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ABSTRACT

The Linked Data initiative has given rise to anr@gasing number
of RDF datasets, many of which are freely accesstailine.
These resources often arise as a result of databsserts;
however sufficient consideration may not be giverthe unseen
implications caused when they are used in the widatext of the
Semantic Web. This paper investigates two popuaources,
DBLP and DBpedia, and discusses whether the isegsding
identity management and co-reference resolutione hbeen
suitably addressed. We find that a large percentdgaithors in
DBLP have been conflated, and that disambiguatagep have
been incorrectly linked usingowl:sameAs within DBpedia.
Systems for dealing with these issues are preseateddirections
are given for future research.
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1. INTRODUCTION

As the Linking Open Data project gathers pace, naor@ more
repositories of knowledge are being added to thekdd Data
Cloud, covering a wide range of topics. Many datastem from
the focal point of the Linked Data Cloud, DBped®.[Since
DBpedia has harvested knowledge from Wikipediarettie the
potential to create links to any subject that isadiéed in
Wikipedia.

The datasets that have been interlinked so far kaesvledge
relating to people, places, books, songs and CY@dBcepts as
well as many others. Entities such as these aem gftone to the
problems of duplication and co-reference.
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Whilst extensive linking between datasets has bwadely
encouraged, there has been little analysis of toeracy of the
links or the datasets themselves.

Datasets are often converted from existing soumgeieh can
themselves be either incomplete or inaccurate. Thking

process accentuates these inconsistencies andceodisnowball
effect as more datasets are added. If the Sem¥viele is to
provide a meaningfully interconnected web of agsest and
relations, there must also be some guarantee osureaf the
correctness of the information.

One of the main areas in which errors occur, bathlatabases
and in digital libraries which are the kinds of ospiories that
have been converted into RDF for use with linkethdés the
problem of co-reference. Co-reference is the pratdé ensuring
that two different entities do not share the saameor identifier,
and conversely identifying when two identifiersenefo the same
entity. In the context of the Semantic Web we drerdfore
concerned with URIs.

This paper presents some analysis of datasetda$ie#f data and
raises the question of how to manage the identityraeaning of
URIs in the Semantic Web. The next section dessribeme
related work in the field of co-reference and autho
disambiguation, while Section 3 describes the pmwblof co-
reference and where it occurs in DBLP and DBpe8iction 4
goes on to describe possible solutions to the prohthat are
currently in deployment. Section 5 concludes ansuds an
invitation to help to provide an infrastructure whelata can be
confidently used on the Semantic Web.

2. RELATED WORK
2.1 Author Disambiguation

The issue of resolving the problem of co-referemmaurs in many
different disciplines. A brief overview of the pileins and
solutions that appear in Information Science andsse design
can be found in [16]. One of the main areas in whic-reference
becomes a major problem is in author disambiguafidwere are
many authors who share the same name and distimiggis
between them is a vital part of any digital libraoy citation
system. Not only do authors share the same nantesbation in
the spelling of names can also lead to a singl@éoauhaving
multiple identities. For example, the author ‘Hu@laser’ could
be represented with his full name or by using ‘Hager’, or
‘Glaser, H.’

A wide variety of methods have been employed toatrg solve
the problem of author disambiguation. Some of thiestude
record linkage [10] used in databases, citationchag [17],



name matching [5] and name equivalence identificaf®]. These
methods involve some form of string matching anddvsense
disambiguation.

Although these methods can help in identifying nsumégth
different spellings or written in different format$he problem of
disambiguating authors with exactly the same naemeamns a
challenge. There have been recent attempts thag uifferent
approach from the traditional string based systémmg the Web
as a means of author disambiguation has been giigat as a
possible solution to the problem. Since Web pad&s aontain
information about people that are not included imation
references, automatic scripts can be made thak¢heaesults of
search engine queries made on the names of ajiif®jra\nother
web-based approach attempts to find the publicatiage of an
author from his or her institution’s website and tcha the
publications contained in the page to citationghe repository
[22]. The accuracy of such web based systems rdrmas/3% to
84%. These systems also rely on there being seiffici
information available on the Web about each autfibis is not
always the case, especially with older publicatioasd
publications not in the field of computer science.

