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Abstract 
The development in biology and biomedicine has increased the size and scope of their 

literatures rapidly. This factor has been seen as one of the catalysts to the research and 

development of text mining in those fields. The research and development pratices 

encourage modularisation in text mining applications. Modularisation allows development 

or customisation on a particular part of the text mining processes. In addition, it reduces 

the overall complexity of a text mining application by dividing it into smaller problems. It, 

however, introduces a critical issue on services interoperability. XML is typically used in 

the community mainly due to its flexibility and structured format. Its flexibility, however, 

causes difficulties in defining a common format. In addition, other formats, such as 

HTML, PDF, etc., can be used as well. These factors introduce a barrier for services 

integrations. This project’s main idea is to address this barrier by developing a local 

database and conversion services. This project extended the search functionality (NCBI, 

2006b) of PubMed Central (http://www.pubmedcentral.nih.gov). The extension provides a 

local database and conversion service for three text mining focused formats of XML 

document, NLM Journal Archiving and Interchange DTD (NCBI, 2006c), SciXML (Rupp 

et al., 2006), and IeXML (Rebholz-Schuhmann et al., 2006a). This process is named 

Remote Search and Local Retrieval as it utilises the search function provided by 

PubMed Central and retrieves the XML documents locally. The tools used to develop the 

system include Enterprise Java Beans (EJB), eXtensible Stylesheet Language 

Transformation (XSLT), and Web Services. Enterprise Java Bean was used to develop the 

main functionalities of the system. XSLT was used to convert an XML document from one 

format to another. Web Services was used to provide access to the system.  

 

http://www.pubmedcentral.nih.gov/
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1. Introduction 
The size, coverage and demands of biology and biomedicine literatures are currently 

increasing in a rapid fashion. It was recorded that more than 6230,000 references were 

added in the year 2006 (NLM, 2007). PubMed (http://www.pubmed.gov) provided by the 

United States National Library of Medicie (NLM), and PubMed Central (PMC) 

(http://www.pubmedcentral.nih.gov) provided by the United States National Institute of 

Health (NIH), are the examples of the literature database. To accommodate different users’ 

requirements, the literature can be archived and presented in various document formats, 

such as PDF, XML, HTML, etc.  

 

The ability to not only manage but also acquire information or knowledge from such size 

and scope of unstructured data is important (Ananiadou and McNaught, 2006). Text 

mining techniques are seen as the provider of those abilities. This factor increases the 

demand for research and application of text mining techniques in the field of biology and 

biomedicine. The establishment of the National Centre for Text Mining (NaCTeM) in the 

year 2004, which was initially focused on biology and biomedical (Ananiadou et al., 

2005), is one of the concrete examples. 

 

Text Mining consists of a series of sub-processing units (Hearst, 1999; NaCTeM, 2006) 

and each of the processing units can be treated as an independent process. In other words, 

research or customisation can be done on a particular processing unit. This may reduce the 

overall complexity of a text mining application by dividing it into smaller problems. 

However, this may cause a lack of standards among the processes that raises one of the 

critical aspects of text mining, which is the communication between the processing units. 

Despite of the availability of other methods, the eXtensible Markup Language (XML) is 

typically used to define a common format and annotate data for communication between 

the processing units to support the entire process of text mining. Various formats for the 

XML document are currently available because each of them was designed to suit a 

particular domain and fulfil different requirements or purposes. For example, the fields of 

biology and biomedicine require specific format of XML document to suit their language 

patterns. There is, unfortunately, no standard format defined for the XML document to 

support text mining (Rebholz-Schuhmann et al., 2006a; Erjavec et al., 2003). An 

interrupted or inefficient linkage of the text mining processing units may be the result of 

this issue. Furthermore, not all documents are available in the XML format. This may 

result in an inaccurate or incomplete text mining process. As the result, the issues of the 

http://www.pubmed.gov/
http://www.pubmedcentral.nih.gov/
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unavailability of a standard format and contents, and the accessibility of the XML 

documents are the focus of this project.  

 

The aim of this project is to create a proxy service which is able to act as an add-on for 

functionalities of an XML document provider and provide local access to the XML 

document. This project will focus on some XML formats used for text mining in biology 

and biomedicine. In this case, PMC will be used as the XML document provider because it 

provides freely accessible XML documents. PMC is using a format named NLM Journal 

Archiving and Interchange DTD (NCBI, 2006c). Its search functionality (NCBI, 2006b) 

will be expanded to be able to retrieve an XML document from a local file repository, 

instead of the PMC server. In this project, this process is referred to as Remote Search 

and Local Retrieval. The proxy service then returns the locally retrieved XML document 

in requested formats. This idea is illustrated by Figure 1: 

 
Figure 1 Project's basic idea 

 

The service intends to provide a local access to the XML document to improve the 

accessibility and performance, conversion services to bridge the various XML document’s 

formats, and extensibility. The Remote Search and Local Retrieval process maintains the 

integrity and structure of the XML document provider’s functionalities and reduces its 

dependency. The design of this process may allow extensibility for other remote 

functionality (Remote <functionality> and Local Retrieval). 

 

1.1 Problems 
To summarize, this project intends to address the followings issues: 

1. Different formats of an XML document may become an obstacle for integrating 

different processing units or using other text mining services provided. A converter 

from one format to another may be an alternative solution; however, it may introduce 

additional processing overheads. 
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2. Not all documents are available in XML document since they can be stored in different 

formats such as HTML, PDF, etc.  

3.  XML documents play important roles in creating linkages between processing units or 

text mining services. Their availability issues become crucial.  

4. Retrieving certain section of an XML document can be as important as retrieving the 

whole document for certain users and/or applications. 

 

1.2 Aims 
Based on the presented issues above, this project intends to address them with the 

following project aims: 

To provide Web Services to retrieve a particular section of an XML document or the whole 

XML document in different formats which are suitable for text mining by using the 

Remote Search and Local Retrieval approach. 

 

1.3 Objectives 
The following objectives were designed and set as milestones to support the project aims: 

1. To provide a local repository of XML documents. The XML documents will be based 

on PMC database. 

2. To create a relational database model to store information of each XML document. 

3. To load the database as the initial state and to provide its automatic refresh.  

4. To create an XML converter that will retrieve the whole document or the method 

section in different formats suitable for text mining. 

5. To create a HTML parser to retrieve contents for an XML document. 

 

This chapter has introduced the topic and describes the problem and the main aims of this 

project. Then, chapter two will provide, describe and discuss the background knowledge 

which is needed to understand and implement this project. Chapter three will present and 

define the success criteria of this project. Chapter four will present and discuss the systems 

architecture and design for the implementation of this project. Chapter five will present the 

implementation details of the system’s components which were considered to be important. 

Chapter six will present the testing and evaluation process for the system. Finally, chapter 

seven will present the conclusion. 

 

 



2. Background 

   Page 13 of 93 

2. Background 

2.1 Text Mining 
The field of text mining or text data mining used to be considered as an extension or 

variant of the field of data mining (Hearst, 1999; Croft, 2003). The general definition of 

text mining is referring to series of computer aided processes of acquiring hidden 

knowledge or information from unstructured data (Ananiadou and McNaught, 2006; 

Hearst, 1999; Hearst 2003). This definition has made a contrast between text mining and 

data mining which operates on structured data. In addition to retrieving information, text 

mining has to present the knowledge or information in understandable forms (Ananiadou 

and McNaught, 2006).  

 

Text mining application involves four stages (NaCTeM, 2006), as follows: 

1. Information Retrieval (IR).  

This stage selects the documents which are related to user’s query. It is main purpose is to 

reduce the number of documents that need to be processed by the next stage of the process. 

This is important to increase the performance and efficiency of a text mining application. 

This project focuses on this stage of the entire text mining process. 

 

2. Natural Language Processing (NLP).  

This stage analyses the selected documents in order to “understand” the human 

language/natural language. According to Hahn and Wermter (2006), NLP processes natural 

language in several layers due to its complexity. They divide NLP into three layers: the 

individual word level (the lexical level), the structure of groups of words (the syntactic 

level) and the content level (the semantic level). It provides the linguistic analysis and data 

for the following stages. 

 

3. Information Extraction (IE).  

This process translates the unstructured data into the structured data by analyzing and 

extracting information provided by NLP. According to McNaught and Black (2006), this 

process is commonly dependent on the users’ specification. The users specify what data to 

be translated and how it will be translated. Term analysis and Named-Entity Recognition 

(NER) are the examples of processes involved in this stage. 
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4. Data Mining (DM).  

This stage applies the data mining technique to the structured data, which is the result of 

IE. This process identifies patterns to acquire previously unknown knowledge or 

information, which may be useful. 

 

2.2 Information retrieval 
Information Retrieval (IR) is a process to search and retrieve documents which are not only 

matched but also relevant to the users’ queries or needs (Grossman and Frieder, 1998). The 

definition gives a clear difference between IR and Data Retrieval (DR). DR only searches 

and retrieves documents which are matched to the users’ queries. For example, consider a 

user query for “HIV”. DR will return documents which contain the word “HIV”. IR, on the 

other hand, will return documents which are related to “HIV”. The documents may contain 

“AIDS” or “immune deficiency disease”, instead of “HIV”. 

 

An IR system, in general, consists of several processes, as follows (Baeza-Yates and 

Ribeiro-Neto, 1999): 

1. Defining documents database 

This first step’s main objective is to create a collection of documents which are to be 

retrieved. This step also includes defining of the type of the documents, for example, a 

collection of biomedical journals in XML formats. 

 

2. Generating documents models 

The operations in this step create other views of each of the documents. These views are 

able to represent the documents. Text pre-processing, elimination of stop words, stemming, 

and compression are the examples of the operations. 

 

3. Building document index 

This step creates a data structure which is able to provide fast searching of the documents. 

The data structure is known as an index. The index may improve the searching 

performance. It may be stored in structured data storage, such as Relational Database, as it 

may improve efficiency. However, creating and maintaining the index may consume 

additional resources (time, processing and memory resources and storage space). Inverted 

files, Suffix Trees, and signatures files are the examples of the index.  
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4. Translating user’s need 

This step creates a representative of a user’s need or query. This representative is 

understandable by the IR system. This step not only creates a representative of the user’s 

need but also analyses and expands the need for accuracy of the retrieval. 

 

5. Retrieving related documents 

This step uses the translated user’s need to retrieve the related documents. 

 

6. Ranking retrieved documents 

This step sorts the retrieved documents by their relevance to the user’s need. This step is 

done before returning the retrieved documents to the user. 

 

7. User feedback 

The user provides a feedback on the accuracy of the retrieved documents. The feedback 

may be used to improve the accuracy of the IR system. 

 

The retrieval process can be done via two methods (Baeza-Yates and Ribeiro-Neto, 1999). 

First, the collection of documents remains static and different user’s queries may be 

submitted to the system. This type is called the ad hoc retrieval. Second, the collection of 

documents is dynamic and the user’s queries are static. This type is called the filtering 

retrieval. In the context of text mining, both methods can be used to reduce the number of 

documents that need to be analysed. 

 

Algorithms for Information Retrieval can be classified into three types (Baeza-Yates, 

1992): 

1. Retrieval Algorithms 

This was categorised as the main algorithm for Information Retrieval. It can be divided 

into two types: scanning text sequentially and text indexing. The first type requires less 

memory; however, it is more likely to be slower than the second type. 

 

2. Filtering Algorithms 

In this algorithm, the text acts as the input, instead of the query, and the result is the 

filtered version of the text. It is commonly used to simplify or reduce the input text. 
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3. Indexing Algorithms 

This algorithm builds a data structure which allows quicker search of the input text. The 

commonly used indexes are tree structure and hashing. Unfortunately, this algorithm 

suffers from an additional overheads caused by the process of building the index. 

