Is a SPARQL Endpoint a Good way to Manage Nursing Documentation

ﬁ UNIVERSITY OF AGDER

Is a SPARQL Endpoint a good way to Manage Nursing Documentation

by
Muhammad Aslam

Supervisor: Associate Professor Jan Pettersen Nytun

Project report for Master Thesis in Information & Communication Technology
IKT 590 in Spring 2014

University of Agder
Faculty of Engineering and Science

Grimstad, 2 June 2014
Status: Final

Keywords: Semantic Web, Ontology, Jena, SPARQL, Triple Store, Relational Database

Page 1 of 86



Is a SPARQL Endpoint a Good way to Manage Nursing Documentation

Abstract.

In Semantic Web there are different technologies available, among these
technologies ontologies are considered a basic technology to promote semantic
management and activities. An ontology is capable to exhibits a common, shareable
and reusable view of a specific application domain, and they give meaning to
information structures that are exchanged by information systems [63]. In this project
our main goal is to develop an application that helps to store and manage the patient
related clinical data. For this reason first we made an ontology, in ontology we add
some patient related records. After that we made a Java application in which we read
this ontology by the help of Jena. Then we checked this application with some other
database solutions such as Triple Store (Jena TDB) and Relational database (Jena
SDB). After that we performed SPARQL Queries to get results that reads from
databases we have used, on the basis of results that we received after performing
SPARQL Queries, we made an analysis on the performance and efficiency of
databases. In these results we found that Triple Stores (Jena TDB) have capabilities
to response very fast among other databases. In this report we also try to present an
idea about [62] load times of other native triple stores and discuss the inferencing
capabilities of Sesame native, Mulgara and Virtuoso backed with Jena [62]. In this
[62] also discuss the suitability and performance of the triple store when used as a

backend for Bioportal.
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1 Introduction.

The Semantic Web is a liaison of the information that is labeled in a manner that
allows information processing systems and systems to access and utilize it
effectively. The basic aim of the semantic web is to provide a framework that permits

information to be applied again and again across multiple applications.

The Semantic Web is a collaborative movement led by the international standards
body, the World Wide Web Consortium (W3C) [1]. The standard promotes common
data formats on the World Wide Web [1].

Moreover, The Semantic Web is an evolving extension of the World Wide Web in
which the semantics of information and services on the web is explained, making it
possible to interpret and meet the requests of people and machines to use it well.
At its heart, the semantic web consists of a lot of design principles, collaborative
working groups, and a sort of enabling technologies. Some components of the
semantic web are yet to be carried out or taken in. Other components of the semantic
web are defined in formal specifications. Some of these include Resource Description
Framework (RDF), a form of data exchange formats (e.g. RDF/XML, N3, Turtle, N-
Triples), Knowledge representation languages (KRLs) or notations such as RDF
Schema (RDFS) and the Web Ontology Language (OWL), all of which are meant to
offer a schematic description of concepts, terms, and relationships within a given
knowledge area. You will find a brief explanation about above listed concepts in
chapter 2 (Theoretical Background) of this report.

A different interpretation of the semantic web is that it would be a good deal more
time-consuming to produce and put out content because there would need to be two
formats for one piece of information: one for human viewing and one for machines
[1]. Nevertheless, many web applications in development are addressing this event
by creating a machine-readable format upon the publishing of information or the
request of a machine for such data. To sustain this idea we try to build a semantic
web application that keep the record of nursing patients in the form of machine

readable data.
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1.1 Background.

The “semantic web” is an elongation of the current web in which information is given
well-defined meaning, better enabling computers and people to work in cooperation
[16]. The semantic web is much more useful than the present day web where we use
HTML. The semantic web comprises a lot of design principles, collaborative working
groups, and a sort of enabling technologies [17]. The restrictions of the current web
can be solved by the semantic web. The Semantic Web standards and tools include
XML, XML Schema, RDF, RDF Schema and OWL that are organized in the stack.
This provides service in e-commercialism and commercial enterprise to business
applications.

The accelerated adoption of nursing terminologies supports new opportunities to
create semantically interoperable healthcare applications and solutions for evidence-
based medical specialty. One essential for meaningful usage of miscellaneous
Electronic Health Record (EHR) data is a common incorporated clinical model to
ensure explicit data representation, rendering, and substitution within and across
heterogeneous sources and applications. To have a semantic web application that
can query the patients data over HTTP, here we tried to make a semantic web
application that store and manage the nursing patient records efficiently and medical
staff (nurses) can use that data when they need. For example, from the use of this
application they are able to query the data about patients and their records, but to
understand whole scenario of semantic web application and how they work there is
a need to have some general understanding which we have presented in next parts

of this report.

1.1.1 Purpose of Semantic Web.

Most of today’s Web content is suitable for human “ingestion”, even Web content that
is generated automatically from databases is normally shown without the original
structural information found in databases. Most of the people uses web today for
seeking and making use of information, searching for and getting in touch with other

people, reviewing catalogues of online shops and ordering products by filling out
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forms. The current Web activities are not particularly well supported by software tools
Except for keyword-based search engines (e.g. Google, AltaVista, Yahoo).

The Key Problem of Today’s Web is that the meaning of Web content is not machine-
accessible, which means lack of semantics. The Semantic Web Approach is to define
Web content in a strain that is more easily machine-process able, apply intelligent
techniques to take vantage of these representations.

Straight off a day’s it is very common that man are capable of using the Web to
conduct out their jobs such as getting a Dutch word for "train", reserving an airplane
ticket, and searching for a low price for an iPhone. Nonetheless, just only a computer
is not being able to deliver the goods the same tasks without human directions

because web pages are designed to be read by people, not machines.

The primary concept of a 'semantic web' certainly coming from some marking code
other than bare HTML, is built along the acceptance that it is not achievable for a
machine to suitably interpret code based on goose egg but the order relationships of
letters and lyric. If this is not truthful, and so it may be possible to make a 'semantic
web' an HTML alone, pulling in a specially built 'semantic web' coding system
unnecessary. In that location are hidden dynamic network models that can, under
certain conditions, be 'trained' to appropriately 'learn' which means on the basis of
data of the order in the "learning” process for relations (a variety of elementary

grammar work).

The Semantic Web Impact actually means the Knowledge Management, Knowledge
management concerns itself with acquiring, accessing, and maintaining knowledge
within an establishment. Semantic web enabled knowledge management it means
knowledge will be organized in conceptual spaces according to its meaning for that
because there are automated tools for maintenance and knowledge discovery.
Moreover, Semantic Web does not build just on text based manipulation, but rather

on machine-processable metadata.
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1.1.2 Limitations on Today’s Web.

Numerous files on a conventional computer can be generally divided into documents
and records. Documents like educational notes, mail messages, reports, and patient
care clinical records are read by humans. Data, like calendars, address records, play
lists, and spreadsheets are presented using an application program which lets them
be viewed, searched and combined in many ways. At present, the World Wide Web
is built mainly on documents written in Hypertext Markup Language (HTML), a
markup convention that is used for coding a body of text scatter with multimedia

objects such as images and related courses.

We can take here an example Metadata tags;

<meta name="keywords" content="computing, computer studies, computer">
<meta name="description" content="5478 for sale">

<meta name="author" content="AAAA"> [18]

This example can provide a method by which computers can identify the content of
web pages.

With HTML and a tool to contribute it (possible web browser, possibly with user
agent), one can develop and present a page that lists items for sale. The HTML of
this catalog page can get simple, document-level assertions such as "this document's

title is 'Taj Superstore™. But there is no competence within the HTML itself to declare
unambiguously that, for example, item number 5478 is an AAAA with a retail price of
Rs.200, or that it is a consumer product. To a certain degree, HTML can only say that
the span of text "5478" is something that should be positioned near "AAAA" and
"Rs.200", etc. There is no way to say "this is a catalog" or even to establish that
"AAAA" is a kind of title or that "Rs.200" is a price. There is also no way to express
that these pieces of information are bound together in describing a discrete item,

distinct from other items perhaps listed on the page.

Semantic HTML [3] refers to the traditional HTML practice of markup following
intention, rather than specifying layout details at once. For example, the use of <em>
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denoting "emphasis” rather than <i>, which specifies italics. Layout details are left up
to the browser, in combination with Cascading Style Sheets [3]. But this practice falls
short of specifying the semantics of objects such as items for sale or prices.
Microformats[4] represent unofficial attempts to extend the HTML syntax to create
machine-readable semantic markup about objects such as retail stores and items for

sale. For this kind or problems Semantic Web is a solution.

1.1.3 Solution by Semantic Web.

The Semantic Web takes the solution further. It involves publishing in languages
specifically designed for data: Resource Description Framework (RDF) [5], Web
Ontology Language (OWL) [6], and Extensible Markup Language (XML) [7]. HTML
describes documents and the links between them. RDF, OWL, and XML, by
difference, can describe superficial things such as people, meetings, or automobile
parts. These technologies are together in order to provide descriptions that
continuation or replace the content of Web documents. Thus, content may obviously
as descriptive data stored in Web-accessible databases, or as markup within
documents. The machine-readable descriptions enable content managers to add
meaning to the content, i.e. to describe the structure of the knowledge we have about
that content. In this way, a machine can process knowledge itself, rather of text, using
processes similar to the human deductive reasoning and inference, thereby obtaining
more meaningful results and expedite the automated information gathering and
research by computers.

Here is an example of a tag that would be used in a non-semantic web page:
<item>monkey</item>

Encoding similar information in a semantic web page might look like this:

<item rdf:about="http://dbpedia.org/resource/Monkey">Monkey</item>

1.1.4 Example Application about Semantic Web.

Let’'s suppose a semantic web system was created to conduct or to carry out the

selling and buying of used cars over the internet.
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The system could contain two main applications. One for people who wanted to buy

a car and the other for people who wanted to put up a car for sale.

In a “real life” this application may ask to identify ourselves the first time we used it.
Our ID would be stored in an RDF file. ID would identify as a person with name,
address, email and a Personal number. When we submitted the query, the
application would return a list of cars for sale, and the list could be trained down and
categorized by year, price, location, and availability. This information would be

returned by searching the web for RDF files continuously.

People who want to sell a car can use the ISA application. When we submit the form,
the application would ask for more information and store ID and the information in

RDF file made available to the web. The RDF file would contain information like:

ID: Name, address, email, Personal Number, Phone Number.

Selling item: type, model, picture, price, picture, specifications.

Behind the scene the "ISA" application creates an RDF file with a lot of RDF pointers.
It creates an RDF pointer to a file with information about your person, an RDF pointer
to information about BMW and BMW models, an RDF pointer to BMW dealers and
resellers, about parts, about prices, and much more. An RDF pointer is a pointer
(actually an URL, i.e. <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>) to information
about things (like a knowledge database). The beauty about this is that you don't
have to describe yourself, or the car model. The RDF application will sort it out for
you with the help of SPARQL and Jena Programming tools.

1.2 Problem Statement.

The Semantic Web aims to establish a common framework that allows data to be
shared and reused across applications, enterprises, and community boundaries. In
current situations nursing reports are generally written by hands or in a text editor.
There is an on-going project at UiA that concerns correct and professional use of

nursing terminology in nursing documentation. The nursing terminology in question
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is described in The International Classification for Nursing Practice (ICPN®), which
is an ontology expressed in Web Ontology Language (OWL). An application for
learning nursing terminology is being developed; the application involves testing of
student’s terminology skills.

Our project is a subproject of this concerning how to effectively store such data
(where one requirement is use of SPARQL). RDF is the representational language
being used and SPARQL is the preferred RDF query language. A triple store is a
database used for storing and querying RDF data. We have to build a semantic web
application that is capable to demonstrate how we can set up our own SPARQL

endpoint (services that accept SPARQL queries and return results).

1.3 Literature Review.

1.3.1 Correct and professional use of nursing terminology in nursing
Documentation.

Any written or printed record of activities is termed as a document. In health care
domain the patient’'s medical record is a document, which is legal and encompasses
all the activities involving patient care. It primarily includes the patient’s bio data,
administration of tests, past and present medical history, treatments, procedures,
results and response of patient to treatments, changes in patient’s condition,
response to intervention, evaluation of expected events and complaints from patients
and household.

The methods of reporting and recoding the relevant data about the patient care have
been produced as a response to the standards of practice, policies, society’s norms
and for legal and regulatory measures. This transcription and accounting system are

counted as the major ways of communication between health care providers [31,32].

1.3.2 Purposes of Documentation.

There are two main functions of documentation, that is, professional responsibility
and the accountability. The documentation provides the evidence of accountability of

health care professionals and their responsibilities, to the patient, institutions,
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profession and the society. Apart from this the documentation is also a source of

communication, and for a purpose of research and auditing [31,32].

Therefore, nursing documentation is of the most important clinical documentation.
There must be the practice of correct and professional use of terminology in nursing
documentation. A thorough nursing documentation is believed as a precondition for
secure patient care and the efficient cooperation and communication within the team
of health care professionals [33,34]. The systematic methodology for nursing practice

generally in International Classification for Nursing Practice (ICNP) consists of three

phases, there are other process models with different number of phases, that is an
assessment of the relevant information, diagnosis and definition of patients problem
& resources, derivation of nursing aims, planning tasks, implementation &
documentation of performed tasks, evaluation of nursing care and redefinition of

possible care plan [35]. In [38] they state:

e Assessment of relevant data: The assessment of the information related to
an actual and potential health care need is summarized. During review, any

new findings and changes in patient’s condition are highlighted.

