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Relationships are keys to the semantics and hence the Semantic Web. One interesting way to
exploit relationships is to link documents such that terms in the documents are semantically
related through well defined relationships. In his 1945 article, Dr. Vannevar Bush posited the
idea of creating a device capable of recording all of human knowledge. Dr. Bush suggested that
such a device would allow its user to traverse a space of documents by following a “trail of
associations” in the user’s mind. The assumption however is that links of the Web are
meaningful to the user. This assumption certainly does not hold for the eight billion pages on the
Web. We consider a scenario where the user has some prior knowledge of the domain. Our
approach to building such a system relies on two aspects of Semantic Web: (a) semantic
metadata for documents, and (b) populated ontology with relationship instances.
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1. INTRODUCTION
There have been significant research activities in document categorization. A number of tools
have been built that provide users to browse among the classified collection of documents. In
order to give the user ability to pick the most relevant documents which are classified under a
category, several methods have being used to rank them based on their representative values, i.e.,
term frequency, inverse document frequency, etc. In most of these tools, the classification of the
documents is built as a taxonomy. There is no connection between the different nodes in the
taxonomy other than hierarchy-relationships. Consequently such a document organization
restricts the users to browse documents under a particular category. To get to a document on a
related topic the user has to navigate up the hierarchy and back down to the relevant topic.
For instance, consider a user reading an article about the disease "measles". The user
would like to read articles which talk about some drugs that help in curing measles. For instance,
there is a "cure" relationship between "egg plant seeds" and "measles". Here is a quotation from
the home-remedies web site: "The seeds of the egg plant are a stimulant. Intake of half to one
gram of these seeds daily for three days will help develop immunity against measles for one
year."[3] Although these two concepts "egg plant seeds" and "measles" are related to each other
by an important relationship between them, how likely is it that they may be classified under the
same category? Availability of such “related” information will depend on whether the author of
the text included such information. Without having the information that a relationship “cures”
links the concepts, or having a means to use this information, a document categorization tool
would not put documents about these two concepts under the same category, because one of
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them is a disease, and the other one in a plant. A categorization system arguably should not put
such “related” documents in the same category, but the ability to navigate from a document
about “measles” to one about a cure is a very useful one to have. The egg plant seeds are not the
only things helping in remedy of measles. The same webpage [3] mentions that "application of
mud packs" also helps in remedy for measles. Therefore, would not it be nice to suggest the user
to read about articles about "egg plant seeds", "mud packs", "barley", "turmeric", and perhaps
some others, by also giving the "cures" relationship, thus telling the reason why some articles
about these topics are offered? Also, before offering the articles of topics which cures the
measles, would not it be better to offer the user the relationships about the measles, first?
Perhaps, the user may not be interested in reading topics about curing the measles, but may be
interested in reading topics about causes of measles. By choosing this relation, totally different
topics would be offered to the user, instead of egg plant seeds, barley, etc. which help cure the
measles.
The above discussion demonstrates the need for using some kind of knowledge base
which includes the entities along with relationships between them is very obvious. Here is where
the Semantic Web comes in. The Semantic Web has gained much interest during the past few
years. Data typically published on the web is human understandable and is meant for human
consumption. However, the Semantic Web makes such data machine-understandable.
Associating formal semantics with data, and using it in making search, browsing and analysis
more intelligent and precise, can also lead to saving time for a user who would otherwise have to
peruse more data to get all the information he or she seeks.
When we see a word in the text, for instance "America", human cognitive processes
associate meaning with the term. However, a machine does not know that “America” is a
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country, located in North America, has a border with Canada, etc. As humans, we know that
America is (likely or certainly) the USA, which is a country. We need to attach the property or
the relationship "country" to the word "America" somehow. Also we know that America, USA,
United States, US, etc. all refer to the same thing. Should we also attach such information to the
word "America"? How about the concepts that have some relationships with America? Georgia
in the relationship of being a state, or George W. Bush, in the relationship of being the President,
for example. It would be useful for us to attach this information to the word America in text
somehow to have the machine find the relevant information for the user. Instead of attaching all
the information we know about a word in the plain text, some external knowledge bases (parts of
what is called ontologies) are used in the Semantic Web. In the ontology, we have class-subclass
hierarchy, such as apple is subclass of fruit, and fruit is subclass of food, and so on. Taxonomy
also has these hierarchical relations. The difference between ontologies and taxonomies is that
ontologies have named relationships between the classes, even if they do not have hierarchical
relationship. However, taxonomy does not have such relationships besides hierarchical
relationships.
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bone
cancer

