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Abstract. In this paper we describe a solution for the ontology based
text annotation (OnTeA) tool. The tool analyzes a document or text
using regular expression patterns and detects equivalent semantic ele-
ments according to the defined domain ontology. Assuming the analyzed
text belongs to a specific application domain, with a defined ontological
model, we can create a semantic version of the text which can serve as a
basis for further computer processing, where structured, formalized ver-
sion of document is needed. This can help e.g. in categorization, common
visualization of documents, searching and knowledge inference or reason-
ing. The solution has been used, evaluated and it is further developed
within the K-Wf Grid, NAZOU, and Raport projects.

1 Introduction

Automated annotation of the Web documents is a key challenge of the Semantic
Web effort. Web documents are structured but their structure is understand-
able mainly for humans, which is the major problem of the Semantic Web. The
Ontea tool tries to create structured semantic metadata from Web documents
according to the application domain ontology model using semantic annotation
techniques. Ontea does not create a new ontology, but rather tries to identify
relevant ontological concepts in the domain application ontology based on the
given text. Ontea can either find relevant classes and individuals in text or based
on these classes and individuals create the individual of a given ontology class
representing such text or the document. Found concepts and individuals are in
that case assigned as properties of the document representing the individual.
The semantic structure of the text can then be used for further computer pro-
cessing, to improve different aspects of document processing such as searching,
categorizing or reasoning. While most of annotation solutions try to improve
web content with semantic tags, Ontea is more suitable in closed applications
where problem domain is well defined by application ontology. The application
area of Ontea is thus Knowledge Management systems, web and semantic bases
application and context detection systems.

Annotation solutions can be divided to manual and semi-automatic. This
different strategy depends on a use of the annotation. Usually in the manual



annotation solutions annotating is understood as a writing-to-learn strategy to
be used while reading or rereading. An annotated text helps readers/processors
to reach a deeper level of understanding, while several manual annotation tools
exist. Annotea [1] is a system for creating and publishing shareable annotations
of Web documents. Built on HTTP, RDF, and XML, Annotea provides an in-
teroperable protocol suitable for implementation within Web browsers to permit
users to attach data to Web pages so that other users may, on their own choice,
see the attached data when they later browse the same pages. The Annotea
project is a part of the project Semantic Web Advanced Development (SWAD).
Unlike the Annotea system, the Ruby annotation is stored along with the text
that has to be annotated as XML tags. Some user agents might not understand
ruby markup or may not be able to render ruby text correctly. In either situa-
tion, it is generally preferable to render ruby text, so that information is not lost
[2]. There are also other annotation tools and approaches such as CREAM [15]
or Magpie [16] which follow the idea to provide users with useful visual tools for
manual annotation, web page navigation, reading of semantic tags and brows-
ing [18] or provide infrastructure and protocols for manual stamping documents
with semantic tags [1][2][3].

Semi-automatic solutions usually follow a different priority, which is creating
of semantic metadata for further computer processing, using semantic data in
knowledge management [17] or in semantic driven problem specific applications
[8] [9] [12]. Semi-automatic approaches are based on natural language processing
[21] [22], document structure analysis [23] or learning which require learning sets
and need to be trained and supervised [24]. Moreover, other semi-automatic solu-
tions such as PANKOW [19] and C-PANKOW [20] exist using pattern matching
and Google API for automatic annotation, which is similar to Ontea but al-
gorithm seems to be quite slow when annotating a large number of documents
(there is no evaluation of performance but description of algorithm with frequent
connections to Google APT does not seem to be fast enough) which is needed in
knowledge management or semantic driven problem specific applications.

Ontea [10] works on text, in particular domain described by domain ontology
and uses regular expression patterns for semi-automatic semantic annotation. In
Ontea we try to detect ontology elements within the existing application/domain
ontology model. It means that with the Ontea annotation engine we want to
achieve the following objectives:

— Detect meta data from the text
— Prepare improved structured data for later computer processing

— Structured data are based on the existing application ontology model

The Ontea annotation was created as one of tools is the NAZOU project [9].
It is used to create ontology metadata of offer HTML documents. The ontology
metadata are then processed by other NAZOU tools as well as presented to the
user [25].



2 Methodology and the Approach

Ontea tool analyzes a text using a regular expression patterns and detects
equivalent semantic elements according to the defined domain ontology. Sev-
eral cross application patterns are defined but in order to achieve good results,
new patterns need to be defined for each application. In addition, Ontea cre-
ates a new ontology individual of a defined class and assigns detected ontology
elements/individuals as properties of the defined ontology class. The domain on-
tology needs to incorporate special ontology extension (Figure 1) used by Ontea.
This extension contains one class Pattern with several properties.
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Fig. 1. Pattern ontology with several individuals from Job Offer domain ontology

The Pattern class represents regular expression patterns which are used to
annotate plain text with ontology elements. The Pattern individual {pattern}
is evaluated by a semantic annotation algorithm. On Figure 1 we can see sev-
eral simple patterns which can detect ontology individuals by matching string
literal properties of such individuals. The properties of Pattern class are has-
Class. Pattern, hasInstance.Pattern, pattern.Pattern, pattern.createlnstance (1).