¢ Definition of patient’s problem and resources: with the help of International
Classification of Nursing Practice (ICNP) international terminology, patient’s

problems and needs are identified.

e Planning and outcome detection: The probable outcomes and goals of
patient/client care should be documented on the care plan or on the critical

pathway instead of on progress notes.
e Implementation: After performing intervention, observations, findings,

treatments, teaching, and relevant clinical judgments and patient/client’s

response should be documented on the progress notes and on flow sheet.
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e Evaluation of nursing care: The effectiveness of interventions is evaluated
and documented in terms of expected outcomes. Advance towards the goal,
response of patient to tests and treatments, the client and his/her family
response to teaching, questions, statements, complains and nursing

interventions should all be documented.

e Redefinition of possible care plan: The revision of planned care and
reasons along with supporting evidence for it and clients agreement are also
documented. [36]

Following the nursing process the nursing documentation must be logical, focused,
related and relevant to care, the outcomes representing the each phase of the nursing

process.

1.3.3 Systems of documentation:

Systems of documentation of data relevant to patient/client care have been
developed primarily in response to the demands and requirements, that health care
professionals be held to societal norms, necessity of professional standards of
practice and of legal & regulatory standards. It is also the requirement of institutional
policies and standards [31,32]. The paper based system was usually used for nursing
documentation, and that takes high documentation efforts, low quality and the limited
acceptance of the nursing process are reported [34, 39-41]. Thus, to support
documentation, system documentation and computerized nursing process has been
innovated to dilute the high efforts, documentation, improve the quality and to allow

the reuse of data for management of the patient cure process and inquiry. [42-47].

Subsequently, several terminologies have been developed in order to serve as a
response sets for nursing diagnosis, outcomes, and interventions. It is presently the
preview of the American Nurses Association [ANA] Committee on Nursing Practice
Information Infrastructure, to develop the recognition criteria that formally recognize

the terminologies meeting the established criteria [48]. During the year, early 1990s,
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the Committee on Nursing Practice Information Infrastructure, has recognized more
than one terminology [i.e. Response set] for each of the data elements such as
diagnosis, intervention and outcome. More examples of the recent recognition of
entities are, Systematized Nomenclature of Medicine Clinical Terms [SNOMED CT]
and ABC Codes. These two entities encompass the content from the originally
recognized nursing terminologies such as, NANDA, NOC, NIC, Omaha System, Peri-
operative Nursing Data Set, the Clinical Care Classification and International
Classification of Nursing Practice (ICNP). But the need is to use these recognized
entities in a correct way to achieve our professional goal of generating the

comparable nursing practice data [49].

It has been considered in previous researches that medical support is represented
usually as a free text, which almost makes it unusable for all other analytical
functions. Therefore, it would be of great benefit of having data structured in a
computerized readable form. Such type of web of data enables web applications to
access ample sources of information and provides the intelligence overhaul. The
main idea or focus is to complement the natural language text in the web with the
unambiguous and explicit semantics based on the formal knowledge representation.
Therefore, this can be accessed automatically by the computer to interpret the
information represented in the form of natural language. The RDF, which is Resource
Description Framework, is used usually as the formal language to represent such
data. Hence, semantic web technologies consist of such technologies that help in a
buildup of semantic based representation of data and processing of web information.
[50]

1.4 Problem Solution.

The effectiveness of discovering SPARQL endpoints for a given URI has been
expressed as a desired property of Linked Open Data [55]. In our case, we will try to
present different strategies for that URI-to-endpoint resolution, based on a sample of
a Triple Dataset. The main objective of this application is to look into how to best

store and manage such data, and what are the profiling of these characters of data
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when it adds up to efficiency and performance. First, we will set the working Ontology
to insert data, after having the data in ontology we will make a web application for
setup a SPARQL Endpoint application, then we try to build Triple Store and Relational
Databases for the same Ontology, through which we will be able to access data on
http server by applying SPARQL Queries. You will find a complete scheme of setup
SPARQL Endpoint and how we query our patient records from different type of
Databases in Chapter 3 (Solution).

1.5 Report Outline.

In this report | try to survey the state of the art current enabling technologies for
Semantic Web Services for making a semantic web application that will provide
assistance to manage clinical data. Further, we analyze and contrast three
approaches of Databases for semantic web services according to the proposed
dimensions. The rest of the report is structured as follows: in Chapter 2 (Theoretical
Background) we provide a general overview of Semantic Web services, tools and
technologies and how we are going to use these technologies for our problem
solution; Chapter 3 (Solution) presents the whole setup and implementation of
ontology data and code through which we have solved our problem, this includes;
Requirements (which tools we need to solve the problem are) its implementation,
design specification and finally its validation and Testing. In chapters 4-5 we discuss
and conclude the principal differences among the approaches used to store and
handle the patient information and their adequacy, efficiency, productivity and

effectiveness that are submitted.
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2 Theoretical Background.

The desire to expand the capabilities of the Web to publishing of structured data is
not new, and can be drawn back to the earliest proposal for the World Wide Web

[Endnote: http://www.w3.org/History/1989/proposal.html]. According to Berners-Lee

[60]“The first step is putting data on the Web in a form that machines can naturally
understand, or converting it to that form. This creates what I call a Semantic Web —
a web of data that can be processed directly or indirectly by machines”. While the
Semantic Web, or Web of Data, is the goal or the end result of this process, Linked
Data offers the way to achieve that end. Nevertheless, in recent years the Web has
evolved from a global information space of connected documents to one where both
documents and information are related. At the core of this development is a set of
best practices for publishing and connecting structured Web known related data.

Medical documentation is represented usually as a free text, which almost makes it
unusable for all analytical purposes. Therefore, it would be of great benefit of having
data structured in a computerized readable form. Web search is a key technology of
the Web, since it is the primary way to access content in the ocean of Web data.
Current Web search technologies are essentially based on a combination of textual
keyword search with an importance ranking of documents via the link structure of the
Web [23]. For this reason, however, current standard Web search does not allow for
a semantic processing of Web search queries, which analyzes both Web search
gueries and Web pages with respect to their meaning, and returns exactly the
semantically relevant pages for a query. For the same reason, current standard Web
search also does not allow for evaluating complex Web search queries that involve

reasoning over the Web [24].

2.1 Technologies in Semantic Web.

The semantic web consists of the standards and tools of XML, XML Schema, RDF,
RDF Schema and OWL that are organized in the Semantic Web Stack [9]. The OWL
Web Ontology Language Overview [8] describes the function and relationship of each

of these components of the semantic web.
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The RDF, which is Resource Description Framework is used usually as the formal
language to represent such data. Hence, semantic web technologies consist of such
technologies that help in a buildup of semantic based representation of data and
processing of wed information [25].

RDF [5] is a simple language for expressing data models, which refer to objects [11]
and their relationships. An RDF-based model can be represented in XML syntax.
RDF Schema [10] is a vocabulary for describing properties and classes of RDF-
based resources, with semantics for generalized-hierarchies of such properties and
classes. Moreover, RDF provides the common framework that helps in representing
data or information in the semantic web. Previous researches have shown that this
framework has provided the means by encoding the data in the form of ‘set of triples’.
The set of triples is in the form of subject-predicate-object. The subject and the
Predicate must be the URI and the Object either can be a URI or a literal and the
collection of triples forms the RDF graph. The statement in RDF triple states the
relationship, which is indicated by the predicate that exists between the subject and
the object of the triple. Therefore the meaning of the RDF graph is the conjunction of
the statements that corresponds to all of the triples it contains [26].

XML [7] provides an elemental syntax for content, structure within documents, yet
associates no semantics with the meaning of the content contained within. XML
Schema [10] is a language for support and restricting the structure and content of

elements contained within XML documents.

OWL [8] adds more vocabulary for describing properties and classes: among others,
relations between classes, cardinality equality, richer typing of properties, and

characteristics of properties (e.g. Symmetry), and enumerated classes.

Current ongoing Semantic Web standardizations include:

Rule Interchange Format (RIF) [12] as the Rule Layer of the Semantic Web Stack.
The intent is to improve the usability and value of the Web and its interconnected

resources [13] through:

Page 22 of 86


http://en.wikipedia.org/wiki/Data_model
http://en.wikipedia.org/wiki/RDF_Schema
http://en.wikipedia.org/wiki/Usability
http://en.wikipedia.org/wiki/Resource_(computer_science)

Is a SPARQL Endpoint a Good way to Manage Nursing Documentation

Servers which expose existing data systems using the RDF and SPARQL standards.
Many converts to RDF exist for different applications. Relational databases [14] are
an important source. The semantic web server attaches to the existing system
without affecting its operation.

Documents "marked up" with semantic information (an extension of the HTML
<meta> tags that used in today's Web pages to supply information for Web search
engine that using the web crawler) [1]. This could be machine-understandable
information about the human-understandable content of the document (such as the
developer, label, description, etc., of the document) or it could be purely metadata
representing a set of facts (such as resources and services elsewhere in the site).
(Note that anything that can be identified with a Uniform Resource Identifier (URI)
can be described, so the semantic web can reason about animals, people, places,
ideas, etc.) Semantic markup is often generated automatically, rather than manually.
Ordinary metadata terminologies (ontologies) and maps between terminologies that
allow document developers to know how to mark up their documents so that agents
can use the information in the supplied metadata (so that Author in the sense of 'the
Author of the page' won't be confused with Author in the sense of a book that is the

subject of a book review) [1].

Programmed agents to perform tasks for users of the semantic web using this data;
Web-based services (often with agents of their own) to supply information specifically
to agents (for example, a Trust service that an agent could ask if some online store

has a history of poor service or Spamming) [1].

2.2 Terminologies Used.

In this section we present the general idea about the tools and terminologies which
we are going to use to solve our problem of this project to understand the basic
concepts about ontology like; how classes, objects, individual and their objects and
data properties works. Here we present the general idea the implementation and

design work you will find in Chapter 3 (Solution).
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In Computer science modeling techniques, traditional knowledge includes semantic
web, expert systems, conceptual schema and the entity-relationship diagram. These
traditional techniques work better in tight areas and are not good for reuse, web
sharing or scalability. The main difficulty is that knowledge sharing modelers differ in
the interpretation of relationships, properties and objects in a domain.

The semantic web is a reinforced plan in which agents communicate calculated to
accomplish the agenda web. Ontology-based models are used increasingly to
provide precise definitions and logical deductions necessary to automate processes

in a shareable web environment.

2.2.1 What is an ontology?

Ontologies are considered as one of the pillars of the Semantic Web, even if they do
not have a universally accepted definition [19]. A (Semantic Web) vocabulary can be
regarded as a special form of (usually mild) ontology, or sometimes simply as a
collection of URI with a (usually informal) descriptive sense [19].

In Computer science ontology is a model of wider knowledge with a reasoning
mechanism that facilitates the sharing of knowledge on the semantic web. In
ontology, knowledge about a domain is modeled using a knowledge representation
language with a reasoning mechanism. The knowledge representation language is
used to create a set of conditions and assumptions (axioms) on the meanings of
words and to specify the classes, properties and relationships between classes and
objects in the domain. Reasoning engines are available to reason based on the
semantics of properties and relationships between classes and individuals referred.
There are reasoning algorithms to check the consistency of a model and build
taxonomic structures.

Construction of ontologies is a research topic very relevant in terms of extracting
information from the web [20]. Ontologies are constructed using an ontology
language, such as RDF, OWL, etc. and connected to each other in a decentralized
manner to clearly express the semantic content and organize semantic boundaries

to extract specific information [20].
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The role of Ontologies on the web is to provide a shared understanding of domain
like; semantic interoperability, overcome differences in terminology and mapping
between ontologies. Ontologies are useful for the organizations and navigation of
web sites. Ontologies are also useful in web search and it improves the accuracy of
web search [51]. For example, search engines can look for the pages that refer to a
precise concept in an ontology. By the use of ontology web search accomplish
generalization or specialization of an information. For example, if any query fails to
find a relevant document the search engine can suggest the user a more general
guery and there is a need of too many answers to retrieve, the search engine can
suggest the user a specialization [52].

Ontology helps in providing solutions for the document identification, authentication
of end to end services, authorization, data integrity, confidentiality, organization and
sharing of isolated pieces of information, it also faces some limitations, In [20] that
are stated as;

e Quite impossible to define the boundaries of ontologies of a particular
domain’s abstract model.

e Automatic ontology creations, the automatic emergence of ontologies to
create new ontologies and identification of possible existing relationships
between classes to draw the taxonomy hierarchy automatically is required.

e Ontology validators are restricted and not capable of validating all kinds of
ontologies e.g. based on complex inheritance relationship.

e Domain specific ontologies are highly dependent on the domain of the
application and because of this dependency it is not possible to find out the

general purpose ontologies from them.

Because of these limitations in the Semantic Web ontology is not currently able to
achieve the real objectives of the structuring of any information on the web in the
process of the machine format.

The idea to define here ontology is to give some information, because to solve our
problem area we have to make an ontology to have data and through this we will be
able to access and manage that data by using different databases. The whole

structure of our ontology you will find in chapter three (3). In next parts of this chapter
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you find information about the tools and technologies we used to make our semantic

web application.

2.2.2 What is Protégé.

In this section | will introduce the basic idea of ontology modelling using the Protégé
development tool.

