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Abstract— We are currently witnessing an increasing interest in  information about each one of their products (differeimit
the use of the web as an information and knowledge source. Mtic  among versions) from their internal databases, knowledge
of the information sought after in the web is in this case relgant bases. and forums. as well as from external sources. such

to named entities (i.e., persons, locations, organizatisnetc.). An . -
important observation is that the entity identification problem &S weblogs. It turns out that this is a difficult task (also

lies at the core of many applications in this context. In orde When considering only the internal sources), since theymtsd
to deal with this problem, we propose the Entity Name System are not always referred to with their official, full names.
(ENS), a large scale, distributed infrastructure for assigningand  Tagging these references with global identifiers wouldvike

managing unique identifiers for entities in the web. the above problem, even when integrating information from
In this paper, we examine the special requirements for storge external SoUrces

and management of entities, in the context of th&ENS. We present 8 ] ) ) )
a conceptual model for the representation of entities, andidcuss ~ Connecting Physical Objects to the WebPhysical objects,
problems related to data quality, as well as the managementfo tagged with an identifier that is easily readable by a machine
the entity lifecycle. Finally, we describe the architectue of the (e.g., through RFID or 2-dimensional visual codes, such as
current prototype of the system. QR) can be scanned by a mobile device, and lead the user to
entity-centric information about this object gatheredrirthe
Web (e.g., detailed specifications for a product, nutritidor-
mation for a food package, etc.). Evidently, this inforroati
One of the major problems that have emerged through thgn be richer when these identifiers are global, enabling eas
Semantic Web (SW) effort [20] is the problem of uniquelccess to entity-centric information from a huge variety of
identifying entities. The problem derives from the factttiéc  data sourcés The city of Manor (in Texas, USA) has already
ferent users, or systems, assign and use different idestiie a pilot program that uses these technologies (which are also
the same real-world entity. As a result, we cannot effelitiveayailable in a simpler form in Japan and South Korea).
reason about this entity, exactly because it is not comglgte  oyr thesis is that entity identification is at the core of
being assigned the same identifier. several applications that are becoming increasingly agiev
The same problem is also relevant to information angl a world of interconnected information. Along with the
knowledge management in the enterprise environment, whek@plem of assigning global identifiers to entities also eom
its successful solution could help in two directions. Filsf the problems of managing these identifiers throughout the
enabling the efficient integration and management of entityntire lifetime of the entities. Giving efficient solutiots the
centric information within an enterprise that is scatteoedr apove issues is the goal of our Entity Name System (ENS)
several data stores, and second, by allowing the effectyg [3], [5]. The ENS aims to improve the linkage of data
correlation of the owned information with relevantinfortea  apout individual entities in the World Wide Web (WWW), by
from external sources. handling the process of assigning and managing identifiers
Even though in this work we do not formally define the nofor entities. These identifiers are global, with the purpose
tion of entity, we will use the term entlty to refer to |nd|‘ﬂd|s, of Consistenﬂy |dent|fy|ng a Speciﬁc enuty across System
particulars, and instances. (We include a rigorous disensspoundaries, regardless of the place in which referencesigo t
and definition in our previous work [5].) Our notion of entiy  entity may appear.
quite liberal, and includes things like products, orgati@zes, In this work, we present a high level overview of the
associations, countries, events, publications, hotedeple, ENS system (which is being developed within the OKKAM
etc. It may also include fictional objects (e.g., Pegasusgats project), while focusing on the management of the entity
from the past (e.g., Plato), or abstract objects (e.g.,eB8d |ifecycle, one of the crucial components of the system. We
Theorem). describe our model for entity representation, and the data
Consider the following two motivating scenarios, whiclyyality issues that arise in this environment. We discuss th
demonstrate the added value that a web-based system fiyr effbed for evolution of the entity representations, and psepo

identification can bring. specific directions for enabling and assisting in this etiotu
Enhancing Business Intelligence (BE) Often times in Bl

applications the goal is to collect all relevant informat@bout  1n example of a system that provides such functionality ISIBA
a specific entity. For example, SAP is interested in gatigeriht t p: / / www. si g. ma)
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process. Finally, we give an overview of our current pragpety specific entities can be easily and promptly accumulated. Fo
implementation oENS example, in the context of the WWW such a service is already
being provided by Sindiceand SIGMA [9].

