 4 » n £ Planilha5 {Planilha6 £ Planilha? {Planilhag £ Planilha 9 / Planilha 10 {Planilha1l {Planilha12 4 Planilha12 £ Planilha1d {Planilhal5 4 Planilha16 £ Planilha1? {Planilha18 {Planilha1d £ Planilha 20 ) Planilha 21 { & /'
79 marcas 16 linhas por coluna  SOMA de Nimero de PerturbacGes: 1276

Figure0.11: Disturbances by the most common human failures

8. Analysis Conclusions

To reduce the number of disturbance occurrences and minimize impiacthe
electrical system and consumasscrucial Basen the presentedanalysis, several actions
can be taken by ONS and the involved companies. Considering the disturbances caused by
atmospheric discharges, it is possible to identify the specific eqgip with high incidence
of events caused by lightninay working asidecompany owners of such equipment. The
investment in tools to advance climate prediction is a necessity to supmoetation
electro-energetic planning. Another action would be the updg of atmospheric
discharges detection used by ONS operation @t including the investment in
transmission lines gereferencingsystems with the objective of preparing the system to
support possible contigences and minimize the impact.

Consideringhe disturbances caused by fires, an action would be to intensify the
campaigns of fires prevention in the areas nearby the most affected transmission lines.
Also, stimulate the work together with the company owners of the transmission lines most
frequently affected to avoid new occurrences. Moreover, to improve the detection of fires
and hotspots tools used in ONS Operation @3t including investment with the
companies in geoeferencing of the transmission lines in order to prepare the system to

suppot the possible contingencies.
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Regarding human failures, actions related to quality of work should be taken, such
as the requirement for certification of maintenance and operation teams of operating
companies. In addition intensify surveillance iroperating companies that perform
maintenance on equipment of their own. For last, to prepare the executive planning
schedules of interventions performed by operating companies with a focus on reducing the

probability of human failures during execution @frgicesis important

APPENDIX ¢ EXPERIMENTAL ENVIRCEMWT ANIETL DEVELOPMENT

There were two computational environments used in this study case. The first one
for the Textual ETL Framework (Java, Postgres SQL, TreeTagger) was a Virtual Machine with
Windows XP operational system, 1024 MB RAM, 1 core (1Ghz), 32 bits. The second for
modeling (EA/OntoUML, OLED) and implementing (.NET 4.0 and SQL Server Bl 2012).

As cited previously, a web crawler was built, it was used the .NET environment and
a WebForm pract (C# language) using the HTTPRequest class, so programmatically we
could access the Clippings website and download each news article text from January 2011
to March 2013, resulting in a total of 20,306 text (.txt) document files (around 68MB).
Thereafte, the Textual ETL FramewdA&LMEIDA e SILVA, 2008 IR functionalities was
applied in the set of documents extracted from the Clippings. It was responsible for
extracting, transforming and loading the terminology contained in the clippings to its
relational DB structure in Postgres DBMS. The total execution of this step for all the news
articles was around 120 hours of processing. This process had generated a relational DB,
which represents the terminological treatment of the terms, containing recarfishe
documents processed, terms, synonyms, stop words, tokens and stems. Below is listed

each table with its description and rows count resulted from the process:

Table 29: Resultdatatablesand rows counfrom Textual ETL teinology extraction task

Table Description Rows

TB_ARQUIVO Stores text files information (name, physig 14,250
path, published date, etc).

TB_TERMO Stores different terms found in the files. 117,186

TB_RADICAL Stores radicals (stems) of the terms. 82,513
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TB_CLASSIF_TERMO Stores morphological terms classifications. 17
TB_SINONIMO Stores terms synonymous found in files. 17,064
TB_STOPWORD Stores the stop words to be avoided. 331

REL_ARQUIVO_STOPWORD_CL4 Stores all relationships between filelgrms| 1,335,068

and stop words.

REL_ARQUIVO_TERMO_CLASSIK Stores all relationships between files, ter 1,931,958

and their classifications.

REL_TERMO_SINONIMO Stores all relationships between terms a 49,956

their synonymous.