chromosomal
disorder
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Figure 1 Relationship in the ontology
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In his 1945 article, Dr. Vannevar Bush, then the director of the Office of Scientific
Research and Development, pointed out the importance of relationships between two different
concepts even if they are not connected with a class-subclass relationship in the taxonomy;
"When data of any sort are placed in storage, they are filed alphabetically or numerically, and
information is found (when it is) by tracing it down from subclass to subclass. It can be in only
one place, unless duplicates are used; one has to have rules as to which path will locate it, and
the rules are cumbersome. Having found one item, moreover, one has to emerge from the system
and re-enter on a new path.
The human mind does not work that way. It operates by association. With one item in its
grasp, it snaps instantly to the next that is suggested by the association of thoughts, in accordance
with some intricate web of trails carried by the cells of the brain." [4]
Our Semantic Browser tool enables easier navigation with relationships as opposed to
hyperlinks. In their paper, Logical Information Modeling of Web-accessible Heterogeneous
Digital Assets [5], Amit Sheth, and Kshitij Shah defined hyperlinks as “physical (hard)
relationships” and semantic relationships in the Relationship Web as “virtual links”.
In this thesis, we also show that more relevant documents are returned by using the
virtual links as opposed to hyperlinks which do not have semantic relationship between the
documents. Processing the documents in our dataset by using our ontology, we built a
relationship web in which documents are connected to each other with relationships. The
advantage of these virtual connections is that a user can navigate from one document to another
using relationships, even if there is not any hyperlink between those documents.
Our work in this thesis is one of the earliest attempts at utilizing the semantics of the
relationships to support browsing and navigation of a document space.
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In this thesis, we describe the concept “Relationship Web (Section 2). Then, we explain
the system architecture in Section 3. In that section, we describe the ontology used in the project,
dataset, user interface and server-side components. Section 4 shows the “Semantic Browser” tool
[31]. In section 5, we review related work. In section 6, conclusions and future work are
explained.

5

2. BUILDING RELATIONSHIP WEB1
Given a set of documents along with an ontology schema and a set of entity instances; our goal is
to create a web of documents linked to each other by named relationships. Any two documents
may not be connected to each other by physical links (HREF), but may contain terms which are
related to each other based on the ontology used. Without building the Relationship Web, the
user does not have a way to navigate semantically connected documents unless there is at least
one physical link between those documents. Even with the existence of such a physical link, the
relationship between the hyperlinked term and the target page is based on the interpretation of
the user. Although the relationship is human understandable, it is not machine understandable.
Some web sites have some system to return related articles to the user. However, the
relationships between those related articles are not named. Another issue is that the user may not
be interested in reading the articles related to the article she reads at that moment, but may be
interested in reading articles related to any particular term in the article she reads.

1

Relationship Web is a term introduced by Prof. Amit Sheth. This thesis deals with only a narrow aspect of the
broader theme.
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Figure 2: A screenshot from PubMed Web site

