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Resumo

CORDEIRO, Kelli de Faa®ApTA: Adaptive Approachor Information Integration to
Support Decision Makingn Complex Environments2015 148. Tese (Doutorado em
Informatica) ¢ Instituto de Matematica Instituto Tércio Pacitti de Aplicag8 e Pesquisas
ComputacionaisUniversidade Federal do Rio de Janeiro, Rio de Janeiro, 2015.

Em ambientes complexos, o processo de tomada de decisédo enfrenta varios desafios devido
a dindmica de eventomesperados e iprevistos.O fluxo de informacdes dinamico e os
dados sdo heterogénepsem geral, ndo podem ser previstoo que impede seu
carregamento prévioPara prover visdes confiaveis, integradas e atualizadas da situacdo em
andamentq os recursos de informacédo sdo constantemente revidiesse cotexto, é
necessario lidar com mdultiplas fontee dominios além a incertezas sobre a
interoperabilidade de dados entre esquemas heterogéneodgilaestrutura de bases de
dados convencionadificulta a adaptacédo dos sistemas de informacéo as demajquasao
podem ser antecipadas em tempo de proje@omo alternativa, os modelos de dades

grafo podem lidar com a heterogeneidade estruturalomplementados por representacdes
semanticas como Linked Open Data (LOD) na Web. A ampla e crescente disponibilidade
dessas fontes de dad@gorarepresentaum recurso importante para atendés demandas

de informagaoque emergemno decorrer das mudancaso ambiente Neste contexto, a
adaptacdo pode seconsideradacomo uma formade resolucdo deconflitos entre os
elementos de um ambiente complexo. No ambito de um sistema de informacgdo, um
elemento € um recurso denformacdo com caracteristicas estruturai® nivel de
expressividade semantica que padesntrar em conflito comas caracteristicas deutros
recursos deinformacéo, assim comprometendo a integrac@dém da resolucdo desses
conflitos, a abordagem e ferramentas utilizadas para a integragéo uéiizaara integrar as
informacgdes devem ser adequadas caracteristicasod recursos de informacéo. Apesdos
esforcosempregados enpesquisas para aprimorar iategracdo deinformacées mesmo
utilizando estruturas semanticasscolher a abordagem de int@gadomaisapropriach para

o nivel semanticaté entdodesconhecidpainda € uma questdo em aberto. Além disso, a
proveniéncia de todo o processo deve seletadapara apoiar as avaliacdes de qualidade de

informacdo. Com base neste cenério, esta tese @eo@m aDAPTA, uma abordagem



adaptativa para integracdo de informacdesm umaarquitetura associadaA aDApTA é
apoiada pelosprincipiosde LOD usando um ETL workflow (Extract, Transform and pagal)

as transformacdes, coletas e interligacdes tanto dos dados do dominio quanto dos dados de
proveniéncia. A viabilidade da proposta é avaliada através de um protoétipo usando fontes de
dados deum cenério real sobre logistica humanitaria. Neste cenariogisticade materiais

de primeiros socorro® apoiada poruma visdo dinamicaom multiplasperspectiva. Os
resultados sugerem que, embora os dados de entradaddenheterogeneidade semantica e
estrutural, uma visdo integradacominformacdes dejualidade podem ser construias para

apoiar a tomada de deciséao.

Palavraschave:Integracdo de Informacédo, Sistemas de Informacdo Complexos, Adaptacéo,

Apoio aTomada de Decisao, Dados Ligaddeb Semanticaiestdo de Emergéncias



Abstract

CORDEIRXelli de Faria aDApTA: Adaptive Approach for Information Integration to
Support Decision Making in Complex Environmer2915 148. Doctoral ThesigDoutorado

em Informatica)g Instituto de Matematicalnstituto Tércio Pacitti de Aplicacdes e Pesquisas
Computaciorais Universidade Federal do Rio de Janeiro, Rio de Jag6it6,

In complex environments, the decision making process faces several challenges due to the
dynamic of unpredicted events. There is a high dynamic flow of information where most of
the relevant dataare heterogeneous, cannot bergdicted and loadedn advancerequiring
constant revision of information resources to provide reliable, integrated and updated views
of the situation. It is necessary to deal with multiple sources, domains, and uncertainties of
data interoperability between heterogeneous schemakerigid structure of conventional
databases makes it difficult to adapt the system to demands that could not be anticipated at
design time.As an alternativegraph datamodels can handle structural heterogeneity
complemented by semantic representationselikinked Open Datd_OD)on the Web.The

wide and growing availability dfiODsources is now an important resource to meet the
demands for information from decision makers throughout situational changeshis
context, we argue that adaptation can be seas a way of solving conflicts between the
elements of acomplexenvironment. In the scope of an information systengata resource

is anelement with varied structural characteristics and semantic expressivity, generating
conflicts during the integratio process.These conflicts must be solved to enable data
integration. Once conflictsare solved, the integration approach must be suitable to the
information resource characteristicEven though many efforts have been made in data
integration research, choosing the appropriatetegration approach for an unknown
semantic level of information is still an open issiareover, the provenance of the whole
process must be collected to supp information quality assessmentdasedon this
scenariq thisthesisproposes the aDApPTA, an adaptive approach for information integration
and its associated architecturédt is supported by LOD principles using an ETL (Extract,
Transform and Load) wkilow with provenance collectiarnThe feasibility of the proposal is
evaluated through a prototype using data sources of a real scenario about the humanitarian

logistics.In this scenaripthe logistics of relief goods are managed through a dynamic and



multi-perspective view.The results suggest that, even though the incoming data have
semantic and structural heterogeneity, a reliable integrated view can be built to support

decision making.

Keywords: Information Integration, Complex Information System, Adaptation, Decision

Making Linked DataSemantic WebEmergency Management
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Introduction

1.1 Motivation

In complex environments, thelecision making process faces several challenges
because of the dynamic of unpredicted events. There is a high dynamic flow of information
where most of the relevant data are heterogeneous, cannot be predja@ed cannot be
loaded in advance. In additiothe reuse of third party data can be compromised without
proper data quality and trustworthiness assessme{@58IOWDEN; BOONE, 20BHAROSA,
JANSSEN, 201BARRet al., 20117).

Among severatlefinitions through different disciplinedn this thesiswe casider
that a complex environment is composed of heterogeneelgnentsinteracting with each
other in an unpredictable wayAn element can be an information resourtebe integrated
with another one While supporting decision making, one more issue arighe
trustworthiness Furthermore, we assume that dynamic is omspect of a complex
environment, and other aspects also includenprecision antagonism, and uncertainty
(SIMON, 1962AXELROD; COHEN, 20BEBNINI et al.2003; BENBYA; MCKELVEY, 2006;
MORIN, 2007; BARAT et al., 2008

Over time, data integration approaches have been evolving to handle the dynamics
of information generation and emergent demand8LEIHOLDERNAUMANN 2008
BELLATRECHE et 2012;DE VETTOR, 2Q1&everal work$iave started to recognizethe
research heterogeneity issge which causes conflicts and may prevent integration
(LENZERINI, 200RAM; PARK, 200MICHELFEEt al., 2014) In parallel, many workisave
proposed conflict resolution approaches. One of the maestely used is mediation where a
mediation schema is mapped to the sources schema in order to enable integ(RifdrEVY,
2000; LOSCIO, 2003; SALGADO et al., 2011; MICHRDES).In addition,ontologieshave
been widely used tanprove the results of thentegration proces$KONDYLAKE al., 2009;
JAIN et al.2011;GAO, 201p

More recently, to handle the information heterogeneitgspeciallywhen schemas

are not known in advance, some workave adopted adaptive procedures to information
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integration, considering this dynamic characteristic (KHAZANBUINSTDAR010Q HEDELER
et al, 2012 MOR] CLEVE2013 YONGTAG@t al, 2013 SELLAMI et ak014).

Based on the literature review, earlier approaches for information integration mainly
used traditional relational databasesvhere schemas are defined a priori and dadae
inserted and maintained accordingly. Only data that complies with the structure and
associated rules can be stored.domplexenvironments, the unexpected structure of the
data that @mes from different sources and organizations will most often not meet
previously defined rules and structuresAs an alternative, graph data models
complemented by semantic representatigrsich as Linked Open Data (LOD) on the Web,
can handle heterogeneitywhichwe can find inmany recentworks (FERRARA et a2011;
SCHARFFEUZENATR011;WOLGER et aR011;ARAJJO, 201}

In this scenarig the volume of data published on the Web igwing constantly,
especially motivated by government data and social movemes@HMACHTENBE&G.,
2014). As a consequence, new kinds of information heterogeneity emerge. &ata
published on the Web with different types of descriptors, some wvétlack of semantic
concerns and othexwith high semantic concerns. Besides the wide range of heterogeneity
levels identified by research in literature and the wide problems covered by solution
approachesLENZERINI, 200RAM; PARK, 2008CHULTZ et al., 20MMICHELFElet al.,
2014) there is still a lack of adaptive features to handle heterogeneous semantic

expressivity levels

1.2 Problem

From a general perspective, the problem addressed in this thesis is how to support
the integration of information for desion making in complex environmesivhere most
relevant data are heterogeneous and cannot be known in advance. More specificallyo h
provide areliable andintegrated view of the situatiomavingto accommodatenformation
from unpredicted sources? In additiohpw to identify and help to solvéeterogeneity
conflicts during the integration process? Accordingly, there is still a lack of adequate
methods and tools to handle the dynamics of information flow in complex envieortsy
even though sound results have been achieved in several works about information

integration.
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1.3 Hypothesis

The hypothesigo solve thedescribed problem is thatraadaptive approachwhich
considers characteristics dfie unpredicted sourcesmay improe the integration witha
flexible process and with the generation of more expressive relatibagveen the
resources In this thesis, m adaptationis consideredis a way of resolving conflicts between
the elements of an environmerity changinghe componentsCbehavior in order to restore
the system flowln complex systems, an element can change its behavior in an unpredicted
way, causing the interruption of the interaction flom the scope of an information system,
an element is a information resource with characteristicsthat can conflict withthe
characteristics ofan element of another information resource preventing proper
integration Thus, nore specifically, the hypothesis is thahet mitigation of the

heterogeneity conflicts magnableinformationintegrationand improve its results

1.4 Solution approach

Based on the presented open issuasd hypothesis, the solution approacdh the
adaptation of thesystemby changingthe integration method according to the information
characteristicsBagd onSchonenberg et al. (2008xonomy of flexibilitythis approactcan
be classified adlexibility by changewhich meanghe ability to modify a procesallowing
the adaptation tochanges that are identified in the operating environment

The heterogeneity levels of the informatiaesource are identified and the more
appropriate integration approach is chas and applied. The approach alssupports
different semantic treatment according to semantic expressivity of data sources. An
adaptive support can facilitate and stimulate the semantic enrichment of data with
elementary descriptionsin addition to the application of more sophisticated conceptual
models with explicitly ontological commitme(CORDEIRO et &011a)

Thus, theapproach called aDApTAadapts the integration processased on the
semantic expressivity level of data sources with corresponding provenance data collection.
Supported by anExtract, Transform and LoadETI workflow, aDApTAuses Resource

Description FrameworkRDF Graph representation, based on LOD principles, as a strategy
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for data structure and description adaptation. Furthermore, the provenance of the

integration workflow suppom quality assessment.

1.5 Objective

This research aimw provide an approach for adaptive information integration to
support decision making in complex environm&nifo achieve that, the specific objectives
are: (i)to proposea set of activities to identifthe heterogeneity levels of unpredicted data
sources and to allow the@daptation of theintegration approach accordingly; ({9 providea
supporting architecture with core components enabling the approach implementation in any
domain; (iii) to enable trustworthy assessmentsf the integrated information and (v) to

present a prototypeand casestudyto show the approach application.

1.6 Methodology

To achieve the described objectivebetresearch method follows thegghases (i)
identification of the main characteristics offormation used to support decision making in
complex environment focusing on its dynamic flow; (ii) exploration of the approaches
publishedin literature, used to integrate heterogeneous and unpredicted data sources; (iii)
identification of the heterogeneity typesna levels distinguished by the reviewed research
works, highlighting the missing leyetemantic expressivityiv) study the adaptive features
used in the approaches which handle information conflicts in dynamic environmemts;
modeling a conceptual frenework to support the descriptiorof information semantic
expressivity leveland the corresponding integratiorapproaches; % formulation of an
approach toidentify and tosolvestructure and semantic expressivitpnflicts enabling the
selecton and switching of theinterlinking method (vi) design of an architecture and
development framework to support the approach application in different domawig) use
data provenance collection to support information quality and trustworthy assessmands;

(iX) implementation of a prototype

To enable theapproachevaluation aDApTA was applied to data sources of a real
scenario about the humanitarian logistic operationstloé Typhoon Haiyan disaster in the
Philippines. Humanitarian logistics is a tydicabmplex environment where the analysis of

an integrated dataset can produce ntmvial results as external data acquisition is
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unpredictable and additional uncertainty must be considefBENINI et al2003;BHAROSA
JANSSENO010) The feasibility ofhe proposal was evaluated throughe development and
application ofa prototype for the Philippines case. The initial research results suggest that
even though the incoming data have semantic and structural heterogeneity, an integrated
view can be builby using appropriate interlinking approaches. Qualitative and quantitative
measures were developed to shawat when better linksare created the data aremore
expressive. Moreovethe results showedhow the collection and publication of firgrained

provenance data of the ETL workflow can suppdrustworthy data assessment.

1.7 Structure

This thesis is organized as follows

Chapter 2 identifies issues of information management in relation to complex
environments, characterizing the heterogeneity levels faced and the corresponding conflict
resolution approaches, highlighting some of the issiined are still open in current research
works.

Charter 3 provides general concepts of graph dataodels and thesemantic
representations used in the solution approacim addition,some tools available in the
literature for information integration which uses graph dataodelsto improvethe results,
are described

Chapter4 presents the core of this thesis, the proposed approach called aD#at A
handle the information integration issues through a set of activities organized in a process
flow. In addition, to enable the approach implementation in any domain a supporting
architecture and a development framework is described.

Chapter5 explores an application case used to highlight the contributions of the
thesis and the feasibility dDApTA using data from a real case scerami discussing the
results.

Chapter®6 finally concludes the thesis describing the contributions, limitatjamsl

future works for this research.
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2 Information Management in Complex Environments

The complexity of external environmespiresensa major challenge for the design of
information systems that support decision makimgspects of complex environments are
discussedn some theories that provide conceptual frameworks as ways of thinking and
seeing the world. Some philosophical and social theories also address these complexity
aspects in order to understand them, acknowledging the difficulfms eliminating or
contralling them. Those theories seek ways to deal with complexity featusesh as
unpredictability, dynamig imprecision and heterogeneity Among the approaches to
handle these features therare adaptation, integration, and feedback (SIMON, 1962;
AXELRODCOHEN, 200BENBYA; MCKELVEY, 2000RIN, 2007, SNOWDEN; BOONE,
2007, BARRAT et al., 2008; MITCHELL, 2009).

Accading to Axelrod and Cohen (200CGA camplex system is one in which the
actions of agents are tied very closely to the actions of other agenthe systeng Based on
this and other theories about complex systems, Benbya and McKelvey (2006) suggest that
GAYT2NNIEGAZ2Y aeadSya akKz2dZ B ¢XK$ ad ueRigndB & 2 VI8
with the fact that in recent years, the increasing dynamics of the external environment
imposehigh rates of change in information systems, especially those that support activities
at the strategic level. Activities at this level have greater interaction with the external
environment and processa higher volume of data compared to activities at the operational
level

In a typical complexscenario,a system storesnformation representng different
types of knowledgge as illustrated inFigure 1. Previous knowledge comprises known
information, and current knowledge refers to the situation awareness described by
information with heterogeneous and unpredictedstructure. Current and previous
knowledge are integrated to compose whahad beencalled combined knowledge¢o

support decision makin@PINIZ et al., 2005)
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Combined
Knowledge

isPartOf

Known represents Previous Current represents Situation
Information Knowledge Knowledge Awareness
Figurel: Conceptualmap d knowledge supporfor decision makingAdapted from DINIZet al.,
2005)

To compose the combined knowledgdnet integration taskhandles a high dynamic
flow of information whichhas some particular characteristics and probleiret need to be

understood analyzedand addressed.

2.1 Dynamic of InformationFlowin Complex Environmerst

In this sectionthe problem addressed in this thesgscharacterized through owiew
of the dynamic ofan information flow in complex environment$his view was built upon
several works available in literatureome of them are Diniz et al. (2005), Benbya and
McKelvey (2006), Halevy et al. (2006), Nicolle and Cruz (2009), Bharo3anasdn2010),
Barret al. (2010, 201}, and Santos et al. (2011Pne of the main issues addressed in these
works is the influence of complexigspects in building the combined knowledge to support
decision making.

A starting pointfor understandingthe dynamis of an information flow in complex
environments is characterizing its unit.pfece of information or amnformation resources
composedby aninstance(the data itselj and its corresponding description, trsghemaor
structure An information resource can be described depending on the format. For example,
it can be the label of a column head of a tabular data, the tag labeat 8\L doament, the
table and column names of a relational database, label of verticesand edges of a graph
data andmore. Figure2 depicts the dynamic and the characterization of information types
and flows an information resourceand its schemare represented by diagonal lines ard
rectangle border, respectively.

Aninformation resourcecan represenprevious knowledgeyhich comprises known
information and can be structured in order to be reused in future situations. The schema
and instances representingrevious eventare loaded from agents handling the events on

the field (Flow 1) or from worldwidavailabledatasetsabout the eventgFlow 2).
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On the other hand, the structure a@urrent knowledgean only be partially predicted
increasing the difficulties of information managemeftitially, t is possible to préict that
some types of informatiorwill be neead. In this casethey can be designed on the
information base schema before the event occurs. Therefore, one might define the schema a
priori, but only during theactual situation where the data will beavailable (Flow 3).
However, a set of informatiof{instances and schemas)presenting current knowledge can
come in unpredicted waysfrom unexpected reports about the ongoing situation with
unpredicted structureswhich is,therefore, characterized asinpredicted information Also,
complementary informatiorto meet emergentdemandscan be gathered from unpredicted

sourcesavailable on thédata Cloud

Worldwide datasets

i i /
\?I [6]

2] B Unpredicted Information

Previous Knowledge Current Knowledge

Combined Knowledge

L New Events F
%

Data with Sch Sch Partially Load ///Data without Schema Data Flow

ata with Schema chema Partially Loa Aé

Figure2: Dynamic of informationflow in complex environmerst

> Previous Events ®

Legend:

Unpredictedinformation can arise withor without a schema. Moreoverinstances
can arise witha schemathat can accommodatemore instances duringgevent handling For
example, in an emergency management situation, theailable storehouses can be

informed with some properties, such as location and capacity a spreadsheet partially
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fulfilled. Later, new attributes can badded such as the manager. During the event, more
storehouses can be bujltrequiring the input of more instanceIhere are also other
possibiliies, such as information partially structured with insufficient descriptionsi.e,
with different levels ofexpressivity For example, thdocationsin a disaster manager are
grouped insectors, calledarbitrary regions The information abouthese regionscan be
informed using standard vocabularies witlany properties or simply described as a cluster
without any others propertiesThis particular characteristicrepresents a major challenge
while composing the combined knowledgea dynamic environmet because the current
knowledge can be informed by field agents with different descriptordlevels of semantic
expressivity. This issugexploredin this work

The sources of unpredicted information can bé several types, such agports
about theongoing situation (Flow 4pr datasetsrelated to the eventavailable worldwide
with open access, such as the Web of Data (Flow 5). In this last particular case, data can exist
on the Web and be retrieved as necessary durawgnt handlingto meet unpredcted
demands of informationAccordingly, the information created before the evdmcomes
part of the current knowledgeAdditionally some datasets on the Web can be created
duringevent handlingFlow 6).