 

Grossman and Frieder (1998) presented several methods to measure the similarity between 

a user’s query and a document: 

1. Vector Space Model 

This method’s basic idea is that a document can be roughly identified by a list of words 

that it used. This model treats, both, the document and query as documents. They are 

converted to vectors based on the words or terms used. The similarity is based on the 

computation in the vectors space. 

 

2. Probabilistic Retrieval 

In this method, the similarity between a document and a query is determined by the 

probability of the relation between the query and the document. In other words, it is based 

on the probability of the appearance of a term or a word in the document. 

 

3. Boolean Indexing 

This method classifies documents by finding a set of terms which exist in both the 

document and query. In addition, it assigns a value to each term to calculate their 

similarity. 

 

2.3 Modularisation 
A text mining application is typically seen as a collection of sub-processes instead of a 

single application. It is because each process has its own purposes and so is the 

combination of processes may provide customized services. It also enables focus on a 

particular task. In addition, it reduces the complexity of the entire text mining process. It is 

important for the processes to be loosely-coupled and interchangeable (Grover et al., 2004; 

Rebholz-Schuhmann et al., 2006b; Torri et al., 2003; Lee et al., 2003). 

 

This preferred architecture introduces additional issues and challenges in services 

integration. Each process may provide services with its own advantages as well as 

restrictions because it was designed and built by different group of people for customized 
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purposes. The lack of ability or effort in integrating these different services may result in 

non-reusable services or redeveloping the services. 

 

2.4 Services Integration Methods 
The purpose of services integration is to allow two services or software to communicate 

with each other so that their interaction may create a new system. There are two commonly 

used methods, which are the usage of a Middleware and a standardised communication 

medium. However, the usage of those methods has a major disadvantage in term of 

performance. The methods, Middleware and standardised communication medium, have an 

additional processing overheads. The followings are the Middleware which can be used to 

provide services integration: 

1. Remote Method Invocation (RMI) 

Remote Procedure Call (RPC) is a middleware that allows calling a procedure which 

resides in another machine. Remote Method Invocation (RMI) can be seen as the object 

oriented version of RPC. In the case of Java RMI, it allows an object to call a method of 

another object which resides on a different JVM. However, RMI has a restriction that both 

sides have to use the same programming language. The following illustrates how RMI 

works (Sierra and Bates, 2003). Refer to Figure 2 for the diagram: 

a. When a client object needs a reference to the remote object, RMI gives a proxy 

object as the reference by the client object instead of the remote object. The 

proxy object is called stub. A stub provides services that manage the low level 

communication between the client object with the remote object. 

b. The stub sends the client object’s method invocation request message to the 

remote object. 

c. The method invocation request message is received by another object on remote 

side. This object is called skeleton. The skeleton translates the request message 

into a method invocation to the remote object. 

d. The remote object, then, returns the result to the skeleton. 

e. The skeleton translates the result into a response message and sends it to the 

stub. 

f. Upon receiving the response message, the stub translates it into the object type 

and returns it to the client object. 
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JVM 1

Client 
Object Stub Skeleton Remote 

Object

a b c

def

JVM 2

 
Figure 2 Java RMI Workflow 

 

2. Web Services 

A Web Service is a middleware that enables two services to communicate with each other 

with the Request and Reply protocol formatted in XML and transmitted over HTTP 

(Coulouris et al., 2005). A Web Service provides communication between two services by 

using the commonly used components, XML and HTTP. Because of this factor, it allows 

interoperability between services regardless of their underlying software environments, for 

example operating system, programming language, etc. Web Services consists of three 

standards: Simple Object Access Protocol (SOAP), Web Service Description Language 

(WSDL), and Universal Description, Discovery, and Integration (UDDI). This topic will 

be elaborated in more details later in this report. 

 

 

A standardised communication message format is another method to provide services 

integration. eXtensible Markup Language (XML) can be used to define such messages. 

XML is a simple markup language derived from Standard Generalized Markup Language 

(SGML) which is able to define the structure and content of a document (Archard et al., 

2001). It offers flexibility for customizing and restriction for validating document 

structures which can be used to define a common format for data exchange between 

processes.  

 

There are currently two styles of encoding using XML, inline and standoff. In the inline 

style, the structure is declared together and directly to the data in the same file and at the 

same place. In other words, the data is always encapsulated by at least a tag. On the other 

hand, the standoff style separates the structures and data. In other words, the standoff 

separates the tags and their data. The tags or structures can be stored in different forms, 

such as different file, relational database, etc. The standoff reduces the dependencies with 

the original documents and it offers a better solution in describing overlapping elements 

(Kim and Tsujii, 2006). Unfortunately, the standoff annotation needs additional processing 

overheads to combine the data and tags (Kim and Tsujii, 2006). In addition, there are more 
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standard tools for the inline style. Even though the inline style is still preferred currently, it 

was argued that the combination of the two styles will provide an efficient solution 

(Rebholz-Schuhmann et al., 2006b). The following illustrate the inline and standoff style 

respectively: 

Inline Style: 
1 <article> 
2   <title> Inline Style </title> 
3   <body>  
4     This is an example of Inline Style 
5   </body> 
6 </article> 
 

Standoff Style: 
1 Standoff Style 
2 This is an example of Standoff Style 
3  
4 <article start=”0” end=”51” /> 
5 <title start=”0” end=”14” /> 
6 <body start=”15” end=”51” /> 
 

In text mining, the usage of XML to provide integration between its processes can be seen 

as the most common approach. It may be because XML is simple and able to provide 

customizable formats and represent not only contents but also structured data accurately. 

These are seen to be an important feature in data exchange format (Rebholz-Schuhmann et 

al., 2006a). In addition, from the software development perspective, XML is not very 

complex to handle as it can be handled as a normal file. In addition, XML can be 

considered as a well matured technology with considerable support and tools. 

 

The usage of XML in text mining applications has a major disadvantage. Its flexibility 

causes difficulties in declaring a standard format. As the result, there are currently various 

XML formats which are customized to perform or support certain tasks. This project 

discusses this issue by focusing the application of XML in text mining in the field of 

biology and biomedicine. 

 

2.5 XML for Biological and Biomedical Literature 
There is a rapid increase in size and coverage of biological and biomedical literature. It 

was claimed that it was caused by the decoding of human genome (Leroy et al., 2003). 

There were more than 623,000 references added to the National Library of Medicine 

(NLM) in 2006 (NLM, 2007).  
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This factor not only leads to an increasing trend for demands of the application of text 

mining but also the research activities in text mining in the biology and biomedicine fields. 

The establishment the National Centre for Text Mining (NaCTeM) in 2004, which initially 

focused on biology and biomedicine (Ananiadou et al., 2005), can be seen as a concrete 

action. The vast research activities, in order to match the demands, have resulted in 

numbers of XML document’s formats. It has been realized the importance of having one 

standard format but there is little effort to realize it (Erjavec et al., 2003).  

 

There are numbers of available XML document’s formats within the community. In this 

project, we discuss the following three XML formats: 

 

2.5.1 NLM Journal Archiving and Interchange DTD 

The NLM Journal Archiving and Interchange DTD format (NCBI, 2006c) was created by 

the National Center for Biotechnology Information (NCBI) for the purpose of publishing 

and exchanging content of documents. It is able to store both an article’s meta-data and its 

full content. For example, it is able to store an article’s publication date, authors, abstract, 

the entire contents and references. The main purpose of this format is for storing and 

exchanging documents. It was not created for text mining processing. Nevertheless, this 

format can still be used for text mining purposes as it is able to identify certain useful 

information, for example keywords, section of contents, etc. Because of these factors, this 

format is the base format for XML documents in this project. The following shows a 

skeleton of the XML document in this format: 
1 <article> 
2   <front> 
3     … 
4     <article-meta> 
5       … 
6       <contrib id=”A1” contrib-type=”author”> 
7         <name> 
8           <surname>Smith</surname> 
9           <given-names>Thomas</given-names> 
10         </name> 
11       </contrib> 
12       <abstract> 
13         <sec><title>Background</title> 
14           <p> … </p> 
15         </sec> 
16       <abstract> 
17     </article-meta> 
18   </front> 
19   <body> 
20     <sec> <title>Introduction</title> 
21       <p> … </p> 
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22     </sec> 
23     <sec sec-type=”method”> <title> Methods </title> 
24       <p> … </p> 
25     </sec> 
26   </body> 
27   <back> 
28     <ref-list> 
29       <ref> <citation citation-type=”journal”> 
30         … 
31       </citation> </ref> 
32     </ref-list> 
33   </back> 
34 </article> 
 

2.5.2 SciXML 

SciXML (Rupp et al., 2006) originated from XML format for logical structure of scientific 

papers in Computational Linguistic (Teufel and Moens, 1997; Teufel, 1999). This format 

focuses on text mining processing. It focuses on representing the logical structures of a 

document. In addition, it also preserves some formatting information of the document. 

Formatting information may be important as it can be used to identify terms, for example, 

chemical names, organism names, etc. Since this format focuses on text mining processing, 

it does not provide content as complete as the NLM Journal Archiving and Interchange 

DTD format. This may cause the inability to retrieve the original format of an XML 

document from this format. However, its content is considered to be enough for text 

mining processing. A document is structured into several parts such as paper meta-data 

(<TITLE>, <AUTHOR>, <FILENO>), sections (<DIV>), paragraph (<P>), Tables, figures 

and footnotes (<TABLELIST>, <FIGURELIST>, <FOOTNOTELIST>), list (<LIST>, <LI>), 

cross references (<XREF>), and bibliography list (<REFERENCELIST>). The following 

shows a skeleton of the XML document in this format: 
1 <PAPER> 
2   <METADATA> 
3     <CLASSIFICATION>research</CLASSIFICATION> 
4   </METADATA> 
5   <TITLE> article title </TITLE> 
6   <AUTHORLIST> 
7     <AUTHOR> 
8       <NAME>Thomas 
9         <SURNAME>Smith</SURNAME> 
10       </NAME> 
11     </AUTHOR> 
12   </AUTHORLIST> 
13   <ABSTRACT> 
14     … 
15   </ABSTRACT> 
16   <BODY> 
17     <DIV> <HEADER> Introduction </HEADER> 
18       <P> … </P> 



2. Background 

   Page 22 of 93 

19     </DIV> 
20   </BODY> 
21   <REFERENCELIST> 
22     <REFERENCE> <AUTHORLIST> 
23       <AUTHOR> <NAME> T </NAME> </AUTHOR> 
24     </AUTHORLIST></REFERENCE> 
25   </REFERENCELIST> 
26 </PAPER> 
 

2.5.3 IeXML 

IeXML (Rebholz-Shchuhmann et al., 2006a) format is a task oriented format that focuses 

on providing a general format for identifying parts of documents that need to be processed 

by text mining processes. This format was designed so that it can be incorporated with 

other formats without changing most of the original format. Because of this, the retrieval of 

the document in the original format should be relatively easy. This project focuses on 

identifying the textual portion of a document which should be processed by text mining 

processes. This portion of the document is encapsulated by tag <text>. The following 

shows the sample of document in this format: 
1 <article> 
2   <front> 
3     … 
4     <article-meta> 
5       … 
6       <contrib id=”A1” contrib-type=”author”> 
7         <name> 
8           <surname>Smith</surname> 
9           <given-names>Thomas</given-names> 
10         </name> 
11       </contrib> 
12       <abstract> 
13         <sec><title><text>Background</text></title> 
14           <p><text> … </text></p> 
15         </sec> 
16       <abstract> 
17     </article-meta> 
18   </front> 
19   <body> 
20     <sec> <title><text>Introduction</text></title> 
21       <p><text> … </text></p> 
22     </sec> 
23     <sec sec-type=”method”> <title><text> Methods 

</text></title> 
24       <p><text> … </text></p> 
25     </sec> 
26   </body> 
27   <back> 
28     <ref-list> 
29       <ref> <citation citation-type=”journal”> 
30         … 
31       </citation> </ref> 
32     </ref-list> 
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33   </back> 
34 </article> 
 

It can be seen from the three formats that each format was created for certain purposes, 

even though they are all able to support text mining processing. Because of this, the 

availability and accessibility of a document in the desired format can be considered as a 

critical part. 