Il. RELATED WORK IIl. THE ENTITY NAME SYSTEM

This is the first time that a system like tHeNSis being A. Overview
developed. However, systems exist which have been de\dalopem this section we give a brief overview of tHENS (a

for other domains. a}nd_ are used to solve slightly qiﬁer?more detailed presentation can be found elsewhere [7], [18]
problems that exhibit similar (to some extent) functiotyali [3]), which we will use as the basis for our discussion. Note

to the ENS however, that our discussion is relevant to any system for

There exists lots of work, and a (renewed) recent intenest, dtir ientification management. The overall goal of ENS
Master Data Management (MDM) systems [10]. The purpoge " hangle the process of assigning and managing unique
of MDM system_s Is to _store and manage in a Cer_‘tral'z‘?ﬁlentifiers for entities in the WWW. These identifiers are
manner a!l the information relevant to the core objects flobal, with the purpose of consistently identifying a spec
some business (e.g., customers, suppliers, and products f ntity across system boundaries, regardless of the place in

.retall store). A cruc!al dlfferenc_e is thatiln tlEENSwe are not which references to this entity may appear (see Figure 1).
interested in handling all the information (knowledge) abo

an entity. The aim is rather to have a minimal amount of ; P
information based on which we are able to uniquely identify clients l! ﬁ
each entity in the system. &

Yahoo! GeoPlanet [2] is an open infrastructure for managing ENSnode
unigue identifiers for geographically-permanent nameiiest
(i.e., geographic locations, such as cities and landmafks)
ENS has the ambitious goal of extending such a functionality
to any named entity (that is, to persons, organizations).etc
A similar vision was recently sketched by Yahoo! as well [8]. \
Though, it is not clear whether this approach will lead to an
open system like th&NS where users (and applications) can =
add new entities. ROF [l €1 ] e

OpenCalais [1] is a framework of tools that allows users document I~
to automatically create semantic metadata for unstrudture
documents. When given as input a document, OpenCalais Fig. 1: Schematic of th&NSand its interactions.
will identify the named entities mentioned in the document,
and will additionally generate tags with known facts about The ENShas a repository for storing entity identifiers (note
these entities. Nevertheless, this framework does notvallthat this repository will be distributed and replicatedpray
users to freely create and annotate new entities in thersystavith some small amount of descriptive information for each
Furthermore, for integration tasks we still have to do reasp entity. The purpose of storing this information is to userityo
in order to identify entities that are the same across peseesfor discriminating among entities, not exhaustively désng
documents (since they may not be tagged with the sariem. Entities are described by a number of attribute-value
identifiers). pairs, where the attribute names and the potential values ar

The Digital Object Identifier (DOI) system, which is basediser-defined (arbitrary) strings, as we will discuss in more
on the Handle system, has been developed for identifyidgtail in Section IV-A.
content objects (mainly documents) on the internet [14].[1  Clients can be both human users and applications, and may
The DOI system is specifically focused on digital conteriiquire about the identifier of an entity by providing a set of
objects, and given an identifier of such an object, it progidé@ttributes that describes this entity. If the entity existshe
resources relevant to that object. The DOI system does figpository, the system returns its identifier. Clients mesp a
meet the requirements we have set ENS since it is not modify the state of the repository, either by inserting a new
possible to search for the identifier of an object given any éftity in the system, in which case th&\NSreturns the newly
its attributes (or any relevant keywords). assigned identifier, or by changing some of the attributes of

The Consistent Reference Service has been proposed &8rexisting entity.
the problem of “URI synonymity” [13]. This service helps As shown in Figure 1, the end result is that all instances
detect the set of identifiers that have been issued by varidifsthe same entity (i.e., mentioned in different systems, on
data sources for the same entity. This problem is orthogor@logies, web pages, etc.) are assigned the same identifier.
to the one tackled byENS In fact, such a service could Therefore, joining these data sources and merging ther-inf
provide information for the entity representations in S Mmation becomes a much simpler and more effective process
(see Section IV). than before.