Pattern C
hasClass.Pattern(T hing)N
hasInstance.Pattern({Thing})N
pattern.Pattern(String)N
pattern.createInstance(Boolean)

{pattern} € Pattern

The instances of the Pattern class are used to define and identify relations be-
tween the text and its semantic version according to the domain ontology, where
the pattern property contains the regular expression, which describes textual
representation of the relevant ontology element to be detected. The examined
text is processed with the regular expression for every pattern. If property hasln-
stance is not empty, an individual included in this property is added to a set of
detected ontology elements. Moreover, when the hasClass property exists in the
Pattern, the RDQL or SeRQL query is constructed and processed to find the
individuals that match the condition:

— The individual is the class of hasClass



— a property of individual contains the matched word

When property createlndividual is set True and corresponding individual with
found regular expression or keyword is not found in existing ontology model and
its meta-data, such individual of hasClass type is created.

The underlying principles of the algorithm are the following:

1. The text of a document is loaded.

2. The text is processed by the defined regular expressions and if they are found,
corresponding ontology individual according to rest of pattern properties is
added to a set of found ontology individuals.

3. If no individual was found for matched pattern and createlnstance property
is set, a simple individual of the class type contained in the hasClass property
is created with only property rdf:label containing matched text.

4. Such process is repeated for all regular expressions and the result is a set of
found individuals.

5. An empty individual of the class representing processed text is created and
all possible properties of such ontology class are detected from the class
definition.

6. The detected individual is compared with the property type and if the prop-
erty type is the same as the individual type (class), such individual is assigned
as this property.

7. Such comparison is done for all properties of a new individual corresponding
with the text as well as for all detected individuals.

The algorithm also uses inference in order to enable assignment of a found
individual to the corresponding property also if the inferred type of a found
individual is the same as the property type. The weak point of the algorithm is
that if the ontology definition corresponding to the detected text contains several
properties of the same type, in this case detected individuals cannot be properly
assigned. This problem can be overcome if algorithm is used only on creation of
individuals of different properties type. Crucial steps of the algorithms as well
as inputs and outputs can be seen also on Figure 2.

2.1 Regular Expression Patterns

Regular expression patterns are the key element of the Ontea algorithm. Usu-
ally for each problem domain we need to define new, problem specific patterns
to match the ontology elements in the text. However several cross application
patterns exist:

— Matching one word starting with capital letter: ([A-Z][-A-Za-20-9]+)
— Two words pattern: ([A-ZJ[A-Za-20-9]+\s]+[A-Z][A-Za-20-9]+)
— Similar for 3 and 4 words pattern.

When individuals in the reference domain ontology contain plain text labels
describing or naming the individuals, they can be detected by Ontea using the



patterns mentioned above. Even when using such simple patterns, we can achieve
satisfactory results. This is demonstrated in the last chapter. If the reference
ontology contains critical amount of individuals with assigned text labels, results
of annotation are satisfactory with above mentioned cross application patterns.
A good example is the location ontology, which is used in both examples provided
in this paper. The location ontology contains concepts such as regions, countries,
settlements, mountains, rivers or lakes as well as individuals of such classes. It is
possible to create such ontology with concrete individuals of towns, settlements,
mountains or rivers. Such data are available on the internet [14]. We have also
created such ontology containing all geographical data for Slovakia.

When keywords such as ”Danube” or ” Bratislava” appear in the text, correct
individuals are detected by Ontea, where the Danube is an individual of a river
and Bratislava is an individual of the Capital subclass of the settlement and
the town. Similar detection can be achieved also with concepts such as a skill, a
company or a category when ontology consists of a critical mass of individuals.

As already described, Ontea not only detects but also creates individuals if
patterns are set up that way. A good example is again the location ontology. In
many web pages for instance job offers, location is referenced by text ”Location:
City or Region Name”. When we convert web pages to a plain text, a regular
expression pattern can be easily set up as follows: Location:|\s/*([A-Z][-a-zA-
Z]+\s]*[A-Za-20-9]*). This will match one or two words after the ”Location:”
string. If document contains e.g. ”Location: New York” and "New York” text
is not found in any individual in the reference ontology, we can create a new
simple individual of the region type (this is set up in hasClass property of pat-
tern) with rdfs:label ”New York”. In the future if New York is found in another
document, the same individual is detected. Note that if we would create e.g.
"New York City” individual, one can be sure that New York City is not a re-
gion but rather it’s subclass - the town in our location ontology. If we would
change manually such individual to be an individual of the town class, it would
be updated automatically in all detected data.

