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Abstract

Many applications have a need for a common terminology, to ensure that
shared information will have the same meaning to everyone using it. For
example, doctors need a common terminology to describe an illness; two
software agents exchanging information needs to understand each other
even if they use different vocabularies. An ontology is one way to
represent terms and relations between terms in a structural way, which
enables sharing and reuse of knowledge.

The evolvement of the Sementic Web as an extension to the World Wide
Web of today has increased the need for ontologies. On the Semantic
Web the information will be given meaning by describing it with terms,
which can be specified in ontologies.

The application OntoRama was originally developed as an application to
browse ontologies from an ontology server but has, as part of this thesis,
been further developed to be a platform for collaborative work with
ontologies in a Peer-To-Peer environment. A Peer-To-Peer architecture is
a network where peer communicates directly with each other to share
information or resources.

This thesis investigates issues that rise when people collaboratively work
on ontologies, such as how to represent ontologies, how to handle
merging of ontologies, and how to handle opinions of different users.
This thesis also investigates the use of a Peer-To-Peer architecture for
collaborative work with ontologies.
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1 Introduction

This chapter describes the context of the thesis. It starts with a brief
background of the area where the thesis contributes. The problem
formulation and aims are also covered in this chapter. It concludes with a
discussion about the methodology used in the thesis.

1.1 Background

The growth of the Internet has been explosive in the last decade. It has
brought the possibility to send messages, share files and display
information over a computer network to the wide public. The World
Wide Web has become a source of information for many people and
search engines help us find information about almost everything we are
looking for.

There are some drawbacks with the World Wide Web of today. Most of
the information is only meaningful to humans and not to machines. This
makes it hard for the machines to atomise tasks and even if search
engines have improved it is still hard to navigate the vast amount of
information existing on the World Wide Web. The search engines of
today can compare keywords, but do not understand the meaning behind
the words.

The solution proposed by many to the problems with the World Wide
Web of today is the next generation Internet, the Semantic Web. The
Semantic Web is not a new web, but is an extension to the existing web
where the information has meaning to both humans and machines. Lassila
et al (2001) describes it as follows, “The Semantic Web is not a separate
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Web but an extension of the current one, in which information is given
well-defined meaning, better enabling computers and people to work in
cooperation.”

This would give search engines the possibility to find pages about what a
user is really looking for and not only those pages that contain certain
words that may have different meaning in different contexts. It would
also make it possible for software agents to automatically perform tasks
and collaborate by exchanging information with meaning and also reason
and draw inference from data.

The way to give structure to data is by describing it with a terminology
that can be exchanged and understood in the same way by both humans
and machines. The structure and meaning of terms is described with
structured vocabularies called “ontologies”.

There are lots of ontology servers available today, suppling users and
machines with ontologies, but there is also a need to constantly update
existing ontologies and develop new ontologies for specific domains.

A problem with ontologies is that they can be large and therefore hard for
humans to get an overview of them. The application OntoRama, a
hyperbolic ontology browser developed by the K\VO! group at University
of Queensland, is an attempt to handle this problem.

1.1.1 OntoRama

OntoRama (2002) is an application to display large-scale ontologies in a
perspicuous, hyperbolic view. The development of this application is part
of the research at UQ and DSTC? in the area of Semantic Web. Today the
application is only able to display ontologies and the source it browses is
either from WebKB (2002), an ontology server, or a static RDF file.
(OntoRama 2002)

! KVO stands for Knowledge, Visualisation, and Ordering, www.kvocentral.com.
2 DSTC stands for Distributed Systems Technology Centre, www.dstc.com.
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1.2 Problem formulation

The evolution of the Semantic web and also development in other fields
has increased the need for ontologies. There is a need both for building
new domain specific ontologies, and to extend and merge existing ones.
To be able to do this we need software to edit and build ontologies and
this leads us to the following main research questions:

1. How could an application supporting collaborative work with
ontologies be designed?

2. What difficulties arise in such a design and implementation?
3. How would a peer-to-peer architecture support such a task?

1.3 Aims

The problem formulation gives the main aim for the project, which is to
enable browsing of a distributed ontology in a Peer-to-Peer environment.
In order to accomplish the main aim there are two objectives for the
project:

1. Develop a protocol to utilize the use of Peer-to-Peer networking in
OntoRama.

2. Adopt the existing version of OntoRama (2002) to work with the
newly developed protocol.

1.4 Methodology

The emphasis of the thesis is not cover completely the research area of
collaborative work with ontologies nor is it an attempt to evaluate
different solutions for how this could be done. The emphasis of the thesis
Is to, based on existing theory in different research fields, present and
evaluate one possible solution. A big part of the work is therefore the
development of a test or reference application.

The first step was to preform necessary research in areas to be used in the
thesis, for instance different P2P techniques and solutions. The literature
used was papers, specifications and articles. Most of the papers where
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found with the search engine CiteSeer®, a Scientific Literature Digital
Library.

The next step was an iterative incremental process developing two
modules: (i) a P2P protocol followed by the (ii) a Ontology module. We
began with the P2P protocol and started with the Ontology module once
we had a working version of the P2P protocol. On both parts the
development started with a small code base to which new functionality
was added when needed until a complete application was developed. The
reason to wuse an incremental top-down step-wise development
methodology instead of for example the waterfall model was that we
found it more appropriate considering the highly changeable nature of the
project. The exact functional requirements for the developed parts where
difficult to predict from the outset and many decisions have been made
during the development. These decisions were often made during
discussions or in collaboration. This is usually the cycle for research-
based projects where the requirements are in some sense a moving target.

The third and final step was to test the performance of OntoRama with
the newly developed parts and verify it against some success criteria in
order to determine if the project was successful.

1.4.1 Criteria for evaluating an collaborative version of OntoRama

In order to be able to say if the project was successful or not some
criteria’s were defined. The resulting application will be measured against
theses criteria and this will help us to tell if we accomplished the goal of
an ontology browser in a P2P environment. The defined criteria were:

* The ontology, on which collaboration are performed on,
should contain at least 100 concepts;

e 10 simultaneous users should be able to collaborate on a
ontology;

* The program be able to handle merging of ontologies from
different users in some fashion;

e It should be able to handle different opinions about
assertions by different users;

It should be able to handle editing of ontological concepts.

¥ http://citeseer.nj.nec.com/cs
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In the future many more users are expected to use the application
simultaneously, but the first test does not require more users in order to
be considered successful.

1.5 Related Work and significance

Building ontologies is not a new research field and tools to support
development of ontologies have been around for a while.

Dominigue et al (1999) created a tooled called WebOnto. WebOnto is a
web-based tool for developing and maintaining ontologies. It includes
functions such as visualization, browsing and editing ontologies. The tool
runs as an applet and it includes functionality for sharing changes
between users. The models that are used for describing ontologies are
OCML, a knowledge modelling language.

In Eklund et al (2001) an ontology server called WebKB_2 is presented
that allows users not only the ability to retrieve, but also add new
knowledge. This gives users the opportunity to build on previous work or
change parts of the knowledge base they do not agree on. By using a
client-server solution the server can keep the knowledge base consistent.

Mintra et al (2000) present a toolkit called Onion. It is a toolkit to help
domain expert bridge the gap between smaller domain specific
ontologies. Before Onion was developed most research on ontology
construction focused on tools for building a single global ontology, this
was not scalable or manageable according to the authors. The toolkit
works on a graph-oriented model and uses a small set of algebraic
operators to bridge the gap between many different information
resources.

In Arumugam et al (2002) we found the first attempt to use a totally
distributed environment to work with ontologies. They present their work
with the P2P Semantic Web (PSW). This is an extension to the
application InfoQuilt (2002), and it allows users to create, maintain, and
control sharing of ontologies in a P2P environment. Although it allows
users to add parts to ontologies it mainly seems to be built for
maintaining, sharing and retrieving other ontologies. The ontologies are
edited via textual input.

Hyperbolic browsers for visualization of graphs have also been around
for quite a while. These have been presented in a number of papers.
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OntoRama described in Eklund et al (2002b), is a hyperbolic browser for
browsing large-scale Ontologies, see 1.1.1 and 2.8.

Inxight star tree developed by Inxight Software Inc. is a browser mainly
for navigating and visualizing the structure of Web sites, but could also
be used to navigate other sorts of hierarchical information. According to
the developers this software can display thousands of instances of some
data and the company has patented hyperbolic solution. (Inxight, 2002)

The H3Viewer described in Munzer (1998) is a set of libraries for
navigating graphs in a hyperbolic 3D space. The libraries can either be
used alone or be integrated in other tools. According to the author the
H3Viewer can be used for graphs with as many as 100,000 edges.

In Fensel et al (1999) an application called Ontobroker is described. This
application is a search engine using semantic information including the
functionality to formulate semantic queries, an inference engine and a
WebCrawler. The WebCrawler collects information from documents that
in a specific way. To let the user formulate semantic questions the
application includes an ontology browser with which the user can browse
through ontologies to find the right meaning of the terms s/he wants to
search for.

As shown above, research has been conducted both with development of
Ontologies and for the visual displays of large graphical structures.
Except for the PSW, these attempts are not implemented as in a peer-to-
peer environment. PSW’s user interface, on the other hand, does not
allow the user to see and edit the information as a graph structure. We
believe that by visualizing information as a graph it will help users to see
the structure they are working with. If W3Cs vision of the semantic web
IS to be realized, information should also be described with the Resource
Description Framework (RDF), see chapter 2.5. Unlike our project, most
of the fore mentioned applications have not used Resource Description
Framework as their data format.
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1.6 Notation for algorithms

The algorithms presented in this thesis are written in syntax similar to
Pascal. The algorithm has two parts, the part between the procedure
definition and the begi n statement, whichcontains the variable
declarations. The other part is between begi n and end procedure
,and is where the actual code is presented Types are defined using a
leading capital letter, procedures using lower case letters, and variables
using lower case letters in combination with the under-score character.
Brackets in a type declaration indicate the arguments while brackets
Inside a statement either indicate operator precedence or a procedure call.
There are two ways arguments to a procedure can be handled: (i) i n
which means that the argument will not be changed inside the procedure
and (ii) out which means that the argument can be changed. An example
of the notation is presented in Figure 1.

procedure inc(x: in Int)

return | nt
i s

l: Int :=0

begi n

1. if x = 0 Then

2. | :=0

3. else

4. Il :=1 +inc(x — 1)
5 end if

6. return |
end procedure

Figure 1. Example of notation for algorithms.
Source: Own.
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2 Theoretical background

This chapter describe the scientific theories used as basis for this thesis.
It starts with a section concerning ontologies, followed by a part about
the Semantic Web. It also contains sections about ontology languages
and especially the Resource Description Framework. The Uniform
Resource ldentifier, which is connected to Resource Description
Framework, is also covered. It ends with a more extensive description of
the field of peer-to-peer networks.

2.1 Ontologies

The word “ontology” is borrowed from philosophy and means a
systematic explanation of Existence. The most referenced definition for
the word ontology in the area of computer science is Gruber’s (1993):
“An ontology is a specification of a conceptualization.” The meaning of
the term conceptualization is described in Genesereth et. al. (1987) but
can briefly be described by following example: two ontologies, both
describing animals in different vocabularies (e.g. English, and Swedish),
are considered to be different but can still have the same
conceptualisation if they describe the same information. (Perez, et. al.
1999)

Another definition of the word ontology given by Metra et al (2000) “...
a knowledge structure to enable sharing and reuse of knowledge by
specifying the terms and relationship among them”
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Guarino (1998) identify the role of an ontology by the following; the
ontology for a language L with ontological commitment K, is a set of
axioms so that the set of its models approximates as best as possible the
set of intended models of L according to K. Since it is not easy to always
find the right set of axioms the conceptualisation will be specified in a
very indirect way by the ontology due to (i) it can only approximate a set
of intended models; ii) such a set of intended models is only a weak
characterization of a conceptualization. (Guarino, 1998)

A language L, for and ontology O, is said to approximate a
conceptualization C if there exists an ontological commitment
K = <C, [0>. The models of O must include the intended models of L
according to K. The ontology commits to C only if the ontology commits
to C and the ontology has been designed to characterize C. A language L
commits to ontology O only if it commits to at least one
conceptualization such that O agrees on C. (Guarino, 1998)

Given this role, Guarino’s definition of an ontology is: “An ontology is a
logical theory accounting for the intended meaning of a formal
vocabulary, i.e. its ontological commitment to a particular
conceptualization of the world. The intended models of a logical
language using such a vocabulary are constrained by its ontological
commitment. An ontology indirectly reflects this commitment (and the
underlying conceptualization) by approximating these intended models.”
Figure 2 describes the relation ship Dbetween vocabulary,
conceptualization, ontological commitment and ontology. (Guarino,
1998)

In a collaborative environment where different users work on different
ontologies it is important that there is a way of sharing and reusing
ontologies. This is usually called ontology integration and can be
accomplished by merging or term alignment. It is important to keep term
merging separated from the term alignment. Merging means that one new
ontology is created from n existing ontologies. Ontology alignment is
when links are created between ontologies so that the ontologies can be
used as one. Merging ontologies is described in chapter 2.2 Ontology
merging and problems with ontology integration are presented in chapter
2.1.2 (Perez, et. al. 1999).
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Conceptualization C

A
commitment K = <C,[1>

Language L

Models M(L)

Ontology

Intended models I (L)

Figure 2. Relationship between vocabulary, conceptualisation,
ontological commitment and ontology.

Source: Guarino (1998).

2.1.1 What can an ontology be used for

Colomb (2002) identifies the use of ontologies by saying: “Information
systems ontology is intended to facilitate interoperability among the many
applications which are now becoming available on the Internet. In
particular, it is intended to facilitate the development of intelligent agents
which can automate a large part of the task of a user achieving some end
employing multiple autonomous applications.”

Examples where ontologies can be used, according to Colomb’s
definition, is when agents trying to co-operate on a knowledge level.
They need to understand each other in order to be able to have a
meaningful interaction, this can be accomplished with ontologies even if
they do not use the same language. (Farquhar et. al. 1996)

Another example is when a group of people, working in the same area
need to have a common vocabulary. Ontologies can then be used as an
embodiment of a consensus reached by the majority of the experts within
the area. (Farquhar et. al. 1996)

15



Collaborative development of ontologies in a Peer-to-Peer environment

Another application area for Colomb’s definition for ontologies is the one
utilized in the InfoQuilt Project (2002). InfoQuilt is a multi-agent system
that allows users to semantically request, correlate and analyze data from
diverse autonomous and heterogeneous sources. This means, for example,
that when a user sends a request, the system tries to understand to
question semantically, retrieves the information needed and then
computes an answer based on the retrieved knowledge.

