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ABSTRACT

Data quality assessment is a key factor in daengive domains. The data deluge is aggravated bigcagasing need for
interoperability and cooperation across groups @gdnizations. New alternatives must be found tect¢he data that best
satisfy users’ needs in a given context. This papesents a strategy to provide information to suiphe evaluation of the
quality of data sets. This strategy is based onbinimg metadata on the provenance of a data sevédefrom workflows
that generate it) and quality dimensions definethigyset's users, based on the desired contexteof@Qur solution, validated
via a case study, takes advantage of a semantielnodoreserve data provenance related to apgitatin a specific
domain.
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INTRODUCTION

Challenges related to the quality of data are comtocapplications in a variety of domains. Not ooén it directly affect

decision processes in an organization, but alsm scientific context (e.g., healthcare, environrakatiences, astronomy,
etc). With the data deluge generated by groupsamgdnizations around the world, there is a growdlegnand for new

computing solutions to help decision-makers todellee best data that match their needs The saméeaxtended to a
scientific environment: before scientists can takdons to analyze their findings, they need tovkitiee quality of the data
sets they are working on.

Problems to be faced include, for instance, datarmpleteness, inconsistency, lack of standardizaifdormats, inaccurate
data, among others. Besides that, data of differatutre and the variety of information systems hemtipe obtention of good
quality data (Batini & Scannapieco 2006).

As will be seen, though our case study is in aifipetomain (biodiversity), our proposal is geneeicough to be applied and
extended to any (computational/organizational) mmment that requires cooperative work, and thagtmely on integration
of heterogeneous data sources. The underlying hgpist is that there are a set of common charatitsrig;n all such
environments - such as the need for collaboratmonray actors with distinct needs and views of tlseésat hand, a wide
variety of heterogeneous data sources, and thetnambrdinate complex data-driven processes.

Depending on the application domain, each of theeblems demands different strategies to solve dasdity issues. For
instance, in the context of database systems, ipeness of data might be tackled consideringgttaularity of its
elements, i.e., completeness of value, tuple battei and relation (Batini & Scannapieco 2006).Ha tontext of Web data,
the same problem might be characterized by evaldtidime - i.e., the speed at which the data béllcompleted (Pernici &
Scannapieco 2002).

Related work has shown data quality to be a prolileah has to be attacked under a multidimensiored (Richard &
Diane 1996; Blake & Mangiameli 2011). Quality dirseans can be considered as attributes that allowepoesent a
particular characteristic of quality (Richard & D& 1996). In particular, accuracy, completenesgliness and consistency
have been extensively cited in the literature anesof the most important quality dimensions to infation consumers
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(Chapman 2005; Parssian 2006; Batini & Scanna2€6®). These general dimensions can be considerachon to both
business and scientific domains.

The tracking of historical information concernirfgetcreation of a dataset is also knowrdat provenancéMoreau et al.
2011). Provenance is seen as a kind of metadatayitress information about the what, when, whereyhby whom, and
why a dataset, object or artifact was created (&atoal. 2008). Taking these characteristics intcoant, we explore
provenance as a strategy to provide informatioeveduate the quality of data.

In some domains and applications, provenance irdtiom can involve a complex and scalable relatigmaktwork between
different resources and processes (Chen et al.; ZBd@lchild & Li 2012; Barga & Digiampietri 2008 this work we take
advantage of the RDF/OWL model flexibility (Lass8aSwick 1999; Davies et al. 2006) and scalabi(¥y Wang et al.
2005) as a means to represent provenance infommatid its internal relationships, focusing on tluliversity domain.

Unlike solutions centered on workflow systems sashVisTrails 2011; Kepler 2011; Taverna 2009),cht&im to provide

native support for provenance to reproduce therphgnand running of data processing and managesteps, our approach
can be adopted in different systems to collect dorapecific provenance and use this informatioret@luate quality.

Although this kind of approach is also investigabedSahoo et al. 2008) to allow knowledge discgyveve believe that

different considerations need to be taken into aetavhen it is used to analyze how good are tha gadduced by

automated processes.

Our solution also addresses two requirements iilethiby the international provenance challeng®posed in the context of
the Open Provenance Model (Moreau et al. 2011%t,Rive show the applicability of provenance in thmlity context by
using it as a key parameter to help determine tiaditg of data in scientific organizational enviroent. Second, by making
use of ontologies to represent provenance we ahbsvoperability among groups, enabling them torslend compare the
information produced in their work.