Another method that has been put into practiceoisuse an
unsupervised machine learning approach using k-s@sctral
clustering that disambiguates authors in citatid®. This study
focused on the DBLP dataset and chose the top daarkbiguous
names such as ‘J. Lee’, ‘S. Lee’, 'Y. Chen’, ‘C.edh ‘J

Anderson’ and ‘J Smith’. The unsupervised learnieghnique
used co-author names, publication titles and patitio venue
tittes for author disambiguation. This assumes thdtviduals

will quite often author with the same people andblfsh to the
same venues. The results of this experiment shateth average
of around 65% of authors can be successfully diggumalbed.

The purpose of mentioning the ongoing work in antho
disambiguation in a different domain is to highligthe
importance of a problem that is only beginning édppreciated
on the Semantic Web. Section 3 will elaborate ds. thhe next
section will look at how co-reference is being nget on the
Semantic Web.

2.2 Disambiguation on the Semantic Web

There has been much discussion about identity agahimg on
the Semantic Web from a theoretical point of vie@uch
discussions will continue as questions fundamerntal the
architecture of the Semantic Web are debated. #dtens now
turning towards practical solutions of managingreference, or
URI identity management. Since co-reference betvaegasets is
essential for linked data to work properly, a petrfepportunity
arises to test some of the methods and soluticatshiéive been
proposed.

The various methods that have been suggested foagirey co-
reference and identity on the Semantic Web rangm fontology
based [22, 11], object consolidation [15] to cortglmanagement
systems [7, 16]. The above applications have bessd with
geographical data [21], wikis [11] and general SeticaVeb data
[7, 16].

There has been valuable work done on studyingetibility and
stability of Wikipedia URIs [14] that are being dsky DBpedia.
This study suggests that the meaning of a URI faontikipedia

stays stable approximately 93% of the time. Whike tesults have
been documented there has been little attemptaatify how big
a problem co-reference on the Semantic Web actigllin the
next section we will consider how well the meanioigURI's
from Wikipedia have translated themselves to DBpetiVe will
also present a study made on the DBLP bibliograplatabase
which is available both as linked data and a da®ba

3. THE PROBLEM OF CO-REFERENCE
Co-reference on the Semantic Web can occur in tayswirstly,
when a single URI identifies more than one resoarasecondly
when multiple URIs identify the same resource. Bsithhations
occur frequently when studying linked data. Foeaample of the
first situation, many URIs in the DBLP dataset arsed for
identifying a single author when, in fact, there ar number of
people with the same name who are being incorrédeiytified as
being the same person. The second situation ocouch more
frequently as different datasets use their own URIglentify the
same resource. People and places are entities whffér from
URI multiplicity. Spain, for example has at leastf URIs:

http://dbpedia.org/resource/Spain
http://www4.wiwiss.fu-berlin.de/factbook/resourcpéi
http://sws.geonames.org/2510769
http://www4.wiwiss.fu-
berlin.de/eurostat/resource/countries/Espa%C3%B1la

‘Hugh Glaser’ has at least eight URIs:

http://acm.rkbexplorer.com/rdf/resource-P112732
http://citeseer.rkbexplorer.com/rdf/resource-CSRPIO
http://citeseer.rkbexplorer.com/rdf/resource-CSRIE
http://citeseer.rkbexplorer.com/rdf/resource-CSRIA9
http://citeseer.rkbexplorer.com/rdf/resource-CSRD2
http://dblp.rkbexplorer.com/rdf/resource-27de9959
http://europa.eu/People/#person-0ff816fa
http://resist.ecs.soton.ac.uk/wiki/User:hugh_glaser
http://www.ecs.soton.ac.uk/info/#person-00021

This is to be expected and does not present agobi itself.
The problem occurs when these URIs are linkedherdRIs via
owl:sameAs. Since URI identity can often depend on the cantex
in which it is used [6], there can be no guararited the two
URIs are in fact the same entity. The next sectiopports this
assertion by looking at the DBLP dataset and atgoDBpedia
dataset to reveal inconsistencies in the linking aaming of
resources.

