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Health care systems consist of various individuals and organizations that aim to 

meet the health care needs of people and provide a complete and responsive health care 

solution. One of the important aspects of a health care delivery system is nursing. The use 

of technology is a vital aspect for delivering an optimum and complete nursing care to 

individuals; and also for improving the quality and delivery mechanism of nursing care. 

The model proposed in this thesis for Nursing Knowledge Management System is a novel 

knowledge-based decision support system for nurses to capture and manage nursing 

practice, and further, to monitor nursing care quality, as well as to test aspects of an 

electronic health record for recording and reporting nursing practice. As a part of a 

collaborative research of the Christine E. Lynn College of Nursing and the Department of
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Computer Science, a prototype toolset was developed to capture and manage nursing 

practice in order to improve the quality of care. This thesis focuses on implementing a web 

based SOA solution for Automated Classification of Nursing Care Categories, based on the 

knowledge gained from the prototype for nursing care practice. 
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CHAPTER 1  

INTRODUCTION 

 
 
Bound by paperwork, short on hands, sleep, and energy... nurses are rarely short on 
caring.  

                -Sharon Hudacek, "A Daybook for Nurses" (2004) 
 

1.1 Introduction and Motivation 

Florence Nightingale [1] demonstrated the importance of proper and systematic 

nursing care as early as 1859. However, it was only in the late 1970’s that the importance 

of nurses as an essential and integral part of providing quality health care was finally 

recognized. Traditional role of nurses was to provide care and comfort to patients. The role 

of nurses has however evolved and now includes health promotion and illness prevention 

[2]. As such, nurses now-a-day play a pivotal role in monitoring and providing important 

feedback on patient’s initial assessment, recovery and wellness.  

The integration of the advancements in computers and technologies with the 

medical practice began rapidly in the 1980’s. Initially, use of information technology in 

nursing practices was considered as a part of ‘medical informatics’ (and some still consider 

it to be a part of medical informatics) [3], but, American Nurses Association (ANA) 

recognized and attempted to define the term ‘nursing informatics’, as a discipline within
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nursing practice and distinct from general medical practices. Consequently, the term 

‘nursing informatics’ was coined. Numerous applications are widely available for storage 

and processing of medical records in the digital format, but, such an effort for systematic 

digitization of nursing records is limited. A major motivation of this thesis is to provide an 

impetus to such an information system for nursing records, which will facilitate better 

quality or nursing care available to patients and give the nurses their due recognition. 

One of the earliest definitions of nursing informatics by Scholes and Barber stated 

that nursing informatics was “the application of computer technology to all fields of 

nursing—nursing service, nurse education, and nursing research.” [4]. The definition of 

nursing informatics and its role has evolved through the last several decades [3] and has 

reached a stage now where it has become an important and distinct element of health care 

system. ANA in 1994 defined nursing informatics as “Nursing informatics is the specialty 

that integrates nursing science, computer science, and information science in identifying, 

collecting, processing, and managing data and information to support nursing practice, 

administration, education, research, and expansion of nursing knowledge. It supports the 

practice of all nursing specialties, in all sites and settings, whether at the basic or advanced 

level. The practice includes the development of applications, tools, processes, and 

structures that assist nurses with the management of data in taking care of patients or in 

supporting their practice of nursing” [5]. A detailed discussion about nursing informatics is 

by Ball et al. [6]. ANA has recently defined nursing information practice as facilitation of 

data, information and knowledge to support patients in their decision making [2]. 



 

3 

Nursing knowledge is the understanding of patient care which is achieved by the 

nurses through their wide range of theoretical and practical experiences and observations in 

their work [7]. Most of the focus on care planning is from quantitative (disease oriented or 

medically focused) perspective. However qualitative (holistic care) aspect of treatment is 

also an important part of the healing process. Very little attention to the actual judgments 

and actions nurses take in carrying out the interdisciplinary plan at the point of care. The 

impact or outcome of the nurse’s holistic care on the patient is also not generally 

considered, leading to undermining the efforts and importance of nurses in recovery of the 

patient. Based on the nursing knowledge, the nurse can structure a holistic care plan that 

describes the characteristics of the patient and hence the type of care needed by the patient. It 

thus helps the nurses in planning and establishing priorities for the patient’s speedy recovery.  

Vast amount of data with useful as well as redundant information is generated in 

day-to-day nursing practices. Properly organizing and applying this information is essential 

in the dynamically changing health care scenario. Categorization of nursing knowledge is 

of utmost importance in organizing, planning and providing quality care to the patients [8]. 

This information is vital if nurses and medical practitioners expect to achieve success in the 

changing U.S. health care system. The need to record and manage nursing data is not only 

due to the legal and federal requirements or out of the need to recall the treatment that had 

been rendered, but, is now an important tool in communication between health care 

professionals and providing quality care to the patients. 
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 Today one of the major problems with health care systems is that nurses are 

compelled to spend a lot of their precious time in paper work and documentation of the 

duties they perform during each and every interaction with the patient. A health care 

management system does not provide interface to electronically capture the nursing data in 

terms of physiological attributes applied by the nurse; thus there exists no means to capture 

the knowledge of nursing practice. The development of nursing informatics is imperative 

not only for the development of nursing practice, but also for the development of other, 

components of hospital information system. 

Nursing data acquired from day-to-day practice of nurses consists of the data 

collected during the interaction of the nurses and the patients; the data is captured in natural 

language and textual format. The data sets are then analyzed by the nurses and classified 

using their knowledge according to nursing theory. Many different models for 

classification exist in the nursing discipline [9].  

This thesis aims to apply the knowledge of nursing and informatics to assist in the 

design, development, and ongoing modification of computerized health care systems by 

focusing on the implementation, integration and analysis aspect of the above system with 

respect to automated nursing classification search. A clinical database and analysis tool 

enables nurses to document and improve characteristics of their practices. In this thesis, the 

nursing data is classified according to four broad categories based on the Parker- Barry 

community nursing practice model [10], i.e. Caring, Respect, Wholeness and Connection 
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by nursing domain expert. The classifications can be extended to include additional 

categories. 

 

1.2 Problem Statement 

Nursing data is collected in various forms. Various methods have been extensively 

discussed in Chapter 3. The literature by Keenan et al. [8] discusses some of the methods 

used by nurses for collecting data. Consider for example, the use of printed paper forms to 

analyze the nursing knowledge. These forms outline categories of the nursing theory models 

along with the series of check boxes and empty spaces where nurse can manually enter the 

expressions from the assessment data and map it to the respective category. Though the method 

is simple, it is time consuming and uses up the nurse’s valuable time, thus reducing overall 

productivity.  However, different nurses taking care of a single patient may interpret the data 

differently resulting into inconsistent plan for care. This inconsistency will then affect the 

course of the patient’s treatment. Besides these, storage of papers and timely evaluation of the 

forms are some other constraints.  