The main contributions of this research includg:sf{ipporting the assessment of quality of scientifata based on its
provenance and (ii) the adoption of a semantic i@@ROV-0) to represent provenance. The latterredgeour earlier work
- in which we use a relational model to store praree. Here, rather than a relational model, wenekthe PROV-O
semantic model to a new ontology, to consider dorspecific characteristics. We validate our apphotdwrough a case
study concerning metadata generated in an infoomdtitensive biodiversity experiment.

BACKGROUND OF THE SOLUTION

In our previous work (Malaverri & Medeiros 2013)ewresented a conceptual framework to support kgepack of data
provenance, in a relational model, to assess datdityy Our framework embeds a Provenance Managevice, a
provenance database model, a Data Quality Manageice and a methodology to support the evaluatiotihe quality of
data. Our focus in that work is the developmenthefdata provenance repository and the applicatidhe methodology in
the estimation of the quality of data and reportslpced in agricultural planning.

In that framework, the database that stores prowanaformation was designed using the Open Proxanilodel (OPM)
specification (Moreau et al. 2011). It represerdatadineage in terms afgents that controlprocesses to modify/produce
artifacts. These elements are associated through five caglsgilonships within a provenance graph (e.g.audifiact was
generated by a process). OPM only allows to represent atfasimmutable pieces of stat€his means that the state of an
artifact cannot be modified after its creation.

Our methodology to support the evaluation of thalityi of data in computational processes encomgassee main steps:
(i) selection of the quality dimension(s) of intetrg(ii) extraction of the information that is nesary to estimate the quality
of the target dimensions; and (iii) computationtledé score for each dimension. Users might use osetd estimate the
quality score or directly assign the scores basethe provenance information requested. We poiotédhat each one of
these stages is directly associated with the agiic domain under study and the activity that Wil performed. Users
choose the quality dimensions of their interesielasn the kind of artifact under study (e.g., &eapsheet file, a picture, a
data statistics graph or a database table).

In this paper we adapt the methodology so thatestaghould also consider the capture of metadataviti compose the
provenance information. The retrieval of this pruasece information is part of the activity that deused to estimate the
guality score. Given the fact that OPM does naivalbbject evolution, and considering that data etvoh is a natural state
of the world, we decided to change our provenancglah We extended PROV-O, a provenance semanticeintal

! http://twiki.ipaw.info/bin/view/Challenge/WebHome
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represent domain-specific provenance. We adoptéd dphproach because of the flexibility that ontédsg provide.
Provenance metadata are captured during the esaooftioperations on data. This can be achieveghawn by previous
work, by progressively storing execution tracesyall as information on data state changes — geg.(Kondo et al. 2007)

Earlier studies have investigated the support ov@nance management based on domain ontologie® @hal. 2008;
Sahoo et al. 2008). The novelty in our work isupgort data consumers on the estimation of qualtg.can take advantage
of several characteristics using an ontology-drigpproach to represent and store provenance infiormarirst, semantic
modeling improves both interoperability and scdigbbf systems, since the schema and data candre eesily aligned
with other schemas or instances. Second, adoptiategies like linked data (Yeganeh et al. 201agheitem of the schema
and each data instance may have unique identiftes,enabling alignment with data from other searthat have also been
modeled using semantics. This enables interopésabitot only within an organization, but acrosganizations, or groups.

Our work has been developed in the context of mamagt of data and activities performed by scientisthe animal sound
collection of the State University of Campinas, @AMP, Brazil (from now on called FNJY. As will be seen, from a high
level point of view, these activities are compaeatol those executed by people in any informatiorsisige organization, to
collect, clean and publish their data sets.

PROVENBIO: A PROV-O-BASED ONTOLOGY FOR PROVENANCE INFORMATION FOR THE BIODIVERSITY DOMAIN

Any information-rich environment involves a complard scalable relationship network between diffeesmd distributed
resources, processes and users. Distinct orgasmadtscenarios adopt distinct tools, vocabularies methodologies. In
order to represent provenance information anddlationships, we take advantage of the expressigetteat RDF/OWL
provide, focusing on the specificities of the biaasity domain.

PROV-O (W3C 2012) is an ontology based on OWL2 #ipecifies a data model to express provenancededodifferent
application scenarios. PROV-O is a candidate recendation in development by the W3C Provenance WWgriroup. It
defines a set of starting point terms which aredhrore classeentity, agent andactivity. These classes are associated by
nine relations such agasAttributedTandwasIinformedByPROV-O provides additional subclasses and supepties that
can be used to complement the initial terms and tlsadd more details among the relations -- awnd 8pecialize it to
distinct usage domains. Basically, the datasetsafeasubmitted to a transformation process atarices of thentity class
and the processes that modify and use the datmseisstances of thextivity class. The entity responsible for commanding
the execution of an activity is modeled asagent class. Agents can also command other agents.