We think that with Ontea it is possible to detect or create ontology elements
within the reference ontology with satisfactory results. This can be achieved
automatically or semiautomatically, when an expert can review and update the
results.

3 Architecture and Technology

Architecture of the system (Figure 2) contains similar elements as the main
annotation algorithm described above. Inputs are documents or text resources
(HTML, email, plain text) which need to be annotated as well as corresponding
domain ontology with defined patterns individuals (Figure 1). The output is an
individual, which represents the annotated text. Properties of this individual are
filled with detected ontology individuals according to defined patterns.
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Fig. 2. Ontea Tool Architecture

Ontea works with RDF/OWL Ontologies [4]. It is implemented in Java using
Jena Semantic Web Library [5] or Sesame library [6]. In both implementation
inference is used to achieve better results.

4 Examples of Use

Ontea has been deployed in the K-Wf Grid [8], NAZOU [9] and Raport [12]
projects. The semantic text annotation is an important subtask in both projects.
In K-Wf Grid, Ontea is used to translate or associate text input from a user to
domain ontology elements. This is used in two cases:

— When a user wants to define his/her problem by typing free text - Ontea
detects relevant ontology elements and creates a semantic version of the
problem understandable for further computer processing.

— The second case is when users use text notes for collaboration and knowledge
sharing [7]. Notes are showed to the user in appropriate context, which is
detected by Ontea. This is useful in Flood forecasting application [11]

In NAZOU project, Ontea is used for creating semantic version of offer document.
For testing purposes job offers domain was used, where the success rate of the
Ontea algorithm was measured. In Raport project [12], Ontea detects formalized
context of emails. Context is then used to display relevant notes [7] (similar as
in K-Wf Grid project) in outgoing and incoming email communication. A user
can receive email with additional information (text attachments) at the end or
beginning of the email message. This information can contain relevant categories,
hints or links (similar as Gmail [13]) to related organizational resources such as
document repositories, databases or information systems.



4.1 Use of the Ontea in Job Offer Application

NAZOU (Research and Development of Tools for Knowledge Discovery, Main-
tenance and Presentation, SPVV 1025/04) is a Slovak project. The project has
been launched in September 2004 and it is focused on discovery, maintenance
and presentation of knowledge. The Pilot application is the Job search applica-
tion, where tools are used to find, download, categorize, annotate, search and
display job offers to job seekers. As stated in the title of the project, this project
focuses on development of reusable tools. One of such tools is a tool Ontea.
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Fig. 3. Job Offer Ontology

On Figure 3 main components of Job Offer ontology are displayed. Important
fragments on ontology are Location or Skills individuals, which can be then
detected by annotation.

Web Developer (Front end)

Company: Trulis.com (mare infa) Location: San Francisco
Type: Fulktims { San Fancisco Bay Ama)
Experience:  Mid-Senior kevel Dae Posted:  February 13, 2008

Function: Engineering
Industry:  Intemet

Deseription 2/ Posted by

Wish Devalopar With Linkedin Jobs, you ca

posted the job, and which ©
Az a Web Developer in our small and fast-paced front-and team, you will creats and maintain introduze you fo that parsor
cutting-edge, high-performance customer-facing and B2B Web sites that integrate Ajax, XML, . o
Javascript and other technologies on a LAMP architecture. doin today to 52 who's hi

Essential requirements:
* 5+ years' expanance with PHP, HTML, Javascript, MySQL and Linu/UNIX

* 3+ years' exparience with XML, RPC, SOAP, X5LT and related technologies
* Superb Javascrpt skills

Fig. 4. Web Document of Job Offer



On figure 5 the individual of the Job Offer is created based on the semantic
annotation of a Job Offer document (figure 4), using simple regular expression
patterns as showed on Figure 1 where main individuals can be detected by the
title property such as skill XML or skillPHP individuals. Other specialized pat-
terns such as pattFullTime are used to detect concrete job offer properties -
jtPermanent individual, which represents a permanent job position. In this ex-
ample the job offer location - San Francisco id identified by a regular expression,
([-FA-Za-20-9]+ [ ]+[-A-Za-20-9]+), because individual locSF has the property
title ,San Francisco”. Similarly, other ontology elements are detected. Some regu-
lar expressions search for ontology individuals, other ontology classes and others
such as pattFullTime annotate a job offer by a concrete individual jtPermanent
if expression (Full -JTime) is found. Systems detect ontology elements based on
domain ontology. In this example it is ontology of job offers.

Fig. 5. Job Offer Individual Created by Ontea

Detected ontology individuals are then assigned as properties of job offer,
thus ontology instance of job offer is created out of its text representation in the
NAZOU pilot application.