For instance let us consider a scenario that a user reads a medical article in the PubMed
[6] Web site. She reads a sentence that contains “melanoma”. Melanoma is a type of skin cancer.
In the page where she reads the article abstract, the web site includes a hyperlink saying “Related
Articles”. The user may not be interested in the articles related to the main concept of the article
she reads at that time, but may be interested in the article related to the particular term
“melanoma” that she has just encountered in the article abstract. If the term “melanoma” in the
sentence is not hyperlinked, then the user has to type the term “melanoma” in the search box at
the top of the page, to read articles about the melanoma. What if she is not interested in articles
about the melanoma, but is interested learning about the causes of the “melanoma”? If the user
does not know the causes of the melanoma already, there is no way that she can reach to the
articles which talk about those causes in the current system. She needs to know the causes
beforehand, so that she can type their names in the search box.
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Imagine that in order to return related terms to user, a Web site uses a statistical
mechanism. Such statistical mechanisms may bind two terms together as “related” just because
either they occur in the same sentences frequently. If we consider the recommendation systems
on the online stores; they relate some products together, just because they are frequently
purchased in the same transactions. According to such statistical systems, the only relationship
between those products is statistical proximity. Instead of giving the user related terms only, it is
necessary for the user to know the relationships also, because the user may not be interested in
spending her time to read articles about “aneuploidy”, unless she knows that aneuploidy is a
result of melanoma. By using our approach, however, for the chosen term “melanoma”, the user
is offered several relationships, such as “affects”, “co occurs with”, “occurs in”, and “is result
of”. By choosing the relationship “is result of”, the user can get the terms which are the result of
“melanoma”.
As can be seen in the scenario above, no physical link (hyperlink) is needed to navigate
to “semantically” related documents. Also, no prior knowledge is needed by the user to know
what the results of “melanoma” are.
The critical research issue, however, is to identify which of the prohibitively large
number of relationships are more relevant than others. We demonstrate this capability by
developing an application that allows users to browse documents by following chains of named
relationships much the same way we follow hyperlink today. As a starting point, we test a subset
of PubMed [6] abstracts linked to each other by named relationships. The named entities at the
instance level are associated with some schema class types at the schema level of the ontology.
The instances are usually associated with one, two, or three class types at the schema level.
Because we do not yet have relationships between concepts at the instance level, we look at the
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relationships between the types of those instances. Then we use these relationships to build our
relationship web.

9

3. SYSTEM ARCHITECTURE
The system architecture consists of several subcomponents. In this chapter, we will explain the
ontology used in the project, dataset, user interface and server-side components.
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Figure 3: Architecture of the Semantic Browser Application

3.1. Ontology Used In The Process
To build the schema layer of the ontology used in our project, we have parsed the UMLS [1]
dataset by using SAX java parser [33]. The UMLS dataset consists of several XML files.
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Figure 4: A triple in XML format from the UMLS dataset

Triples (terms and relationships associated between them) were extracted and stored in an
RDF file. In the RDF schema file generated, there are 135 classes and 49 relationships.
In order to build the instance layer of the ontology used in our project, we used SAX java
parser [33] to parse the MeSH XML file. This XML file is 240 MB in size. It contains 21,945
MeSH terms, but does not contain relationships between these terms. Because MeSH terms are
represented as instances in our ontology, we have 21,945 instances in the instance layer of our
11

ontology. From this XML file for each instance, we extracted the UI number which is a unique
number for each MeSH term. We extracted the UMLS types of MeSH terms. As mentioned
above, these UMLS types are represented as schema classes in the schema layer of our ontology.
The main benefit of this ontology is to let the user see the class of an entity instance, and
all of the relationships that class has. By selecting any existing relationships, the user can
traverse to another document which is indexed under the type that relationship is connected to.
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Figure 5: Schema level and instance level of the ontology used

Figure 5 illustrates the schema level and instance level of the ontology we used in our
implementation. There is no direct relationship between concepts at the instance level. Without
using the schema level, we can not say if there is any relation between “Kidney Neoplasm” and
12

“Ureteral Calculi”. As can be seen from the Figure 5, Kidney Neoplasm has two types in the
ontology schema. Ureteral Calculi, however, has only one type in the ontology schema. Figure 5
demonstrates that there is an “analyzes” relationship between “Diagnostic Procedure” and “Body
Substance” at the schema level. Diagnostic Procedure is one of the types of Kidney Neoplasm.
Body Substance is the type of Ureteral Calculi. Because we have the “analyzes” relationship
between “Diagnostic Procedure” and “Body Substance” at the schema level, we conclude that
there is also “analyzes” relationship between “Kidney Neoplasm” and “Ureteral Calculi”
instances at the instance level.
3.2 Dataset Used In The Project
In this project, we use PubMed as a dataset [6]. It has 16 million documents with abstracts. We
used a fraction of that dataset (48,252 documents). Each file is in the form of Figure 6.