We implemented an instance of PROV-O that we cadvé&nBiO -- A Provenance Biodiversity Ontology, é&ble at

http://purl.org/provenbio/ontology#. The goal obRenBiO is to preserve provenance information eelab applications in
the biodiversity domain and use this informationstgoport the assessment of quality of data usedormg@gnerated by
domain experts. ProvenBiO adopts widely used vdeaies and ontologies (e.g., Dublin core (DCMI @)1Geospecies
(DeVries 2009), Darwin Core (DwC 2009)) aiming atriehing the provenance metadata with terms interggo the

biodiversity context.

Figure 1 illustrates a portion of a set of proceduand elements modeled in a ProvenBiO graph tegetfith their
corresponding RDF triples. The figure shows, foaraple, the properties that we adopted from PROM&3cribing the
interaction among them (e.g., entity http://pud/@mjv/airtemperature/42 provo:wasGeneratedBythe activity
http://purl.org/fnjv/activity/exploreEnvVar01). Tobetter distinguish an activity that represents ancept (e.g.,
provenbio:bioSoftware) from an activity that was rfpemed within a system (e.g.,
http://purl.org/fnjv/activity/exploreEnvVariableQ1/it was necessary to add a new class. Thus, eeajze the clasagent

of PROV-O with a new class calldrdoSoftware The figure also shows some terms suclyeslat from GeoNames and
dc:identifier from Dublin Core. In other words, PROV-O can bee@glized and modified to meet distinct domain
requirements.

CASE STUDY: USING PROVENBIO TO DERIVE DATA QUALITY

Motivating Scenario

The volume and variety of data types, their stonagiag different formats and through distributedastories are common
problems that hamper the assessment of the qudlidata in the domain of biological diversity (Clnggin 2005). To

2 Fonoteca Neotropical Jacques Vieillard, Instinft@iology, UNICAMP
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illustrate a scenario, we briefly describe somdlehges concerning the management of sound regggdaced by FNJV

a geolat bruvo:Ent\ty-' _' ( '_..geo:lung.._

rdftype
rdftype rdftype
rdftype rdftype

— b}ﬁvo:Agéﬁt i — — — ~
dbpedia:NASA —/" T -

— “httpofiourl.orgfnjvAayats 5 Chitpdipurl orginjedong/37
subclassOf * _

X K 'prnvenbmtbmSnﬁwaré' provovalue provovalue
provo:wasAssociatedwith ™ ———

PREFIX x=d: <http:/fwaenewB.org/2001/M LSchema=
PREFIX rf. =httpiiveeae vl org/1898/02/22-rd feyntax-nst=
PREFIX de: <http:iipur.org/dfelements/ 1.1/

PREFIX dbpedia:  <http://dbpedia.org/resources=

PREFIX geo <hitp i org/2003/01/geolwgsB4_posi=
PREFIX provo: <http:/ivaseewB.org/ns/provie=

PREFIX provenbio: <http://pur.org/provenbio/ontolo gy

INSERT INTO <http:#/pur.org/provenbios> {
<http:/fpurl...reEnv\ar’=  a provenbio: bioSoftware .
<http./purl..Envva1/>  a provo: Activity
<http:/purl...Envvard 1=  dcidentifier “01"“xsdint .

<http:fpurl. Envvard1/>  provo:used <hitpipun.ongdfjvilong/31/= .
<http:fpurl..Envvard 1>  proveiused  <httpipur.ongdfnjvilatia 1

| *_24 3878 xsd foat | | “17 9256 xsd fioat |

subclassOf

qul_tfu:#pu 1l org/fnjv/airTem peraiure@

_— <http/fpurlorg/fjwlongi31/>  a provo:entity
<http:fpurlorg/fnpwlong/31  a geolong .
<http./purlorg'fnivlongd31/>  provoivalue *17.9256""x=d:float
<http.//purl. orgfnjwlati31 /= a prove:entity
<http./purl orgtfniwlat/31 /= a geolat .
<http:purlorg/fjwlati3t/>  provoovalue

-'_ '.-H{tp:.{f’purl.urgf’fn'[w’agems.l"explureEanarr.;' ._
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Figure 1 Example of a portion of our ProvenBiO ontology and the corresponding SPARQL query

(Cugler et al. 2012). FNJV maintains the largedtection of animal vocalization recordings in thedropics. In order to
preserve these recordings, researchers have ceedtgidal repository for them. Metadata are esaktid manage recordings,
and thus the quality of information provided by adsta has become a crucial issue. Problems fouatedeto such

metadata include, for instance, variety of formatsssing data values, abbreviations, misspellinggssing or wrong

information about species location. Common datdityyaroblems are related to completeness, accuaaclyconsistency of
data. Our case study investigates the quality oh suetadata, in particular after they have beeatedrand gone through
several cleaning processes (and thus, how godth@mocesses that were run to improve metadatayjua

Recording

of animal vocalization .
R4
Manual records of - - Data preparation I :

animal sound's
. T | Database
¢ ER

metadata e

Data cleansing Error detection
and validation

— !

