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Abstract. Heterogeneity and a lack of central control over the organiza-
tion of Web information have led to great difficulties in processing them
automatically. To overcome the difficulties, one attempts to add meta-
data to Web pages and this is known as Web Annotation. Ontology-based
Web Annotation is a recent but promising area which enhances con-
ventional Web Annotations by incorporating ontology with pre-defined
semantic structures. The resulting annotations are useful not only for
navigating Web information from diverse sources but also for improving
information retrieval and classification. In this paper, we survey the dif-
ferent Ontology-based Web annotation methods in order to provide an
organized view on the existing state-of-the-art, to identify potential areas
of research, and to discuss promising ways of enhancing Ontology-based
Web Annotation.
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1 Introduction

1.1 Background and Motivation

The World Wide Web (WWW) provides abundant information for sharing and
analysis. As the Web consists of large number of Web sites operated by au-
tonomous organizations providing a wide range of Web content, locating use-
ful information on the Web can be a taunting task. Web sites and their Web
pages are often structured in different styles and formats making them more
eye-pleasing but also harder for their content to be automatically extracted and
processed. Without a good semantic knowledge about the Web sites and pages,
it is also difficult to build sophisticated applications around the Web.
In this paper, we focus on the creation of metadata for the Web also known as

Web Annotation[24]. Web Annotations can be defined in many different ways.
In the more narrow definition, Web Annotations can be any comments, notes,
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explanations, references, examples, advices, correction or any other type of ex-
ternal remarks that can be attached to the whole or part of Web pages without
modifications to the original pages. More broadly, Web Annotation can refer to
any remarks that can be attached to any Web entities, including Web sites, Web
pages and their hyperlinks. Examples of Web Annotation systems are ComMen-
tor1, Annotator2, Third Voice3, CritLink4, CoNote5 and Futplex6 (Please see
[11] for more details). These Web annotation systems support creation, storing
and retrieval of annotation information. However, the Web Annotations created
using these systems may not conform to some common semantic structures per-
tinent to the underlying domains of the Web content.
Studies on the Web Annotations have concluded that annotation without a

controlled and well-defined model cannot reap any intended benefits because this
just would build another layer of data which share the same heterogeneity and
autonomy characteristics with the underlying Web [1]. Thus, attempts have been
made to create Web Annotations based on some well-defined semantic structures
or models, known as ontologies [12, 7]. To distinguish such annotation approach
from the rest, we call this the Ontology-based Web Annotation(OWA).

1.2 Objectives

This paper provides a survey onOntology-based Web Annotations Methods, re-
ferring to the techniques of semi-automatically creating annotations for Web
objects using one or more ontology. We survey the existing Ontology-based Web
Annotation techniques in order to achieve the following objectives:

1. To determine the features required for designing the Ontology-based Web
Annotation Systems.

2. To compare different Ontology-based Web Annotation methods to assist
potential users in selecting an approach that meets their needs.

Based on our findings, we describe the limitations of current methods and
discuss promising ways to enhance Ontology-based Web Annotation.

1.3 Paper Outline

The remainder of the paper is organized as follows. In Section 2, we formally de-
fine the Ontology-based Web Annotation problem. Section 3 provides the various
methods used for Ontology-based Annotation. Finally in section 4, we draw con-
clusions on the existing state-of-the-art and propose the additional requirements
for Ontology-based Web Annotation as future work.

1 http : //hci.stanford.edu/commentor/
2 http : //www.foresight.org/WebEnhance/Annotate.html
3 http : //www.thirdvoice.com/
4 http : //crit.org/http : //crit.org/critlink.html
5 http : //www.cs.cornell.edu/home/dph/annotation/annotations.html
6 http : //gewis.win.tue.nl/applications/futplex/
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2 Ontology-based Web Annotation

2.1 Formal Definition of Ontology

For Web Annotation, ontology serves as the metadata schema for organizing
semantically interrelated data on the Web. In the following, we give the formal
definition of ontology.