Abstract part of a PubMed
document before annotation

Figure 6: File format of PubMed dataset before annotation
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To distinguish the MeSH terms in an abstract, those MeSH terms needed to be annotated.
We have developed an algorithm for this annotation which works in linear time. The algorithm
finds the MeSH terms in the sentences, and encloses them between specials tags. Figure 7 below
is the annotated form of the abstract at Figure 6.

Abstract part of a PubMed
document after annotation

Figure 7: File format of PubMed dataset after annotation

The algorithm tokenizes the text, and processes it word by word. When the algorithm
finds a word in the text and that term exist also in the ontology, it does not annotate that word
immediately. Instead, the algorithm continues processing the words in the text and tries to find
the term with maximum number of words in text which also exists in the ontology. The word
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“LongestTerm” in the Algorithm Pseudocode below refers to the term with maximum number of
words.

Algorithm Pseudocode;

AnnotateTerm(text)
1. text = <span id=text>text</span>
2. Return text;

The term “zygote” and “zygote intrafallopian transfer” are in the ontology. A sentence
which contains “zygote intrafallopian transfer” is in the abstract. The algorithm looks at the
terms word by word. When it finds “zygote” in the sentence, it does not annotate it right away,
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but keeps continuing. The next word is “intrafallopian”. By combining these two words, we
have “zygote intrafallopian”. We do not have “zygote intrafallopian” in our ontology, but we
have some other terms which begin with “zygote intrafallopian”. We take the third word. If this
third word is “transfer”, that means now we have “zygote intrafallopian transfer”. Also we have
“zygote intrafallopian transfer” in our ontology. We do not annotate this three-word MeSH term,
just because it exists in the ontology. We look at the ontology; if there is no four-word MeSH
term in the ontology which begins with “zygote intrafallopian transfer”, then without needing to
look at fourth word in the sentence we annotate this three-word MeSH term. What if the word
after the “zygote intrafallopian” is not “transfer”? Then the algorithm goes back and annotates
the first word “zygote”, because we kept record that “zygote” is contained in our ontology. After
annotating it, we do not return where we were. But instead, we continue from “intrafallopian”.
Because we have not checked if “intrafallopian” is contained in our ontology, or even if we do
not have “intrafallopian”, still we may have some MeSH terms which begin with
“intrafallopian”. Starting from “intrafallopian”, the algorithm applies the same process explained
above.
3.3 Indexing The Articles In The Dataset
To index the documents in our dataset, we used Lucene [9]. To index the documents, by using
the regular expression methods of the Java API (java.util.regex), we picked each annotated term
in the documents, and associate each of these annotated terms with the document. As each
document is associated with several MeSH terms, also each MeSH term is associated with
several documents. To retrieve the documents associated with a particular MeSH term, we also
use one of the methods of Lucene.
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In our implementation, we used 21,945 MeSH terms and their synonyms. Thus, we used
around 104,000 terms to index our dataset.
We have chosen Lucene, because it is written entirely in Java, and it is very commonly
used open source project.
3.4 User Interface
The user interface is a simple HTML page using JavaScript and Cascading Style Sheet (CSS).
JavaScript contains the AJAX engine [11]. AJAX engine serves an intermediary between the
JavaScript methods and server. Because of its high performance and quick response time, we
have used AJAX engine to send requests and to receive responses from the server. See
Appendix-A for more details about AJAX.
3.5 Server-side Components
Server-side code is written in Java Server Pages (JSP) codes. JSP receives requests from the
AJAX engine. When requests are sent from AJAX, instead of using GET, the POST method is
used. Because the parameters are not carried by the URL, the URL remains clean during the
navigation process. To use the AJAX technology, an instance of XMLHttpRequest object is
created. After JSP receives the request, it parses the Request String to get all of the parameters
coming from AJAX engine. Based on the parameters received, a JSP method is called. The
method then calls one of the methods in the Java class. Java class is another component of the
system architecture. It includes Lucene [9] methods, SemDis API [10][Appendix-B] methods,
and some other methods used for annotation, or building the suggestion dropdown menus at the
search boxes. After the JSP method calls one of the Java methods, the java method returns an
array list (java.util.ArrayList) to the JSP. The JSP method then builds an XML format, and
returns the response to the AJAX as in XML format. Because the response is in XML format, the
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AJAX engine can receive the response by using “responseXML”. The methods in the JavaScript
can easily manipulate the response by using XML DOM methods. We then insert the response
received from the AJAX to inside of a table in the HTML file, without having to reload the
whole HTML page.
To run the application on our server, we used Apache Tomcat [8] (Appendix-C) as the
servlet container. To deploy and install the Java Server Pages to the Apache Tomcat, we used
Apache Ant [7] (Appendix-D).
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4. SEMANTIC BROWSER APPLICATION
The user interface is simply an HTML page. The articles to be shown in the user interface are
annotated beforehand.