In short, unpredicted information about the situation represents contextual
information with or withoutan associated descriptiarThey aremostly from a domainthat
cannot be anticipated. Furthermore, this unpredicted informatiomainly characterized
different semantic expressivity level& low level of expressivityis expecteddue to the
dynamics imposed by the complex environmedh the other hangan unpredicted demand
for complementary information usuallgorresponds to datawith a schema, retieved
through querying data sources from a known domain Usually, different semantic
expressivity levelmight be found, especially on the Web of Dabat the highe levek are
expected considering that the information was generated inseenariowhere the time
pressure was not so critical

Several research works handle these problems with wffe strategies and also
focus o different parts. In order to understand them and highlight the gapsme

complexity aspect®f information managementvere factored, initially, by heterogeneity,
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unpredictability and imprecisionissues, andgome solutionvorksare presened accordingly

in next section.

2.2 Information Integration from Heterogeneous andUnpredicted Sources

Over time,to compose the combined knowdge view,the decision making process
requires information integrated from an increasing numberheterogeneousdata sources
that can emerge dynamicallyn the past 30 yeardhere were several research proposals
addressingnformation integration, which includes a variety of terms, such as mediation,
mapping, matching, alignment interlinking, fusion and moreln some of tlese works, he
heterogeneity of information is distinguishedthrough syntax, structurgl and semantic
levels The unpredictability of data sources one of the main issues im complex
environment,has beingaddressed by adding adaptive featuresth@ information systems.
Additionally, the use of third party sources of data brings one more issue, that of
trustworthiness. Recently, as th variety of data sourcebas becomedistributed on the
Web, the problem of data quality has received special attention. The problem has been
addressed through the collection of provenance data. Some of these works are described in

the following sections.

2.2.1 Information Heterogeneity Levels

Ram and Park (2004 classify the information heterogeneity conflicts in syntax,
schema and semantic levelsSyntactic heterogeneity is caused by the use of different
models or languagessuch as relational and XMBchem#éc heterogeneity reslis from
structural differences where an entity can be related to oth#rrough an attribute or a
relationship. mantic heterogeneity is caused by different meanings or interpretations of
terms in variousscenarios Similarly,De Vétor et al. (2014)also classifed the information
heterogeneityissues along three levelsyntactic, i.e.related to data formats and syntax;
structural, due todifferences in data organization; and semantubhen different knowledge
representations areised

Bellatrecheet al. (2012) suggested that any integration systesmould take into
consideration the resolution of syntactic, schemat@nd semantic conflictsAlong those

lines in order to achieve complete integration of heterogeneous d&ao (2Q2) stated



33

that different integration tasks are required®n the syntactic level, the integration task
solves the different data type problems, e.g., short integersuslong. In the structural

level, the resolution is performedy re-formatting the datastructures to a homogeneous

data structure, such as XML. The semantic level is about the meaning of terms in a special
context or application. It refers to different semantics due to different conceptualizations of
similar concepts.

Exploring different tges of conflicts Michelfeit et al. (2014) detailed the
classification irschema, identity, and data conflicts. Schema conflicts are caused by different
source data schematadifferent attribute names, data representations (e.g., one or two
attributes for mme and surname), or semantics (e.g., units). Identity conflicts are a result of
different identifiers used for the same real world objeddata conflicts occur when different
conflicting values exist for an attribute of one object. Conflict can be redatwithe entity
or attribute level by a resolution function. Resolution functions can be classified as deciding
functions, which can only choose values from the input such as the maximum value, or
mediating functions, which may produce new values suchthasaverage or sumThis
classification is in accordance wiBieiholder and Naumann (28Pwho also classiéd the
conflicts in three levelsFirst, there are schematic conflicts, such as different attribute names
or differently structured data sources. Second, there alentity conflicts, as the way of
identifying a realworld object may be different in the data sourcd3ata conflicts are
causedby multiple representations of same reabrld objects

As described, thbeterogeneitylevelsare common sense in litenare of information
integration, even though the categories may differ in terms and concepts. This prdialem
beenaddressed usig conflict resolution approacts (BROWN; DURENI86) Bleiholder and

Naumann (208) classied the strategies to handleonflicts, as illustrateth Figure3.
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conflict handling
strategies

A

conflict conflict conflict
ignorance avoidance resolution
instance metadata instance metadata
based based based based

SN N

deciding mediating  deciding mediating
Figure3: Conflicthandling strategie$BLEIHOLDERAUMANN 20(8).

The conflict resolution is performed in different ways information integration
systems A broad range of strategies $ibeing developed to solva conflict throughout the
levels Focusing on the semantic heterogeneity level, some works use semantic measures
(SM) to solve the conflicfVOLZ et al., 200ARAUJO, 20}4According to Harispe et al.
(2013, 2013h, SMs can be used to compare various types of elememigs of language:
words, €ntences, paragraphs, documentspncepts/classes groups of concepts; and,
instances semantically characterized@his last one came the RDF description of the
corresponding instangea set ofconceptual annotations assocet to it, a set of tags, or
even a subgraph of an ontologhe authorantroduced and classified the large diversity of

approaches of semantic measures, as illustrateigure4.
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2.2.2 Integration of Information

Data integration can be defined as the problem of combining data from different
sources or carprovide users with a uniform view over a set of heterogeneouand
distributed data source . ENZERINL al., 2002; SALGADO et al., 20The whole process
of data integrationis a complex task with many subtasksid has been studied mostly in
relation to relational database@HALEY, 2000MICHELFEIT, 2018)ore recently, several

works used other information representations,like ontologies and Semantic Web
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technologies to improve the results of the integration procdSSNZERINI, 200BRANDAO
et al., 2010SALGADG@t al., 20113LVA et al., 203 GAQ 2012 ARAUJO, 2018JICHELFEI
et al., 2014. The processs may largely varyon methods system,scope and terms which

can cause confusiom comprehensiorand gap assessmentglowever most of them focus
on the semantic level conflict resolution, as @an be considered the most difficult
integration task.

According to Oxlemnd Thorsen (2004)nore generallyjntegration is the process of
connecting systems into a larger system, and these systems may fogian tasks
implemented. These authors consider fusion as the process of mapping several obijects
a single object in an optimal fashion. Based on the same argumentation, Bleitasider
Naumann (2008) describe data fusion as the task of fusing multipledgcepresenting the
same realworld object into a single, consistent, and clean representation. In Mendes(egal.
(2012) proposition, the fusion can be performed by solving conflicts between objects values
defining rules such asby maintaining the max ormin value, orcalculaing and maintairng
the medium. Before the fusion, a mapping is implemented in order to eliminate the
duplicates.Oxley and Thorsen (200differentiate integration from fusiondritegration can
be defined without having to specifici KS adaeaisSvyaQ StSySyidao cCd
mapping several objects to a single object in an optimal fashion. Integration is the process of
connecting systems into a larger system. Thegsesns may have fusion in theénOver
time, these two conceptfiave been employedistinctly, fusion can be considered one of
techniques used to integrate information.

While fusion focuss on object values,mediation approaches focu®n mapping
databaseQ schema&. The mapping can be created manually, automatically or semi
automatically. The approach may be implementesingas a global schema expressed as
gueries over sources, called Glol#adView (GAV)In an opposite waygach object in a given
source can be daed as a viewover the mediatedl schema called LocaAsView (LAV).
Moreover, combining themis also possible, called GlohaicatAsView (HALEV,Y200Q
LOSCIO, 200SALGADE@! al, 2011 MICHELFEI2013.

In the ontologies areaGao (2012)eviewed many integration conceptssed in

literature. Mapping can be consideredhs a set of formukathat provides the semantic
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relationships between the concepts in the ontologi@éignment representsthe mapping of
concepts and relations between muydte ontologiesbasedon preservation of the partial
ordering and synonyms, as well as the possinkeoduction of new concepts that will
function as sub or supertypes. Matching can be considered ashe correspondence
between individual concepts of thavb ontologiesor the identification of maximal onéo-

one correspondences between elements (ecgncepts) It can be performed bfinding the
correspondence of terms based on a set of rules, to create the intersedtimthermore,
matching enablesthe analysis of similarities and differences between the concepts to
predict their semantic compatibilityAccording to Gao (20125ome workshave used
mapping and matching almost interchangeablyhough the authors also noted that
matching is used for the aomated part while mapping is for the overall process that usually
involves human interventiorBased on these concepteediators and mapping algorithms
are used to match similar concepts. Some mathematical and logical tools are used to infer
and fuse inbrmation. The result is a set of aligned information based on a-kmelvn
ontology(ARAUJO et al. 201BELLENGER, 2013).

In the Web of Dataarea the information resources are connected lerlinking
individual instances and schesjan a process usually referred to as instance matching and
schema matching, respectivelfsrayo (2014) defins instance matchindy athe goroblem of
finding two or more distinct instance representatiotizat refer to the same real world
entity.€ Jainet a. (2010) present a systerfor finding schemdevel links betweenLOD
datasetsusingontology alignmenimethods Assafet al. (2012) improved schema matching
techniques using LOD this scenarig the result of the matching process can be a set of
linkspointing to the information resources with an identified relationshHipELEt al., 2010).
Moreover, the interlinking can focuseon data integration applyingfusion techniques
through conflictresolution and qualityassessmentM[ENDE®t al. 2012;MICHEEET, 2013
ARAJIQ 2019.

Regardlesshe broad concepts used to represent the integration methods, what can
be noticed througbut the evolution of the research works is that the methods are being

reused and improved within other methods as new issues rgmelLately, due to the
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growing sources of data, the dynamikinformation floware imposing great modifications

on application ofintegrationmethods as explored in following section

2.2.3 HandlingUnpredicted Data Sources

Many research workbave addressedheterogeneity, a common complexity aspect,
distinguishing the conflict levels and proposing corresponding solutions. However, one more
aspect of a complex environment represents a great problehe unpredictability. To
handle unpredictedissues following the suggestion of Benbya and McKelvey (20@®)
information systemd A K2dz2f R 6S |ftft2¢6SR G2 3INBG yR I RI
Axelrod and Cohen (20Dstate, dWhenthe agents in a system are actively trying to improve
themselves(Hdapt(}, then the system is a Complex Adaptive Systeithus, b generate
combined knowledgén a complex environmentthe information management system must
adapt to emergent requirementsAccordingto Bharosa and Janssenr@009, information
management adaptability can be defined as the ability to rapidly change existing resources
or create new ones in order to align the internal information demand with external
information supply and events. The same authors also define adaptgitthe ability to
maintain the homeostasis, i.e., the dynamic equilibrium in an open system, critical to the
systen® function.

Following these conceptspthandle semantic conflictan dynamic environments
many works have proposed approacles based on schema evolution and mapping
maintenance. Othershave proposeal systems witharchitectural components such as
agents middleware mediators, and wrapperso adapt the integration process to the
ongoing data sources characteristi€sirthermore, sme of them act ora query processing
layer.

Bouguettaya et al. (2003) used agents to allow adaptive intercommunity
relationshipsin WebFINDIT, an adaptivd/eb-based databaseWebFINDIT provides a
monitoring mechanismto alter dynamically relationships Ipeeen different database
communities. This is achieved by using distributgglents that work as background
processes. Their role is to continually gather and evaluate information about the
intercommunity relationships to recommend changé&$iey use the nabn that sgents are

software components characterized mainly by their autonomy and adaptive™NaasANA
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NDUMU 1997). On the same basis,Thollot (2012) focusmd on dynamic situation
management, which & K2 ¢ (2 O2ylAydzzdzate Y2yAG2N | 38
situation graphs as events occur in their environmefitiseythus define two types of active
components to enable dynamic maintenance of situation grapdivation rules and
operators

Using architectural components Khazankin andDustdar (2010) proposeal an
adaptive integratiomapproachthat allows the switching of the integration technique to the
most appropriate one according to specified criteria. The authors focused oifiumational
concerns, such as data volume, network laterasyd throughput. ie data fromthe Web is
providedi 2 GKS SyR LXK AOFGAR2Y @Al GKS GLINRE®:é
the underlying integration techniques. The technique swapping is corgmbllby the
adaptation modulethat makes decisions based ¢ime defined criteria The controlmodule
checksperiodically if the currently used technique is still the bésingeggeet alQ ¢008)
integration proposition usé a middleware based on mediatoend wrappers over LOD
datasets. Data heterogeneity is addressed by-Rdppersasa D2RServer placed on top of
local information systemde Vettor et al. (2012), Mrissa et al. (2018gllami et al(2014)
and De Vettoret al. (2014)proposed theData Mediation as a Servic€DMaa$ approach,
which is an automated solution for resolving data heterogeneity problems between
semantically described data, using a decentralized (peer to peer) repository of mediation
services. The DMaaS approach cfessdat heterogeneity issues according to the syntactic,
structural and semantic levels, and provides adapted mediation along these |EMets.
approach sets up the automatic coflict detection mebanism, which anakes input
metadata, and intercepts data respses to perform reconciliationdsing the emergency
managementdomain HUODINIarchitecture (FAHLANDet al, 2007) integrates several
sources of information available on th&eb through the use of wrappers that transform
data into RDFIn this architectue, the space and time properties of informatioare
processed to support theepresentation ofemergency dynamics situationgongtaoet al.
(2013) andYongtao (2014) proposedtypificatiommt an approach to infer the typeof
semantics of structured data. Trathors argue thatristance matching solutions may not

perform wellwhenthe type of information is either missing or too general to be useful.
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Schema versionings one of a number of related areas dealing with the same general
problent that of using mulfple heterogeneous schemata for various database related tasks
(RODDICKL995) Junet al. (2002) suppoed an adaptive evolution of a schema in the form
of expansion with new classes and/or compaction by removing inefficient. dreesaiet al.
(2012)proposeal an adaptive database schema design method for mettant applications
Mori and Cleve (2013) presest a featurebased approach to adapt database schemas
according to the changing context conditions. The method allows the derivation of a
consisent and sificient subschema starting from the current contexn this thesis, antext
means dwhat surrounds the focus of attentiént yR OF'y o6S RSFTFAYSR
description of shared knowledge about physical, social, historical, or other circurastanc
GAOGKAY GKAOK |y | Cegchrding to2Bdiges et Sy (200Z20@)OTaNE ¢ >
conceptis based on Brézillon and Pomerol (199#)o distinguish the part of the context
0SAYy3 NBESOlIYyld FT2N GKS OdzZNNBy (i \ald pai.2 NY SN &

Salgado et al. (2011) stated thata dynamic environment, mapping maintenance is
an important task concerning data integration systems. Mappings between the mediated
schema and the source schemas must be flexible enough in order to accomnsutiai®ma
evolution. Each change at the source schetesel may lead to the reconsideration and
possibly the change of a set of existing mappings (mediagioeries). The problem is
addressed byLoscio(2003 who propos@ an approach for propagating a changeent
occurring at the source level into the mediation levelsuth a way that the mediation level
may evolve incrementallyand modifications can be handled easi¢hus increasing the
system flexibility and scalabilitythe use of ontologies with schema evolution for data
integration was explored biondylakiset al. (2009).

The principles of Data Spaces proposed-tanklinand Halevy(2006) originated the
Dataspace Platforms Support (DSSRhich adapts its integration mechanisms to
heterogeneouddata sources. In this platform, the query returns the best result as possible
without guarantees of quality and accuradHALEVY et al., 2006Moreover, the
identification of semantic relationshipgmong datamakes use of humma attention, in an
approach that became known @pay as you g& Based onhis approach the architecture

PAYGQvas proposed byadhavanet al. (2007) focusing onmechanismdor on demand
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integration using thedza S fedillfackabout the relationships between informatiorhis
feedbackis usedto rankfuture queries, thereby increasing the accuracy of respoBsesed
on the same approach, Salles et al. (2007) proposed the iTrails for information integration in
data spaces.Throwgh the compilation and refinemenodf data spaceapproaches and
principles, the DSToolkit supports the entire lifecycle of data spaces: initializatiorandse
enhancement. The architecture is based on the treatmehschemas represented in the
heterogen®musmodels on thetreatment of i K S de@ddd¢Eia@out thejueryresults and
new data sourcesThe system is based on model management which uses operators for
schema integration and evolving schenfd&DELE® al.,2012)

To provide an integrategtiew, some works deal with the dynamics and distribution
of data sources ithe query layer LePhuoc et al. (2011proposed theContinuous Query
Evaluation over Linked Stream€QELS which provides a flexiblequery execution
framework with the query proessor dynamically adapting to changes in the input data.
During query execution, it continuously reorders operators according to some heuristics to
achieve improved query execution in terms of delay and complekjtgden et al. (2010)
describean approat based on distributed query processimata from multiple repositories
are used to construct partitioned tables that are integrated using an adaptive query
processing techniquelhe approaclsupports ajoin reordering, which limits any reliance on
statigics and metadata about SPARQL endpoints, as such information is often inaccurate or
unavailable, but is required by existing systems supporting federated SPARQL dpueries.
addition, Acosta et al. (2011proposed theANAPSIDan adaptive query engine f@PARQL
endpoints that adapts query execution schedulers to data availability andtimen
conditions. ANAPSID provides physical SPARQL operators that detect when a source
becomes blocked or data trafficlisirst, and opportunistically, the operators prodeicesults

as quickly as data arrives from the sources.

2.2.4 Information Trustworthiness

Third party data sources are a vital element to meet unpredicted demands of
information to support decision making @ complex environment. The data from these
sources canbe retrieved orcan arrive with heterogeneityon different levels and be

integrated through one of the approaches presented in previous section. Howdwer,
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informationis useless iit is not reliable and accurate. Thus,dnable theuse of third party
data, provenance becomes of fundamental importance. Provenance comprises all
information associatedvith the domain datadescribing who, how, when, and why it was
published It enables theenrichment of the context surrounding the dataupporing the
assessment of data reliability and qualfyORDEIREX al., 201h; MARJITet al., 2012. In
several domains, data quality evaluation deperaisprovenance availabilityBUNEMAN
DAVIDSONR010Q. For instance, official governmental datahs primary source for all levels
of decision making in public administration as well as for citizen awareness and participation
on government actions; business analysts rely heavily on data transparency to ensure data
quality to support mission successt ¥ { Ay 3 yR Uyl yOAlf &aeadasSy:
and fragile without policies for quality control and evaluation.

There is already a huge volume of work on provenance. It can be described in various
terms depending on the domain where it is appl@DLZt al.,2009 SCHULT al, 2011).
It provides important documentation that is essential to preserve the original data product,
to determine its quality and authorship, to reprody@es well as to interpret and validate the
associated results. One of thmost important initiatives about provenance is the Open
Provenance Model (OPMMOREALEt al, 2011), which includes the basic building blocks
(concepts) to represent provenance: artifact (an immutable state of an object), process
(action taken on arartifact), and agent (entity that may facilitate, control @omehow
influence a process). Other important models are Prové€#HOQet al, 2008)and PROV
DM (www.w3.org/TR/proxdm/). The concepts defined by OPM are also present in these
models (not necssarily named equally). However, they may go deeper, specializing some of
the OPM general concepts. Provenir, for instance, distinguishes input data and parameters.
PROMDM provides a richer (including constraints) and more formal representation. It is now
a W3C candidate recommendation. Researchers behind these initiatives are now working
together on PROYDM towards the standardization of a general provenance model.