 

1.3 Proposed Solution 

Automating the classification of nursing data using nursing languages and models can 

increase the productivity and consistency in analyzing the nursing data, thus resulting in 

increase in the nurse’s efficiency and consistency in the course of the patient’s treatment of the 

disease. The category assignment is manual and the categories are defined by nursing domain 

experts or nurses. Some of the technologies generally used for qualitative data analysis have 
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been reviewed by Chinchanikar [11]. The methods indicated are Semantic Web, Naïve Bayes 

Classification and Latent Semantic Indexing (LSI). The above methods provide for a way to 

classify data according to the nursing classification and to retrieve search. It has been indicated 

in [11] that LSI provides reliable and good results with minimal data. The prototype model 

developed using Microsoft technologies was a standalone implementation and had some major 

issues as stated: 

•  Interoperability and  Portability  

•  Performance 

•  Single user  

•  File based information storage 

•  Use of proprietary technologies  
 

1.4 Thesis Contribution 

This thesis provides a tool for automating the classification of nursing data into 

categories described in the problem statement above.  It focuses on applying LSI indexing 

for automated nursing classification. The prototype proof-of-concept model developed by 

Chinchanikar [11] had severe limitations in terms of implementation, which has been stated 

above in 1.3. These limitations have been addressed in the implementation of this thesis: 

•  Interoperability and portability limitations have been addressed by using web based 

technologies and Service Oriented Architecture (SOA) 

 

•  Performance issues have been solved by storing the classification data in a standard 

relational database, which is scalable 
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•  Multiple users can concurrently access this application 

 

•  RDBMS based information storage 

 

•  Use of proven open source technologies for this implementation as they are readily 

available and used enterprise-wide 
 

•  Thin client model reduces the requirement of expensive client installations 
 

•  Application is platform independent and hence can be installed on Windows or Unix 

platforms 
 

 Implementation of the automated nursing classification is done using J2EE 

technologies. LSI algorithm has been used for categorizing the nursing classification data. 

High performance open source technologies, MySQL database and other technologies have 

been used to make the system scalable and robust.  

 

1.5 Thesis Organization 

In order to cohesively address the research efforts and the outcome, this thesis is 

organized as follows: 

• Chapter 1:     Introduction - This chapter provides an introduction to the topic of 

research with the indication of relevant problem in implementing the system and 

the proposed solution 
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• Chapter 2:   Background and previous work - This chapter presents an outline of 

nursing language and its necessity, particularly with reference to automation of 

medical records and the various categories in which the nursing data has been 

classified in this thesis. The logic and reasoning for the various algorithms used in 

this thesis has also been described in this section 

• Chapter 3:  Framework for Automated Classification of Nursing Language – 

The initial part of the chapter describes the various methods of gathering the 

required data. The knowledge management and implementation of the proposed 

system, its architecture and technologies used has also been described in this 

chapter. Finally, the last part of the chapter describes the method by which 

information can be presented for further analysis to the third party applications or 

internal modules 

• Chapter 4:  Results and analysis - This chapter focuses on presenting and 

analyzing the results of the implementation.  

• Chapter 5: Conclusion and Future Work – The last chapter summarizes the 

efforts put in implementing the automated nursing classification system, its uses 

and benefits and finally concludes with enumeration of future work.1.6  Summary 

This introduction chapter is written to outline the overall content of thesis and 

provides details on the scope of the research, underlying objectives and driving motivation. 
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Further, the organization of the thesis is indicated with a format outline on pursuing 

chapters.
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CHAPTER 2 

BACKGROUND AND RELATED WORK 

 

Constant attention by a good nurse may be just as important as a major operation by a 

surgeon.   

~Dag Hammarskjold, “Simpson's Contemporary Quotations”(1988) 

 

Nurses generally describe their non-clinical experiences with patients and the others 

related to the patient in the form of narratives.  A sample narrative is shown in Figure 2- 1.  

Benner has aptly described the role of use of narratives rather than general abstract 

discussion of practice for the following reasons: "Narrative accounts of actual situations 

differ from questions about opinions, ideology or even what one does in general, because 

the speaker is engaged in remembering what occurred in the situation. Spoken accounts 

allow the speaker to give more details and include concerns and considerations that shape 

the person's experience and perception of the event. A story of an event is remembered in 

terms of the participant's concerns and understanding of the situation. Therefore, narrative 

accounts are meaningful accounts that point to what is perceived, worth noticing, and what 

concerned the storyteller. Narrative accounts of actual situations give a closer access to 

practice and practical knowledge than questions and belief about
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ideology, theory or generalized accounts of what people typically do in practice. Therefore 

narratives can be used to examine discontinuities between theory and practice." (pp.110) 

[12]. The care given by a nurse to the patient is holistic and comprehensively takes into 

consideration the physical, emotional, social, economic and spiritual needs of the patient 

[13]. The nurse also has to consider the response of the patient to the disease his ability to 

meet self-care needs to decide a care-plan for the patient. Traditional forms of knowledge 

(pp. 74-80) [14] (knowing how and knowing what to do) are not sufficient to cover a third 

kind of knowledge (knowing what it is like or what the patient is experiencing), which is 

also very important for the proper healing of the patient. Since, the narrative is described by 

each nurse from their own perspective of their interactions with the patient, the focus and 

conclusions will vary from each individual nurse for the same patient. Hence, a standard 

nursing language [15] is imperative for proper electronic documentation of the patient 

records [16 -18] and better communication between the nurses taking care of a patient. It 

also enables nurses to systematically document and improve characteristics of their 

practices. 

 

2.1 Nursing Language: Definition and Importance 

Large volume of useful as well as redundant data is generated in day-to-day nursing 

practices due to the nursing narratives. Proper and timely documentation and analysis of 

such large data volume poses a big challenge, particularly if a standard nursing language 

with particular keywords and format is not defined. Also, it is impossible to implement and 

automate the use of electronic documentation of health care records without having a 
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standardized language or vocabulary to describe key components of the care process [16 -

18].  

American Nurses Association has tried to define various models for both 

quantitative and qualitative nursing data by outlining and standardizing the various 

categories of nursing care provided [9] [19]. In this thesis, the Parker/Barry Community 

Nurse Practice Model [10] has been chosen as the basis on which the classification of the 

nursing data is modeled. The beauty of this model lies in the fact that the data collected by 

this model offers the opportunity to hear unique calls for nursing that give direction for 

creation and categorization of nursing responses [20]. Nursing data in the present context 

consists of the data collected during the interaction of the nurses and the patients; the data 

is captured in natural language and textual format. The data sets are then analyzed by the 

nurses and classified using their knowledge according to nursing theory. The nursing data 

obtained from nurse’s narratives is classified according to four broad categories i.e. Caring, 

Respect, Wholeness and Connection by nursing domain expert. A plan of care is 

documented using the classification. The plan of care helps in providing a more holistic 

care to the patient, as it also focuses on non physical aspects or nursing care, which is also 

crucial for patient recovery. The various methods by which the nursing narrative data is 

collected and processed have been described in Chapter 3.  