3.1 DBLP

The DBLP database reportedly contains over 900 &@@les
from over 500 000 different authors in the field @dmputer
science and related disciplines. The database e@edn as RDF
by means of a D2R Server [4] and has been convertedinked
data by addingowl:sameAs links to authors who are also in
DBpedia. Whilst providing a comprehensive repoyitdor
scientific publications, there are a number of mgistencies that
appear in the data. This problem is not only foim@BLP but
also in other digital repositories. Due to lackre$ources there is
often not enough time available to rigorously chdwk input for
correctness or completeness. This has resultedaimy rauthors
having publications incorrectly attributed to themith some
having more titles under their name and some asthaving less.
This will have a major impact on the Semantic Weiemw such



repositories are used as data sources without &eynpt to
manage the inconsistencies or ‘clean’ the data.

To assess the quality of data stored in DBLP w&ddaat some of
the most common names and tried to ascertain whéthename
belonged to a single author. This was achievedbiihg at the
publications attributed to each name and perforraigeb search
on the publication to find out to which instituti@am author was
affiliated. The remaining publications were theredked in the
same way and authors who came from the same instituwere
grouped together. Authors also frequently changétitions, to
accommodate this when a name was found that belotmex
different institution, it was assumed to be diffaranless:

1. The co-authors of any publication were the same.
2. The publication venue was the same.
3. The area of research was similar.

The author’s own publication page was also useuhé could be
found. This process allowed for a conservativenese to be

made of the number of different authors who appkareler the

same name. Single author papers and papers wiene was a
difference of greater than four years between tpablications

were excluded as authors can change their fietdsgfarch over a
period of time.

Names were chosen in order to provide a worst seseario for
authors not having been disambiguated. The ten cmsimon
surnames in the UK along with a list of common fae@es were
used. A total of 49 names were investigated byctefg five
forenames with the nine most common surnames, amnd f
forenames with the remaining surname. The DBLP sgatthat
was used was from October 2006 which contains & @it491
796 authors. Thus, the selected names were aln@k¥0of the
total population.

The results showed that for 92% of names choseamr tivere at
least two different authors whose publications hhden
incorrectly merged. The highest number of differanthors was
15 for the name ‘David Smith’. The mean number athars for
each name was 3.8 with a standard deviation ofThé.ten most
ambiguous author names are shown in Table 1.

As well as several authors being considered astbees are also
a number of cases where an author has more thanamne where
initials are used instead of full names. For examit.B. Jones’,
‘Cliff B. Jones’ and ‘Cliff Jones’ are all the sama@thor yet his
publications appear under these three differentasam

To estimate the number of names which include tepaste
authors in the entire population, a Laplace po#tingated can be
calculated using a 95% confidence interval using Aujusted
Wald Method [1]. Multiplying the total number of teies in

DBLP by the Laplace point estimate (0.902) gives3 48D0

names. This will not be a truly accurate estimasmte common
names were chosen and not random names.

Nevertheless, we can conclude that if a personahasmmon
name. The probability of their publications beingrged with
other authors will be 90%. These results shouldigeconcern
to those working in the Semantic Web and espectalhge who
deploy linked data.

When existing data sources are used for Semantib Wa
integration it is important to consider the cormisly and

completeness of the data before assigning linksther datasets
and also in the form afwl:sameAs.