An ontology for semantic web is usually built in a notation (language) as Resource
Description Framework Schema (RDFS) and Web Ontology Language (OWL). These
assessments are derived from Extended Markup Language (XML). Tools are
available to help in the construction of ontologies. Current editing tools support;
visualization, query and inference as well as more advanced tasks such as aligning
and merging ontologies. Tools may include a knowledge representation language or
can support a range of languages and Knowledge Representation can promote a
particular development methodology.

Protégé is a system used to generate ontologies. It offers the power to define the
logical relationships between classes and individuals, and for the generation and
debugging of ontologies and translation into several basic notations.

The Protégé platform supports two main ways of modeling ontologies via the Protégé-
Frames and Protégé-OWL editors. Protégé ontologies can be exported into a variety
of formats including RDF, RDFS, OWL, and XML Schema. Protégé is based on Java,
is extensible, and provides a plug-and-play environment that makes it a flexible base
for rapid prototyping and application development. Examples are a visual editor for
OWL (called OWLViz), storage back-ends to Jena and Sesame, as well as an OWL-
S plugin, which provides some specialized capabilities for editing OWL-S descriptions
of Web services [21].

2.2.3 Ontology Terminologies.

In the literature on ontologies, you will determine that the terms are employed
reciprocally in books, tutorials and documents. For example, the term object is used
interchangeably with the term individual. This utilization is due in part because the

subject of study of ontologies overlaps with the domains of databases, and object-
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oriented programming mathematical logic. Terminology is suitable for these is used
in dissimilar ways. In this master thesis, | have tried to use the terminology as

described in the following paragraphs.

2.2.3.1 What is a Class.

The term "class" shall mean a collection or group of individuals. For example, the
class of cars will be equipped with individuals representing cars that may exist, such
as your Audi and his Corolla. In this section we use proper names in Courier font to

designate classes. For example, the class containing all persons is denoted by

Person.

2.2.3.2 What is an Individual (Object).

An individual is a specific entity that occurs and belongs to a class. The term
individual is used interchangeably with the term object. For this we use capitalized
names with numeric suffixes to denote specific individuals such as,

Cl, C2, Personl, Person?

2.2.3.3 Subclasses and Superclasses.

A subclass is a sub collection of objects in the way that the class of Corolla Cars
forms a subcollection of the class containing all (types of) Cars. In the same way the
class of all (types of) Cars is a superclass of the class of Corolla Cars.

2.2.3.4 Object Property.

An object property of an individual is a relation of that individual to a second individual.
For example, an individual person may have a friend. We like having a friend as a
property of an individual. In other words, we will say 'hasFriend’' as the name of a
property that connects an individual to another individual who is the friend. So, here
we use paired notation to denote the property or relation indicating that Personl has
Person2 as a friend such as,

Personl hasFriend Person?
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2.2.3.5 Datatype.

The word datatype is used to indicate the nature of a datum. For example, the
datatype int shows the type of an integer number and the datatype string shows the

type of a string of characters.

2.2.3.6 Datatype Property.

A property of an individual type of data is a relation to that person on one type of data.
For example, the age of the individual may be 18. We say that the age of an individual
is a property relate to the individual to the particular integer that represents that age
of the individual. So, here we will use again paired notation to indicate the datatype
property or relation indicating that Personl is 18 years old such as;

Personl hasAge 18
2.2.3.7 Difference of a Relation and a Property.

The term 'relation’ is used interchangeably with the term ‘property’ to indicate a linking
of an individual to a second individual or to a datatype. Moreover, a relation may be
an association between two classes, for example a link between a document and an
organization that published that document. A property is a characteristic of a class in

a specific dimension such as legal name of an organization.

2.2.3.8 Description Logic.

A description logic, is a logical notation for describing or forming classes. For
example, if Cycle and CycleSteps are classes then

Cycle or CycleSteps

is a description logic expression describing or creating a further class that contains
all individuals from either class Personl or class Person2. The class Personl or
Person? is a superclass of both class Personl and class Person2.

As a second example, if Teacher is the name of a class and hasFriend the name of
an object property the expression

hasFriend some Teacher
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describes the class of all individuals who have as a friend an individual in the class

Teacher, i.e., have a teacher as a friend.

2.3 SPARQL.

Basically the term stands for Simple Protocol and RDF Query Language. SPARQL
is the standard query language for the RDF data, which is developed by W3C
SPARQL Working Group [27]. It has syntax similarities to SQL and queries the RDF
graph by pattern matching. SPARQL consists of series of clauses that defines the
desired information and runs against a data source, which is specified by URI that
returns the result set [28].

SPARQL is the standard query language for RDF, as SQL is the standard query
language for relational databases. In [22] they have define that If you are familiar with
SQL, you will see some similarities because it shares several keywords such as
SELECT, WHERE,etc. SPARQL contain some new keywords that you have never
seen if you come from a SQL world such as OPTIONAL, FILTER and much more
[22]. Main idea of SPARQL is pattern matching that describes the sub graphs of the
gueried RDF graph, sub graph that match your description yield a result.

A SPARQL query is executed on a RDF dataset, which can be a native RDF
database, or on a Relational Database to RDF (RDB2RDF) system, such
as Ultrawrap. These databases have SPARQL endpoints which accept queries and
return results via HTTP[22].

2.3.1 SPARQL Query.

SPARQL is the standard language to query graph data represented as RDF triples.
SPARQL is one of the three core standards of Semantic Web, alongwith RDF, and
Owl.

2.3.2 Types of SPARQL Queries.

There are several kind of SPARQL queries which are defined below,

e SELECT Return a table of all X, Y, etc. satisfying the defined conditions.
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e CONSTRUCT Find all X, Y, etc. satisfying the conditions, and substitute them

into the defined template in order to generate (possibly new) RDF statements,
creating a new graph.

e DESCRIBE Find all statements in the dataset that provide information about
the resource(s), (identified by name or description).

e ASK Are there any X, Y, etc, that satisfying the conditions.

2.3.3 Structure of SPARQL Query.

The structure of a SPARQL query is define below,

PREFIX owl: <http://www.w3.0rg/2002/07/owl#> (Definition of all prefixes define
like that)

SELECT ?name (this is the type of query that what to search for, i.e., Variable)
WHERE

{ ?x rov:legalName ?name } (this is RDF triple pattern, i.e., the conditions that to
be met).

2.4 Jena.

Jena is a framework for Java. It provides an API to extract data from and write
to graphs. The RDF graphs are represented as an abstract "model". A model can be
sourced with data from files, databases, URLs or a combination of these. A Model
can also be queried through SPARQL and updated through SPARUL [30]. Jena
implements APIs for dealing with Semantic Web building blocks such as RDF and
OWL. Jena's fundamental class for users is the Model, an API for dealing with a set
of RDF triples. A Model can be created from the file system or from a remote file.
Using JDBC, it can also be tied to an existing RDBMS such as MySQL [29]. In our
scenario | am using Jena because it will help me to access data from our OWL file,
Triple Store and Relational Database, the whole scheme of accessing data from

these databases have decribed in chapter 3 (Application Design).
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2.5 Related Works
In the past, a couple of attempts were cleared in a couple of institutions to avail with

the documentation of data and metadata. Some projects similar to this very project

have been attained in different countries Universities and Colleges but still there is

an indigence of a program specially designed for writing of nurse reports of patients

is there. Some of the related works done | have mentioned as follows:

RDF, Jena, SPARQL and the “Semantic Web” [53].

In this paper [53] they show how RDF-XML is used to serialize the information

represented using graphs, how RDF graphs can be read and written by using the

Jena software package, and how distributed graphs can be queried using the

SPARQL query language. It includes examples showing how SPARQL can be

used to query the data (such as the Gene Ontology) that is structured in

hierarchies, and how SPARQL queries can be submitted through sparkle
“‘endpoints” [53].

Benchmarking the Performance of Storage Systems that expose
SPARQL Endpoints [54].

In this paper [54] they introduce the Berlin SPARQL Benchmark (BSBM) for
comparing the performance of these systems across architectures. The
benchmark query mix illustrates the search and navigation pattern of a
consumer looking for a product. After affording an overview about the
invention of the benchmark, the paper demonstrates the outcomes of an
experiment comparing the performance of D2R Server, a relational database
to RDF wrapper, with the performance of Sesame, Virtuoso, and Jena SDB,

three popular RDF stores [54].

Discoverability of SPARQL Endpoints in Linked Open Data [55].

This paper [55] presents a quantitative analysis along the automatic
discoverability of SPARQL endpoints using different mechanisms. They

explore the success rates of those strategies using a large representative
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sample of URIs in Linked Open Data, and hash out the consequences.
Furthermore, they exhibit a simple, multi-strategy resolution service which
delivers SPARQL endpoints for URIs [55].

Efficiently Querying RDF Data in Triple Stores [56].

In this report [56], they have introduced a novel scheme to store, index, and
guery RDF data in triple stores. A graph feature of RDF information is taken
into considerations which might help trim down the join costs on the vertical
database structure. They partitioned RDF triples into overlapped groups, store
them in a triple table with one more column of group identity, and make up a

signature tree to index them [56].

Usage-Centric Benchmarking of RDF Triple Stores [57].

In this report [57], they purposed a generic benchmark creation procedure for
SPARQL, which they give to the DBpedia knowledge base. In contrast to
previous approaches, their benchmark is based on queries that were actually
issued by humans and applications against existing RDF data not resembling
a relational schema. In add-on, their approach does not simply contain the
guery string, but also the features of the queries into consideration during the

benchmark generation process [57].

SP2Bench: A SPARQL Performance Benchmark [58].

In this paper [58], they have developed SP2Bench, a publicly available,
language-specific SPARQL performance benchmark. SP2Bench is settled in
the DBLP scenario and comprises both a data generator for creating arbitrarily
large DBLP-like documents and a set of carefully designed benchmark
gueries. The generated documents mirror key characteristics and social-world
distributions encountered in the original DBLP data set, while the queries
implement meaningful requests on top of this data, insuring a variety of

SPARQL operator constellations and RDF access patterns [58].
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e Deep integration of spatial query processing into native RDF triple
stores [59].

In this paper [59], they have discussed how spatial data processing can be
natively integrated into RDF modeling and querying. Their solution models,
spatial features as typed complex literals, and defines spatial predicates as
filter functions in SPARQL. Moreover, they discuss the rich integration of these
concepts into RDF triple stores, and present an implementation of a triple store

with spatial functionality [59].
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3 Application Design.

This section of report divided into different section. As | know that for my solution | need to
setup a SPARQL Endpoint, for that first we look at the tools and technologies we need. After

that | will start development and implementation of an application.

3.1 Requirements for SPARQL Endpoint Setup.

First, we need to fix up our development environment. This environment makes the
basis for most of the examples in the report. Here | keep it simple and straightforward.
Here is an overview of the component which | used to build my SPARQL Endpoint

environment:

Compiling and execution tools: Java Software Development Kit 7 (SDK)
Code-editing tools: Eclipse Kepler Integrated Development Environment
(IDE)

Ontology editing tool: Protege Ontology Editor 4.3

Semantic Web Programming Framework: Apache Jena (SDB and TDB)
Semantic Web Framework 2.5.6.

MySQL (for Relational Database Connectivity).

REST Easy Web services.

JQUERY.

Tomcat Apache Web Server 7.0.

VVVYVY VYV VYV

Within the Semantic Web community, most of the tools that have been developed to
date use the Java programming language, and for our problem solution we are using
them as well. Therefore, our examples require a Java Software Development Kit
(Java SDK).l assume that readers are familiar with Java. The SDK provides you with
compiling tools and a runtime virtual machine to run Java programs. | am using here
the latest release of Java, The examples also work with Java 1.6. In addition to the
SDK, you will need an editor. You can use any Java editor you like, but all of the
examples in my application make use of the Eclipse Kepler JEE Integrated
Development Environment (IDE). While my examples are oriented toward Eclipse,
none of them depend on Eclipse, so can be run with other Java editors also e.g.
NetBeans IDE.
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We need to create, edit, and combine ontologies using an ontology editor. These files
can also be hand-coded in a standard text editor, but an ontology editor offers many
conveniences and features specific to ontologies. | used version 4.3 of the freely
available Protégé ontology editor. In order to operate an ontology programmatically,
we also need a Semantic Web programming framework. This contains the libraries
to allow programs to interact with Semantic Web data, such as ontologies and
instance data, and to allow application to take advantage of reasoners and query
languages. For this purpose, | use the Apache Jena Semantic Web framework
version 2.11.1. To help to understand the examples of Apache Jena | already have
given an overview about Jena framework in chapter 2. The standard Jena download
also includes extensive documentation. The documentation resides in the doc
directory underneath the directory where you unzipped Jena. The Jena framework
download includes several reasoners. So we don’t need to worry about downloading
and installing these reasoners separately.

Rest Easy is java JBOSS framework for applications for Restfull web service which
is used to transfer state of resources to end user (browser) using JSON or XML in
my case | am using JSON.

Tomcat Apache is a web server for java web applications, In our case our rest full
java application runs inside tomcat server, when browser request

url(http://localhost:8080/endpoint/message/patient) tomcat handover request to our

web application. Our web application uses Jena and execute query and return result
(java object) to our Rest Easy, Rest Easy converts that result into JISON format which

Jquery parses and renders on browser.

3.2 Design Specification for SPARQL Endpoint.

For design specification of our SPARQL Endpoint solution, first we need to have
some data which we can access over HTTP and to check its efficiency in term of use
of different database approaches. For that reason we need a working ontology in
which we insert some clinical related data. To build an ontology we need a Protégé

Software tool (as we have mentioned earlier in our previous section) through which
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can construct an ontology, as our main focus is to maintain the clinical patient record
for nursing students, so will try to make an ontology that fits this goal.