In this thesis, for retrieving useful information from the nurses narratives and 

classify them, Latent Semantic Indexing (LSI) [21] has been used. This algorithm and some 

important definitions are specified in the following section. 
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2.2 Latent Semantic Indexing 

Latent semantic indexing (LSI) algorithm is a very useful mathematical algorithm 

used to index and classify given data in natural language into categories. This algorithm 

yields much better results compared to the traditional keyword search algorithms. LSI not 

only tries to find the required keywords in a set of documents, but, also matches the 

complete set of words (phrase) or phrases with similar words (semantic) among a set of 

documents [21]. This ultimately results in categorizing of the semantically similar 

documents into the same category, even if they contain distinct keywords.  

Natural language is full of redundancies with many words appearing in the 

document for the purpose of making it readable and grammatically correct but, carries no 

semantic meaning. Such words can be considered as noise (some examples of noisy words: 

he/ she, the, is/ are, who, when…). In fact, the most frequently used words in English are 

words that don't carry content at all: functional words, conjunctions, prepositions, verbs and 

others. The first step in LSI is eliminating all the noisy words from a document, leaving 

only content words likely to have semantic meaning. This step is carried out using 

stemming algorithm [22]. Specifically, Porter stemming algorithm [23] is then executed to 

remove all the common endings of a word, so that the root word is obtained. Thus, this first 

step of applying the stemming algorithm filters out the noisy words in the documents and 

condenses the documents into sets of content words that can then be used to index. At this 

stage, before proceeding to the next step, some important terms used in LSI has to be 

defined, specifically pertinent to their use in nursing classification. They are as follows: 
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•   Benchmark documents – These word documents act as the reference for 

indexing. In automated nursing classification context, it contains the definition 

for each category in the Nursing Model along with the example expressions and 

synonyms of the terms defining the category 

•   Universal terms – A list of all the unique terms in the benchmark documents 

•   Expanded query – The collection of the terms obtained by collecting synonyms 

of each unique term in the query expression 

The content words have been obtained in step 1. In step 2, using the list of content 

words and documents, a term-document matrix is generated. It is a very large matrix, with 

documents listed along the horizontal axis that is a matrix with j columns and each column 

representing a document, and content words along the vertical axis, that is i rows with each 

term being listed as a row of the matrix. The matrix is as shown in Figure 2- 2. For each 

content word in the list, which is listed in the rows, an 'X' is put in the column for any 

document where that word appears. If the word does not appear, we leave that column 

blank. The term-document matrix is thus constructed with each universal term as its row 

and each benchmark document as its column.  

The value of each matrix element is calculated as {(term frequency in respective 

document) / (overall term frequency)} 
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Figure 2- 1 Term-document matrix 

 

The term-document matrix obtained above is then subjected to singular-value 

decomposition (SVD), which splits the term-document matrix into three matrices as has 

been described below. SVD reduces the number of columns while preserving the similarity 

structure among rows.  

The term-document matrix with i rows and j columns is decomposed into three 

matrices such that 

[Term-Document] = [U] [S] [VT] 

Here, 

[U] is i × i square matrix representing all the unique terms in the term-document matrix 
[S] is j × j diagonal square matrix 
[VT] is j × j square matrix representing the benchmark documents in term-document matrix 

 
Now, a query matrix (Q) is created using the information in the S and U matrices. 

The Q matrix is then compared with transpose of V (denoted by VT) matrix to determine 



 

16 

the similarity between them query about every document in the V matrix. Particularly, 

cosine similarity is determined using the equation: 

 

(Q.VT) is the dot product of the two vectors. |Q| and |VT| are the Frobenius Norms, also 

called as Euclidean Norms. It gives normalized unit vectors in case of a single column 

matrix. Thus, j different ranks for j benchmark documents against each query expression 

have been obtained. Such a process is called as ranking the documents. The document with 

the highest rank is most similar to the query expression and the query expression is 

assigned to the category represented by that benchmark document. 

The whole LSI algorithm for classification of the nursing data into the four 

categories has been implemented using Apache Lucene, which has been described in 

Chapter 3. 

 
2.3 Summary 

This chapter provides the required background of nursing language and theory and 

the necessity to automate the classification of nursing narratives into the various categories. 

Also, some important terminologies related to nursing and Latent Semantic Indexing (LSI) 

algorithm which, has been used in this thesis for automating the classification of the 

nursing data has been described in this chapter. 

. 
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CHAPTER 3 

FRAMEWORK FOR AUTOMATED CLASSIFICATION OF NURSING LANGUAGE 

 

3.1 Introduction 

This implementation is structured based on Tilley’s [24] description of the three 

categories of canonical activities that are characteristic of reverse engineering for program 

understanding that is data gathering, knowledge management and information exploration. 

This thesis follows the same sequence of canonical activities as described by Tilley. The 

high level system architecture for the proposed system is shown in Figure 3- 1. The 

prototype system was originally designed to be a client server architecture based on .NET 

framework using Microsoft technology and was not portable. Hence alternate system was 

developed which supports multiple users, is scalable and can easily be able to integrate 

with existing systems or products. The system also uses a database for storing the 

classification data. It can be easily updated by the Administration module. The data from 

various sources like encounter form and field input will be converted by available 

converters and then converted to text format. The converted text can be then automatically 

classified by running the data against the LSI based nursing classification indexing 

algorithm. The search results can then be used for further processing.
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Figure 3- 1 High level system architecture for nursing knowledge management 

The framework uses service oriented architecture (SOA) [25] which makes 

interoperability and portability possible and provides a seamless way of integrating the 

system with other products and solutions as another component.  

 

3.2 Data Gathering 

Traditional role of nurses was to provide care and comfort to patients. However, the 

role of nurses has evolved and now includes health promotion and illness prevention. As 

such, nurses now-a-days play a pivotal role in monitoring and providing important 

feedback on patient’s initial assessment, recovery and wellness. Many nursing records are 

not well written or maintained and are filled with redundant information. Automated data 

gathering will prove very useful in systematic gathering, storage and utilization of data 
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qualitatively and quantitatively. This thesis aims to apply the knowledge of nursing and 

informatics to assist in the design, development, and ongoing modification of computerized 

health care systems. It may educate and assist in problem solving to promote the 

implementation of the health care system. 

The data will be gathered from various input sources like field input, doctor’s input, 

patient’s encounter forms or voice to text [26 - 32]. Voice input may include nurse’s 

assessment of a patient as well as discussions between doctor and nurse or the nurse and 

the patient and the patient’s family members. Some good voice recognition software [32] is 

already available, mainly by ER doctors. Other forms of data gathering techniques have 

been extensively described in [8] and [26]. Encounter forms as well as field inputs are very 

useful and widely used source of information gathering. The input can thus be in any form 

which can be converted into .doc, .pdf or a text format. The inputs from the different 

sources will be stored in the database. Data from external sources can also be pulled in to 

the system via push or pull mechanisms. 