Lassila et al (2001) gives another example where ontologies can be used.
They propose that ontologies can be helpful when searching the Internet
for information. Right now the traditional search engines use keywords,
and the keyword a user types must be found in the document for the
document to be considered as a relevant document. With the help of
ontologies this search could be done on a semantic level instead of a
keyword based level. An example is if a user searches for
“Accommodation Brisbane”, then only documents that contain the words
accommodation and Brisbane will be returned. If the search engine
instead used knowledge from ontologies the query might be expanded to
include e.g. hotel, hostel and motel, document containing these terms
would also be returned. If the documents the search is done among is
tagged with terms described in an ontology the search engine could also
exclude documents that have these keywords but are not using them same
meaning of the word. (Lassila et al, 2001) It would then be possible to
distinguish between different meanings of the word Star Wars, one
meaning could be Star Wars the movie and another Star Wars the U.S
defense program.

2.1.2 Ontology integration problem

When an ontology integration is performed between two ontologies,
based on the same vocabulary, there is no guarantee that they can agree
on everything unless they have the same conceptualisation. Assuming
that both ontologies have their own conceptualisation it’s necessary that
the intended models of the original conceptualisations overlap in order to
make agreement possible, see Figure 3. Guarino (1998)
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M(L)

Ia(L
W) (L)

Figure 3. Two systems A and B using the same language L can
communicate only if the set of intended models I.(L) and Is(L) associated
to their conceptualizations overlap.

Source: Guarino (1998).

There exist cases when two ontologies overlap but not the intended
models, even if the intended models are approximated by two different
ontologies, see Figure 4. Hence, a bottom-up approach for ontology
integration is not always possible, especially if the ontologies as

M(L)

Is(L) (L)

describing different areas. (Guarino 1998)

Figure 4. The sets of models of two different axiomatizations,
corresponding to different ontologies, may intersect while the sets of
intended models do not.

Source: Guarino (1998).
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Guarino suggest that this could be solved if the ontologies agrees on a
common top-level ontology, and further that ontologies should be divided
into groups depending of their level of generality. Guarino suggests four
different kinds of groups:

Top-level ontologies — describes general concepts which are independent
of problem or domain. This level should be common for most ontologies.

Domain ontologies and task ontologies — specific ontologies for
domains or tasks, for instance the domain mobile homes or the task
trading.

Application ontologies — the most specific level, concepts described
depends on both the domain and the task ontology.

Guarino draws a difference between an application ontology and a
knowledge base by saying that a generic knowledge base, a knowledge
base that describe facts and assertions related to states, contains two
components: the ontology, describing state-independent information, and
the core knowledge base, containing state-dependent information.
(Guarino 1998)

2.2 Ontology merging

Two different types of merging will be described in this section, the first
IS merging based on comparison of syntactical and semantic information
and the second is more formal and based on Formal Concept Analysis.
(Fridman Noy 1999)

An interesting remark is that researchers in the area of ontology merging
have found large similarities with research from the area of Subject-
Oriented programming (SOP) (Harrison et. al. 1993). SOP is a technique
for building object-oriented systems through composition of classes.
(Fridman Noy 1999)
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2.2.1 Syntactical and semantic merging

The first approach for merging ontologies is to compare the syntax and
semantics between ontologies that one tries to merge from top to bottom.
Three general steps to be performed when merging ontologies according
to a syntactical and semantic comparison are:

» Merge the ontologies;

 Identify conflicting terms, e.g. content with the same name or with
the same conceptualization;

* Solve the conflicts.

Fridman Noy et. al. (1999) identify three general ways of handling
conflicts that arise when the algorithm above is used: (i) renaming terms,
(i1) update terms by adding or deleting information and (iii) let the user
handle the conflicts by asking the user what to do. The three different
approaches can be mixed so that trivial and non-trivial conflicts are
handled differently by allowing the algorithm take care of cases when it is
clear what has to be done and ask the user when there are no solution or
their exists more than one solution.

Hovy et. al. (1992) presents an algorithm for merging ontologies that is
based on the three general steps for merging. This algorithm differs from
(Fridman Noy et. al., 1999) since everything is handled automatically and
it is based on the idea that only two types of conflicts can occur. The two
types of conflicts are: (i) when one term is more general than a second
one, integrate the more specific one, and it’s subordinates, below the
more general one; (ii) when terms are incompatible, meaning that they
has the same name but the conceptualisation is different. In the latter case
four solutions are presented (a) one term must be rejected; (b) one term
and terms depending on this must be redefined; (c) let the terms co-exists
in the resulting ontology and (d) redefine the term to be a more general
one so that it does not cause conflicts. The algorithm is presented in
Figure 5, on line 17 either one of the four alternatives to handle
incompatible terms can be choosen. (Hovy et. al. 1992)
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procedure mnerge(ont _base: out list(Terns),
ont_to add: in list(Terns))
Return |ist(Terns)

is
tenp: list(Terns) := enpty_set

begi n

1. for i in ont_to_add |oop

2 for t in ont_base | oop

3 if NOT (equal (i,t) then

4. add(i, ont _base)

5. el se

6. if (conpatible(i, ont_base) then

7 if (nmore_general (i,ont_base) then

8 term:= get_simlar_term(i,ont_base)

9. tenp := get _subord(term ont_to_add)

10. add_terns_bel ow(tenp, i, ont _base)

11. el se

12. tenp : = get_subord(i, ont_base)

13. term:= get_simlar_term(i,ont_base)

14. repl ace(termi, ont_base)

15. add_terns_bel ow(t enp, term ont _base)

16. end if

17. el se

18. action_when_i nconpati bl e(l, ont_base)

19. end if

20. end if

21. end | oop

22. end | oop

23. return ont base
end procedure

Figure 5. Algorithm for merging according to Hovy et al (1992).
Source: Hovy et al (1992).

“Prompt”, presented in (Fridman Noy et. al. 2000), is another algorithm
based on the three general steps for merging ontologies based on
comparison on a syntactical and semantic level. The Prompt algorithm
lets the user make all the decisions on how to merge but provides
suggestion how to do it when there are no conflicts and by providing

solutions when there are conflicts.

14



Collaborative development of ontologies in a Peer-to-Peer environment

Make initial suggestions

!

Select next operation

v

| Perform automatic updates |

Find conflicts

| Make suggestions |

Figure 6. The Prompt Algorithm.
Source: Fridman Noy et. al. (2000).

The Prompt algorithm presented in Figure 6, starts a merge by presenting
a list suggesting merging based on all matched terms. Then a cycle starts
and the following steps are performed: (i) the user selects one or all of the
suggested merging; (i) Prompt performs the operation and any related
changes automatically. Then continue by generating a new list for the
user and determine if the last operation introduced any conflicts. If it
does, display them with suggestions how to solve them. This cycle
continues until the ontologies are completely merged. (Fridman Noy et.
al. 2000)

2.2.2 FCA merging

A disadvantage, described by Stumme et. al. (2001), of the techniques
using syntactic and semantic matching for merging ontologies is that they
simulate human behaviour and do not offer a structural description of the
global merging process. Another approach for merging ontologies
presented in Stumme et. al. (2001) is the FCA-merge based on Formal
Concept Analysis (FCA). The FCA-merge is a bottom-up approach that
takes two source ontologies and uses techniques from natural language
possessing and FCA to construct a lattice of concepts as a structural result
from the merging. FCA merging offers, in contrast to the previous
described techniques, a structural approach of the global merging process.
FCA-merge also avoids the problem that can arise with syntactic and
semantic matching when two ontologies do not include any common
Instances, needed to identify similar concepts. (Stumme et. al. 2001)

Formal Concept Analysis is a technique used to analyse data introduced
by (Willie, 1999) as a way to restructure lattice theory. After its
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introduction in 1982 FCA has been used in a number of different fields
including Psychology, Social Science, Civil Engineering, and Software
Engineering. (Cole, 2000)

It is beyond the scope of this thesis to describe all the theory behind FCA,
but a short introduction is necessary for the understanding of the FCA
merging method. A formal context is a triple K= (G, M, I) where G is a
set of objects, M is a set of attributes, and I is a relation, | O G x M. The
relation | between an object in G and an attribute in M is said to hold if
the object has the specific attribute. An example is a set of objects
containing dog and a set of attributes containing has_tail, the relation
between these two would hold since dogs have tails. From a set of the
formal context, B(K), the information can be structured as a lattice. (Cole,
2000)

The example used later in this chapter to explains the different steps of
the FCA-merge is taken from taken from Stumme et al (2001). In the
following chapter the term concept will be used for concepts in
ontologies and formal concepts will be used for concepts in FCA.

The basic structure of the FCA-merge method is shown in Figure 7 and
can be seen to consist of three steps (Stumme et. al. 2001):

» Extract instances from a set of documents and compute two formal
contexts K; and K.

 The core FCA-merge algorithm, that builds a pruned concept
lattice from K; and K.

» The new ontology is created from the pruned concept lattice and
the sets of relation names R; and R,.
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Ontology 1 Ri
\ Linguistic
Processing K\A

—— Bo(K) :
_ FCA- Lattice Onew
= Z merging | Exploration ——»
= |

Linguistic
Processing K>

Step 1 Step 2 Step 3
Ontology?2
R>

Figure 7. General model of the steps in the FCA-merge method.

Source: Own creation from figure in Stumme et. al. (2001).

The first step of the FCA-merge takes two ontologies and a set of natural
language documents as input the documents should be relevant to both
the merging ontologies, means they should include the concepts described
in the two ontologies. One source of these documents could be the
application in which the final ontology will be used. The set of
documents are used to extract instances, which can be classified by the
ontologies. It exists some assumptions about the set of documents:

e Only documents from which at least one instance could be
extracted is useful;

» The documents together have to cover all the concepts from both
the ontologies. Concepts not covered have to be handled manually;

» The documents have to separate the concepts, which means that
two concepts not considered to be the same should not exist in the
same document.

If instances defined with the two ontologies already exist there is no need
to perform the first step of the FCA-merge, since the existing instances be
used instead. (Stumme et al, 2001)
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procedure |inguistic_processing(x: in ontology, y: in
Set docunent s))
return formal context

i's

G Set (docunents) := enpty_set
M Set (concept s) = enpty_set
l: Set(relations) := enpty_set
K: formal _context := enpty_set
begi n

1. G:= vy

2. M:= x.get_concepts()

3. for gin Gloop

4. for min MIoop

5. if mexist ing

6. I.insert(g,m

7. end if

8. end | oop

9. end |l oop

10. Kiinsert(G M 1)
11. return K
end procedure

Figure 8. The algorithm of the first step.
Source: Own derivation from text in Stumme et. al. (2001).

The algorithm for one of the two linguistic processes in step 1 is
presented in Figure 8. The goal of the first step is to generate two formal
contexts K; = (G;, M;, I;) from each ontology O;, where i O {1,2}. The set
of documents is set to be objects (G; = the set of documents) and the
concepts from the ontologies are set to be the attributes (Mi = the
concepts). The binary relation I; shows if a certain document includes a
concept, if a concept g exist in a document m then (g, m) O I;. An
example of the outcome from this first step is illustrated in Figure 9.

(Stumme et. al. 2001)
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Figure 9. The two concepts K; and K, which is the outcome of the first

step.

Source: Stumme et. al. (2001).

The algorithm for the second step, the core FCA-merge, is shown in
Figure 10. The second step takes two formal contexts from the previous
step and constructs a pruned concept lattice using the theory from FCA.
This lattice is the merged outcome of the two contexts K; and K,. Since
the two attribute sets may contain the same set we have to disambiguate
the two sets M; and M,. This is done by constructing two new attribute
sets where the attributes are associated with the ontology to which they

originally belonged. (Stumme et. al. 2001)
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procedure fca nmerging(x: in formal _context, y: in
formal _cont ext)
return fca lattice

is

K: formal cont ext

L: fca lattice

M Set (concept s) = enpty_set

VK : Set (concept s) = X.get _attribute_set()
My: Set (concept s) = y.get _attribute_set()
G Set (docunent s) = X.get_object_set()
l: Set(rel ations) = enpty_set

| X: Set(rel ations) = Xx.get _relation()
ly: Set(rel ations) = vy.get _relation()
begi n

1. for i in M

2. Mk[i] := concatenate(M[i], _1)

3. end for

4. for i in My

5. My[i] := concatenate(My, _2)

6. end for

7. M:= union(M, M)

8. for i in Ix

9. If exist_in((g, M, Ix) then

10. add(g, (m x)), |I)

11. end if

12. end for

14. for i inly

15. If exist_in ((g, m, 1ly) Then

16. add(g,(m y)), 1)

17. end if

18. end for

19. K:= (G M 1)

20. L := derivate fca_ lattice( K)
21. return L

end procedure

Figure 10. The algorithm of the second step.
Source: Own derivation from text in Stumme et. al. (2001).

The outcome lattice of the second step is shown in Figure 11. Each node
Is called a formal concept and is constructed from a set of documents that
contains certain attributes. The minimal set of attributes, which constructs
a given formal concept, is called a key set. The key set for a child node
has to contain both the key sets shown next to each node and one of the
key set from its parents. The resulting lattice has eight formal concepts,
but two have been pruned since they were too specific. (Stumme et. al.
2001) More extensive information on how a lattice is constructed from a

set of contexts could be found in Willie (1999).
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Root_1
Root_2

Hotel 1

Hotel 2 / \
Accomondation_2 Event_1

. Concert_1
/ Musical_2
Vacation_1 . O

Figure 11. Example of a pruned concept lattice from step 2
Source: Stumme et al,(2001).

The first two steps, the extraction of instances and the construction of the
pruned lattice, are both done automatically. The last step to derive a
merged ontology from the lattice has to be performed by a human,
usually a domain expert. During this step the documents are no longer
needed and the domain expert uses the pruned lattice from the previous
step and the relation R; and R, (Stumme et al, 2001)

The domain expert has to consider each formal concept in the lattice to
see if it is a candidate concept for the new ontology. This is done by
analysing the key set of each formal concept. Four cases concerning the
key sets could be distinguished (Stumme et. al. 2001):

it has one key set and this has the cardinality one;
it has two or more key sets of cardinality one;

it has no key set of cardinality O or 1.

» the key set is empty

In the first case the formal concept is generated from a single concept
from one of the two original ontologies. These could be included in the
new ontology without the interaction of the domain expert. In the lattice
in Figure 11, Event_1 and Vacation_1 are examples of this.