Even though theENSis not a knowledge base, with the 2nttp://sindice. com
help of (the identifiers assigned by) tBENS information on  3http: // www. si g. ma
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B. Identity and Identifiers to the system) that are about this entity. Finally, we stoseta

The landscape of the SW contains systems that proviegmetadata for each entity/, that include usage statistics,
identifiers for semantic entities, in the form of RDF URIs&Nd provenance and access control metadata. All the above
Among them are identifiers for geographic entities (e.g. jpformation is individually indexed to allow fast accessitio

the Geonames ontolofly for encyclopedic entities (in the @d then stored as a single XML file on disk. ,
DBPedia systefh or the Yago ontolog) or even Genes Note that our goal ifENSis to keep the entity representation

(in the Uniprot Gene Ontolody. The current practice is to @S simple and general as possible, without imposing a fixed

use RDF URIs for several different goals: (i) redirecting t§cheéma of entity types or attributes [18]. This approach is

a set of assertions about a non-web resource; (ii) Iinkir?f(_%{“”ar to the dataspace paradigm [12], and can benefit from
the

from one set of assertions to another: (i) providing a eurr the techniques devkeloptladdin thst a;)rea. it th o H
gate/substitute/proxy for non-web resources. It is evidleat However, we acknowledge the benefit that such a schema

there is a certain ambiguity in this approach, which has bepuld bring in. In order to reach a compromise between the

partly resolved by an architectural mechanism which helﬁé_nera“ty of the description and the precision In the flfu,mt .

distinguishing which of the three roles an RDF URI is plf;lying"‘“ty of th.e- sygtem, we propose the (optional) c_Iassﬁm:atlo
We note the following important distinction between thé’f all entities In seven brc_>ad, top-level _categorles, ngmel

RDF URI identifiers, and the identifiers produced and us&§rson, organization, chatlon, event, art|fa_ct, af‘?' nther

by the ENS (for a more detailed, theoretical discussion refdfaCh one of these entity types, we have identified a set of

to [5]): the ENSidentifiers arerigid designator8 for any kind default attributes that are _most commonly used to (;Iescrlbe

of concrete and particular entity. In simplified terms, thewe them [31. These default attributes are s_uggested to usersgru

statement says that while the interpretation of an RDF ugniity creation, but are of course ‘?P“O”"?"- Nevertheless,

is a set of RDF triples (about an entity), the interpretatio'?f(peCt that most of_the create_d en_tltles will use (at Iea$t¢_so

of an ENSidentifier is the entity itself. The important pointOf) the default attributes, which in tum will have positive

being that even though thENS identifier can be used to influence on the.perforr.nlance (.)f the gystem. .
access information about the entity it denotes (in S When describing entities using attribute name value pairs,

the sole purpose of this information is to support the prsce\é'e face the foIIowmg two proble_ms. First, t_he_ same attebut
of reaching consensus about the identity of the entity, j.glame may appear in several different variations that are all
to fix the referent. The use of the RDF URI should thus b%emantlcally equivalent (e.g., “last name” and “sumame

limited to the first two goals mentioned above, while #€S econd, the same attribute name may appear in several dif-
identifier covers the third one ferent languages (e.g., “last name” in english and “cogriome

in italian). In order to solve these problems, we use a caabni
representation for attribute names, which is one of the $orm
that a particular attribute name may take. The hame entgred b
We now discuss issues relevant to the lifecycle manageméra user at creation time is stored in the entity represientat
of the entities, which represents an important component aid if its mapping to one of the canonical names that the
the system with several new challenges. More specificalgystem knows can be inferred, then this canonical name is
we present our approach to entity representation, datatyjuathe one used internally by the system in order to improve
repository evolution, and online monitoring of the use df ththe quality of results of query answering. These mappings ar
repository. managed separately from the entity descriptions, and can be
enriched and extended over time, by adding new vocabularies
or standardized ontologies, in order to better match the way
that the system is being used.