Standardized nursing language is important to recognize keywords [19] for search 

from database. In this thesis, the nursing data is classified according to four broad 

categories i.e. Caring, Respect, Wholeness and Connection.  

 

3.3 Knowledge Management  

Knowledge management encompasses the data and the algorithms such as LSI and 

natural language process; which provide the end user a means of analyzing the results of 
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the transformations and make decisions or process the results further. The results can be 

accessed by other applications via web services, which make the system an easily 

pluggable solution and can be leveraged by other systems with minimum changes. The 

components for the current system are shown in Figure 3- 2. 

 

Figure 3- 2 High level system architecture 

 

The framework of Automated Knowledge Management system is a web application 

based on J2EE technology [33] following Service Oriented Architecture. The end user can 

access the system via web services or using browser. A web application can be 

concurrently accessed by multiple users by using a thin client like a web browser. Since the 

application (thesis implementation) implements SOA, the implemented application is 

interoperable and can be accessed by different applications running on diverse platforms or 

using different technology. The rationale behind using J2EE instead of Microsoft 

technologies was to enable the solution be portable and deployable on both Windows and 

UNIX platforms [34] without any modifications to code. Another factor considered was 
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using open source technologies as the end user would not have to consider the cost of any 

particular packages or components.  

3.3.1 System Components 

The detailed description of the system components has been described in this 

section. The major components and the rationale for using the particular component have 

also been discussed. 

a. Operating System 

This thesis implementation has been developed based on J2EE technologies and 

can be deployed on any platform supporting Java 6 [35] and upwards.  A Java Virtual 

Machine (JVM) is a piece of software that is implemented on top of the real hardware and 

on standard operating system platforms like UNIX and Windows. A JVM provides an 

environment in which Java byte code can be executed, enabling features like automated 

exception handling and independence from the source code. A JVM is distributed along 

with a set of standard class libraries that implement the Java application programming 

interface (API). Appropriate APIs bundled together form the Java Runtime Environment 

(JRE). 

JVMs are available for many hardware and software platforms. The use of the same 

byte code for all JVMs on all platforms allows Java to be described as a "compile once, run 

anywhere" programming language, as opposed to "write once, compile anywhere", which 

describes cross-platform compiled languages. Thus, the JVM is a crucial component of the 

Java platform. Java byte code is an intermediate language which is typically compiled from 
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Java, but it can also be compiled from other programming languages. This makes java 

based applications portable and be widely deployable without any changes.  

The implemented application is currently deployed on Ubuntu 10.0 [36] desktop 

virtual image running on VMware Player 4 [37], [38]. VMware Player is a freeware 

software package supporting virtualization. VMware Player can run virtual appliances and 

can also create virtual machines since version 3.0. It uses the same virtualization core as 

VMware Workstation, which is a similar program with more features, but is not freeware. 

Versions earlier than 3.0 of VMware Player cannot create virtual machines, thus, requiring 

the users to download pre-created virtual appliances or create machines for use in player 

with the full VMware Workstation, or manually create and edit the plain text ".vmx" file 

that defines a virtual machine. From version 3.0 this limitation has been addressed and 

users can create virtual machines using the GUI and hence version 4.0 has been used in this 

implementation due to these advantages of version 4.0. The player allows a complete 

virtual machine to be copied at any time by copying a directory. Though it is not a fully 

featured snapshot facility, this does allow a copy of a machine in a particular state to be 

stored, and reverted back to later when needed. Since the application is deployed on a 

JVM, it can run on UNIX, Windows, Mac OS X [39] and other supported platforms.  

b. Application Server 

The implemented application can be deployed on any J2EE (Java 2 Platform, 

Enterprise Edition) compliant application server. J2EE provides a standardized and 

modular component to the applications based on it. This is achieved by providing a 

complete set of services to those components, and by handling many details of application 
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behavior automatically, without complex programming. The J2EE standard includes 

complete specifications and compliance tests to ensure portability of applications across the 

wide range of existing enterprise systems that are capable of supporting the J2EE platform. 

The J2EE specification also ensures web services interoperability. This is the rationale 

behind using J2EE instead of Microsoft technologies; that is to enable the solution to be 

portable and deployable on Windows, Mac and UNIX platforms without any modifications 

to the code. 

The implemented application currently has been deployed on Tomcat 6 [40]. 

Apache Tomcat version 6.0 implements the Servlet 2.5 and Java Server Pages 2.1 

specifications. A servlet is a Java programming language class used to extend the 

capabilities of servers that host applications accessed via a request-response programming 

model. Although servlets can respond to any type of request, they are commonly used to 

extend the applications hosted by web servers. Thus, it is Java Applet that runs on a server 

instead of a browser. Apache Tomcat is an open source application server which is robust, 

high performance, scalable and has been widely deployed by various commercial 

organizations for supporting mission critical applications. Apache Tomcat has been 

available since 1999 and is a mature and stable platform for development and deployment 

of web applications. 

c. Database 

The application uses a RDBMS to store all application related information. A 

relational database provides a reliable and secure way of storing, organizing and retrieving 

information consistently. Relational Databases are scalable and can be concurrently 
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accessed by multiple users. In the relational model, related records are linked together with 

a "key". The purpose of the relational model is to provide a declarative method for 

specifying data and queries: users directly state what information the database contains and 

what information they want from it, and let the database management system software take 

care of describing data structures for storing the data and retrieval procedures for answering 

queries.  

The database of choice for this application is MySQL (5.x) [41] community edition. 

MySQL is an open source and scalable database available on UNIX, Windows, Mac OS X 

and other supported platforms.  MySQL supports storing of Unicode free text in 

LONGTEXT [42] type columns. The indexing and configuration data is stored in the 

following tables, category, category_index_data and index engine. The category table in 

Figure 3-3 below contains the categories like Caring, Wholeness, Respect and Connection. 

Additional categories can be added based on classification requirements.  
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Figure 3- 3 Definition of category table 

 

The category_index_data contains the category data for each of the categories 

defined in the category table for an index engine. The text column contains the category 

index data, which is used for creating the LSI index. The text column is of type 

LONGTEXT which can hold 4GB (232 – 1) characters. The Figure 3- 4 below shows the 

columns in the category_index_data table. 
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Figure 3- 4 Table definition of category index data 

 

The index_engine table defines the index engines configured in the system.  There 

can be multiple index engines configured in the index_engine. The Figure 3- 5 below 

shows the columns in the index_engine table. 
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Figure 3- 5 Table definition of index_engine 

 

The nkms_properties table in Figure 3- 6 below contains key value pairs, the values 

for which can be retrieved by querying against the parameter field. The retrieved value then 

can be used by the application. One of the key parameters stored in the nkms_properties is 

the nkms.stop.list. This property contains the stop words which are used by the Indexing 

Engine for removing noise words which are not considered for matching or term document 

matrix creation by the Indexing Algorithm. 
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Figure 3- 6 Table definition of nkms_properties 

 

The database also enables multiple instances of the application to be deployed; 

which lets the application scale. The application can also use any other RDBMS as there is 

no specific feature of the database which the application depends on. The application has 

been designed to use any available RDBMS based on end customer requirement. 