In the second case two or more concepts from the original ontologies
have generated a formal concept. The two can then be merged into one
concept in the new ontology and it is up to the domain expert to choose
which one of the two names to use. In the lattice in Figure 11 two
examples of this can be found. The first is the formal concept generated
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from the key set {Concert_1} from the first input ontology and the key
set {Musical 2} of the second input ontology. These could be merged
into a single concept in the new ontology. The second example is the
formal concept generated from the key set {Hotel 2} and
{Accomondation_2} from the second ontology and the key set {Hotel 1}
from the first ontology. All three of these can be merged into a single
concept in the new ontology. When two concepts from the same input
ontology belong to the same formal concept in the lattice, as is the case
with Hotel 2 and Accomondation_2, the documents used were
insufficient to distinguish between the two concepts. It is then up to the
domain expert to decide if the should be merged or not in the new
ontology.

After the two first cases are solved all the concepts from the two original
ontologies are added and then the relations can be added. Resulting
conflicts have to be solved by the domain expert.

The third case is generated from two or more concepts from the input
ontologies and these shows candidates for new concepts for the output
ontology. Examples of these are the node in the middle of the lattice in
Figure 11 and the key sets generating this is {Hotel 2, Event 1},
{Hotel 1, Event 1} and {Accomodation, Event_1}. It is up to the domain
expert to decide if these should be added as new concepts or not.

The fourth case is always a single formal concept and is the largest one.
This is useful since many ontology tools need a largest node. In the lattice
in Figure 11 an example of this is the formal concept, the Root_1 and
Root 2.

2.3 Semantic web

Today humans and not machines make full use of the content of the
World Wide Web. This since most of the information is designed to be
used and interpreted by humans. The structure of the information is
therefore not suitable to be processed by machines. On the Web as it is
today machines can parse the information to get the layout information
and to do routine processing, such as finding links or keywords etc., but it
Is impossible for the machines to understand the semantics behind the
content. The Semantic Web is often seen as the solution of this problem.
(Berners-Lee, 2002)
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Some of the problems with how information is used today on the Web is;
the wide use of HTML, where data and layout are mixed; the difficulty to
let Web sites reflect real world changes and presenting dynamic content;
find what information one wants by using search engines. (Ogbuji, 2001)

With the semantic Web the goal is to split the data and the layout of
traditional Web pages into two different sources so that users accessing a
Web page will see the data source, with the layout applied to it while a
machine accessing the same page only will receive the data source and no
layout. From the data source it should be possible for the machine to
retrieve and understand the meaning of the data and perform reasoning
about it. Since it is still possible to have layout applied to the content
there is no difference to today’s Web for a users visiting a Web page.
Although an author of a web page has to split the data and layout into
different sources. (Lassila et al, 2001)

The Semantic Web is not a new web, but an extension to the existing
Web. On the Web of today data is given layout information and on the
Semantic Web the data will instead be given well-defined meanings. Data
could be given meaning for example by coding it in the language RDF,
see Chapter 2.5. Computers will be able to understand the meaning of a
term used to describe some data by using ontologies, see Chapter 2.1.
These describe the meaning of terms and since the meanings of terms are
given one can use inference rules to be able to logically reason about
these. (Lassila et al, 2001)

To use inference rules to allow computers to logically reason about
certain things is not new and has been a topic for artificial intelligence
research for many years. An example of such a reasoning system could be
iIf one knows that A is parent to B, and B is a parent of C then one can
deduct that C is a grandchild of A. Most of these systems have been
centralized and included their own limited set of rules to avoid thing such
as paradoxes. If the Semantic Web were as versatile as the Web today a
more open approach will probably be used, where paradox and
contradiction could exist. (Lassila et al, 2001)

With the Semantic web, each resource is identified with a unique
identifier called Uniform Resource Identifier (URI), see Chapter 2.6. This
makes it possible for different communities to refer to other resources
described by other communities and build bridges between independently
developed concepts. (Lassila et al, 2001)
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An issue with a Semantic Web is that there is more than one word having
the same meaning and words that have different meanings depending on
the context. This is not a problem for a human reader but machines do not
have the same ability to understand this. This is why the use of ontologies
IS necessary to describe the terms. Machines will use ontologies to
understand the meaning of terms. Ontologies could for example be used
to see the similarity between the words and the content of terms like zip
code and postcode. This is possible since the inference module can
deduce the information from information given in the ontologies. (Lassila
etal, 2001)

What happens when machines access a resource in the Semantic Web is
presented in Figure 12, which is a simplified workflow diagram of the
Semantic Web. The figure also shows the different parts involved. The
data are retrieved from the data source by the inference module that also,
If needed, uses information from some rules and ontologies. The result,
and a proof of the result, is then presented to the machine. The proof can
be used to validate if the reasoning has been logical and correct. (Lassila
etal, 2001)
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Ontologies Rules
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Web pages
Figure 12. Workflow for data retrieval in Semantic Web.

Source: Own summary and interpretation of W3C (2002).

The work flow actions taken in Figure 12 can be described by the
following example: A user wants to know when he has to catch the bus
on order to be in time to a certain movie. With the traditional web he has
to look up two resources, one for the bus table and one that shows when
the movie starts. He could then reason when he has to leave to be on time.
With the Semantic Web he would only be requested to ask an automatic
agent with an inference module “When do | have to leave in order to be
on time to movie X at place Y this evening?”. The agent must first get an
understanding of the meaning of the question. The agent could try to see
the context and then see what this sentence could mean in this particular
context. When the meaning of the sentence is understood the agent
collects the information, which would be represented in RDF, from
different sources and deduces an answer. The inference module also uses
the knowledge it retrieves from ontologies and rules. In this example it
could mean that the rules give the inference module constraints such as
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“The time for the arrival of bus must be 5 minutes less than the time
when the movie starts”. The ontologies will be used to understand the
meaning of the terms in the responses it receives, for example that the
term arrival time in a bus schedule is the time when a bus arrives to a
specific bus stop.

If the person, when retrieving an answer, does not trust the agents answer
he can ask to see the proof of the answer to ensure that the deduction was
correctly made. The inference module should be able to answer every
question to which it can deduce an answer from logical reasoning given
the data, set of rules, and ontologies.

2.4 Ontology languages

To be able to handle ontologies in a computer environment they need to
be represented some way. A wide range of languages and systems have
been used for this purpose and just to list some: Ontology Exchange
Language or XOL (Karp et al, 1999), The Simple HTML Ontology
Extensions or SHOE (Luke et al, 2001), Ontology Markup Language or
OML (2002), Resource Description framework or RDF (W3C, 1999), and
DAML+OIL (2002) which includes extension to RDF. DAML+OIL, now
called OWL, offers types and relations that could be used when building
ontologies or for exchange information between a description logic
inference engine.

2.5 Resource Description Framework (RDF)

To handle some of the problems associated with earlier standards used on
today’s Web, the W3C* has developed and suggested the use of two more
recent standards. Extensible Markup Language (XML) is a standard to
present data and Resource Description Framework (RDF) is a standard to
express metadata. (Ogbuji, 2001)

Metadata is information about some actual data and could as such be used
to describe content on the World Wide Web. RDF is seen by W3C as a
way for different individuals and groups to express assertions about
published information on the Web. There is no hard distinction between
what is data and what is metadata, an example of metadata is the library

* World Wide Web consortium, www.w3c.org
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directory systems where information about books, actual data, is kept. In
the context of the World Wide Web metadata could be used to describe
different kind of resources and information. (W3C, 1999)

The use of metadata in computer systems would increase the
interoperability among different applications that exchange machine
understandable information over a network and it enables machines to
automatically process content found at different resources. (W3C, 1999)

2.5.1 The RDF Model

The RDF model is an abstract way to represent RDF expressions in a
syntax neutral way. In the model, resources are described by properties
and property values. The basic RDF data model consists of resources,
properties and statements (W3C, 1999)

Resources — are everything that can be described by RDF expressions.

Properties — are used to describe a resource, these could be
characteristics, attributes or relations among the things being described.

Statements — are triples containing a resource, a property and the value
of the property.

Each statement in RDF is a simple assertion. These assertions are
represented by triples. The first part of the statement is the subject, which
Is the resource to be described. A Uniform Resource Identifier (URI)
uniquely identifies each resource, see Chapter 2.6. The second part of the
statement is the predicate, which is what is described on the resource. The
third part is the object, which can be seen as the resource’s value for the
chosen predicate. An object can in it self be a resource with its own
predicates and objects, see Figure 13 for an example. (Ogbuji, 2001)

RDF can describe more than just resources, it can also describe
statements about other statements. In the specification for RDF the W3C
recommends doing this by making a model of the original statement. This
model is then a new resource to which properties can be attached. Such a
model of a statement would, in terms borrowed from the Knowledge
Representation community, be called a reified statement. (W3C, 1999)
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www.book.com/book1

Creator

www.book.com/authorlD/12

Name

John Dow jd@book.com

This could describe the sentence: Author nr12, named Johan Dow and with email address
jd@book.com, is the creator of book1. Here www.book.com/bookl is a resource, creator a
property and www.book.com/authorsID/12 an object. www.book.com/authorID/12 is also
itself a resource with two properties, name and email, and with the objects John Dow and
id@book.com.

Figure 13. An example of an RDF model.
Source: Own.

The original statement could be modeled by a resource with the four
properties Subject, Predicate, Object and Type. The first three represent
the parts from the triple of the original statement. The Type property is
the type of the new resource and should, in the case of a reified statement
be, rdf:Statement. The model of an original statement should not be seen
as a replacement for the original statement and both of them could exist at
the same time in a RDF model (W3C, 1999). As an example of reified
statements we could use our previous example from Figure 13, but to this
add that it is a certain person that thinks the book1 is written by an author
with the name John Dow. The RDF model from the previous example
would then be a model, which could be used as the object in a statement
expressing the person’s thought or the model could have an additional
statement made about it that says that this is just a certain person’s
thought. By doing this the statement no longer means that John Dow must
have written the book, if that statement does not coexist in the graph, but
IS a statement about another statement. In English this sentence could
have been: Person A thinks that Author nr12, named Johan Dow and with
email address jd@book.com, is the creator of bookl.

The specification for RDF (W3C, 1999) also shows how qualified
property values can be represented. This is used when a property value
need some extra contextual information to be part of the value, an
example of this is when you specify the length of something. Then both
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the length and the kind of system used have to be specified. The string
180 does not give enough information unless the unit used is specified,
for example centimeters or inches. You add qualified property values by
letting the object of a statement be a common resource with the property
Value to represent the principal value from the main relation and the
qualifier as an extra property. (W3C, 1999)

2.5.2 RDF serialization syntax

RDF in itself is independent of the syntax currently used for representing
the metadata, but Extensible Markup Language® (XML) is often used.
Two basic syntaxes are presented by W3C in the specification of RDF.
These are the basic abbreviated syntax and the basic serialization syntax.
The basic abbreviated syntax stores some of the information as attributes
on tags while the basic serialization syntax has all the information in
different tags. The basic serialization syntax often shows the structure of
the RDF more clearly while the basic abbreviated syntax can make the
XML more compact. (W3C, 1999) The EBNF for the Basic Serialization
Syntax is shown in Table 1.

RDF ;.= ['<rdf:RDF>'"] description*
[' </rdf: RDF>']
description ::= "<rdf:Description

i dAbout Attr?' > propertyElt*
"</rdf:Description>

i dAbout At tr = idAttr | aboutAttr

about Attr = "about="" URI-reference '"'

i dAttr = "I D="" | Dsynbol

propertyElt = '<" propName '>'" value '</' propNane
> "<' propNane resourceAttr '/>

pr opNane = ane

val ue = description | string

resourceAttr = 'resource="" URl-reference '™’

Mane .= NSprefix ':' ] name

URI -reference ::= string, interpreted per [URI]

i dsynbol = (any | egal XM. nane synbol)

name = (any | egal XM. nane synbol)

NSpr ef i x = (any | egal XM. nanespace prefix)

string = (any XML text, with "<", ">" and "&"

éécaped)
Table 1. EBNF of the Basic Serialization Syntax.
Source: W3C (1999).

% Extensible Markup Language, a standard for representing data developed by the W3C.
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2.5.3 RDF Schemas

When something is described with terms it is important for the
interpretation that both the writer and the reader of the message has the
same meaning of the terms. If that is not the case the intention of the
writer could be wrongly understood by the reader. RDF uses schemas to
define and express meaning of the terms that is used in the statements.
These schemas are machine-processable and could therefore be used to
express meaning of the meta-information to computers. (W3C, 1999)

RDF has a class system for the schemas, which makes it possible to
inherit and extend other schemas. This makes it less effort to build new
schemas and also help software agents to handle schemas that is
unfamiliar by letting them trace back to familiar schemas. (W3C, 1999)

Different groups and contexts need to be able to say certain things about
certain resources. In a library context for example there is a need to be
able to describe books as resources and then use Author, ISBN, and
Subject as properties. The RDFS defines a basic type system, which other
domain specific schemas could be built on. (W3C, 2002)

Schemas Semantics
Own or reused Schemas
(e.g. DAML+OIL or Dublin Core)

RDFS .
Semantics
Basic type system
RDF
Structure
XML

Syntax

Figure 14. One way to present how the Resource Description Framework
can be used.

Source: Own.
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2.6 Uniform Resource Identifier (URI)

A Uniform Resource ldentifier (URI) is used to uniquely distinguish
different sources from each other on the Web. Berners-Lee (1993) gives
the definition of a URI: “The generic set of all names/addresses that are
short strings that refer to resources”. A URI is a short string that defines
naming convention for popular schemes as http and ftp, but also lots of
other schemes that are not that widely used. Note that the term Uniform
Resource Locator (URL) is a subset of URI, which defines resources via a
representation of their access mechanism. (Berners-Lee, 1993)

A short extract of Berners-Lee, et. al. (1998) description of the syntax for
URI schemes, is presented in Table 2.

URI -ref erence [ absoluteURI | relativeURl | [ "#"

fragnent ]
Absol ut eURI = schenme ":" ( hier_part | opaque_part )
opaque_part = uric_no_slash *uric
uri c_no_sl ash = unreserved | escaped | ";" | "?" |
I e N T O
uric = reserved | unreserved | escaped
reserved = "ttt @ | &
n e n +ll | n $ll | n , n
unr eserved = al phanum | mark

Table 2. The syntax for URIs.
Source: Berners-Lee et. al. (1998).