 

2.6 A Possible Solution 
One of possible ideas to improve interoperability between text mining processes is the 

availability of automatic conversion from one XML format to another. In addition, the 

availability and accessibility of the XML document must be considered because it is 

common that XML documents with different formats will be hosted on different locations. 

Such a system is the interest of this project. There are numbers of currently available 

technologies that can be considered to support the implementation of such system. 

 

2.6.1 Enterprise Java Beans (EJB) 

Enterprise Java Beans (EJB) is a server side component which is written in Java 

programming language, a part of Java™ Platform, Enterprise Edition (Java EE), with the 

purpose of providing the business logic of an application (Sun Microsystems Inc, 2006). It 

was built on top of RMI and it encapsulates its RMI implementation details (Sierra and 

Bates, 2003).  

 

There are several advantages of using EJB in developing a system (Sun Microsystems Inc, 

2006): 

1. It simplifies the implementation as the EJB container is able to provide low level 

system services, for example, network connection, transaction management, etc. 

2. It simplifies the implementation of the client side as the business logic is implemented 

in the EJB. 

3. It is able to provide scalability as EJB is accessible remotely and portable. 

 

Despite the advantages, it inherits the disadvantages of RMI since it was built on top of 

RMI. All the related components have to be written in Java programming language.  
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There are two types of EJB, as follows: 

1. Session Bean 

A Session Bean is a type of EJB which performs tasks for the clients. In other words, it 

provides a set of services or methods which represent the system functionalities. A session 

bean can only have one client and it is not persistent. Its association with the client will be 

terminated when the client terminates. A session bean consists of two types: stateless and 

stateful session bean. 

 

2. Message-Driven Bean 

A Message-Driven Bean is a type of EJB which acts as a message listener and allows an 

application to process messages asynchronously. A message can be received via two types 

of source: a Queue and a Topic. 

 

2.6.2 Web Services 

Web Service is a technology that enables an application or service to be accessible through 

XML and the HTTP request-reply protocol (Newcomer and Lomow, 2004). It improves 

services interoperability by providing a kind of communication between services through 

standardised and commonly used standards, XML and HTTP. To achieve this, Web 

Service was built on top of three standard protocols: Simple Object Access Protocol 

(SOAP), Web Service Description Language (WSDL), and Universal Description, 

Discovery, and Integration (UDDI). 

 

The three protocols were defined for different purposes which support the enablement of a 

Web Service: 

1. Simple Object Access Protocol (SOAP) 

SOAP is a protocol that defines the interaction between two services in a client-server 

manner on top of HTTP protocol. It also defines an XML schema which is used to 

represent the request and reply messages. It can be said that SOAP is a standard protocol 

which was resulted by the combination of XML and HTTP. 

 

2. Web Service Description Language (WSDL) 

WSDL is a protocol that describes services which are provided by a Web Service. It 

describes the components of services such as protocol, name, location and bindings. In 

term of Java programming, it describes the method name and parameters. 
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3. Universal Description, Discovery, and Integration (UDDI) 

UDDI is a protocol that provides a search service or directory service for Web Services. It 

enables the search for a particular WSDL. It is done by providing a service registry which 

allows a Web Service provide to publish its services and a Web Service consumer to query 

the registry. 

 

Based on the three standard protocols provided, the following is the typical flow of 

providing and consuming a Web Service (refer to Figure 3 for the diagram): 

1. A Web Service provider uses UDDI to publish its WSDL. The WSDL, which contains 

the service descriptions, is stored in the UDDI service registry. This step is not a 

mandatory step. 

2. A Web Service consumer uses UDDI to query the service registry to obtain the desired 

WSDL. 

3. Based on the provided WSDL, the Web Service consumer uses SOAP to access the 

service provided by the Web Service provider. WSDL can be retrieved directly by 

using the service URL, instead of using UDDI. 

 

 
Figure 3 Web Service workflow 

 

XML and HTTP can be seen as commonly used standards at this point of time. They can 

also be considered as matured technologies which are widely used and supported. By 

building on top of them, Web Services allow communication between services without 

restriction of their underlying environment. This eliminates the disadvantage of using RMI. 

Unfortunately, it contains additional processes which introduce additional overheads. The 

additional processes include translating request and reply message to and from XML, 

network processing, etc. In addition, it inherits the statelessness characteristic of the HTTP 

protocol. Nevertheless, its flexibility to provide services interoperability, despite of their 

underlying environment, is an important feature and it can be considered to be suitable for 
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this project’s service interoperability requirement. BioNLP Web Services 

(http://bionlp.stanford.edu/webservices.html) is an example of using Web Services to 

provide service interoperability. 

 

2.6.3 eXtensible Stylesheet Language Transformations (XSLT) 

eXtensible Stylesheet Language Transformation (XSLT) is a part of a stylesheet language 

for XML which is able to transform an XML document from one format to another (W3C, 

1999). It is written in a well-formed XML. It allows the application of multiple XSLT to an 

XML document to transform it to different formats. XSLT works by first converting the 

source XML into its tree structure representation. It is, then, transformed by an XSL 

document to produce a result tree structure. The result tree is, then, used to create the result 

document. Figure 4 illustrates the transformation process (Cagle et al., 2001): 

 
Figure 4 XSLT Processing Model 

 

http://bionlp.stanford.edu/webservices.html
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2.7 Summary 
Text mining refers to a series of computer aided processes of acquiring hidden knowledge 

or information from unstructured data and presents it in understandable forms (Hearst, 

1999; Hearst, 2003; Ananiadou and McNaught, 2006). A text mining application usually 

involves four stages (NaCTeM, 2006): Information Retrieval, Natural Language 

Processing, Information Extraction and Data Mining. This project focuses on one of the 

stages, which is the Information Retrieval stage. 

 

A whole text mining process is constructed by integrating a collection of sub-processes. It 

is not a single application. This is to provide customisation on each sub-process and to 

reduce the overall complexity of text mining. It has been agreed that it is important for the 

sub-processes to be loosely-coupled and interchangeable (Grover et al., 2004; Rebholz-

Schuhmann et al., 2006b; Torri et al., 2003; Lee et al., 2003). However, this factor 

introduces additional issues and challenges in integrating those sub-processes. This is also 

known as services integration. 

 

System integration is a method to provide communication or interaction between two 

services or software. In general, there are two common methods which are the usage of 

Middleware and the usage of a standardised communication message format. There are 

currently two Middleware technologies that can be considered as the most common 

Middleware. They are Remote Method Invocation (RMI) and Web Services. RMI allows 

an object to reference or invoke a method on a remote object. However, RMI has a 

restriction that both sides have to use the same programming language. Web Services uses 

two commonly used components, XML and HTTP, to provide a standardised 

communication between two services. However, the Middleware technology usually 

contains additional processes which result in additional overheads. Another method is 

using a standard communication message format. eXtensible Markup Language (XML) is 

able to define such format. It is able to define not only contents but also structures. These 

abilities are used to define a standard message format to be used for communication. 

 

In the area of text mining, XML can be seen as the common approach to provide 

integration for its sub-processes. This is mainly influenced by XML flexibility, simplicity 

and accuracy in representing contents and their structures. However, it is difficult to create 

a standardised message format due to its flexibility. People tend to create their own format 
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for their own purposes. The existence of this issue in the field text mining for biology and 

biomedicine is the main interest of this project. 

 

The application of text mining processing in the field of biology and biomedicine is 

currently in an increasing trend. This factor causes the rapid growth in the research and 

development of text mining in this field. In turn, this has created numbers of XML formats. 

Even though it has been realised that it is important to have a standard format, there is 

currently little effort to realise it (Erjavec et al., 2003). In this project, three XML formats 

are considered: NLM Journal Archiving and Interchange DTD, SciXML, and IeXML. 

 

This project focuses in the idea of providing an automatic conversion from one XML 

format to the others. In addition, the availability and accessibility of the XML document 

must be considered as well. Numbers of currently available technology have to be 

considered to build the system and suit the text mining preferred architecture. Technology 

such as Enterprise Java Bean, Web Services and eXtensible Stylesheet Language 

Transformation were considered and explored. 
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3. Success Criteria 
This project’s main aim is to provide proxy services of an XML provider, which are 

accessible through direct API invocation and Web Services, to retrieve a particular section 

or the whole XML document in formats which are suitable for text mining by using the 

Remote Search and Local Retrieval as illustrated by Figure 5.  Since this project is 

focused on text mining in biological and biomedical field, PubMed Central will be used as 

the XML provider. In addition, NLM Journal Archiving and Interchange DTD (NCBI, 

2006c), SciXML (Rupp et al., 2006), IeXML (Rebholz-Schuhmann et al., 2006a) and plain 

text formats will be the available formats. 

 
Figure 5 Project's main aim 

The main success criterion is the fulfilment of the project’s aim. A set of functional and 

non-functional requirements, thus, derived based on the project’s aim to ensure they 

support the project’s aim. A precise and accurate functional requirements gathering and 

analysis can be considered as one of the important initial steps to ensure a successful 

project (Bennet et al., 2006).  

 

3.1 Functional Requirements 
Each functional requirement includes description of the function, inputs needed, output, 

processes involved (Bennet et al., 2006), pre-condition, post-condition, risk and priority. 

The functional requirements for this project were derived from the Use Case as illustrated 

by Figure 6:  
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Figure 6 Use Case Diagram 

 

The functional requirements of this project were divided into two categories: main and 

supporting functional requirements. 

 

The followings are the main functional requirements for this project: 

1. Retrieve XML document ID (pmcid) using Web Services or API. 

Risk Medium. This function encapsulates the usage of ESearch Web Services. 
The correctness is dependent on the correctness of ESearch. However, its 
availability is dependent on the availability of ESearch. 

Priority High. 
Pre-condition Valid search attributes. 
Input Search request object representation 
Post-condition A list of XML document IDs, which correspond to the search request, is 

created. 
Output A list of XML document IDs 
Processes 1. Search attributes are set to an object representation. 

2. The object representation is, then, passed to the system via direct 
method invocation (API) or SOAP (Web Services). 

3. The object representation is, then, translated to ESearch (NCBI, 
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2006b) request object representation. 
4. The ESearch is accessed by passing the translated search request via 

SOAP. 
5. The result of ESearch will be set to a result object representation that 

contains the list of XML documents IDs and numbers of additional 
information.  

6. Step 3, 4 and 5 is called Remote Search. 
7. The result object representation is, then, returned to the requester. 

2. Retrieve an XML document in the format specified by the user using Web Services 
or API. 

Risk High. This function involves the conversion of an XML document from 
one format to another one. Wrong conversion may cause data 
inconsistency. 

Priority High. 
Pre-condition The format requested has to be one of the followings: 

1. NLM Journal Archiving and Interchange DTD Full Text. 
2. NLM Journal Archiving and Interchange DTD Section Filtered. 
3. SciXML. 
4. IeXML. 
5. Text. 