Figure 8: A screenshot of Semantic Browser tool

To begin traversing between documents, the user needs a document to begin with. On the
left column of the user interface, there are two text boxes, where the user can search documents
by either the unique PMID number of the article or by any MeSH term which may appear in the
documents. As the user types in the textbox, just below the textbox, a popup menu appears

19

showing the MeSH terms, which begin with the typed letters. Therefore, the size of the menu
gets shorter as the user keeps typing. For this menu, a sorted set menu (java.util.SortedSet) is
used. To generate a subset of the all MeSH terms (and their synonyms), the main sorted set needs
to be built first. In order to build the subset menu when the user begins typing in the textbox, the
main set has to be generated and loaded into memory first. The main sorted set which includes
all MeSH terms (and their synonyms) is loaded by using a method from the Java file. The
method of the Java file is called from the “onLoad” function of the HTML body, which is a Java
Script event handler. Thus, as soon as the user visits the Web page, the sorted set begins to be
generated from a text file, and loaded into main memory. If we did not generate the main set at
onLoad function, when the user types a MeSH term in the search box, building the first subset
menu would take some time to generate the main set first before generating the subset of the
main set. Due to this latency, the user would not know that a popup menu is going to appear
soon.
Just after loading the main set into memory, the “onLoad” function of the HTML body
also calls the method in the Java file to load the ontology files into memory. When the user is
interested in reading documents about any MeSH term (or its synonyms) from the popup menu,
then the user has options to select the MeSH term from the menu by either clicking on it with
mouse, or can navigate among the items by using arrow keys from the keyboard. After selecting
any MeSH term from the list, the names of the files in which the selected MeSH term, or its
synonym appears. For instance, by entering the keyword “neoplasm” in the search box, the user
also gets file names in which “serum” appears, but “neoplasm” does not. Because, serum is a
synonym of “neoplasm”, the user does not miss that document which may be very important for
the user. Those documents are returned, because when we index the documents with Lucene, we
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have also used the synonyms of the MeSH terms. While the number of MeSH terms is 21,945 ,
the number of terms used to index documents are around 104,000 including the synonyms of
MeSH terms. That is, we have an average of four synonyms for each MeSH term.
The named entities in the text have different colors so that the user can understand that
those terms are annotated based on some ontology, and will let the user traverse to another
document. This traversal is based on the semantic relationships between the two documents. By
simply hovering the mouse pointer on that named entity, a popup menu appears with a list of
types under which that entity instance is placed. By hovering over any of those types, the user
also gets the list of relationships of that type. By hovering over any of those relations from the
list, the user gets the list of types that the relationship selected is connected to. By hovering over
any of the types from the list, user gets a list of MeSH terms which are instance of hovered types.
By hovering over any of the MeSH terms from the list, user gets a list of file names in which the
MeSH term appears. Then, the user simply clicks on any file name in the menu and the abstract
part of the selected file appears on the webpage.
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Figure 9: A screenshot of Semantic Browser tool

The AJAX technology makes this process is very fast, because the page does not have to
be reloaded every time the content of the popup menus is retrieved from the server, and abstract
of the file is retrieved from the PubMed dataset.
By picking a relationship in the popup menu, the user can go to another document. Just
after this process, the name of the previous document is written into the “Previous Traversals”
section of the Semantic Browser tool. Just next to the name of the file, the triple that the user
went through in that document is written. For instance, let us assume that the user reads the
abstract of the document named “7620485”. By hovering over the term “spinal cords neoplasm”,
the user picks the relationship “co occurs with”. Then, the user picks “aortic aneurysm”. Then
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among the file names appearing in the popup menu, the user selects the document “9279325”.
Just at the end of this process, the name of the previous file, 7620485, is written into “Previous
Traversals” section. The traversal done in that document is written next to the file name, as
shown in Figure 10.