IV. ENTITY MANAGEMENT

A. Entity Representation

In the ENS we represent an entitfy as a tupleE =<
eid, Aid, prid, D, M > [3]. An entity is identified by an B. Data Quiality
entity identifier,eid, assigned by the system. Along with this Data quality issues are a major concern in BKS In

identifier, we store_ a set of alternative 'd.Ald thf.it other e following paragraphs, we briefly describe our efforts in
systems have assigned to. the same entity, which can ai%%uring data quality at creation time, as well as over the
be used to acgess_the_ entity or prodme—gsstat_gments. lifetime of the entity representation in the repository.

The preferred 'd’p”d'_ is one of the above |Qe_nt|f|ers that The aim of the data quality enforcement at entity creation
we use when d|splay|ng the en_ﬂtyThe de_scr|pt|ve part of time is to ensure that the new entities satisfy a minimal set
the entity representatio), contains the attribute name valu%f quality requirements. This assessment takes place it on
pairs that describe the entity, and a set of referencesr(eite every time a new entity is about to be stored in the system,

4http: /  www. geonanes. or g/ ont ol ogy/ but also when an existing entity is being modified. The result
Sht t p: / / www. dbpedi a. or g of the assessment are of two kinds: a list of corrective astio
6ht t p: // wwwy. npi - i nf . mpg. de/ yago- naga/ yago/ that the user has to follow before the entity can be stored
"http:// wwy. uni prot. or g/ manual / gene_ont ol ogy in the system; or a set of warnings that aim at focusing the
8An identifier is called aigid designatorif in all possible worlds it denotes attention of the user at some particular areas of the entity
the same object [15]. - . .
Ject [15] 4 description that the system thinks may be problematic from

9The only guaranteed, unique identifier is still #ie, which is always use ' -
internally in theENS the data quality perspective.



The data quality assessment process at creation time thakejgresentations refer to the same real world entity, or when
currently in place within ENS, consists of the followingelkr the same entity representation is already being used to refe
types of checks. to two distinct real world entities. In these cases, we would

1) Attribute value quality, where we want to ensure thdike to take corrective action, by performingraergeand a

the values entered for the various attributes in the entigplit, respectively. Note that these operations may also become

description are correct and valid. necessary as a result of the update of an existing entity. As
2) Intra-entity description quality, where we check th&uch, they are closely related to the data quality problem
quality of the entity description as a whole. discussed earlier.

3) Inter-entity description quality, where we make sure tha The ENSsupports the merge and split operations as follows.
the changes about to happen in the repository will nét the case of a merge operation, we merge the distinct
degrade the overall quality performance of the systenittribute name-value pairs of the two entities, and seleet o

Examples for the first type of checks include the existen&& the existing identifiers (i.e., the one that accordingtte t
of attributes with no value specified, and the conformance gystem sta}tlstlc_s_ belongs to the most popular entity O_Mm _t_
some standard formats for special attributes like date iamel t to be the identifier of the merged entity. The other identifier

In the second type of checks, we look for attribute namill stillexist, so that users can refer to it, but only the
value pairs that are duplicated in the description of théent selected identifier will be returned as a result. When épdjtt

attributes with the same name but different values (thiseiss a" entity representation into two new ones, we have no option

a warning), and for entity descriptions with too few or to(put creating two new identifiers, since the old identifier has
many attrib,utes been used to refer to a non-existing (wrong) entity. In both

The third type of checks is particularly important, becausfses: a human user has to refi_ne the ﬁnal entity descriptions
it gives us the unique opportunity to identify and remed nd the syst(?m keeps enough |nformat|on .to be able to undo
problems that will affect the performance of the entire sgst . ese operatlons. We also provide a Service that makes the
in a streaming fashion, right at the time when such probleﬂﬁgormat'on about these changes available for users (and/o

will first appear (i.e., when creating or modifying an emi&nachines) to read. This service publishes the merge antd spli

description). In this case, we perform a duplication Chedg,perations along with their attached timestamps on a server