2.7 Peer-to-Peer

It is hard to say exactly what Peer-to-Peer (P2P) is and what it is not.
Techniques and architectures some consider to be P2P others do not.
(Milojicic et al, 2002)

The P2P work group, a group consisting of some of the biggest
companies in the computer industry, among others Intel, Cisco and HP,
describes P2P as “Put simply, Peer-to-Peer is the sharing of computer
resources and services by direct exchange between systems” (P2Pwg,
2002). Milojicic et al (2002) tries to find a concise definition of what P2P
IS, but cannot come to a conclusion. They figure this is because there is
no such definition and the term means different things to different people.
P2P could, for example, be seen as a mindset, an implementation choice,
an environment, a model, or a property of a system. Clay Shirkey (2000),
a P2P contributor at O’Reilly Network, defines P2P as “a class of
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applications that takes advantage of resources -- storage, cycles, content,
human presence -- available at the edges of the Internet. Because
accessing these decentralized resources mean operating in an
environment of unstable connectivity and unpredictable IP addresses, P2P
nodes must operate outside the DNS system and have significant or total
autonomy from central servers.”

A P2P system is when autonomous peers are dependent of each other for
information or computer power. The peers connected to the peer network
together makes up the system as whole. A peer could be a computer, a
PDA or some other device. Autonomous means that they are not wholly
controlled by a central resource. (Milojicic et al, 2002) In P2P systems
computers that earlier were just acting as clients now act as clients also as
server, the term used to describe a client/server is servant. Which role a
resource has, from one moment to the next, depends of what the systems
needs. This takes away the heavy load and dependency of some of the
individual servers. (Peer-to-Peer working group, 2002)

The concepts in P2P computing are not totally new. Technics and
architectures which today could be classified as (or used for) P2P have
been developed since the seventies. The explosion of the use of home
PCs, their increasing computing power and the growth of the Internet has
given new impetus to P2P. Among the aspects that are not new in P2P is
some of the algorithms used, some of the applications and the concept of
decentralization. The P2P term is not new either, it refers to peers
communicating to each other, which is what, for example telephones also
do. There are also things that are new with P2P, for example the
requirements put onto the systems from the scale of users and the
pervasive use of computers today. (Peer-to-Peer working group, 2002 and
Milojicic et al, 2002)

2.7.1 Computer Systems

Milojicic et al (2002) propose the following classification of computer
systems, presented in Figure 15. First, all systems can be divided as either
a central system or a distributed system. Central systems are those where
a computer resource are working without other components while
distributed systems are those that communicate and coordinate their
actions within a network.
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Computer Systems

— T~
Centralized Systems Distributed Systems
/ \
Client - Server Peer-to-Peer
Y~ Y~
Flat Hierarchical Pure Hybrid

Figure 15. How computer system could be classified.
Source: Milojicic et al (2002).

Distributed systems could further be divided into those using the client-
server model and those who are using the P2P model. A further
discussion about the differences between the two models can be found
under 2.7.2 P2P versus the client-server model.

The client-server model could be divided in two subgroups: those where
all clients connect to a single server, this is called flat client-server model.
The second category is the hierarchical, when servers at one level act as
clients to other higher levels of servers. The P2P model could also be
divided into two subgroups. Systems where no central server is used and
systems where a central server could be used initially by the peers to get
meta-information about other peers. If no server is used the system is
called pure P2P and if a central server is used it is called hybrid P2P.

2.7.2 P2P versus the client-server model

The P2P model could be seen as an alternative to the client-server model
that is mostly in use in today’s networks. In the client-server model, a
server or a small cluster of servers present services to many clients. The
difference is visualized in Figure 16. In the purest form of P2P, on the
other hand, you should not depend of a server and all peers should
participate on the same conditions (Milojicic et al, 2002). It is a
misunderstanding though that it is best if a server is never used in a P2P
network. For the pure P2P networks it is true but many of the mostly
popular P2P applications today use some kind of server. (Ellsworth,
2001)
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Server

Peers Clients

Figure 16. Simplified view of the difference between the Client-server
model and the P2P model.

Source: Own presentation taken from Milojicic et al (2002).

A positive thing with a client-server solution are that is better known and
has been more used recently, which has resulted in that much of the work
has been standardized. The centralization also makes it easier to
configure and control performance, security and the reliability. Client-
server systems have, on the other hand, limitations when it comes to
scalability and are often very costly to own. (Milojicic et al, 2002)

2.7.3 History of P2P

In many ways the early distributed applications, like ftp, could be seen as
the first P2P applications. From the beginning, these kind of systems
where mostly used by academic staff or people with technical
backgrounds. Therefore these systems, which were often difficult to
manage, seemed like a good choice to use. During the late eighties and
nineties, when every one got their own computer, the easier managed
client-server approaches became more common. This approach also
suited the PCs back then, which were mostly used as clients, as they had
less functionality than big mainframes. The increase of compute and
storage power of the modern computer has opened a market for new
distributed systems. (Milojicic et al, 2002) It was probably Napster
(2002), a program that enables users to locate and share music over the
Internet that opened most people’s eyes to P2P systems.

2.7.4 Characteristics of P2P

A P2P solution is often used when the objective is one or several of the
following: cost sharing and cost reduction, improved scalability and
reliability, resource aggregation and interoperability, increased autonomy,
anonymity and privacy, dynamism, or ad-hoc communication and
collaboration. (Milojicic et al, 2002)
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Milojicic et al (2002) mention some important issues that have to be
addressed when it comes to P2P systems. The effectiveness and use of the
P2P systems will rely on how these issues are solved.

Decentralization

Many traditional network applications rely on the client-server model,
where the information is concentrated to the central servers. But relying
on a central source has its drawbacks. There might be bottlenecks when
many clients try to connect to the same source, free resources at other
nodes get wasted and it is often be expensive to administer a big central
system. On the other hand, it can also be problematic to build a fully
distributed system. In a truly decentralized system, things like security
and finding a first peer to connect to can be a problem. (Milojicic et al,
2002) There can therefore be different degrees of decentralization. On
one side are systems where all peers are exactly the same, which are the
pure P2P systems. On the other are systems that are P2P, but also use
some kind of server, these are hybrid systems. The most important thing
IS not how pure a P2Psystem is, but is how well it solves the problem.
(Ellsworth, 2002)

Scalability

A gain from decentralization is the improved ability to scale. The number
of centralized operations that needed: such as synchronisation,
coordination, and the amount of states that have to be saved are some of
the things that affect the ability of a system to scale. (Milojicic et al,
2002) An example of the ability to scale is Napster, the popular music
sharing service, which according to Spring (2001) at its peek had 1.57
million simultaneous users connection to its network.

Anonymity

A P2P system can offer different levels of anonymity, on one hand there
IS no anonymity at all and the contrary is when there is no way to censor
what and how digital content is published on a network. Under these
circumstances users should not be concerned with the risk of legal
ramifications or other consequences of their use of a system. (Milojicic et
al, 2002)

Self-Organisation

The arrangement of a P2P system is hard to predict since the number of
users and the load can vary greatly. For a P2P system to be able to handle
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irregular connection, be scalable, fault tolerant and not too expensive to
manage, individual peers have to be self-organized. (Milojicic et al, 2002)

Cost of ownership

In a central structure it is usually the central party that has to bear the
whole cost of owing a system and merging the content. To spread this
expense among more users a P2P solution could be employed. This helps
to avoid the pressure otherwise put on a single host. (Milojicic et al,
2002)

Ad-hoc connectivity

In a P2P environment peers or whole systems could join and leave in an
irregular manner. In old distributed systems this was often seen as an
exception, but in today’s P2P systems this is seen as ordinary. Many of
the P2P systems also depend on home users’ machines which make their
connectivity even more random. P2P systems must be design to be able to
handle these events. (Milojicic et al, 2002)

Performance

As in almost all computer systems the performance is a virtual issue for
the deployment of a system and so also in P2P systems. The philosophy
behind P2P systems is to build big pools of capacity, such as storage or
computer cycles, by aggregating many different resources. (Milojicic et
al, 2002)

Security

P2P systems share most of the security issues with all other kind of
distributed systems but there are some new requirements. (Milojicic et al,
2002)

Transparency and Usability

There are many forms of transparency to be considered within P2P
systems. Some of the technics to accomplish this, which are used in other
environments, could not be used within a P2P environment or at least not
without modification. The naming, discovery and authentication of peers
are examples of such things. (Milojicic et al, 2002)

14



Collaborative development of ontologies in a Peer-to-Peer environment

Fault Resilience

When using a P2P solution the dependency of a central resource is
reduced, which otherwise could be a source to devastating failures to a
whole system. But new problems arise instead such as disconnection of
peers and simular that could make parts of a system unreachable. This can
have an effect on the ability for other peers to use the system. By using
replication of crucial resources many of these problems are reduced.
(Milojicic et al, 2002)

Interoperability

Today there is no standard solution of how P2P applications should work
together although much work is done to improve the interoperability. One
such platform is the distributed environment JXTA (2002), see 2.7.6,
which has a number of applications already have been ported. (Milojicic
et al, 2002)

2.7.5 P2P Systems

The different P2P systems can be divided into four main categories
(Milojicic et al, 2002) depending on how they interact with other peers
and what they are used for, see Figure 17:

P2P Systems

AN

distributed file sharing  collaboration platforms
computing

Figure 17. A taxanomy of P2P systems.
Source: Milojicic et al (2002).

Distributed Computing — Distributed computing in a P2P environment
means that you are using idle network resources, like CPU MIPS or disk
space, when you need to do large computational jobs. Distributed
Computing systems are seen as P2P systems by Milojicic et al (2002)
since most of the work is done on PCs with high autonomy even if there
Is a server that distributes the work assignments and collects the results.
Example of applications that use distributed computing is Avaki (2002)
and SETI@home (2002).
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File Sharing — this category includes applications that provide content
exchange and storage and it is one of the areas in which P2P has been
most successful. All or some of the following features are offered by P2P
in the file-sharing category: file sharing area, highly available safe
storage, anonymity and manageability.

A typical application in the file-sharing category makes one user’s files
available to other users in the network. A user can then search for files by
file name, and select to download wanted files. Napster (2002), and
Freenet (2002) are examples of different types of applications that use
P2P for file sharing between users while Gnutella (2002) is a protocol
that offers P2P functionality for file sharing. (Milojicic et al 2002)

Collaboration — P2P application within this category aims to provide
collaboration to users on the application-level. This means that users are
able to work on the same thing and as soon as someone makes a change,
the change also occurs within the other users’ application. There are some
things to think about when designing collaboration P2P systems. The first
Is the fault tolerance, since there is no central server to make sure that
everyone has received a message there must be ways of handling the
situation when users cannot receive messages. Real time constraints are
the second subject that needs to be considered, since there is a large
difference in latencies between different peers. (Milojicic et al 2002)

Platforms — this category differs from the others since it is more focused
on the underlying P2P functionality, e.g. naming, discovery,
communication, and security, instead of the actual application. There are
two large projects in this category; the first is JXTA, an open-source
project that are platform independent, see 2.7.6 JXTA for more
information. The second one is .NET (2002), from Microsoft, which is
more of a complete package that provides both a platform and
applications. The disadvantage of .NET is that it is designed to only be
used with Microsoft’s platforms, which restricts its usage. (Milojicic et al
2002)

2.7.6 IXTA

Project JXTA, first launched on the 25" of April 2001 by Sun
Microsystems, Inc, is an open-source project that defines a set of
protocols enabling a standardize way for building P2P applications. The
JXTA framework has only been in use for about a year but has already
become widely used. (Milojicic et al, 2002)
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Project JXTA has three objectives (JXTA, 2002):

Interoperability — JXTA technology should enable peers to be able to
connect to each other and co-operate seamlessly across different P2P
systems and communities.

Platform independence — JXTA technology should work independently
of programming languages, transport protocols, and deployment
platforms.

Ubiquity — JXTA technology should be able to be implemented and used
on any device that has a digital heartbeat.

Until today (June 2002) JXTA has been implemented on three different
platforms: Solaris, Linux and Microsoft Windows. (Milojicic et al, 2002)

JXTA provides a standardize ways for peers to (JXTA Sun):
» Discover each other;
» Self organize into peer groups;
» Advertise and discover network services;
» Communicate with one another;
» Monitor one another.

Virtual Network

Project JXTA is a low-level approach to P2P and they have created a
completely new infrastructure that creates a virtual network on top of the
existing physical network, see Figure 18. The purpose with this new
infrastructure is to hide the complexity of the underlying network
topology, for example firewalls and NAT, and to give every peer in the
network a unique 1D, called peerID. (Traversat et al, 2002)
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Figure 18. The project JXTA Virtual Network.
Source: Own presentation based on Traversat et al (2002).

Architecture

JXTA is built on a three-layer architecture as shown in Figure 19 (Gong,
2001). The tree layers are:

JXTA Core — This layer, also know as the platform layer, contains the
minimal and essential primitives that are necessary in P2P networking,
such as: peer establishment, and communication management (Gong,
2001).

JXTA Services — The service layer contains services that are not
necessary for a P2P network, but which often are useful. Examples of
such services are: searching and indexing, file sharing, protocol
translation, authentication and Public Key Infrastructure services. (Gong,
2001, and JXTA Sun)

JXTA Applications — This layer includes the implemented applications
such as emailing, auctioning and storage systems (Gong, 2001).
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Figure 19. JXTA Software architecture.
Source: Republished from Gong (2001).

Concepts

Here is the JXTA terminology and the primary components of the JXTA
platform described.