Figure 10: Previous Traversals section of Semantic Browser.

By simply clicking on the file name, the user can go to previous document easily. If the
user does not like the current document and wants to read other documents that contain the term
“aortic aneurysm”, without needing to go back to previous file, user can hover on the term
“aortic aneurysm” in the “Previous Traversals” section (See Figure 11).

Figure 11: Previous Traversals section of Semantic Browser.

When the popup menu appears, the user can select another file name. The abstract of the
document selected is written into “Abstract section” of the Semantic Browser. Such a history
mechanism is meant to be more than just a browsing aid. These traversals that are recorded

23

contain entities and named relationships. They can therefore serve as “Semantic” indices in the
document corpus. If the user discovered new and interesting information during such a traversal
she could choose to remember the trail that she followed to get the information. In the future we
plan to build a relationship-based document index that will allow retrieval of documents that
were found along such trails. This is an idea very similar to “trailblazing” described by Dr.
Vannevar Bush [4].
The user can also see the details of the current document, by clicking on the “Details”
section of the Semantic Browser tool.

Figure 12: Details section of the Semantic Browser.
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5. RELATED WORK
In this thesis, we presented an implementation that classifies documents, builds a Semantic Web
by using the semantics of the relationships, and enables users to navigate among the documents
in a meaningful way by using the relationships as opposed to hyperlinks which do not carry any
semantics of relationships between the linked documents. In this section, we discuss some of the
related work to our approach.
There has been a considerable amount of work done to discover the relationships between
terms in unstructured text by using natural language processing techniques. There are several
NLP (Natural Language Processing) tools that are used by third parties to parse the sentences in
their dataset to extract the relationships. GATE (General Architecture for Text Engineering)[14],
CGPARSER[15], OpenNLP[16], and Link Grammar[17] are some of the commonly used NLP
tools. In our implementation however, we used a structured text (XML file) to generate triples
(two entities and the relationship between them). By using these triples, we generate our
ontology.
There are many algorithms for automatic clustering, such as the K-Means algorithm [18],
hierarchical clustering [19] and Expectation Maximization [20] to form the clusters. These
algorithms do not utilize the relationships that exist between the terms. In their paper "Text
Clustering using Semantics" [21], the authors have proven that using relationships between the
documents increases the accuracy. In their work, they demonstrate that the text clustering using
semantics outperforms other clustering algorithms which do not use semantics of relationships.
The advantage of our application is that we have the relationships not from document to
document, but from term to term. These terms may appear either in the same document, or also
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in different documents. Thus, any two documents may be connected to each other via multiple
relationships that exist between term pairs.
There are some "Semantic Browser" implementations [22, 23, 24, 25, 26] that enable
users to navigate between the different websites by using semantic relationships. To the best of
our knowledge, our Semantic Browser tool is the only existing work that uses AJAX technology
[11]. By using AJAX technology, and JavaScript that works on the client-side, users do not have
to install anything to their machine. AJAX technology works on almost all of the commonlyused browsers, such as; Microsoft Internet Explorer version 5.0 and above, Mozilla Firefox,
SeaMonkey, Camino, Flock, Epiphany, Galeon and Netscape version 7.1 and above. Apple
Safari version 1.2 and above.
Anyone who has used Flickr, GMail, Google Suggest, or Google Maps will realize that a
new breed of dynamic web applications is emerging. These applications look and act very
similar to traditional desktop applications without relying on plug-ins or browser-specific
features. Web applications have traditionally been a set of HTML pages that must be reloaded to
change any portion of the content. Technologies such as JavaScript programming language and
cascading style sheets (CSS) have matured to the point where they can be used effectively to
create very dynamic web applications that will work on all of the major browsers [27]. Likewise
our implementation, although being a web application, looks and acts like a desktop application.
Semantic Web content and Semantic Web tools depend each other. Without sufficient
Semantic Web content, few tools will be written to consume it; without many such tools, there is
little appeal to publish Semantic Web content. In the Piggy Bank project (MIT) [26], they define
this problem as "chicken-and-egg problem", and they provide a web browser extension called
Piggy Bank that lets users make use of Semantic Web content within web content as users
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browse the Web. By using Piggy Bank, a tool integrated into the contemporary web browser,
Firefox, web users extract information items from within web pages and save them in the
Semantic Web format RDF [30]. When the user visits a web site, if there is a structured data of
the same information available to retrieve, the web browser shows a “data coin” icon in the
status bar for each site. By clicking on that icon, the “pure” information from each web site is