3.3.2 Knowledge Classification and Indexing 

In the proposed model, nursing information is classified into four main categories 

i.e. Caring, Respect, Wholeness and Connection. The information for each category is 
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collected from different data sources as outlined in data gathering. The information is then 

categorized into categories mentioned above by nursing domain experts.  

The categorized word documents are then uploaded to the system using the GUI 

and stored against the corresponding categories. The information stored for each of the 

categories consists of complete definition along with description and key terms and 

expressions which define the category.  

Apache Lucene [43] and JAMA [44] packages are used for implementing LSI 

(Latent Semantic Indexing) algorithm for the automated knowledge classification module. 

The following part explains the advantages of using Apache Lucene and JAMA instead of 

other similar packages. 

Apache Lucene is a high-performance, full-featured text search engine library 

written entirely in Java. Apache Lucene is a technology suitable for applications that 

requires full-text search, especially cross-platform. Apache Lucene is an open source, 

highly scalable, superfast search engine with high-performance, easy-to-use application 

programming interface (API), features like numeric fields, payloads, near-real-time search, 

and huge indexing and searching speed, making it the leading search tool. Developed by 

Apache Software Foundation, Lucene can be used in commercial, as well as in open source 

applications, making it the tool of choice for this implementation. Apache Lucene has 

many features [43], which for example include: 

• Powerful, accurate, and efficient search algorithm 
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• Calculates a score for each document that matches a given query and returns the 

most relevant documents ranked by the scores 

• Supports many powerful query types, such as PhraseQuery, WildcardQuery, 

RangeQuery, FuzzyQuery, BooleanQuery, and more  

• Supports parsing of human-entered rich query expressions 

• Allows users to extend the searching behavior using custom sorting, filtering, and 

query expression parsing 

• Uses a file-based locking mechanism to prevent concurrent index modifications 

•  Allows searching and indexing simultaneously 

 

In this thesis, Apache Lucene is used to implement the stemming algorithm and 

eliminating the noise words. It is being used for creating the term-document matrix. 

Though Apache Lucene can be used for final indexing purposes as mentioned above, but, 

JAMA has been used for this purpose. This is because LSI algorithm calls for the terms to 

be in matrix format for singular value decomposition. As has been shown in [11] that LSI 

provides better and accurate results compared to using Apache Lucene alone. However, the 

efficiency and speed of Apache Lucene in extracting the terms from the input text is one of 

the best in an open source implementation. 

The category data is indexed using Apache Lucene after removing irrelevant terms 

like English stop/noise words in additional to set of terms, and applying stemming 

algorithm(s). An M × N term document matrix is created. This matrix consists of M terms 

found in the document set and N documents entries for each term the frequency of term 
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within the document divided by the number of times the term occurs across all documents 

are stored. The process of creating the term-document matrix has been summarized in the 

algorithm shown in Figure 3- 7 below. 

 

Figure 3- 7 Steps for creating term document matrix 

 

JAMA is a basic linear algebra package for Java. It provides user-level classes for 

constructing and manipulating real, dense matrices. It is meant to provide, enough 

functionality for routine problems, packaged in a way that is natural and understandable to 

an average user. JAMA particularly provides functions for singular value decomposition 

which is the basis of creating LSI based index from the nursing classification information. 
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Based on the term document matrix a Singular Value Decomposition term matrix is 

created, and terms are ranked. The search expression(s) are then matched against the term 

matrix and the matches are presented to the user(s). The user(s) will be presented the view 

of the search expression(s) matched against the categories. The whole process is 

summarized in Figure 3- 8 below.  

 

Figure 3- 8 Basic flow for searching LSI Index 

 

The Figure 3- 9 shows the flow between Apache Lucene and JAMA for 

implementing the LSI algorithm. The complete system is divided into modules based on 

the functionality as has been described in the implementation section which follows. 
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Figure 3- 9 Flow between Apache Lucene and JAMA for implementing LSI algorithm 

 

 



 

34 

3.3.3 Implementation 

The application is based on the following components i.e. Apache Struts, Apache 

Axis, Apache Lucene and JAMA matrix package. The components have been chosen as 

they are open source, robust and scalable. The components are Java based hence can be 

deployed on a variety of platforms making the application portable. The components are 

shown in Figure 3- 10 below. An overview of Apache Struts and Apache Axis follows: 

 

Figure 3- 10 Detailed application components 

 

a. Apache Struts  

The application uses Apache Struts (1.3.x) [45]. It is an open source framework 

implementing the MVC (Model-View-Controller) architecture. The MVC architecture 

allows for separation of concerns as the domain or business logic is separated from 

presentation logic. Since Apache Struts framework has been widely used it, is one of the 
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reasons why the framework has been considered for developing the application. The 

Apache Struts framework facilitates use of Service Oriented Access Protocol (SOAP) [46] 

and Asynchronous JavaScript + XML (AJAX) [47] which enhances the application 

functionality, usability and user experience. SOAP is used for exchanging information in 

implementation of Web services. Web services provides a platform independent way for 

two or more systems or processes to exchange data without knowing the internals of each 

other, or be based on the same technology or location. The use of XML [48] also ensures 

that the SOAP messages are language neutral and can be understood by other systems. 

AJAX is a group of technologies which enables web applications to provide an enhanced 

and a rich user experience similar to a client server application. AJAX web applications can 

send data to, and retrieve data from, a server asynchronously (in the background) without 

interfering with the display and behavior of the existing page. The application uses the 

robust framework provided by struts for implementing the presentation layer of the 

application.  

 

b. Apache Axis  

The Apache Axis 2 project provides a complete object model and a modular 

architecture that makes it easy to add functionality and support for new web services 

related specifications and recommendations. The web services are developed by annotating 

POJO (Plain Old Java Objects) [49] using JAX-WS [50]. Since JAX-WS programming 

model supports the use of annotations based on the Metadata Facility for the Java 

Programming Language (JSR 175) [51] specification, the web services Metadata for the 
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Java Platform (JSR 181) [52] specification and annotations defined by the JAX-WS 2.0 

specification; web services can be developed with relative ease using annotations. There 

are advantages of this approach. Any changes to the web service are automatically reflected 

in the Web Service Description Language (WSDL) [53], since the WSDL is automatically 

generated at runtime by Apache Axis. This approach also ensures that the WSDL is 

updated automatically when the underlying web service code changes. Any non java based 

web service client can access the web service by accessing the WSDL; this is possible 

because JAX-WS uses technologies defined by the World Wide Web Consortium (W3C): 

HTTP, SOAP, and the WSDL. Since Apache Axis supports JSON (JavaScript Object 

Notation) [54], when the service or the client is in JavaScript, it can use the JSON string 

and directly build JavaScript objects to retrieve information, without having to create any 

XML request or process any XML response. The SOA methodology enables the 

application to be loosely coupled and be easily integrated with other cross platform 

applications or be used stand alone.   