~ -
. Cleansing

y

Digital store of
data

Information
retrieval

i '

Validation

Visualization and N
analysis ~.

(@) (b)

Figure 2 Basic flow concerning processing animal sound recordings- FNJV, inspired on (Cugler et al. 2012)

Figure 2 (a) depicts the basic process concerriirgg hanagement of the recordings. First, biologistord animal

vocalizations using distinct devices. Next, theytevmetadata in their notebooks (e.g., geograpidation, scientific name,
weather conditions) concerning the sound recoraeldracording environment. Subsequently, all theaadteg is stored in a
database A data cleaning process follows this step. Findlh order to perform scientific analyses, biokigi query the

database.

(Cugler et al. 2012) faced a subset of these pnobley proposing an approach to fill missing metadigids and derive such
information automatically, from external Web sow.ceowever, no evaluation about the quality ofdhiginal metadata and
the derived datasets was performed. Taking thisastount, we focus on the evaluation of data tyualhen the process to
clean and fill missing metadata values is executaglire 2 (b) shows the general steps of the datmsing process.

3 using a system developed(Bugler et al. 2012)
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Figure 3 describes the workflow that is used bydl€uet al. 2012) to fill missing metadata valulstice that this is a
generic workflow that can be specialized for dorspecific cleansing activities. In the case stymgcessing starts from the
geographic region (usually a location) where thensis were recorded, from which missing environmédnfarmation can
be obtained. The location name metadata is useddoy the Freebase knowledge base, in order toaldne latitude and
longitude of the location informé&dNext, the latitude and longitude obtained are loiod with stored metadata values
“collect time” and “collect date” to be used asuhpo web services such as NASA's GLDAS and IRIBesE and other
services are used to derive metadata on envirominestiables at the time and location of the recmydWe inserted probes
in this workflow to capture provenance informataineach stage of the workflow execution. This infation is represented
as instances of ProvenBiO.

<<slore>>

oca <
Metadata <<sfore>>
Database [%&

A

Environmental
Variables
Explorer

Local Metadata / Geographical Data
Explorer <<inpu|>>' Explorer

Freebase, IBGE, GLDAS, IRIS, NASA
Geonames efc. and others services

Figure 3 Workflow of the data cleaning activity, based on (Cugler et al. 2012)

ProvenBiO ontology: a running example

In this scenario, provenance plays an importarg solce biologists need to know how the fields warpleted, and track
the cleaning processes, users and resources intordensume the data in their investigations. gpguestions that experts
may ask are: “were these metadata fields fillecabyexpert or a novice user?”; “can | rely on theadallected from this

specific source?”; “are the derived metadata cotagaough?”

Figure 4 illustrates a portion of ProvenBiO RDPples. This ontology is also a result of our pregi@experience in modeling
provenance (Malaverri & Medeiros 2013). In the figutriples correspond to the provenance infornmatollected in one
execution of the prototype shown in Figure 3. la flyure, resources and values are nodes and piespare edges. The
figure shows, for instance, that there exist OWhssks that represeAttivities and bioSoftwareagents. The Activity
http://purl.org/fnjv/activity/exploreGeoDataObas properties such atartedAtTimeendedAtTimendwasAssociatedWith,
which hold the interval when the instance was etagtand its associated agents like FreeBase. Fortine, we also have
the data produced by this activity - uniquely idiged as http://purl.org/fnjv/lat/31/and http://purl.org/fnjv/long/31/with
their respective values.

Capturing Provenance Information

The Provenance Manager is composed by a set dtesithat we implemented to allow to capture prevee information.
Figure 5 depicts the elements - the Data Proven@otiector and the RDF Serializer services - tlmahpose the Provenance
Manager.