Subsequently to the Textual ETL terminology extraction task, a manually activity
was made, where each table was exported from the Postgres SQL DBMS-&irsetared
files (.csv), being saved in a shared folder. A conventional ETL was applied to bdatathe
contained in those files to the Textual ODS implemented in the SQL Server DBMS. This
process was implemented in SQL Server Integration Services (SSIS) ETL tool and is depict in
Figure0.12 At first the ODS_Textual DB is clear (using full @&O Ky A lj dzS0 X G KSy
file has its data is extracted and loaded. Finally, a transformation task is executed to update
the publication date and press company from each news article file. This last task was done
in this phase but, for performance enheement, the better phase to extract this
information would be during the Textual ETL framework execution when it writes each text
FAES Ay dac¢. ¢! wv hatimpleinent likedttiaShécaliseSwe Kidl kot want to
change its code. Moreover this changetihe framework would make it dependent on this

application, changing one of its basic characteristics (to be domain independent).
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Clear Text DB (full load)

E Extract from CSV files (generated by IR process in Postgres SQL DB) ~
= | REL_ARQUIVO_STOPWORD_CLASSIF = | TB_ARQUIVO = | TB_SINONIMO
= | REL_ARQUIVO_TERMO_CLASSIF =) | TB_CLASSIF_TERMO

= | TB_SToPWORD

= | REL_TERMO_SINONIMO S| TB_RADICAL = | TB_TERMO |\
| ¥ Transform Data from Text (add attributes, fix values, constraints verification) -~
: I Foreach Loop Container ~

™ | Get publication date and press company

Figure0.12: ETL process to load the Textual ODS

Parallel to the previews ETL step, a conventional ETL was also built to extract the
electric domain entities, such as the disturbances characteristics, source transmission lines
and other equipments (participants), companies, etc, i.e. all necessary iafiomfrom
the existent Disturbance Data Mart and BDT. Figuus illustrates this process, which
begins with a full load of the ODS DB (also in SQL Server DBMS). Then, all necessary entities
mapped during the MD task are loaded in the ODS, followed byattquisition of the
existent fact from the Disturbance Data Mart, which brings all relations between the
entities loaded. Note that in this phase we didt yet load the dimensions which we are
going to use in the temporal relation multidimensional schemialy the entities that will

form them.
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Clear 0DS disturbance (full load)

Q ETL Entities from Disturbances DW ~

= | Time Interval Disturbance = | Equipment Owner Company

Source Equipment - Transmission Line
Transform Disturbance Date from string Ll quip

= | Time Interval Load Cut
o | ™ | Source Equipment - Power Transformer

Transform Load Cut Date from string = | Source Equipment - Others
| | Affected Load Area = | company owner (Equipment)
=p | Involved Load Area = | Disturbance Characteristics
= | Affected Geographical Region = | Cause

Extract Fact from Disturbances DW -

=% | Fact from Disturbance DW

Figure0.13: ETL process to load the ODS with the domain entities

After finishing the load of the textual ODS and conventional ODS (with disturbances
structured data), it is the moment to run the Linkage process to load the multidimensional
schema. At first, as in previews ETL packages, a full load occurs where all dimensions and
the fact table are truncated. Afterwards, two parallel processes are executed: orkefor
construction of the dimension from the structured data and another from the unstructured
data. As seen during the MD task, each of those dimensions represents an event. From the
structured data, it is built the disturbance dimension and the hieraichepresenting the

participations with their relations. Figufel4below depicts this process.
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| $ ETL Dimensions (Disturbances) PN

| Dim Cause # | Dim Company Owner

™ | Dim Geograpgical Regions Top level hierarchy Add Company NA for Equipments NULL (ID 0)

= | Dim Geograpgical Regions -y Dim Equipments

S%_| Dim Time Update Equipments with company owner NULL

Execute SQL Task Add Equipment NA for Disturbances NULL (1D 0)

= | ETLDim Disturbance _{

Figure0.14: ETL process to create disturbance dimension and its hierarchies

From the textual informationsources (the clippings), the ETL to build the news
article terms publication dimension and its hierarchies is presented in F@yliEe At first
all top level hierarchies are processed, following to the next levels in the hierarchies by the
functional dep@&dencies presented in the DB relationships. For example, the term
classification hierarchy which presents the facets, categories, terms and synonyngous
followed the dependency existent from facet to category, from category to term, from
term to synonymais. This last hierarchy level is an addition to the pattern presented in the
fact term occurrences, where we grouped the terms by their synonymous. Moreover, the
FILOSG tS@St g1 a OK2aSy (G2 NBLINBaSyd | d2L
OfficA I £ D 2efidenhchiBei serahtic to the business. In the category level it was
OK2aSy G2 f2FR (KS VY2NLK2f23AO0Ff GSNY Of !
2NAIAYLFE GlofSd 9EIYLISa INB 4aOSNbaséds al Re

was made to enabléhe analysis capability by the terms grammar classifications.
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$ ETL Dimensions (News Publications) A