All of the names in DBLP have their own URIs whistthought
to identify one single author with that particuteeme. As these
results show, in most situations that is not treeca

Table 1. List of names with most number of distinct authors

Name No. Authors

David Smith 15
David Williams 10
David Jones 8
David Evans

Alan Williams 6
Matthew Jones 4
Andrew Taylor 4
Michael Taylor 4
Andrew Brown 4
Ben Smith 4

This identity problem is not just theoretical, batso has
implications for the future when more applicatiom#i be built
that reason with and use Semantic Web data. Inicpkat,
consider the attempt that is being made in the UKaltocate
research funding and judge research excellencédtyoo impact
[13]. One could naturally believe that a SemantiebVdpplication
could be made that amalgamates all bibliographita deom
DBLP and other repositories and ranks people otituti®ns
based on their publications. If the issue of cemafice is not
taken into consideration then it is clear that eatryone will be
fairly represented.

Now that the problem of co-reference has been igigtdd in
DBLP, we move on to looking at how well the probleniandled
in DBpedia.

3.2 DBpedia

The huge amount of data that has been extracted Wikipedia
has led to a rapid increase in the number of URd$ ¢an be used
to identify people, places and things. At presemp&dia has
identifiers for close to two million entities. Thigs enabled many
other datasets to become linked with DBpedia estitairough the
use ofowl:sameAs giving rise to the Web of Data.

Whilst providing a valuable resource for data pdevs and
application developers, the conversion processnbasaken into
account the different needs that DBpedia has inpeoison to
Wikipedia. In particular, the issues of ambiguitydaco-reference
raised in this paper have not been addressed.

Wikipedia deals with the issue of co-reference hyihg special
‘disambiguation’ pages. These pages are created where is
more than one entry that has the same name buigsardifferent
meaning. Disambiguation pages are mainly intendechimans
searching on a particular topic who may need somlp m
locating the page that they are looking for. Thesame
disambiguation pages have been carried over intpedB where



there is no real need for them. Instead of makimgties
unambiguous, as in Wikipedia, the DBpedia URIs altju
introduce more ambiguity.

Consider a person or machine wanting to use a ORRbbert
Williams, the American politician. Using the URI
http://dbpedia.org/resource/Robert_Williams reveals that
properties belonging to Sir Robert Williams of DefrsRobbie
Williams the singer and Robert Williams the actavé all been
merged onto one page. This happens with a largéeuaf pages
that fall into the Wikipedia category ‘Disambiguati. DBpedia

2.0 provides a number of examples where URIs aré no

sufficiently disambiguated. One example is the URI
http://dbpedia.org/resource/Nancy Wilson if this URI refers to
Nancy Wilson the singer then thibpedia: spouse property is of
Nancy Wilson the guitarist.

There are, of course, other URIs which have all gpheperties
belonging to the correct person. The URI
http://dbpedia.org/resource/Nancy Wilson_%27guitarist%28 will
give the correct URI for the guitarist Nancy Wilsomhis is
simple for a human to work out, but machines williggle. This

is demonstrated by the fact that putting ‘Robertlié¢ns’ or
‘Nancy Wilson’ into Sindice [20] puts the ambiguoufl at a
higher rank than the ‘real’ URIs. Therefore theadibiguation
URIs used in DBpedia only act as URI ‘noise’ andudt
probably be removed.

It is pleasing to note that DBpedia 3.0 has givemcimmore
attention to the issue of disambiguation. Howewdrilst a new

‘disambiguates’ property has been created, rogue properties

belonging to distinct URIs still appear in URIs eefng to
disambiguation pages. There are approximately 8D d@ these
URIs which can be detected with relative eases Ihoped that
successive improvements to the method in which URis
disambiguated will mean that the co-reference el of URIs
can then be handled by external systems as deddnit&ection 4.

A second problem arises due to the strong impticatprescribed
by the owl:sameAs property. By stating that one URI is
owl:sameAs another, one is stating that the two referencestity
the same resource, and that each should shareaperfies of the
other [3]. Looking at thewl:sameAs links in DBpedia one can
see that URIs are made to be the same as sevelal Witk
different meanings. For example,
http://dbpedia.org/resource/Welsh is taken from akipegdia
disambiguation page for the term ‘Welsh’, in DBethis URI is
owl:sameAs:

<http://sw.cyc.com/2006/07/27/cyc/EthnicGroupOfitels
<http://sw.cyc.com/2006/07/27/cyc/Welsh-TheWord>
<http://sw.cyc.com/2006/07/27/cyc/WelshLanguage>
<http://sw.cyc.com/2006/07/27/cyc/Welshing-Cheating

None of these links are made from the pages thataatually
identifying these concepts such as
http://dbpedia.org/resource/\WWelsh_language. In another example
the URI  http://dbpedia.org/resource/H.P._Lovecraft s
owl:sameAs the CYC URI identifying the author and the Zitgist
URI identifying the music band. Clearly the two a@ the same.