 

c. Thesis Implementation 

The web application archive file is the required format for deploying a web 

application; hence the files in the application have been arranged accordingly. Apache 

Tomcat uses the same format, when executing the web application in the same organization 

as required by the Web Application Archive (WAR) format itself. The following contents 

in this thesis implementation are organized accordingly:  
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Figure 3- 11 Web application structure 

 

The *.html, *.jsp, etc. - The HTML and JSP pages, along with other files that must 

be visible to the client browser (such as JavaScript, style sheet files, and images) for the 



 

38 

application are organized by dividing these files into a subdirectory hierarchy jsp, js, 

images and css respectively.  

The /WEB-INF/web.xml is the web application deployment descriptor for the 

application, is an XML file describing the servlets and other components that make up the 

application, along with any initialization parameters and container-managed security 

constraints that you want the server to enforce for you. This file contains declaration for 

Apache Struts Action Servlet, along with declaration for AxisServlet. The AxisServlet 

enables the application to process SOAP and JSON requests. 

/WEB-INF/classes/ is the directory that contains all Java class files (and associated 

resources) required for the application, including both servlet and non-servlet classes, that 

are not combined into JAR files. The classes are organized into Java packages, which is 

reflected in the directory hierarchy under /WEB-INF/classes/. All the Java classes are under 

package named edu.fau.nkms and will be stored under the /WEB-

INF/classes/edu/fau/nkms/*.  

/WEB-INF/conf/ is the directory that contains axis2.xml. This file contains the 

configuration for Apache Axis. 

/WEB-INF/ modules/ is the directory that contains Apache Axis related resources; 

it provides modules for proper execution of Apache Axis. 
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/WEB-INF/lib/ is the directory containing JAR files that contain Java class files 

(and associated resources) required for the applications such as third party class libraries 

(like Apache Commons, JAMA, Apache Lucene, Apache Axis or other required jars). 

When the application is installed into  Apache Tomcat (or any other 2.3/2.4/2.5-

compatible server), the classes in the WEB-INF/classes/ directory, as well as all classes in 

the JAR files found in the WEB-INF/lib/ directory, are made visible to other classes within 

the web application. Since the application uses open source libraries, the licenses for 

redistribution rights for any third party libraries utilized in the application are not an issue. 

Apache Tomcat also supports mechanisms to install library JAR files (or unpacked 

classes) once, and make them visible to all installed web applications (without having to be 

included inside the web application itself. The location commonly used within a Tomcat 6 

installation for shared code is $CATALINA_HOME/lib. JAR files placed here are visible 

both to web applications and internal Tomcat code. Since this is a good place to put JDBC 

drivers that are required for the application or internal Tomcat use (such as for a JDBC 

Realm). The mysql jdbc jars are copied to $CATALINA_HOME/lib directory.  

The application uses a context.xml file for deployment in Apache Tomcat. The 

context file is copied under $CATALINA_HOME \conf\Catalina\localhost which contains 

the path to the exploded Web Application Archive and contains the jndi resource 

connection parameters and other application details. The context.xml file for the 

application is shown below: 
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The application uses Apache Log4j to log errors and information messages for 

debugging purposes. Inserting log statements into code is a low-tech method for debugging 

it. It may also be the only way because debuggers are not always available or applicable. 

This is generally the case for distributed or larger applications. As preprocessors are not 

available in JAVA, log statements increase the size of the code and reduce its speed, even 

when logging is turned off. A reasonably sized application may contain thousands of log 

statements. Thus, speed is of particular importance. With log4j it is possible to enable 

logging at runtime without modifying the application binary. The log4j package is designed 

so that these statements can remain in shipped code without incurring a heavy performance 

cost. Logging behavior can be controlled by editing a configuration file, without touching 

the application binary. Logging equips the application developer with detailed context for 

application failures. If logging is judiciously used, it can prove to be an essential tool. 
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Using a logger hierarchy it is possible to control which log statements are output at 

arbitrarily fine granularity but also great ease. This helps to reduce the volume of logged 

output and the cost of logging. The target of the log output can be a file, a remote log4j 

server, a remote Unix Syslog daemon or any supported output targets. The application 

log4j.xml is as shown: 

 

 

The application configuration parameters which affect the indexing are defined in 

the resources/common.properties under nkms source tree. The Figure 3- 12 below shows 

the values for properties used by the application. The Apache Lucene index directory is 

stored against the NKMS_INDEX_PATH key. This property defines the path folder name 

for the Apache Lucene index. The language for the Snowball Analyzer [55] used by the 
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application for application for stemming is defined against 

NKMS_ENGINE_ANALYZER_LANGUAGE key. The NKMS_RANK key which is 

currently maps to nkms.rank in nkms_properties table is configured to be 3 currently, 

defines the rank approximation which is being used by the application. This value can be 

changed based on the application requirements.  Based on the value of the rank we discard 

the last 3 columns from matrix U and reduce the dimensions of the square matrix S-1 by the 

rank. The resulting matrix is a 3×3 matrix based on the value of the NKMS_RANK key 

defined, the matrix U would have more or less columns and S-1 would be an NXN matrix. 

 

Figure 3- 12 Application configuration parameters in common.properties 

 

The application business logic is defined in edu/fau/nkms/nursing. The 

edu/fau/nkms/services package contains the logic for accessing the indexing logic via web 

services. The business logic uses Apache Lucene for extracting the terms from benchmark 
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documents and creating a term document matrix. Before the terms can be extracted the 

noise words need to be removed from the document/text. As the noise words are 

unessential in matching, hence these noise words are removed from the source documents. 

The list of noise words in this implementation consists of custom stop (noise) words along 

with English stop words set used by Apache Lucene Stop Analyzer for discarding noise 

words. There are lots of common noise words in English language which are removed 

before indexing algorithm can index text. These words are discarded and not considered by 

the indexing algorithm. Additional stop words can be added to the stop word set by adding 

stop words to the database.  

The noise words are stored as comma separated values in nkms_properties table 

against nkms.stop.list parameter. Additional stop words can be added by adding comma 

separated values against the nkms.stop.list parameter in the nkms_properties table. The 

NKMSIndexingBO.java creates or rebuilds the index by calling 

NKMSIndexingEngine.java, which rebuilds the index and creates the term document 

matrix. NKMSIndexingBO retrieves category benchmark documents from the database and 

then passes them to NKMSIndexingEngine which creates or rebuilds the index and then 

creates the term document matrix. The application is data driven, hence whenever the 

benchmark data is changed in the database the term document matrix is recreated. This 

matrix is the basis of the LSI algorithm which is used for the searches. Additional indexing 

engines can be developed using similar methodology. The application framework can be 

reused for creating search algorithm implementations. The code snippet below shows the 

method called for rebuilding/creating the index and generating the term document matrix. 
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The Figure 3- 13 below shows the outline of package fields/variable and method 

declarations for NKMSIndexingEngine. The builsLSIIndex method is called for generating 

the term document matrix. The searchLSIIndex method enables the user to search the 

index.  