Another important effort towards unification of the different views of provenance is
the taxonomy presented bYDE LA CERDPBAVALCANT2012) It covers provenance issues
from several different areas of computer science, such as scientific workflows, business

processes, databases, distributed environmergsd Semantic Web. The taxonomy is an
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endeavor to classify the characteristics of provenance that primarily (a) captures
architectural styles of provenance systems; (b) considers the moment that provenance data
is captured by a given mechanism; and (c) considers the existing methods to stbre an
access provenance data.

The provenance concepts have been appliethiminformation integration domain
with different approachesMendorga et al. (2013proposed arapproach for generating and
capturing provenance which covers preparation and format transformation up tioe
publication of the integratedlataset. Michelfet et al. (2014) focused on data fusion and
conflict resolution proposinglata fusionalgorithms with provenance tracking and quality

assessment dused data

2.3 Open Issues in Information Integration in Complex Environments

Heterogeneity and unpredictability are aspects presented in complex environments
that causea strongimpacton information integration systemsompromising thequality of
the results Moreover, due to the growing sources of data available on the Web, imprecision
is another complex aspegtith an increasing impacbn information managementtreated
as reliability trustworthiness or quality of data. To handle these complex problems,
adaptation and integration are mainly used byethpproachesn the literature In order to
analyge and enable the gap assessmergsmeresearch presenteth previous sectionwas
groupedby the complexity aspectand type of solution approaghas @ganized inTablel.

They were chosen considerinipeir overlap with the characteristics of theproblem
addressed in this thesidotice thatthe solutions may have different focus and integration
approaches. However, most of themddresssome information heterogeneity levebnflicts
whichemergein an unpredicted waywith adaptive solutions.

Despite the consistent distinctions between hedgeneity levels and sound results
achieved by approachdbat handle conflicts on each level, there is still a missing type of
heterogeneity deeply correlated to the semantic levethe expressivity. While semantic
heterogeneity concerns different concepatlizations to the same real world object, the
semantic expressivity heterogeneity concerns the different description resources used to
makeSELX A OA (G (KS Theoe@rdBivtplavel Yefels yitie yndadure of how a

data model describes the reglior the expressivity needed fax better descriptionof real
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world phenomena in modeléSALTOR et all991) This type of heterogeneity can prevent
semantic integration of information, especially when an information resource has
insufficient descriptions For example,Yongtaoet al. (2013) extract three million entity

descriptionsfrom several datasetsrawledon the Wel and foundthat almost four hundred

thousandof them lacktype informatiort i.e., the type of these entitiess not known.The

authors state that thdype-specificintegrationsolutions do not perfornwell whenthe type

of information is missing

Tablel: Complexityaspects and solutions strategies of research works

Main RelatedNorks
D:| V((;t(’;(irze Yongtaoet | Knapet al.
KhazankinHalevy eta 2'014) | al. (2013),| (2012),
and Dustda (2006) and Mori and Mrissa ej[ alYongtaoand Michelfeit This
(2010) Hedeleret |Cleve (2013 (2013) Tran (2013) (2013), Thesis
al. (2012) Sellami ,et Yongtao |Michelfeit et
al. (2014) (2014) | al. (2014)
- DSToolkit - DMaaS TYPifier |ODClenStor{ aDApTA
Syntax - - - X - - -
v | Structure - - X X - - X
- | Semantic - - X X - X X
>
25
3| 5 Schema - X - X - -
2| o
<] 8
> 2 Data - - - - - X -
21 o
3| T -
E’ Identity - - - - - X -
o Semantic
@) L. - - - - - - X
Expressivity,
Trustworthiness - X - - - X X
Unpredictability X X X X X - X
Uncertainty - X - - - - -

) Evalu_atiohn an( Payasyou-go Contextual Evalua_tio_n an Evaluation and Evalue_ltiop
3| Adaptation Switching | &2 thackl _Schema | Mediation Typification and Switchin
Q Components Derivation Services Component
© E Non-functions Query Layer Mobile Query Layer Semantic Semantic Semantic
) ocus requirements yLay Application yLay Requirementy Requirements |Requirement
,5 Int ti Cf)?]i?)lriiljt;ct)ir:),n Model Maobin Aggregation Instance Fuse Interlinking
5 ntegration . Management pping and Merge Matching Approacheg
5 Propagation
)]

Provenance X X
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Furthermore, the importancef distinguisting this type of heterogeneity is growing
because of the increasing ways to describe information, espethaityvhich ispublished on
the Web. As shown iablel, there is stillalack of approaches to characterize the semantic
expressivity levels of an information resource, to identify the confict to solve it.

Besides the heterogeneity concernig, a complex environmentthe information
characteristics may emerge in an unpredicted wagme workshave addressed this issue
monitoring some criteria variabdeand changg the integration approach accordingly.
Among othes, this approach presens a simple and natural way to deal with the
unexpected The changing of the integration mechanism is perforntgdKhazankin and
Dustdar (2010using aswitching componentand bySellami et al. (2014)singa mediation
service. However, the first work addressgn-function requirements, and the secoratts
on query layerand does not store the generated connectionsAlsq with an evaluation
approach Yongtaoet al. (2013)try to improve the integration results, by discovering the
missing type of information.

Although the broader issues covered siyme ofthe related worksa solutionhas not
been foundto handle the presented conflicts together with the missing heterogeneity type
under a dynamic environmenience, in thiscenarigthere are unsolved problemsuch as
how to integrate information with different semantic expressivity levels, different
organization structuresor file formats without knowing these characteristics in advance
How to identify the heterogeneity levels and switch the integration approach accordingly?
Furthermore, how to support data quality assessmentswithin heterogeneous and
unpredicted issues?

Due tothe schema rigidity of relational databaseshore flexible representations,
such as those supported by graph databases, can be tseadddress the presented
problemssincethe absence of structuring rules does not prevent data from being stored
associatedvith other datg and even describedHence graph datamodels are more suitable
to accommodatedata itens, annotatingthem through new links. This type ofta structure
is based onthe proposedinformation base adaptation approacland explored in the

following chapter
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3 Semantic Representation in Graph Datodels

Graph data models can be usedas a strategy for data micture and semantic
adaptation. Formally, a graph oproperty graphmodel is a directed graph composed of
vertices and directed edges described by properties representing concepts-igae 5a
and Figure5b). In graph databases, there is no structuring schema. Data can be stored
without identification of its defining type. The identification can be done later by adding new
edgesand vertices, when appropriattROBINSON et al., 2018) this case, an edge can
represent the relationship between an entity and a literal value (Begire5b). Also, an
edge can represent the relationship between two vertices representing two entities.

New relationships can increase the semantic expressivity by adding new attributes to
the entity. Figure5c illustratesa graph dataexampleabout alocation. The entityCentral
Visayas one of the regions affected bihe Haiyantyphoon disasterin the Philippines is
described by the entitflace,hasnamex wSIA 2y L L ¢ | ¢fB8OKIBGE | LJ2 LJ

Central_
Visayas

type

a b C

@ directed edge @

Directed Graph Graph Data Model Graph Data Example

relationship

relationship

Figureb: Graphdatarepresentations

Since the earliestise of thegraphconcepts it has evolvedo meet new demands
and has benapplied in several domains. the information g/stemdomain, one of the most
important demand is to express data semasatidHence, some workdhave added
characteristics to the basic concept of graph, creating derivations, such as property graph,
semantic graph, conceptual graph, RDF graph and more. Some of these coweepts

correlatedand illustratedby Rodriguez ad Neubaue(2010)(seeFigure6).
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weighted graph

add weight attribute

property graph

remove attributes  remove aftributes no op
labeled graph |4——no op—=|semantic graph no op—=|directed graph
remove edge labels remove edge labels
make labels URIs no op

rdf graph multi-graph remove directionality

remove loops, directionality,
and multife edges

Y

simple graph no op—l-| undirected graph |

Figure6: Graphtype morphismgRODRIGUEREUBAUERD10)

According toRodriguez ad Neubauer(2010), the list is not completaor are tre
terms generally accepted in all domains. Many of these structheag& been proposed or
reusedin different domains and under &fierent names. The importanpoint is that there
are numerous graph types and, consequently, theresystems and algorithms that exist to
manageand process them.

On that basis, dcusing @ both semanticand structure conflict resolution, some
approaches improve the information integration task using conceptual and semantic graphs
to manage heterogeneoumformation fusion LAUDYet al., 2007;NICOLLECRUZ2009).
Laudy et al. (2007) proposed an approach and a framework dedicated telewglhand
heterogeneous information fusion basemh conceptual graphsNicolle and Cruz(2009)
proposed amapproach basd on the use of semantic adaptive graphs. The adaptive feature
of the proposal makes it possible to manage two specific aspects related to information
AYGSANI GA2YY GKS TRFILIGFGAZY 2F AYyTF2NXIFGAZ2Y
lifecycle of tle integrated information.Mahfoudh et al. (2013proposeal the use of the
graph grammars to formalize and manage ontologies evolution. The objective is to present

an a priori approach ahconsisteng resolutions to adapt the ontologies and preserve their
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consistency. A framework composenf different graph rewriting rules is proposed and
presented usingan algebraic graph grammatool. Taheriyan et al. (2013)proposed an
approach for semantic enrichment based @ graph to hypothesize a rich semantic
descrption of a new target source from a set of known sources that have been lede
over the same domain ontology.

Following some of the presented works, teemanticrepresentationusing a labelled
graph is performed using the RDF standartl has been used as @owerful tool for

information integraton, as explored ithe next section.

3.1 RDF Tripl&Representation

The vertices and directed edgestbe graph datamodel can be implemented using
the Resource Description FramewdRDF. The vetices represent the information resource,
and the edges represent interlinks between theAm RDFGraph consists of a set of triple
statements in the <subject, predicate, object> form (Ségure7a). The subject identifies the

resource to which the statement refers.

http://dbpedia.org/resource/Central_Visayas
http://dbpedia.org/ontology/population _I |
6800180AMxsd:integer

predicate

subject

predicate

“Region VII”

Triple Structure http://dbpedia.org/ontology/Place Triples with URI
C

EBxml version="1.0" encoding="utf-8"
<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:dbpprop="http://dbpedia.ocrg/property/"
<rdf:Description rdf:about="http://dbpedia.org/resource/Central Visayas">
<rdf:type rdf:resource="http://dbpedia.org/ontology/Place" />
<dbpprop:name xml:lang="en">Region VII</dbpprop:name>
<dbpprop:population
rdf:datatype="http://www.w3.0rg/2001/XMLSchemaffintegex"> 6800180
</dbpprop:population:>
</rdf:Description> RDF/XML Code

Figure7: Graph representation of triple structure with corresponding URIs and RDF/XML code

Aspresentedin Figure?, the resource is identified by a Uniform Resource ldentifier
(URI), composed of a Uniform Resource Locator (URL) and a name, e.g.,
http://dbpedia.org/resourc e/Central_Visayas . The predicate corresponds to a

property or relationship for this resource, e.g.http://dbpedia.org/ontology
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/population or http://iwww.w3.0rg/1999/02/22 -rdf - syntax - ns#type , respectively.
Similarly, the object represents a (literal) valoe a resource associated with the subject
through a predicate, e.g.5800180"\xsd:integer or http://dbpedia.org/ontology
/Place respectivelyThe RDF statements can be serialized as RDF/XML codédgsc).

In order to provide a more precise definition of RDF nodes, triples and graph, some
authorshaveproposed a formalization as followSGNGTAt al. 2013;MICHELFE# al,
2014).

RDF nods:Let U, Band L be sets dll URI references, blank nodes and RDF literals,
respectivelySets U, Band L are pairwise disjoint. &RDF node is an element of their union.

N=UUBUL

RDF triplesAn RDF triple is a statemeakpressing that a resource hageoperty
with acertain value. Formally, the set of all triples is

Triples=(UUB)xUx(UUBUL).

RDF graphA subset G of Triples can be represented as a directed labelled graph and
referred to as anRDF @Gph.

RDF is a standard specification of the World Wide Web Consortium (Wg@paky
designed as a metadata model which enaldesa interchange on the Weld\ccording tats
a LIS O A T RDFA hasAfehyires that facilitate data merging even if the underlying schemas
differ, and it specifically supports the evolution of schemasrdime without requiring all
the data consumers to be changédDF features are suitabfer the requirements of the
solution approach proposed in this thesis. Besides, RDF specifications became a standard for

data publication on the Web.

3.2 Web of Data

Ba®d on graph structurerepresented by RDF statemerasd supported by the
W3C, the Web of Data involves simple principles of S®mantic Welto interlink and
annotate data, undelan open source license, reusing vocabularies or scheBERNERS
LEE 2006).The gaph data model is based onthe Web of Data and has been taken as an
alternative to solve conflicts about the structure and the semantic levels of ddda.known

as Linked Open Data (LOD), it is a powerful environment, which can be usexaraple, as
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a worldwide source of informatioBIZER et al., 2009t the core of the LOD initiatives
resides the idea of interconnecting figgained information resources not originally
associated, leveraging on the Web infrastructure by using HTRR, &hd RDF as a data

representation framework.

3.2.1 Interlinking Main Functions

The fundamental principle of LOD is about data interlinkidig.the Web of Data, the
links are primarily intended to aggregate value to data. They can be used to describe,
assocate, and infer new knowledge, besides supporting navigation and exploration. The
interlinking can be used as an important semantic enrichment mechanism: (i) to describe
information resources through an association to otherformation resources that
correponds to a new attribute; and (ii) to associate information using new interlinkbhien
triple, graph or dataset levelDescriptions can contextualize the data, improve semantics,
add new information, reveal the source of the daaad even add simple uas as its type.

The interlinking can be used to describe information resourceélhe description of a
resource can be enriched through an interlink with anotheformation resource that
describes a new attribute. The exampleFigure8 describes the Ardbeg Whisky showing the

region of its origin.

.0

- hi
isA Wi 'II5|<}"
Ardbeg

origin

Islay

Figure8: Sample of a resource description using a link

The interlining can be used to aociate information. Different information
domains can be associated using new interlinkgrentriple, graph or dataset level. In the
example illustrated irFigure9, the Whisky domain is integrated with the geographic area

through the origin place of each type of Whisky.
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Figure9: An example of integration of domains throughiaterlink

The interlinking can be used to discover or infer new informatioNew information
can be discovered by navigating through the links from a resource to another, as well as new
connections can be inferred. The dashed arrows-igiure10 representthe inferred links.
Relations with wider coverage may emerge, such &rivedFrom SnapshotQf

mayHaveBeenDerivedFroriighlyCorrelatedWith

owl:SymmetricProperty owlinverseOf

inferred

owliinverseof =~
owl:relativeof lepto p:parentOf

ptop:Agent

I
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rdfs:range
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FigurelO: Example oinference to the discovery of new information through interlinks

3.2.2 Data Quality and Provenance on the Web of Data

One of the main concerns while consuming data published on the Web is
trustworthiness one criteria of data qualityData quality is a complexoncept considering
its multidimensionality and relativityAMARAL CAMPOS200). It has different meanings

for different people, so it is necessary to define quality characteristics to describe how the
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assessment will be made. In databases, two types sdessments can be made: a
guantitative (or objective) ana qualitative (or subjective) assessment. @muantitative
evaluation, objective indicators are used and they are usually accomplished by automated
tools (software) A qualitative assessment of glity depends on the observeisoint of view
and on the data being measured. Some data quality criteria are: reliability, credibility,
consistency, completeness, relevanaaterpretability, ease of understandingjmeliness
reputation, relevance, accurgcsyntacticand semantic accuragpAMARAL; CAMPQOZ)04.

Studies indicate that the approach to assaegsdata quality on the Web of Data
analysis is through the origin of informatio(HARTIG 2009) Provenance has been
investigated in the areas of scientific workflow and datab@RU=#t al., 2009. Provenance
information about an item of data represents the history of the item, starting with its
creation, including information about its originidartig (2009)proposes that the source of
data items on the Web of Data includes information about their access and creation. On
access, information is obtained about the Web publisher and proviusrstored the data.
On creaton, descriptions are obtairteabout the implementation of the process of creating
the data.

Data quality inthe Web of Data ighe subject of several studie©IVIDINCet al.,
2009; FREITAS et al., 200MENDE®!t al., 2012;ZHAQ HARTIG2012 MENDONCA et al.,
2013; MICHELFEI&t al, 20194 and represents an important aspecf the architecture

proposed in thighesis

3.3 Conventional Database Xriple Stores

Triple stores are a type of graph databases designed to store triples aareé
implemented with featureghat enable Web data access through an endpoiridrawing a
parallel between traditional databases and triple stores, it is possible to observe functional
differences reveahg strength and weaknesses of these data persistence environments.
Table2 lists some database features and relaiesvith the way these two environments
handle these featuresNotice that the triple store approach presents some advantagéh
regardto complex slution requirements, particularly those concerned with schema creation
and information requirementsA schema in relational databasesfites tables and explicitly

lists attributes each record ithe table must have. A schema alsdidesadditional integity
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constraints.In atriple store, the schema has a different functiorio add valueby providing

an additional description of the information resource with its type

Table2: Conventionatlatabasex triple stores

Feature Conventional Database Triple Store
Schema Creation Before instances After, beforg ordoesnot
exists
Schema Implementation On data dictionary On triples
Schema Function Structure and add value Add value
Adapta_tlon to new Weak Strong
requirements
DataQuality High Defined bymetrics

Entity Identification

Through tables

Through context of use

Relationship

Only relations between
tables are explicit

All relatiorsare explicit

Integration

Internal: high
External: low

Depends on requirements
and effortemployed

Semantic expressivenesy  On conceptual model On relations
. . Based on keywords, mainl
Queries Structured, mainly local distributed
Queries results Precise and homogeneou| Ranked and heterogeneou
Management Support Advanced and stable In progress

Inference

Through mining algorithms

Through links navigation

Create, Read, Update ang

Create and read, evolving 1

Properties

Delete (CRUD) All covered update and delete
Atomicity, Consistency,
Isolation, Durability (ACID Guaranteed Not guaranteed

3.4 Heterogeneous Data Integration Supported by Linked Open Data

The use ofSemantic Webtechnologies for data integration purposes has been

explored by industry application&RAUBE et al., 201AARNIQSEILONEN, 201189 2! { Y°

et al., 2014) confirming what ag stated by Breslin et al. (2016 . &

YILWAY3I REGLE

in heterogeneous applications to common representation layers using RDF(S)/OWL, they
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RDF Bus architectue, initially proposed by Bernetisee (2005) and detailed by Passant

(2010). It has also been used as an approach for heterogeneous data integration by

1
http://www.w3.0rg/TR/2004/REEdf-primer-20040210/

Y
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GOGNF yatlridAy3a RFEGFE &a2dz2NOS&a (2 w5CX dzaAy3a 02
then enablingdata manipulation using SPARRLGSNI | ¢ ¢t o¢ ¢KSasd §SOK
applied to provide an integrated view of situations in the dynamic environment of
emergency managemenfCORDEIRO et al.,, 2013CHULZ et al.,, 2062SCHULZ et al.,
2012; MIJOVICt al., 2013 CORDEIRO et al., 2@)4Thisresearchehas produced strong
evidencethat linking features of LOD address many probleindynamic environments.