After conducting several meetings with supervisor we have decided to take first a
UML Model (provided from supervisor) for our ontology, then we will make a working
ontology on the basis of that UML Model and insert some random data in it. The

model for ontology is shown in figure 1 below.

NursingReport

hasNursingReport

reportld:String ”
19 1 | hasPatient
>k
Cvcle Patient
10 name
* SSN
CvcleStep

0.. *T

0..
Phrase IO—

*

writtenText : String
Fig. 01. UML Model for Ontology

This model has been taken to build an ontology over it, as it clearly stated in figure 1
that model have five classes, ‘NursingReport’, ‘Cycle’, ‘CycleStep’, ‘Phrase’ and
‘Patient’. There are two main classes in this model. Class ‘NursingReport’ and class
‘Patient’. The system on this model will be like, a ‘Patient’ has a ‘NurseReport’, and
‘NurseReport’ have one or more ‘Cycle’ for a patient, which has some ‘CycleStep’
and ‘CycleStep’ contains ‘Phrase’ which has some written text about the specific
disease related to a patient. If we see generalization between classes
‘NursingReport’ to ‘Patient’ it means a ‘NursingReport’ contain at least one ‘Patient’
like written in model ‘hasPatient’. While class ‘Patient’ have attributes ‘Name’ and
‘SSN’ that contain the information about a patient. In next sections of this report you

will find the complete development mechanism of Ontology on above said Model.
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3.2.1 Making Classes in Protége.

In this section of the report we will define the complete Ontology Modeling. An
Ontology consists of classes, individuals and properties of the individuals in a
domain. Logical relationships between classes and individuals are specified using a
description logic (DL). Reasoners are programs that interpret the description logic of
the ontology and are able to check the consistency and structure of the ontology.

In this introduction we give definitions and examples of classes, objects and
properties, from which we have design our problem solution.

There are several naming conventions for classes and individuals. We will use the
convention that a class name starts with an uppercase letter, such as Patient. For
individuals we often use a name, such as Ola.

We begin by using Protégé to construct an ontology with all classes which we have
mentioned in our Figure 1 (UML Model).

Step 1. Open Protégé and set the URI to the URL where the ontology will be
published, as in our case (e.0.,
http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-ontology-
32) and set the path to the location where the ontology is to be stored (e.g.,
C:Ontology/NurseReport.owl).

Step2. Choose the Entities tab and select the Thing class in the asserted class
hierarchy window. Using the 'add subclass' button successively add classes as
needed for one ontology. In our case we have added “Cycle”, “CycleStep”,
“‘NursingReport”, “Person”, “patient” a subclass of class “Person” and a class
“Phrase”, as subclasses of the universal class Thing. The asserted class hierarchy

should now appear as shown in Figure 2.
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<4 untitled-ontology-32 (ttp:// icweb.org/mut gies/2014/1/untitled-ontology-32) : [H:\Lecture Notes\Master Thesis\Endpoint\ontology\v3_NursingReport.owl] o

File Edt View Reasoner Tools Refactor Window Help

E 2> |®unﬂled-omology-32<hrm Iwww semanticweb.orgmut tologies/2014H Anttled-ontology-32) v‘ | ‘
( Active Ontology | Enttes | Classes | Object Properties | DataPropertes | Individuals | OALViz | DL Guery |
((Class hierarchy | Class hierarchy (ifered) | [ Annatations | Usage
Class hierarchy: Cycle - MEEE ||l Annotations: Cycle DBEE
v-®Thing
1 Cycle
@ CycleStep
@ NursingReport
V- Person
@ patient
@ Phrase ||
v
Description: Cycle: mEEE
Equivalent To 141
SubClass Of
SubClass Of (Anonymous Ancestor)
Members
Target for Key L |
Disjoint With vl

To use the reasoner click Reasoner->Start reasoner Show Inferences

Fig. 02 Class Hierarchy of Ontology.

Representing knowledge in a domain ontology usually requires a hierarchy of classes
and subclasses. A class hierarchy is also called a taxonomy. In an Owl hierarchy all
classes are subclasses of the universal class called Thing, so the root of every
hierarchy is the class called Thing as you can see in Figure 2 above.

The OWLViz tab in protégé provides options for visualizing the classes in the ontology
as shown in Figure3. The figure shows that all classes are subclasses of the universal

class that is called Thing.
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# | Cyele |

| Phrase |

Fig. 03 OWL Viz Graph of Ontology.
3.2.2 Object Properties of Ontology.

There are two types of properties supported by Protégé (OWL): the first type of
property is called an object property and the second type is called a datatype
property. Knowledge base designers have found that certain categories of properties
occur so frequently that it is convenient to include these categories in the basic
mechanisms of Knowledge Representation Logics (KRLS). An object property may
have a domain and a ranges, super- and sub-properties, inverse properties,
equivalent properties and property chains. In this section we explain object properties
which we have inserted for our ontology. We adopted a naming convention for
properties in which properties are given names that link related objects such as
‘hasPatient’. An object property specifies a relationship or link between two
individuals (objects). For example in our ontology to representing relationships there
is a class called Patient, Each individual patient is linked to a NurseReport. This link
could be called the hasPatient link or property.

To create Object properties in Protégé Under the 'Object Properties' tab click the ‘add
property' button and enter the name object property as need to be create to the
textfield. In the same way we have added object properties called 'hasCycle’
‘hasCycleStep’  ‘hasNurseReport’  ‘hasPatient’  ‘hasPhrase’  ‘partOfCycle’
‘partOfCycleStep’ ‘partOfNurseReport’ in connection with the classes mentioned
above. For example, for property ‘hasCycle’ we have insert class ‘NursingReport’ as

domain and class “Cycle” as Range, same we have inserted different classes as
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domain and range for other object properties set into the ontology . The resulting

property list shown in the figure 4 below.

<4 untitled-ontology-32 (http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-ontology-32) : [Hi\Lecture Notes\MastelThesis\Endpo'\nf\onto\ogy\vi_NursfngRepor_ =R~

File Edt “iew Reasoner Tools Refactr Window Help

@ =] |@ uriitied-ortelogy-32 (http: fiwww semanticweh.orgimuhammadaslam/ontologies 20141 Luntifled-ontology-32)

"‘ |

f.nclive Ontology | Ertties | Classes r Object Properties rl)ata Properties rlndiwduals r OWLViz r DL Query ‘

Annotatians | Usage

Qbject property hierarchy: hasCycle

&2l

Annatations: hasCycle mBEE

¥--mtopObjectProparty Annotations
- mhasCycle
~-mhasCycleStep
~-mhasNurseReport
~-mhasPatient
~-mhasPhrase
-mpart0fCycle
-mpartOfCycleStep
-mpartOfNurseReport

-

Characteristics: hasCy IEEE

Descrigtion: hasCycle

[ Functional

[ inverse functional
[ Transitive

O Symmetric

[ Asymmetric

[] Reflexive

[ rrefiesive

Equivalert To

SubProperty Of

Inverse Of

wpartOfNurseReport

Domains (intersection)

NursingReport

Ranges (interszction)

Cycle

Disjoint With

SuperProperty Of (Chain)

Fig 04. List of Object Properties.

To use the reasoner click Reasoner-»Start reasoner Show Inferences
=

If we look at figure 4 in “Description hasCycle” section we will find there is an object

property ‘partOfNurseReport’ have inserted as inverse, it is because the ontology of

clinical record would need to contain inverse relationship. We could call such a

relation ‘partOfNurseReport’, that shows there is inverse relationship between

classes ‘NurisngReport’ and ‘Cycle’. Which means there is always a ‘Cycle’ for a

‘NursingReport’ or a ‘Cycle’ is always being a part of ‘NursingReport’. This scenario

could be more easily understand by figure 5 shown below.
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Arc Types ® —

[type fiter text | ' Thing NursingReport

— T LY 27
— Vo g 4 / \
[Vf] === has individual " 2/
— ‘ — \
|V === has subclass = A / !
— ‘ Cycle \
[V| === hasCycle (Domain=Range) ‘ I’ 1
vl hasCycle(Subclass all) l L
[V === hasCycleStep (Domain>Range) ‘ I |
= L v 1
|| === hasNurseReport (Domain>Range) Y " ’ r
= : CycleSte ] H
[V/| === hasPatient (Domain=Range) [ 'V P | i
vl hasPatient(Subclass all) ‘ | ‘ Fj
— o] !
[V/| === hasPhrase (Domain=Range) [ “ \ ,"
= ' /
|| === partOfCycle (Domain>Range) : I‘ \‘ ‘J
[v] partOfCycleStep (Domain>Range) |! P hrase ‘ 1 /

; J

[V| === partOfNurseReport (Domain=Range) 7 @
(V] e partOfNurseReport(Subclass all)

Fig. 05. Inverse Relationship of Classes.
It is clearly seen from the figure above that there is inverse relationship among other

classes of ontology as well. The lines with arrow indicating that which classes have
inverse relations and the type of relation among them can be seen from arc types as
given left side of the figure. For that reason we have inserted inverse object properties
also for these classes. If we see figure 4, in this figure we will find object property
‘partOfCycle’ which shows inverse relation between classes ‘Cycle’ and CycleStep’,
same as object property ‘partOfCycleStep’ shows inverse relation among classes
‘CycleStep’ and ‘Phrase’ and property ‘hasPatient’ shows inverse relation among
‘Patient’ and ‘NursingReport’.

3.2.3 Data Properties of Ontology.

Datatype properties relate individuals to predefined datatype values or literals. For
example a person individual may be linked by a datatype property to a string value
representing the name of the person or to an integer representing the age of the
person. Predefined datatypes include types as strings, integers and Booleans. Object
properties relate objects to other objects and may be functional, inverse functional,
symmetric, antisymmetric, reflexive, irreflexive and transitive. Datatype properties

relate objects to datatypes and so cannot be symmetric, antisymmetric, reflexive,
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irreflexive or transitive. Which means Datatype properties may also not be inverse
functional.

To create a datatype property in protégé select the Data Property button and enter
‘hasName’ into the popup window. From the description menu we can select a class
as a domain and a range for the defined datatype. For example, we have selected
class ‘Patient’ as domain and given range ‘String’ to this ‘hasName’ datatype. The

result of this operation is shown in figure 6 below.

4| untitled-ontalogy-32 (https//www.s

[=RN-THEY
Fle Edt View Reasoner Tools Refactor Window Help
@ o> |® urttled-ontelogy-32 (http: liwww semarticweb.orginuhammadaslamiontologies/2014/ Luntitled-ontology-32) " ‘
fncliveﬂntology Ertties | Classes rDmedPropemes rDaTaPropemes rlndiwduals rU'M_V\z I’DLGuerv ‘
Data property higrarchy: hashiame ( Annatations ’/USEIE
@@ @ Annotations: hasName MEEE
v--@topDataProperty Anotatone
~-mhasFamilyName
~-mhasGivenName
- mhasName
~-mhasReportID
-mhas5SN
-mhasWrittenText
Characteristics: hashame Description; hasName MEEE
[] Functional Equivalert Ta
SubProperty Of

Domains fintersection)

 Patient

Ranges

@string

Disjoint With

To usethe reasoner click Reasoner->Start reasoner Show Inferences

Fig. 06 Datatype Properties

From the figure 6 above it is clearly seen that we have created other datatypes also
with different class assigning as domain. For datatypes ‘hasFamilyName’,
hasGivenName’ and ‘hasSSN’ have asigned class ‘Person’ as domain and have

selected ‘String’ as range. While datatype 'hasReportld’ has class ‘NursingReport’ as
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domain and type ‘String’ as range and datatype ‘hasWrittenText’ has class ‘Phrase’
as domain and type ‘String’ as range.
These datatypes we have defined in ontology for individuals as said earlier. The
details of individuals and development scheme of individuals, for example relation of
individuals to classes and their object and data type properties will find next section
of this report.
3.2.4 Instances of Patient as Individuals.
We can say that individuals, if they exist, belong to classes. An individual may belong
to any number of classes. Individuals are said to have types. The type of an individual
is the class to which the individual belongs. A class may have zero or more individuals
or objects belonging to it.
In an ontology representing knowledge about a nursing record (related to our
scenario) we could represent knowledge about individual patients and their individual
cycles and individual NurseReports. In this case each particular patient could be an
individual belonging to the type called Patient.
Creating an individual is a two-step process. First the individual is created and
secondly the class (type) to which the individual belongs is specified. In this Example
we use Protégé to create individual patient. As the medical record contains
thousands of patient but we have added few of the existing patients for testing
purpose but by the prototype the data can be entered into ontology for further use.
The restrictions and the properties will be same to define for each and every patient
of the record. In this section some individuals will be discussed to get knowledge
about the individuals in this project. The total number of patient added to this ontology
is given below.
embers

& Aslam

# Daniels

& Gatis

$0ia

# Roberts

Fig. 07. Instances of Patient
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This instance of Patients can be more clearly understand in term of Ontology meaning
by the Figure 8 below, this graph has been taken from “OntoGraf” function which is

provided in Protégé.