Dim Facet
= | Dim News Article

- | Dim Category
=) | Dim Time Publication

Update Category to set facet 0

Execute SQL Task

= | Dim Term

= | Dim Synonymous Term (Bridge)

- | Dim News Article Publication

Figure0.15: ETL process to create news article publication dimension and its hierarchies

After those ETL parts are executed to construct hbatimensions (and their
KASNI NOKASaA0 AGQa GUKS Y2YSyid G2 o0dzAfR (KS
0S50FdzaS AGQa BKSNB GKS [Ayl1F3IS A& o0dzAfdGxz N
by the temporal relation fact pattern resulteddm the rule 3 in MD. A SQL query is
NBalLlRyairoftS G2 NBEIFIGS GKSYZ F2tft26Ay3 GKS
2LISNIF §2NARO NBLINBaAaSYyiSR Ay (KS R2YIAy 2yi2f
from a disturbance to a news publidcan, i.e. a news article publication can be related to a
RA&ZGdAzZNDIF YOS AF Al 200d2NNBR 0STF2NBd Ly GKS
delta time to relate the events. That is, a disturbance can be mentioned (or related
somehow) on a new article if the news is published until X days after the disturbance. At
first this X variable should be set based in a guess from a domain expert. After running
several variances of this value it is possible to set a more specific value. In our experimen
at the beginning, we chose the value of 30 days. The initial anadysikencedthe

increasing of the number of publications after a severe disturbance occurred (which caused
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a long and extensive load cut). The publications number decreases on subsegysn
reaching the regular publications average after ten days (in average). So, based in this
AYTF2NNYIEGA2Y 6S O2dz R NBFAYS GKA&a RStOF GA
issue about this choice is that: the higher this value is, the numbeves in the fact grows
exponentially. Therefore, the SQL query for joining the disturbance dimension to the news

article publication dimension by the inner join clause to load the fact is illustrated as

following:
select top publ.id_newsarticlepublication , disturb .id_disturbance

DATEDIFFday, max publ.date), maxdisturb .date)) num_difdays ,

max f . val_cargainterrompida ) val_cargainterrompida max f . num_cortescarga )
num_cortescarga , max f . val_temporestabelecimentoperturbacao )
val_temporestabelecimentoperturbacao
from
(

select tp.date, tp.id_timepublication , np. id_newsarticlepublication

from DimNewsAtrticlePublication np inner join

DimTimePublication  tp on np. id_timepublication = tp . id_timepublication
) publ inner join

(

select te.date, te.id_time_end , te.date_str , d.id_disturbance
from DimDisturbance d inner join
DimTimeEnd te on d.id _time end = te.id time_end
) disturb  on

( DATEDIFEday, publ.date, disturb .date) <10
and DATEDIFFday, publ.date, disturb .date) >0)

Notice the highlighted part of the query above, where the relationship is defined to
be less than ten days. Also, it is necessary to set the lower boundary for the relationship to
zero. It represents that a news publication from a prior day of a distutbahouldnot be
considered in the relation, so the delta time cited should be from zero to ten. With this
value set we executed the fact load and it resulted in a huge volume of 120,932,538 rows.
This is the number of rows of the relation of the disturbesoccurred ten days after the
terms published by the media from January 2011 to February 2013.

At the end of this process we could load all data in the relational multidimensional
schema. Although it is the sufficient structure to make the required amglhyby SQL
gueries, there is a last process to build and deploy the OLAP cube, described in next
section.

The ETL built present some limitations and miss usual techniques. At first, the ETL built was

made without several concerns about ETL design issues and implementatooh as
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surrogate keys treatment or indexing managementdue to the scope of this work
Moreover, to simplify the study case we choose to set a 1:1 relation between terms and
categories. This leads to the restriction that a term is only classified as one type of

grammar category, i.e. a term is a verb or an adjective or an adverb and so on.