Bindings - JXTA calls different implementation of the specification
bindings. JXTA could have different binding done in different languages
or done with different solutions. (JXTA Sun 2002)

Peers — A peer is a device that is connected to a network and has
implemented at least one of the JXTA protocols. Every peer has a unique
ID, called peerlD, and operates independently from other peers. Every
peer publishes one or more network interfaces, which describes the
different ways the peer can be contacted. (JXTA Sun, Traversat, 2002)

There exists four different kinds of peers in JXTA: (i) a minimal peer is a
peer that can send and receive messages but does not cache
advertisements; (ii) a simple peer is a peer that can send and receive
messages and caches advertisements; (iii) a rendezvous peer is a simple
peer that are used to forward requests to other peers and rendezvous
peers; (iv) a relay peer is a simple peer that keeps route information
available to other peers. (JXTA Sun, Traversat, 2002)

Peer Groups — Peers automatically create peer groups and JXTA offers
ways to publish, create, and discover peer groups. A single peer can
belong to many different groups at the same time. A peer group
represents a set of peers with a common set of interests. Every group
decides the policies for the group, what level of security they will have,
and which services to offer. These services, called peer group network
services, are then published to other peers. (JXTA Sun, Traversat, 2002)
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Network Services — Both peers and peer groups can provide multiple
services. The only requirement is that the specific peer or peer group has
implemented the actual service. JXTA define the following core services
for a peer group (JXTA Sun): Discovery Service, Membership Service,
Access Service, Pipe Service, Resolver Service, and Monitoring Service.
Peers and peer groups can also offer other services, they just have to
either be implemented or be downloaded from the network and installed.
(JXTA Sun, Traversat, 2002)

Pipes — All communication between peers and done with pipes. Pipes are
virtual communication channels used to send and receive messages.
There are mainly two different types of pipes: pipes that sends messages
from one peer to another, called point-to-point pipes, and pipes that sends
from one peer to multiple peers, called propagate pipes. Additional types
of pipes can be implemented when they are needed. (JXTA Sun,
Traversat, 2002)

The point-to-point pipes could either be insecure or secure. For secure
point-to-point pipes TSL® is used. Propagate pipes might be implemented
with multicasting if the underlying network admits it or could otherwise
use point-to-point communication. The pipes in JXTA are designed to be
asynchronous, unidirectional and unreliable. When a JXTA binding is
built on top of a network that supports other functionality this could be
implemented. (JXTA Sun, 2002, and JXTA, 2002b)

The network interface that has been advertised by every peer is used to
connect the peers with each other. A peer does not require a direct
connection to another peer in order to be able to create a connection
between them; they can use a third peer instead as a bridge to relay
messages over that peer. This happens when it is not possible to establish
a direct connection due to the physical network structure, for example
when firewalls and NATSs are in use. The pipe supports any kind of data
to be transported. (JXTA Sun, Traversat, 2002)

Advertisements — Every JXTA network resource, such as peers, peer
groups, pipes and services are represented by a unique advertisement. An
advertisement is an XML-document describing the resource in question.
It has a lifetime, which can be extended when a resource is republished.
The solution that every advertisement has a lifetime can solve problems
that occur in a non-centralized environment, such as permit purging of
expired resources. (JXTA Sun, Traversat, 2002)

6 TLS stand for Transport Layer Security and is standardized transport layer security protocol.

14



Collaborative development of ontologies in a Peer-to-Peer environment

Each peer cache, publish and exchange advertisements with other peers to
be able to discover and find available resources. There are nine types of
advertisements, and if needed it is possible to create subtypes. The most
used ones are: Peer Advertisement, Peer Group Advertisement, Pipe
Advertisement, Content Advertisement, Peer Info Advertisement, and
Rendezvous Advertisement. (JXTA Sun, Traversat, 2002)

Protocols — There are six protocols (XML message formats) that are used
in JXTA to communicate between different peers: Peer Discovery
Protocol, Peer Information Protocol, Peer Resolver Protocol, Pipe
Binding Protocol, Endpoint Routing Protocol, and Rendezvous Protocol.
(JXTA Sun, Traversat, 2002)

Security

JXTA Sun (2002) discusses the importance of security in JXTA and the
also mentions five basic security requirements that must be provided:
Confidentiality, Authentication, Authorization, Data integrity, and
Refutability. Not all of the mentioned functions are implemented at his
time (July 2002) but will be done in the future.

Scalability

JXTA Sun (2002b) declares that JXTA is designed to be scalable and that
the next thing they plan to do is to “...focus on improving scalability to
several million peers...”, but they have never said how this will be done.
Langley (2001) address this fact by mentioning that multicasting, done
from one peer to every other peer in a peer network group, is not scalable
without having some structure for how the messages are directed within
the peer group.
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2.8 OntoRama

OntoRama (2002) is a generic Java-based ontology browser developed by
the KVO group. The application displays ontologies and relations
between them with the help of a hyperbolic view and a traditional tree
view as seen in Figure 20. (OntoRama, 2002)

The development of OntoRama origins from the need to be able to
browse output of the web based ontology server, WebKB (2002). WebKB
contains over 74,500 objects, which were derived from WordNet.
(Eklund et al, 2002)

The motivation to use a hyperbolic view for browsing ontologies is due to
its capability to display tree structures in a compact way. Letting parts
that are further away from the current focus appear diminishing in size
and radius. By doing so, more nodes can be viewed in the same space and
also the focus will be in the centre of the plane. The hyperbolic view can
also be displayed on a sphere to create a feeling of 3D structure of the
graph. This is the approach used in OntoRamas hyperbolical view.
(Eklund et al, 2002b)

RDF syntax is used to access the ontology server and therefore was that
the original input to OntoRama. Since RDF is a widely used standard for
knowledge exchange this also broadens the use of OntoRama to be able
to display input from other sources. A disadvantage with using RDF is
that RDF does not need to be strictly hierarchical and could represent
forests and not only trees, and today it is not possible to display this in
OntoRama. In the current version of OntoRama everything need to be
connected to a top node. (Eklund et al, 2002b)

OntoRama is configured via an XML file where for example the type of
relations to display is set. Since the later version of OntoRama can use
different format for data input, it is also specified in the configuration file
what format to use. (Eklund et al, 2002b)
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Figure 20. Graphical interface for existing version of OntoRama.
Source: From OntoRama.

The current version of OntoRama is using Java Web Start (2002)

. Java

Web Start is a plug-in to the web browser, which enables to start and run

normal Java application from a web browser. The advantage is that no

download of any software is required once Java Web Start has been

installed. Java Web Start also makes sure that the latest version of the
software is used since this is always checked when an application is
downloaded. The applications that are running within Java Web Start do
not by default get access, due to security restrictions, to the local file

system. (Java Web Start, 2002)
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3 P2P protocol

This chapter describes the P2P protocol, which is developed as part of
the thesis. It starts with a general description of the protocol and
continues by describing its components more extensively.

3.1 General description

The module is built by seventeen classes and they are developed in the
language Java, see Appendix A for a class diagram of the protocol. The
module was developed to be as generic as possible. The aim for it was to
be used by both the P2P version of OntoRama, but also by other
applications needing a P2P base to support collaborative work.

Application

V]

P2P protocol

o>
]

Network

Figure 21. The P2P protocols interaction with the application.
Source: Own.

15



Collaborative development of ontologies in a Peer-to-Peer environment

The functionality of the module includes propagating information to a
group of peers, search for information kept at other peers, responding to
other peers doing searches and the functionality for handling groups.

There are two interfaces between the P2P protocol and an application
using it. The first interface defines methods the application could call and
the P2P protocol has to implement. The second defines methods the P2P
protocol could call and the application has to implement. The protocol
must be able to call the application when it receives asynchronous
messages from the network. By using interfaces between the two layers it
Is possible for an application to change between different
implementations of P2P protocol interface. The implementation we have
developed is built on the JXTA environment.

The protocol could be seen as pure P2P since it is not using a central
server for indexing or directing traffic. Since the P2P protocol builds on
JXTA, which uses rendezvous peers, one to every peer using the protocol
needed. If the user is behind a firewall he could still use the application,
but then also has to specify at least one peer that could work as a bridge
to the other side of the firewall. When sending through a firewall the
messages are sent on the port 80, the port for HTTP, between two peers
on each side of the firewall.

Which rendezvous and bridge peer to use is specified the first time the
P2P protocol is started. The P2P protocol has to know about at least one
rendezvous peer. To find the first peer is nothing that the P2P protocol
can support and therefore has to be handled by the user. At start up the
user also specifies if the peer is going to work as a rendezvous- or bridge
peer and gives a user name and a password. Each time the P2P protocol is
started the user has to enter the username and the password. This
functionality is something that is provided by JXTA.
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Figure 22. The information given to JXTA at start-up.
Source: Screenshot from running the application.

The P2P protocol uses JXTA’s point-to-point pipes to send information
between different peers. To be able to receive messages each peer has one
or more pipe endpoints set up, to which other peers can connect to. The
communication is asynchronous and unreliable, which means that the
protocol does not know if all peers received a message that has been sent.

The protocol uses Java’s String as data format to send information
between different peers. You can therefore send all kinds of information
as long as it san be represented as text. This opens the possibility to use
any language using a XML syntax including RDF.
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Figure 23. A basic model of the P2P protocol.
Source: Own

The P2P protocol could be seen as containing five parts: a control part, a
sender, a listener, a group handler and an Initiator, see Figure 23.

3.2 The controller

The controller implements the protocol interface and handles all the
communication with an application. The controller uses three subparts to
handle requests from the application: it uses the sender to send
information to other peers, the group handler for all requests concerning
groups and the initiator to set up the environment. The controller also
receives requests from other peers through the listener.

3.3 The Initiator

The initiator handles tasks concerning the environment the P2P protocol
Is working within. At start up it sets up the main group. All peers running
the P2P protocol have to belong to this group. When the initiator set up
this group each peer gets a unique ID in the group, which is used to
uniquely identify the peer.
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The initiator also sets up a pipe endpoint for every group the peers joins.
The endpoints are listening for incoming messages sent to the group.
When an endpoint is set up the initiator also publishes an advertisement
for the endpoint so that other peers can find it and therefore know that the
person wants messages sent in the group.

3.4 Sender

The sender is responsible for sending all kinds of information to other
peers. This includes sending search requests, propagate information and
send information when logging out or leaving a group.

When sending a logout command the peer informs other peers that it is
leaving the network and that other peers should remove advertisements
they have saved about the specific peer sending the logout command. The
same thing happens when the peer leaves a group, but then only the
information about the peer in the given group is removed.

The P2P protocol supports two ways to distribute information among
peers. A peer could choose to propagate information or search for it
among other peers. This gives an application programmer the possibility
to use a request/reply solution and, since the protocol also uses groups, a
subscription solution can be employed. In the subscription solution peers
subscribe to certain information by joining groups.

The protocol sends information to a whole group by first searching for
advertisements for peers having endpoint pipes open in a specific group.
After a certain amount of time the protocol takes all the advertisements it
has found and tries to put up a pipe to each of the peer specified in the
advertisements. When a pipe is set up between the two the first peer sends
a message to the other peer.

=N [ Peer
/ Pipe endpoint
E<E- Pipe input
E- — Point-to-Point Pipe

Figure 24. The parts involved when one peer sends a message to many
other peers.

Source: Own, built on idea from JXTA Sun (2002).
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All communication from the sender is done with the best effort of the
protocol. This means that the protocol does not guarantee that every peer
has received a certain message. Since it is not possible for a peer to know
if all the advertisements found are still valid or since it might not receive
all advertisements there is no reason to use acknowledgements of
received messages instead of a best effort solution. The data integrity of
messages IS not checked in this implementation. The JXTA offers the
functionality for checking integrity even with the implementation used
today, but the decision was made not to use it in this version. It is more
expensive to use pipes with security than without.

A message can be sent to any group the peer belongs to or to a specific
peer. If a message is sent to just one peer the search for advertisements of
pipe endpoints can be limited to only advertisement from the specific peer
and therefore the number of responses will be smaller. This makes the
operation a little bit faster.

When using the search operation the protocol is locked from the
application and therefore only one search can be done at a time. This is
because the application is waiting for responses to the search request.
When using propagates the program starts a new thread that handles the
sending. An application does therefore not need to wait for the sending
operation to finish. This could be done since the program does not wait
for replies.

The sender part of the P2P protocol is also the part adding a header to
each message. The header contains fields described in Table 3.
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Name of field
Header

Description of the field

Tag The type of message to be sent. These could be
Propagate, Search, Search for a group, and
Logout of the network.

SubTag The different types of messages could also have

subtypes, for example what kind of propagate
the message is. These are specified and handled
by the application. It is given as an argument
from the sending application and is sent as an
argument to the receiving application.

SenderPeerlID

Is the unique id for the sending peer in the group
the message was sent.

SenderPeerName

The name of the peer sending the message.

SenderPipelD

The unique ID of the pipe the sender peer has in
the global group. This is used when a peer wants
to respond to a search request since it then wants
to send the response to a specific peer.

PeerID/GrouplID

This two fields specify a peers unique ID in a
specific group. This can for example be used
when an advertisement for a certain peer ID in a
specific group should be removed.

Body

Contains the actual information, which is sent.

Table 3. Fields used in the message header.

Source: Own.

3.5 Group handler

The group handler is used to handle functionality concerning groups. This
includes creating groups, joining existing groups, leaving groups and
search for peers in a certain group.

The reason for having groups is because every peer might not be
interested in all other peers’ information. Except the main group that
every peer must belong to it is up to the user to specify which groups it
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wants to belong to. By belonging to a group a user receives all the
information sent in the group. Each group has a name and a description.

It is possible to search for existing groups by either name or the
description. A search name could include wildcards. Most of the
functionality for handling group is supplied by JXTA’s group handling.

Today the group handler does not provide functionality for authentication
or validation of users joining groups. The functionality is provided by
JXTA but not used at this stage. In the future it would be possible to
implement higher security for groups, for instance by using passwords for
groups and by verification of that a specific user actually is the one he
says he is.

3.6 Listener

The protocol has a listener for each pipe endpoint it has set up, which
means that one listener exist in each group handling messages coming in
the group. When a listener receives a message it checks the tag attached
to the message to see what kind of message it is and to be able to call the
appropriate operation in the controller. The listeners also strip the headers
and the body and pass these as arguments to the method in the controller
function.
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4 Ontology module

This chapter describes the ontology module, which is developed as part of
the thesis. It starts with a general description of the module and continues
by describing the issues and design decisions which were made during
the development.

4.1 The module

The ontology module has two major tasks: (i) make information that
comes from the network available to the application OntoRama; (ii)
distribute a client’s information to the network via the network protocol.
Figure 25 shows how this part is connected to other parts of the P2P

version of OntoRama.
v !
— «—
v !

v !

| Nlehanrlk |

Figure 25. The ontology module’s interaction with the application.
Source: Own.
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The Ontology module consists of three major parts. These parts could be
seen in Figure 26 and are listed below. They will be more extensively
described later in this chapter.

1. Network connection — see chapter 4.3.
2. Graphical User Interface (GUI)- see chapter 4.4.
3. Ontology manager — see chapter 4.5.

Ontology manager
Merging Parser
Model Writer
GUI Network connection
Menus Panels P2P Sender P2P Receiver

Figure 26. The building blocks for the ontology module.
Source: Own.

4.2 General

This section will describe how the software is intended to be used and
work.

Backends — in order to be able to extend the functionality of the
application in an easy way, without having to make changes to the whole
application, the decision was made to use backends as a way of provide
functionality to the application. A backend has to implement a backend
interface and it can provide different kinds of functionality. An example
of a backend is this P2P module, another one could be a file manager and
a third one could be a connection manager for WebKB-2. We have
implemented a P2P Backend, which is what we describe in this section,
but also a file backend. Most of the solutions in the file manager are
common to those used in the P2P module and will therefore not be
described further.
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WebKB

P2P network Static RDF

Figure 27. New backends could be added without changing OntoRama.
Source: Own.