: 4—" Gatis [V] === has individual
3 =2 7 [V === has subclass
I~ | & Patient I > [+ & Aslam ] || === hasCycle (Domain>Range)
// NN g (v hasCycle(Subclass all)
7 I R
/&5 7 (V] e hasCycleStep (Domain=Range)
VA RN T
7 /i/ / \ [V === hasNurseReport (Domain=Range)
— i @ ' -y/ // + [V| = hasPatient (Domain>=Range)
~Fomm] K oo
) T ) // [W] === hasPatient(Subclass all)
Bl AR T s =
4 A [V| === hasPhrase (Domain=Range)

R F Nurstr; Report ]
; : 'g £ [Vf] === partOfCycle (Domain>Range)

)

\ vl partOfCycleStep (Domain>Range)
)} CycleStep

(V] partOfNurseReport(Subclass all)

Fig. 08. Graph of Instance of Patients

To explain the graph above in term of Instance of patients and their object and data
properties we can take one individual ‘Aslam’. This is an instance of class ‘Patient’.
There are object properties and the data properties which define this instance. It has
one type of object property asserted. First of all it has type patient class. According
to our ontology as we have mentioned earlier section of this report that our ontology
classes have some inverse functions. If we see above graph it clearly shows that
there are one or more cycles for each and every patient, each cycle contains some
cycle steps and these cycle steps contains some phrase. Phrase that has some
written text about the patient disease. In this case for the moment ‘Aslam’ has object
property asserted that is ‘hasNurseReport’.

There are three type of Data type properties asserted to this individual. The data type
property added to this individual is ‘hasFamilyName’ which is the name of patient.
The data type of this property is ‘string’ for this the value is ‘Aslam’. Another data type
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property asserted to this individual is ‘hasGivenName’ which has the data type of
‘string’ the main task of this restriction is to add information of the patient in this case
the value is ‘Muhammad’. The ‘hasFamilyName’ and ‘hasGivenName’ datatype
properties add the information of the full name of patient. Another data type property
asserted to this individual is ‘hasSSN’ which has the datatype of ‘string’ here the value
of SSN is ‘4614’ which is a number for patient for identity and this ID is unique for
every patient. This all instance of patient ‘Aslam’ can be more understand from the

figure 9 below.

Description: Aslam Property assertions: Aslam

Types Object property assertions

Patient ® hasNurseReport NR_Aslam
Same Individual As Data property assertions
mhasSSN "4614"*string
Different Individuals @ hasFamilyName "Aslam”"*string

®hasGivenName "Muhammad"*"string

Megative object property asserions

Megative data property assertions

Fig. 09. Object and Data Property assertion for Instance ‘Aslam’.

It is clearly seen from the figure above that the patient ‘Aslam’ has a nurse report, so
we have asserted one more individual ‘NR_Aslam’ to make a nursing report for
patient ‘Aslam’ that contain all the information of that patient, as shown in figure 10

below.
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Description: NR_Aslam Property assertions: NR_Aslam

Types (bject property assertions
CycleStep mhasPhrase Some_Sickness
NursingReport mhasCycle Cycle_Aslam
®hasPatient Aslam
Same Individual As
Data property assedions

Diffarent Idividuals mhasReportID "07"**string

Fig. 10. Object and Data Property assertion for Instance ‘NR_Aslam’.

This instance of ‘NR_Aslam’ have been created to define that patient ‘Aslam’ has a
'NursingReport’ ‘NR_Aslam’. This instance contain three type of object properties,
‘hasPatient’ which defines that ‘NR_Aslam’ contain patient ‘Aslam’, object property
‘hasCycle’ defines that it has a cycle and object property ‘hasPhrase’ defines that it
also relates to the class ‘Phrase’ that contain a text related to the disease about that
patient.

There is only one data type property asserted to this instance which is ‘hasReportID”
which has the datatype of ‘string’ here the value of report ID is ‘07’ which is a number
for nurse report and this ID is unique for each nurse report for every patient.

In connection to complete one patient process according to our ontology there must
be a ‘Cycle’ for each patient. Therefore, we have created instance ‘Cycle_Aslam’. To
simplify the ontology we have made here only one ‘Cycle’ for each patient, but
according to the ontology model there could be more than one ‘Cycle’ for a patient,
because for every visit of patient to clinic it added a new Cycle for patient. This
instance have class type ‘Cycle’ which shows that it is cycle of patient ‘Aslam’. It has
two object properties asserted ‘partOfNursingReport’ with instance ‘NR_Aslam’,
which shows it is continuation with ‘NursingReport’ and ‘hasCycleStep’ with instance
‘CS_C_NR_Aslam’ that indicates it has some ‘CycleStep’ as shown in figure 11

below.
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Description; Cycle_Aslam

Property assertions; Cycle_Aslam

Types

Cycle

Same Individual A

Different Individuals

(Object property assertions

mhasCycleStep CS_C_NR_Aslam
mpartOfNurseReport NR_Aslam

Oata property asserions

Nepative object property assertions

Nepative data property assenions

Fig. 11. Object Property Assertion for Instance Cycle_ Aslam.

From the figure above it is clearly seen that there is one more instance asserted here,

which is ‘CS_C_NR_Aslam’. This instance has types ‘CycleStep’ and ‘Phrase’

because it is the part of a cycle step that has a phrase. There are three object

properties asserted to this instance, ‘partOfCycle’, because it is a part of cycle of

patient ‘Aslam’. The other two properties are ‘partOfCycleStep’ and ‘hasPhrase’

added to this as shown in figure 12 below.

Description: C5_C_NR_Aslam

Property azsertions: C5_C_NR_Aslam

Types
CycleStep
Phrase

Same Individual Az

Different Individuals

Object property assertions
mpartOfCycle Cycle_Aslam
mpartOfCycleStep CS_C_NR_Aslam
mhasPhrase CS_C_NR_Aslam

Data property assertions

Negative object property assertions

Negative data property assertions

Fig. 12. Object Properties for the Instance CS_C_NR_Aslam.
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One more instance ‘Some_Sickness’ have asserted here to complete the one nurse
report for a patient that contain a phrase about the disease. It has one object property
asserted ‘partOfCycleStep’ with instance ‘NR_Aslam’. It has only one data type
property asserted ‘hasWrittenText’ with the datatype ‘string and value ‘Not Really

Sick’ as shown in figure 13 below.

Description: Some_Sickness Property assertions: Some_Sickness

Types Object praperty assertions

Phrase ® partOfCycleStep NR_Aslam

Same Individual A Oata property assertions
® hasWrittenText "Not really sick”~*string
Different Individuals

Negative object property asserions

Negative data property assertions

Fig. 13. Object and data type properties for Instance of Some_Sickness.

These all patient instances which we have added into our ontology have the same
process like patient ‘Aslam’ its nursing report ‘NR_Aslam’, that contains cycle
‘Cycle_Aslam’ and cycle have some cycle steps as ‘CS_C_NR_Aslam’. To simplify
our ontology we just have connected the cycle step directly to the phrase (but there
are some cycle steps e.g. Diagnosis, Intervention and outcome, through which a
‘CycleStep’ completed and make a report for patient) that has ‘Some_Sickness’
which have some written text about the patient disease, as shown is figure 13 above.
The above said scenario can be more understandable from the RDF statement graph

as shown in figure 14 below.
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Patlent hasCycl
|<>NR Aslam I“is—m’lOCycle_Aslam |
A
Q
@ aes® 3
o 02 e
'2‘ ‘\06‘\\) \(\390\‘
OAslam CS_C_NR_Aslam
=
o
O

|<>Some_$icknessl Lol r{ENot Really Sick

Fig. 14. RDF graph statement for a patient Instance.

The above graph present the instances of only one ‘Patient’, but if you see figure 8
above you will find that we have added total five ‘Patient’ instances that have their
own ‘NursingReport’, Cycle’, ‘CycleSteps’ and ‘Phrase’ about specific diseases. All

added data into ontology can be seen from figure 15 below.
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‘ = g incividil

= 1gg Ulbciaee

- = fi35Cycle (DomainsRange)
“ ¢ NR_Daniels ‘

_A® # Cycle_Daniels ‘ hasCycle(Subclass al)

# o || - B o B S *$ CS.C_NR Daniels |\ [Vi == hasCycleSep (Domain-Range)
v Wi = - g N ;_-. vl = hashurseReport (DomainzRance)
/) 7 = ——/ " KTy | # Gatis

F
= = figsPatient (DomaineRange)
|
| V] == hasPatient(Subclass al)
\f. CS.CNR Galis || [v] == hasPhrass (Domain=Rangz)

== partQfCycle (Domain=Range)
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[BlEE partOfurseReport(Subclass all)
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* ¢ Bacterial_Infec
tion

Fig. 15. Graph of complete Ontology.

The above figure shows the complete scenario of Ontology. At the moment we have
added five patients their nurse reports, cycles, cycle steps and phrases, but on the
prototype prospective more data could be add in this ontology, due to the master
thesis we have a limited time so we decided to strict here and the next task we have
to make a java application that setup a SPARQL Endpoint to access this all Ontology

data over HTTP. The development of java application you will find in next section.
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3.3 Implementation of SPARQL Endpoint.

In this implementation section | will try to explain how I have built my java application
by using jena to access the data from the above said ontology and then we try to
show the results on web browser.
First of all | have created two packages in java in which | have define java classes
that holds all the application mechanism as per need for our SPARQL Endpoint
solution. The first package is ‘com.mkyong.app’ (I have given name here mkyong,
but it could be any other name as user want to set for their packages) it contains
application’s core functionality Java classes. The second package | have created is
com.mkyong.rest, which contains the web services Java classes, this package is
handling all the patient related phrases which we will be queried from the browser.
The packages details is shown in figure 16 below.
4 38 lava Resources
a H src
4 [ com.mkyong.app

- CustomStore,java 5 4
EndpointContextListn
Mode.java = 4,/10/14 7
ChwiFileStore.java 4 4
Profiling.java 4 4,/12/1

& &

Ly |

Cc e

QueryExecutor.java 4

&

RelationalStore.java 4

&

Response.java 4 4,/12

1) TripleStorejava 4 4,12

4 g com.mkyong.rest
: @ MessageRestService.ja

: m Request.java 4 4,/12/1.
Fig. 16. Java packages with their Classes.

3.3.1 Package Classes for Web Services.

As | have explained before that in package ‘com.mkyong.rest’ we have setup the web
services code logic. If you see in figure 16 above, you will find two classes,

‘MessageRestService.java’ and ‘Request.java’. A restfull web service name as

Page 51 of 86



Is a SPARQL Endpoint a Good way to Manage Nursing Documentation

“‘MessageRestService” has a method “getPatient” . The implementation on getPatient
method is that; take an input (Request ) ; execute on databases ( i.e. Relational
database , Owl file and Triple store) and return the result in Response object. It
means that WebServce is responsible to execute given query on Relational
database, OWL file and Triple Store, also note the query execution time on different
databases and return these execution time as response. As can be seen from the

code below.

public Response getPatient(Request requestObj) {}
QueryExecutor executor;
Response response = new Response();
List<Profiling> profiles = new ArraylList<Profiling>();
if (requestObj.isCustomQuery()) {
executor = new QueryExecutor(requestObj.getQuery());
} else {
executor = new QueryExecutor();

}

try {

List<Node> map = new ArrayList<Node>();

Node rDB = new Node("Relational Database", "");
Node oFile = new Node("Owl File","");

Node tStore = new Node("Triple Store™, "");

long start = System.currentTimeMillis();

List<Node> mapl = executor.getFromRelationalStore();
long end = System.currentTimeMillis();

Node my = new Node("Time (ms)", end - start + "");

Profiling time = new Profiling("Relational Database Time", end
- start);
profiles.add(time);

start = System.currentTimeMillis();

List<Node> map2 = executor.getFromOwlFileStore();
end = System.currentTimeMillis();

Node owl = new Node("Time (ms) ", end - start + "");

time = new Profiling("Owl File", end - start);
profiles.add(time);

start = System.currentTimeMillis();

List<Node> map3 = executor.getFromTripleStore();

end = System.currentTimeMillis();

Node tps = new Node("Time (ms)", end - start +"" );
time = new Profiling("Triple Store", end - start);
profiles.add(time);

map.add(rDB);
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map.addAll(mapl);
map.add(my);

map.add(oFile);
map.addAll(map2);
map.add(owl);

map.add(tStore);
map.addAll(map3);
map.add(tps);

response.setNodes(map);
} catch (QueryException e) {
response.setResponseCode("QUERY_ERROR");

}
response.setProfiles(profiles);
return response;

}
}
‘Request.java’ class is use to save user given query. The object of this class is pass

to Web Service as parameter. This class is POJO (Plain Old Java Object) and have
two members ‘customQuery’ and ‘query’. ‘customQuery’ is a boolean type member,
its use for default query or user enterd query flag. ‘Query’ is a string type member, it

is being used for saving the user input query. As it can be seen from code below.

public class Request {

public Request() {

}

private boolean customQuery;

public boolean isCustomQuery() {
return customQuery;
}

public wvoid setCustomQuery(boolean customQuery) {
this.customQuery = customQuery;
}

private String query;

public String getQuery() {
return query;
h

public woid setQuery(String query) {
this.query = query;
¥

¥

If we look into the package ‘com.mkyong.app’ in figure 16 above, in that | have define
a class ‘Response.java’. This class is used to return response of query. It contain
three properties ‘responseCode’, ‘nodes’ and ‘profiles’.
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The ‘responseCode’ property is used to give query execution status, successful or
error. The property ‘profiles’ function is to store the query executaion time and its
type. Anthoer object property is ‘nodes’ which is used to store key value of query
result from databse. As in our case | am using three type of databases owl, triple
store and relational database. Resposnse code is use to retrun status of query
execution on these databases. Either query run successfully or have some error. On
the behafe of responese code we display messge to end user. The scheme of this
class can be seen below.

public Response() {

b

private String responseCode;

private List<Node> nodes;
private List<Profiling> profiles;

public List<Profiling> getProfiles(} {

return profiles;
b

public void setProfiles(List<Profiling> profiles) {
this.profiles = profiles;
b

public List<Node> getNodes() {
return nodes;
b

public void setNodes(List<Node> nodes) {
this.nodes = nodes;

¥

public String getResponseCode() {
return responseCode;
b

public void setResponseCode(5tring responseCode) {
this.responseCode = responseCode;
h
3.3.2 Package Classes for Application.
There is another class in package ‘com.mkyong.app’ is ‘EndpointContextListner’
class. The purpose of this class is to initialize the Triple Store and database values.

