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t. Spreadsheets are popular among users and organizations, be
oming an essential data management tool. Theeasiness to handle spreadsheets asso
iated with the 
reative freedom o�ered by them resulted in the in
rease of the datavolume available in this format. However, spreadsheets are not 
on
eived for integration of data from distin
t sour
esand 
hallenges arise involving systematization of pro
esses to reuse and 
ombine their data. Many related initiativesaddress integration of data inside spreadsheets fo
using on lexi
al and synta
ti
al aspe
ts, however, the explorationof the semanti
s related to this data is still an open 
hallenge. In this sense, some related work propose mappingspreadsheets 
ontents to open interoperability standards, mainly Semanti
 Web standards. The main limitation ofsu
h proposals is the assumption that it is possible to re
ognize and make expli
it the s
hema and the semanti
s ofspreadsheets automati
ally regardless of their domain. This work di�ers from related work by assuming the essentialrole of the 
ontext � mainly the domain in whi
h the spreadsheet was 
on
eived � to delineate shared pra
ti
es of the
ommunity, whi
h establishes building patterns to be automati
ally re
ognized by our system, in a data extra
tionpro
ess and s
hema re
ognition. In this arti
le we present a result of a pra
ti
al experiment involving su
h a system, inwhi
h we integrated data from hundreds of spreadsheets available on the Web. This integration was possible due to aunique ability of our approa
h of re
ognizing the spreadsheet nature, analyzed inside its 
reation 
ontext.Categories and Subje
t Des
riptors: H.2 [Database Management℄: Mis
ellaneous; H.3 [Information Storage andRetrieval℄: Mis
ellaneous; I.7 [Do
ument and Text Pro
essing℄: Mis
ellaneousKeywords: biology, interoperability, semanti
 web, spreadsheets1. INTRODUCTIONSpreadsheets have been giving autonomy to end users to design their own tables, used to register andmanage data [Chambers and S
a�di 2010; S
a�di et al. 2005℄.Among the roles played by spreadsheets, we are interested in a relevant subset in whi
h theyare applied as �popular databases�. [Chambers and S
a�di 2010℄ noted that, among spreadsheetsprodu
ed by end users, 25% are used as databasesThe growth of 
omputing power asso
iated with the advan
e of systems � whi
h are able to handlein
reasingly larger spreadsheets � fostered a proliferation of these � popular databases� in di�erent
ontexts . This phenomenon has as side e�e
t the fragmentation of data, s
attered in various �les,
ontaining informal and impli
it s
hemas, whi
h are designed to operate as isolated entities. Thesefa
tors hamper data integration and the 
ombination of data from distin
t �les.There is a growing 
on
ern in transforming tabular data to open standards suitable for reuse andintegration [Han et al. 2008; Langegger and Wöÿ 2009; O
onnor and Halas
hek-Wiener 2010; Syedet al. 2010; Venetis et al. 2011℄. This pro
ess 
an be enhan
ed by asso
iating elements of spreadsheetsThis work was partially supported by the Mi
rosoft Resear
h FAPESP, Virtual Institute (NavS
ales proje
t), theBrazilian Institute for Web S
ien
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Fig. 1. Example of spreadsheet re
ording a 
olle
tion [e
osystems.mbl.edu℄to 
on
epts in knowledge bases available on the Web.Among the approa
hes involving re
ognition of impli
it spreadsheet s
hemas to make them expli
it,there are initiatives meant to be generi
 to any 
ontext, resulting in a too wide spe