Groups — Users will be able to create, join, leave, and search for groups.
The aim is to facilitate collaboration by letting users work on smaller
parts of ontologies which make it easier for users to focus on components
they are interested in. This since they only receive information about
changes made to parts they within their groups.

Pull vs. push — Only a notification thata change has been performed is
pushed to other users. In order for a user to be able to obtain actual
changes he has to do a pull request, e.g. perform a search. For more
information see Panels and the Change Panel Chapter 4.4.

Security management — No strong security management is implement at
this stage. The system is designed so that it is can easily be changed to be
more secure, for example require secure authentication of the identity of a
user.

Incremental commit vs. full commit - An incremental commit is used
when sending information about changes to the network. This means that
as soon as the ontology module has received a change it is propagated it
to the network. The opposite would be if all changes are saved and then
committed to the network when the user performs a commit, i.e. when he
feels that he has completed the changes.
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The motivation for this solution is that since it is a P2P network changes
should be propagated in a real time fashion and in combination with the
decision to use pull for information retrieval the user will still be in
control and be informed immediately when something happens.

Editing functionality — The ontology module should be able to handle
the following operations: assert concept, assert relation, reject concept,
and reject relation. An assertion of a relation or concept from a user
means that he supports that relation or concept and a rejection means that
he does not support the relation or concept.

Uniform Resource Identifier (URI) - When a user creates new parts
URIs must be used to uniquely identify objects. Two requirements for the
URI syntax in the P2P version of OntoRama is that it should show who
created it and that it was created with OntoRama. The reason to show that
a resource was created with OntoRama is the need for a namespace. The
reason to add the user is that the credibility of a resource depends on who
created it.

The following URI syntax, based on the existing URI schema, will be
used:

ont or ama: : <user enmi |l >: <nane>

Here ontorama is the namespace, <user email> is the email address of the
creator, and <name> is the name of the concept. For instance, if John,
with email john@doe.com, creates a concept Animal that would generate
the URI ontorama::john@doe.com:Animal.

4.3 Network connection

The system is implemented to use the P2P protocol described in chapter 3
P2P protocol. For information about the protocol and it’s implementation
see the referred Chapter.

The network connection is isolated from this module via two classes, one
for sending information and one for retrieving information from the
network. Since these classes use the interface for the P2P protocol the
underlying protocol can be changed without any changes to this module.
Hence we could also change from a P2P protocol to a different protocol,
for instance a client/server solution, without having to change anything
else. The second advantage is that if the interface is changed we can
easily adapt this module by simply changing these two classes.
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4.4 GUI

In order to make the application using the ontology module independent
of this module, this module provides information on what is to be shown
in the application rather than having the application accessing and
displaying information from the module. The actual application asks for
menus and panels and knows nothing about the actual information
displayed. The decision to use this solution was made as a consequence
of the decision to use backends.

The menus and panels provided by the ontology module are described in
the following two sections.

4.4.1 Panels

The panels provided by the module to the application should be JPanels.
The ontology module provides two panels:

Change panel — the purpose is to display the changes propagated by
other peers. This panel is updated as soon as a message is received from
another peer about a change. The user is only informed about the change
via this panel and the local ontology is not affected. The displayed
information is the name of the peer that committed the change and what
the change was about, for instance a new node was created.

The decision to provide the application with a change panel was
motivated by the fact that a user should be in control of what happens and
should be able to choose when he wants to update his ontology with new
information from the P2P network. The information should not be
automatically added since there is a risk that a user might miss important
changes or become confused because the ontology is changing all the
time without him being able to prevent it.

Peers panel — the purpose is to display the groups the peer has joined,
and all the peers that are in these groups. This panel was motivated by the
fact that a user wants to know which groups he is a member of and who is
working on same content.
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4.4.2 Menus

The menus that are provided by the module to the application should be
JMenus. At this stage the ontology module provides only one menu. The
menu provides functionality, which is specific to the P2P version of
OntoRama such as search for groups, create groups, join and leave
groups, and update the panels that are provided by this module.

4.5 Ontology manager

The ontology manager handles the ontology and actions executed on the
ontology. It consists of three parts: (i) the model, an internal
representation of the ontology, (ii) the writer and the parser which takes
care of the input and output from the model, and (iii) the part that takes
care of the merging of ontologies. The three parts are described more
extensively in the following three sections.

4.5.1 The Model

The model is based on the existing model from OntoRama and is
extended to handle the extra information needed in order to handle
rejected object structures. The model saves the ontology as a set of nodes
and edges. The ontology is stored as a graph, and can have cycles. There
are controllers handling operations on the models, such as the writer, see
Section 4.5.2, and the search mechanism. The search controller has cycle
detection and provides depth limitations so that the depth of a search
result can be decided. This is necessary when the ontology is deep and the
search result has to be limited due to space or time restrictions.

In a collaborative ontology environment it is not only of interest to know
what other users have done, it is also of interest to know their opinion on
other users work. Therefore it is interesting to keep track of which users
have asserted or rejected each node and edge. An assertion of a statement
would correspond to that a user thinks that statement is correct and that
he would like to see it in the ontology. Analogous an rejection of an
statement would be equivalent to that a user does not think the statement
Is correct and therefore do not want to have it in the ontology. This
information about asserters and rejecters can also be used as a decision
base for ontology merging.
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Based on the fact that the history of asserters and rejecters are interesting
a decision was made that information should be kept for every node and
edge that users had asserted respectively rejected.

4.5.2 Parser and writer

The parser is used to parse information to be stored in the model. In this
module it is data from the P2P network. The writer is used in the same
way to extract information from the model to represent it in RDF. Both
the parser and the writer use Jena’.

Data format

We have chosen to use RDF and the RDFS as the data format to represent
information, which, for example, is sent between peers, or saved to a file.
We represent the RDF model in XML syntax. Since we represent the
RDF in XML syntax it can be represented as a text, which can be sent by
the P2P protocol.

The RDFS does not include all the properties and types needed for
representing the functionality of the P2P version of OntoRama and
therefore a new RDF schema was introduced. Our schema is adds two
properties: one for telling that a user has asserted a certain property and
one for telling that a user has rejected a certain property. By adding these
two properties it is possible to represent if more than one user asserted or
rejected parts of ontologies. The type added is a new type of resource and
is called a Node. The new RDF schema is presented in Appendix C.

When developing the P2P version of OntoRama it was required that users
were able to assert and reject resources and relations. We tried two
different approaches to represent this. The first was by reifying
statements and then making all statements models. Then these models can
have an extra statement to represent if something has been assert or
reject, see Table 4 for example.

7 Jena is a Java API for manipulating RDF models, http://www.hpl.hp.com/semweb/jena-top.html.
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<ont oP2P: Node rdf: about ="ont orana: : j ohn@ow. com au: Y" >
<ont oP2P; assert ed>Henri k</ ont oP2P: assert ed>
</ ont oP2P: Node>

<rdf: Description>
<r df : subj ect >ont orama: : j ohn@low. com au: Y</r df : subj ect >
<rdf: predi cate>rdfs: | abel </rdf: predicate>
<rdf: obj ect> ontorama: :j ohn@low. com au: X</ r df : obj ect >
<rdf:type>http://ww. w3.org/ 1999/ 02/ 22-r df - synt ax-
ns#St at ement </ rdf : t ype>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
</rdf: Description>
Table 4. An RDF statement for a resource with one property using reified

statements
Source: Own.

We choose not to use reified statements and instead use qualified
property values, see Table 5 for example and in Appendix D an extended

example of qualified properties is also shown.
<rdfs: C ass rdf:about=" ontorama::john@ow com au: Y">
<ont oP2P: assert ed>Henri k</ ont oP2P: assert ed>
<rdfs:label rdf:parseType="Resource">
<rdf: val ue>
ont orama: : j ohn@low. com au: X
</rdf:val ue>
<ont oP2P: asser t ed>Johan</ ont oP2P: assert ed>
</rdfs: | abel >
</rdfs:C ass>
Table 5. An RDF statement for a resource with one property using

qualified properties
Source: Own.

4.5.3 Merging of ontologies

Ontology merging is a large and complex area and the objectives for this
project was not to research how merging should be done but rather
present a solution, based on previous research, showing how this can be
handled in a collaborative P2P environment. It was decided to use a
model based on syntactic and semantically merging, but a requirement
was that this component should be designed in a way so that it easily can
be changed or replaced by a different solution in the future.

The solution for merging is based on a mixture of Fridman Noy et al
(1999) and Hovy et al (1992)’s, solutions described in Section 2.2
Ontology merging. This solution uses rules to decide what to do when an
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assertion or rejection is going to be merged with an existing ontology and
also what to present to the user. The rules are implemented with a Rule
Engine that provides a set of rules to decide what action to take. At this
stage there are two sets of rules: (i) one is used when things are added to
the ontology from either the user or the network, and the other (ii) is used
to decide what to display to the user in OntoRama.

The current solution does not ask the user at any time for help on how to
merge. Times when it would be desirable to ask the user what to do is
when there are tricky decisions to be made, for example when two
concepts are different but the rules can not decide which to use.

Information that is available for the rules to base a decision on are:
 the creator of a node or an edge;

» the number of users that have rejected (respectively asserted) a
node or an edge;

 the usernames of those that has asserted or rejected and edge or a
node;

» The actual information about an edge or a node, e.g. the relations,
the URIs, and the description.

The first set of rules is used for merging ontologies and a solution of how
the rules can be designed is presented in Figure 28 and the algorithm for
the same set of rules can be found in Figure 29. The rule engine starts by
checking to see if the concept already exists and if it does not then it is
added. On the other hand, if the concept does exist it adds the asserter to
the existing concept if and only if the existing concept and the new
concept is exactly the same. If the two are not the same it checks if they
are compatible, compatible is defined as whether they have anything in
common more than the same name. Asserters and rejecters are not
regarded in this check. If they do not have something in common the new
concept is renamed to conflict_X and then added to the ontology. This is
motivated by the idea that the information should not be lost and that the
user should be able to find it easily. An alternative could have been to ask
the user directly what to do.
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does X already
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Figure 28. A rule system for merging ontologies.
Source: Own.
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procedure nmerge(ont: out list(Tern), ont_term

list(Term)

return list(Term

S

t enp: Term : =enpty_set
Y: Term : =enpty_set
begi n

1. for t in ont_termloop

2. Y := get_matching_tern{(t, ont)

3. if (Y =null) then

4. add(t, ont)

5, el se

6. if (equal (Y,t) then

7. add_asserter(Y, t.get_asserter())

8. el se

9. if NOT (conpatible(t,Y)) then

10. str := “conflict” + t.name()

11. t.nane() := str

12. renanme_dependent (t, str, ont _term
13. add(t, ont)

14. el se

15. if (t.asserter() = systemuser()) Then
16. repl ace(Y,t,ont)

17. el se

18. if (Y.asserter() = systemuser()) Then
19. [lignore t

20. el se

21. tenp := nerge_tern(Y,t)

22. add(tenp, ont)

23. end if

24. end if

25. end if

26. end if

27. end if

28. end | oop

29. return ont
end procedure

Figure 29. Algorithm for a rule system to merge ontologies.
Source: Own.

If the concept is compatible with the existing ontology the next check is
to see if the own peer is the one that asserts the new concept. The next
step is to check whether the user of the owning peer has asserted the
already existing concept, depending on the answer the new concept is
either ignored or asserted.

The merging algorithm in Figure 29 can be demonstrated with following
two examples. The first one assumes that userA has an ontology that
contains a statement displayed in Figure 30, from here on referred to as
the existing statement(ES),and want to merge that one with the statement
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displayed in Figure 31, from here on referred to as merging statement

1(MS1).

Label domestic_cat
Label

Asserter
Creator

. userC@ontorama.or
http://www.cogsci.princeton.edu/~wn
Commen
Any domesticated member of
the aenus Felis

Figure 30. Statement for example on merging, the existing statement.

Source: Own..

Label

Label

Cwmwen s (e D
subClassOf

Comment Asserter

any domesticated member of userB@ontorama.org
the aenus Felis

Figure 31. Statement for example on merging , the merging statement 1.

Source: Own.

The first check performed determines if the resource of MS1, Cat, already
exists in line 2 and 3. Here it does since ES has the same resource name.
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The next check compares ES and MS1 to see if they are equal. They are
not since ES has more labels than MSL1, a Creator. Asserters and rejecters
are not considered when the compare is done.

Now the algorithm tries to decide if ES and MS1 are compatible. In this
case they are since some of the edges are the same, the only difference is
that MS1 is more general. They would not have been compatible if no
edges were the same.

The next test is to see if the user, in this example userA has asserted ES.
ES was only asserted by userC and the next check controls if userA has
asserted MS1. If he has not then the result of the merge is to “merge X
with Y and add the result to the ontology”. The merge uses the most
general version and the resulting statement from merging ES with MS1 is
displayed in Figure 32. Note that userB, userC as well as userA are
asserters of this node.

Asserter
userC@ontorama.or

subClassOf

Comment Asserter

any domesticated member of userB@ontorama.org
the aenus Felis

Figure 32. The result of merging ES with MSL1.

Source: Own.

The second example assumes that userA has the same statement ES and
wants to merge that with the statement displayed in Figure 33, from here
on referred to as merging statement 2, MS2.
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Wn#Unix_command @
subClassOf

Comment Asserter

concatenate and display files userB@ontorama.org

Figure 33. Statement for example on merging, the merging statement 2.

Source: Own.

The first test in this example is the same as before, check to find out if the
resource of MS2 already exists in ES and in this case it does. The next
test compares MS2 with ES and since they not are equal it continues to
check if they are compatible. This time they are not compatible since the
only thing they have in common is the name of the resource. The result of
the merging is that MS2 is added but with the new name
conflict_ Cat.

The second set of rules is used to decide what to show to the user of
OntoRama when he searches the internal model. These rules can be of the
same type as for merging, but can also be represented by the following
rule:

» All things considered, show the concept that has more assertions
than rejections. If the number is equal than it is also showed.

This rule would return an ontology based on the opinions of all the users
that collaborates with the ontology comparing to the more user centered
approach:

1. display nothing I have rejected,
2. display everything I have asserted:;

3. All things considered, show concept that has more assertions than
rejections. If the number is equal than it is also showed.
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5 Results and Discussion

This chapter will present some of the major issues we encountered during
the project. We will continue with an evaluation of the developed
application and finally we will present some data about how well we
fulfilled our aims.

5.1 Collaborative work with ontologies

The application that has been developed cannot only be used as a tool for
developing ontologies for a single user but also for development of
ontologies in a collaborative environment with others. Commonly
ontologies are built to share knowledge or definitions with other people,
and this application is especially directed to people that want to share
knowledge or define knowledge in co-operation with others.