Input XML document ID (pmcid) and requested format.  
Post-condition 1. The requested document, based on its ID, is stored in the local 

database and local file repository. 
2. The requested document in the requested format is cached in the 

local file repository and logged in the local database. 
Output If the requested format is valid, the requested document in the requested 

format will be returned to the requester, else it will return null. 
Processes 1. The existence of the cached XML document in the local file 

repository is checked based on the specified XML document ID and 
requested format. If it exists, the document can be returned to the 
requester immediately; else proceed to step 2. 

2. The existence of the document in the local database is checked based 
on the specified XML document ID. If it does not exist, EFetch will 
be used to try to retrieve the document from PubMed Central. The 
new document will be copied into the local file repository and stored 
in the local relational database. 

3. The requested document will be converted into different formats by 
applying an appropriate XSL. 

4. The converted document will be cached in the local file repository 
and logged in the local relational database. 

5. The converted document is, then, returned to the requester. 
6. This entire process is called Local Retrieval. 

3. Retrieve an XML document filtered by method section in the format specified by 
the user using Web Services or API. 

Risk High. This function involves the conversion of an XML document from 
one format to another one. Wrong conversion may cause data 
inconsistency. 

Priority Low. 
Pre-condition The format requested has to be one of the followings: 

1. NLM Journal Archiving and Interchange DTD. 
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2. SciXML. 
3. IeXML. 
4. Text. 

Input XML document ID (pmcid) and requested format. 
Post-condition 1. The requested document, based on its ID, is stored in the local 

relational database and local file repository. 
2. The requested document in the requested format is cached in the 

local file repository and logged in the local relational database. 
Output If the requested format is valid, the requested document in the requested 

format will be returned to the requester, else it will return null. 
Processes 1. The existence of the cached XML document in the local file 

repository is checked based on the specified XML document ID and 
requested format. If it exists, the document can be returned to the 
requester immediately; else proceed to step 2. 

2. The Local Retrieval process is used to retrieve the XML document 
with the specified ID and the format of NLM Journal Archiving and 
Interchange DTD Section Filtered. 

3. If the requested format is the NLM Journal Archiving and 
Interchange DTD, then the document can be returned to the requester 
immediately; else proceed to step 4. 

4. The document with NLM Journal Archiving and Interchange DTD 
Section Filtered format is, then, converted to the requested format by 
applying an appropriate XSL. 

5. The converted document will be cached in the local file repository 
and logged in the local relational database. 

6. The converted document is, then, returned to the requester. 
 

The followings are the supporting functional requirements for this project: 

1. Insert new article 

Risk High. It involves two parsing: XML and HTML Parsing. Mistranslation 
may cause data inconsistency.  

Priority High. 
Pre-condition The article does not exist in the local relational database. 
Input XML document in NLM Journal Archiving and Interchange DTD 

format. 
Post-condition The article is inserted into the local database. 
Output None. 
Processes 1. The XML document is stored in an accessible folder or location. 

2. The XML document is, then, copied into the local file repository. 
3. The XML document is, then, parsed to create its object 

representation. 
4. If the XML document is not in NLM Journal Archiving and 

Interchange DTD, the document is rejected and insertion process 
ended. 

5. If the XML document does not have abstract or body section, HTML 
parser will be used to try to add them into the XML document. 

6. The object representation is used to insert the article into the local 
relational database. 

2. Retrieve abstract and body section from HTML 
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Risk High. The detection of the abstract and body section is dependent on the 
HTML layout patterns. A slight change on the layout may cause 
mistranslations. 

Priority Medium. 
Pre-condition The XML document does not contain abstract or body section. 
Input XML document and its ID (pmcid). 
Post-condition The abstract or body section is added to the XML document and the 

XML document is stored in the local file repository. 
Output The XML document with content added. 
Processes 1. A HTTP request is sent to the following URL to retrieve the HTML 

format of the XML document: 
http://www.pubmedcentral.nih.gov/articlerender.f
cgi?artid=<pmcid> 
2. The HTML is, then, parsed to retrieve the abstract and body contents. 
3. The abstract and body are, then, added into the XML document. 
4. The XML document is, then, inserted into the local file repository. 

3. Initialise local relational database and file repository. 

Risk High. This process initialises the contents of the local database which 
uses the insert new article function. 

Priority Medium. 
Pre-condition Empty local database. 
Input A set of XML documents in NLM Journal Archiving and Interchange 

DTD format. 
Post-condition Input documents are copied to local file repository and stored in local 

relational database. 
Output None. 
Processes 1. XML documents are stored in an accessible folder. For PubMed 

Central, the XML documents can be downloaded from its FTP 
repository (ftp://ftp.ncbi.nlm.nih.gov/pub/pmc/articles.tar.gz).  

2. The XML documents are grouped into number of batches. 
3. The batches are processed concurrently. 
4. Each XML document is passed to the insert new article function. 

4. Refresh local database and file repository automatically against PubMed Central 
database. 

Risk Medium. This functionality maintains the validity of the local database. 
Priority High. 
Pre-condition None. 
Input Last updated day. 
Post-condition The XML documents updated in PubMed Central’s database since the 

last update day is copied into local file repository and stored in local 
database. 

Output Activities logs. 
Processes 1. The number of days since the last update is calculated and set to the 

search request object representation attribute reldate. 
2. The search request object representation is, then, used to invoke the 

Remote Search to retrieve a list of document IDs. 
3. The list of document IDs is, then, used to invoke EFetch to retrieve 

the updated XML documents. 
4. The retrieved XML documents are, then, grouped into number of 

batches. 
5. The batches are processed concurrently. 

ftp://ftp.ncbi.nlm.nih.gov/pub/pmc/articles.tar.gz
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6. Each XML document is processed in the following sequences: 
6.1 The XML document is copied to the local file repository. 
6.2 It is, then, parsed to create its object representation. 
6.3 The existence of the XML document in the local database is 

checked based on the XML document ID. 
6.4 If the XML document exists, database updating will be executed; 

else database insertion will be executed. 
 

 

3.2 Non-Functional Requirements 
In addition to the functional requirements, a set of non-functional requirements were 

derived to ensure a better quality system. A precise and accurate non-functional definition 

should be considered as an important step because it may influence the decisions for the 

architecture and design of the system. The followings are the list of non-functional 

requirements: 

1. Performance 

Performance can be seen as a good measure of quality of services. Identifying process 

or function, which may cause bottleneck, can be seen as the initial step to provide a 

good performance. Then, possible solutions are considered for them. 

In this project, one of the methods to improve performance is through concurrent 

programming. For example, the initialisation of local database and file repository may 

require to process considerably large number of XML documents. PubMed Central 

contains approximately 55,299 XML documents with total size of 2.46GB (PMC, 

2007). The XML documents will be grouped into several batches and the batches will 

be processed concurrently. This will improve the system performance by providing a 

higher throughput. However, it may increase the complexity of the system. 

 

Performance of the system will be measured on each of its functions. Sets of inputs, 

which are deemed to be suitable, will be used as test cases. The weighted average 

elapsed time will be calculated to illustrate their performance. 

 

2. Extensibility 

Due to the rapid development of the text mining field, the system has to be relatively 

easy to configure and extend in order to accommodate changes or new requirements. 

For example, the conversion from one XML format to another is controlled by a set of 

rules which are defined in a simple XML document.  
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The extensibility of the system will be measured by its ability to accommodate 

changes. A set of changes will be used to test its extensibility. 

 

3. Scalability 

A system’s performance may be affected as the number of users increased. Deploying 

different parts of the system to different machines can be seen as one of the solutions. 

This is commonly known as a distributed system. This non-functional requirement will 

be tested by showing how different parts can be deployed or run in different machines. 

For example, the usage of JMS to provide concurrent processing, instead of java 

thread, allows processes to run in different JVM or machines. 

 

 



4. Architecture and Design 

   Page 36 of 93 

4. Architecture and Design 

4.1 Architecture 
Software architecture refers to the structures, organisations, relationships and interactions 

of components which were used to build the software. In addition, it will be used as 

guidance for the design of the software (Bennet et al., 2006). A software’s architecture is 

commonly influence by its non-functional requirements, instead of its functional 

requirements (Malan and Bredemeyer, 2001). In the case of this project, the system 

architecture was heavily influenced by requirements to provide good performance, 

extensibility and scalability. The followings architectures were used in the design and 

development of the system because they were deemed to be suitable to fulfil, both, the 

project’s non-functional requirements and functional requirements. 

 

4.1.1 Subsystems Architecture 

The main idea of subsystems architecture is to group software components based on their 

common properties such as domain, functionalities, etc. The grouping of components 

divides the system into smaller units of development which may reduce overall 

complexity, improve code reusability, maintainability and portability (Bennet et al., 2006). 

In addition, it may provide scalability as each components group can be deployed in 

different machines. However, since each group needs boundary classes, designing these 

classes may be arguably complex and communication between the groups may introduce 

additional overheads for the system. 

 

In this project, the system was divided to three subsystems as follows: 

1. Database Tier 

The database tier groups software components which are able to provide supports or 

functionalities or rules for database operations of both formats of database, relational 

database and file repository. In addition, it provides a set of services to hide the 

implementation details of the database operations. For example, a method which returns an 

object representation of the result of an SQL query to the relation database. 

 

2. Operation Tier 

The operation tier provides a set of services which represent the main functionalities of the 

system. It encapsulates the business logic and components interactions of those services. 
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For example, inserting a new article requires parsing of the XML document, copying the 

file to the file repository and inserting the file to the relational database.  

 

3. Web Services Tier 

The web services tier provides a set of services which are accessible by web services via 

SOAP. It may not contain business logic but it encapsulates components interactions which 

are required to provide the services. 

 

4.1.2 Partitioned Subsystems Architecture 

A partitioned subsystems architecture is a subsystems architecture where each subsystem 

encapsulates a part of the entire system’s functionalities and they are loosely coupled 

(Bennet et al., 2006). This architecture may provide flexibility in software components 

interactions which may reduce the communication needed between them. It may also 

provide flexibility in developing a function or entire system. However, its flexibility may 

introduce additional complexity to the system. 

 

This project combined the two architectures and Figure 7 illustrates the overview of the 

system’s architecture: 

Web Services Tier Operation Tier Database Tier

Operation Abstraction 
Layer

Database Abstraction 
Layer

 
Figure 7 Overview of the system's architecture 

 

4.2 Design 
A system design explains how a system will be built to meet its functional requirements 

(Bennet et al., 2006) according to its architecture (refer to Figure 29 in Appendix A for 

the overall design). The design of this project’s system is discussed for each tier as follows: 

 

4.2.1 Database Tier 

The database tier was designed to provide services and encapsulate the complexity of the 

database and the heterogeneity of the database formats. This tier consists of various 

components which are illustrated by Figure 8 and discussed as follows (refer to Figure 30 

in Appendix A for the Database Tier overview Class Diagram): 
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Database Tier

Relational 
Database

XML FilesFile Repository 
Manager

XML Files Repository

ID Generator

System Logger

System Property 
Manager

Search Services 
(Remote Search)

Service 
Locator

Database 
Services

 
Figure 8 Database Tier overall design 

 

1. XML Files Repository 

The XML files repository consists of a set of directories where each of them contains a set 

of XML documents in NLM Journal Archiving and Interchange DTD, converted XML 

documents, temporary XML documents and XSL files respectively. This repository is 

accessible through a set of services which are encapsulated by the File Repository 

Manager. The File Repository Manager provides services such as retrieving a file, inserting 

a file, etc. Figure 9 shows the class diagram for the File Repository Manager: 

 
Figure 9 FileRepositoryManager Class Diagram 
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2. Relational Database 

The relational database was designed with the main purpose of providing a structured 

representation of the XML documents (unstructured data). The relational database also 

stores additional system data such as system logs and properties. This provides easier and 

faster query for the XML documents. It provides indexing for the XML documents. 

