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Metadata creation is one of the major challengedewveloping the Semantic
Web. This paper discusses how to make provisiomethdata easier and cost-
effective by an annotation editor combined withreddaontology services. We
have developed an annotation system supportingitdistd collaboration in
creating annotations, and hiding the complexitytha&f annotation schema and
the domain ontologies from the annotators. Ouresystdapts flexibly to
different metadata schemas, which makes it suitislelifferent applications.
Support for using ontologies is based on ontologises, such as concept
searching and browsing, concept URI fetching, seimanttocompletion and
linguistic concept extraction. The system is beiagted in various practical
semantic portal projects.

1 Introduction

Currently, much of the information on the Web issdéed using only natural
language, which can be seen as a major obstadievigioping the Semantic Web [1].
Since the annotations describing different resaueze one of the key components of
the Semantic Web, easy to use and cost-effectiys teacreate them are needed, and
various systems for creating annotations have Hegeloped [14,18]. However, there
seems to be a lack of systems that 1) can be ae®ly by annotators unfamiliar with
the technical side of the Semantic Web, and thair@)able to support distributed
creation of semantic metadata based on complexdai@taannotation schemas and
domain ontologies [19].

Metadata descriptions are usually based on onwdogif two kinds. First, an
annotation ontology, i.e. a metadata schema, weiist kind of properties and value
types should be used in describing a resourceekample, the Dublin Core schema
uses 15 elements, suchdastitle, dc.creator dc:subject etc. Second, a set of domain
ontologies are used to define vocabularies by wtiiehvalues for metadata properties
are given. This suggests that three kinds of taodésneeded to address the problems
of metadata creation. First, an annotation editgrpsrting the usage of different



metadata schemas is needed. Second, we need sdoriseipporting the usage of the
domain ontologies (vocabularies) that are empldgedhe annotations. Third, tools
for automating the creation of actual metadata rifgtgmns in various ways, e.g., for
finding suitable values for the elements, must éestbped.

To test this idea, we have developed a systemreétimtegrated tools that can be
used to efficiently create semantic annotationethasn metadata schemas, domain
ontology services, and linguistic information extian. These tools include, at the
moment, an annotation editor system Sali®], an ontology service framework
Onki? [9] and an information extraction tool P8Kar (semi)automatic annotation.
The annotation editor Saha supports collaboratieation of annotations and it can
be connected to Onki servers for importing concefgfined in various external
domain ontologies. Saha has a browser-based usefare that hides complexity of
ontologies from the annotator, and adapts autoalticto different metadata
schemas. The tool is targeted especially for argatietadata about web resources. It
is being used in different applications within tNational Semantic Web Ontology
Project in Finland (FinnONTQ®]4].

In order to support the kind of annotation thatrésjuired in our project, we
identified the following basic needs for an annotatsystem. These were also
features that we felt were not supported well ehouy many of the current
annotation platforms:

Simplicity. The system should, as a rule, hide technical eyptscrelated to
markup languages and ontologies from its user.

Adaptivity . The system should be adaptable to different atioot cases with
different kinds of contents to be described.

Quality. When annotation is done by hand, the annotatouldibe guided to
produce annotations in qualified and pre-definedhfaf needed.
Collaboration. The system should support collaborative annatatiere the
annotation process can be shared among differembtators at different
locations.

Portability . The annotator should be able to use the systeamyafocation
without installing any special software.

2 Saha Annotation System

2.1 Utilizing Annotation Schemas

Ontologies may be used in two different ways in@ation: they can either serve as a
description template for annotation constructionnggation schemas/ontologies) or

1 http://www.seco.tkk.fi/applications/saha/
2 http:/mww.seco.tkk.fi/applications/onki/
3 http://www.seco.tkk.fi/applications/poka/
4 http://www.seco.tkk.fi/projects/finnonto/



provide an annotator with a vocabulary which canubed in describing resources
(reference/domain ontologies) [15]. An annotatichesna has an important role in
expressinghow the ontological concepts used in annotations eletead to the web
resources being described. Without annotation sebeitihe role of these concepts
would remain ambiguous. In addition to explicitiypeessing the relation between a
resource and an annotation, the schema helps tietador to describe resources in a
consistent way and it can be effectively used testroict a generic user-interface for
the annotation application.