On the Web of Dataintegration occurswhen different domains are interlinked by
semantic relationswhen data is interlinked to conceptual reference frames also published in
LOD format, and annotated on widelyused vocabularies and ontologiesAs data is
associated with other information, an integrated view can be built to support decision
making at diferent levels and scope. Furthermore, as data analyzed, more data can be
retrieved by navigating through the links and enabling the exploration of the domain. The
the interlinkingprocess provides a powerful mechanism for heterogeneous ohémgration
as used in approaches and supporting tools

Notice that the concept of integration ithe Web of Data maydiffer from the
concept of integration based amrelational database. In the Web of Data, t@pmoredata
sources can be integrated thugh the creation of new dataset only composed by tHaks
that keptthe sources as they arén relational databases, twar moredata sources caalso
be integrated through the creation of a new dataset a view of thembut it is composed
by the daa from the sourceseliminating redundancies and inconsistenci€hkis procedure
in the Web of Datas called fusionwhere multiple records representing the same reabrid
object are fusedinto a single, consistent, and clean representatitircan beperformed by
solving conflicts between object values defining rukasch as maintaing the max or min
value, or calculabg and maintaing the medium(BLEIHOLDERAUMANN?2008 MENDES
et al., 2012)In this thesis, the main proposition of integration is based on the Web of Data,
thus it refers to create links, even though fusion techniques can be employed.

Jain et al. (2012011 proposed BLOOMS, an approachfiioding schemdevel links
between lOD datasetssimilarly to ontology alignment It is based on the idea of

bootstrapping information already present on the LOIDud Araujo et al. (2010) presented

2
http://www.w3.org/TR/rdf-spargtquery/
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Fusion, aframework that simplifies the definitionof mappings by providing a visual user
interface that integrates the exploratoprocess and the mapping process.

ThelLinked Data Integration Framewo{kDIF, proposed by Schultz et 42011), was
one of the first frameworks used within Linked Data applications to translate heterogeneous
data into a clean local target representation while keeping track of data provenance. In
parallel,the R2ZRML was recommended by W3C as a language for exjgesstomized
mappings from relational databases to RDF datasets. Extending it, Dimou @0&4)
proposedRML, a generic language for integrated RDF Mappings of Heterogeneous Data.
Broadening R2RML scope, the language becomes sagroestic and extenile, while
facilitating the definition of mappings of multiple heterogeneous sources. This leads to
higher integrity within datasets and richer interlinking among resources.

Focusing on implementations support, Groth et(aD14)discussed how Application
Programming Interfaces (API) can extend the classical Linkedpalteation architectur¢o
facilitate data integration. Ango (2014)proposed an approach, also based on the Semantic
Web, for data integration over distributed and heterogeneous datapemats. The work
describes an architecture for instance matching that takes into account the particularities of
this heterogeneous and distributed settingl/ith regard toquality assessment of integrated
data, severalworks haveproposed collecting provemee data of the interlinking process
(HARTIG, 2001ARJIet al.,2012 MENDES®t al.,2012 ZHAQHARTIG2012 MICHELFEIT
et al., 204).

Besides architectures, languages, frameworks and APIs supporting heterogeneous
data integration based on Linked Opddata, some interlinking algorithms have been
developed to discover links between datas€@EERRARét al., 2011 SCHARFFEUZENAT
2011;WOLGER2011)and to fuse data sourced AUDYet al., 2007 MENDES et al., 2012;
MICHELFEEX al., 204) based on conflict resolution.

3.5 Supporting ToolsFrameworksand Architecturedor Linking Data

Some transformation steps, such as cleaning, conversind conforming, precede
the data interlinking proces€Other steps can be addethr example,annotating the data
according to conceptual models and increasing the semantic expressivity. Focusing on

providing a tool to supporthis data transformation and linking steps, some wof&sus on
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developing stable and friendiyevelopmentenvironmens. The tools are gually composed

of a set of components and moduldisat are continuouslyevolving me examples are:
Linked Data Integration Framewort.DIF/R2RBil{Sieve), Extract, Transform and Load
framework for LOD HETLALOETL4LinkedProy) Open Data [@an  Store
(ODCleanStor&DCS-usionTodUnifiedViewy, and a Service Oriented Architecture for
Linked Data Integration usin§yntactic, Structural and Semantic Mediation for Service
CompositionDMaa$ approach.

The Linked Data Integration Framewo{kDIF)(Figure 11), initially proposed by
Schultz et al(2011), offers a modular architecture to support a wide range of applications in
producing a homogenized vieaver heterogeneous data originating from diverse sources.
Data sets are imported into LDIF throug¥eb Data Access Modulescludng RDFdump
import, Web of Datacrawler, and SPAR@ndpoint mport. The Data Translatiormodule
employs the R2R Frameworkioposed byBizer and Schultz (201@p translate Web data

that is represented using terms from different vocabularies into a single target vocabulary.

Vocabulary mappings are expressed using the R2R Mapping La%guage

Application Layer Application Code

SPARQL or RDF API

LDIF
Data Access, : ] <
. b Dat Data Identity Data Quality
Integration and WebData gl 4 anstation HP| Resolution [ and Fusion Integrated
Storage Layer e Module Module Module Web Data
T

| LD Wr:lpper | LD Wrapper

Publication Layer
Database A Database B

Figurell: Linked Data Integratlon Framework (LDIF) architect8@HULTZ et a2011)

3 http://wifo5 -03.informatik.unimannheim.de/bizer/r2r/spec/
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The Identity Resolutionmodule employs the Silk Link Discovery Framef}vork
proposed byVolz et al.(2009),to find different URIs that are used within different data
sources todentify the same realvorld entity. For each set of duplicates identified by Silk,
LDIF replaces all URI aliases with a single target URI within the output data. The Data Quality
Assessment and Fusion module employs Sieve, proposed by Mendes et al. {@@i@)ide
data quality evaluation and cleansing.

Similar to LDIFDDCleanStore is a server application for integration and management
of Linked Datalnitially proposed byKnapet al. (2012), itaccepts Linked Data as RDF,
processes them in a customizalpipeline of data processing units and saves the result to a
data store. Users are provided with integrated views on the processed data that are
generated on demand by the data fusion component, called GREMSBM o0l later
proposed byMichelfet et al. (2014)(Figurel2). Thereafter dso based on ETiaradigm the
UnifiedViews, proposed by Knap et al. (2014y,aframework that allows users to define,
execute,monitor, debug, schedulggnd share ETL data processing tasks, which may employ
custom plugins created by user&n important feature of UnifiedViews is that niatively

supports RDF data and ontologies.

OB 2anStars i
™ ¢ |
{2ource) Cuality ODCS-FusionTool P |
A;geg;m Eﬂt i ............................... '.i | ':_:_"I:I I'_l_
@ [E'mmmrall]klmap] i ! ResolutionFunction | [resalution
. irl Cﬂﬁstfuﬂiﬂl‘l EE. poeseseeas .....................:E o
‘ i | FaualityCaleulator | L] SStNg% £
= Ll roenrases
¥ Preprocessing 3 1 " II,:II }
N — | \
- — [ URI Resalution ] ' ':'_c:-ann:Lc.Iuiter ] I I
> . grouping :
Ontol i
neo F'EY \ v
mappings .

Figurel2: ODCleanStorand ODC%usionTooframework(MICHELFEIT et al., 2014)

4 http://silk -framework.com/

> http://www.unifiedviews.eu/
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Developing a broader set of steps for data integration, Cordeiro e{28l11a)
implemented the ETL4LOD, which adds a set of extensions to the ETL workflow engine called
Pentah§. The plugins supporthe data transformations required to p#erocess, to
integrate, and to interlink heterogeneous data. Thereafter, Mengaret al.(2013) proposed
the Linked Open Provenance (LOHYy@rel3), and used the same platform to support the
collection of prospective and the retrospective provenance data of the process. The
implemented set of extensions is called ETL4LinkeJRM:ENDONC}A, 2013)ith this tool,
it is possibleto interlink the provenance data with the corresponding transformed data,

enabling sound data quality assessments.

Web of Data
____7, "'"\
Domain + Link \‘
[DE] ¥ -1 S 1 it 1 Dataset , —
(1) N (2)
1 Dataset Dataset
(1) (2)
Triplify Provenance Quality
< 4 Gathering Agent Evaluator 54
c 9 b3
& 8 T -
c = i =
S Identity =3
- Resolution =
8 2 | pre-Integrate 5
T = g t = 'J
o © =1
o g ) Schema o
'-;Lu K] Clean Mappings o
- 9 Conform o
S 2 T 9
og t o
= Web Data A
Extract Access
7
Link Data Flow
ik =
mlsl= =
\gataset,'
Heterogeneous Data Sources -7 Legend

Figurel3: Linked Open ProvenandeR architecture overviefWMENDONCA et ap13)

Table3 summarizes some of the main characteristics of supporting tools, frameworks, and
architecture for linking data. Notice that each one has its strengths and weaknesses relative
to its objectives and application case. In this thesis, to support the solution for the open

issues explored in Secti@n3, the ETL4ALOD architecture was extended tovathe reuse of

6 http://www.pentaho.com/product/dataintegration
! http://greco.ppgi.ufrj.br/lodbr/index.php/principal/etl4linkedprov
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interlinking tools, such as Silk, and to natively process RDF Graph as the UnifiedView. Details

of the architecture and the supporting development framework are described in Set8on

Table3: Tools for Linking Data

Linked Data Extract, Transform
Approach Integration and Load framework Open Data Clean Stor
Framework for LOD
Tools LDIF/R2R/Silk/Siev ETLALOD/ETLALink O[?CIeanStorg{ODQS
Prov FusionTool/UnifiedViey
ETL Features Basic string Several, natively fror .
Covered transformation ETL tools SPARQL functions
Processed Grain RDF Triples Tuples_ and RDF RDF Triples and RDF
Triples Graph
Interfaces SPARQé&ndpoint, file SPARQLneipom_t, file SPARQLnelpoint, file
Supported system system, Relational system
Databases
Platform Developed from Pentaho .Data Developed from scratc|
scratch Integration
Provenance No Yes No

More recently,De Vettoret al. (2014) havéeen developing a independentdata
source andserviceoriented architecture that iers the mechanismt detect and resolve
data heterogeneity issues, and provides tools to aggregate and process information in order

to generate smartiata from diverse Web data sourc@&gureld).

Data Reasoning b
W

e S — :
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L Data Integration R
T (Workflow Generation) |
E N
e o o T
| E
N Semantic annotation —{ R
G F

------------ s e e
L C
A Data Source Management . | E
Y
E |
R

Web Sources
Open data
Clean base Database
{Generated
Legend
Data)
e - -- Filtering task

«— Data flow

Figurel4: Service oriented architecture for linked data integrati@t VETTOR al., 2014
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The authors define smart data agynificanf semantically explicit data, ready to be
useful tofulfill the stakeholderSobjectives.Each operation, as well as smart data access, is
available through a linked data service. A linked dat&ise is a Web resouradentified via
an URI and accessible with HTTP vehbsthe data integration layer,ot detect possible
heterogeneity problems, could thelye syntactic or structural, and to reconcile thethe
architecture uses theédDMaaS approachproposed byMrissaet al. (2013),an automated
solution for resolving data heterogeneity problems between semantically described data,
using a decentralized (peer to peer) repository of mediation serviee¥eb services
dedicated to data conversign The DMaaS approach classifies data heterogeneity issues
according to the syntactic, structurand semantic levels, and provides adapted mediation
along these levelsThe approactsets up the automatic cofiict detection mechanism, which
analysesinput metadda, and intercepts data responses to perform reconciliatfS&ELLAMI
et al., 2014)

Despite several workshat have been publishedaddressing the integration of
heterogeneous dataising LOD and thbroader issues covered hgols with sound results
achieval, there is still a lack of adequate faciliti¢sat interlink data from unpredicted
sourcesconcerning semantic expressivity level heterogeneity. This thesis addresses these

open issues, also based on LOD, as described in the following chapters.
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4 aDApTA:tegration of Emergent Informationn Complex

Environments

Different from complex systemsimple or complicated systesiwtan be characterized
by the continuous flow of interactions.e., without disruptionsamong the elementshat
compose an environment. In these systems, the interactions have been planned, follow a
social code or norm, or act as specified. Howewver,argue that,in complex systems, an
element can change its behavior in an unpredicted way, causing the interrupfighe
interaction flow. This interruption can be viewed as a conflict between two elemiaits
cannot communicate with each other any longer. This conflict has to be resolved in order to
establish a new flow of interactions. The conflict resolution iggplchanging the other
element<behavior. This change can be called adaptatidmus, in short, adaptation can be
seen as a way of resolving conflicts between the elements of an environment by changing
component£behavior in order to restore a dynamic daljorium of the system flow.An
element can befor examplea data resource in an information system.

Traditionally, adata resourcecan only be processed by an information system
fulfilling its constraints. If aesourcewith adifferent file format orimplicit meaningemerges
in an unpredicted way, the systemay not be able to process it, causing conflidis.this
scenario, bw can a system detect andesolve information heterogeneityonflicts? To
answer this questionthis work proposesan approach,named aDApTAjfor dealing with
structural and semantiexpressivityconflicts in order to enable new flows in the information
systems.

The approach is composed a set of systematically organized activities in a process,
as illustrated inFigurel5. The activities are grouped into two sections: the first handles the
adaptive integration of theunpredicted information concerning structural and semantic
expressivitylevel conflicts.The structural conflict is solved converting the incoming data to
RDF Graph, and the semantic expressivity conflict is solved annotating the information with
terms of common vocabulary and concepts of domain ontologies. Omeednflicts are

solved, the interlinking is performed using an appropriate tool chosen according to the
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semantic expressivity level of the informatiofhe result is the integration of the incoming
data, representing the current knowledge, and the domeformation base, representing
the previous knowledge, composing the combined knowledge, as exploréeyime2 of
Section2.1.

The secondyroup of activitiesof aDApTAandles the provenance collection and its
interlinking with theinterlinked domaindata. The collection is performed in parallel to the
adaptive integration atvities. Only after that, the provenance is published using terms and
concepts from common provenance vocabulary and ontologies, and ithis interlinked
with the domain data allowing the joint exploratiolhe Business Process Model and
Notation (BPMN) standardizedby OMG (2011)is used to representhe aDApTAprocess

However,an extension vasneeded to depict the provenance monitoringo address that, a

double line circle with the letter P was used.
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Figurel5: Adaptive approach for information integration with provenance
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4.1 Adaptive Integration of Information

Theflow of the first sectionstarts withtwo basicactivities:Analyze Input Information
and Convert to RDF Grapfihe formeranalyzs the incoming datdhrough a technique,
called data profiling, used to identify the structure and to become avedithe content of a
source in order to check anomalies before building a cleaning and conforming process
(KIMBALL et al. 2013j there is astructure conflict, i.e., if it has a different format from the
domain information base, theecondactivity of the approach converts the data to an RDF
Graph.This process is also known as triplificatemd it is implemented through a setfo
steps in a workflow. Once implemented, the triplification runs automatic@lignsformation
tasks are also performed in this activity to solve the anomalies detected in the previous
activity. The other three activities of théddaptive Integration of lafrmation section are
describedbelow. As they represent the core of the aDApTA approach, each activity is

detailed in one section.

4.1.1 ldentify Semantic Level

After the conversionthe RDF Graph semantic expressivity level is asse$Shetdis a
central actiiy of aDApPTA in enabling the adaptation of the interlinking approach. The
activity is performed by using &emantic Level Evaluation Framewadk identify the
description associated with a resour@nd to assign a level to it. The framework is
configured trough an XML file with avalue and a label used to represent each level.
Furthermore an evaluation rule is set. The rule will be executed by the implementation code
of the ETL4LODBraph, as detailed ifection 4.3.2 (ETL4ALOraph FameworR. Figurel6

showsa template example of the framework configuratioiMLfile.

<SemanticLevelFramework >
<Level id="1">
<Rule></Rule>
<Value></Value>
<Description> </Description>
</Level>
<SemanticLevelFramework>

Figurel6: Template @ample ofthe Semantic Level Evaluation FramewcokfigurationXMLfile
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Applyingthe frameworkconfiguration to the exampleslustrated in Figurel7 and
Figurel8, somepossiblesemanticexpressivityevels are:

1 LOW: a resource described by a literal,

1 MEDIUM: a resource described by other resource;

1 HIGH: a resource or a property described by a prefiMch represents a vocabulary
or an ontology; and

1 ADVANCED: a resource described by an ontology comoegtled based on a

foundational ontologfl.

e -. Low

r |
iprefixiresource
i

]

1
1
e = value

_________

t -
iprefixdiresource

oo

Figurel7: Diagram of someemanticexpressivityevels of an information resource

Low Semantic Expressivity Level Medium Semantic Expressivity Level

warehouse26 “FO7 WAREHOUSE” shipment254 "FO7 WAREHOUSE"
name toWarehouseFacility

region

“Region VII”
warehouse26
a b

Advanced Semantic Expressivity Level

Central_Visayas “Region VII”
dbpprop:name _D

[

dbpedia-ow]:archipelago of

c dbpedia:Capitancillo_Island d

Figurel8: Examples ofraph datawith different semantic expressivity levels

8
A foundational otology is composed of welbunded high level concepts which are used to improve the semantic
expressivity of domain concepts (seew.inf.ufes.br/~gguizzardi/BalticDB&IS.pdf
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The semantic expressivity level can be assessed, for example, by checking if the prefix
used to describe the subjeand predicates of an information resource represents the
concepts of a vocabulary or those of an ontology. If it represents a vocabulary, then the
subject item has lower semantic expressivity thhwe one described by an ontologyror
example, the informaon resourcepriorityl01 has lower semantic expressivity level than
Central_Visayasbecause it is basically described dpncepts of domain ontologie$lace
RDFandLaiiD and the latter is described by concepts of an upper ontology (dbpmalia

Notice that hese levels belong to a simplified framework with a basic semantic
structure of an information resourceMore levels can be added. For example, an
information resource described with 20 literal properties l@l®wer semantic expressivity
level than a resource descrildavith 10 properties mainly annotated with ontology concepts.
Hence, he more detailed the framework ithe more accurate results are expect&om the
adaptive approach for information integration, i.emore expressive interlinkdHowever,
more data processing and time amdso required. The volume of data and the time
requirement have to be evaluated to determine the framework detailed letogjether with
requirements of expressiveness precision of the application case andintegration
approaches available

Theconceptualframework depicted inFigurel9a, was used as a reference to create

a vocabulary, called Semantic Expressivenegsl IStamp, abbreviated astamp .