Also it have init parameters of relational database connection, owl file location and
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triple store location. These all parameters are used for application initialization. As it
can be seen from code below.

public class EndpointContextlistner implements ServletContextlistener {
public static final String DB LOCATION = "H:\\lecture Notes\\Master Thesis\\Endpoint\\ontology\\nurse®;

public static final String OWL_LOCATION = "H:\\lecture Notes\\Master Thesis\\Endpoint\lentology\\w3_NursingReport.owl”

public static final String AYSQL_ORIVER = "jdbcimysql://localhest/owl";
public static final String DB USER = "reot”;
public static final String DB PSW = "";

@override
public void contextDestroyed(ServletContextEvent event) {

}

@override
public void contextInitialized(ServletContextEvent event) {

try {
new TripleStore().setupStore(OWL LOCATION, DB LOCATION);

new RelationalStore().setupStore();

} catch (Exception e) {
e.printStackTrace();

From the code above you can see there is class type of ‘ServletContextListener’ that
contains the basic information. When server starts it read this type of class for
initialization. Which means that it setups Triple store and Relational Databases on
start-up if it is not exist there before.

The class ‘CustomStore’ is used for execute Query on different models (i.e. on
relational database, owl file and triple store models). This is an abstract class and
have abstract method “public abstract void setupStore() throws Exception;” in new
line.

The child classes of custom store are ‘TripleStore’, ‘RelationalStore’ and
‘OwlFileStore’. These all classes override abstract method to setup the store.
Customer store also have another method ‘getDefaultModel’ method signature, this
method also override by child classes to return models. The complete code scheme

of this class is shown below.
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public abstract class CustomStore {

public List<Mode> executeQuery(String queryString, Model model) {

QueryExecution ge = QueryExecutionFactory.create(querystring, model);
List<MNode> nodes = new ArrayList<Node>();
try {

com.hp.hpl.jena.query.ResultSet results = ge.execSelect();
List«<String> wvars = results.getResultVars();
while (results.hasNext()) {

Querysclution binding = results.nextSoluticon();

for (String war : wvars) {

String node = binding.getlLiteral(wvar).getstring();
nodes.add({new Node(wvar, node));

} catch (QueryException e} {
throw new QueryException();
} fimally {
qe.close();
¥

return nodes;

¥

public Model getDefaultModel() {

return null;

¥

public abstract woid setupStore() throws Exception;

As have said above that there are some child classes of ‘CustomStore’ class, which
are ‘OwlFileStore’, ‘TripleStore’ and ‘RelationalStore’. First | will describe here the

‘OwlFileStore’ class. This class use to setup Owl file model as shown in code below.
public class OwlFileStore extends CustomStore {

public Model getDefaultModel() {
Model model = ModelFactory.createDefaultModel();
try 1
model.read(
new FileInputStream(EndpointContextlistner.OWL LOCATION},
null, "TTL");
} catch (FileNotFoundException e) {
/ Auto-generated catch block
e.printStackTrace();
¥

return model;

}

@Override
public void setupStore() throws Exception {

}
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To understand this ‘OwlFileStore’ scenario, that how it is providing response upon

the browser request we have created a sequence diagram as shown in figure 17

below.
:Browser :WebService :ApacheJena :OwlFileStore
1 1 1 1
[ [ 1 1
m 1 1 1
1 1
http:/llocalhost:8080/endpoint/index.html| | :
1 1
1 1
Request Query Result I [
1
: Get Query Result From :
1
[
[
1
S_enT:l aue_ry_R(;uTt t; = R;tu?n au:ry-R:th E) .
e = === = == —— -

Response Query Result
from OwlFile.Java

I
|
|
|
Fig. 17. Sequence Diagram for Response from ‘OwlFileStore’ class.

The class ‘TripleStore’ is also extends from the class ‘CustomStore’. This class used
to set triple store model. TripleStore class read OWL file and convert OWL file into
Triple Database and write on disk. This class also provide Model of Triple Database.
We use model to run query on it. Model is a set of Statements. Methods are provided
for creating resources, properties and literals and the Statements which link them, for
adding statements to and removing them from a model, for querying a model and set
operations for combining models [61]. The set model scheme can be seen in code

below.

public class TripleStore extends CustomStore {

public woid setupStore(String input, String output)

¥

throws FileMotFoundException {
Dataset dataset = TDBFactory.creacteDataset(output);
dataset.begin(ReadWrite . WRITE) ;
Model tdb = dataset.getDefaultModel();

tdb.read(new FileInputStream(input), nuwll, "TTL");
tdb.close();

dataset.commit();
dataset.end();

public Model getDefaultModel() A

¥

Dataset dataset = TDBEFactory
cregtelataset(EndpointContextLlistner.08 LOCATION) ;

dataset.begin(ReadwWrite.READ);

return dataset.getDefaultModel();

@override

public woid setupStore() throws Exception {

¥
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To define the above ‘TripleStore’ class code, | have used here ‘SetupStore’ method
for convert OWL file to Triplet Store. It will take two parameter one is OWL file location
and second for Triplet Store output location. Dataset ‘dataset =
TDBFactory.createDataset(output);” output is Triple Store location. ‘TDBFactory’
class use here for creating objects datasets backed by storage. ‘CreateDataSet’
method used for create or connect dataset. ‘DataSet’ a collection of named graphs
and a background graph. dataset.begin(ReadWrite. WRITE); initialize to write mode.
For model we used ‘tdb.read(new FilelnputStream(input), null, "TTL");’ reading form
OWL file, this parameter take 3 input, 15tis OWL file location, 2" is the base uri to be
used, for our case | set here ‘null’. This is because when converting relative URI's to
absolute URI's. (Resolving relative URIs and fragment IDs is done by prepending the
base URI to the relative URI/fragment.) If there are no relative URIs in the source,
this argument may safely be null. If the base is the empty string, then relative URIs
will be retained in the model [61], and the 3™ thing is done by this is add RDF
statements represented in language to the model in our case itis ‘TTL’. Predefined
values for language are "RDF/XML", "N-TRIPLE", "TURTLE" (or "TTL") and "N3". Null
represents the default language, "RDF/XML". "RDF/XML-ABBREV" is a synonym for
"RDF/XML"[61]. The response to the web services from the ‘TripleStore’ class can

be understand from the following figure.

:Browser :WebService :ApacheJena :TripleStore

I I I I
|

|
|
|

| |

| |

| |

http:/llocalhost:8080/endpoint/index.html | |
| |

| |

Request Query Result | |

|

|

|

Get Query Result From

|
|
|
|
|
|

Return Query Result to

Response Query Result

|
I
€= ————— I
| |

from TripleStore.Java : :

-

| |
Fig. 18. Sequence Diagram for class ‘TripleStore’ response.
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Another class ‘RelationalStore’ also extends from the class ‘CustomStore’. This class
use to setup relational database connectivity and model initialization. For setup
database connection see the code below.

public class RelaticnalStore extends CustomStore {

private static StoreDesc storeDesc = new StoreDesc(
LayoutType.LlayoutTripleNodesHash, DatabaseType.MySQL);;

private static SDBConnection conm;

private static Store store;

static {
JDBC. LoadDrivertySQL( ) ;
conn = new SDBConnecticoni{EndpointContextlistner.MYSQL_DRIVER,

EndpointContextlistner.08 USER, EndpointContextlistner.DB PSW);

store = SDBFactory.connectStore(conn, storeDesc);

¥

public Model getDefaultModel() {
Model model = SDBFactory.connectDefaul tModel (store);
return model;

b

@override
public woid setupStore() throws Exception {

store.getTableFormatter().create();
Model model = SDBFactory.connectDefaul tModel (store);

model.read({new FileInputStream(EndpointContextlistner.Ohl [OCATION),
null, “TTL"};

}
To define the code here we used ‘StoreDesc’ store description identifies which
storage layout is being used. ‘SDBConnection’: this class is being used to connect
Relational Database. ‘Store’: Jena loads and queries data based on the unit of a
Store. The Store object has all the information for formatting, loading and accessing
database. ‘SDBFactory’: it connects to Relational Database and creates the

necessary tables, Such as prefixes, nodes and triples as shown below.
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¥ 1iResult g 2Profiler |W 3 Messages B 4 Table Data |4 ¥ 5 Objects il 6 History
B T: T: ! ()Ml Rows @ Rowsina Range First Row: [4) 0 E] No. of Rows: 50 Fiefresh

hazh lex lang |datatype type &
O http://h‘h‘w.semmticweb.nrg/Marmdaslam{nntn. . 91B 2
[0 [F2423608543368574 /13 2B http://www.wi.org/2001/¥MLichema#strin 4
[ 24731376980984384 http:/ /wwi. semanticweb. org/muhammadaslam/onto. . . 868 2
[ 18322595762024934 http:/ /www. semanticweb. org/muhammadaslan/onto. .. | 918 2
[ 2135185774027602 http:/ /www.w3.0rg/2002/07/ owl#inverse0f 398 2
[0 [24225798570373296 http://www.w3.org/2001/MML5chemadatring 398 Z L
[ |§0257610277871097 http:/ /www.w3.org/2002/07/owl#lntology 38B 2|7
[ 3563646538815958 Roberts T8 http://www.wi.org/2001/¥MLichema#strin 4
[ 92048509774734095 http:/ /wwi. semanticweb. org/muhammadaslam/onto. . . 84B 2
[] 26963912606599013 Gatis 5B http://www.w3.0rg/2001/¥ML chemasatrin 4
[ 2918003007999281 http:/ /www. 3emanticweb. org/muhammadaslan/onto. .. | 888 2
[0 [54724012901592255 http://wwi.3emanticweb. org/mihammadaslam/onto. .. | 85B 2
[ 46474198462840847 |0 1B http://www.w3.org/2001/¥ML chemadnonle 500
[ 0697865200335348 http:/ /www.w3.0rg/1999/02/22-rdf-syntax-nattype 478 2
[J F2118622171936081 http:/ /www. semanticweb.org/muhammadaslan/onto. .. | 898 2
[0 [22798119673320236 http://ww.semanticweb.org/mihammadaslam/onto. .. | 888 2
[ |11505936158317655 http://www.w3.org/2002/07/owléonClass 378 2
[0 [p1302893364194291 http://www.w3.org/2000/01/rdf-schema#subllass0f 478 2
[ 4196053533171150 http:/ /www. semanticweb. org/muiharmadaslam/onto. . . 978 2
[0 [21076003698535872 http://www.semanticweb.org/mhammadaslam/onto. . . 858 2
[ p2627418408870904 hetp:/ /www. semanticweb. org/muhammadaslan/onto. .. | 938 2
[ 12360320291348093 4614 4B http://www.w3.0rg/2001/XML5chemagatrir 4
[ 29430281775698222)1 1B http://www.w3.org/2001/MLSchenasnontie 50
[ 2909692841 7676865 http://www.w3.0rg/2002/07/cwléonProperty 40B 2
[0 20874880251948946 http:/ /www.w3.0rg/2000/01/ rdf-schemagrange 428 2

Fig. 19. Relational database Table for Nodes.
¥ 1Result g 2Profler & 3 Messages |0 4 Table Data b% 50bjets | ™ 6 History
o A e _ _
b 2 [ t () Al Rows (@ Rowsina Range First Row: |4 D b| Mo.of Rows: 50 Riefresh
prefix uri

O |http: / /wwi. 3emanticweb. org/mihammadaslam/ontologies/2014/1/untitled-ontology-324 |
[ |owl: http://wwW.w3.org/2002/07/owls
[ |rdf: http://www.w3.org/1999/02/22-rdf-ayntax-nas
[ |rdfs: http://wwW.w3.org/2000/01/rdf-achemas
[ |xml: http://wwW.w3.org/EML/ 1998 /namespace
[ [xad: http://www.w3.org/2001/ZMLSchemas
% | (WULL) {NULL)

Fig. 20. Relational database Table for Prefixes.
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#2 1 Result @ 2 Profiler |W¥ 3 Messages B 4 Table Data 4 # 5 Objects A 6 History

&

¥ W ) MlRows @ RowsinaRange First Row: [4] 0 E] Mo. of Rows: 50

#
l

3 r o
3966217999715534067 —39659605?300090?946' —8839203948532911007|
5404106821424331875| -4016205443105431415( -8652423608543368574

-B4584731376980984384 | —-46208748802519458946) —-Te242257T9E570373296
-4016205443105431415 -46208748802519458946 —-T62422579E570373296
-3923526465383010711 | -46208748802519458946) —-T6242257T9E570373296
—674317512572706048| -4620574880251948946| —T6242257985703732946
60751592316096395535| -46205874880251948946| —-T6242257985703732946
68157579321 25670899 | -4620874880251948944a| —-T624225798570373294
-1593959262377627057| -6430697865200335348 | —-T7560257610277871097
627T7T823336753271218| 6075192316096395535( -71035636465388154958
-2468579544315945613| -3965960573000907946) -T7092048508774734095
-2856358582597975875| 6075192316096395535| -6926963912606599013
-2856358582597975875 -118091142397612372 -68589180030079992E81
-1877102024213178917 BEE1500126413434643 —-6E5E8912003007999281
1376356952777035466| -5594196053533171150| —6E5891E8003007999281
4368215591575468895| 2684006085222136057| —6454724012901592255
3332713108341586857 | -2664677174216774042| -6446474198462840847
-8248322595762024934| 3400890110709248542 | —-5852118622171936081
-6858918003007999281 | -6430697865200335348| -5852118622171936081
-5202627418408870904| -6430697865200335348| -5852118622171936081
-3965960573000907946| 3400890110709242542) -5852118622171936081
-2468579544315945613 | —-6430697865200335348| —-5952118622171936081
2129370067331463345| -64306978652003353458| —-5952118622171936081
2959217084942384952| -46205874880251948946| —-5952118622171936081
3173747463429263048| -64306978652003353458| —-5952118622171936081

O|0O|0|0(0,0|0|0|0|0,0|0,0,0(0,0|00/0/0/0|00/0| 0

Fig. 21. Relational database Table for Triples.