Saha uses an approach similar to the one introdad@&d to form its user interface
according to an annotation schema loaded on ita $kes not use any proprietary
schemas, but instead will accept any RDF/OWL-basetlogy as a schema. By
schemas we mean a collection of classes with afsptoperties. An annotation in
Saha is an instance of a schema’s class that des@ome web resource and is being
linked to it using the resource’s URL (in same sa44Rl). We make the distinction
between the annotation of a document (e.g. a wgb)pand the description of some
other resource (e.g. a person) that is somehoweteléo the document being
annotated. In addition to containing classes useg@inhotate documentar{notation
classey, an annotation schema used with Saha can aldainoaference classef®r
describing resources other than documents. In offeeds, an annotation schema
forms a basis for the local knowledge base (KB) tomtains descriptions of different
kinds of resources that may or may not exist onwkb. Instances of the reference
classes are used as values of properties in afongat

Each annotation schema loaded to Saha formanaotation projectwhich can
have multiple users as annotatols practice, an annotation project is Jeha's
ontology model stored in a database. A model ispr®d of the annotation schema
and the instances of the schema’s classes. lteaprirlized to RDF/XML in order to
use the annotations in external applications.

2.2 Architecture and User Interface

The main difference between Saha and ontology edgoch as Protégé [12] is that
Saha offers the end-user a highly simplified vietvtiee underlying ontologies
(annotation schemas). It does not provide toolmealify the structure (classes and
properties) of ontologies, but rather focuses omgigshem as a basis for the
annotations.

Saha is a web application implemented using thecApaCocooh and Jena
frameworks. It uses extensively techniques suchiaaaScript and Ajax The basic
architecture of Saha is depicted in figure 1. lbsists of the following functional
parts: 1) annotators using web browsers to intexsith the system, 2) Saha
application running on a web server, 3) applicaiasing the annotations created
with Saha, 4) the Onki ontology service, 5) Pos@t database used store the
annotations, and 6) the Poka information extractiah.

5 http:/mww.hpl.hp.com/semweb/tools.htm
6 http://cocoon.apache.org/
7 http://en.wikipedia.org/wiki/Ajax_%28programming®?2



Fig. 1. Architecture of Saha

The user interface of Saha, depicted in figurer@yides an annotator with a view of
the classes and properties of an annotation schEngaannotator can choose a class
from the class hierarchy (left side of the scre@®w the annotations/KB-instances
and create new ones. The lower part of the scrisvs\the resource being annotated.
In figure 2, an annotation belonging to class “Dwmemt” is being edited. The
properties of the annotation, such as “Title”, aallvas fields to supply values for
ht side of the class ribya
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Fig. 2. The user interface of Saha

Properties of an annotation schema accept eittezallior object values. In the latter
case, values are KB-instances or concepts of soteznal domain ontology. KB-
instances can be chosen using semantic autocoompl&fi. Here, the user types in a



search word and selects a proper instance froristigopulated by the system. If the
proper KB-instance does not exist, user may alsatera new onegdfs:range or
owl:Restrictionis used to define the types of things that a@at as values.

2.3 Setting up an Annotation Project

Saha’s annotation cycle starts by defining settifogsan annotation schema. These
settings will define 1) the way how the schemaissialized for the annotator, 2) how
human readable labeled{s:label) are automatically created for new annotations and
KB-instances, and 3) how different property fielt® filled in the annotations. By
visualization, we refer to e.g. defining a subdesahema’s classes that are shown in
the editor’s class-hierarchy, or defining an ordethe properties of a class in which
they are shown to the annotator. Human readabkddaby turn, are needed when
annotations or instances are represented in threinieeface. These labels can be, in
many cases, formed automatically using propertyesikupplied by the annotator for
the annotation/KB-instance. In Saha, properties banfiled manually or using
integrated ontology services, which include theotogly server system Onki and the
information extraction tool Poka to be presentedséction 3. When using these
services, we map a property of an annotation schemhbe desired service. In the
case of Onki, the values of the property will benaepts defined in some external
domain ontologies, selected by an annotator usidgdicated Onki-browser. When
Poka is used, values are ontological conceptstenals provided by the extraction
tool. For example, an extraction component recaggipeople’s names could be
coupled with the propertgc:creator.