Conceptual Diagram of Semantic Level Vocabulay of an Information Resource

medium

[resource ]—-[ hasSemanticLevel

high

advanced

Semantic Level Vocabulay Examples of Semantic Level Stamp Triples
sstamp:resource
sstamp:hasSemanticlLevel
sstamp:low
sstamp:medium
sstamp:high
sstamp:advanced b

<warehouse26><sstamp:hasSemanticLevel><sstamp:low>
<shipment2><sstamp:hasSemanticlLevel><sstamp:medium>
<priorityl01><sstamp:hasSemanticLevel><sstamp:high>

C

Figurel9: Simplified semantic interlinking level vocabulary and examples
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As illustrated irFigurel9 andFigurelSc, thesstamp vocabularyis used to mark the
triples with the identified semantiexpressivitylevel, whichsupports theselecton of the
appropriate irerlinking approach. This step is accomplished using a program code which
creates new stamp triples according to the designed framework, e.g.,
<resource><sstamp:hasSemanti cLevel><sstamp:low> . The implementation and
application of this conceptual frameworks detailed in Sections 4.3.1 (Architecture
Component¥ and4.3.2(ETL Workflovef the Adaptive Interlinkingj respectively.

Algorithm 1 is the pseudoode of this assessment procebst usesthe presented
evaluation framework. The input is an RDF Graph and the output is a stamp trgtiemp
triple is composed of the subject being evaluated, the propérySemanticLevel , and a

resource that represents the semantic expressivity level.

Algorithm 1: Semantic Expressivity Level Assessement
Input: RDFGraph g[List Triple t[Subject s, Predicate p, Object o]
Output: Triple stamp[Subject s, Predicate o, Object o]
initialization;
i+ 1;
value Level < 0;
asscssedValueLevel + 1;
semanticLevel < "low”;
forall the Triple t in g do

prefizS « g.t(i).[s].get Prefiz();

prefixP « g.t(i).[pl.get Prefix();

prefizO « g.t(i).[o].get Prefix();

if g.t(i).[o] is Literal() then

semanticLevel + "low”;

assessedV alueLevel + 1;

i+

t isVocabulary(prefizS) or isVocabulary(preficP) or isVocabulary(prefizO) then
semanticLevel «+ "medium”;

assessedV alueLevel + 2;

t isOntology(prefizS) or isOntology(prefizP) or isOntology(prefizO) then
semanticLevel <+ " high”;

assessedV alueLevel < 3;

i+

f valueLevel <assessed ValueLevel then
stamp < [g.t(7).[s], "hasSemanticLevel” , semanticLevel];
valueLevel + assessedV alueLevel;

i+

i i+ 1;
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Figure20 showsa RDF Graph marked with law stamp triple as it is only described
by literals and another RDF Graph marked witthigh stamp triple as it is described by
other resources and concepts from ontologies.

warehouse26 “FO7 WAREHOUSE” priority101 74785 M xsd:integer
- laiid:BeneficiaryQuantity |

lace:Region

sstamp:hasSema

“Region VII” sstamp:hasSemantjcLevel Region VIl

SStamp!|0W . laiid:BeneficiaryGroup

sstamp:high
Figure20: Example RDF Grapdhmarked witha stamp triple

In order to discover if the prefix represents a vocabulary or an ontology, the
approachimplementationuses advietadata Repository of Conceptual Reference Frameworks
The Linked Open Vocabularf/I_OV?, for example, stees some properties about the
vocabularies and ontologies, such as, name, prefix, title and description. In aDAgiTA,
the simplified framework depicted ifrigure 17, the identification is performed by two
functions that search the termsa @2 Ol o2NJF By G2t 238¢ Ay GKS
Additionally, it is possible t@ecognizef the prefix represents an upper ontology by querying
0KS G 3 Gehetald Rppei@uriently there are 13 ontologies tagged as a general
and upper ontology. Some examples abescriptive Ontology for Linguistic and Cognitive
Engineering+ Descriptions and Situation€DOLCE+DnS) UItraﬁ?e British Broadcasting
Corporation (BBC) Core Conceﬁt]s and Upper Mapping and Binding Exchange Layer
(UMBELLY.

o http://lov.okfn.org/dataset/lov
10 http://www.ontologydesignpatterns.org/ont/dul/DUL.owl
1 http://www.bbc.co.uk/ontologies/coreconcepts

12 http://lumbel.org/umbel
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For simplification purposg a dump of LOV repository was downloaded to feed the
system. However, it would be possible to use the LOV end’ﬁafmtAPf4 for online access.
Figue 21 illustrates the SPARQL query ahable4 presents a subset of the correspand

result.

PREFIX vann:<http://purl.org/vocab/vann/>
PREFIX voaf:<http://purl.org/vocommons/voaf#>
PREFIX dc: <http://purl.org/dc/terms/>

### Vocabularies contained in LOV , their prefix , title and description
SELECT DISTINCT *{
GRAPH <http://lov.okfn.org/dataset/lov>{
?vocabURI a voaf:Vocabulary.
?vocabURI vann:preferredNamespacePrefix ?vocabPrefix.
?vocabURI dc:title ?vocabTitle.
?vocabURI dc:description ?vocabDescription.
}} ORDER BY ?vocabPrefix

Figue 21: SPARQL query performed in LOV endpoint

Table4: Subset of the result of the SPARQL query performed in LOV endpoint

vocabURI vocabPrefix vocabTitle vocabDescription
http://purl.org/acco/ns acco "Accomodation "Avocabularyfor the description of
Ontology"@en hotels, vacation homes, camping sites

and other accommodation offers for e
commerce"@en

http://www.rkbexplorer.com/ontologies acm "ACM Classification "Thisontologyis a representation of The
Jacm Ontology"@en ACM Computing Classification Systen
[1998]"@en
http://privatealpha.com/ontology/certifi acrt "Agent Certification| "This document specifies\wacabulary
cation/1# Ontology"@en for asserting the existence of official

endorsements ocertifications of agents,
such as people and organizations."@e

http://schemas.talis.com/2005/address| ad "Address "A simplevocabularyused to represent

schema Schema"@en people adiress elements"@en
http://www.ontologydesignpatterns.org/ont/ dul a5h[/ 9bf a¢K S 5h [Uktrdite Gnt61pgy. It is
dul/DUL.owl £ GNJ £ Ad asimplification of some parts of the

DOLCE Lite f dza f A 0 NJ

The use of a metadata repository, such as LOV, is one of the possible approaches to
discover which type of conceptual framework the prefix represents. Moreover, it is possible
to have conceptual models with different levels of precisidbnday the LOV repsitory is
available andis being used as a reference. It contains 469 vocabularies and more than

46,000 terms. The current procedure for a vocabulary registration is the suggestion

13 http://lov.okfn.org/endpoint/lov
14 http://lov.okfn.org/dataset/lov/api
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performed by the authors who provide a few metadata properties using tlg/ L

recommendation® and their own conceptualization of what a vocabulary or ontoltgy
However, it can evolve to more sophisticdteroceduressuch asthe automated recording
andthe input ofmore detailsabout the conceptual models or vocabularies

Despite possible limitations and imprecisions of th@Vrepository,it is a useful tool
to support the identification of the semantic expressivity level of the data to further
support heterogeneity conflicts resolutiomhe same information resource described in
different waysmay compromise the efficiency ahtegration/matching algorithms. The
proposed approaclaims to minimize this impact in order to improve the integration results.

To do that, he semantic expressivitgvel of the information resourceust be identified.

4.1.2 Annotate with Conceptual Description

If the semanticexpressivitylevel of theunpredicteddata source idower than the
level of thedomain information base, then the semantic expressivity of the datarce
descriptor is augmented using conceptual reference models such as vocabularies and
ontologies. This task can be accomplished in many ways, e.g., by adding a prefix to resources
and properties or replacing properties with a prefix and a common qainde addition a
prefix can be added to a resource or a property, abbreviating the namespace of a URI,
representing a class or a relation of a vocabul&iyher astandard or a domain vocabulary
canbe usedAs a result, thesemantic expressivity of theformationresource moves from
medium to highevel.

For examplefian RDF Graph is represented with little semantic confegurel8a),
mainly described by literals (text strings) and property without prefixes, then it is annotated
with a concept from a vocabulary or an ontologhhus, he Annotate with Conceptual
Descripton activity is performed with a mapping fithat can be created manually or by an
alignment approach. To perform this step, Algorithm 2 is used to annotate an RDF triple

from a mapping input list.

15 http://lov.okfn.org/Recommendations_Vocabulary Design.pdf
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Algorithm 2: Annotation of an RDF Triple
Input: Triple t[Subject s, Predicate p. Object o],
List mapping|[Literal from. Literal to]
Output: Triple annotatedTriple[Subject s, Predicate p, Object o]
initialization;
forall the from in mapping do
if mapping/from/==t[s] then
L annotatedT'riple[s] <= mappinglto]:

if mapping[from/==t[p] then
L annotated T'riple[p] <— mapping[tol;
if mapping/from/==t[o] then
L annotatedT'riple[o] < mappinglto]:

Also, this task can be performed by extending existing mapping and alignment
algorithms JAINet al. 2011;BELLENGER et al., 20tBaugment the semantic expressivity
of data sourcesAfter that, the semantiexpressivitylevel of the new data source is assessed
again to get a new stamg-ence, the activityAnnotate with Conceptual Descripti@an
solve the semantic expressivity level conflict enabling ribe/ source to go further in the
flow of the integration process.

Another possible conflict scenariougienthe incoming data have higher semantic
expresivity level than the one already stored in the information system. In that case, a
project decision must be made in order to ensure information resources with the same
semantic expressivity levef.lhe decision cabe either an upgrade or a downgrade ofeth

semantic expressivity of the information resources.

4.1.3 Adaptive Interlinking

Thelast activity is theAdaptive Interlinkinghat switches the interlinking approach
accordingto the semantic expressity level of the incoming dataThe available interlinki
tools use different approaches to create links. Some of them consider only the literal value
of properties. Others consider the type of the information resource. There are also tools that
implement algorithmghat use domain ontologies to infer links eten data from different

sources, such as Knofolsand BLOOMS In aDApTA each interlinking tool is identified

16 http://technologies.kmi.open.ac.uk/knofuss/
17 http://wiki.knoesis.org/index.php/BLOOMS
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according to its level of sophistication. For example, tdabk use only literal values are
marked with alow stamp triple and tools which use ontologies to suggest links are marked
with a high stamp triple Similar to the semantic expressivity level framework of an
information resource (se&section4.1.]1, Identify Semantic Levgl a sophisticationlevel
framework was developed to support the classification of the interlinking toBigure22

presents the conceptual diagram, vocabulaapd some examples aftamp triplesof this

framework.
Conceptual Diagram of Sophistication Level of an Interlinking Tool
low
medium
high semanticLinking ]4—[ tool ]
ig
advanced
a
Semantic Level Vocabulay Examples of Sophistication Level Stamp Triples
sstamp:tool
sstamp:semanticLinking sstamp:medium
sstamp:low
sstamp:medium
sstamp:high <knofouss><rdf:type><sstamp:approach>
sstamp:advanced b <knofouss><sstamp:semanticLinking><sstamp:advanced>
' C

Figure22: Sophistication levels of intémnking tools

Thestamp triplesenable the system to adapt the interlinking process by defining the
corresponding ananostappropriate tool for thenformation resources to be integratedt is
performed by selecting an interlimg tool that corresponds tothe samelevel of the
information semantic expressivity leveDifferent from the assessment of the semantic
expressivitylevel of an information resource, which can be automated, the assessment of
the sophistication level of a tool is performed manualiowever, if there was a standard
metadata repository describing the tools, similarly to LOV, the assessment could be

automated too.
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4.2 Provenance CollectignPublish and Interlink

In order to support data trustworthiness, provenance data of the adaptive
integration process is collectegdublished with semantic support, antinked tothe domain
data, following theapproachproposed byMendonca et al(2013; 2014)Besides provenance
of regular activities of an integration processhis approachwas extended to collect
provenance of theaDApTA activitiestdentify Semantic LevyeRnnotate with Conceptual

Descriptiorand Adaptive Interlink

4.2.1 Collect Prospective and Retrospective Proveca Data

In parallel to the activities described in previous sections, the provenance data of the
whole process is collectedhe collect activity gathers prospective provenance data about
the composition and specification of the process, and retrospegire¥enance data about
the execution of the process. Thecope of the collectedprovenance can be defined
according to the application case, i.e., it is possible to collect the provenance data either
from a single step or from a set of steps.

Every time a activity is performedthe provenance metadata is captarand stored
in a staging repository. The monitored events:ahe start and the end of the main process
or any of the sukprocess; the start and the end of each executed activity; the data rgaa b
given activity. A subset of activity types can be selected to be monitored, defining the
granularity of the provenance which impacts on the volume of collected ddte.execution
of the provenance collection activity ends when the last activity of the integration process

has finished

4.2.2 Publish Provenance Data with Semantic Support
To support the publication of provenance data semanticdtyg, next activity uses.
set of commonProvenance Vocabularies and OntologieROMO™ is used to represent the

semantics of the process. OMPWs used, as an extension of PROVto distinguish the

18 http://www.w3.org/ns/prov#
19 http://www.opmw.org/ontology
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semantics relating to prospective and retrospective provenance.’€ogmlogy is als used
as an extension of PR to represent the concepts of an ETL procd<REITAS et al.,
2012) The support of these common concepts enables interoperability with the Web of
Data provenance.

The provenance data captured and stored in the staging liégpgsis annotated with
these common concepts anstored in the Provenance Datasetwhich can be accessed
through a SPARQL endpoint.

4.2.3 Interlink Domain Data with Provenance Data

Finally, the collectecand semantically enrichegrovenance dataare published &
LODandinterlinked with the domain datavioreover, the retrospective provenance data are
interlinked with the prospective provenance data. The generated links castdoed in the
Provenance Datasetdr separated in aLink Dataset These links enable theonjunction
exploration of both domain and provenance data through SPARQL queries, and supports
data quality and trustworthiness assessmeri®me examples are describedSection5.5

(Decision Making Suppgrt

4.3 Supporting Architecture

The aDApTAarchitecture was designed in layers grouping the elements present in
the context of an environment which supports decision making under high flow of
information. The core components are located between the data sources and the interface
with the end users enabling the composition of an integrated view from heterogeneous and
unpredided data sources. In order to implement the architecture, a set of ETL steps were
developed, composing a framewgrlcalled ETLALGGraph which allows the aDApTA
application in any domainBoth components and development framework are detailed

hereafter.

20 http://vocab.deri.ie/cogs
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4.3.1 Architecture Components

The supporting architecture={gure23) of aDApTAs composed of four layers. The
first layer contairs elements that represent the dynamic emnment where the system is
used. The main actors are the agetitat contribute with theirexperiences on the field. For
example, theField Ayentsreport their perspective of the situatiarthe DecisionMakersuse
the information to define the actions tde performed by theField Agents and the
Information Analystooperate the information system. Moreover, it is possible to provide

open access tdhird Partyapplications to use the integrated data.

Q
= £
Eo % Third Party
SZzZE Application
Auw Field Agents Decision Maker Information Analyst Y Y
Situation ‘
o s ) ) ) ) ) Input Complementary
L Y O
2 E & Situation Awareness Input Analytical Information Environment Information Demand
t Integrated View
E | Adaptive Interlinking Orchestrator |
-
c ‘ Provenance Collector Agent |
=
E Graph Data Semantic Expressivity Conceptual Description Semantic
[ Converter Identifier Annotator Interlinker
— Complementary
g t t t t Information
p=] — S s = N — - Demand
o _ - i Semantic Level .
o Data Staging Domain Provenance Ontologies Evaluation Map.plngs am Processor
- Repository Triple Store Triple Store Repository Framework Files
<
r 3 r 3
Available Information Complementary Information
3 { Vo '
g i ) ! a Domain | | OpenData Source |
& | Local Base| || Remote Relational | Relational | InformationBases | | o Webof |
® i Base Local Base Remote Base P Data =l !
< i P i

Figure23: Architecture foradaptive data integration with provenance collection

The second layeris composed of Web applications actingasinterface between
the integration layer and the end users. T8&uation Awareness Inpatlows the input of
the situation reports provided yothe agents. The report can be provided in many ways as
the technology evolves. For example, a field agent can use a radio to send a message to
internal agents in a central room which uses a desktop application to input the information.
Alternatively, the field agent can use an application available on a mobile device to report
the situation directly fronthe field. Furthermore, it is possible to receive information about

the situation from other sources, such as, sensors, social media and network, and ev



75

images captured by dronesa technology gaining popularity recently. The current
information reported by the field agents is integrated with previous information and
presented to the decision maker bydgnamic and multperspective viewlt is performedoy
the Analytical Information Environmentvhich provides a set of interactive graph reports
showing the integrated view of the ongoing situation. Based on the analyses, the decision
maker may demand new information using the interfdoput Complementarynformation
Demand

Thethird layer, calledAdaptive Interlinkercontains the components that implement
the activities andhe steps ofaDApPTA, described in SectiBrf{seeFigurel5). TheAdaptive
Integration Orchestratomanages thee steps. Provenance is collected the Provenance
Collector Agent plugged into the orchestrated steps. The Graph Data Converter, the
Sematic Expressivity Identifier, the Conceptual Description Annqgtatod the Semantic
Interlinkerimplementthe respectivesteps of the approach Additionally, theComplementary
Information Demand Processarawls the open data cloud to retrieve additionaddarmation
to fulfill unexpected demandsThis layer can be implemented using an ETL platferinnch
allows the implementation of needed extensions of the aDApTA.

TheAdaptive Interlinkecomponents aresupported by a set oflata stores The first
is theData Staging Repositonsuallyused to support the ETL workflow, tempaitg storing
the raw data extractedbr receivedfrom data sourcessupporting the analses, cleaning,
conforming and conversion activities. In addition, trewv provenance data colleetl from
the workflowis also stored in this repositorfhe second is thBomain TripleSore used to
store theintegrateddomain data converted tan RDF GraptRegarding the great volume of
provenancedata that can be collected, as will be shownGhaper 5 (Application Case
anotherrepositoty is used to store the provenance triples and the corresponding links to the
domain data.The lastdata storeis the Ontology Repositorwhich stores the domain and
provenance ontologiesised by the semantic enrichment activitieBhese ontologiesre
usedto evolve the conceptual schema descriptor of the data &mgublish the collected
provenance datarespectivelyln addition,two types of supporting data are stored in this
layer: theSemantic Level Evaluation Framewauked to identify the semantic level of the

incoming data; and théapping Filesusedby the Annotate with Conceptual Description



76

activity to map the vocabularies and domain ontologies to the data attribuidgse two
configuration filescan be stored s triples or as XML machine readable file formas
exemplified in tle Figure48 andFigure51 of the application case (Secti@n3).

The result of the process is the integrated information stored in Bremain Triple
Storeand the corresponding interlinked provenance data stored in Bievenance Triple
Store The other data stores are used to support the process.

Finally, thefourth layer comprises the available data sources with information about
the specific targetdomain or about any other domain used to complement unexpected
demands of information to support decision makinglso, the Metadata Repository of
Conceptual Reference Framewgrgsch as LOV, used by aDApdak be available online in
the Web of Data.

All components ofthe Adaptive Interlinkedayer were implemented extending the
Pentaho Data Integration(PDI) platform and he triple were stored in theOpen Link

Virtuosd™. The implementation details are described in the following section.

4.3.2 ETLALOIGBraph Famework

As explored in Sectio.5 (Supporting Tools Frameworksand Architecturesfor
Linking Daty there are severalools that allow the practical application of LOD principles
supporting the development of integrated Web of Data applications. However, it is
necessary to have features to enable the orchestration of the phasdshe steps required
for loading, conforming, annotatin@nd interlinking RDF Graphs, together with other input
file formats. In addition,the provenance of the undejiing interlinkng approachmust be
collected and exposed to support data quality asseent.