For model initialization is the same as define in “TripleStore’ class.

To explain this ‘RelationalStore’ class scenario that how it respond upon the query
request from the web browser | have made a sequence diagram as shown in figure
22 below.
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:Browser | | :We rvic I | :ApacheJena | |:RI ionalStore

T
1
1
1
1
1
1
1
1
1
1

Get Query Result From

-~

_________ e = = e e e ——
D(_ Send Query Result to Return Query Result to

-

Response Query Result
from RelationalStore.Java

Fig. 22. Sequence Diagram for ‘RelationalStore’ response.

This whole application of web service, jena, browser and the results from the

databases can be more easily understand by the figure 23 below.

http:/llocalhost:8080/endpoint/index.html Web Service
http://localhost:8080/endpoint/index.html/rest/messege/patient QueryExecuter javatgetFromXxxStore()
1 Response.java o
Request and Response from Browser g::z:gsjis:ﬁervuce.|ava#getPatIent(Request requestObj)
< Node.java
5

Return Query Result

Apache Tomcat
S e rve r Request Query Result

4

DataBases used for Application

Apache Jena
e T N
: ? OwlFileStore.java
Triple Relational Get Result From | TripleStore.java
Store Database 3| RelationaStore.java

Fig. 23. Flow Chart of SPARQL Endpoint Application.
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It is clearly seen from the flow chart above that we are using the apache tomcat web
server to run that SPARQL Endpoint application. When there is a request for a query
from the web browser, it goes to the web services, so the web services sends request
for the query result to apache jena through some java objects (java objects can be
seen in web services section). Apache jena get the requested query results from
databases (i.e. from OwlFile, TripleStore, and RelationalStore) and return the query
results to the web services. Here when web services received the query results it is
in the form of Java objects and web browser cannot understand the Java objects. So
that here Web Service (Rest Easy) come to the rescue it converts that Java object
into JSON. So the web browser will display the requested query results. The results

will be discuss in next section of this report.
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3.4 Results on SPARQL Endpoint.

To represent the results here we going to test our SPARQL Endpoint application by
doing some SPARQL queries regarding our ontology.

First of all to run the application we need to start our web server, in our case we are
using Apache Tomcat Web Server, which we have installed with Java IDE, to run this
we just need to go in server tab in Java IDE and click on the green button place on
the right side of the bar, and we will have our server ready to run the application.
Once web server get started we just open the web browser and enter link, as we have
set link for our application is ‘http://localhost:8080/endpoint/index.html’. Once we
enter that link in web browser (any web browser can be used here) a page will be

appeared as shown in figure below.

-\ = S— v -
[&] patent Tet x| —- - T T

LY ocihost 080 endpointndextin

Click to user custom query Query resutt (Rlational Database):

Query result (OWL File):

Query resuft (Triple Store):

Rlatienal Database (ms) Owl File (ms) Triple Store (ms)

Fig. 24. Graphical User Interface (GUI) for SPARQL Endpoint Application.

As we can see from the figure above that there is a panel on right side of the page to

take any query from the user, which should be related to the patient phrase, we have
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added here a button ‘Execute Query’, when we hit this button it will call for the query
results from the database. As we are using here three types of databases so we have
added three panels as shown on the right side of the figure above to present database
results separately (i.e. Query Result from Relational Store, Owl File and Triple Store).
Here we have added query execution time from all the databases to check their
efficiency and performance as shown in bottom of the page in figure 21 above.

Here we try to run some SPARQL queries related to our ontology in term of patient
phrases on our application and will see the results.

3.4.1 SPARQL Queries and Their Results.

In this section we will try to execute some SPARQL Queries which we have made
according to our ontology data and examine the queries results on the basis of
performance and efficiency of our databases. Below you will find the queries and their

results.

Query to print all patients hames.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX owl: <http://mww.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX <http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-
ontology-32#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?patientName

WHERE { ?Patient :hasFamilyName ?patientName }
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¥Click to user custom query Exectle Query Query result (Rlational Database):
PREFIX (df <ntly han 0, 01/1999/02/22 1 sytaxqisi PEEmATE -
PREFIX owi: <hitp w3, 0rg/200207 ol patienthame: Nyun H D

/2001 /UL chema#= patientName: Ivolda
patientName: Aslam -

patienthame: Abraham

PREFIX xsd: <ttp:/fwww,
PREFIX :<http:/fwww.semanticweb.org/muhammadas|amiontologies/2014/1/untitled-
ontalogy-32#=

PREFIX rdfs: <ttp:dwww.w3.0ra/2000/01irdf-schemag=

SELECT 7patinillame

WHERE { ?Patient nasFamilyhiame ?patieniilame }

5

Query result (OWL File):

patienthame: Abraham
patientName: Nytun H
patientName: Gilvad
patientName: valda
patienthame: Aslam

.

4

5

Query result (Triple Store):

patientName: Aslam
patientName: Nytun H
patientName: valda
patienthame: Gilvad -
patienthame: Abraham

. -

5

Rlational Database (ms) Owl File (ms) Triple Store (ms)

15 33 i

Fig. 25. SPARQL Query Results for print All Patient Names.

Query to Print all Patients Given Name.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX
<http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-
ontology-32#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?givenName

WHERE { ?Patient :hasGivenName ?givenName }
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¥ Click to user custom query Query result (Rlafional Database):

PREFIX rdf. <t

19991021221 sy g?venName: Robeﬂs .
020020 Tlowlg= giveniame: Gatis D

Q2001 0L5chemat= givenhame: Jan
giveniame: Huhammad o

givenhlame: Daniels

PREFIX: <t semarticweb.orgmuhamrmadasiamiontologies 20141 unted-
ontology-32#=

PREFTK - <t
SELECT %given
WHERE { "Patient

i

Query resuf (OWL File)

»

givenilame: Robers
Jiveniame: Jan D
givenilame: Gatis

giveniame: Danigls v
givenhame: Muhammad

Query resuf (Triple Store)

»

giveniame: Wuhammad
givenhlame: Jan D
giveniame: Danigls

givenhlame: Gatis v
givenilame: Robers

Rlational Database (ms) O File (ms) Triple Stare (ms)

a 100 %
Fig. 26. SPARQL Query Results for Print all Given Names of Patients.

SPARQL Query to print One Patient Given Name and Family Name whose name
is Ola.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX
<http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-
ontology-32#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT * WHERE { :Ola :hasGivenName ?Given_Name . :Ola :hasFamilyName
?Family_Name }
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#Click to user custom query

PREFIX rdf. <ntip:/hwww.w3.0r11999/0222-raf-syntai-ns#=

Query resutt (Rlational Database):

Given_Name: Jan

Family_Name: Nytun H

PREFI ovi. < rg200207 0w ;
Time (ms) 40

PREFIX: <ty
ontology-32= '
PREFIX rafs: <ht: w3, orgl2000001df-schemag=

Family_Name }

Query resuft (OWL File):

Given_Name: Jan
Family_Name: Nytun H
Time (ms): 304

Query resutt (Triple Store):

Given_Name: Jan
Family_Name: Nytun H
Time (ms): 12

Riational Database (ms) Qv File (ms) Triple Store (ms)

40 304 12

Fig. 27. SPARQL Query to Print Patient Given Name and Family Name whose
name is Ola.

SPAROL Query to print one Patient Personal Information.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX
<http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-
ontology-32#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT * WHERE { :Roberts :hasGivenName ?Given_Name
‘hasFamilyName ?Family_Name . :Roberts :hasSSN ?SSN }

‘Roberts
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“Click to user custom query SEAOl N  (uery resul (Riational Database);
PREFI 12 < i crg 988022 gk suntacngt Gien_Name:Robers .
Family_Name: Abraham [
S51: 338477
Time (ms). 17 v
ontology-328= 4
PREFIX rafs: =htip:/www.w3,0rg/2000001df-schemai=
SELECT * WHERE { :Roberts hasGivenName 7Given_Name . :Roberts
fizsFamilihlame ?Family_Name . Raberts asS8N 785N}
Query result (OWL File):
4

(Given_Name: Roberts
Family_Mame: Aoraham

R >

33N 338877
Time (ms): 269
Query resutt (Triple Store):
Given_Name: Roberts o
Family_Name: Abraham
38N 338877 D
Time (ms). 6 v
4
Rlational Database (ms) Owl File (ms) Triple Store (ms)
17 269 b

Fig. 28. SPARQL Query Result for Print one Patient Complete Information.

SPARQL Query to Print all Patients Report IDs.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://mwww.w3.0rg/2002/07/owl#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX
<http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-
ontology-32#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ?reportld
WHERE { ?Patient :hasReportID ?reportid }
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¥IClick to user custom query SO N (uery resut (Riational Database)
PREFIX rdf: <ptip: -riff-synta reportd: 13 i
o <At A i3 0r 1 990/02122-7af symtak nss :
PREFI ow: <ty w3.0ra/20020 T owé> reponld: 14 D
PREFI 53 < reportc: 07
PREFIX: <fittp:vww.seman reportid: 11 -
ontology-32#= reportid: 12 )
PREFIX rdfs: <hitp:/hww.w3.0ra/2000001rdf-schemat=
SELECT 7rgportd
WHERE{ 7Pafient hasReporlD) “reportd}
Query result (OWL Filey:
4 reportd: 13 N
repot: 12 D
reportd: 14
reportd: 11 v
reporid: 07 |
Query resut (Triple Store}:
reportid: 07 -
repotic: 12 |
reportd: 11
reportd: 11 v
reporid: 14 |
Riational Database (ms) QOwl File (ms) Triple Store (ms)
52 £9 26

Fig. 29. SPARQL Query Results for print all Patients Report IDs.

SPARQL Query to print SSN Numbers of all Patients.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX
<http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-
ontology-32#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ?patientSSN
WHERE { ?Patient :hasSSN ?patientSSN }
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#Click to user custom query ST (uery resut (Rlafional Database).
patientSSN: 4614 o
paleniSSI. 338877 D
patientSSN; 333000
pazniSa: 675757678 v
f

PREFIX:<iip

ontology-32 patientSaN: 224435

Query result (OWL File):

»

4 patientS3H: 338877
palient3aN; 675757878 D
patientSSN: 333000
f
f

patientSSN: 224455 v
patientSSN; 4614

Query resut (Triple Store).

»

patient3aN;: 4514
patient33N: 675757678 D
patientS3N

patientSSN: 224455 v
patientSSN: 333000

Rlational Database (ms) Ouil Fle (ms) Triple Store (ms)

16 121 |

Fig. 30. SPARQL Query Results to print all SSN Numbers of Patients.

SPAROL Query to print Patients Disease Phrases.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX
<http://www.semanticweb.org/muhammadaslam/ontologies/2014/1/untitled-
ontology-32#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ?writtenText
WHERE { ?Phrase :hasWrittenText ?writtenText }
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#Click to user custom query Query result (Rlational Database):

writtenText: Not really sick

witienText: Stomach Disorder

writienText: Skin Infecion

writtenText Infected from 3easonal Bacterial Infecton v
writtenText Have Fever

adaslamiontologies/ 2014/ unitled-

Iww w3,0r/2000001)d-schemag=

Query resutt (OWL File):

writienText Not really sick
witienText: Skin Infecon
witienText: Have Fever

wiitienText: Stomach Disorder v
wiitienText: Infected from Seasonal Bacterial Infecton

Query resutt (Triple Store):

writtenText Not really sick
writtenText Have Faver

writenText Food poisning
writtenText: have Cough dueto smoke v
witienText: Skin Infecion

Rlational Database (ms) QOwl File (ms) Triple Store (ms)

8 10 3

Fig. 31. SPARQL Query Results for print all Patients Diseases Phrase.