trum of possibilities.Therefore, they do not explore 
ontext spe
i�
ities to drive their re
ognition pro
ess. Moreover,instead of identifying a 
onstru
tion pattern, usually 
hara
terized by the nature of the spreadsheet,these initiatives fo
us on the re
ognition of individual labels. For example, spreadsheets to 
atalogspe
imens in a museum (nature of the spreadsheet) usually share a 
onstru
tion pattern � not analyzedby related work � whi
h 
an guide their re
ognition.In this arti
le we assume that su
h re
ognition and mapping pro
ess will be more e�e
tive if we
onsider the 
ontext in whi
h the spreadsheet was 
reated. Users in a 
ontext � for example, ausage domain of biology � share pra
ti
es whi
h result in 
onstru
tion patterns. In a previous pa-per [Bernardo et al. 2012℄ we demonstrated that many of these patterns are likely to be re
ognized by
omputer programs and we have introdu
ed our strategy for automati
 re
ognition of su
h patterns.This arti
le presents how our pro
ess to re
ognize s
hemas making them expli
it was applied in the
onstru
tion of a system able to transform several spreadsheets into a uni�ed and integrated datarepository. Our pro
ess in
ludes automati
 s
hema re
ognition and asso
iation between �elds/re
ordsof spreadsheets with 
on
epts available in ontologies. This system demonstrates a distin
tive 
hara
-teristi
 of our approa
h. Unlike related work, it is able to re
ognize the nature of many of the analyzedspreadsheets, produ
ing data with su
h semanti
s, whi
h 
an drive 
onsistent 
ombination operationsover them.This resear
h is part of a larger proje
t involving 
ooperation with biologists to build databases thatintegrate biodiversity data. We observed that biologists maintain a signi�
ant portion of their datain spreadsheets. In parallel, there are initiatives aimed at making biologi
al data more �exible [Yanget al. 2005; Ponder et al. 2001℄ and shareable. They point out that although the information is ri
h insemanti
s, it is not properly explored, as formats adopted to its representation hamper its a

ess andmanipulation. For this reason, this resear
h adopted the 
ontext of biology and spreadsheets orientedto data management as its spe
i�
 fo
us. The remaining arti
le is organized as follows. Se
tion 2presents an overview of related work. Se
tion 3 introdu
es our pro
ess to make spreadsheet s
hemasexpli
it. Se
tion 4 presents our system that integrates data from several spreadsheets based on there
ognition of their nature. Se
tion 5 presents a 
omparative analysis between our propose and relatedwork. Se
tion 6 presents the 
on
lusion and future work.2. RELATED WORKThere are several initiatives aimed to provide semanti
 interoperability for tabular data, in order tosubsidize integration of data from di�erent sour
es. Data management through spreadsheets 
an betreated as a spe
ialized subset of this universe. In this se
tion we present some relevant works inthis dire
tion. Figure 1 presents a spreadsheet 
ontaining data about birds spe
imens 
olle
ted in the�eld, whi
h will be used as an example to illustrate the analysis of related work.The main fa
tor to transform data from a spreadsheet into an open standard representation isthe re
ognition of its s
hema in order to make it expli
it. This pro
ess 
an be automati
, manualor semiautomati
. In the manual pro
ess, the user must lo
ate spreadsheet elements that representspe
i�
 re
ord �elds and asso
iate them to elements of an ontology. In most 
ases, the ontology willJournal of Information and Data Management, Vol. 4, No. 1, February 2013.