Furthermore, it may provide more flexibility for future expansion. However, an additional 

step, translating the unstructured data to structured data, is needed. This additional step 

introduces additional overhead and risk of miss-translation. Figure 10 is the Entity 

Relationship (ER) diagram for this system: 
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System_Logs
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Thread_Id
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PK Seq

Value

System_IDs
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Figure 10 ER Diagram 

Each table were mapped to its object representation to provide an abstraction of the 

relational database. This design was adapted from the concept of object-relational mapping 
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(Wikipedia, 2007). For example, the table Articles was mapped to an object Article 

and the table Articles_Contributors was mapped to an object 

ArticleContributor. The two classes are shown by Figure 11. This approach allows 

developers or other software components to interact on the objects level, instead of directly 

on the relational database. This may reduce the complexity and increase control and 

extensibility. 

 
Figure 11 Article and ArticleContributor Class Diagram 

 

3. System Property Manager 

System Property Manager was designed to provide a set of services that deal with the table 

System_Properties. The decision to create a separate class was because the changes 

of data in this table may change the behaviour of the system. This class may be used to 

provide additional processing, for example privilege checking. Refer to Table 13 in 

Appendix B for the list of the system properties. Figure 12 is the class diagram of the 

System Property Manager: 

 
Figure 12 SystemPropsManager Class Diagram 
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4. System Logger 

System Logger was created to provide a set of services concerning the system logs (table 

System_Logs). A separate class was created to allow more flexibility in the future 

enhancements, for example asynchronous logging or remote logging. Figure 13 is the class 

diagram of the System Logger: 

 
Figure 13 SystemLogger Class Diagram 

 

5. ID Generator 

ID Generator was designed to generate a new primary key for a table by consulting with 

the table System_IDs. It ensures that there will be no duplicate primary key generated 

by creating a new transaction and committing it manually for each request. Figure 14 is 

the class diagram of the ID Generator: 

 
Figure 14 IDGenerator Class Diagram 

 

6. Search Services (Remote Search) 

The main purpose of the Search Services is to encapsulate the Remote Search function 

which utilise the ESearch web service via SOAP. In addition, it enforces three seconds 

delay required between two consecutives requests (NCBI, 2007). This design may reduce 

the effects of changes in ESearch and improve extensibility. For example, future 

enhancement to provide local search to reduce the system dependency on ESearch, may 

only need to modify the implementation of this class transparently to its users. However, 

additional steps to translate the SearchRequest to ESearchRequest object and 
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ESearchResult to SearchResult object are required. Figure 15 is the class 

diagram of the Search Services: 

 
Figure 15 SearchServices Class Diagram 

 

7. Service Locator 

The Service Locator was designed as a single utility class to retrieve database components 

and resources and to control their granularity. This design may reduce the effects of 

components or resources movement to the entire system. It can be seen as a directory of 

database components and resources. This design was adapted from the Service Locator 

design pattern for enterprise application (Sun Microsystems Inc, 2002). Figure 16 is the 

class diagram of the Service Locator: 

 
Figure 16 DBServiceLocator Class Diagram 

 

8. Database Services 

The Database Services was designed to provide an abstraction for the Database Tier by 

providing a set of services which are accessible by other tiers or software components. It 
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encapsulates the implementation details and components interactions within the Database 

Tier. Figure 17 is the class diagram of the Database Services: 

 
Figure 17 DBServicesBean Class Diagram 
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4.2.2 Operation Tier 

The operation tier provides the main functionalities of the system in term of a set of 

services. It consists of numbers of components which are illustrated by Figure 18 and 

discussed as follows (refer to Figure 31 in Appendix A for the overview of Operation Tier 

Class Diagram): 

 
Figure 18 Operation Tier overall Design 

 

1. XML Parser 

The XML Parser was created to parse an XML document in the NLM Journal Archiving 

and Interchange DTD format and convert it to its object representation. SAX was used to 

do the parsing. Figure 19 is the class diagram of the XML Parser: 
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Figure 19 XMLParser Class Diagram 

 

2. XML Converter 

The main purpose of the XML Converter is to convert an XML document from one format 

to another and insert the converted document into the local file repository. The conversion 

was done by applying appropriate XSL file to the XML document. The mappings from a 

document format to its XSL file are stored in the relational database, table 

System_Properties, to provide configurability and extensibility. Figure 20 is the 

class diagram of the XML Converter: 
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Figure 20 XML Converter Class Diagram 

 

3. HTML2XML Converter 

The purpose of the HTML2XML Converter is to retrieve the abstract and contents of a 

PubMed Central article in HTML format and insert them into its corresponding XML 

document in the NLM Journal Archiving and Interchange DTD format. However, the 

result may not be the same as the original XML document provided by PMC. Figure 21 is 

the class diagram for the HTML2XML Converter: 

 
Figure 21 HTML2XMLConverter Class Diagram 

 

4. Message Sender 

The Message Sender was designed as a utility class to encapsulate the JMS functionalities 

and resources. It contains the functionalities such as sending JMS messages to a queue, 

checking the items in a queue, etc. Figure 22 is the class diagram of the Message Sender: 
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Figure 22 MsgSender Class Diagram 

 

5. Automatic Refresher 

The Automatic Refresher was designed to encapsulate the execution of the local database 

update procedures and initiation the refresher scheduler. The update procedures utilises 

both ESearch and EFetch. First, ESearch was used to retrieve the list of document IDs 

(pmcid) of the updated documents. EFetch, then, was used to retrieve the XML 

documents based on the list of document IDs. The result of EFetch was, then, parsed to 

retrieve a list of XML documents in the NLM Journal Archiving and Interchange DTD 

format. This is the role of the Refresher XML Parser. Figure 23 is the class diagram for 

the Automatic Refresher: 

 
Figure 23 AutomaticRefresher Class Diagram 
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6. Service Locator 

Like the Database Tier’s Service Locator, the Service Locator was design as a single utility 

class to retrieve components needed by the Operation Tier and control their granularity. 

Figure 24 is the class diagram for the Service Locator: 

 
Figure 24 OpsServiceLocator Class Diagram 

 

7. Operation Services 

Similar to the Database Tier’s Database Services, Operation Services was designed to 

encapsulate the implementation details of the Operation Tier by providing a set of services 

which are accessible by other tiers or software components. Figure 25 is the class diagram 

for the Operation Services: 
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Figure 25 OperationServicesBean Class Diagram 

 

4.2.3 Web Services Tier 

The Web Services Tier was designed to define a set of functionalities which are accessible 

through Web Services via SOAP. It was designed as a simple wrapper class of the 

Operation Tier. Figure 26 is the class diagram for the Web Services Tier: 

 
Figure 26 BioDReCServices Class Diagram 
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4.3 Discussion 
In this project, the partitioned subsystems architecture was preferred to the layered 

subsystems architecture. A layered subsystems architecture is a subsystems architecture 

where each subsystem encapsulates a layer of abstraction (Bennet et al., 2006). This 

architecture, similar to the partitioned subsystems architecture, is able to reduce the overall 

complexity of the system by dividing the system into smaller problems. Furthermore, since 

each layer is only accessible by the layer on top of it, it can be seen that it is less complex 

than the partitioned subsystems architecture (illustrated by Figure 27). However, this 

characteristic causes this architecture to be less flexible compared to the partitioned 

subsystems architecture. For example, every function may have to pass through all the 

layers. The lack of flexibility may reduce the system’s extensibility and efficiency. 

Because of these reasons, the partitioned subsystems architecture was deemed to be more 

suitable for this system. 

Web Services Tier

Operation Tier

Database Tier

 
Figure 27 Layered Subsystems Architecture 

The application of the partitioned subsystems architecture was not applied only to the tier 

levels. The architecture was also applied to the software components inside each tier. 

Because of this, the software components in each tier were designed and developed to be 

as loosely coupled as possible. This can be considered as good strategy to reduce the 

complexity for future enhancements. Furthermore, each component can be modified 

relatively independent of the other components. However, it may increase the complexity 

of each component. 

 

Numbers of design patterns’ concepts were also adapted to this system. One of them is the 

concept of object-relational mapping. It was adapted to the Database Tier. This concept 

allows the Database Tier to hide its multi formats databases, the relational database and file 

repository. The services or operations of the Database Tier were defined in terms of their 

object representation instead of their original form. For example, a list of Article was 

returned as a result of SQL query instead of ResultSet. It may also minimise the impact 

of changes to the Database Tier. For example, if the relational database was changed to flat 
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files format, it will not affect the other tiers because the services were defined in term of 

objects. However, the additional step of conversion to the object representation may 

introduce additional overheads and memory consumption. 

 

Another design pattern, which was adapted, is the concept of service locator. This concept 

uses a single utility class to become a directory of services and resources and to control 

their granularity. This concept minimise the impact caused by components or resources 

movement. For example, if the Database Tier was moved to another server, the Operation 

Tier only has to update its service locator to point to the new server. This design pattern is 

commonly used for enterprise application to support scalability. 
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5. Implementation 
This chapter presents and discusses the tools which were used to implement the system and 

implementation details of some the system’s features. 

 

5.1 Tools 
The followings are the tools which were used to implement the system: 

1. Java Standard Edition 5.0 as the main programming language. 

2. Java Enterprise Edition 5.0. It provides a platform to build an enterprise application. 

3. Xerces Java Parser 1.4.4. It provides Java APIs for parsing XML. 

4. Xalan-Java 2.4.0. It provides run time XSL processing for XML transformations. 

5. Jericho HTML Parser 2.4. It provides Java APIs for parsing HTML. 

6. Axis 1.4. It provides Java APIs and utilities for implementing Web Services server and 

client via SOAP. 

7. MySQL 5.0 as the relational database. 

8. eXtensible Stylesheet Language (XSL). It provides conversions of XML documents 

from one format to another.  

9. Web Services via SOAP by NCBI: EFetch (NCBI, 2006a) and ESearch (NCBI, 

2006b). 

10. SciXML XSL (Lewin et al., 2006). It provides a conversion of XML document in the 

NLM Journal Archiving and Interchange DTD format to SciXML format. 

 

5.2 Boundary Services Class 
The Database and Operation Tier of this system are encapsulated by a boundary class. The 

Database Tier is encapsulated by the class DBServicesBean and the Operation Tier is 

encapsulated by the class OperationServicesBean. It can be seen that each 

boundary class represents its own tier by presenting a set of allowable operations. This can 

be achieved by creating a public class with a set of public methods. Furthermore, in order 

to provide a better abstraction, the implementation class should be invisible to the other 

tiers. This can be achieved by making the implementation class to implement a public 

interface and exposing the public interface to the other tiers, instead of the implementation 

class. This satisfies the extensibility requirement but not the scalability requirement. 