The nature and variety of data sources is the primary factor tecdresidered when
selecting the most appropriate Linked Datablishing strategfHEATHBIZER, 2011)he
process of cleaning, transforming amategrating data from heterogeneous waes and
formats to betriplified and published can naturally be orchestrated by an &djroach
(MENDONCA et al., 2013uchan approach uses a workflow for the linked datablishing

process, inheriting the potential offered by ETL toalsd techniques to perform data

2
lhttp://virtuoso.openlinksw.com/
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preparation and integration beforats triplification. Thus, implementing theAdaptive

Integration Orchestratoof the aDApTA architecturd=igure23), the main benefits of this

approach are:

a)
b)

c)

the systematization of the linked data publishing process;

the monitoring and management of the several cleaning, conformamgl
integration tasksand

the facilities for reusing workflows to loatkw data and maintain ufo-date

workflow definition and data.

The main steps of thETLworkflow are

a)

b)

d)

e)

extraction when raw data is collected from sources astored on a disk
before any significant restructuring or manipulation of data takes place;
cleaning, when extracted data can be corrected (or rejected), and then
registered, according to modifications and rules enforcement applied to the
data;

conforming when data is transformed according to intended purposes, from
handling data duplication issuefaced when merging sources to data
annotation based on common vocabularies, and the conversion to a standard
RDF format (triplification);

delivering when data is physically structured and loaded to a destination
repository in order to be further consunde and

operation and management when job execution, scheduling, exception

handling,andrecovery take place.

In ETL4ALOD projecthe Pentaho Data Integration (a.k.a. Kettle) was adopted as the

workflow framework to support the LOD publishing procéSORDEIRO et,a2011a) To

implement the components oADApTAsupporting architecture, the ETL4LOD framework

was extended in order to process RDF Graphksjdesrows of a relational database. This

extension called ETLALGGraph,is essentialto meet adaptive requirements of complex

environments As discussed in Sectidh3 (Conventional Database Xriple Storey on

relational or tabular dataevery row has the sameckems i.e., the same set of fields or

columns. However, in dynamic environments, an information resource can be described with
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different properties, everwhen the propertiesdescribethe sameconcept Moreover, over
time, new properties can be created as links are generated, improving the description of the
resources.

To apply aDApTA approacltnet data flow grain of the supporting ETL framework
needs to be charegl to a subgraph. Instead of at@ple consistingof a subject, a predicate

and an object, an RDF Graph is processed, representtup@ct temThe RDF Graphas
implemented using the interfackode®? from the Apache]enapackagés, on which an RDF

Model is a set of RDIStatements The Apache Jerfdis a free and open source Java
framework for building Semantic Web and Linked Data applications.

Thus, the ETL4AL@Braph represents reother contribution of this workwhere the
ETL workflow engine, which natively processes relatiandltabulardata, was extended in
order to process RDF Graphs. The major impact of this extensalDApTASs that it allows
the semantic expressivity level assessment of a subgraph composat sthtementsthat
describe the information resource, instead of a single triple, regardless of the number of
properties that composes ifthis is a fundamental feature of the adaptive approach for data
integration proposed in this worlBased on thatsome supporting steps were implemented
Eachstep is described below, antheir application is explored in Sectiorts3 and 5.4.

Furthermore, the Appendix B gives more details about its implementation.

22 http://jena.apache.org/documentation/javadoc/jena/com/hp/hpl/jena/rdf/model/Model.html
23 https://jena.apache.org/documentation/javadoc/jena/jena/packagammary.htmi

24 https://jena.apache.org/
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RDF GraplsPARQRuery. the first step of an ETL workflow is the extraction of data
from a source. When the source is a dadab, aguery step is used. In our case, the source
can be aSPARQENdpoint In the first version of ETL4ALOD, the s@PARQL Queryas
developed to retrieve triples and process ti@ELECTommand results, which has a
columnar format.In order to retrieve RDF Graphs fromS® ARQENdpoint, this step was
improved It now runs aSPARQguery against an endpoint and retrieves a set of RDF Graphs
composed of triples. Thus, tPARQtommands can only bBBESCRIBE CONSTRUCThe
input pamameters are SPARQendpoint URL, Named Graph al8PARQQuery. The output
is an object composed of a set of RDF Graplgire24 presents a screenhst of this step
configuration interface where th@uerytab is selected ad shows the SPARQL query input

and validation.

(%) RDF Graph SPARQL Query =NIEN X

Step Name RDF Graph Spargl Query
SPARQL Endpoint |Prefixes | Query ~_Output Fields

Query:
describe * {?s5 ?p 70}

Validate

Query is wvalid.

| Ok || Cancel‘

Figuré24: Configuration interfacef the RDF Graph SPARQL Qutzp
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RDF Graph Semantic Level MarkeraDApTAthe semantic level of an RDF Graph is
evaluated and maintained on the database to support the definition of a corresponding
interlinking tool. To do that, this stegads an RDF Graph, evaluates its semantic expressivity
level and creates a metriple, stamping its levelt is performed as described in Algorithm 1
(see Sectiont.1.1). The inputis the Graph Fieldepresenting the RDF Grapheetrieved by
the RDF Graph SPARQL Qutep. Theoutputsarethe subject, predicated and objefields
which composea stamp triple describing the semantic level of the RDF Graphe
configuration parameters are thication of the XMLLinked Open Vocabulafife and the
location of the XML Semantic Level Evaluation Framewditk. The rules defined in the
framework are performed in Java code with teealmethod of thelnterpreter Classof the
BeanShelpackagé®. The Figure25 presents the screen shot of the configuration interface

which allows the filling of the parameters.

@ Graph Semantic Level Marker = | (5] -
Step name RDF Graph Semantic Level Marker{
Input Fields
Graph Field -
Output Fields
Subject Field StampSubject *
Predicate Field StampPredicate M
Object Field StampObject M
Linked Open Vocabulary File: Browse

Semantic Level Evaluation Framework Browse

i

‘ oK H Cancel|

Figure25: Configuration interfacef the RDF Graph Semantic Level Maidtep

2 http://www.beanshell.org/javadoc/bsh/Interpreter.html
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RDF Graph Triplifierduring the transformation process, there are cases where each
triple, which composes th&&DFGraph must be processed individually. Thus, this step was
developed to ead an RDF Graph and return a set of rows with three fietagaining the
subject, predicate and object of each triple of the RDF Graph. In short, this step is used to
change the grain of the data processed by the workflow from RDF Graph to tHjgese26

presents the screen shot of the configuration interface of this step.

& Graph Triplify = |

Step name  RDF Graph Triplify

Input Fields
Graph Field - @

Output Fields

Subject Field subject @
Predicate Field predicate @
Object Field object @

l oK H Cancel‘

Figure26: Cfonfiguration interfacef the RDF Graph Triplifistep

Triple Annotator. in order to improve the semantiexpressivity level of an RDF
Graph, this step annotates the triples with a conceptual description model. As described in
Algorithm 2 Eection 4.1.2), it automaticdly changes the property or the object of a triple
with terms from vocabularies and ontologies according to a mapping FROMML filg
built manually The input parameters are triples and the location of the XML mapping file.
The output is the annotatedriple. Figure27 shows the screen shot of the configuration

interface where the parameters are filled together with the path of Mapping file

I ) Annotator { = | =l ‘i&r

Step name  Triple Annotator

Subject Field

1

Predicate Field

1

1

¢ & & @&

Object Field
NTriple Field ntriple

Mame of the mapping file

Browse...

I

l oK “ Cancel‘

Figure27: Configuration interfacef the Triple Annotatoistep
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The screen shatof Figure28 and Figure29 illustrate the Pentaho Data Integration

(PDI) development environment,

which is compds# apallet listing the availablsteps

located onthe left side of the scregrand a workspacdocatedon the right sidewherethe

workflow is developed with a set of configured steps.Figure 28, the new stepsof

ETLALOGraph areillustrated on

illustratesthe improved steps of E

the pallet and on the workspaceLikewise,Figure 29

TL4LOD.

O Spoon - [adapta] Transformation 1 (changed)

= |5 - |

File Edit View Action Tools Help
2 &@EE &

o View | &~ Design

Steps

» Big Data
LinkedDataBR. - Graph
() RDF Graph Semantic Level Marker |=
(% RDF Graph Spargl Query
2 RDF Graph Triplify
) Triple Annotator
LinkedDataBR
Input
Output
Transform

x
@e | »
-

F]
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-

Perspective:| & Data Integration [ Model = Visualize
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R¥%F BB HER

7N
RDF Graph Spargl Query
A
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=
=

100%

-

RDF Graph Triplify

A

Triple Annotator

Figure28: PDI pallebf ETL4ALOGraphsteps
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Figure29: PDI pallet of improved ETL4LOD steps
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The improvement on ETL4ALOD was the development of SRARQLIRun Query

(Figure30) whichenables the specification of a text qudryperform updates in the dataset,
such asUPDATE DATA, DELETE WO ROP GRAPWKnother minor improvement was
a1 yYRIENRATIFGAR2Y 2F | f¢

i KS

RSaA3IYy | yR

@ Spargl Insert l = | = | ]
Step name | Sparql Run Query
Query
Query Text Field Name | QueryText -®
Connection setup
Spargl Update Endpoint URL  http://example.com:80/spargl-auth @
User Name ysername M
Password .
Output fields
Status Code status code M
Status Message  status_message M
‘ 0K | ‘ Cancel |

Figure30: Configuration interface of th6PARQL Run Qustgp

In order toenable the provenanceotlection of the new steps described aboyehe

Provenance Agent of the ETL4Linked5€stee Sectio3.5) was extended

aidsLia

Provenance Collector Agenthis step captures the prospective and retrospective

provenance data, and makes the interlinking to the transformed data from the domain,

during theexecution of the transforming procestn fact this is a special step called job in

PDI.The window configuration of the Provenance Collector Agedisglayedin Figure31.

The new steps are marked on the step type list informing the agent to collect the#r fine

grained provenancelhe PDI pallet of extended ETL4LinkedProv Ageprteisentedin Figure

32.

26 .
https://github.com/rogersmendonca/provenance_collector
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() Executing a job with provenance data collection.

Job entry name:

Job specification |Advanced [Logging settings | Argument Parameters [Provenance

Provenance Collector Agent

Add Constants

Annotator

Calculator

Filter Rows

Formula

Graph Sematic Level Marker
Graph Triplify

Join Rows

<

Merge Join

Modified Java Script Value
NTriple Generator

RDF Data Property Mapping
ROF Object Property Mapping
Replace String

Select Values

Transformation
Transformation
Transformation
Transformation
Transformation
Transformation

Connection
Enable fine-grained steps regarding to ETL operations
Al Extraction|] Transformation (] Load [
Steps to collect fine-grained provenance:

Enable? Step Type ETL Operation Description
D CSV File Input Extraction Simple CSV file input.
D Data Grid Extraction Enters rows of static data in a grid, usually for testing, reference or demo purpose.
D Get data from XML Extraction Gets data from XML file by using XPath
Graph Spargl Query Extraction (ETL4LOD-Graph) Runs a SPARQL query against an SPARQL Endpoint and retrives a set of RDF graph data composed of triples.
D Microsoft Excel Input Extraction Reads data from Excel and OpenOffice Workbooks (XLS, XLSX, ODS).
D Property Input Extraction Reads data (key, value) from properties files. =
Spargl Endpoint Extraction (ETL4LOD) Executes query against a SPARQL Endpoint and gets the information.
Sparql Run Query Extraction ICustomStep.TypeTooltipDesc.SparglRunQuery!
D Table Input Extraction Reads information from a database table.
D Text File Input Extraction Reads data from a text file in several formats.
(]
(=]
(]

Transformation
Transformation
Transformation
Transformation
Transformation
Transformation
Transformation
Transformation
Transformation

‘Adds one or more constants to the input rows.

(ETLALOD) Annatates a triple with terms from vocabularies and ontologies according to a mapping from-to XML file.
Creates new fields by performing simple calculations.

Filters rows using simple equations.

Calculate a formula using Pentaho's lib formula.

(ETL4LOD-Graph) Reads a RDF Graph, evaluates its semantic expressivity level and creates a new triple stamping its level.

(ETL4LOD-Graph) Reads a RDF Graph and generates the corresponding triples. L
The output of this step is the cartesian product of the input streams.

Joins two streams on a given key and outputs a joined set. The input streams must be sorted on the join key.

Executes javascripts to calculate new fields, alter existing ones or manipulate a row.

(ETLALOD) Generates NTriple format's RDF statements.

(ETL4LOD) Transforms input data into RDF triples, using a defined Data Property mapping.

(ETL4LOD) Transforms input data into RDF triples, using a defined Object Property mapping.

Replaces all occurences a word in a string with another word.

Selects or remove fields in a row. I

O
0
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=
O
0
0
g
[

[} »

Figure31: Configuration interfacef the Provenance Collector Agenith ETLALOG raph steps
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Figure32: PDI pallet oextendedETL4inkedProv agent

The source code &TL4LORNd the presented extensiorae available on gitHuls.
They are ready to be applied in any domain within a 4gendly interface, as presented in

the application caseQhapters).

27 https://github.com/Kelli
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4.4 Preliminary Conclusions

This chapter presented thmain contribution of this thesis, ampproach for adaptive
integration of information to support decision making @écomplex environment called
aDApTAThe strategys to usethe flexibilityof graph data model$o solve structure conflict
by converting the data tan RDF Graph antb applythe LOD principles for information
integration. Based on that, it is possible to identify information resources described with
different mantic expressivity levels that can prevent or compromise the information
integration resultsThe importance ofdentifyingand soling this typeof conflict is growing
because of the different ways publishng dataon the Web.

The aDApTA activitiestrategy and architecture were detailed showidgpw the
identification of semantic expressivity levdieterogeneity enablesystem adaptation by
switching the integration approacto the most appropriate oneln order to illustrate the
addressed problems ahthe proposedsolution, a real scenario was usadan application

case, aslescribed in the following chapter.
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5 Application Case

In order toevaluatethe proposed approachthe emergency management domain
was choserbecause ithas the main characteristics of a decision making process under a
dynamic environment.Emergencies are typical complex environments, where several
agents, such as persons, organizations, equipment and systems must constantly adapt to an
unpredictabe evolving situation.

Emergency management can be presented as a cyclic process composed of three
phases: (a) prelisaster, which starts before an emergency event and aims to define policies
and actions to reduce the vulnerability of a population or minimize #uverse effects of
future disasters; it involves actions of mitigation (e.¢uilding and zoningcodes
vulnerability analysisetc.) and preparedness (e,gelaboration of emergency plans;
emergency exercises and training; warning systems deployneén); (b) response, which
starts when a dangerous situation occurs requiring immediate action. During this phase,
response teams perform actions to reduce the negative effects caused by the event; (c) post
disaster, which starts when the emergency is coléd, and aims to repair, rebuildand
restore what was lost during the disaster; it can take weeks, months or even years to be
concluded KHAN et al., 2008HHADDOW et al., 2011oreover, the &tions can be strategic,
tactical or operational. The jurdiction of the activities may include different hierarchical
levels, such as federal, state, locative equivalent(LINDELL et al., 2006)

Information systems support the activities efnergency managemerghases and
levels facing several challengespesially those that support the response phase at the
strategic level A large volume of information at different levels of detail is collected and
evaluated to define further actions. Therefore, the information base architecture and
management are critiddo the success of an emergency resporieghe response phase of
emergency management, information acts as a crucial tool and has unique characteristics
that require specific handling for an effective use of its content. The information available to
dedsion makers can be derived from internal or external knowledge bases, represent

current or previous knowledge, and its nature can be static or dyndiNIZ et al., 2005



87

During this phase, the supply and demand of information chaegatinuously accating to
contextual changing. Both the supply and demand for information can only be partially
predictable, requiring managers to constantly adapt their resources and data flows to keep
decision makers informe(BHAROSAJANSSENRQ10;HELLINGRATH; WIDEEA,)).

Based on interviews with domain experts and simulation exercises with emergency
response teams, the main challenges of information management(ai&U; TIAN, 2004,
BHAROSAIANSSENRQ10; BARR et al., 2010; HRISTIDIS et al.; B&RR et al., 2Q} (i) to
gather, integrate, and reconfigure the internal and external resour¢@sto disseminag
reliable and timely information(iii) to know which information exists and who controls it;
(iv) to obtain relevant information orto add value to it. Bgarding the sources of
information, the authors suggest that the amount of alternative sources should be
maximized.

Among several challenges of teenergency domaisthe application caséocusson:

(i) unpredictability ofdata sources and demands; (iihtegration of information with
structural, semantic and temporal heterogeneignd (iii) the consequent uncertainty about
the quality of data in a dynamic and heterogeneous environmé&nt emergency case was

chosen to apply aDApTA as described in thieweng section.

5.1 Application Case Scenario

In November 2013, the category 5 Typhoon Haiyan made a direct hit on the
Philippines. Many cities experienced widespread destruction, reaching 90% of housing
destroyed in some areas. Roads were blocked, and dg@ord seaports became impaired.
Water supply and power were cut, food stocks and other goods were destroyed, many
health facilities crashedand medical supplies were quickly being exhausted. To aid the
victims of affected areas, many organizations worldwide were mobilizedg@ternment in
the Philippines identified food, water, sanitation and hygiene, shelter, medicine, debris
clearing and logistics as immediate priorities. It also requested the international
O2YYdzyAlleQa adzllll2NI Ay SadlrofAaKAyYy3d @@ 3IAal
(UNDP, 2013; UNOCHA, 20R)rthermore, to optimize the use of available transportation
fadlities among more than 7000 islands, a complementary information demand emerged:

the location and distances between the warehouses and the beneficiafimaneet this
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demand the latitude and longitude coordinateuld be obtained from open data sourse
such aDBPedi&’ (LEHMANN et al., 2013) and GeoNafes

Figure33 depicts the scenario of this case where adaptive procedures are demanded
in response to the dynamizehavior of the emergencydditionally, the figure highlights the

aDApTA context.

ﬂAdaptive Procedures
Data Cloud

Decision Geo Coordinates
Demand B
"_‘ Warehouse
. Inventor
’P\ = . Integrated View Feedback v
%
;' Volunteers @ “ j ® Analytical Information csv
g . ; = Input Interface
FF Victms | 9 Environment
= xml
N -
m@ MQ...,. Complementary json
- Situation Information Demand
" - aDApPTA
Staff Awareness Unpredicted P Processor
Predicted Information
Information (Situation) Crawler
(Situation) . :
[ s
. Coordinates
Information Base
Web of Data

Dynamic Behavior
Figure33: Overview of theapplication case scenario
The humanitarian logistics process in disaster relief supply chains can be ditmed in
four phases\VIDERAt al,, 2013):
a) assessmentthe process of gathering, analyzing and disseminating logistics related data
and information in relation to the disaster impact;
b) procurement the process of identifying and obtaining goods and services fratential
suppliers;
c) warehousing the process for storing and handling goods and materials, being an
interface between suppliers and beneficiaries;
d) transport, comprises the activities involved in physically moving supplies in a reliable and

safe manner, otime, cost effectively and efficiently to its destination.