As discuss earlier that we have added some data in our ontology for checking the
SPARQL Endpoint results, but on prototype bases there can be add more data in
future. On the basis of that data we have made some SPARQL Queries and run them
on our application as shown in results figure above. After running these queries and
having results of each query separately we analyses that the Triple Store is more
efficient among the other data bases used here to provide results. The performance
of databases on performed SPARQL Queries in Milliseconds (ms) can be seen from

the table given below.
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SPARQL Query Relational Database || Owl File (ms) Triple

No. (Jena SDB) (ms) Store(Jena
TDB) (ms)

01 15 33 05

02 27 100 25

03 40 302 12

04 17 269 06

05 52 69 26

06 16 121 04

07 08 10 03

Table 1. Comparison of Databases in term of performance and efficiency.

The query 01 is most similar to query 02 but if we see the results we can easily see

that query 02 takes longer time than the 01 query from all databases response. From

the table above it is evident that each query we have performed above Triple Store

have given the quickest response as compared to other database approaches.

Therefore we can say that the Triple Store is best solution for using database for a

semantic web application in term of providing results.
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3.5 Comparison of other Native Triple Stores.
In previous section we have presented the performance of triple stores and relational

databases with our developed application. In this section we will provide a brief
overview of other native triple stores being evaluated [62] before similar to our project.
Triple stores can be divided into 3 broad categories — in-memaory, native, non-memory
non-native - based on the architecture of their execution. In-memory, triple stores,
store the RDF graph in main memory. Storing everything in-memory cannot be a
serious method for storing extremely large masses of data [62]. However, they can
act as useful benchmark and can be utilized for executing certain operations like
caching data from remote sites or for performing reasoning. Most of the in-memory
stores have efficient reasoners available and can help figure out the problem of
performing reasoning in persistent RDF stores, which otherwise can be very difficult
to do. A second, now a dominant category of triple stores is the native triple stores
which provide persistent storage with their own implementation of the databases,
e.g., Virtuoso, Mulgara, AllegroGraph, Garlik JXT. The third category of triple stores,
the non-native non memory triples stores are set up to run on third party databases,
i.e., Jena SDB which can be coupled with almost all relational databases like MySQL,
PostsgreSQL, Oracle. Recently native triple stores due to their superior load times
and ability to be optimized for RDF have gained popularity [62].

In the following part we give a brief overview of the triple stores being evaluated. The
following sections describe the dataset being used, the results and the conclusion on

the results.

3.5.1 Data Sets

To facilitate the evaluation of the triple stores we [62] use 2 datasets. UNIPROT
dataset is a publicly available dataset which contains information on proteins. It is a
central repository of protein sequence and function created by joining UniProt
Knowledgebase (UniProtkB), the UniProt Reference Clusters (UniRef), and the
UniProt Archive (UniParc). Since our primary use case is to evaluate feasibility of a
triple store as backend for Bioportal, our second dataset comprises ontologies from
Bioportal [62].
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The two datasets serve different purposes and help ensure that the triple stores are
compared on a number of different axis. We use two datasets from UNIPROT, the
first has 1 Million triples and the second 10 Million. Even though 10 million is a small
number in the world of datasets, it helps quantify scalability of the RDF triple stores
[62].

3.5.2 Ontologies from Bioportal

The ontologies from bioportal help evaluate feasibility of using a triple store as a
backend for Bioportal. In addition to this, most of the use-cases in bioportal require
some level of inferencing over the ontologies. Thus using this data helps measure
the support for inferencing in the RDF triple stores [62].

If a triple store is used as backend of the bioportal the queries need to be performed
as they are by the current implementation of bioportal. Common name of the term is
used in the current queries. However, when used with triple store as the backend,
the namespace to which the term belongs needs to be made available for execution
of queries. Since currently ontologies in the bioportal do not have a common
namespace, the namespaces of each of the ontology needs to be extracted and
stored as the ontology is being loaded into the triple store. This preprocessing step
helps measure the effectiveness of the API with the triple store [62].

Since the user only supplies the common name of the term to query, the SPARQL
guery with the namespace of the term needs to be created. The namespaces
extracted in the above preprocessing are used in this step. Since the namespace to
which the term originally belongs is not known, combination with all the namespaces
extracted is performed. This causes a single query to fan-out by a factor of ~100 and
puts strain on the triple store and helps measure the ability of the triple store to
perform a large number of queries in a short duration. More information about this is
available in the methodology section [62].

3.5.3 Evaluation Methodology

All the triple stores were accessed through their suggested APIs i.e. Jena SDB
through the Jena API, Sesame Native and Mulgara through Sesame and Virtuoso
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through its connection API. Even though the UNIPROT data can be loaded into the
triple store without the utilization of an API, we [62] preferred testing, loading using
an API since it was a necessity for the ontologies of bioportal. As already noted, the
ontologies of bioportal don’t have a common namespace. The namespaces
associated with the ontologies are extracted before loading them. This enables us to
transform a user query into ‘common name’ into a SPARQL query with complete
namespaces. Figure 30 illustrates the process of loading the data into a triple store
[62].

Ontology is
RDFS Inferenci
ULl Ll a  [n-memory model 1 "0

Bioportal : \ Bioportal Triple
Ontologies ~ In-memory model e a— Store getParent(term).

ol,02.. \\ \

Generate SPARQL

Index creation,
Extraction of
namespaces

Fig. 32. Process of loading Data into Triple Stores [62].

3.5.4 Inferencing Approach.

A bioportal installation based on triple stores requires inferencing at least to the level
of RDFS i.e. In [62] they need an inferencing mechanism that performs transitive
closure on the sub-property and sub-class hierarchy. All the off the shelf reasoners
available expect the data to be cached in-memory to perform the reasoning.
However, in our case due to size of the data it is stored in persistent storage [62].
This inferencing limitation further precipitates the need for the triple store [62] to have
an available API. In our current implementation, we perform inferencing as the

ontologies are being loaded. The ontologies are cached into an in-memory model,
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their namespaces extracted and RDFS inferencing performed on them before
pushing them into the triple store [62].

3.5.5 Query Results.

The queries on bioportal mainly extract the parent and child of a given term. Since
these are first order simple queries, not much difference is seen in the performance.
More complex queries that recursively calculate the path to root of a term should be
used to get a better indication of the querying capabilities [62].

3.5.6 Child queries.

The child queries are used to extract the children of a given term. As already
mentioned the user only supplies the ‘term’, without the associated namespace for
which he needs the children. To create the SPARQL query we plug in the term with
all the known namespaces extracted. This created query is then executed against
the triple store. For eg. if the user wants to find the children of the term ‘Size’, a

concept mentioned in the amino-acid ontology, the following query is created:

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?x FROM <bioportal:amino-acid>

WHERE { ?x rdfs:subClassOf
<http://www.co-ode.org/ontologies/amino-acid/2006/05/18/amino-acid.owl#Size>
This query is in addition to the other queries generated using different namespaces
like http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#. Using this namespace
another query(shown below) is generated. Similarly queries for other namespaces
are generated [62].

Thus, for each term we need to generate as many queries as the number of
namespaces present in Bioportal. This results in an amount of the order of ~300.
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?x FROM <bioportal:Thesaurus >

WHERE { ?x rdfs:subClassOf

< http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#Size>
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3.5.7 Parent queries.

A similar procedure of generating multiple queries for extracting the parents [62] of a
term is used. Multiple SPARQL queries with different namespaces are created and
executed against the triple store. The only difference from the child queries, is that
the variable is at object position instead of the subject. For eg. to extract the parents
of the term ‘Size’, one of the generated queries is:

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?x FROM <bioportal:amino-acid>

WHERE {
<http://www.co-ode.org/ontologies/amino-acid/2006/05/18/amino-acid.owl#Size

rdfs:subClassOf ?x>

Similar to the case of children queries, the fanout for parent queries is of the order

~300 or the number of namespaces in Bioportal.

However, the Parent/Children queries provide us no information on the completeness
of the support of SPARQL by a triple store. Both these queries only use the ‘where’
clause and don’t test whether the triple store supports more complicated clauses like
filter’ and ‘optional’.

Due to the simplicity of the queries and the fact that they use only one SPARQL
construct — ‘where’ not much difference is seen in the performance of the triple stores.
The difference is of the order of a few seconds(<2s) and even that gets reduced when
the cache gets warm [62].
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3.5.8 Results of Native Triple Stores.
Table 1, 2 and 3 present the time taken to load the three datasets. ‘Couldn’t load’ in
the time field denotes that an out-of-memory error started appearing. These results

are discussed in the next section.

Triple Stores Time (min)
Jena SDB 164
Sesame Native 7
Mulgara 12
Virtuoso Couldn’t load

Table 2. Time taken to Load Bioportal Ontology [62]

Triple Stores Time (min)
Jena SDB 8.19
Sesame Native 4.46
Mulgara Couldn’t load
Virtuoso Couldn’t load

Table. 3. Time taken to load the UNIPROT 1M[62].

Triple Stores Time (min)
Jena SDB 175
Sesame Native 123
Mulgara Couldn’t load
Virtuoso Couldn’t load

Table. 4. Time taken to load the UNIPROT 10M[62].

The above results indicate a superior performance of native stores like Sesame
native, Mulgara and Virtuoso. This is in coherence with the current emphasis on
development of native stores since their performance can be optimized for RDF.
However, these native triple stores especially Mulgara and Virtuoso are constrained
by the absence of an API. For certain use cases in Bioportal, presence of an APl is
necessary. Further, Table 2 and Table 3 point out that the inability of Mulgara and
Virtuoso to load large datasets (>1M triples). It is important to note that the problem
is not of lack of scalability with the two mentioned triple stores, but the inability of the

third party APIs to handle large datasets. These APIs work perfectly fine when used
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to access and query existing stores but throw up memory errors when used to load
the data through them. Both Mulgara and Virtuoso are able to load the same datasets
without any problems when used through their loaders (scripts or command line
utilities like load). The documentation of both Mulgara and Virtuoso notes that the
preferred way to load large datasets is through the supplied loaders instead of the
third party APIs [62].

Tables 1,2 and 3 indicate that Sesame native gives the best performance of the 4
triple stores being compared. In addition to this, Sesame native comes with an
inherent APl and thus doesn’t suffer from the same problem as the other 2 native
stores Mulgara and Virtuoso do. However, Sesame native was only tested with only
10 Million triples. This size currently suffices the need of Bioportal. However [62]
mentions that the largest dataset known to be loaded into Sesame native is only
50Million triples, both Mulgara and Virtuoso are said to be lot more scalable than this.
This can be a serious limitation when the dataset becomes in-order of a few billions
[62].

Jena SDB is able to load all the three datasets but is the slowest. This was expected
since SDB is simply a loader which relies on third party relational databases which
are formatted by it before loading the data. It is unable to be optimized for a particular
database[62].
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4 Discussion.

In this project | have presented an application that reads the data from three different
databases and presents the results. Results can be acquired by applying some
SPARQL Queries. If we closely take a look into the table 01 as shown in results part
we can see that for each query performed here Triple Store (Jena TDB) have
provided the fastest results. The second best we found here is the Relational
Database (Jena SDB). Therefore, on the basis of results we can say that triple store
performance and efficiency have found best among the other databases, and have
recommend the best solution for using in semantic web applications.

Due to the time limit and to present the idea of Jena SDB we have tried Jena SDB
with MySQL. There are some other triple stores like, Sesame, Mulgara and Virtuoso
backed with Jena SDB | would like to try these native triple stores in future.

The Sesame is an open source framework for storage, inferencing and querying of
RDF data. Sesame matches the features of Jena with the availability of a connection
API, inferencing support, availability of a web server and SPARQL endpoint [62].
Mulgara is a native RDF triple store written in Java. It provides a Connection API that
can be used to connect to the Mulgara store. Being a native triple store it has a ‘load’
script which can be used to load RDF data into the triple store [62].

Virtuoso, is a native triple store available in both open source and commercial
licenses. It provides command line loaders, a connection API, supports for SPARQL
and web server to perform SPARQL queries and uploading of data over HTTP [62].
From the project | have learnt many things about semantic web technology,
especially about triple stores. The triple stores like Jena SDB are based on relational
databases and simply provide an RDF or SPARQL interface. If we say like what
features that triple stores contains and Relational Database do not have, from my
point of view simple answer is that the triple store support for SPARQL, RDF and
OWL (i.e the Semantic Web Technology stack).

In future | would like to enhance the data in ontology and try to read the data with
above said native triple stores with my developed application to check the query

execution performance and efficiency.
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5 Conclusion.

During this project, | have introduced a novel approach to Semantic Web search,
which allows for a semantic processing of Web search queries relative to an
underlying ontology. | have presented a theoretical study about several technologies
used in semantic web development to provide reliable and robust communication
over the HTTP. After a careful survey of existing technologies used in semantic web,
| have identified to setup a SPARQL Endpoint application that helps to investigate
how to best store and manage the clinical data.

For the SPARQL Endpoint Application | have made an ontology, which is accessible
with a Java application in which we used web services and semantic web tool Jena.
From the help of Jena we able to read ontology data within this application. We
applied several type of database schemes such as Relational Database and Triple
Stores, that are able to read the ontology data and present results with the help of
SPARQL Queries over the HTTP.

Results presents the remarkable performance of triple stores like Jena TDB and
Relational Database backed with Jena SDB.

In conclusion, the overall goal of our project has been achieved. Since, | can now
connect all type of data base in application which | have made for getting the
functionalities of SPARQL Endpoint, so the whole application exhibits as “plug and
play”.

For future work | would like to add more data into ontology. Make more complex
SPARQL Queries and check the application with other native triple stores such as

Virtuoso and Sesame.
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