which looks for other entities in the repository that areyvethatE’\lSusers can access.
similar to the entity under consideration. If such entigasst,
it means that either the same real world entity is alreadyesto D. Monitoring of Repository Usage
in the ENS (therefore, it should not be stored a second time), The way that users access the system and interact with it
or the description provided for that entity cannot suffitign may provide useful insight on what actions to take in order to
differentiate it from other entities in the repository (tefre, improve the performance of tHeNS Consider the following
its description has to be enhanced). Note that in a dynandic askample. Assume that many users search for an entity with
large scale system like tHENS the alternative of identifying attributesA; and A, and always select entit§;, which is
and correcting this type of problemafter they appear is the only entity in the repository that contains attribute in
extremely cumbersome and prohibitively expensive, siticeifs profile. If £, does not contaimd, as well, we may choose
has to be an offline process, operating on the entire reppsitao add it to the profile ofZ;, because many users referfi
Apart from the above techniques for increasing the qualitysing A,. Alternatively, assume that the query for entities with
of the data that enters the system, we are also working aftributesA; and A, returnsn entities, E1, F, . .., E,, that
mechanisms that will ensure a high data quality over timgatisfy the search conditions, but the interested userayalw
In particular, we are interested in maintaining the fresisneselect entityE;,, 1 < k < n. In this case, we may choose to
of the data stored iENS In our case, freshness translates tiicrease the importance of entify,, so that it ranks first for
how accurate the description of the entity is over time, or ihe particular query.
other words, how closely it follows the real world entity as In both the above situations, we are interested in monigorin
this changes over time. Evidently, we can only approximatge data streams relevant to the usage patterns of the system
this process, since we do not have a complete knowled@@ have extended and adapted algorithms that can operate in
of the real world. The algorithms we propose can efficientyn online fashion, and are flexible enough to allow effective
monitor the change patterns of individual entities (basethe and efficient data analysis of the incoming data streams [21]
history of observedchanges), and provide a prediction for thg17]. By monitoring and analyzing the way users interactwit
timeframe of the next change. Therefore, we can take pr@actihe ENS we can, for example, determine which entities or
steps for ensuring the accuracy of the entity representatio profile attributes are relevant to specific queries or toabert
the repository (e.g., perform a targeted crawl of authtiviéa contexts, and modify the rankings of the entities in the guer
sources for the particular entity). results, or update the representation of the entities, derao
produce more relevant search results.

C. Evolution of Identifiers
Even though the identifier of an entity should never changg; EXploiting User Feedback

in some special circumstances this may happen. For examThe volume and volatility of the data contained within the
ple, this happens when we realize that two different entigNS offer a challenge concerning both the maintenance and



accessibility of the information. The maintenance of thttgn Web Service API
data would be a rather expensive and cumbersome task, was it
not designed as a joined effort with tENSuser-community.

Access Management

. . . . Entity Lifecycle
By re_lylng on the collective Wlsd_om and coIIz_iboratlon of Ksse Matching | Management
we aim to induce and use their feedback in order to achieve Storage API

high data quality. The premise is that users will be willilng t
“adopt” some entities, and make sure that their description
the ENSare always accurate.

In support of this functionality, we are developing the
Adaptive Entity Subscription System (AE§S). The AESS
allows a user tosubscribeto entities of interest (e.g., one’s
own entity, or entity of one’s home town) and get informed

aboutchangesn these entities. The subscription system heIpSThe ENS Core itself, as illustrated in Figure 2, consists

clients follow the changes of entities in tHeENS at the .
time they occur through asynchronous messages (e.g viaOf several parts that we describe bottom-up. TSierage
9 VI&BI abstracts from the complexities of accessing the Entity

mail). The dissemination of change information allows Hsegtore and Index components mentioned above. In particular

follow the evolution of th riptions for the entiti : : .
Fo ollow the evolution of the descriptions 0 t e titieb the underlying strategies for addressing the individuzdd}
interest, and enables them to take corrective actions owith o .
balanced clusters and retrieving all relevant data areemdd

having to periodically check for problems. f | Thevatchi fi bl

The personalized aspect of AESS takes into account Wl?(rz)%n;nus?ﬁienr 2yﬁirsr'] 0 _ka Crelgigi;r?rgfpgggtn iljseaetii’ir()a?ng re
kinds of change are interesting for a given subscriptioantli results. It %as t\?vo mpainptask5' () arsig analvzing and
The system ranks the information on changes in every s&fRTHS: - - )P 9, yzing

. . — |f necessary rewriting or expanding — the search request

message, according to user preferences on what is |mp.ortan{ : . N : o .