Definition 1. (Ontology) An ontology consists of 6 elements {C,AC , R,AR, H,X},
where C represents a set of concepts; AC represents a collection of attribute sets,
one for each concept; R represents a set of relationships; AR represents a collec-
tion of attribute sets, one for each relationship; H represents a concept hierarchy;
and X represents a set of axioms.

Each concept ci in C represents a set of objects of the same kind, and can
be described by the same set of attributes denoted by AC(ci). Each relationship
ri(cp, cq) in R represents a binary association between concepts cp and cq, and
the instances of such a relationship are pairs of (cp, cq) concept objects. The
attributes of ri can be denoted by A

R(ri). H is a concept hierarchy derived from C
and it is a set of parent-child (or superclass-subclass) relations between concepts
in C. H(cp, cq) if cq is a subclass, or sub-concept, of cp. Each axiom in X is a
constraint on the concept’s and relationship’s attribute values or a constraint on
the relationships between concept objects. Each constraint can be expressed like
a prolog like rule.

Note that the above ontology definition is very similar to that of conceptual
schema in traditional databases. However, there are several key differences:

– The concept and relationship attributes are not mandatory items for the
concepts and relationships. In other words, it is possible to have some concept
attributes not specified for some of the concept objects. Similarly, one may
not find values existing in the all attributes for a set of instances of the same
relationship. The database concept schema requires however every object
instance to contain attribute values in all their attribute.

– The domain of concept and relationship attributes are not fixed. In a database’s
conceptual schema, it is implicit that each attribute has a fixed domain of
values. Such requirement does not exist in ontologies.

– In a database conceptual schema, each concept is required to have some
attribute(s) serving as the key of the concept objects. In ontology, the key
is not required. An implicit identifier is instead adopted for every concept
object and relationship object.

In the following, we describe a part of simple University ontology that will be
used in the rest of this paper.

Example 1. Univ Ontology = {Cuniv, A
C
univ, Runiv, A

R
univ, Huniv, Xuniv} where

– Cuniv = {Student, PhDStudent,AcademicStaff, Professor,Department,
Course, Project}
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– AC
univ(Student) = {name,matricnum, age, email}
AC

univ(PhDStudent) = {name,matricnum, age, email, project, supervisor}
AC

univ(AcademicStaff) = {name, title, staffid, email, url}
AC

univ(Professor) = {name, staffid, email, url, affiliation}
AC

univ(Department) = {name, researcharea, location, phone, url}
AC

univ(Course) = {name, title, reference, period}
AC

univ(Project) = {title, sponsor, researchfield, people, url, publication}

– Runiv = {Supervise(Professor, PhDStudent),WorkIn(Professor,Department),
Major(Student,Department), T each(Professor, Course),
TaughtBy(Course, Professor), Faculty(AcademicStaff,Department),
Take(Student, Course),Memberof(Student, Project)}

– AR
univ(Supervise) = {startdate, enddate}
AR

univ(WorkIn) = {apptdate}
AR

univ(Major) = {academicyear}
AR

univ(Teach) = {semester, year}
AR

univ(Take) = {semester, year}

– Huniv = {(Student, PhDStudent), (AcademicStaff, Professor)}
– Xuniv = {inverse(TaughtBy(Course, Professor)← Teach(Professor, Course),
transitive(Memberof(Student, Project)∧Subconcept(Student, PhDStudent)
→Memberof(PhDStudent, Project))}
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Fig. 1. An example part of University Ontology
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2.2 Formal Definition of the Ontology-based Web Annotation
Problem

Formally, we define the Ontology-based Web Annotation problem as follows:

Definition 2. (Ontology-based Web Annotation Problem) Given a set
of ontologies O = {O1, O2, · · · , On} where Oi = {Ci, A

C
i , Ri, A

R
i , Hi, Xi} and a

set of annotated items I = {i1, i2, · · · , im}, the Ontology-based Web Annotation
problem consists of four sub-tasks:

– Task 1: Assignment of annotated items to concepts
The assignment can be represented by a set of mapping functions, one for
each ontology. We denote the assignment for ontology Oi by a mapping func-
tion fi : I → Ci.