When looking at the real URI for the music bandDBpedia
there is naowl:sameAs link.

These issues demonstrate the necessity of havinlicaded

management systems In order to manage co-referesoéution

on the Semantic Web. The next section looks atswah systems
that are currently in production. Problems durihg treation of
these systems have shown that there is a sigrifimatlem that
needs to be tackled.

4., POSSIBLE SOLUTIONS

There are two main initiatives that have been getnuorder to
confront the issue of co-reference on the Semakéb. Our own
ReSIST [18] project has gathered metadata fromigatidns and
institutions and exposed them as linked data. Tkiea® project
[7] is a relatively new project that will formallyegin this year
although the initial architecture has already beamceived.

4.1 Consistent Reference Services

The CRS sits in the Semantic Web as any other letdye base
or database would. Each data provider maintains @neore
CRSs for their own knowledge. In the ReSIST projbetre are
over 15 repositories each with their own CRS.

The CRS introduces the concept obundle to group together
resources that have been deemed to refer to the sancept
within a given context. Different bundles may bedigo group
together URIs of the same resource in differenttexis. For
example, there may be a bundle containing all @lURIs about a
person in the context of institution 1; and anothmmdle
containing all of the URIs about the same persaéncontext of
institution 2. Each CRS can use different algorghim identify
equivalent resources. A full description of thevisr can be
found in [16].

The system is being wused on a live site at
http://www.rkbexplorer.com. Extending this systean fise with
DBpedia and other sites would involve using thekitig
algorithms for each dataset and storing the limka ICRS. Each
dataset would have one or more CRSs which wouldaacan
authority for their data. An application may choote give
precedence to a CRS hosted from the same domaiire a3RI in
question. Taking thewl:sameAs links out of the data ensures the
knowledge is semantically correct without introdwugi a
significant overhead. However, dwl:sameAs links wish to be
made then the CRS can be used for this purpose.

4.2 Okkam

The Okkam project has been created to enable a WWEDtities’
[7]. Whereas the CRS is a fully distributed systéhe Okkam
system is centralised. The main aims are to creataming
service for entities and a directory containingtgmirofiles under
the single control of one authority.

The main service, OkkamCore, allows for the puliigh
modifying and removing of entities and assertioh&lentity and
a retrieval service based on a set of criteria. rdtgiype
application has been made and will be sequentiafyoved and
upgraded throughout the duration of the project. i®}ding
identifiers for all types of entities the projeatges to avoid the
proliferation of URIs that is currently occurringor the purposes
of linked data it is yet to be seen what the fisgbtem will



provide. The project will be monitored with interess

progression develops.

5. CONCLUSION

This paper has attempted to provide some motivdtiofinding

solutions to the co-reference problem. With thekdoh data
initiative in its early stages, it is important think about the
integrity of the data being provided before errams found in the
applications that attempt to use the data.

We would stress that DBLP and Wikipedia/DBpedia\atfiable
and hard-won facilities that deliver searchableoueses very
effectively to their many users. The problem tisaaiising is that
in the context of the Semantic Web and Linked Ddifferent

measures of quality pertain. It is the very Netwgffect that the
Linked Data community is seeking that causes tfierdnce.

The issue has attracted significant theoreticahtighyet the only
systems attempting to solve the problem are thenbte@otioned in
Section 4. It would be in the interest of the whBEmantic Web
community if this issue was carefully considerecdsndamental
part of the architecture needed to make the Semavéb gain
widespread adoption.
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