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Fig. 2. Example with the result of a semanti
 mapping performed by [Han et al. 2008℄.be represented in Semanti
 Web standards � RDF (Resour
e Des
ription Framework) [Manola andMiller 2004℄ and OWL (Web Ontology Language) [WG 2009℄ � whi
h are founded on a graph model,as those shown in Figures 2 and 4. Therefore, it will be a transformation of a tabular data into agraph.[Han et al. 2008℄ applies the entity-per-row [O
onnor and Halas
hek-Wiener 2010℄ manual mappingapproa
h, apt only for tables with simple s
hemas. In this approa
h, ea
h table row des
ribes adi�erent entity, to be mapped to a RDF instan
e. Ea
h 
olumn refers to a des
riptive attribute thatbe
omes a RDF property. Figure 2 shows the resulting RDF graph of a semanti
 mapping, performedby using the [Han et al. 2008℄ te
hnique, in one of the rows of the spreadsheet shown in Figure 1. Theellipse in the 
enter refers to a RDF instan
e generated from the �rst row 
ontaining spreadsheet data.The attributes be
ome edges (properties), whose values are the vertexes pointed by the edges. It isimportant to stress that the generated instan
e does not refer to any spe
i�
 
lass. It re�e
ts the fo
usof this approa
h � as well as all approa
hes whi
h we will present in this se
tion � in the re
ognition andmapping of attributes individually. However, in spreadsheets � as in other kinds of data managementartefa
ts � attributes are 
ombined to a
hieve a higher purpose, we 
all the nature of the spreadsheet.Our approa
h goes beyond. It is able to re
ognize the nature of several spreadsheets belonging thebiology usage domain. It results in a semanti
ally ri
her 
hara
terization of the generated instan
es.[Langegger and Wöÿ 2009℄ are not limited to the entity-per-row perspe
tive and propose mappingimpli
it hierar
hies found in spreadsheet s
hemas.[Abraham and Erwig 2006℄ identi�ed a spe
i�
 subset of spreadsheets, whi
h are adopted by users astemplates to produ
e new ones, in a 
opy and adapt approa
h. However, people outside the 
reation
ontext 
an produ
e errors and in
onsisten
ies in the reuse pro
ess. Therefore, [Abraham and Erwig2006℄ propose a life 
y
le for spreadsheets in two stages: development and use. The stages 
learlydevise the s
hema 
reation (development stage) from the data entry pro
ess (use stage). A s
hema
reated in the �rst stage 
annot be 
hanged in the se
ond stage, redu
ing errors and in
onsisten
ies.In most 
ases, the manual semanti
 mapping is not feasible [Syed et al. 2010℄. For this reason,some related work propose an automati
 semanti
 mapping supported by external knowledge bases,as those provided by Semanti
 Web. [Syed et al. 2010℄ propose a generi
 mapping approa
h, whi
h 
anbe applied to any 
ontext. In order to map the attributes and values found in the spreadsheet to RDFproperties and values, they asso
iate spreadsheet attributes to 
on
epts available in knowledge bases,as DBpedia (http://dbpedia.org) and Yago (http://www.mpiinf.mpg.de/yago-naga/yago/). One ofthe advantages of this approa
h is the fa
t that these bases are maintained and updated by peoplefrom all parts of the world. On the other hand, it 
an generate ambiguous and in
onsistent links.Applying this strategy to the 
ase of Figure 1, an in
onsisten
y 
ould be generated by analyzingthe Genus (Genus) 
olumn, whi
h has di�erent interpretations in di�erent 
ontexts. [Venetis et al.2011℄ address the ambiguity problem making a 
orrelation of table 
ells like a 
orrelation betweentext fragments. Therefore, [Venetis et al. 2011℄ will address the ambiguity of Genus by relating it withSpe
ies (Spe
ies). Journal of Information and Data Management, Vol. 4, No. 1, February 2013.