People to whom this application can be a valuable aid are for example
doctors that need to define the terminology in a specific area. Doctors,
which could be considered domain experts, can use this tool to define an
ontology in a collaborative environment. They can discuss back and forth,
by asserting or rejecting concepts, until they have agreed on an ontology
and then others can began to use it.

Another area where it can be useful is in the research area, for example
when a new area is researched and the terminology has to be defined.
Researchers can then use this application to define new concepts and how
they are connected to previous research and terminology.
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This collaboration described above could have been done in a text-based
environment too. WebKB-2 (2002) is an example of such tool but in
order to make it easy to use and minimize the learning time needed, a
graphical interface is a desirable platform.

5.1.1 Problems

Problems that can arise when users try to collaborate in a P2P
environment are the same as those that can arise when users try to
collaborate in a client-server based environment. The most important
issue is the one Guarino (1998) mention, that ontologies can be
incomparable if they do not have a common top-level ontology that
connects them. This problem remains in the P2P environment but the
application provides ways of connecting parts of ontologies to each other,
hence there are mechanisms for the user to resolve them.

A second problem is ontology merging, this issue has been addressed in
Chapter 5.2.

5.1.2 Assertions - Rejections

The work that has been done so far in the area of collaborative work with
ontologies has focused on one big ontology to which all the users make
changes. This means that it can never be two versions of an ontology, and
If a change is made that results in contradiction or inconsistency then the
ontology is merged. The resulting ontology is based on the newest
version and the old parts that created errors are removed.

In a P2P collaborative environment the ontology collaboration should
work different. People can have different opinions and therefore it should
be possible to have different ontologies co-existing in the network.
Arumugam et. al. (2002) presents a collaborative P2P environment for
ontologies that handles assertions, but nothing more. We decided to
handle both assertions and rejections since this is what really happens in a
P2P environment when users have differing opinions. The advantage with
this approach is that we cannot only tell what people think is correct but
we also represent what they do think is incorrect. This helps us give a
more accurate picture of what the users thinks and therefore a better tool
for ontology development in a P2P environment.

The application keeps track of which users have asserted (respectively
rejected) components and can use this information for different purposes.
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One way of using this information is for merging. For example we can, as
we described before, have components with more asserters, that have
precedence over a component that have less asserters or more rejecters. A
second use can be to decide what to display to the user, if one part has
more rejecters than asserters then it could be argued that this part should
not be displayed since most people do not think it is valid. A third use is
to avoid things that have been rejected in the past to appear on the
network again.

The notion of having asserted and rejected parts are (as we see it) new
and we have not found any other existing technique that offers the
flexibility this solution offers. It would take more evaluation in order to
come to a conclusion if it’s the best way to handle a notion of assertion
and rejection.

5.1.3 Groups to facilitate networking

In order to facilitate and enhance the collaboration on ontologies it was
decided to offer users the capability to collaborate in groups. Groups can
be formed and are created for different reasons. One reason can be that a
group of users are working on the same part of an ontology and therefore
want to be informed of changes initiated by other users. A second reason
can be when a group of users want to stay informed about what other
users are doing, not necessarily in the same area, they can then create a
group to facilitate this information tracking.

In the application we have developed to date there is no restriction on
what a user can change and propagate, it could be of interest to be able to
set ownership on some parts, equivalent to a copyright or a digital
watermark. This would probably increase the amount of shared
information since people then can share ontologies and still maintain and
track ownership of it. A second feature that could be useful is to have
restrictions on components of ontologies, for example restrictions for who
can view information, change existing information and add new
information. The benefits from these restrictions would be the same as
with ownership.

5.1.4 Security and trust

In a collaborative P2P environment there are mainly three security issues
that have to be addressed. The first one is authentication, we have to be
sure that a user is who he says he is. At this stage the application does not
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use authentication or validation when a user logs into the network or a
group. The application can easily be extended to use authentication since
JXTA provides functionality for this and therefore it is not a problem to
implement this in the future.

The second issue is concerns data integrity. How do we know that the
information that we receive is the same as that was sent? Today there is
no control if a message has been altered, but since JXTA provides secure
pipes, this can easily be changed. Today point-to-point pipes are used and
the only thing that has to be changed is that the application uses secure
point-to-point pipes to ensure data integrity. This would provide methods
to verify the integrity of the data sent over the P2P network.

The third issue is about the trust and validation of information on the P2P
network. How can we make sure that the information on the P2P network
Is relevant and not false? The answer is: we cannot; but this does not
really matter since this is always the case when anyone has the right to
publish his or her information. How can this be handled then? We argue
that it will be taken care of the same way it is done on the Web today.
There are lots of pages on the Web that are false or irrelevant but these
pages tend not to get much attention and are not used as much compared
to the correct pages. The same will be true in a collaborative P2P
environment for ontologies.

People have the right to publish what they want but others will not
reference content if it is not correct. Any user can choose to reject other
people’s work. We argue that this issue is one thing that comes with a
pure P2P network when there is no central organization responsible for
validation of data, but that it causes no problem for collaboration.

To further improve the validation of data for a single peer a trust model
can be implemented. The trust model may consist of a set of peers that
are considered to be trusted and a set of rules guiding trust-based update.
A peer is trusted if this peer trusts the decisions and the work that is done
by that peer. For example can one rule say that whenever a trusted peer
has an opinion on something, that this peer has not asserted nor rejected,
the trusted peers opinion should be used. Hence a single peer has to do
fewer assertions and rejections but still has the same amount of data and
the date will be valid.
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5.2 Merging

Merging ontologies in a collaborative environment is an area in which not
much research has been done. The decision was to use an existing
technique that can easily be replaced with improved techniques for
ontology merging. The solution was therefore to build a generic design
for merging. At the moment merging is based on the three steps for
merging ontologies with a syntactical and semantically comparison. The
decision to use a Rule Engine for merging gives the application the
flexibility to be changed to use other merging techniques or different
merge rules. An alternative would be to use the FCA-merge (Stumme et.
al. 2001), which compares an entire set representing the ontology with
another set rather than comparing single relations. The reason we did not
use FCA-merge was that it requires user input and at this stage we wanted
merging to be as automated as possible.

The decision to mix different existing algorithms (Hovy et al 1992) and
(Fridman Noy et. al. 1999) for merging was motivated by the domain the
work is done within. In a collaborative P2P environment for ontologies,
there is abundant information to process and therefore an automated but
well adopted model was needed. Combining the two algorithms resulted,
as we see it, in a powerful solution for merging. A combination of
redefining, renaming, rejection, and selection based on assertions and
rejections of terms gives the desired control of merging in our case.

Merging based on syntactical and semantically comparison has one major
problem since it only compares one specific part of an ontology with any
other at any time. There is a risk that the resulting ontology is not
consistent because that identical information can be stored with different
names and relations. A FCA-merge would increase the chance to identify
such problems, hence that a desired solution could be to combine the
syntactical and semantically merging with the FCA-merge in order to
avoid problems with consistency.

One way to improve the syntactic and semantically merging could be to
include the user in the merging the way Fridman Noy et al (1999)
suggests. The reason for this is that rules cannot always give a solution or
perhaps the user does not like the solution the rules suggest. The solution
could be to ask the user when tricky issues arise, but always provide the
user with one or more solutions on how the problem can be solved. We
think this would improve the accuracy of the merge significantly,
especially if the user always gets suggestions on how the problem can be
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solved. Here the term accuracy is not necessarily defined the same way
for every user, and can even be defined differently for every users.

A second improvement of the syntactic and semantically merging could
be to introduce a notification system. This system could inform the user
whenever there are parts in his ontology that contradict the opinion of a
majority of other users. An example of this could be if a user has asserted
one part and all the other users have rejected the same part. A third
Improvement could be that a user decides that he wants his ontology to be
a specific way regardless of what other people say. An example is if a
user rejects something that every one else asserts but he still wants it to be
rejected.

The second area where rules and merging are needed is when deciding
what to display to the user of OntoRama. The model may contain more
information than the user is interested in. The information is needed to
perform accurate merging but is not important to a user, for example is a
user not interested in seeing things he has rejected since he regarded them
incorrect. We propose that some kinds of rules, or filters, are applied to
the ontology that will be shown to the user. These rules would decide
what to show and what to hide. This set of rules is also designed in a
generic way so that it easily can be changed, updated or replaced in the
future.

5.3 Peer-to-Peer

The application developed as part of this project could be considered as a
collaboration application with in Milojicic et al (2002) four
classifications. Such an application should make it possible for users to
work together on some information and as soon as someone makes a
change it occurs in other peers applications. This is also how our
developed application works. The choice was made to only propagate
those changes made and not the actual changes. The P2P protocol
developed as part of the application provides support for both a
request/reply and a pure propagate solution, so the choice to only
propagate the change information and let the user do a search was done
when developing the Ontology module. This was decided because of the
belief that a user would be annoyed if their view changed content while
they were working on it. The chosen solution gives the users control and
makes them responsible for initiating searches for new information.
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According to Milojicic et al (2002), it is important to consider real time
constraints when developing a collaborative P2P application. By only
distributing information those changes have been made, and since these
do not need any further processing when received, the changes could be
displayed faster by the receiver peer. If the new information had been
propagated, each peer would have needed to merge new information
every time someone changed something and this would have slowed the
application. With the chosen solution the only time this slow the
application is when a search is performed and changes are shown in real
time.

The P2P protocol could be seen as a pure P2P system since no central
server is used for directing peers who want to communicate with each
other. Instead, a hybrid system could have been employed. As Ellsworth
(2001) says, the pureness of the P2P system is not the important matter,
what is important is how well it solves the problem.

Our pure P2P solution made the cost of ownership lower and made it easy
for a new group of users to independently start to use the application
without troubling to configure any special server peer features. The easy
entry-level for new users was an important requirement of the application.
Some of the peers have to be rendezvous peers in the developed
application, but any number of peers could be such and this removes the
dependency of a specific peer. The only thing that has to be done to make
a peer a rendezvous peer is to tick a box the first time the peer is started.
The JXTA environment makes the rendezvous peers organize themselves.
If more than one rendezvous peer exists the system will work if one of the
peers who have been a rendezvous peer is unreachable. The importance
of a P2P network to be self-organized; the need for low cost of
ownership; and to handle ad-hoc connectivity; is argued by Milojicic et al
(2002).

At the same time there are also pros to using a hybrid solution. This is
especially the case when a peer performs a search. With the solution as
stands the peer has to send a request to all the other peers and the peer
might receive the same response from many peers. This is an operation
that takes a lot of time to perform. With a hybrid solution the peer
performing the search sends the request to an index server and the index
server would have redirected the peer to a peer having the information
asked for. Using some peers as index servers can improve the
performance when searching, but at the same time decreases the
decentralization of the system and places dependences on such peer. With
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the solution we have chosen, when different peers assert and reject
information it is also important to obtain a search result from as many
peers as possible.

According to Milojicic et al (2002) problems can arise with a P2P
solution with ad-hoc connectivity of peers. Since a system does not know
at all times which peers connected, the choice was made not to be
dependent on reliable connections or handshaking protocols. It is not
feasible for a system to wait for an acknowledgement from a peer when it
Is not sure if the peer is still connected and can respond, this especially if
the number of peers increases.

The unreliable connections and ad-hoc connectivity makes the
information kept at some peers inconsistent with the others. Some peers
do not get all the messages about the changes. This was also a reason why
a search/reply solution, for peers to obtain other peer information, was
used. By doing things this way, users get the view of the aggregated
information from the network at the moment search is performed.
Milojicic et al (2002) also suggests the use of replication of crucial
resources to help users have access to all the information. This is how
many of today’s most popular P2P applications work, such as Napster
(2002), Gnutella (2002). They use the resources available at certain times
and by using replication the chances increase that a file or another kind of
response will be received.

Our application automatically handles replications. When a peer performs
a search and receives responses from other peers it stores all information
in its internal model. This model will also be searched next time someone
else initiates a search. The internal model therefore works as a cache for
all previously received information until the peer turns his application off,
Therefore, popular information that is search for often, will be saved on
many peers and this increases the reliability of the system. This is
something that is emphasised by Milojicic et al (2002).

One of the major advantages described by Milojicic et al (2002) with a
P2P solution is the ability to build big pools of storage and computer
cycles. The operations within OntoRama that demand most computer
cycles are searches and displaying new information. No extensive tests
have been performed as part of this thesis between the response time from
a client server solution such as WebKB and our P2P version of
OntoRama. This since it would have been too demanding to add the same
amount of information stored in WebKB into the P2P version. Even with
smaller amounts of data it does not seem like the P2P version has a better
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response time. This is due to the added operations that a peer searching
for something in the P2P network has to perform, such as parse and
merge many received responses. It could also be questioned if the need of
storage is as great when it comes to ontologies as it is for storing movie-
or music files which some of the most successful P2P applications,
Napster (2002) and Gnutella (2002), has been used for.

5.3.1 Working with JXTA as a P2P base

The software developed as part of the project was built on top of JXTA
and could, according to the classification in Gong (2001), be seen as a
JXTA application. In the following chapter we will discuss some of our
experiences working with JXTA.

The JXTA project was started by Sun Microsystems but the project is
now open source. Many other bases for P2P networking were started and
developed at Universities as research projects. JXTA takes a different
approach to these. Instead of describing algorithms and solutions for how
the platform should work JXTA describes the system on a higher level
and specifies the exchange formats used. These can then be implemented
in a number of different ways. The specification for JXTA (2002b)
published by Sun describes things as groups, pipes, searches, unique
identifiers and advertisements for these but does not say how these should
be implemented. This has left many design decisions to the open source
community. It is therefore easy to find documentation on how to use
JXTA and information on how it all works on a higher level. To see how
things have been implemented and which design decisions has been made
a developer is often left only with the source code as a source of
information. As we see it, this has resulted in some inconsistencies
between what is said about JXTA and how the actual implementation
works. For example, the documentation indicates that JXTA should not
be dependent on broadcasting and should be scalable to millions of peers,
but at the same time the binding we use rely on broadcast. We need to
question how many peers there could be on the some network before it
will start to slow down the communication.

The fact that a big open source community develops JXTA gives it many
advantages compared to commercial products such as .Net (2002). JXTA
Is free to use, .Net costs money. Open-source also gives advantage
compared to commercial products but also compared to products
developed by smaller research groups. On the homepage for JXTA there
exists mailing lists with discussions about common problems and
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questions, usually answered within a couple of hours. During the
development of our application we also discovered some bugs in the
JXTA platform and after submitting these they were fixed and a new
release published the next day.