5 Success Rate of Ontea Algorithm

In this chapter we discuss the algorithm success rate.

As reference test data, we use 500 job offers filled in defined ontology man-
ually according to 500 html documents representing reference job offers. Ontea
was running on the reference ontology and reference html documents and the
result was new ontology metadata of 500 job offers, which were automatically
compared with manually entered job offers ontology metadata. In this test, On-
tea used only simple regular expressions, which match from 1 to 4 words starting
with a capital letter and Ontea did not create extra new property individuals in
ontology.

From the data in the table we can compute sample mean (2) sample variance
(3) and sample standard deviation (4), which can be considered as basic measures
of success rate.

T =

S|

> a; = 83,163% (2)
=1



Table 1. The comparison of results computed using the Ontea tool with reference data
- selection of 500 job offers. This selection is used as a random sample (z1, =2, ..., T500)-
The success rate of the Ontea tool (in percent) will be considered to be a random vari-
able X with cumulative distribution function (CDF) F(x). The count row represents the
number of job properties assigned to a job offer in reference data. The Ontea row rep-
resents the number of detected properties by the Ontea tool. The match row represents
the number of same properties in the reference and Ontea ontology metadata.

Count 4 4 6 6 4 6 6 6 5.. 6 6 445 4

Ontea § 7 8 8 12 8 10 9 9. 7 T 6 6 7 6

Match 4 4 6 6 4 6 5 6 3..5 5 334 4
Success rate % 100 100 100 100 100 100 83,3 100 60 ... 83,3 83,3 75 75 80 100

1 n
2 2
_ L —7)2 = 3,222
s n_liﬂ(x z) =3 % (3)
1 2
= i—7 :1, 4
s T ;:1 (z; — T) 7,95% (4)

As the success rate of Ontea tool is a random variable, we can create proba-
bility and cumulative distribution functions p(x) and F(x). The values of these
functions are shown in the following table:

Table 2. Frequency, probability function and cumulative distribution function of ran-
dom variable X.

Success rate %z 25% 50% T75% 100%

Frequency 3 48 136 313

Probability Pr(X=z) 0,006 0,096 0,272 0,626
CDFF(x) F(z) 0,006 0,102 0,374 1

From distribution function we can calculate the probability that the success
rate of Ontea tool is higher than 75%, which is:

Pr(X >7%)=1-Pr(X <75%)=1-F(75%) = 0,626 (5)
The probability that success rate of Ontea is higher than 50% is:

Pr(X > 50%) = 0,898 (6)



The most probable value of the success rate of Ontea tool (modus) is 100%
(with the probability of 0,626). Figure 6 displays histogram and distribution
function F(x) for random variable X (success rate of Ontea).

== Frequency
—a— CDF

25% 50% 75% 100%

Fig. 6. Frequency histogram and cumulative distribution function of success rate. Left
axis is frequency histogram and right axis is a cumulative distribution function.

As we can see in Table 1, Ontea tool finds more results than it is present in
reference data. These extra found results can be relevant or irrelevant but we
would have to check all data manually. We have checked extra detected results
for several randomly chosen cases and we can say that most of found results
is duplicity due to duplicity in reference data. For example, in reference data,
a company offering job was in one case ”"Google” and in another case ” Google,
Inc.”. Ontea detected both values and assigned them to a new job offer as the job
offering company. In other cases Ontea detected for example ” Financial Services”
as an extra category for the job because relevant text was found in the job offer.
We can say that this was added value to the job offer because it was relevant
to text of the offer, however different cases may occur, when the found text is
irrelevant; as an example can serve the "PHP” language detected as relevant
needed expertise which could be detected from an advertisement or a header.
We can say that new found elements are in most cases relevant and they appear
if there is inconsistency in reference data or if regular expressions for a selected
problem domain are not set up carefully. Due to these facts, we show two more
cases of a success rate when extra found data are relevant or irrelevant.

The basic sample characteristics can be calculated according to above equa-
tions (2) (3) (4). If the extra results are all relevant, the values are:

7 = 88,523%, s =1,592%, s = 12,619% (7)

T = 56,48%, s> = 3,298%, s = 18,162% (8)



6 Conclusions and Future Work

The described solution is used in the K-Wf Grid [8], NAZOU [9] and Raport[12]
projects to detect relevant structured knowledge described by a domain specific
ontology model in an unstructured text. The most similar annotation solution
to Ontea is the PANKOW [19] [20]. We think that Ontea is more simple, faster
(however performance was not compared) solution with better success rate, suit-
able for knowledge management or semantic driven embedded applications. The
archived results are quite satisfactory since the Ontea tool works with an av-
erage success over 80In our future work we will try to evaluate the algorithm
on different application domains using new strategies where Ontea will not only
detect but also create new property individuals and we will evaluate also the
performance of the tool.
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