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Fig. 3. Example spreadsheets[Janna
h et al. 2009℄ also apply a semanti
 mapping of terms during the Web tables extra
tionpro
ess. It involves three types of ontology: 1 - 
ore: works as a meta s
hema des
ribing a generi
stru
ture to be re
ognized; 2 - domain: elements of a s
hema in a spe
i�
 domain to be re
ognized� it instantiates the 
ore ontology; 3 - ontology instan
e: elements extra
ted from tables mapped toinstan
es of the domain ontology. This pro
ess 
lusters related elements to put them in a 
ontext,improving the proper asso
iation with ontologies.[Hermans et al. 2010℄ are able to automati
ally re
ognize the stru
ture and 
ontent of a spreadsheet,transforming it in an UML representation. They adopt a three step approa
h: parse, prune andenri
hment. In the �rst step, a parse tree is produ
ed representing the internal stru
ture of thespreadsheet, whi
h is further pruned in the se
ond step, to maintain just the relevant elements. In thelast step, the pruned parsing three is transformed in an UML 
lass diagram through the re
ognitionof patterns, represented as grammars.[Limaye et al. 2010℄ adopt ma
hine learning te
hniques to re
ognize the impli
it s
hema. They startasso
iating a type to ea
h attribute and follow looking for binary relations between attributes. There
ognized attributes are asso
iated to 
on
epts in the Yago knowledge base.As we will further analyze in Se
tion 5, most of related work fo
us their re
ognizing pro
ess onindividual attributes, do not 
apturing the wider purpose of the spreadsheet per
eived by the wholes
enario, involving the 
ombination of attributes and their disposition. The spreadsheet of Figure 1,for example, re
ords events related to 
olle
tions, 
reated by biologists in the �eld. Most of Relatedwork are able to re
ognize individual attributes, but not the wider s
enario , i.e., that ea
h re
ordrefers to an event (
olle
tion). It has a dire
t impa
t on the possibilities of integration and arti
ulationof the resulting set, for example, if we wish to arti
ulate an instan
e of the spreadsheet of Figure 1with spreadsheets illustrated in Figure 3. The spreadsheet of Figure 1 re
ords 
olle
tion events asthe spreadsheet of Figure 3(a). An operation to 
ombine both spreadsheets, 
ompatible with theirnature, will be, for example, a merge operation, in whi
h data from one spreadsheet 
an 
omplementthe other.A third spreadsheet � illustrated in Figure 3b � has a di�erent nature, as it 
ontains a spe
imens
atalog. Although it makes no sense merging this spreadsheet with data of Figures 1 and 3(a), theirdata 
an be arti
ulated. For example, spe
i�
 bee spe
ies indi
ated in the re
ord 
olle
tion 
an belinked to those of the 
atalog. As we will show below, our proposal is able to re
ognize su
h nature ofea
h spreadsheet, whi
h works as a �glue�, interrelating the semanti
s of ea
h �eld with the semanti
sof the spreadsheet as a whole. The re
ognition of ea
h nature will drive appli
ations to apply 
onsistentoperations to data from spreadsheets.This pro
ess follows the same methodology of the In Lo
o Semanti
s [Santan
hè and Silva 2010℄,it interprets organization patterns and the user behaviour in order to automate part of the pro
essinvolving in the identi�
ation and semanti
 mapping. This methodology is guided by the followingJournal of Information and Data Management, Vol. 4, No. 1, February 2013.



Extra
ting and Semanti
ally Integrating Data from Multiple Spreadsheets based on Re
ognition of their Nature · 5prin
iples: In Lo
o Annotation: the annotation pro
ess o

urs 
on
omitant to the 
ontent produ
-tion (in lo
o). Metaphor Integration: the metaphors and models adopted in 
ontent annotation arealigned with those adopted for 
ontent produ
tion. Interoperability: in lo
o annotation strategies aredesigned to enable automati
 information extra
tion and 
onversion to Semanti
 Web open standards.Semanti
 Persisten
e: in lo
o annotation elements are 
onne
ted to uni�
ation ontologies, whi
h willguarantee their equivalent interpretations in di�erent 
ontexts, subsidizing the semanti
 persisten