– Task 2: Assignment of annotated item pairs to relationships
The assignment can be represented by a set of mapping functions, one for
each ontology. We denote the assignment for ontology Oi by a mapping func-
tion gi : I × I → Ri. Note that gi(ij , ik) = ri(cs, ct) only if fi(ij) = cs, and
fj(ik) = ct. In other words, the assignment of annotated item pairs to re-
lationships must be consistent with the assignment of their pair members to
concepts.

– Task 3: Assignment of literal strings to concept attributes
Let Σ be an alphabet of characters, and Σ∗ denotes the set of all possible
strings constructed from Σ. The assignment of literal strings to the concept
attributes can be represented by a mapping function hi : I ×A

C
i → Σ∗. Note

that hi(ij , ct.a) = w only if fi(ij) = ct and a ∈ A
C
i (ct).

– Task 4: Assignment of literal strings to relationship attributes
The assignment of literal strings to the relationship attributes can be repre-
sented by a mapping function li : I×I×A

R
i → Σ∗. Note that li(ij , ik, ri.b) =

w only if gi(ij , ik) = ri(cs, ct) and b ∈ A
R
i (ri).

Using the university ontology example, we illustrate the Ontology-based Web
Annotation results as follows:

Example 2. Let O1 be the Univ Ontology, i1, i2, i3, i4 be the Web pages of
Professor Ee-Peng Lim, his student Myo Myo Naing, the Software Department,
and a research centre known as CAIS, respectively.

– Task 1: Assignment of annotated items to concepts and their attributes
f1(i1) = Professor
f1(i2) = PhDStudent
f1(i3) = Department
f1(i4) = ResearchCentre
The meaning of the above assignments is self-explanatory.

– Task 2: Assignment of annotated item pairs to relationships
g1(i1, i2) = Supervise(Professor, PhDStudent)
g1(i1, i3) =WorkIn(Professor,Department)
The assignment g1(i1, i3) indicates that the annotated item i1 is related to
annotated item i3 by the WorkIn relationship.
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– Task 3: Assignment of literal strings to concept attributes
h1(i1, P rofessor.url) = “http : //www.cais.ntu.edu.sg : 8000/ ∼ aseplim/”
h1(i2, PhDStudent.matricnum) = “G0001393F”
The above assignments provide the URL attribute value to i1 and the ma-
triculation number attribute value to i2.

– Task 4: Assignment of literal strings to relationship attributes
l1(i1, i2, Supervise.startdate) = “14/06/2001”
l1(i1, i2, Supervise.enddate) = “14/06/2004”
The above assignments provide the start and end date attribute values to
the relationship instance between i1 and i2.

3 Methods for Ontology-based Web Annotation

Generally, an Ontology-based Web Annotation method can be manual, semi-
automatic or automatic. A manual annotation method requires the annotator to
manually insert annotations into the annotated document or some annotation
database. To reduce typographical errors and time required for manual annota-
tion, graphical tools can be introduced[12, 21, 22, 7].
In using a graphical annotation tool, the annotator must first select the

Web page to be annotated and the appropriate ontology. The annotator can
then identify the Web object within the Web page to be annotated, browse
the concepts and relationships in the chosen ontology, and create the necessary
annotation. Creating annotations using graphical tool frees the annotators from
familiarizing the ontologies prior to annotating Web objects. Inspite of these
tools, our survey has shown that most Ontology-based Web Annotation methods
are manual [7, 12, 22, 21].
The manual approach is expensive and time consuming when annotating

large number of Web objects. To address these limitations, semi-automatic or
automatic annotation methods are highly desirable.
To realise semi-automatic and automatic ontology based Web Annotation