The Data Provenance Collector serviég in charge of capturing the provenance metadita.goal of this service is the
extraction and classification of the metadata Kestp track of the activities and entities that ipgrate in the generation of
missing values. The figure shows that the Data étvamce Collector service can be plugged in at pamtessing stage of
the data cleaning system being monitored. Inforomasiuch as people and tools that participateddrgtmeration of a piece
of missing data, details of processes, and paramesed by the processes, are collected when ghernsys executed.

4 Most records date back to the 70's, a pre-GPS Iétat/long is available, this step is bypassed
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rdftype
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provo used
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http-#purl_org/injv/air Temperature/42
provvalue e
“34.0" "xsd:float @ rditype

provo:wasGeneratedBy

.24 3878 xsd:float http-#purl org/injvat’31/

provovalue

provo:Agent | *1994-10-09" *xsd:datetime |

provo:used
provvalue provoused

df
A Re i fipurl ora fnjv fdate 0 CollectB3]

subclassOf

provo:wasAssocatedWith

Figure 4 Example of RDF triples of ProvenBiO

Provenance Manager

1
' L]
: ROF RDF Data Provenance '
: Database [ Si‘mallzsr sJerwce Co\lecJtor service 1
1 | virtuoso) | o5aRa . (Apache Jena) (Java) :
e =g .
............ csQlect T Tallec ] cecaletly e n .,
: y System under evaluation 4
1
1
1 Local Metadata Geographical Data VE‘E”VQOHFEE”FI '
v | Explorer (Java) Explorer (Java) nables Explorer '
] (Java) [
' :

Figure 5 Elements that compose the Provenance M anager

Next, the information collected and classified bg Provenance Collector service is delivered tdRDE Serializer service
It takes the provenance information and submit® ia categorization process, where this informat®omapped with a
corresponding ontology term. We use the set of 4emnmd properties defined in ProvenBiO to reprepeovenance at this
stage. Once all information is instantiated, isfered into the Provenance Repository in the forafaRDF triples. We
implemented these services using Java technolagyhé&rmore, we use the Apache Jena framework id bad write RDF
triples which are stored into the Virtuoso datab@s®e SPARQL queries).

Querying Data Provenance to Derive Quality

Let us now regard the workflow of Figure 2 (b) waageneral goal is to perform data cleaning andrfilnissing metadata
values (using the workflow of Figure 3). Considesittan expert wants to know the quality of the sletsathat resulted from
the data cleansing process, so that (s)he canqudrsity use such datasets. Using the strategyitleddn this work, users
can pose queries against the RDF Database (ouefanue Repository), in order to retrieve infornmatio estimate quality.
For instance, imagine that the specialists arerésted in evaluating the completeness and confeericthe datasets.
Examples of queries that we can answer are:

1. Search for the metadata records that were complasidg data sources whose average reputation ikdrighan
o
2. Retrieve metadata records for which the cleansictiyiy is over, and which started before a date’;'D

Proceedings of the Nineteenth Americas Conferendeformation Systemghicago, Illinois, August 15-17, 2013 6



Malaverri et al. Estimating the quality of data using provenance

Find newly completed metadata records for spedesad in tropical countries;

Retrieve newly completed metadata records thateleted to endangered species;

Retrieve the identifiers of all databases whoseitaion is higher than 0.6 and which were usechim workflow of
Figure 3to fill missing metadata for Passeriformes speoéedrdings.

ar®

Queries 1 and 2 are simple to solve in a relatidatdbase and are supported by other provenaneeedo queries 3, 4 and
5 are more complex and may involve further infolioratind relationships that we can only solve ustrgvenBiO ontology.
Also notice that some queries are specific to tmaln of our case study, while others can be cens@lin the context of
generic information handling environments. Figureshows the SPARQL query for item 5. The first lirdwows that
consensual vocabularies and ontologies like Gedspand Dbpedia-owl were adopted. The second parderns the query
itself.

Once the information is delivered to the specia({sthe can apply specific rules to decide whetherdata are good enough.
We developed a prototype to query the data provanacaptured by our Provenance Manager, available at
http://purl.org/provenbio/?task=do/querynav. Realateork, as discussed in the next section, considehg stored (meta)
data. Our approach, on the other hand, allows rimdidditional information, which is obtained froelationships among
stored data and ontologies. Thus, our provenanseebgueries can return much more than informatéstricted to the
stored provenance metadata. In other words, thétsesf these queries are data that can be analyzadsers to evaluate
quality according to their criteria. Figure 6 pnetsea screen copy of our query prototype. It shearse basic queries that
specialists can perform in order to evaluate thaityuof their data.