eamong transformations. In previous works of the In Lo
o Semanti
s fo
used on the re
ognition anddata extra
tion of textual do
uments.3. MAKING THE SCHEMA EXPLICIT DIRECTED BY THE SPREADSHEET NATUREAs mentioned earlier, this proposal involves the implementation of a pro
ess in whi
h data fromspreadsheets are extra
ted and transformed into RDF/OWL, to be stored in a repository. The 
entralproblem 
on
erns the impli
it s
hemas of spreadsheets, whose interpretation involves analyzing theirdata organization, whi
h is strongly in�uen
ed by the nature of the spreadsheet and 
entered on its
ontext. In 
ontrast to related work, our approa
h is not intended to be generi
, interpreting any kindof spreadsheet. It departs from a spe
i�
 domain in order to re
ognize in it the shared patterns tobuild spreadsheets. For example, in a s
enario of produ
ts sale, if the intention is to 
atalog produ
ts,the �produ
t name� �eld will typi
ally be among the �rst 
olumns of the spreadsheet, however, if thepurpose is to re
ord ea
h sale of these produ
ts, the �date of sale� will be among the �rst 
olumns.In [Bernardo et al. 2012℄ we have systematized building patterns observed in spreadsheets in thebiology usage domain, whi
h served as basis for the design of a pro
ess based on the re
ognition ofthese patterns. This pro
ess starts by mapping ea
h �eld of the spreadsheet in the six exploratoryquestions (who, what, where, when, why, how). It works in a 
y
li
al and in
remental form [Bernardoet al. 2012℄, in whi
h ea
h new term and its disposition 
ontributes to the re
ognition of the natureof a given spreadsheet. Re
ursively, new terms are more pre
isely semanti
ally de�ned as far as thenature re
ognition evolves.Departing from �eld observations, we noted that most of the spreadsheets in biology 
an be dividedinto four main groups: Group 1 - Obje
ts: spreadsheets aimed at re
ording information about realworld obje
ts, e.g., spe
imens in the museum; Group 2 - Events: spreadsheets dire
ted to re
ordingevents, e.g., sample 
olle
tions; Group 3 - Classi�
ation: spreadsheets that systematize taxonomi

lassi�
ations; Group 4 - Models: meta-spreadsheets whose re
ords des
ribe a s
hema for the 
on-stru
tion of other spreadsheets.As far as we expanded the universe for analysis of spreadsheets, in
reased the need to 
reate a rep-resentation format that expresses how authors and users think and organize spreadsheets, explainingpatterns shared by 
ommunities. For this reason, we are working on su
h a representation, making itopen and independent of the program that performs the interpretation. This representation is apt tobe interpreted by ma
hines, in order to guide the re
ognition pro
ess.4. SEMANTIC MAPPING, DATA INTEGRATION AND QUERYINGThe re
ognition pro
ess, previous des
ribed, enabled the developed a semanti
 mapping pro
ess toRDF/OWL data. This mapping pro
ess exploits the re
ognition of the spreadsheet nature to generatesemanti
ally ri
her data. The prototype implemented here aims to demonstrate the potential forintegration and linkage of data, extra
ted from spreadsheets, when its nature is re
ognized and madeexpli
it.Figure 4 presents an overview of the entire pro
ess behind our proposed and implemented strategyto extra
t and integrate data from spreadsheets. Steps 1 and 2 extra
t data from spreadsheets andthen re
ognize their nature and respe
tive s
hema. The extra
tion is performed by a module namedJournal of Information and Data Management, Vol. 4, No. 1, February 2013.
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Fig. 4. Steps exe
ution of re
ognition system and mapping spreadsheets.Do
ument Data Extra
tor, developed in an asso
iated work [Mota et al. 2009; Santan
hè et al. 2009℄and available at http://
ode.google.
om/p/ddex/. In a previous work [Bernardo et al. 2012℄, wepresent details related to steps 1 and 2 of Figure 4.In [Bernardo et al. 2012℄ we introdu
ed how we took advantage of making the s
hema expli
itand dete
ting the nature of the spreadsheet to enri
h semanti
ally the data extra
ted from spread-sheets (step 3 of Figure 4) and store them as RDF. The data are stored in a Virtuoso RDF database(http://virtuoso.openlinksw.