; N ming from a client, and (ii) applying sophisticated rari
It is further able to adapt to the individual use-patterns SP . . . .

. . . mechanisms with the aim to establish the best match between
each client. The ranking is based on a user model, which = search request and the candidate entities. [Tleevcle
created through machine learning and a feedback-based §F1a er take;I care of the entity creation- and u datg-related
modeling methodology [11]. The system further adapts to us%sksgand the important as gcts of data uaFI)it and data
interest shifts, based on the information of the feedback, ' b P | quaity .

. . . . ifecycle management. Most of the functionalities of this
that the information flow to the user remains aligned to user

: - o : component have been outlined in Section IV. Thecess
interest. This kind of personalization provides ease ofars® .

, . . . . Manager ensures that the requirements of access control and
enhances the user’s experience and interaction with therays

thus facilitating the update of and accessEfdS data privacy are fulfilled. It performs, among other things, guer
' and result set filtering to avoid undesired use of the system.

All services that theENSoffers as its public API are exposed
_ _ . _ _through theWeb Servicescomponent, which constitutes the
In this section we give an overview of our efforts |mppermost |ayer' of thENSComponent stack.

Fig. 2: TheENSCore Architecture

component for offline processing that is separate from
the online system, so as not to negatively influence its
performance.

V. SYSTEM DESIGN

implementing a publicly available prototype of tE&NS The ENSis conceived to be used as a background com-
ponent in a service-oriented architecture. The only way to
A. System Architecture access the system is via a SOAP web service API. HN&

The ENSconsists of the following four main Components.also provides end-user frontends that are accessible eia th

1) Entity Store. This component s responsible for the IOW'yveb, for identifier search, creation of identifiers, as wall a
) fjministrative tasks. Access control is realized via fiestie-

level tasks of storing and managing entity data, as W%ased authentication which secures all web services.
as relevant metadata.

2) Index. Search operations for an identifier via an entitﬁ _
description in theENSare accelerated via index strucB: Prototype Implementation
tures over the data persisted in the entity store. In the following, we give a brief description of thENS

3) ENS Core. This component is implementing the serprototype implementation (see Figure 3 for the concrete ar-
vices that are exposed by tiENS namely, entity cre- chitecture of the system).
ation and update, matching, as well as processes relevarin order to fulfill the scalability requirements, the main
to the entity lifecycle management. components of the system support distributed processing. T

4) Offline Processing TheENSIs a system that is designedENSCore has been developed from scratch, implementing the
and optimized to achieve good performance in requesirchitectural elements depicted in Figure 2 as a single damp
response style online processing. Additionally, there tgn unit. TheENSCore is a stateless in-memory component
the overall requirement to accommodate for componemsich implements no persistence by itself and requires no
that are not directly connected to answering onlinghared memory, and can thus be distributed in a simple fashio
identifier search requests, such as aspects of data qudliéhind a request-based load balancer. Both the entity store
assurance or the AESS, mentioned in Section IV. Fand the index follow the concept of horizontal partitionijog
this reason, the overall system architecture includes‘sharding”) to deal with large data sizes plus replication t



VI. CONCLUSIONS

&_@ S Several modern applications are moving towards the direc-
o . . . . . -
User Load (Clusten X tion of adding semantics to the information, and using these
Batancer of semantics for enabling a vastly richer range of data araslyti
ine data

processing In this paper, we argue for an entity haming system, where
unigue identifiers for entities are assigned and manageteas
basis for enabling the vision mentioned above. We desdnibe t
design principles and architecture of tBBISsystem, which is
under development. We examine the special requirements of
representing entities within this context, and presergvaait
research directions. Finally, we present preliminary ltsson

the performance of our implementation of tB&IS
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