 



5. Implementation 

   Page 53 of 93 

One of the methods to achieve scalability is to allow different tiers to be deployed on 

different machines or servers. This was achieved by creating an Enterprise Session Bean 

with Remote Clients. This allows a tier to be deployed on different server and still 

accessible through remote invocation. In addition, Session Bean has the ability to manage 

database transaction automatically, while providing a manual control over it as well. For 

example, inserting a new article involves generating new a contributor ID and inserting a 

new contributor. The insertion of the new article and contributor is done in the same 

transaction, while the generation of contributor ID manages its own transaction. The 

following is a part of code for DBServicesBean to illustrate the implementation of a 

boundary class: 

Public interface for DBServicesBean: 
1 @Remote 
2 public interface DBServicesRemote { 
3   public void insertArticle(Article newArticle) throws 

SQLException; 
4   public int getContributorID(String sureName, String 

givenName) throws SQLException, NamingException; 
5 } 
 

Implementation class of DBServicesBean: 
1 @Stateless 
2 public class DBServicesBean implements DBServicesRemote { 
3   public void insertArticle(Article newArticle) throws   

SQLException { 
4   … 
5   } 
6    
7   @TransactionAttribute(TransactionAttributeType.NOT_SUPPORTED) 
8   public int getContributorID(String sureName, String 

givenName) throws SQLException, NamingException { 
9   … 
10   } 
11 } 
 

5.3 Service Locator 
The Service Locator was designed with the purpose of accommodating changes or 

movement of resources or other components or tier and their granularity. This is seen to be 

important because different tiers can be deployed to different servers. It was also designed 

to be a single utility class. This was achieved by creating a singleton class. The following 

is a part of code of DBServiceLocator to illustrate the implementation of a Service 

Locator: 
1 public class DBServiceLocator { 
2   private static DBServiceLocator serviceLocator; 
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3   private SystemPropsManager systemPropsManager; 
4  
5   private DBServiceLocator() { 
6     this.systemPropsManager = new SystemPropsManager(); 
7   } 
8  
9   protected synchronized static DBServiceLocator getInstance() 

{ 
10     if(DBServiceLocator.serviceLocator == null) 
11       DBServiceLocator.serviceLocator = new DBServiceLocator(); 
12     return DBServiceLocator.serviceLocator; 
13   } 
14  
15   public SystemPropsManager getSystemPropsManager() { 
16     return this.systemPropsManager; 
17   } 
18  
19   private DataSource getJdbcBioDReCSDatasource() throws 

NamingException { 
20     Context c = new InitialContext(); 
21     return(DataSource) 

c.lookup("java:comp/env/jdbc/BioDReCSDatasource"); 
22   } 
23 } 
 

5.4 XML Converter 
The XML Converter provides methods to convert an XML document in NLM Journal 

Archiving and Interchange DTD format to another format. The conversion was 

implemented using Xalan-Java. The followings describe the processes of converting an 

XML document: 

1. The XML document, by default, is assumed to be stored in the XML original files 

directory. The directory is specified by org_xml_file_directory in the 

System_Properties table. 

2. The output file name is generated by appending the format’s extension to the original 

file name. The format’s extension is specified in the System_Properties table in 

the following format: <format>_extension. For example, extension for format 

IeXML is specified by IeXML_extension. 

3. The XSL file for the requested format is retrieved. The mapping from a format to an 

XSL file is specified in the System_Properties table by the name of the format. 

The XSL file is stored in the directory specified by xsl_file_directory. For 

example, XSL file for IeXML is specified by IeXML. 

4. The original XML document and the XSL file are processed using Xalan-Java which 

returns the converted XML. 
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5. The converted XML is stored in the folder specified by 

result_xml_file_directory in System_Properties table. 

The following is parts of code for XML Converter to illustrate its implementation: 
1 public class XMLConverter { 
2   protected XMLConverter() {} 
3   public String convertXML(File inFile, String outputFileName, 

String format) { 
4     if(outputFileName == null || 

outputFileName.trim().equals("")) 
5       outputFileName  = 

OpsServiceLocator.getInstance().getDBServices().generateFileNa
me(inFile.getName(), format); 

6      
7     File xslFile = 

OpsServiceLocator.getInstance().getDBServices().getXSLFileByFo
rmat(format); 

8     File resultFile = 
OpsServiceLocator.getInstance().getDBServices().getResultXMLFi
le(outputFileName); 

9     … 
10     TransformerFactory tf = TransformerFactory.newInstance(); 
11     Transformer transformer = tf.newTransformer(xslSource); 
12     Result outResult = new StreamResult(outputStream); 
13     transformer.transform(xmlSource, outResult); 
14     return outputFileName; 
15   } 
16 } 
 

5.5 Configurable eXtensible Stylesheet Language (XSL) 
The conversion of an XML document from one format to another was implemented by 

applying an XSL file to it. In this project, the XSL was created to be relatively easy to be 

configured due to accommodate the extensibility requirement. The configuration was 

stored in the XML format. The configuration files have to be stored in the XML original 

file directory and XML converted file directory.  

The followings present and discuss each of the XSL file for each conversion:  

 

5.5.1 XSL for IeXML Conversion 

The XSL file for IeXML conversion is IeXMLSL.xsl with its property file 

IeXMLProp.xml. The property file specifies the XML tree paths which will be tagged 

by <text>. First, the XSL file reads the property file. The XSL file, then, iterates through 

the original XML file and copies all tags and their attributes. However, before copying the 

content or text portion of a tag, it checks its XML tree path with the configuration file. If it 

is configured in the configuration file, the tag <text> will be inserted before the text 
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portion is copied. The followings are parts of the code for the XSL file to illustrate the 

process: 

IeXMLProp.xml: 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <properties> 
3   <text> 
4     <tag path="article/body/" include="yes" 

absolutePath="no"></tag> 
5     <tag path="article/front/article-meta/abstract/" 

include="yes" absolutePath="no"></tag> 
6   </text> 
7 </properties> 
 

IeXMLSL.xsl: 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <xsl:stylesheet 

xmlns:xsl="http://www.w3.org/1999/XSL/Transform" 
version="1.0"> 

3   <xsl:output method="xml" indent="yes"/> 
4   <xsl:variable name="propFile" 

select="document('IeXMLProp.xml',.)"/> 
5   … 
6   <xsl:template match="* | @*"> 
7     <xsl:copy> 
8       <xsl:apply-templates select="* | @* | text()"></xsl:apply-

templates> 
9     </xsl:copy> 
10   </xsl:template> 
11  
12   <xsl:template match="text()"> 
13     <xsl:variable name="included"> 
14       <xsl:call-template name="isIncluded"></xsl:call-template> 
15     </xsl:variable> 
16      
17     <xsl:choose> 
18       <xsl:when test="$included = 'true'"> 
19         <text> 
20           <xsl:copy> 
21             <xsl:apply-templates select="* | @* | 

text()"></xsl:apply-templates> 
22           </xsl:copy> 
23         </text> 
24       </xsl:when> 
25       <xsl:otherwise> 
26         <xsl:copy> 
27           <xsl:apply-templates select="* | @* | text()"></xsl:apply-

templates> 
28         </xsl:copy> 
29       </xsl:otherwise> 
30     </xsl:choose> 
31   </xsl:template> 
32   … 
33 </xsl:stylesheet> 
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5.5.2 XSL for NLM Journal Archiving and Interchange DTD filtered by method 
section conversion 

The XSL file for this conversion is NLM_SectionFiltered.xsl with its property 

file NLMProp.xml. The configuration file specifies the section XML tree path and its 

type which are to be copied. First, the XSL file reads the configuration file. Before copying 

anything (tag, attribute, or text) from the source XML file, the current XML tree path is 

checked against the path in the configuration file. If its current XML tree path is not 

included in the configuration file, it will be copied directly. On the other hand, if it is 

included, its attribute secType is evaluated. The evaluation of the secType attribute 

considers the secType attribute of the current tag ancestors. This is for the case where a 

section consists of multiple sub sections. If the value of secType is not specified in the 

configuration file, then it will not be copied. On the other hand, if it is specified in the 

configuration file, then it will be copied. The followings are parts of the code to illustrate 

the process: 

NLMProp.xml: 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <properties> 
3   <filters> 
4     <section-filter path="article/body/sec" type="methods" 

absoluteValue="no" include="yes"></section-filter> 
5   </filters> 
6 </properties> 
 

NLM_SectionFiltered.xsl: 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <xsl:stylesheet 

xmlns:xsl="http://www.w3.org/1999/XSL/Transform" 
version="1.0"> 

3   <xsl:output method="xml" indent="no"/> 
4   <xsl:variable name="propFile" select="document('NLMProp.xml',.)"/> 
5   … 
6   <xsl:template match="* | @* | text()"> 
7     <xsl:variable name="filtered"> 
8       <xsl:call-template name="isFiltered"/> 
9     </xsl:variable> 
10  
11     <xsl:choose> 
12       <xsl:when test="contains($filtered,'true')"> 
13         <xsl:copy> 
14           <xsl:apply-templates select="* | @* | text()"></xsl:apply-

templates> 
15         </xsl:copy> 
16       </xsl:when> 
17       <xsl:otherwise> 
18         <xsl:apply-templates select="* | @* | text()"></xsl:apply-

templates> 
19       </xsl:otherwise> 
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20     </xsl:choose> 
21   </xsl:template> 
22   … 
23   <xsl:template name="getSecType"> 
24     <xsl:for-each select="ancestor-or-self::*"> 
25       <xsl:if test="@sec-type and @sec-type != ''"> 
26         <xsl:value-of select="@sec-type"/> 
27       </xsl:if> 
28     </xsl:for-each> 
29   </xsl:template> 
30   … 
31 </xsl:stylesheet> 
 

5.5.3 XSL for Plain Text Conversion 

The XSL file for this conversion is PlainText.xsl with its configuration file 

PlainTextProp.xml. The configuration file specifies what to be printed out and the 

template name that handles the printing. First, the XSL file reads the configuration file. For 

each configuration, the value of attribute header will be printed. The template with the 

name specified by attribute templateName is, then, invoked. The followings are parts of 

the codes to illustrate the process: 

PlainTextProp.xml: 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <properties> 
3   <output> 
4     <tag header="Title:" templateName="printTitle" 

print="yes"></tag> 
5     <tag header="Abstract:" templateName="printAbstract" 

print="yes"></tag> 
6   </output> 
7 </properties> 
 

PlainText.xsl: 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <xsl:stylesheet 

xmlns:xsl="http://www.w3.org/1999/XSL/Transform" 
version="1.0"> 

3   <xsl:template match="/"> 
4     <xsl:variable name="propFile" 

select="document('PlainTextProp.xml',.)"></xsl:variable> 
5     <xsl:call-template name="printText"> 
6       <xsl:with-param name="props" select="$propFile"/> 
7       <xsl:with-param name="counter">1</xsl:with-param> 
8     </xsl:call-template> 
9   </xsl:template> 
10  
11   <xsl:template name="printText"> 
12     <xsl:param name="props"/> 
13     <xsl:param name="counter"/> 
14     … 
15     <xsl:choose> 
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16       <xsl:when test="$outputTagTemplateName = '' "> 
17         <xsl:text> 
18           Done 
19         </xsl:text> 
20       </xsl:when> 
21       <xsl:otherwise> 
22         … 
23         <xsl:call-template name="printText"> 
24           <xsl:with-param name="props" select="$props"/> 
25           <xsl:with-param name="counter" select="$counter + 1"/> 
26         </xsl:call-template> 
27       </xsl:otherwise> 
28     </xsl:choose> 
29   </xsl:template> 
30   … 
31 </xsl:stylesheet> 
 

Table 1 shows the summary of the mapping from the XSL file to its property file (refer to 

Table 14 – 16 in Appendix B for the details of each configuration file): 
Table 1 XSL to Property File mapping 

No. XSL File Property File 
1. IeXMLSL.xsl IeXMLProp.xml 
2. PlainText.xsl PlainTextProp.xml 
3. NLM_SectionFiltered.xsl NLMProp.xml  

 

5.6 HTML2XML Converter 
The HTML2XML Converter was implemented to retrieve a HTML representation of an 

article from PubMed Central, parse it to retrieve the abstract and body section and insert it 

to the local XML document in the NLM Journal Archiving and Interchange DTD format. 