om), whi
h allows a

ess through aWebServi
e (available at http://sparql.lis.i
.uni
amp.br).In this work, we have evolved in the semanti
 mapping pro
ess (step 3) and have produ
ed anenhan
ed system to explore these integrated data (step 4). The system takes advantage of the se-manti
ally ri
her data to link them to external datasets on the Web. It also in
ludes a Web queryinterfa
e that allows users to navigate and arti
ulate the data extra
ted from the spreadsheets.4.1 Nature-driven Ontology Produ
tion: Running ExampleAs we presented in the previous se
tion, the re
ognition of the spreadsheet nature plays an importantrole on our semanti
 mapping pro
ess and in to determine 
onsistent operations over data. Returningto our examples in Figures 1 and 3, showing ex
erpts of two di�erent spreadsheet �les, they will be
lassi�ed by our system (steps 1 and 2) in di�erent natures � i.e., events and 
atalog � as presentedbefore. It will re�e
t in distin
t but 
onne
ted RDF graphs.The RDF graph of Figure 5 summarizes the result of our extra
tion pro
ess for both spreadsheets.The area highlighted in gray � identi�ed as side (A) � represents the RDF mapping of the spreadsheetof Figure 3(a) (event) and the side (B) represents the RDF mapping of the spreadsheet of Figure 3(b).Unlike related work, the instan
e was re
ognized as a 
olle
tion re
ord and materialized in the RDFgraph as an instan
e of the 
lass bio:Colle
t (see an edge representing the property rdf:type).Moreover, the instan
e on the side (B) was re
ognized as a spe
imen in the museum and materializedas a RDF instan
e of the 
lass gs:Spe
iesCon
ept.As illustrated in Figure 5, unlike the related work, in our approa
h the value assigned to ea
hproperty is not limited to labels. In the spe
imen instan
e, for example, illustrated in the side(B) of Figure 5, it is possible verify that the property value for gs:inFamily � whi
h indi
ates theanimal's family, represented using the GeoSpe
ies vo
abulary (http://lod.geospe
ies.org/) � is anobje
t instan
e. In this 
ase, it is an instan
e of a spe
imen that represents the family I
teridae(biospread:I
teridae). On
e a property is identi�ed and mapped, the system tries to relate itsvalues to knowledge bases � e.g., on
e the property gs:inFamily is re
ognized, the system tries torelate its values to the Geospe
ies base. The system was designed to link all spe
imens � re
ognizedas members of this I
teridae family � to the same (biospread:I
teridae) obje
t. Thus, it is possible
ongregate all the data from the spreadsheets at any level of 
hara
terization of a living being. Forexample, it is possible to 
ompile all the data from a parti
ular spe
ies or from an entire family andso on. As illustrated in the lower part of Figure 5, properties mapped into RDF are 
ategorized assub-properties of properties representing the six exploratory questions. For example, the propertiesto 
hara
terize a spe
imen (bio:spe
ies, gs:inFamily, gs:inOrder et
.) are sub-properties of theJournal of Information and Data Management, Vol. 4, No. 1, February 2013.
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Fig. 5. Semanti
 mapping Fig.3.(a) and Fig.3.(b) spreadsheetseq:what property and so on. This property 
lassi�
ation allows to use the questions as a key forarti
ulation. Colle
tion instan
es 
an be arti
ulated with spe
imen 
hara
terization instan
es aroundwhat properties, be
ause their o

urren
e in both sides indi
ates 
ommon information � a spe
imen
olle
ted in one side is the spe
imen 
hara
terized in the other side.From the implementation point of view, on
e the nature of the spreadsheet was re
ognized, theExtra
tor Module (step 2 of Figure 4) dispat
hes its RDF representation � already 
lassi�ed inits respe
tive 
lass � to the Semanti
 Mapping Module. The system tries to �nd referen
es to asame obje
t and unify them by pointing to an uni�ed URI. For example, the mapper verify if thereis already a URI for the spe