methods, different knowledge discovery techniques can be used. In particular,
the classification techniques can be used to classify Web pages and other Web
objects into different categories. These categories may correspond to concepts
and relationships in the ontologies. The classification techniques usually require
a set of pre-classified (or labeled) data also known as the training data. These
training data correspond to example concept and relationship instances. Once
the classifiers that correctly assign these example instances to concepts and
relationships are created, they can be used to assign the other Web objects to
concepts and relationships accordingly.
Hence, the tasks of assigning concepts to Web objects and relationships to

pairs of Web objects can be automated using classification techniques. While the
accuracy of classification techniques may not be perfect, some human efforts can
still be deployed to make the final corrections to the assignments made by the
classifiers. Note that such correction efforts will be much than in a pure manual
approach.
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The assignments of literal strings to concept and relationship attributes are
the two other tasks in Ontology-based Web Annotation. These two tasks can be
aided by information extraction techniques.
In this section, we will discuss these classification and information extraction

approaches in more detail.

3.1 Classification approaches for Assigning Web Objects to
Concepts

The assignment of Web objects to concepts is very much similar to the text
classification problem especially when the Web objects to be assigned are Web
pages. A survey of text classification techniques has been given in [18].
In text classification, documents to be classified are represented either as set-

of-words or bag-of-words. The set-of-words representation indicates only word
presence or absence in the document, while bag-of-words representation repre-
sents the document by the frequencies of words in the document [5]. Hence, 0-1
or word frequency vector can be used to represent the same document depending
on the type of document representation.
In this section, we give an overview of two classification approaches.

Probabilistic Classification approach In the probabilistic classification ap-
proach, probabilistic classifiers are used. The classifiers must be constructed by
using the training data consisting of documents already classified by some expert
in a particular domain. The probabilistic model of each category is built using
these training data.
The probabilistic model to predict the probability of a document belonging

to a class is build by using well known Bayes’ theorem:

P (cj |
−→
di ) =

P (cj)P (
−→
di |cj)

P (di)
(1)

where P (cj) is the probability that a randomly selected document belongs to

cj and P (
−→
d i) is the probability that a randomly selected document has vector

−→
d i as it’s representation. P (

−→
d i|cj) can be estimated with the assumption that

any two words of a document vector are statistically independent of each other
as follows.

P (
−→
d i|cj) =

n∏

k=1

P (wki|cj) (2)

The probabilistic classification technique using such an assumption is known
as the Naive Bayes technique [14]. Naive Bayes technique is currently one of the
most widely used classification techniques.
The disadvantages of probabilistic classifiers are that their nature is numer-

ical and a lot of calculations needed for classification. In addition they are not
easily interpreted by humans.
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Decision Tree Classification Approach In a decision tree classification ap-
proach, one or more decision trees are constructed to classify documents based
on their term (word) features. Two kinds of nodes can be found in a decision
tree, namely internal nodes and leaf nodes. Each internal node represents a term
and each leaf node represents a class (i.e., either the document belongs to a
category or not). The edges between nodes are labeled with test conditions each
indicating a range of term weights in the document. A decision tree example is
given in Figure 2. To classify a document using a decision tree, the term weights
of the document are tested against the tree. Firstly, a test document will be
tested for the existence of the term research. If the document consists of the
term, it will be assigned to the AcademicStaff category. Otherwise, look for the
next term professor. If that term exists in the document, it will be assigned to
AcademicStaff category. If the document does not contain both research and
professor, it will not be assigned to the AcademicStaff category, and it will be
denoted by the AcademicStaff .

1

0 1

0

AcademicStaff

AcademicStaff

research

professor

AcademicStaff

Fig. 2. An example Decision Tree

The document is first tested with the test condition at the root. Depending
on the weight of the root term in the document, a specific edge is traversed. The
classification step is performed recursively until a leaf node is reached. At that
point, the document will either be classified under a category or rejected from
the category.
The main challenge in decision tree classification is the construction of deci-

sion trees. The most widely used decision tree construction method based on
divide-and-conquer strategy described in [18]. The learning method includes
growing and pruning a decision trees based on the training data. Decision tree
classifiers have been used for text categorization in [3].