However, the result XML will not be the same as the XML provided by PMC. In addition, 

due to time constraint, this function is unable to handle some important tags within abstract 

and body section, for example, the italic tag which might be important to identify a 

chemical term. 

 

The parsing of the HTML document was implemented using Jericho HTML Parser. A 

regular XML parser cannot be used to parse HTML because HTML is not always in a 

well-formed XML. The followings are the processes of HTML2XML Converter: 

1. The HTML document is retrieved by sending a HTTP Request to the following URL: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=<pm
cid> 
2. The HTML document is parsed using Jericho HTML Parser. 

3. The abstract section is identified by the following pattern: 
1 <td class=”content-cell”> 
2   <div class=”head1 section-title”>abstract</div> 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=%3Cpmcid
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=%3Cpmcid
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3   <div class=”section-content> 
4     … 
5   </div> 
6 </td> 
 

4. The body section is indentified by the following pattern: 
1 <td class=”content-cell”> 
2   <div class=”head1 section-title”>some title but not 

‘abstract’</div> 
3   <div class=”section-content> 
4     … 
5   </div> 
6 </td> 

 

5. The abstract section is added into the XML document and encapsulated with tag 

<abstract>. 

6. The body section is added into the XML document and encapsulated with tag <body> 

with each subsection is encapsulated with tag <p>. 

7. The XML document is stored in a different file into the local file repository. The new 

file has a prefix “contentAdded-”. 

 

5.7 Concurrent Article Insertion 
Inserting a new XML document in this system consists of following processes: 

1. Copying the XML document to the local file repository. 

2. Parsing the XML document to obtain its object representation. 

3. If it does not contain the abstract or body section, HTML2XML Converter will be used 

to try to retrieve them. 

4. Inserting the object representation to the relational database. 

 

In the case of initiating the local database and refreshing the it, inserting multiple XML 

documents may occur. To increase the system’s throughput, the insertion was implemented 

to process the XML documents concurrently. First, the XML documents were grouped into 

numbers of batches where the number of documents per batches was specified by 

db_init_batch_size and db_refresh_batch_size in the 

System_Properties table. Each batch, then, was sent to its JMS queue. A Message 

Driven Bean, which was listening to the queue, received the batch and executes the 

insertion process. The followings are parts of code to illustrate the concurrent article 

insertion: 

Sending a batch of files to JMS queue SaveAndCopyArticle: 
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1 public class MsgSender { 
2   public void saveAndCopyArticles(Vector<File> files) throws 

NamingException, JMSException { 
3     this.sendJMSMessageToSaveAndCopyArticle(files); 
4   } 
5  
6   private void sendJMSMessageToSaveAndCopyArticle(Vector<File> 

files) throws NamingException, JMSException { 
7     Context c = new InitialContext(); 
8     ConnectionFactory cf = (ConnectionFactory) 

c.lookup("jms/SaveAndCopyArticleFactory"); 
9     Connection conn = null; 
10     Session s = null; 
11     try { 
12       conn = cf.createConnection(); 
13       s = conn.createSession(false,s.AUTO_ACKNOWLEDGE); 
14       Destination destination = (Destination) 

c.lookup("jms/SaveAndCopyArticle"); 
15       MessageProducer mp = s.createProducer(destination); 
16       mp.send(createJMSMessageForSaveAndCopyArticle(s,files)); 
17     } finally { 
18       if (s != null) { 
19         s.close(); } 
20       if (conn != null) { 
21         Conn.close();} 
22     } 
23   } 
24 } 
 

Message Driven Bean listening to the queue SaveAndCopyArticle: 
1 @MessageDriven(mappedName = "jms/SaveAndCopyArticle", 

activationConfig =  { 
2   @ActivationConfigProperty(propertyName = "acknowledgeMode", 

propertyValue = "Auto-acknowledge"), 
3   @ActivationConfigProperty(propertyName = "destinationType", 

propertyValue = "javax.jms.Queue") }) 
4 public class SaveAndCopyArticle implements MessageListener { 
5    
6   public void onMessage(Message message) { 
7     ObjectMessage om =(ObjectMessage) message; 
8     try{ 
9       Vector<File> files = (Vector<File>) om.getObject(); 
10       File dst = new 

File(this.dBServicesBean.getOrgXMLFileDirectory()); 
11       for(int a = 0; files != null && a < files.size();a++) { 
12       this.operationServicesBean.copyArticle(files.get(a),dst); 
13 this.operationServicesBean.saveArticle(files.get(a).getName()); 
14       } 
15     } catch (Exception e) {} 
16   } 
17 } 
 

The number of concurrent processes allowed is managed by the file sun-ejb-jar.xml: 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <!DOCTYPE sun-ejb-jar PUBLIC "-//Sun Microsystems, Inc.//DTD 
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Application Server 9.0 EJB 3.0//EN" 
"http://www.sun.com/software/appserver/dtds/sun-ejb-jar_3_0-
0.dtd"> 

3 <sun-ejb-jar> 
4   <enterprise-beans> 
5     <ejb> 
6       <ejb-name>SaveAndCopyArticle</ejb-name> 
7       <bean-pool> 
8         <max-pool-size>5</max-pool-size> 
9       </bean-pool> 
10     </ejb> 
11   </enterprise-beans> 
12 </sun-ejb-jar> 
 

5.8 Search Services (Remote Search) 
The Search Services provides a search function which returns a set of XML documents IDs 

(pmcid). In addition, it provides encapsulation of the Remote Search functionality which 

uses the ESearch web services via SOAP. The followings describe the processes of 

implementing the Search Services: 

1. Since the ESearch utility is accessible via SOAP, conversion from WSDL to Java file 

has to be done. The conversion was done by using the Axis’s tool, WSDL2Java, with 

the WSDL address http://eutils.ncbi.nlm.nih.gov/entrez/eutils/soap/eutils_lite.wsdl 

(NCBI, 2007). The following command was executed to generate the Java classes for 

the ESearch: 
java -cp axis.jar;axis-ant.jar;commons-logging-
1.0.4.jar;commons-discovery-0.2.jar;jaxrpc.jar;wsdl4j-
1.5.1.jar;xercesImpl.jar;xml-apis.jar;resolver.jar;log4j-
1.2.8.jar;saaj.jar;activation.jar;mail.jar; 
org.apache.axis.wsdl.WSDL2Java 
http://www.ncbi.nlm.nih.gov/entrez/eutils/soap/eutils_lite.wsdl 

 
2. A search request to the ESearch is represented by an ESearchRequest object and a 

search result from ESearch is represented by an ESearchResult object. To 

encapsulate the usage of ESearch, SearchRequest and SearchResult objects 

were created to represent them respectively. In this project, the two objects represent 

subsets of the original objects.  

3. The Search Services was created to encapsulate the usage of ESearch. It includes the 

three seconds delay between two consecutive requests, conversion from 

SearchRequest to ESearchRequest object and conversion from 

ESearchResult to SearchResult object. The following is a part of code for the 

Search Services to illustrate the implementation: 
1 public class SearchServices { 
2   private long lastAccessTime; 

http://eutils.ncbi.nlm.nih.gov/entrez/eutils/soap/eutils_lite.wsdl
http://www.ncbi.nlm.nih.gov/entrez/eutils/soap/eutils_lite.wsdl
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3   protected SearchServices() { 
4     this.lastAccessTime = System.currentTimeMillis(); 
5   } 
6    
7   public synchronized SearchResult search(SearchRequest request) 

throws ServiceException, RemoteException { 
8     … 
9     if(lastAccessTime+(delay*1000) > System.currentTimeMillis()) 

{ 
10       try { 
11         Thread.currentThread().sleep(delay*1000); 
12       } catch (Exception e) {} 
13     } 
14  
15     EUtilsServiceLocator eutils = new EUtilsServiceLocator(); 
16     ESearchResult eResult = 

eutils.geteUtilsServiceSoap().run_eSearch(this.generateESearchRe
quest(request)); 

17      
18     if(eResult != null) 
19       result = this.generateSearchResult(eResult); 
20  
21     this.lastAccessTime = System.currentTimeMillis(); 
22  
23     return result; 
24   } 
25 } 
 

5.9 Local Retrieval 
Local Retrieval allows the retrieval of a whole XML document or XML document filtered 

by method section in the specified format. The followings are the processes of retrieving 

an XML document: 

1. The existence of the requested document, identified by its pmcid, with the requested 

format is checked with the Article_Processing_Logs table.  

2. If it exists, it will return immediately to the requester. If it does not exist, it will 

proceed to step 3. 

3. The existence of the requested document is checked with the Articles table. If it 

does not exist, EFetch will be used to retrieve the XML document and insert it to the 

local database. 

4. The requested document ID (pmcid) and the requested format are passed to the XML 

Converter. 

5. The result of the XML Converter is cached into the local database by updating the 

Article_Processing_Logs. 

6. The converted XML is returned to the requester. 

The following is parts of code to illustrate the Local Retrieval: 
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1 public String getArticleText(int pmcid, String format) throws 
EJBException { 

2   String result = null; 
3   try { 
4     ArticleProcessingLog procLog = 

this.dBServicesBean.getArticleProcessingLog(pmcid, format, 
OperationConstants.DEFAULT_SOFTWARE); 

5     if(procLog != null) { 
6       File file = 

this.dBServicesBean.getResultXMLFile(procLog.getOutputFileName
()); 

7       result = this.dBServicesBean.readFile(file); } 
8     else { 
9       Article article = this.dBServicesBean.getArticle(pmcid); 
10       if(article == null) { 
11 OpsServiceLocator.getInstance().getAutomaticRefresher().fetchD

ocument(pmcid); 
12       } 
13       article = this.dBServicesBean.getArticle(pmcid); 
14       if(article != null) { 
15         String outputFileName = 

OpsServiceLocator.getInstance().getXMLConverter().convertOrgXM
L(article.getOrgXMLFileName(), format); 

16         procLog = new ArticleProcessingLog(pmcid, format, 
OperationConstants.DEFAULT_SOFTWARE); 

17         procLog.setOutputFileName(outputFileName); 
18         procLog.setLastUpdatedTs(new Date()); 
19         

this.dBServicesBean.insertArticleProcessingLog(procLog); 
20         File file = 

this.dBServicesBean.getResultXMLFile(outputFileName); 
21         result = this.dBServicesBean.readFile(file); 
22       } 
23     } 
24   } 
25 } 
 

The retrieval of an XML document filtered by method section is done by the following 

process: 

1. The Local Retrieval is used to retrieve the XML document with format 

NLM_section_filtered. It is the format for NLM Journal Archiving and 

Interchange DTD filtered by method section. 

2. The result of the Local Retrieval and the requested format are, then, passed to the XML 

Converter. 

3. The result is, then, returned to the requester. 

4. This approach allows the usage of the same XSL file to produce the section filtered 

format. 

Figure 28 illustrates the implementation idea of retrieving an XML document filtered by 

method section: 
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Figure 28 Retrieval of an XML document filtered by method section 

 

5.10 Automatic Database Refresher 
The Automatic Database Refresher provides functionality to update the local database 

against the PubMed Central’s database and activate the database refresher scheduler. The 

followings are the update process: 

1. The Automatic Database Refresher calculates the number of days since the last update 

by taking today’s date minus the last update date. The last update date is specified by 

last_refresh_date in the System_Properties table in the format of 

yyyyMMdd.  

2. The number of days is, then, set to the attribute relDate of a SearchRequest 

object. 