 

 

Figure 3- 13 Outline of NKMSIndexingEngine.java 
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The code snippet below shows the search JSP used for searching the index by 

accessing the application via a web based application client like a browser. The search.jsp 

generates an html form on the client side which is submitted by the user by entering the 

search text. The search screen accepts text input from the user. This input is cleaned; that is 

the noise words are filtered from the input text, thus resulting into noise free text, which is 

processed further before being run against the indexing algorithm.  
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3.4 Information Exploration 

Information exploration provides for information to be used by third party 

applications or internal modules to present the data to the user for further analysis. The 

system is built using robust Relational Database and using J2EE technology and supports 

web services. The domain expert can classify the data by accessing the system via a 

browser from any machine. Multiple clients can access the system as has been shown in 

Figure 3- 14. 

 

Figure 3- 14 Examples of various clients accessing the system 

 

Users using any non java based web service client can access the web service by 

accessing the WSDL services provided by the system exposed as web services. Different 

types of clients can access the system without having any complex or expensive client and 

any time consuming client setup or installation involved.  
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The system has been designed keeping in mind inter operability as this system will 

generally be used as a part of another encompassing system. The system can also be used 

stand-alone. There are no overhead costs involved in accessing the application as 

developing a web service client or accessing the service via JSON is simple and 

inexpensive.  

As the WSDL is auto generated, any changes to the service signatures are 

immediately available to consumers of the services. The Relational Database used allows 

for any third party software or clients to access the data for data-mining purposes or for 

analyzing by querying the data. The option of exposing modules as a service allows for the 

application to be easily integrated with other systems. Also the use of Relational Database 

for storing information allows for other clients to be built based on end user or system 

requirements. This ensures that the system is highly usable and accessible for end users or 

systems for exchanging information 

3.6 Summary 

This chapter describes the implementation of the classification of nursing 

knowledge. The methods of gathering data, classifying it using Apache Lucene and JAMA, 

the various system components and the mechanism for displaying the classified narrative 

have been discussed in details. The operating system, server and database for the 

implementation have also been discussed. Also, the method for accessing the data through 

web browser and its implementation has been discussed and its advantages have been 

discussed.
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  CHAPTER 4 

RESULTS AND ANALYSIS 

 

The human-computer interface, that is the input and output interfaces of the 

implementation is described in this chapter. The graphical user interface (GUI) is web-

based user interface (WUI). WUI accepts input and provides output by generating web 

pages and are transmitted via the internet and viewed by the user using a web browser 

program. The important interfaces are as follows: 

4.1 Benchmark Document 

As stated in Chapter 2, the Barry-Parker nursing model consists of four main 

categories of nursing data, namely caring, connection, respect and wholeness. The user 

interface of the four categories is shown in Figure 4- 1. Additional categories can be 

created by nursing domain experts and bench mark data can be added for the categories. 

Figure 4- 2 shows the screen capture of the GUI for creating new classification category.
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Figure 4- 1 List of categories of nursing classification model 

 

 
Figure 4- 2 Screen capture for creating category 
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The category data as shown in Figure 4- 3 is the benchmark data for caring. 

Similar data for the other categories have been compiled and used as benchmark data for 

the other categories.  Each of the categories contains specific benchmark data. It is 

indexed using LSI algorithm, against which the search is performed.  

The benchmark data is indexed and searched against when a query is received. 

Also, new benchmark data can be added and stored for each of the categories or a 

misclassified data can be added to the proper category using the web application. Once 

the data is saved, the index is re-created. The user can then search against the benchmark 

indexed information. 
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Figure 4- 3 Benchmark data for the category caring and connection 
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The Figure 4- 4 below shows the list of noise words in this implementation: 

 

Figure 4- 4 GUI showing stop words and screen to edit the stop words 

 

 

4.2 Test Data and Results 

Nursing narratives produce vast amount of data for classification, which can be 

very time-consuming and resource-intensive. By using this software implementation, 

such data will be automatically classified into respective categories. The user data has to 

be in any text format. The input screen for inputting the search text for nursing narrative 

classification is shown in Figure 4- 5. The query text appears in the “Search Text” box. 
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Figure 4- 5 NKMS search input screen 

 

The query text is then searched by using the search link in the application. The 

user data is classified against the indexed categorized benchmark data and matched in 

one of the four categories. There can be mismatches in the classification. However, the 

mismatches can be fixed by reclassifying the index data. A part of the query text has been 

shown in Figure 4- 6. 



 

56 

 

Figure 4- 6 Search screen with input for nursing knowledge classification 

 

A part of the result of the above search has been shown in Figure 4- 7. As seen in 

Figure 4- 7, the query text has been separated into individual sentences. To obtain the 

content word for the indexing and classification purposes, the noise words and punctuations 

are filtered out. But, the complete sentence appears in the final categorized output. The 

query text is classified against the benchmark indexed data and the matches returned as per 

the matching categories.  
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Figure 4- 7 Result of search text for nursing knowledge classification 

 

The sentences are mentioned against the categories into which it has been 

classified. The output is based on the order in which the query sentence appears in the 

search text box.  

4.3 Reassigning Misclassified Data 

The query data is indexed based on the benchmark data. However, the benchmark 

data is not exhaustive and nursing domain experts may need to reassign a misclassified 
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sentence into some other category. The screen in Figure 4- 8 provides option to the user 

for reclassifying the misclassified data. The user can reclassify the index by changing the 

classification data and saving the changes. The index is rebuilt once the user changes are 

saved.  The user can then search the index again using the search option. 

 

Figure 4- 8 Reclassifying the misclassified data 

 

 
4.4 Interoperability by Web Services Call   

 The system provides for a method of accessing the search functionality via web 

services using SOAP. In Figure 4- 9 the SOAP request enclosing the search text is shown 

for searching the automated classification indexing algorithm. The search text contains 

text which needs to be classified by the automated classification indexing algorithm. 
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Figure 4- 10 shows the XML soap response for the search request from a web service 

client. The soap response results are categorized based on the categories, in which the 

search text is classified by the classification algorithm. The response then can be 

processed further by end user application or it could be input for another system. The 

client can be implemented in any language supporting web services. The system has been 

tested with Java based XML and JSON web service client. The use of standards based 

JAX-WS enabled web services in developing the system enables the system, to be 

accessed by other systems or end user applications developed in any language or tools 

which support web services. 

 

 

Figure 4- 9 XML SOAP search request 
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Figure 4- 10 XML SOAP search response 

 

 
 

The JSON SOAP search request has been shown in Figure 4- 11 and JSON SOAP 

search response has been shown in Figure 4- 12. 