P

P -
\ ProvenBiO Project &9 @
\ Capturing and querying provenance data from applications in the biodiversity domain
.
Example Queries:
Home
Q1. 5earch for the metadata records that were completed from sources whose average reputation is higher than "0.6”. =«
About 02: Which are the metadata records that were completed for species found in tropical countries 7
J3: Which were the sources used to derive latitudes related to species that belong to Passeriformes 7 -
Contact
Examples PREFDI de: < emer e
PREFIX dhpedia-pwl: <http://dbpedia.org/ontolc
Data PREFIX dhpedia:  <http://dbpedia.org/resource
PREFLX gegspecies: <http://rdf.geospecies.org/ont/geospecies#>
Playground PREFLY geg: <ht wrww3, 0rg/2003/01/geo/wgséd_pos#E=
PREFIX prove: < http:/fwww.w3 orgins/prove =
SPARQL PREFIX provenbig: «http://purl.org/provenbio/ontology#> L
Endpoint S N ) )
select distinct(?metadataRecord), Tassasiatedapecies from <http://purl.org/provenbio/> {
License

‘mefadataBecord A RLayg:entity.

‘mefadataBecord  proveiwasGensratedsy 7instancesQffrocess .

TinstancesQffracess provowasdssociatedWith  7bases. 8
TinstancesQiProcess provesrelatedipecie Tasseciatedipecies.

Tassaciatedinedas  nrovenbioinfoundInTeopical oprovenbio:true

Run Query
Figure 6 Screen copy of our query prototype. The codefor Q2 ispartially shown in the window.

RELATED WORK

Data quality is seen as a subjective concept. ler@tyudata considered good enough for a group efsusan be considered
bad for others (Simmhan & Plale 2011; Chapman 200B)is, the assessment of the quality of data needensider the
characteristics of a specific context (e.g., e-Bess, healthcare, environmental sciences). Thermany research initiatives
that tackle the assessment of quality by presemtiathodologies to measure different data qualityetisions - e.g., (Pipino
et al. 2002; Ballou et al. 1998). However relatvidtle work explores and applies the informatimmmduced when a dataset
is generated - i.e. its provenance - as a key pigeegaluate the quality of data.

(Simmhan & Plale 2011) describe an approach fos@wlized quality scoring to rank scientific datassased on a quality
profile. Provenance metadata is used to model ktyjéianction based on weights setting on a usguality profile. Machine
learning techniques are used to construct a qualitgtion to produce a quality score. The main idehind this solution is
to predefine quality scores of the input data t@riwathe quality score for the derived output dafthough our solution can
use the expertise of specialists to annotate gustibres of input data (e.g., confidence of a datace), we believe that this
kind of approach can be time consuming - the brottieapplication domain is, the greater the effortonfigure a quality

Proceedings of the Nineteenth Americas Conferendeformation Systemghicago, Illinois, August 15-17, 2013 7



Malaverri et al. Estimating the quality of data using provenance

profile. Rather than relying on (manual) user-assthscores, our approach tries to automaticallyagehuch information as
possible that is produced when a dataset is getetat be used by the specialists in the qualitesssaent process.
Moreover, we do not compute quality scores. Rathér,up to the user to derive information (s)leasiders useful to obtain
quality information. Though this is an ad hoc psseon the other hand users are free to investagataejuality criterion of

their choice.

In order to compute a quality score that can taded in the evaluation of the quality of data om Web, (Hartig & Zhao
2009) describe a solution to annotate provenantadat (e.g., date of creation) with impact valdds provenance model
constructed is directly associated with the timegi quality dimension. Unlike this work, we do meted to specialize
provenance for each dimension of quality. In owgecdhe specialist can choose the quality dimessibimterest and request
for information that can help to assess the dinwassi

Similar to (Hartig & Zhao 2009), (Prat & Madnick @8) also propose an approach to compute the bbllgyagquality
dimension based on the provenance of a data vaheecomputation of believability has been strualurgo three complex
building blocks: metrics for assessing the beliditsdof data sources, metrics for assessing tHeetability from process
execution and global assessment of data belietyabfithough this is a precise approach to measeaigevability, the
authors only measure the believability of a numdata value, which limits its applicability.