collected. The browser Piggy Bank shows the information items it has collected from one of the
sites, right inside the same browser window.
The user can also tag an item with one or more keywords, to help him/her find it later.
The “tag completion” dropdown suggests previously used tags that the user can pick from. The
user can also tag or save several items together.
To make this effort in collaborative way, with one click on the “Publish” button for each
item, the user publishes information to the Semantic Bank. Thus, other user can use this
information.
The users generate metadata, and attach to information very easily. Although having
some similarity to our project, their approach differs from ours in the usage of semantics of
relationships. They cluster documents by using metadata in RDF, but not using relationships.
The project “Magpie” [32] is similar to our project. However, in Magpie, a plug-in is
needed to be installed to browser, whereas in our project no plug-in is needed to install. In the
Magpie, they have very few relationships (around 6-7), whereas we have 49 relationships in our
project. Because they have also very few classes (around 4 usually), they show the different
classes with different colors. Because we have 135 classes in our project, we could not show
them in different colors.
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6. CONCLUSIONS AND FUTURE WORK
In this thesis, we described a tool that allows user to navigate between documents using virtual
relationships. However, currently we use relationships that exist between the types of instances,
not between the instances. This method works most of the time. However, we can not assume
that it holds true all the time. Because it is not guaranteed that when there is a relationship
between any two types, the relationship should exists between every instances of these two types.
For instance; in our ontology schema, there is a relationship “adjacent_to” between classes “body
part organ” and “body location or region”. Some of the instances of the class “body part organ”
are breast, prostate. Some of the instances of the class “body location or region” are cheek, chin,
elbow, and abdomen. If we try to put “adjacent_to” relationship between some of instances, we
would get incorrect statements. If we put “adjacent_to” relationship between prostate and chin,
then this would be correct statement. In order to always get correct results, we need relationships
at the instance level of the ontology, not at the schema level. An ontology that has relationships
at the instance level has been created [29]. In a near future, we will integrate this ontology into
our Semantic Browser tool. Once we integrate that ontology into our tool, then this tool will be
used also as a means to evaluate that work.
Currently, the indexing using Lucene [9] does not take relationships into consideration.
We will index our dataset by also using the relationships that are extracted from the documents.
In this way, more relevant documents will be returned to the user.
Besides providing the users ease of browsing between the documents, our goal is also to
reduce the time that a user has to spend with documents. Among the returned multiple
documents, we should rank the documents based on their relevance to the triples, the user may be
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interested to learn. As the ranking mechanism, we plan to use the method explained in Boanerges
Aleman-Meza’s paper “Searching and Ranking Documents based on Semantic Relationships”
[28].
Our work is one of the earliest attempts at utilizing the semantic relationships to support
browsing and navigation of a document space.
To the best of our knowledge, this tool is the only existing Semantic Browser tool that
uses AJAX technology. Therefore, it works in any contemporary web browser.
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APPENDICES
APPENDIX A - AJAX (Asynchronous JavaScript And XML)
Ajax, shorthand for Asynchronous JavaScript and XML, is a Web development technique for
creating interactive web applications. The intent is to make web pages feel more responsive by
exchanging small amounts of data with the server behind the scenes, so that the entire web page
does not have to be reloaded each time the user makes a change. This is meant to increase the
web page's interactivity, speed, and usability.
The term “Ajax” was coined by Jesse James Garrett in his February 2005 article Ajax: A
New Approach to Web Applications [11].
Some websites use only Java Script, without AJAX engine in it. In such websites, when
the user clicks on some special terms, or hover the mouse over those terms in the website, some
additional information appears in no time. The behavior described here looks good, but the
problem is that all of that information needs to be preloaded to the client side. After all those
information, including the ones that even may not be clicked, are also loaded into the client side.
By clicking or hovering over them, we simply turn the hidden status of the related information
into visible mode. AJAX architecture is a great solution for this problem. By using the AJAX,
instead of loading all of the webpage content into client side, by clicking, or hovering over a
term, we make request to the server using the clicked term only as an input, and get the response
from server only related to that term, and load the result to the website at client side dynamically.
Preloading all the information might be scalable for small amount of data, however, it would not
be okay for our case, where we have thousands of named entities that we will be using to request
the server, and extract the related information from the ontology.
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Figure 13: The traditional model for web applications (left) and the Ajax model (right) [11].