 

 

Figure 4- 11 JSON SOAP search request 
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Figure 4- 12 JSON SOAP search response 

 

4.5 Summary      
   
This chapter covers the search classification index, creation of categories, 

categorization of indexing data into various categories and reclassification of misclassified 

data. Also the SOAP and JSON XML request and XML response for searching the 

classification index is shown. 
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CHAPTER 5 

CONCLUSIONS AND FUTURE WORK 

 

5.1 Conclusion 

The automated classification module implements LSI algorithm for searching the nursing 

classification data. The user can search the nursing classification index and the resulting 

data will categorize the input data based on four nursing categories viz. Caring, Respect, 

Wholeness and Connection. The nursing domain expert can add more categories and add 

classification data which will enable the user to search on additional categories. The 

addition of data can be done by extracting data from various input sources normalizing 

them by removing the noise words and then storing the content word against their 

respective category.  The implementation supports multiple concurrent users, is web based 

and hence easily accessible via a web browser. The classification data is stored in a 

relational database MYSQL. The use of database ensures that different clients can access 

the data with data extraction tools and the data can be used by end users or by user 

applications. 

The implementation is done using open source technologies and supports SOA 

methodology which makes it loosely coupled. The application can be deployed on any 

platform supporting Java and can use any J2EE application server. The application
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leverages widely available open source technologies. Thus any existing package can be 

customized according to application requirement. The application is operating system 

independent and can be deployed on different platforms where Java is installed. The 

application and its modules can be easily integrated with any application, which need to use 

or integrate with the application leveraging interoperability feature provided by JAX-WS. 

 

5.2 Future Work 

The effectiveness of the automated nursing classification indexing algorithm 

depends on the quality and quantity of the data in the classification index. The nursing 

domain expert plays a critical part in ensuring that the classification is done correctly and 

there is sufficient data for each of the categories. There also needs to be provision for 

extracting data from different systems which can provide nursing care related information. 

There needs to have more classification categories and data, which would make the index 

more accurate and provide reliable results. The system can also be used in a similar fashion 

in another domain as the indexing algorithm is not domain specific. The results will be 

domain specific based on the data in the classification index. 

The extracted data needs to be automatically categorized and then stored in the 

nursing classification database. The data which cannot be automatically classified need to 

be categorized by the nursing domain expert, so that they can be categorized or new 

categories could be created for storing the classification information. The application can 

also serve as an effective teaching tool in a scenario where extended nursing care is needed.  
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The care related information can be searched against the nursing classification 

index and based on matches or mismatches; the data could be categorized and added to the 

classification index. The system will need to be updated with classification data on a 

continual basis for the system to perform optimally.  

There also needs to be further studies to explore possibility of automating the 

classification. This would reduce burden on nursing domain experts and make the system 

more effective and user friendly. 

Snowball analyzer has in-built capability for stemming words in languages other 

than English. This feature of snowball analyzer can be used effectively for implementing 

this application in another supported language. 
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APPENDIX 

 

      Implementation source code tree 
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Application Deployment 
 
 
1. Download and Install JDK 6+ from  
 http://www.oracle.com/technetwork/java/javase/downloads/jdk-6u27-download-

440405.html 

 Alternatively, any java development kit version greater than 1.6+ can be downloaded 

and installed 

 
2. Download and Install Apache Ant 
 http://ant.apache.org/bindownload.cgi 
 
 
3. Download and Install Apache Tomcat6 
 http://tomcat.apache.org/download-60.cgi 
 
 
4. Download and Install MYSQL 5.x 
 http://dev.mysql.com/downloads/mysql/ 

 Based on the target platform, the required version can be downloaded and installed 
 
 
5. Restore database sql files in nkms/database folder in MYSQL to database. Use 

MYSQL Administrator if required and execute the scripts create-nkms.sql and 

nkms-data-20111002 1425.sql. The code snippet below shows the create.sql script 

which is used for creating the database and create database user root and nkms. The 

passwords can be changed in the create-nkms.sql as required. However necessary 

changes need to be made to context.xml for the application (thesis implementation) 

to work. 

 

http://www.oracle.com/technetwork/java/javase/downloads/jdk-6u27-download-440405.html
http://www.oracle.com/technetwork/java/javase/downloads/jdk-6u27-download-440405.html
http://ant.apache.org/bindownload.cgi
http://tomcat.apache.org/download-60.cgi
http://dev.mysql.com/downloads/mysql/
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6. For setting the database information in nkms/server/<linux/windowx>/nkms.xml 

under Resource by changing values for username, password and URL as required.  

The code snippet below shows the values which usually need to be changed based on 

platform of deployment and the database URL. 
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7. Ensure <path_to_java_install>/bin is in PATH and set permanently 

 

8. Ensure environment variables ANT_HOME=<path_to_ant_install> and 

JAVA_HOME=<path_to_java_install> are set permanently. Ensure they are valid 

and available permanently in environment 

 

9. Copy nkms/lib/mysql-connector-java-5.0.4-bin.jar to <path_to_tomcat_install>/lib or 

$CATALINA_BASE/lib 

 

10. Copy nkms/server/<linux/windowx>/nkms.xml to 

<path_to_tomcat_install>/conf/Catalina/localhost or 

$CATALINA_BASE/conf/[enginename]/[hostname] 

 

11. Ensure JAVA_OPTS is set in <path_to_tomcat_install>\bin\catalina.sh if running on 

unix. 

 JAVA_OPTS="${JAVA_OPTS} -Djava.endorsed.dirs=$JAVA_HOME/lib" 
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 Ensure JAVA_OPTS is set in <path_to_tomcat_install>\bin\catalina.bat if running on 

windows. 

 set JAVA_OPTS=%JAVA_OPTS% -Djava.endorsed.dirs=$JAVA_HOME/lib 

 

 
12. Run dist target in nkms/build.xml for building war 

 

 

13. Unzip the war file generated under nkms/dist/war using jar utility in the docBase 

defined in nkms/server/<linux/windowx>/nkms.xml 

 

 

14. Start Apache Tomcat by executing startup.<sh/bat> <path_to_tomcat_install>\bin (by 

default Tomcat runs on port 8080. Change port as needed). The code snippet below 

shows the tomcat start up log messages and application log messages. 
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Test application url http://<host>:8080/nkms/ in browser 
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The nkms.log file will be generated in <path_to_tomcat_install>\bin. The file can be 

checked for any errors 

 
Shutdown Apache Tomcat by executing shutdown.<sh/bat> <path_to_tomcat_install>\bin, 

when making any changes to the application or when redeploying the application. The 

figure below shows the application deployed in an Ubuntu 10.04 LTS Operating System 

running on VMPlayer 4.0.  

 
 

The user name is nkms and the password is .pwroot for the unix user in the VMPlayer 

image. The application can be deployed on a Windows or any other unix platform since all 

components are java based. The database can be deployed on windows or UNIX platform 

as MYSQL is available for both Windows and UNIX platforms. 
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