PREFIX rdfs: <http:ffenean w3, orgl2000001 /rd F-schema#=
PREFIX x=d: <http:ewevewd.orgl2001 XM LS chem a-
PREFIX foaf: =http./xmins.comifoatl. 1/=

PREFIX rdf. < hitp:/iwaawB . orgl1 999002022 -rd Feyntax-nek>
PREFIX dc <http:/ipud. org/dcielement=/1 . 1/=

PREFIX dbpedia-ow: <http./idbpedia.org/ontology’=

PREFIX dbpedia: <http://dbpedia.orgiresourcel=

PREFIX geospecies: <httpiirdf geospecies.ongiont/geospecies#=
PREFIX geo: <http:iwewad w3, org/2003/0 Vgeo/wosS4_posi=
PREF X provo: <http./iwates wB org/ns/provies

PREFIX prowvenbio: < http://pud.org/provenbio/ontologysé=

seled * from <http:Vpurl org/ provenbio/= {

7databasefgent a provo:Agent.

7databasesgent a foaf Organization.
7databasefgent a provenbio:publicDataOrganization.
?databaseAgent provenbio:trustScore MrustScore

Tawagent a provenbio:swagent.

Tawagent provenbio:isfssociatedVith <http.//purl.org/injwagents/nasas=
Tadivitylnstance provenbio: bioSofware 7swagent

Padhivitylnstance a provenbio: Adivitylnstance
Padlivitylnstancs provo:startedatTime ?startDateTime:

Fadivitylnstancs prove: wasAssoedatedVWith 7databaseAgent.

Tadivitylnstancs provo:used ZinstancelnputSpecies.

ZinstancelnputSpecies a

geospecies S peciesConcept

<http:/lod.geospecies. org/orders/hN vZ) =
?speciesCountry
dbpedia:Brazil

ZinstancelnputSpecies geospecies:inOrder
ZinstancelnputSpecies geospecies:hasLocation
TspeciesCountry dbpedia-ow:country

FILTER (#rustScore =08) }

Figure 7 SPARQL query correspondingto Item 5

Notice that one singular characteristic of our wigrkhat we generated an instance of a generidagydor provenance
representation. This ontology allows to collecbmfiation related to a specific domain and stora gabvenance that is used
to assess quality in a specific context.

CONCLUSIONS AND ONGOING WORK

This paper presented an approach to support sigt€iah the estimation of quality of datasets basedprovenance
information, for data-intensive applications. Ratthen concentrating our study on standard orgépizal environments, we
analyze environments in which scientific experinsesate planned, specified and executed, insofdregsreflect a particular
set of procedures and processes to run experimentstder to provide domain-specific provenance, gemerated an
ontology instance (ProvenBiO) based on the W3C PRID®htology and data model. Besides typical queioesised on
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provenance from a system point of view (e.g., psees), this solution enables specialists to iiget® relationships among
elements within a specific domain. Aiming at th@mssiveness of ProvenBiO, we aggregated widelptadovocabularies
such as DwC and Geospecies. This enhances intatnlitgracross distinct groups that want to shareé eeuse data sets in
their processes.

In particular, we use the provenance informatiomltow experts to perform queries aimed at assgdbia quality of data.
Distinct members/roles in a given group or orgamnracan be interested in different dimensions wadliy, depending on
the kind of activity that they are performing. Rbis reason, the automation of the measurementialfty can be a difficult
task, especially if we consider that each dimensiogquality may cover other sub-dimensions.

Our solution was validated using a case study qoiveg recordings of animal sound vocalizations. Miplemented a set of
services that enable to capture and identify pramea metadata when a system is being executed sedvice that allows
to query this information. Future work that we wéminvestigate is related to the propagation @& gaovenance among the
transformation processes through which a datasetimiitted. Another extension is related to thdyaismof provenance as a
criterion to adapt a workflow to a specific orgatianal context. Our queries require knowledge BARBQL. Future work
also involves developing an interface with tranetamechanisms to transform user requests into SHARueries.

We point out that though our work is concerned veitientific processes and data, it is generic endagbe applicable to
other organizational contexts. It suffices to addqe ontology to contemplate concepts and relatiwnthe domain of
interest.

ACKNOWLEDGMENTS

This paper was partially funded by grants from CSP&d CNPq, by the Microsoft Research-FAPESP Mirtostitute
NavScales project), CNPq (MuZOO Project and PRONERESP), and by the INCT in Web Science (CNPq
557.128/2009-9)

REFERENCES

Ballou, D. et al., 1998. Modeling Information Maagfuring Systems to Determine Information Productl@@y. Manage.
Sci, 44, pp.462-484.

Barga, R.S. & Digiampietri, L.A., 2008. Automati@mgture and efficient storage of e-Science expetinpeavenance.
Concurr. Comput. Pract. Exper, 20(5), pp.419-429.

Batini, C. & Scannapieco, M., 200Bata Quality: Concepts, Methodologies and Techrsq(®ata-Centric Systems and
Applications) Springer-Verlag.