Settings for an annotation project are defined sectzema-specific RDF-file, which
we call meta-schemaAlthough the use of a meta-schema is not compylsbis
highly practical in most cases. At the moment, rseteemas are done by hand, but
we are developing an easy-to-use editor for the tas

3 Utilizing Ontology Services

3.1 Onki Ontology Services

One of the key features of Saha is its ability éaarect to the Onki ontology service
[9]. The Onki system has an important role in signtological resources between
different organizations and actors. In annotatifonki enables the use of concepts of
external domain ontologies as values of an anmotaschema’s properties. These
ontologies are made available to the annotatorugir the Onki ontology server,

which offers two interfaces to ontological inforneei: searching and browsing. The
first one is similar to the instance KB search dést above. When using it, the
annotator types a search word which is sent tdthie ontology server character by
character and matched with the concepts in the riyidg ontology. Concepts

matching to the query will be sent back to Saha stmalvn below the search field



from which they can be selected by the user. Therobption is to use a browser
view of the Onki system. It is practical when thenatator does not get agreeable
results using the semantic autocompletion, or wemtsee the resources within the
context of the class hierarchy. The Onki ontologgwser can be opened in a new
window by clicking a property field in Saha (segufie 3). After that, the annotator is
able to browse the class hierarchy, and when aldaittoncept is found, fetch it to

the input form of Saha by clicking on the buttoretéh concept” on the Onki browser

page. Both modes of using ontology services praViol Onki can be conveniently

integrated to different web applications on themtiside using Ajax.

Fig. 3. Using the Onki ontology browser

3.2 Automatic Recognition of Concepts and Entities

Saha uses the ontology-based information extradtioh Poka to suggest concepts
based on the documents being annotated. Poka aaessr a document to 1)
recognize concepts of external ontologies and tex®act named entities using non-
ontological tools.

In schema-based annotation, things to be extraoedefined by the properties of
the annotation schema’s classes. Accordingly, thactfon of an extraction
component is to provide suitable concepts or estitb be used as values of those
properties. Because Saha supports arbitrary ammotsthemas, extraction tools must
be adaptable in order to support different exteactasks. In the Poka environment
we have solved the problem of adaptivity in two walkyirst, we have implemented



generic non-ontological extraction components sastperson name identifier and
regular expression extractor. Second, user-defiegternal ontologies can be
integrated with the system and used in concepigraton.

Extraction of Non-ontological Entities. In Poka, two extraction components for
non-ontological entities have been implementeds@emame extractor for Finnish
language and regular expression extractor. The rnaga in the rule-based name
recognition tool is to first search for full namesthin the text at hand. After that,
occurrences of the first and last names are mafipédl names. Simple coreference
resolution within a document is implemented by niagpthe individual name
occurrences to the corresponding unambiguous futhenif there exist one. Single
first names and surnames without correspondingnfathes are discarded. Search for
potential names is started from the uppercase wairtlse document. Predefined list
of first names is utilized for recognizing potehfiall names. With morphosyntactic
clues some hits can be discarded. For examplé, fasmes in Finnish rarely have
certain morphological affixation such as “-ssa’mgar to the English preposition
“in™) or “lla” (preposition “on”) when they occubefore the surname in the sentence.
Poka makes use of the morphosyntactic analyzerpanser FDG [17]. The FDG-
parser's surface-syntactic analysis is also usefealing proper names.

The names that are automatically recognized argestgd as potential new
instances in Saha. The type of a new instanceréfesience class of the annotation
schema used in Saha, sayAnnotation:Persan If there exists an instance with the
same name, the user can tell whether the newfoant mefers to an existing instance
or to a new one.

The regular expression extractor acts in a similay as the name extractor. The
difference is that the thing to be extracted isirdsf by the expression, not the
component itself. Expressions can be utilized tal fiteral values or potential new
instances from the document.

Extraction of Ontological Concepts For ontological extraction, an ontology has to
be integrated to the extraction system. By ontaiagiextraction we mean 1)
deduction of string representations of concépm the ontology and 2) finding the
occurences of the representations.

In Poka, the integration starts by defining a $atamcepts in an ontology that are
to be extracted from the documents. The ontologybEaused in its entirety, or it can
be only partly used by selecting e.g. instancesamne sub-part of the ontology’s
hierarchy tree. After this, the human readable ertgs representing concept names,
e.g. the values of the literal propertigifs:label or skos:prefLabelare chosen as
targets for the recognition.