28 ttp://dbpedia.org/
29 http://geosparqgl.org/



89

These phases form a cycle where the currgitiiation isobservedand reported by
the team facing the event (1). When the report contains information with characteristics
that were not predicted,aDApTA is applied to integrate the information (2). Then, the
decision maker analyzes the unified view of the situation [Bjhe information is not
enough,the decision maker cademandcomplementary information4). This is done by
aDApTA, crawling th&/eb of Data Cloud (5) and integrating the information B3sed on
this information, the decisiomadeat the strategic levelf) is passen to the tacticsteam
and performed by the operationakam (7), affecing the situation.Thus, ew analyses of
the situation arerequiredand new decisionwill need to bemade,restartingthe cycle. The
application of the adaptation strategy for information integration in this scenaris
describedin detail inthe next sectionFurthermore, the implementation detks, links to the

files and an user guide is provided in Appendix B.

5.2 Data Sources Profile

In order to provide integrated and reliable information about the ongoing situation,
the first activity of aDApTA is performethe Analyze Structure of Input Informian (see
section0). The analysis starts with the generation of a data profile.

Initially, two data sources were used. The first one is the relational database of
Sahana Eden Open Source PlatfStinat suppors the management of data about the

shipments of goods from storehouses to beneficiaries. It is an initiativeoPhilippines

Government and Sahana Software Foundaeﬁori\/lany worldwide entities, governments
and volunteers feed the system with informatigdghrough Web forms. This information is
available in xIs files on system web shég://eden.dswd.gov.ph/edeny.

The data model of Sahana Eden Platform deployed to suppe®hilippinesdisaster
logistic is presented iRigure34. It was degined using reverse engineering asg@éomposed
of five tables representing five entitiefhewarehouseand facilities represent locations

where the relief goods are stored.hdy are managed by organizationisat keep the

30 http://eden.sahanafoundation.org/

31 http://sahanafoundation.org/
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storehouse. The items of first aid are grouped in kits to be distributed. The information

about the kits received and sent to warehouses are stored in the shipment table.

ODS_Shipments_1
D
ARDR Mumber
Tally Out Number
PO Number
Received By
0ODS_Warehouses Organisation!Supplier
D Origin
Name Destination ODS_Shipments
Organization Date Received D
Country Shipment Type ARDR Number
Region Status Tally Out Number
Province RS Number PO Number
City / Municipality Sent By Received By
Phone Date Sent Organisation/Supplier
Email Ser?t To . Origin
URI Estimated Delivery Date Destination
Type of Transport Date Received
Vehicle Plate Number Shipment Type
e Name of Driver Status
ODS_KittedItems Time In
D Time Out ::::;nber
Location URI Date Sent

Kit

Quantity SEI-.It T .

Repacked Date . = Estimated Delivery Date

Expiry Date ODS_Facilities 0DS_Organizations Typ.e of Transport

URI D Name Vehicle Plate Number
MName Acronym MName of Driver
Code Organization Type Time In
Type Cluster Time Qut
Organization Home Country URI

Location Website
URI jin]
URI

Figure34: Sahana Eden data model

The second data source is a set of spreadsheets managed by the United Nations
(UN). The information about the donations of worldwide senders are collected by UN staff
and made available on\&eb site (http://logik.unocha.org/SiteRges/map.aspx). In addition,
the United Nations Office maintains a spreadsheet file about the population and displaced
persons in eacimunicipalityfor the Coordination of Humanitarian Affairs (UNOCHIAJ the
Department of Social Welfare of Philippin@g3ND), to support the decisiormaking about
priority regions(UNOCHA, 2014Yhe data model of OCHA tabular files is illustrated on
Figure35. It wasalsodedgned usingeverse engineering and is composed of four tables. The
relied items and contributions store information about the donations. The transport table
records information about the vehicles used to send the relief gpodsd the priority

regions affected by the typhooare stored inthe municipalities table.
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0DS_Contributionsl
jin]
Sender
Destination Country

Destination Country URL
Destination City
Destination City URI
Sectar/Cluster

Item Type

Quantity

ODS_Reliefltemsl

j(n] Unit ODS_Municipalities
Sender Total Weight jis}

Consignee Total Beneficiaries Region
Decision Date URI Pravince
Status Municipality
WValue in USD Papulation

Description MumberofFamily
Mumber of Vehicles Displaced_Families

URI ODS_Transports Displaced_Persons
(] Province_CODE
Sender Municipality_CODE
Cansignee Carridar
Transport Mode URI
Mumber of Vehides
Transpaort Status

Destination Country
Destination Country URL
Destination City
Destination City URI
URI

Figure35: OCHA data model

After downloading the source data files, some basic profiling tasks were performed,
such as the count of tablesgeords, empty and comment fieldglusthe period of the time
dimension. Additionally, a semantic profiling was done counting distinct terms and

correlating them.Figure36 shows the statistics results.

O

SahanaEden 5 4.036 45 114351 86.616 27.735 1.964

OCHA 4 627 23 4.070 3.627 443 -

Sahana Eden Profile

Records
B Empty
M Filled

B Commented

Cells B Not-Commented

0% 20% 40% 60% 80% 100%

Figure36: Data source profiling
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Analyzing the Sahana Eden raw data, almost 30% of the cells are empty and 50% of
the records used the comment field. These scores indicate that a great portion of the
database schema is not suitabler the situation. On the other hand, th© CHA/DSWD
sprealsheet is completely filledhowever, there were many special charactethat
demanded some extra cleaning steps. Besides the data count, the time dimension was
analyzed. It reveals that in the first days of the event, only a few received shipments were
made, and later, it increased. Furthermore, it indicates that the assessment of the situation

takes a long time.

Shipment Count

120

100

0

Y NY NY NY NY
) ) ) )
<& <& & i
@’\ @\ \9\

Y Y Y S Y Y Y Y
(s (s (8] ) ) ) ) o o
< & & & & N N & N
O R R N SN R

m Sahana Eden Received ~ m Sahana Eden Sent OCHA Sent

Figure37: Time dimension analyses of data source

From a semantic perspective, there are only six concepts used bp @@HSahana
Eden as well (seleigure38a). Only three concepts use the same terms to express them (see
Figure38b). This indicates the great semantic distance between the datasets increasing the
difficulties of integration tasks. To minimize this issue, a domain ontology can be used to
map the concepts between the schemas. Thedlepment of the domain ontology and its

use with the data sources are described in the following sections.

Sahana Eden OCHA
Cluster Sector/Cluster
Sahana OCHA Date Sent Decision Date
55 9 Quantity Quantity
Sent By Sender
Status Status
a Type of Transport Transport Mode b

Figure38: Terms and concepts count of data sources
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5.2.1 Domain Ontology Development
To semantically enrich the data of the source files, a domain ontology was used. The

Humanitarian Logistic Domain Ontologsas developed using a hybrid approach. The data
sources concepts were analyzed and used to compose the first version of the onfheqy.
a core ontology, proposed by Giannotti (2011), was used to complement the missing
concepts. Moreover, the following standard vocabularies and ontologies were reused to
describe time and space concepts:

1 ¢AYS OKUOGLIYKKSG-DEYEOP2NAKCWK2 6T

1 DS2 GaK@BlWWwoso P2NBKHANOKAMKIS2kgIaynyPplLRao

1 DS2blYSa OKGULIKkkeooePIS2Yy I YSAP2NAK2Yy G2t 2380

O tftF08a OKOULIYKKLIZNI 2 NBk2y (2f 23kl 0840
The final ontology is composed of 47 domain concepts and 19 concepts about time and
location TheFigure39 provides a general overview of the ontology diagrarhe yellow
rectangles represent the location concepts, the blue rectangles represent the time concepts,

and the red rectangles represent thmain domain conceptslhe detaiéd diagram and the

OWL codef the developed ontology can be foumdAppendixA.
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5.2.2 Data Source Scope

A smallset of the data sourcesvas used to exemplify the application cade is
highlighted ina screershot ofthe Sahana EdeWebform displayed irFigure40, and in the
spreadsheet presented iRigure4l, with information about the population and displaced

people in eacimunicipality in thePhilippines.

® Semt Shipments B - ————]
« (<] eden.dswd.gov.ph, Q =
\" Home more kelli.faria@gmail.com Help
Warehouses
Sent Shipments
List All
£ Expert to: I ] 6 Y
Search: Show |50 + entries gy oo 501 to 250 of 2,360 ent
Warehouse Stock St ° of 2350 eniries
Search Tally Out RS From Date  To Eotimated " Type of
Sent By Delivery Status
Search Shipped ltems Number Number Warehouse/Facility/Office Sent Person Dt Warehouse/Facility/Office Transpo
Adjust Stock Levels WBNGR: | - Camile -Vilam n 2013-  Tomas 2013125  Nayong Filpino (Warshouse) = Recelved  Boom Tr
Kitting VILLAM- Anne Center (Warahouse) 1125 Ramiro IIl Dropside
Kitted ltems 000105 Francisco
WE-NAYONG | - Ronald Nayong Filpino (Warehouse) | 2013- | - 20131125 NFA(FO8) (Warehouse) Received = -
Reports FIL-000006 Reonal 11-25
Warehouse Stock
Expiration Report - - - -

Monetization Repot

* Warehouses ——
€ & C fi [ edendswdgovph a =

Utiization Report
Home more
Summary of Incomi
SRy, o Reloe Warehouses
ou Warehouses
Received/incomin [leiad
- el |
Search Show 25 + entries
Warehouse Stock Showi
city / Ph
Search Organization Country || Region Province ity " Email
Municipality 1
Search Shipped llems

: FO7 WAREHOUSE Department of Social Walfare and Philppines  Region VIl Gebu Gebu Gity Nene None
O EERIOED Development > Field Office 7

kell.faria@gmail.com  Help

Kittin
! 1 FO8 WAREHOUSE Department of Social Welfare and Philippines  Region Vill Tacloban Tacloban City Nene Nene
Kitted ltems Development > Field Office 8

m IeTs| International Container Terminal Services. Philippines  Nene None Nene Nene None

Reports
Inc. (ICTSI)

\Warehouse Stock

S
Figure40: Sahana Eden data sourgtgtp://eden.dswd.gov.ph/eda/)

aPigina  Férmulas  Dados

B Dispiaced Persons

B | 6 |

| 1 Region Province Municipality Population Numberoffamily Displaced_Families Province_CODE Municipality_C
| 2 |Region IV B PALAWAN Agutaya 11906 2588 1625 7475 175300000 "175302000
| 3 Region IV B PALAWAN Busuanga 21358 4643 4187 19260 175300000 175307000
4 Region IV B PALAWAN Coron 42941 9335 8325 38295 175300000 175309000
ZRegion IV B PALAWAN Culion 19543 4248 3000 13300'175300000 '175322000
6 Region IV B PALAWAN Cuyo 21847 4749 1007 4632 175300000 175310000
ZRegiun IV B PALAWAN Linapacan 14180 3083 496 2281-175300000 '175313000
| 8 Region VI AKLAN Altavas 23919 5200 5150 23690 060400000 ‘060401000
9 Region VI AKLAN Balete 27197 5912 5850 26910 060400000 ‘060402000
10 Region VI AKLAN Banga 38063 8275 8200 37720 060400000 ‘060403000
Ekegiun vi AKLAN Batan 30312 6590 6540 30084 060400000 ‘060404000
12 Region VI AKLAN Buruanga 16962 3687 3000 13800 060400000 ‘060405000
EReginn V| AKLAN Ibajay 45279 9843 9750 44850 '05040[}500 '050406000
14 Region VI AK#AN Kﬂm 74.61-9 162£ LZBS 47081 060400000 ‘060407000

Figure41: United Nations (UNOCHA) and the Department of Social Welfare of Philippines (DSWD)
data source

Thus, in this scenarioh¢ data sources used in the application case have the

characteristics described irableb.
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Table5: Dataset scope of the application case

Source Data Items Format Application Case
Scope
45 fields . Shipment and
Sahana Eden 4,000 records Relational Warehouse
OCHA/DSWD 4,000 cells Spread Sheet Priority
47 domain concepts
Humanitarian Logistii 19 time and location Shipment,
OWL - ,
Ontology concepts Beneficiary, Locatiof
12 location instance

5.3 ETL Workflowof the Adaptive Interlinking

After the analysisof the data sources profile and the domain ontolagpdeling the
ETL workflow process was developed via the steps of the ETi@tapb framework
(section4.3.2). Each activity of aDApTA was implemented through a transformation package.
All packages were put together in a job package representingAtth@ptive Integration

Orchestrator(Sectior4.3.1), as shown ifrigure42.

R-aDApTA Phillipines - Graph =

>

B G B 8 100% v

START

T

A

GJ PhilippinesGov

Graph Converter - P

o

4

inesGov - Locations

-

o
Graph Semantic Level Identifier- PhilippinesGov

o

Graph Converter - SahanaEden - Locations

Annotator - Philippinesgov

@ o

x4
EH

"]

Annotator - Sahana Eden

Success

Graph Converter - Sahana Eden

Graph Semantic Level |dentifier - SahanaEden

Figure42: Job with the set of aDApTA transfornuats packageapplied to the case

The workflow starts with theConvert to RDF Gragctivity that was implemented
through the transformation package displayedrigure43 and Figure44. The xls files were
cleaned to remove special characters, titles, blank liaesl spaces; an URI was defined to
compose the subject; the properties were also defined; and, finally, the wpkgenerated
and stored in a triple store. To implement these last tasks, the ETLALOD steps were used
together with the native PDI step# sample of theGraph Converter Packagesult is

illustrated inFigure45.
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»% R-Graph Converter - PhilippinesGov
> R¥P BBEE B 100% -

PN B
Get Priority Areas Subject Type and Properties Definition
. ) Subject URI Composition
Set Priority Data Graph and Resource Information Name

Spargl Run Drop Query Store Priority Triples

Drop Phillipines Data Graph

Figure43: RDF Graph Convertieansformation package of Philippines priority locations

3% R-Graph Converter - PhilippinesGov R-aDApTA Phillipines - Graph 7% R-Graph Converter - Sahana Eden 2
> R¥F BB B 100% -

\Triple Generator

Data Property Mapping 2

Replace in string 2

]

Dummy (do nothing)

Replace in string

Spargl Run Query Drop Graph

Figure44: RDF Graph Convertieansformation package ddahan Ededata

<shipment254><towarehou  sefacilityoffice>"FO7 WAREHOUSE"
<warehouse 26><type><Warehouse>

<warehouse 26><name>"FO7 WAREHOUSE"

<warehouse 26><region>"Region VII"

<priorityl01><re gion>"REGION VII"
<priorityl01><displaced_persons>74785

Figure45: Subst of triplified data @nerated by theRDF Graph Convertpackage

After the data sources conversion to RDF Graph, one of the atdivity of aDApTA
is the identification of information resources semantic level. To implementattigities the
step RDF Graph Semantic Level Markaxs used The screershot displayedin Figure46
shows theimplementation and thanput parametersof this step A sample of the package

execution result is illustrated iRigure47.



98

3 Graph Semantic Level Identifier - PhilippinesGov
[ RV BedE 1009 -
{8
& @-----"""ﬁTriple Generatdr_'"""'-----.g
RDF Graph Spargl Query  RDF Graph Semanti; Level Marker Insert Semantic Level Stamp Triples
. =5;’f5rpah Spargl Endpoint | B iﬁ'Graph Semantic Level Marker TETE = .
Step Name RDF Graph Spargl Query Step name RDF Graph Semantic Level Marker
Prefixes Query - Cutput Fields ™ Input Fields
Query: Graph Field | result ¢
dmecribe ¥ (R2 e Te) Qutput Fields
Subject Field subject i
Predicate Field predicate ‘
=== Object Field object ’
Query is valid. " Linked Open Vocabulary file: Dh\aDApTa\Transf\LinkedOpenVocabulary.xml Browse
Semantic Framework File: DA\aDApTa\Transf\SemanticLevelRules.xml Browse
oK Cancel oK Cancel

Figure46: RDF Graph Semantic Level Identjpeckageof the Philippines priority locations

<shipment254><sstamp:hasSemanticLevel>< sstamp:low >
<warehouse26><sstamp:hasSemanticLevel>< sstamp: medium>
<priorityl01><sstamp: hasSemanticLevel><  sstamp:low >

Figured7. Sampleof stamptriplesgenerated bythe RDF Graph Semantic Level Marker

The RDF Graph Semantic Level Marktp has two input files. The first one is the
Metadata Repository of Conceptual Reference Framewoirkshe case, the LOV repository
was used (se&ectiond.1.], Identify Semantic LevelThe second input files the Semantic

Level Evaluation Framewolikis presented irfFigure48 andhas3 basic levels

<?xml version ="1.0" encoding ="UTF-8" ?>
<SemanticLevelFramework>
<Frame id ="1" >

<Rule> s.getLiteral() != null </Rule>

<LevelValue> 1</LevelValue>

<LevelDescription> sstamp:low </LevelDescription>
</Frame>

<Frame id ="2" >

<Rule> isVocabulary  </Rule>

<LevelValue> 2</LevelValue>

<LevelDescription> sstamp:medium </LevelDescription>
</Frame>

<Frame id ="3" >

<Rule> isOntology </Rule>

<LevelValue> 3</LevelValue>

<LevelDescription> sstamp:high  </LevelDescription>
</Frame>

</SemanticLevelFramework>

Figure48: Semantic Level Evaluation Framewapplied to the case
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Having the information resourcemarkedwith different semantis expressivity(see
Figure47), the followingactivity issolving the semantic conflict by annotating the triples
with a conceptual description, in the case, a Domain Ontology.Hureanitarian Logistic
Ontologyused in the application case is illustratedFigure49. The concepts of the example
are highlighted. Th&eneficiary Grouplass andBeneficiary Quantityroperty represent the
concepts of the OCHA/DSWD displaced person priorities. Shygmentclassand sentTo
property represent the Sahana Eden shipments. $t@ehousewhich can be &arehouse
or a Facility represents the destinatiof the shipments. The propertizocationof the
Regionclass is used to represent both shipments destination and priority location, enabling

the composition of an integrated view of the situation.
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Figure49: Diagram of OWL domaontology of the scenario case

To perform the activityAnnotate with Conceptual Descriptiotihhe Annotator step
was used(see Figure50). It augments the semantic expressivity level of triples vidiv

stamp The mapping file used as input in tAanotatorstep is illustrated irFigure51.