APPENDIB ¢ DATA CUBEEVELOPMEMIND OLARRNALYSES

The preparation of disturbances and clippindmta cube was based in the data
source view of the MD schema. At first tBésturbance  Dimensiorwas manipulated to
represent itsHierarchies such as thelate/time begin and end , the grouping
causes , the affected regional and load areas , the involved load
areas , the source transmission lines and source power
transformers

Thereafter, the dimension article news terms published was also
defined for thedata abe, with basically two hierarchiequblication date/time
and terms classification (facet, category, term and
synonymous) . Other corfigurations were made in theube such as measures to be used
and dimensionuse for them. The disturbance Load Cut value (in MW) is a
semiadditive measure because it carot be aggregated by theNews Article
Publication dimension, only by th®isturbance dimension. The same behaviois
expected by theaumber of Load Cuts and therestoration time value . The
measuredifferen  ce time between the events is also a semiadditive measure
because it retrieves the highest value for all children membersiak set as maximum
aggregation function, so when exploring a set of disturbances with a set of news
publications the maximum diffence days between then will be presented to usEnose
configurations were made in SSAS by particular capabilities of the tool, such as the
semiadditive behavior definition wizard and the creation of calculated measures with MDX
language.

As cited, the pesentation layer used in this study case was an OLAP tool, the
Tableau software (a top leader OLAP tool pointed by Gartner). By configuring the access to

the cube, with both dimensions, their hierarchies and the measures, its structure is
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available for tle business analyst to explore the data in the left layer. FiQui6illustrates

this analytical environment, following the common patterns of OLAP tools.
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Figure0.16: Tableau software connected to tiisturbances Clippings cube

Some representative analysis in energy supply security domain and the impact of
blackouts in the ONS corporate image could be executed by the integrated analysis
environment. It is important to remember that, as it was definadhe domain ontology,
in this analytical solution we set that the disturbances occurs before (until ten days) of the
terms occurrences in news publications. Based in this assumption, a set of analysis

examples was made and are presented as follows.

1. Number of terms published in News
By selecting the Total Number of Disturbances (36,778) and the Total Number of
Terms occurrences (210,373,632), the calculated measure Terms by Disturbances presents
the average of 5,720 term occurrences per disturbance. Whewigating through
disturbance dimension selecting Load Cut Level attribute and analyze the Terms by

Disturbances measure it is possible to see a direct relation between the severity of the
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disturbances and the number of news. Figx&7 illustrates thisanalysis: as most grave
are the disturbances, more terms are published. When load cut level is minor than 49MW
the average is 4,794 terms/disturbances; between 50MW and 99MW is 6,486

terms/disturbances; greater then 99MW is 7,006 terms/disturbances.
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Figure0.17: Number of terms published by load cut level
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is in 27th position in the most published. An interesting analysis when analyzing the Terms
by Disturbances measure by the load cut level, when it is greater #9MW there is an
AYONBIaS Ay GKS LISNOSydar3as 2F GKS o6fl 01 2dz
news. When it is lower than 49MW the tax decreases substantially, as illustrated in Figure
0.18 This type of analysis takes into account the synonysnof the terms, which is

considered in the result.
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Figure0.18: Number of terms blackout published by load cut level
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Figure0.19: Press Companies with more terms published about the electrical sector
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Any term can be filtered and analyzed by the Press Company publications, for
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News publications by Disturbance Time
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When analyzing the Number of Terms Published by month in 2011 it is visible a

significant variance of terms published after the disturbances occurred in February, they

increase considerably in March and Aptiilen, it decreases, as illustrated in Figle1

This can be explained by the enormous blackout that happened in the electrical network in

northeast February 3rd when a problem in the protection components occurred in Luiz

Gonzaga substation (in Pernambuco), ethtaused the shutdown of a transmission line.
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Figure0.21: Average of terms published by disturbances

When analyzing in time perspectives the Maximum Difference Time in days
measurement gives a weight dbw the terms can be published about the disturbances

related.
4. News publications and disturbances originated in transmission lines

A curious fact occurs when the disturbances are originated in transmission lines, the

number of terms published decreases the load cut level rais€Bigure 0.22)

Figure0.22: Number of terms published by Load Cut Level when originated in Transmission Lines