For the string matching in the extraction procdbs, string representations of
ontological resources are indexed in the prefi t8ince two or more concepts may
share the same label, a trie entity can refer thiplei URIs. In some languages (e.g.
Finnish), it is useful to lemmatize the conceptrespntations for efficient extraction.
This is because syntactical forms of words may aeatly in languages with heavy

8http://www.connexor.com, Machinese Syntax



morphological affixation [11]. Lemmatization bbththe text and the concept names
helps to achieve better recall in the extractiacpss.

Currently the adaptation of new extraction ontodsgis done by system experts.
Our future work involves developing a user inteefafor integrating ontological
resources for extraction.

4 Discussion

4.1 Contributions and Applications

Ontology-based semantic annotations are needed thiéing the Semantic Web.
Although various annotation systems and methods baen developed, the question
of how to easily and cost-effectively produce dqyainetadata still remains largely
unanswered. We tackled the problem by first idgmt§ the major requirements for
an annotation system. As a practical solution, ramotation system was designed and
implemented which supports the distributed creatiddnmetadata and which can
utilize ontology services as well as automatic infation extraction. It is designed to
be easily used by non-experts in the field of then&ntic Web.

Saha is currently a working prototype. It is iratruse for the distributed content
creation of the semantic health promotion portatv@8uomi.fi [3,16]. Much of the
content and metadata for the portal will be prodidiyy health experts working at
various health organizations in Finland. Saha le® leen tested, among others, in
metadata creation for the Opintie portal, a follop-version of the educational
semantic portal Orava [10], using Learning Objeetadata (LOM).

Full usability testing of Saha has not yet beerdeoted. Initial feedback from end
users indicates that some intricate ontologicalcstires, such as deep relation paths
between resources, are difficult to comprehend.s&hdifficulties, however, can be
facilitated by proper design of annotation schemas.

4.2 Related Work

A number of semantic annotation systems and tomist éoday [14,18]. These
systems are primarily used to create and maintimastic metadata descriptions of
web pages.

Annotea [6] supports collaborative, RDF-based marlaf web pages and
distribution of annotations using annotation sesveAnnotations created with
Annotea can be regarded as semi-formal, sinceysters does not support the use of
ontological concepts in annotations. Instead, atiwrts are textual notes which are
associated with certain sections of the documéetg describe.

The Semantic Markup Tool [8] has a user interfézd ts generated according to
an annotation schema in a similar way as is don&aha. It uses Information
Extraction techniques to find different kinds oftidas in documents and proposes



them for values of the annotation’s properties. $tieemas it supports are relatively
simple, and it cannot be thus used to describe morgplex semantic relations.
Moreover, the expressivity and adaptation of teteslas not explicitly stated in [8].
The Ont-O-Mat system [2], in turn, can be used #scdibe diverse semantic
structures as well as to edit ontologies. It alas & support for automated annotation.
The user interface of the Ont-O-Mat is not, howewesry well suited for the
annotators unfamiliar with concepts related to lmgies and semantic annotation in
general. Another example of the user interface mf aamnotation tool requiring
understanding of the Semantic Web concepts caolelfin SMORE [7].

Most of the current annotation systems, like theesormentioned here, are
applications that run locally on the annotator'swpaiter. Because of this, the systems
may not necessarily be platform independent andt mwgays be installed on the
user’s system, before the annotation can begiBalm, these problems are addressed
by implementing the system as a web application.dByg so, the system can be
installed and maintained centrally and the requaetm for the annotator’'s
computational environment are minimal. The way Sahdesigned and implemented
also strongly supports the collaboration in annotat making the sharing of
annotations and new individuals (free indexing eis) easy.

4.2 Future Work

Our future plans include using Saha to provide duedta for additional semantic
portals as well as further develop the automatibthe annotation. Currently, the
coupling of the annotation schema’s properties antbrmation extraction
components provided by the Poka are not fully zitity the ontological
characteristics. In other words, instead of usiestrictions and constraints such as
rdfs:range to define which of the schema’s properties an mataally recognized
resource matches to, we are currently using a swtama to do the mapping.
However, our plans include using the property retstins to do the matching in the
future. We are also aiming to map the automatioatityacted entities to ontologies in
order to support property restriction with themvesll. For exampledate regular
expressions would be mapped to a corresponding ofathe reference ontology, say
myOnto:Date.This way, the proper values for an object proparty defined by the
range (ontological restriction), not by the compurieself.
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