Blake, R. & Mangiameli, P., 2011. The Effects antktactions of Data Quality and Problem ComplegityClassification.
Journal of Data and Information Qualit2(2), pp.1-28.

Chapman, A.D., 2005. Principles of Data Qual@jobal Biodiversity Information Facility, Copenhage

Chen, P., Plale, B. & Aktas, M.S., 2012. TemporapRsentation for Scientific Data ProvenancePtac. 8th IEEE Int.
Conf. on eScience 2012

Cugler, D.C., Medeiros, C.B. & Toledo, F., 2012. architecture for retrieval of animal sound recogdi based on context
variablesConcurrency and Computation - Practice and Expergen

Davies, J., Studer, R. & Warren, P., 208@mantic Web Technologies: Trends and Researchntold@y-based Systems
Wiley.

DCMI, 2010. The Dublin Core Metadata Initiative. dilable at: http://dublincore.org/.
DeVries, P.J., 2009. GeoSpecies Ontology. Availahléttp://bioportal.bioontology.org/ontologiesflr2
DwC, 2009. Darwin Core Task Group. Available atptitwww.tdwg.org/standards/450/.

Goodchild, M.F. & Li, L., 2012. Assuring the qualiof volunteered geographic informatio®patial Statistics1, pp.110—
120.

Hartig, O. & Zhao, J., 2009. Using web data proveseafor quality assessment. Pnoc. of the Workshop on Semantic Web
and Provenance Management at ISWC

Kepler, 2011. The Kepler Project. Available atpbtt/kepler-project.org/.

Proceedings of the Nineteenth Americas Conferendeformation Systemghicago, Illinois, August 15-17, 2013 9



Malaverri et al. Estimating the quality of data using provenance

Kondo, A.A. et al., 2007. Traceability in Food Bupply Chains. IProc. 3rd Int. Conf. on Web Information Systems and
Technologies (WEBISTINSTICC, pp. 121-127.

Lassila, O. & Swick, R.R., 1999. Resource Desaiptrramework (RDF) Model and Syntax Specification.

Malaverri, J.E.G. & Medeiros, C.B., 2013. A Proveoe-based Approach to Evaluate Data Quality inex®a.Submitted to
Int. J. Metadata, Semantics and Ontology - Spdsfale on “Metadata for e-science and e-research.”

Moreau, L. et al., 2011. The Open Provenance Madet specification (v1.1)Future Generation Comp. SysR7(6),
pp.743-756.

Parssian, A., 2006. Managerial decision supporh itowledge of accuracy and completeness of thaioall aggregate
functions.Decis. Support Sys#2, pp.1494-1502.

Pernici, B. & Scannapieco, M., 2002. Data Quality Web Information Systems. IRroc. of the 21st Int. Conf. on
Conceptual ModelingSpringer-Verlag, pp. 397-413.

Pipino, L.L., Lee, Y.W. & Wang, R.Y., 2002. Data §ily AssessmentCommun. ACM45, pp.211-218.

Prat, N. & Madnick, S., 2008. Measuring Data Bediedity: A Provenance Approach. Proc. of the 41st Hawaii Int. Conf.
on System Sciencgs 393.

Richard, Y. & Diane, M., 1996. Beyond accurady/hat data quality means to data consumistnal of Management

Sahoo, S.S., Sheth, A.P. & Henson, C.A., 2008. &&mBrovenance for eScience: Managing the Delddggcientific Data.
IEEE Internet Computingl2(4), pp.46-54.

Simmhan, Y. & Plale, B., 2011. Using ProvenanceRersonalized Quality Ranking of Scientific DatasktJ. Comput.
Appl., 18(3), pp.180-195.

Taverna, 2009. The Taverna Project. Available t@; www.taverna.org.uk/.
VisTrails, 2011. The VisTrails Project. Available http://www.vistrails.org.
W3C, 2012. The PROV Ontology. Available at: httpwiv.w3.0rg/TR/prov-o/.

Wang, X., Gorlitsky, R. & Almeida, J.S., 2005. FroML to RDF: how semantic web technologies will olge the design
of “omic” standardsNat Biotech 23(9), pp.1099-1103.

Yeganeh, S.H., Hassanzadeh, O. & Miller, R.J., 2Qiriking Semistructured Data on the WebPiroc. 14th Int. Workshop
on the Web and Databases

Zhao, J. et al., 2008. Mining Taverna’'s semantib weprovenanceConcurr. Comput. Pract. Exper, 20, pp.463-472.

Proceedings of the Nineteenth Americas Conferendeformation Systemghicago, Illinois, August 15-17, 2013 10