3.2 Classification Approaches for Assigning Pairs of Web Objects
to Relationships

To perform the task of assigning pairs of Web objects to relationships of an
ontology, one can choose to treat each pair as an entity to be classified and
borrow the classification techniques mentioned earlier. While this approach is
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feasible, it does not explore the knowledge about the concepts already associated
with the Web objects.
Very little research has been conducted on classifying pairs of Web objects.

In this section, we present relational path finding technique.

Relational Path Finding Approach The basic idea of relational path finding
approach is that a relational domain is viewed as a directed graph in which
nodes represents the domain constants and edges correspond to relations between
these constants. The relational path finding algorithm finds the small number
of prototypical paths in this graph that connect the arguments/instances of the
target relation.
Discovering of relationships between the documents in the WEB→KB project

is based on recognizing the patterns represented by hyperlink paths among the
documents [6, 4]. Rules representing the relationships between documents are
able to recognize the instances under each relationship. Their algorithm is able
to learn rule for paths consisting of more than one hyperlink. Detail description
of their approach can be found in [4] and [5].

3.3 Information Extraction Approaches for Assigning Literal
Strings to Attributes of Concepts and Relationships

Information extraction can be thought of as an activity of populating a struc-
tured database with information deriving from an unstructured or semi-structured
data. To extract relevant information from documents, text extraction rules or
patterns are the key components [19].
Text extraction rules are used to identify relevant information to be extracted

from a document using some knowledge about the way the document is format-
ted or structured. In the case of HTML pages, this knowledge refers to the way
HTML tags are used to markup their semantic content. Based on the text ex-
traction rules, wrappers, software agents specially created to extract information
using the extraction rules, can be used to assign the extracted information as
attribute values of concept and relationship instances. The use of wrappers for
information extraction has been described in [8, 13].
When the source documents do not carry any structural patterns for extrac-

tion, text extraction rules can still be constructed based on patterns involving
syntactic relations between words or semantic classes of words. It requires syn-
tactic analysis, semantic tagging, recognizers for domain objects such as pro-
fessor or student names and the process to carry out inferences across sentence
boundaries.
Information extraction approach is used to extract small fragments of text

embedded in the pages [4] in WEB→KB project. The project has developed
an information extraction learning algorithm called SRV [10] (“Sequential Rules
with Validation”) based on the relational structure of the document. Other re-
search efforts focused on information extraction from semi-structure online doc-
uments are WHISK [19], RAPIER [2], WIEN [13], Stalker [15], etc. and the
comparison of the extraction patterns of these systems can be found in [16].
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Recently, KA2 Community [9] and CREAM [17] proposed semi-automatic an-
notation methods based on information extraction approaches. Similar Ontology-
based Annotation Tool was proposed by Knowledge Media Institute(KMi) [23].
With the rapidly increasing amount of online Web documents, research on

information extraction still required to be investigated and the promising ap-
proaches can be somehow useful for automatic assignment of literal strings to
the attributes of ontological elements.

4 Conclusion

Ontology-based Web Annotation enhances various application areas by deriving
metadata from heterogeneous and distributed Web information. With OWA,
users are able to access the Web with uniform and integrated view, get more
relevant results, navigating only on interested categorized sites and achieve the
semantic relations between documents without blindly wandering through the
Web.
We have learnt that most of the Ontology-based Web Annotation systems are

developed as a front end for enhanced query processing. Our survey has shown
that almost all annotation methods used in existing systems are manual while
very few focus on semi-automatic annotation, indicated that this is currently
an active area of research. We also highlight that different classification and
information extraction techniques can be applied for semi-automatic OWA tasks.
Research in the area of automatic OWA methods is nascent and there are very
few(if any) systems employing such an approach. To benefit from OWA in a large
scale, it is therefore important to pursue automated OWA methods in the future
by enhancing different classification and information extraction techniques.
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