ies labeled as �I
terus Galbuga�. If already exists a URI, the map-per will link the data to it, if not, the module generate a new one. Additionally, the mapper usethe labels forwarded by the extra
tor to relate terms to external knowledge bases. For instan
e,our module poses ea
h label of spe
ies to the geospe
ies dataset, in order to �nd URIs that rep-resent the same spe
ies. In the 
ase of the spe
ies I
terus Galbula, our system was able to as-so
iate the produ
ed URI (http://purl.org/biospread/resour
e/spe
ies/i
terusgalbula) with the URIhttp://lod.geospe
ies.org/ses/ePoGq, from the geospe
ies database.4.2 Pra
ti
al Case and Query Interfa
eThe pra
ti
al 
ase presented here aims to validate our prototype and demonstrate the potential forintegration and linkage of data extra
ted from spreadsheets when its nature is re
ognized and madeexpli
it. The pra
ti
al experiment to validate our system involved gathering approximately 11,000spreadsheets from the Web. They were lo
ated through the Google sear
h engine, using keywords inBiology domain. The system automati
ally re
ognized and mapped 1,151 spreadsheets from whi
h 806were 
lassi�ed as Obje
t spreadsheets and 345 were 
lassi�ed as Event spreadsheets. The graph shownin Figure 6 presents more information about the pro
ess. As 
an be seen, the pro
ess re
ognized 3di�erent kingdoms, 51 phyla and 33808 spe
ies. Also, 55248 di�erent 
olle
tion items were re
ognized,with 48034 georeferen
es (latitude, longitude).Many spreadsheets were not re
ognized due to the strategy adopted to lo
ate them through a sear
hengine, whi
h returns many spreadsheets out of the 
ontext. Up to now, the implemented system isable to re
ognize spreadsheets belonging to Group 1 and 2 (obje
ts and events), as presented in theprevious se
tion. On
e the system is able to re
ognize the nature of ea
h spreadsheet and 
onsequentlyof its instan
es, data 
ould be 
ombined and re�ned. The re
ognized nature of ea
h re
ord guided theappli
ation of 
onsistent operations over it. In parti
ular, it was possible to merge all 
atalog-typedre
ords, extra
ted from the spreadsheets.Journal of Information and Data Management, Vol. 4, No. 1, February 2013.
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Fig. 6. Graph about Re
ognition Pro
ess [http://purl.org/biospread/?task=pages/statisti
s℄

Fig. 7. S
reen print the query interfa
e of the prototype [http://purl.org/biospread/?task=pages/txnavigator℄.The Figure 7 presents a s
reenshot of our query and visualization prototype for data extra
ted fromspreadsheets. This interfa
e appears in step 4 of Figure 4.It shows a pra
ti
al example of how to explore the potential of arti
ulation of our data in RDF.In this prototype, we aggregated 748,459 RDF spe
imen re
ords obtained. By re
ognizing the natureof spreadsheets, it was possible to arti
ulate data 
olle
ted in the �eld with data des
ribing spe
ies.Moreover, data of the same spe
ies were merged and aggregated in di�erent levels taxonomi
 
lassi-�
ation: kingdom, phylum, 
lass, order, family, genus and spe
ies. Ea
h aggregation level is �lteredby a respe
tive drop down box of the system's interfa
e, illustrated in Figure 7. Every time the user
hara
terizes a taxonomi
 level � e.g., by sele
ting a spe
i�
 kingdom � the system will �lter there
ords of the respe
tive level. The georeferen
ed re
ords are plotted over an intera
tive map � seebottom of Figure 7 � and might be automati
ally related to the Geospe
ies database. In this pro-totype version the data will be plotted over the map only when the user 
hara
terizes all taxonomi
levels. The prototype has an intera
tive exploration interfa
e in JavaS
ript, using the OpenLayersframework for maps (http://openlayers.org).This prototype is available in http://purl.org/biospread/Journal of Information and Data Management, Vol. 4, No. 1, February 2013.