Not having to reload the whole page, but just insert the data returned from the server into
the webpage boosts the speed considerably. Thus, rather than a web application, it feels like
desktop application due to its speed, as we have experienced the use of Ajax at the Gmail,
Google Maps, Google suggest, etc.
Browsers that support Ajax are as follows; Microsoft Internet Explorer version 5.0 and
above, Mozilla Firefox, SeaMonkey, Camino, Flock, Epiphany, Galeon and Netscape version 7.1
and above. Apple Safari version 1.2 and above. Opera browsers version 8.0 and above, including
Opera Mobile Browser version 8.0 and above [12].
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Despite its name, you can use the XMLHttpRequest object with more than just XML.
You can use it to request or send any kind of data--keep in mind, though, that JavaScript
processes the response from the server [13].
While no browser plug-in is required for Ajax, it requires users to have JavaScript
enabled in their browsers. This applies to all browsers that support Ajax except for Microsoft
Internet Explorer 6 and below which additionally require ActiveX to be enabled, as the
XMLHTTP object is implemented with ActiveX in this browser. Internet Explorer 7, however,
will implement this interface as a native JavaScript object and hence does not need ActiveX to be
enabled for Ajax to work [12].

APPENDIX B – SemDis API
In the LSDIS Lab, we have investigated about loading big RDF files. Brahms is a RDF datastore
designed for that purpose. Various aspects of BRAHMS RDF Store influenced the design of
SemDis API. In fact, the underlying UML model is the same. Thus, this Java implementation can
be used for quick prototyping and later ported into C++ Brahms implementation whenever
loading large RDF datasets is required. Alternatively, the Java bindings of Brahms can be used
as well. Such java bindings were coded with respect to a JAVA API, basically, a set of java
interfaces, which we call SemDis API.
There is also a Java-only main-memory implementation of this API, and that is what we
have used in this Semantic Browser project.
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APPENDIX C – Apache Tomcat
As the servlet container in our application, we used Apache Tomcat. Apache Tomcat is the
servlet container that is used in the official Reference Implementation for the Java Servlet and
Java Server Pages technologies. The Java Servlet and Java Server Pages specifications are
developed by Sun under the Java Community Process.
Apache Tomcat is developed in an open and participatory environment and released
under the Apache Software License. Apache Tomcat is intended to be a collaboration of the best
developers from around the world [8].

APPENDIX D – Apache Ant
We used Apache Ant for the compilation and installation of Java & JSP part. Apache's ANT is a
java build tool that replaced using modifications of make early in the history of java
programming. Most Modern IDE's either integrate with using ANT or have a plugin for using
ANT as your Java Build Tool.
Jame Duncan Davidson started creating ANT in early 1999 to solve a problem that he
had in developing Tomcat. He was using shell scripts to compile that were introducing errors in
the build process. Thus he wrote the ANT tool to control the build process from an xml script
and this tool became an Apache project in 2000.
Although ANT is a stand alone tool it has become the defacto standard java build tool
both in stand alone forms and integrated in the top IDEs. Thus it is important for beginning java
programmers to get a good grasp of how to use the ANT java build tool in their projects [7].
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