Our application uses point-to-point pipes to transmit information among
the peers both when sending one-to-one but also when sending one-to-
many. JXTA have pipes specially for sending one-to-many we tried these,
but it was apparent that messages were lost. Another reason to use point-
to-point pipes is that the same solution for pipes could be used and the
point-to-point pipes could be changed to secure point-to-point pipes. This
would not have been possible if propagated pipes had been used, since
JXTA does not support security on this type. Using point-to-point pipes
makes the sending operation slower since the application has to do a send
to every peer instead of a single send to all. If the application uses another
binding of JXTA this might build it’s propagate pipes on point-to-point
communication and then the time to perform the operations will be
identical.

An issue we had with JXTA was with caching of old advertisements. As
described in the section about Concepts for JXTA, section 2.7.6 there
exists four different types of peers and three of them cache all
advertisements they receive. Since an advertisement might be out of date
a timestamp was added on pipe- and group advertisements, which forces
other peers to ask for them again after a certain time. If they are still up-
to-date, the peer will publish them again and other peers can retrieve
them. This was not possible on peer advertisement and therefore
functionality was added to remove the peer advertisement when, for
example, a peer leaves a group. This happens since other peers might
think the peer is still in the group, even when a peer has left the group.
The problem that can occur is if there is another application built on
JXTA on the same network, this peer then caches the advertisement
saying that a user belongs to a certain group and therefore is not possible
for our application to tell another application to flush. This peer will
therefore reply with old advertisements when a search is initiated.

One of the gains from using a decentralized P2P solution according to
Milojicic et al (2002) is the ability to scale. Our project aim was to
determine how a P2P solution for OntoRama could work and therefore
were there no requirements for the application to be able to scale in a
large sense. A problem with scaling the developed application is that the
solution using point-to-point pipes will naturally slow. To solve this the
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solution with the propagate pipes could be used. Another problem is that
the more networks involved, the bigger the risk that someone else is using
JXTA on the same network. This might cause the problem that this peer
will save old advertisement as described before. If these two problems are
solved, the application should be scalable. As JXTA also claims this, the
application should be scalable to thousands of peers.

5.4 RDF Solution

As we have mentioned many different languages exist for describing
ontologies. There were two main reasons why we chose the Resource
Description Framework (RDF) as our data format. The first is that
previous version of OntoRama had used this data format as input since
this is the output from WebKB (2002). By using RDF we could build
additional parts of the two versions of OntoRama with similar solutions.
The other reason is that RDF is the working draft for a recommendation
by the W3C for representing metadata. W3C has previously been
successful with deploying other semantic standards, such as HTML,
HTTP and XML to mention only a few. If W3C is as successful with
RDF this means that many applications will be able to use the output
generated from OntoRama. The ontologies developed with OntoRama
would then also be useful on the Semantic Web and to communities of
users creating RDF.

In our application it is not possible for users to specify new schemas or
chose among old schemas when they add resources and properties. This is
something that is planed to be added since this would open up the
possibility to use properties and resources from different schemas, for
example can properties from the DAML+OIL (2002) be used. The
developed Ontology module is designed to be able to handle this.

As mentioned earlier two different approaches were tested to present
rejected and asserted information. One was to build reified statements and
the other based qualified properties. We validated examples of both in the
W3C RDF validator®.

With reified statements each statement has to be presented with a subject,
predicate and an object and with qualified properties many properties
could be added to the same resource. The solution with reified statements
Is therefore much more verbose. When viewing the graph of the RDF

8 W3C RDF validator http://www.w3.org/RDF/Validator/
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models for different examples of the two with the RDF validator, it was
also much easier to see the structure when qualified statements were used.
With qualified properties, the properties are connected to the resources
they belong to, while with reified statements all statements are
disconnected.

Both alternatives use the XML based serialization syntax described in
W3C (1999). We thought that this syntax was more consistent than the
Basic abbreviated syntax also described in W3C (1999). This since the
serialization syntax has all the information in tags while the basic
abbreviated syntax has information both in tags and as attributes on tags.
Another reason to use the Basic serialization syntax is we found it more
important to show the structure clearly, as is done with serialization
syntax, rather than to make the RDF syntax as compact as possible.

5.5 Evaluation of an collaborative version of OntoRama

Work to be done: This section will contain of 2-5 paragraphs describing
the outcome of the evaluation.

An evaluation with a text based application has already been done and
that is what we have based our thesis on. We are now awaiting the last
changes of the displaying functionality, this will be done by members of
the KVO group.

The application will be tested against the criteria’s defined in 1.4.1
Criteria for evaluating a collaborative version of OntoRama.
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5.6 Fulfilment of the projects aims

The outcome of the project is:

a general P2P protocol that can be used for collaborative work with
ontologies, but also used for other purposes;

an ontology module for collaborative environments, the module
handles ontology-merging, decisions on what to display to the user
and sending and retrieving information from the underlying
network.

The module presents the information to an application via an
interface, which makes the module more general and adaptable to
other applications. This module is not restricted to use with the P2P
protocol developed in this project but can use both other P2P
protocols but also other techniques, for example a client-server
solution.

An adopted version of OntoRama that can be used as a tool for
developing ontologies in a collaborative environment.

The aim for this project was to develop a P2P protocol and adopt the
existing version of OntoRama so that it works in a P2P environment. The
project has also identified problems in this domain and presented
solutions for them. By doing this the project aims has been fulfilled and
the questions that motivated this project has been answered.
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6 Conclusions

The motivation for this project is to investigate the possibility to create an
application that facilitated ontology development in a collaborative P2P
environment, and how such a system could be designed. The outcome of
the project was a fully functional version of OntoRama providing
collaborative development of ontologies in a P2P environment. The
application fulfils the criteria’s that was defined at the beginning of the
project.

Some issues that this project has addressed are ontology merging,
ontology collaboration, and issues using a P2P solution. Some problems
have been solved using existing techniques and others by introducing new
solutions, one is the notation of assertions and rejections.

The application needs some further improvements in order to scale to a
large collaborative environment but works for the reason it was
developed: to prove that it is possible to facilitate ontology developing in
a collaborative P2P environment. Future work could include improved
merging techniques, higher security, and optimization of feedback to the
user from things happening on the P2P network.
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Appendix A — Class diagram P2P protocol
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Appendix B — Class diagram Ontology module
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Appendix C — RDF schema

This appendix shows the schema that was developed for describing
assertion and rejection of nodes and relations.

<r df : RDF
xm ns: rdf =htt p: // www. W3. or g/ 1999/ 02/ 22- r df - synt ax- ns#
xm ns: rdf s="http://ww. w3. or g/ 2000/ 01/ r df - schema#" >

<rdfs: C assrdf: about =
"http://ww. kvocentral . coni ont oP2P#Node" >
<rdfs:label xm:|lang="en">
Node
</rdfs: | abel >
<rdf s: coment >
This corresponds to a resource</rdfs: conment >
<rdf s: subCl assOf rdf:resource=
“http://ww.w3. org/ 2000/ 01/ r df - schenma#Resource"/ >
</rdfs:C ass>

<rdf: Property rdf:about=
"http://ww. kvocentral . conf ont oP2P#assert ed" >
<rdfs:label xm:|lang="en">
asserted
</rdfs: | abel >
<rdf s: conment >
This assertion has been asserted
</ rdfs: conment >
<rdfs:donmain rdf:resource=
"http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns
#St atement "/ >
<rdf s:donmai n rdf:resource="#Node"/ >
</rdf:Property>

<rdf: Property rdf:about=
"http://ww. kvocentral . conf ont oP2P#r ej ect ed" >
<rdfs:label xm:|lang="en">
rej ected
</rdfs: | abel >
<rdfs: comment >
This assertion has been rejected
</ rdf s: conment >
<rdfs:domain rdf:resource=
"http://ww. w3. org/ 1999/ 02/ 22-rdf -syntax- ns
#St atement "/ >
<rdfs:domai n rdf:resource="#Node"/ >
</rdf:Property>
</ rdf : RDF>
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Appendix D — RDF example

This appendix shows and a more extensive example of how rejected and
asserted information is handled. This example was also used to test
developed parser. The information that the RDF models is from WebKB
(2002.)

<r df : RDF
xm ns: rdf =
"http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#"
xm ns: ont oP2P=
"http://ww. kvocentral . conf ont oP2P#"
xm ns: rdf s=
"http://ww. w3. org/ TR/ 1999/ PR-r df - schema- 19990303#"
xm ns: dc=
"http://purl.org/ netadata/ dublin_core#">

<rdfs: d ass rdf:about=
"http://ww. webkb. or g/ kb/t heKB_t erns. rdf / wn#Tai | ">
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: assert ed>Henri k</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>John Doe</ ont oP2P: rej ect ed>
<rdfs:label xm:lang="en">tail </rdfs:|abel >
<dc: Creat or>
http://ww. cogsci . princeton. edu/ ~wn/
</ dc: Creator>
<rdf s: coment >
the posterior part of the body of a vertebrate
especi al |y when el ongat ed and extendi ng beyond the
trunk or main part of the body
</ rdfs: comment >
<rdfs:subC assO rdf: parseType="Resource">
<rdf:val ue>
http://ww. webkb. or g/ kb/ t heKB_t er ns. rdf /
wn#Qut gr owt h
</rdf:val ue>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
</rdfs:subd assO >
<rdfs:part rdf:parseType="Resource">
<rdf:val ue>
http://ww. webkb. or g/ kb/ t heKB_t er ns. rdf /
wn#Dock_4
</rdf:val ue>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
</rdfs:part>
</rdfs:C ass>

<rdfs: C ass rdf:about =
“http://ww. webkb. org/ kb/t heKB_t er ns. r df / wn#Bobt ai | " >
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: assert ed>Henr i k</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>John Doe</ ont oP2P: r ej ect ed>
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<rdfs:label xm:Ilang="en">bobtail </rdfs: | abel >
<rdfs:label xm:|ang="en">bob</rdfs:|abel >
<rdfs:label xm:|ang="en">dock</rdfs:|abel >
<dc: Creat or >
http://ww. cogsci . princeton. edu/ ~wn/
</ dc: Creat or>
<rdf s: coment >
a short or shortened tail of certain aninals
</rdfs: coment >
<rdf s: subCl assO rdf: parseType="Resource" >
<rdf:val ue>
http://ww. webkb. or g/ kb/ t heKB_t er ns. r df / wn#Tai
</rdf:val ue>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
</rdfs:subd assCf >
</rdfs: C ass>
<rdfs: d ass rdf:about =
"“http://ww. webkb. org/ kb/theKB_t erns. rdf / wm#Oxtai |l ">
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: assert ed>Henr i k</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>John Doe</ ont oP2P: r ej ect ed>
<rdfs:label xm:Ilang="en">oxtail </rdfs:|abel >
<dc: Creat or >
http://ww. cogsci . princeton. edu/ ~wn/
</ dc: Creat or>
<rdf s: coment >
the skinned tail of cattle; used especially for
soups
</ rdfs: coment >
<rdf s: subCl assO rdf: parseType="Resource" >
<rdf:val ue>
http://ww. webkb. or g/ kb/ t heKB_t er ns. r df / wn#Tai
</rdf:val ue>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
</rdfs:subd assCf >
</rdfs: C ass>

<rdfs: d ass rdf:about=

“http://ww. webkb. org/ kb/ t heKB_t er ns. r df / wn#Fl uke_3" >
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: assert ed>Henri k</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>John Doe</ ont oP2P: r ej ect ed>
<rdfs:label xm:|ang="en">fl uke</rdfs:|abel >
<dc: Creat or>

http://ww. cogsci . princeton. edu/ ~wn/
</ dc: Creat or >
<rdf s: conment >

either of the two | obes of the tail of a cetacean
</ rdfs: conment >
<rdf s: subCl assO rdf: parseType="Resource" >
<rdf : val ue>

htt p: // www. webkb. or g/ kb/ t heKB_t er ns. r df / wn#Tai
</rdf:val ue>

<ont oP2P: assert ed>Johan</ ont oP2P:; assert ed>
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</ rdf s: subd assOr >
</rdfs: d ass>

<rdfs: d ass rdf:about =
“http://ww. webkb. org/ kb/t heKB_t erns. rdf/
wn#SUB_Fl uke 3" >
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: assert ed>Henr i k</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>John Doe</ ont oP2P: r ej ect ed>
<rdfs:label xm:Ilang="en">SUB fl uke</rdfs:| abel >
<dc: Creat or >
http://ww. cogsci . princeton. edu/ ~wn/
</ dc: Creat or>
<rdf s: coment >
A fake sub class of FLuke_ 3, just for testing
pur pose
</rdfs: coment >
<rdf s: subCl assO rdf: parseType="Resource" >
<rdf: val ue>
http://ww. webkb. or g/ kb/ t heKB_t erns. rdf/
wn#Fl uke 3
</rdf:val ue>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>Henr i k</ ont oP2P: assert ed>
</rdfs:subd assCf >
</rdfs: C ass>

<rdfs: d ass rdf:about=
"http://ww. webkb. org/ kb/t heKB_t er ns. r df / wn#Scut " >
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: assert ed>Henri k</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>John Doe</ ont oP2P: r ej ect ed>
<rdfs:label xm:|lang="en">scut</rdfs:|abel >
<dc: Creat or>
http://ww. cogsci . princeton. edu/ ~wn/
</ dc: Creat or>
<rdfs: comment >a short erect tail </rdfs: comrent >
<rdf s: subCl assO rdf: parseType="Resource" >
<rdf : val ue>
htt p: // www. webkb. or g/ kb/ t heKB_t er ns. r df / wn#Tai
</rdf:val ue>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
</rdfs:subC assCf >
</rdfs: Cl ass>

<rdfs: d ass rdf:about =
"“http://ww. webkb. org/ kb/t heKB_t er ns. r df / wm#Fl ag_5">
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
<ont oP2P: assert ed>Henr i k</ ont oP2P: assert ed>
<ont oP2P: r ej ect ed>John Doe</ ont oP2P: r ej ect ed>
<rdfs:label xm:|lang="en">flag</rdfs:|abel >
<dc: Creat or >
http://ww. cogsci . princeton. edu/ ~wn/
</ dc: Creat or>
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<rdfs: comment >
a conspi cuously nmarked or shaped tai
</ rdfs:coment >
<rdf s: subCl assO rdf: parseType="Resource" >
<rdf:val ue>
htt p: // www. webkb. or g/ kb/ t heKB_t er ns. r df / wn#Tai
</ rdf:val ue>
<ont oP2P: assert ed>Johan</ ont oP2P: assert ed>
</rdfs:subd assCf >
</rdfs: Cl ass>
</ rdf : RDF>