Extra
ting and Semanti
ally Integrating Data from Multiple Spreadsheets based on Re
ognition of their Nature · 9and both ontology and resour
es (instan
es) resulted from the pra
ti
al 
ase 
an be a

essed throughhttp://purl.org/biospread/resour
e/ and http://purl.org/biospread/ontology/ respe
tively.Ea
h �ag in the map of Figure 7 represents a data 
olle
ted in the �eld of a spe
imen. When theuser 
li
ks on the �ag, it shows the data of the event (data 
olle
ted), but enables also a

essing thesummary of data available of the respe
tive spe
ies, by arti
ulating this spe
imen with data 
olle
tedof the same and other spreadsheets 
on
erning the same spe
ies.5. COMPARISON WITH RELATED WORKSe
tion 2 introdu
ed our 
omparison with related work, eviden
ing that most proposals fo
us theirre
ognition pro
ess in isolated attributes, do not exploring the nature of the spreadsheet, whi
h 
anbe 
aptured by analyzing the 
ombination of attributes and their disposition. Moreover, we further
ompare some spe
i�
 issues.Two of the related work [Zhao et al. 2010; Abraham and Erwig 2006℄ propose a 
hange in the waythat users produ
e spreadsheets, 
ontrasting with our approa
h, whi
h explores the latent semanti
sin the spreadsheet in their �natural habitat�. While [Zhao et al. 2010℄ tries to disso
iate the semanti
stru
ture from the tabular stru
ture of the spreadsheet, our proposal analyzes the pattern used bythe user to organize the stru
ture in order to infer the semanti
s from it. [Abraham and Erwig 2006℄address an important phenomenon of spreadsheet reuse as templates, whi
h 
ontributes to establishbuilding patterns. In our work we also explore su
h building patterns, but for an automati
 re
ognitionof the spreadsheet s
hema, sin
e a systematized produ
tion pro
ess, as proposed by them, requires
ontrolled environments.Although the 
orrelation between attributes, proposed by [Venetis et al. 2011℄, enhan
es the asso
i-ation between attributes and 
on
epts in ontologies, their fo
us stay fragmented in isolated attributeinterpretation.Even though the grammar-driven me
hanism proposed by [Hermans et al. 2010℄ is a powerful ap-proa
h to 
apture patterns, our approa
h goes beyond a grammar by a�ording weight-based approx-imate patterns and several other kinds of pattern 
hara
terization, e.g., spatial relations. Moreover,our main target is semanti
ally ri
her, as it addresses ontologies instead of UML. Besides the advan-tages provided by Semanti
 Web standards, RDF/OWL de�ne properties as �rst 
lass 
itizens. Itwas parti
ularly relevant in our work, due to the importan
e of uniquely 
hara
terize ea
h propertyto support merging and arti
ulation of data, 
oming from distin
t spreadsheets.The [Limaye et al. 2010℄ a
hieve relevant results but, 
ompared to our approa
h, re
ognize onlybinary relations instead of the nature of the whole spreadsheet. However, their approa
h have relevant
ontributions, whi
h 
an 
omplementary to our approa
h. Thus, we will explore them in a future work.6. CONCLUSION AND FUTURE WORKSpreadsheets have been having great a

eptan
e among users of various segments, be
oming �populardatabases� arranged in �les, whi
h are di�
ult to integrate. To ta
kle this problem, many authorsproposed solutions that re
ognize impli
it s
hemas and map them to patterns of the Semanti
 Web.The di�erential of our work is to 
onsider the 
ontext in whi
h the spreadsheet was 
on
eived essentialto delineate the set of pra
ti
es shared by the respe
tive 
ommunity, establishing building patterns tobe re
ognized automati
ally by our system, in a pro
ess of data extra
tion, making s
hemas expli
it.We have implemented a prototype system, presented in this arti
le, whi
h 
an re
ognize s
hemasand extra
t data from hundreds of spreadsheets obtained from the Web. By re
ognizing the nature ofspreadsheets, re�e
ting their semanti
s in the produ
ed data, the system is able to perform 
onsistent
ombinations with these data. This is a preliminary experiment of data integration. We are awareJournal of Information and Data Management, Vol. 4, No. 1, February 2013.
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hèof its limitations, espe
ially regarding the quality of data 
oming from various sour
es. However, itvalidates our approa
h and demonstrates its potential for data integration.This resear
h inaugurated new 
hallenges to be investigated, su
h as automati
ally dis
overingof arti
ulation possibilities for data 
oming from di�erent spreadsheets � even for data of di�erentnatures � and their respe
tive integration. Su
h an integration will enable inferen
es that emergefrom the 
ombination of these data and whi
h 
ould not be obtained from an analysis of do
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