100

3 Annotator from Mapping File - SahanaEden -

> hw W Fes@ 5 1005~
B [f+]
Query Triples with Low Level (SahanaEden) Build SPARGL Query t:T Delete previous Triple
1
Run SPARQL DELETE
Fitter Stamp Triples
- .
/ N
] [A] — )
Dummy {do nothing) Annotate Triple Run SPARGQL INSERT with Annotated Triple
© Anotator = | =]

Step name Annotate Triple
Subject Field priorityLow s M
Predicate Field priorityLow_p N
Object Field priorityLow_o
NTriple Field ntriple
MName of the mapping file C\Annotator\Mapping.xml Browse...
oK Cancel

Figure50: Annotatorstep to improve the semantic expressivity of Sahana Eden triples

<map id ="1" >

<from> ToWarehouse/Facility/Office </from>
<to> laiid:sentTo </to >
</map>

<map id ="2" >

<from> DateSentOut </from>

<to> time:hasDateTimeDescription </to>
</map>
<map id ="3" >

<from> Name</from>

<to> rdfs:label </to>
</map>
<map id ="4" >
<from> City/Municipality </from>
<to> place:Municipality </to>
</map>

Figure51: Subset of the mapping file of the application case

The Annotate with Conceptual Descripti@ctivity modified the previous triple set
Thereafter, the SemanticLevel Identifier packagés executed again. A subset of the

annotated triples with the new stamps is shovim Figure52.
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<http://laiid.org.br/sahanaeden/resource#ishipment254><http://www.w3.0rg/1999/02/22-rdf-syntax-
nsttype><http://laiid.org.br/ontology/emergency/Shipment>
<http://laiid.org.br/sahanaeden/resource#ishipment254><http://laiid.org.br/ontology/emergency#sentTo>"FO7 WAREHOUSE"
<http://laiid.org.br/sahanaeden/resource#ishipment254><sstamp:hasSemanticLevel>

<http://laiid.org.br/sahanaeden/resourcetwarehouse26><http://www.w3.0rg/1999/02/22-rdf-syntax-
nsttype><http://laiid.org.br/ontology/emergency/Warehouse>

<http://laiid.org.br/sahanaeden/resource# warehouse26><http://laiid.org.br/ontology/emergency#name>"FO7 WAREHOUSE"
<http://laiid.org.br/sahanaeden/warehouse26><http://www.w3.0rg/2003/01/geo/wgs84_postlocation>
<http://laiid.org.br/sahanaeden/resource#Region_VII>
<http://laiid.org.br/sahanaeden/resourcefwarehouse26><sstamp:hasSemanticLevel>

<http://laiid.org.br/ocha/resource#priorityl01><http://www.w3.0rg/1999/02/22-rdf-syntax-
ns#type><http://laiid.org.br/ontology/emergency/BeneficiaryGroup>
<http://laiid.org.br/ocha/resource#priorityl01><http://laiid.org.br/ontology/emergency#BeneficiaryQuantity>
"74785" M http://www.w3.0rg/2001/XMLSchema#integer>
<http://laiid.org.br/ocha/resource#priorityl01><http://www.w3.0rg/2003/01/geo/wgs84_postlocation>
<http://laiid.org.br/ocha/resource#Region_VII>
<http://laiid.org.br/ocha/resource#priorityl01><sstamp:hasSemanticLevel>

Figure52: Annotated triplesmarked withhigh stamptriples

After processing the data sources, doing some cleaning, conforming transformation,
conveting to triples, marking their semantic level, and augmenting the semantic
expressivity, a set of RDF Graphs ataimp triples were generatedas decribed inTable6.

Note that the number of semantic levetamp triples is the same as that of RDF Graphs
which groip the triples in Subject Items.

Table6: Profile of data sources transformation output

L . Number of
Source Application | Data Demo Do_maln RDF Graphy Semantic
Case Scopsg Scope Triples
Level Stamp
Shipment | 2042TOWS | 5104 728 728
3 columns
Sahana Ede 28 Tows
Warehouse 240 48 48
4 columns
OCHA/DSWI  Priority 171 rows 1026 171 171
5 columns

*Filter applied: field.sentTo not null

The last activity is theAdaptive Interlinking This means that an appropriate
interlinking approach was defined for a dataset with the same semantic level. Thus, the
interlinking approach, whickdepends onschema level descriptions, was used to create the
links betweentriples with a high semantic level. In this caas,explored in SectioB.5, the

SilkServerwas usedFigure53 shows the implemented job.
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Interlinker - Medium 2
> ¥ BB 100% v

-
VarehouseRegionToLocation - RunSilk-bat
v

START : @ Success
?

PriorityRegionToLocation - RunSijb.baﬂ

9
LocationToDBPedia - RunSilk.bat

Figureb53: Job of Silk interlinking steps

On the other hand, the interlinking approagahlihich only uses literal object matching
wasappliedto create links among triples with a lack of semantic concerns. In this case, the

step Object Proprty Mapping of the ETL4ALOD was uésskFigure54 and Figureb5).

Interlinker - Low &2
B PO B 5 100%

SahanaEden~< ShipmentToWarehouse

L4

. —PhifippinesGov -Priori1yToWarehb‘use

START \@ " Success

ahanaEden - WarehouseToDBPedia

PhilippinesGov -PriorityToDBPedia
Figureb54: Job ofthe set of ETL4ALOD transformations

%R - Interlinker - Low - SahanaEden - ShipmentToWarehouse =
> RH¥F BeEE 5 100% -
Spargl Query - Shipment Sort rows
NTriple Generator
o Object Property Mapping - ShipmentToWarehouse Spargl Insert - ShipmentToWarehouse Link
L\ I=
Spargl Query - Warehouse Name Sort rows 2

Figure55: Interlinking package of the Sahana Eden data markedlamttstamptriples
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5.4 Provenance Collector Agent

In parallel to the Adaptive Integratio of Information activities, b collect the
provenance data of the ETL workfloa,Provenance Collection Agewas added to the
workflow. The agent was configured to collect the provenance of each activity of the
approach, implemented as a sworkflow. Ater collection, the provenance data were
published with the semantic support of some ontology and interlinked to the domain data.

Figure56 showsthe implementedworkflow andits execution log.

aDApTA-Philippines-Provenance

L4 PG B R 100% -
"PROV-O Ontology 'omwommgy’J Cogs Ontology ;
>y BT 57 54 7

Agent's Provenahce Publication ETL.Provenance Publication (Cogs) 5
v ucces

Prospective Provenange Publication (QPMW)

5
AR

ETL Activity Sequence Provenance Publication (Cogs)

START "».@

b
Provenance Collector Agent H
Provenance Publication (PROV-0)

Retrospective Provenance Publication (OPMW) -
| L]
Execution results ~
4 History & Logging | #¥ Job metrics
Job / Job Entry Comment Result Reason Mr Log date
aDASTA-Philippines-Provenance

Job: aDApTA-Philippines-Provenance Start of job execution start 2014/10,16 11:08:32
START Start of job execution start 2014720416 11:08:32
ART loh execut imished LULSHSY 16 11 P
Provenance Collector Agent Start of job execution Followed unconditional link 2014/10/16 11:0%:32

Job: aDApTA-Philippines

Agent’s Provenance Publication Start of job execution Followed link after success 2004710416 111707
Agent's Provenance Puk e ] Job execution Nimighed 201411 16 11:1 8
Provenance Publication (PROV-0) Start of job execution Follewed lirk after success 2014/10/16 111708
Provenance Publication (PROV- Job execution finishe 2014/10/16 11:55:23
Prospective Provenance Publication (OFMW) Start of job execution Followed link after success 2014700416 11:55:23

ospective Provenance Publication (OPMW Job execution finished 201410716 11:55:30
Retrospective Provenance Publication (OPMW) Start of job execution Followed link after success 2014/10/16 11:35:30
ETL Provenance Publication (Cogs) Start of job exécution Followed link afer success 2014/10/16 121608
ETL Activity Sequence Provenance Publication (Cogs)  Start of job execution Followed link after success

ETL A ¥ Sequ Job execution finished 2014/10/16 12:23:
Success Start of job execution Followed link after success 2004/10/16 12:23:25

Figureb6: Execution of thd’rovenance Agerapplied to the case

Performing the process detailed Section4.2 (Provenance CollectigrPublish and
Interlink), more than two million provenance triples were generated to support the quality
assessment of the integrated process of data describ&dalrie6. The finest grain wassed.

This means that the retrospective and prospective provenance of all step types of the
workflow was collected, published and interlinkddespite the great volume, it took only 1

h, 14 m, 9 s to perform the whole process in a computer with an Intgbi@cessor, 8GB of
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memory and an SSD hard disk. The triptere was also hosted on a remote server

implemented in a Virtual Machine with two processors and 4GB of memory.

5.5 Decision Making Support

With data interlinked from different sources and provenancgadcollected, some
reports were generated to support decision maki®gvizele? was used to create online
reports over theaDApTASPARQé&ndpointavailable ahttp://crbd.ppgi.ufrj.br:8890/spargl

In the scenario case, one of the first information demands to support decision
making focuses on the affected peopkgure57 showsa hierarchic graph of the regions,
cities and provinces of the Philippines and the number of displaced people represented by
the size of the circlesThus,the report indicatesthat the provincelLeyte of Region VIII and

provinceCebu of Region B demands urgent humanitarian aid.

[ Priority Graph

« C' [} greco.ppgi.ufrjbr/lodbr/wp-content/uploads/2015/02/Grafo-Priority.htm
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Figure57: Graphof anintegrated view for decision support

32 http://www.w3.0rg/2001/sw/wiki/Sgvizler
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With this report, the decision maker may ask which data sources were used and who
are the corresponding data owners. This information can be retrieved from the provenance
repository. The performedSPARQRQuery and corresponding result adisplayedin Figure
58.

Sparal Query and its

€ & @ [ grecoppgiutribr

LrquEul ¥ configure YASGUI (not bgged in) - D
£h| Quey
Endpolr —
hitp://crbd ppgluf brr8890/sparg| v p EH simple Table v E Configure request @
PREFIX http://vos leri.ie/cogs# -
PREFTX htty url.org/dc/term
PREFIX ttp
PREFIX http
PREFIX ttp
PREFIX http .w3.0rg, oVt
SELECT Pwf_comp_name as WorkflowName ?step_comp_name as ?StepName ?step_exec_name as ?StepNameExecutionProcess ?param_value as ?DataSource
FROM <htt apta.greco.ppgi.ufrj i nai
WHERE

?param_comp
Pparam_exec fparam_comp .
?step_exec ?param_exec

?step_exec fstep_comp .
?step_comp Pwf_comp .

wf_comp Pwf_comp_name .

?step_comp ?step_comp_name .

?param_comp ?param_comp_name .

Pstep_exec ?step_exec_name

Pparam_exec ?param_value .

} order by ?step comp_name

# WorkflowName StepName StepNameExecutionProcess DataSource

Figure58: SPARQguery and its results for provenance data

The provenance data reaks that the owner of the dataset is the OCHA/DSWD, a
reliable sourceSubsequently, the decision maker may ask for the population of a specific
area. The treemap illustrated Figure59 shows the relation between the province of Leyte

and the population versus displaced people.
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€« - C [ grecoppgiufrjbr/lodbr/wp-content/uploads/2015/02/TreeMap-Displaced-Personsv2.html

o
g

Population versus Displaced Persons

) TreeMap Displacec | x

€ - @ [ grecoppgiuibr/iodor/wp-content/uploads/2015/02 TreeMap-Displaced-PersonsvZ il
£ ouen @
Endpoint - ~ Ouput o
|t crtxd ppgi.ufr br-8390spara |»| SO H simpie Table il @ Configure request

= 1 SELECT distinct ?node ?parent sum(xsd:integer(?population)) as ?value (sum(xsd:integer(?displacedPersons))) as ?color
2 from <http://laiid.greco.ppgi.ufrj.br/PhilippinesGov> where
3{{

4 ?a <place:Country> ?node . VALUES (?parent ?value ?color) { ( '" @ ®) } }

& grder by ?parent ?node ?value ?color

5 UNIOM { ?a <place:Region> ?node ; <laiid:Population> ?population ; <laiid:BeneficiaryQuantity> ?displacedPersons. VALUES ( ?parent ) { ( <Philippines> ) ]
6 UNION { ?b <place:Region> ?parent ; <place:Province> ?node ; <laiid:Population> ?populatiecn ; <laiid:BeneficiaryQuantity> ?displacedPersons. }
7 UNION { ?b <place:Province> ?parent ; <place:Municipality> ?node ; <laiid:Population> ?population ; <laiid:BeneficiaryQuantity> ?displacedPersons. } }

# node parent value color

1 Bhilipgines

2 Altavas AKLAN "23919"*xsd:integer 23690 *xsd integer
3 Balete AKLAN "27197"Mxsdinteger  "26910"*xsd:integer
4 Banga AKLAN "38063"“xsdiinteger  "37720"*xsd:integer
5  Batan AKLAN "30312"*xsdiinteger  "30084"*xsd:integer
6 Buruanga AKLAN “16962"**xsd:integer 13800 **xsd integer
7 Ibajay AKLAN "45279"*xsd:Integer "44850"**xsd integer
8  Kalibo AKLAN "74619"Mxsdrinteger  "47081"Axsd-integer
9 Lezo AKLAN "14518""xsdtinteger  "13284"*xsd:integer
AN LiRaran AKIAN  "IRNNA"AAvertin tamar  174700"Aved-intanar

3

Figure59: Relation between thePopulationversusDisplaced Peoplef Leyte provinceReport and

SPARQL query interface

After one has an idea of the number of affected people, the-lgeation should be

analyzed. In the Philippines application case, it is of special importance to take into account

the characteristics of the geographic region, an archipelago of more thad i8Ghds. The

complementary information about the latitude and longitude coordinates was retrieved
through a federatedlSPARQguery on the aDApTA endpoint and the DBPedia endp®ime.

circle size and color strengtldjsplayedin Figure60, represent the number of displaced
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people.The information on the location, the percentage of displaced persons, and a link to
DBPedia with the information about the location wersed to build the map illustrated in
Figure61, which showsa map ofthe Philippines with the affected locations marked with red
pins Moreover, it is possible to viedhe same information in the tabular sheet arnd
analyze the map from different granularities, selecting Region, Provimcélunicipality

perspective.
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Figure60: Integrated view for decision support in a geomap

Y Google Map - Displ: x
e C' | [ greco.ppgi.ufrjbr/lodbr/wp-content/uploads/2015/01/Mapa-Priority-Map-RPM.htm

Region Province Municipality

Pontevedra
73% displaced persons
http-//dbpedia org/resource/Pontevedra, Negros_Occidental

Spratly
Islands

Map data 82015 AutoNavi, Google, ZENRIN Imagery 2015 TerraMetrics | Terms of Use
DBPediaURI

Latitude Longitude Provincelabel DisplacedPercent

11.1167 125.383 Balangiga 84% displaced persons http://dbpedia.org/resource/Balangiga,_Eastem_Samar
11.5167 122.683 Ivisan 90% displaced persons http://dbpedia.org/resource/lvisan,_Capiz
12.1667 119.95 Busuanga 90% displaced persons http://dbpedia.org/resource/Busuanga,_Palawan
10.9333 124.433 Isabel 61% displaced persons http://dbpedia.org/resource/lsabel, _Leyte

1135 122.667 Cuartero 99% displaced persons http://dbpedia.org/resource/Cuartero,_Capiz
11.6333 122.333 Banga 99% displaced persons http://dbpedia.org/resource/Banga,_Aklan
11.3333 125.583 Hemani 81% displaced persons http://dbpedia.org/resource/Hemani,_Eastem_Samar
111833 124 FR7 Kananna 9N% disnlared nersnns hitn-l/dhnedia aralrecoiir 1 eute

Figure61: Integrated view for decision support in a GeoMaghibiting percentage dbisplaced
Peoplefrom Region Provinceor Municipalityperspective
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Additionally, the integrated view reported iRigure62 can be used to monitor the
correlation of the shipment numbers and displaced people by Philippeggons. The
treemap rectangle size represents the amount of displaced people, and the stodngth
represents the number of shipments sent to the warehouses of that region. For example,

Region VII has more displaced persons than Region IV B, and many more shipments.

Displaced Persons versus Shipments by Region -
Philippines

Region VI Region VIl

Corresponding Table

node displacedPersons Shipments

Philippines 0 0
RegionV/ 7683 2
Region VB 83744 4
Region VI 2343811 21
Region VIl 492383 99
Region Vil 1431973 41

Figure62: Integrated view for decision support inTaeeMap Displaced PeoplersusShipmentdy
Region

Information aboutthe population and of the displaced people on each island is the
basis for the decision of which boats are going to be used to ship relief goods to which set of
islands. To make the fah decisionabout the priority areas for the shipments, ultimate
information was requested. When was the last update of data? The requested information
was retrievedrom the provenance repository agaiRigure64 shows a screen shot of\lleb
report about thecreation and modification of each ETL packadereover, Figure64 shows
a screen shot of &Veb report about the execution timestamp of eadiTL packagen
addition, it shows if the jolwas successfully complete8ased on that, the decision maker
became aware that the data fronthe Philippine Government was loaded dlovemberl6,

2013.
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-content/uploads/2015/02/n4.html

o

€ - C [ grecoppgiufribr/lodbr/w

'~|-’F| SGUI X conigure YASGUI (1

£ [ avenyn
Endpoint Output
http://crbd.ppgi.ufrj.br:8890/sparql v p EH simple Table v @ Configure request +
PREFIX <http://vocab.deri.ie/cogs#>
PREFIX <http://purl.org/dc/terms/>
PREFIX <http://purl.org/net/opmv/ns#>
PREFIX <http://openprovenance.org/model/opmo#>
PREFIX <http://wew.opmw.org/ontology/>
PREFIX <http://www.w3.org/ns/provi>

SELECT distinct

Pwf_comp_name as ?WorkflowMame Pwf_comp_creator as ?WorkflowCreator ?wf_comp_created as PwWorkflowCreated Pwf_comp_modifier as PworkflowModifier
?wf_comp_modified as ?WorkflowModified

FROM <http://adapta.greco.ppgi.ufrj.br/provenances

WHERE

{
Pwf_comp a .
Pwf_comp 2wf_comp_name .
Pwf_comp ?wf_comp_created
Pwf_comp Pwf_comp_creator .
Pwf_comp Pwf_comp_modified .
Pwf_comp Pwf_comp_modifier .

} ORDER BY wf_exec 2wf_exec_start

# WorkflowName WorkflowCreator WorkflowCreated WorkflowModifier Worl
1 R-aDAPTA Phillipines - Graph hitp//greco ppgi ufri briprovenancelresource/Agenykeli 20+ 08 hitp://areco ppai ufri briprovenance/resourc e/AgentRogers 2210
-0 22T12:12:052"xsd dateTime 15T16:14C
2 R-aDAPTA Philipines - Graph hitp://areco ppgi ufri briprovenancelresource/Agenykeli 20 -0 hitp:/igreco ppgiufr briprovenancelresourc e/AgentRogers 201+
© hittp-/qreco ppgl ufbriprovenancelresourcelAQENUKEl  55115. 1.0z xsd dateTime 15T21
: - . \ cericeli 201408 b \ e
3 R-aDAPTA Philipines - Graph hitp://arece ppai uf br roelAgentiKell 008 sterime hitouligreco.opgiufr.brfprover JAgentRogers
5 ) " Aceryieli 201408 ) ) , P
4 R-Graph Converter - Phiippines hittp//qreco ppgi ufrj br ree/AGentKell 1 100 4 e gimeTime hitp:/igreco ppgi ufij briprover /AgentRogers
5 R-Graph Converter - PhilippinesGov hitp:/lareco ppgi ufribr reelAgentkeli 201409 hitp:iqreco ppai ufrj briprovenancelt /AgentRegers 2014-10-
5 RG <G 22T18:19:412"xsd dateTime 16T2031C
6 R-Graoh Gonverter - Sahana Eden htto:/fareco poai ufr briorovenance/resource/Acentikeli 200 _ hito:farec o oo ufr briorovenance/resourc e/AqentRogers 20 10

3

Figure63: Provenance data about the ETL package update

Figure64: Provenance data about tHETL package execution
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