3. The SearchRequest is, then, passed to the Remote Search to retrieve a list of 

pmcids. 

4. EFetch is, then, used to retrieve XML documents based on the list of pmcids. 

5. The retrieved XML documents are, then, inserted using the Concurrent Article 

Insertion. 

6. The last update date is, then, updated to today’s date. 
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The database refresher scheduler was implemented by creating a class which extends 

java.util.TimerTask. 

 

5.11 Web Services 
The Web Services provides a set of functionalities which are accessible via SOAP 

interface. It was implemented using Axis 1.4. The followings are the processes of 

implementing the Web Services: 

1. A class with a set of public methods were created. 

2. A Web Services Deployment Descriptor (WSDD) file was created. WSDD, basically, 

specifies what class and methods are accessible through Web Services. 

3. While the application server had been started, the following command was executed to 

deploy the Web Services into the application server: 

java -cp axis.jar;commons-discovery-0.2.jar;commons-logging-
1.0.4.jar;jaxrpc.jar;saaj.jar;log4j-1.2.8.jar;xml-
apis.jar;xercesImpl.jar;activation.jar;mail.jar; 
org.apache.axis.client.AdminClient -
lhttp://localhost:8080/BioDReCS-war/services/AdminService 
BioDReCS.wsdd 
 
4. The WSDL was created and accessible via the following URL: 

http://localhost:8080/BioDReCS-war/services/biodrecs?wsdl 
 

The following is the content of the WSDD file: 
1 <deployment name="BioDReCSWS" 

xmlns="http://xml.apache.org/axis/wsdd/" 
2 xmlns:java="http://xml.apache.org/axis/wsdd/providers/java"> 
3  
4   <service name="biodrecs" provider="java:RPC"> 
5     <parameter name="className" 

value="biodrecs.webservices.BioDReCSServices"/> 
6     <parameter name="allowedMethods" value="*"/> 
7   </service> 
8 </deployment> 
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6. Testing and Evaluation 
This chapter presents and discusses the testing process and evaluation of the functional 

requirements and non-functional requirements implementations. 

 

All testing was executed in the following environments: 
Table 2 Testing Environment 

No. Environment Value 
1. Processor Intel Core 2 Duo 2.00 GHz 
2. Memory (RAM) 1 GB 
3. Display Adapter ATI Mobility Radeon X1400 128MB 
4. Operating System Windows Vista Business Edition 32-bit 
5. Application Server Sun Application Server Platform Edition 9.0 
6. Java Version Java 1.5.0 
7. JVM Maximum Memory 512 MB 
8. Database Server MySQL 5.0 
9. Internet Connection Connected through 10 Mbps LAN 

 

The testing and evaluation on each of the components were conducted during their 

development stage.  

 

6.1 Initialise Local Database 
A set of XML documents in NLM Journal Archiving and Interchange DTD format was 

used as a test case for this functionality. Each file was chosen in such a way to test all 

possible scenarios. Each of the documents can be categorised into zero or more of the 

following criteria (refer to Table 17 in Appendix C for details of the test cases): 

1. It contains article information. 

2. It contains article abstract. 

3. It contains article contents or body. 

4. It contains article contributor which already exists in the local database. 

5. It contains article keyword which already exists in the local database. 

 

Sixteen XML documents were used for the testing. The initialising local database function 

was executed with one file for each batch to increase the probability of the parallel 

processes competing for the critical section. The function was executed three times to 

ensure consistency of the system behaviour and results. The correctness of the function 

was based on the data in the relational database and the system logs. 
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The following results of the testing were observed to be consistent: 
Table 3 Summary of initialise local database correctness test result 

Field Result 
Number of article created 14 
Number of article rejected 2 
Number of distinct contributor created 54 
Number of distinct keyword created 27 
Number of article contributor created 57 
Number of article keyword created 29 
Number of article other ID created 27 
Number of article publication date created 22 
Number of article section created 25 
Number of system log created 56 
Number of article which need HTML2XML Converter 6 

 

Evaluation on the performance of this functionality was also conducted. Ten largest XML 

documents (PMC, 2007), with total size of 8,297KB, were used for the testing. The test 

cases were executed with configuration of one file per batch to maximise the parallel 

processing. The maximum of five concurrent processes were allowed. The following tasks, 

which were considered to be critical tasks, were monitored during the execution of the test 

cases: 

1. Copying an XML document to the local file repository. 

2. Parsing an XML document to create its object representation. 

3. Inserting the object representation to the local relational database. 

 

The following is the summary of the result for the test (refer to Table 18 and 19 in 

Appendix C for details): 
Table 4 Summary of initialise local database performance testing result 

Method Total Copying 
Time (ms) 

Total Parsing 
Time (ms) 

Total Inserting 
Time (ms) 

Total 
(ms) 

Elapsed 
Time (s) 

Parallel 2971 10032 11716 24719 11 
Non-Parallel 675 3088 3383 7146 10 
 

According to the test results, the individual tasks, which were executed using the parallel 

processing approach, required more time than the non-parallel approach. This may due to 

the parallel processes were competing for some resources, such as hard disk access to copy 

a file. In addition, the parallel processes increased the machine’s processing load which 

may lead to the slower performance. However, the total execution time of the parallel 

approach was faster by more than 50% of its individual tasks’ total time. In contrast, the 

total execution time of the non-parallel approach was slower than its individual tasks’ total 
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time. This was caused by executing multiple tasks at the same time, instead of executing 

them one at a time. 

 

In this testing environment, the parallel processing approach provides a better performance 

as the number of documents increases. The performance may be improved by increasing 

the processing capability. For example, increase the number of processors such that each 

batch is handled by a processor. In contrast, the non-parallel approach may out perform the 

parallel approach in the case of small number of documents. For example, the number of 

documents is equal to the number of document in a batch. However, in the case of this 

project, the parallel processing approach can be deemed as suitable considering the number 

of documents which has to be processed. 

 

6.2 Search Services 
The correctness of Search Services is heavily dependent on the ESearch web service 

because it encapsulates the usage of ESearch. Because of this reason, the test on Search 

Services was conducted to obtain the average response time of the web services. The test 

was conducted by searching for seven randomly selected search terms. The average time 

was a weighted average time based on its number of search result. The following is the 

result of the test: 
Table 5 Search Services test results 

No. Search Term Number of Items Time (ms) Average (ms/item) 
1. AIDS 40167 1091 0.03 
2. Colon 39761 1378 0.03 
3. Appendix 24535 1770 0.07 
4. Insomnia 3895 1044 0.27 
5. Haploinsufficiency 1350 893 0.66 
6. Aganglionosis 198 537 2.71 
7. Choli 73 383 5.25 
 Total 109979 7096 0.06 

 

According to the test result, the performance was related to the size of the search result. 

The time needed decreased as the size of the search result decreased. However, the average 

time increased as the size of the search result decreased. This may be caused by additional 

overheads to the main search operations. They may include network transmission 

overheads, web services operations, SOAP XML parsing overheads, etc. It can be seen that 

the additional overheads were caused mostly by the additional operations to enable web 

services via SOAP. The following simple example illustrates this case: 
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Assume there is a constant additional overhead of 2 ms and average operation time of 0.5 

ms/item.  

No. No. of Items Total Time (ms) Average (ms/item) 
1. 1 2 + (0.5 * 1) = 2.5 2.5 
2. 4 2 + (0.5 * 4) = 4 1 
3. 10 2 + (0.5 *10) = 7 0.7 

 

6.3 Local Retrieval 
The testing of the Local Retrieval functionality was divided into two major parts: the 

retrieval of the whole XML documents and XML documents filtered by method section. 

The tests were conducted by using the ten largest XML Documents (PMC, 2007) as the 

inputs. The correctness of the outputs and performance were observed during testing. 

 

The following tables show the summarised result of the testing to retrieve the whole XML 

documents (refer to Table 20 in Appendix C for details): 
Table 6 Summary of Local Retrieval for the whole XML documents correctness test result 

Field Result
Number of IeXML files generated (.iexml) 10 
Number of Plain Text files generated (.txt) 10 
Number of SciXML files generated (.scixml) 10 
Number of items in Article_Processing_Logs table 30 

 
Table 7 Summary of Local Retrieval for the whole XML documents performance test result 

Format 
Total 

Source Size 
(KB) 

Avg. 
Conversion 

Time (ms/KB) 

Total 
Output 

Size (KB) 

Avg. Document 
Read Time 

(ms/KB) 

Avg. Total 
Elapsed Time 

(ms/KB) 
IeXML 8299 3.35 10911 5.79 11.1 
Plain Text 8299 0.42 5375 1.78 1.6 
SciXML 8299 0.46 2091 0.45 0.59 

 

According to the test result, the IeXML conversion was slower by about seven times 

compared to the other two formats. This was, most probably, caused by the configurable 

characteristic of the conversion process as it required additional processing of the 

configuration file. In addition, it required more storage space compared to the other two 

formats. This may be caused by the additional tag <text> and indentation which were 

added to the original XML documents. Furthermore, there is an additional processing time 

introduced by the document reading process which converts the XML document to 

String object. However, this can be improved by increasing the reader’s buffer size. 
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The following tables show the summarised result of the testing to retrieve the XML 

document filtered by method section (refer to Table 21 in Appendix C for details): 
Table 8 Summary of Local Retrievel filtered by method section correctness test 

Field Result
Number of NLM files generated (.nxml_sf) 10 
Number of IeXML files generated (.iexml_sf) 10 
Number of Plain Text files generated (.txt_sf) 10 
Number of SciXML files generated (.scixml_sf) 10 
Number of items in Article_Processing_Logs table 40 

 
Table 9 Summary of Local Retrieval filtered by method section performance test result 

Format 
Total 

Source Size 
(KB) 

Avg. 
Conversion 

Time (ms/KB) 

Total 
Output 

Size (KB) 

Avg. Document 
Read Time 

(ms/KB) 

Avg. Total 
Elapsed Time 

(ms/KB) 
NLM 8299 4.59 2936 0.81 4.96 
IeXML 2936 2.07 3515 0.99 3.29 
Plain Text 2936 0.3 1181 0.42 0.5 
SciXML 2936 0.35 675 0.18 0.42 

 

According to the test results, the NLM Journal Archiving and Interchange format 

conversion was the slowest. It was due to the fact that it filters the original XML document 

by the method section. In addition, it contains an additional processing to process the 

configuration file which determines the section type. Similar to the retrieval of the whole 

XML document, this process contains additional overheads of reading the documents. 

 

The testing of the Local Retrieval functionality has shown that additional resources are 

needed to provide XML documents in different formats. This may be an issue in a certain 

application or usage of this system. However, it should be noted that these are one-time 

overheads as the converted documents are cached and can be returned immediately. 

 

6.4 Web Services 
The Web Services in the system was created as a wrapper to the services provided by the 

Operation Tier; therefore, the testing was done only to observe and measure the 

performance and response time of the services through the SOAP interface. The testing 

was divided into two parts: testing for the Local Retrieval and testing for the Search 

Services. The testing was executed within a single machine while the Web Services server 

and client were running on two different JVMs. 
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The testing for the Local Retrieval was done by requesting the ten largest XML documents 

(PMC, 2007) for all possible formats (eight formats) for the first time. The time required to 

get a response for each request was noted. The following table shows the summarise result 

of the test (refer to Table 22 in Appendix C for details): 

Total Size: 8299KB 
Table 10 Summary of Web Services for Local Retrieval performance test result 

No. Format Avg. Response Time 
(ms/KB) 

1. NLM Journal Archiving and Interchange 3.86 
2. IeXML 11.27 
3. Plain Text 2.12 
4. SciXML 0.76 
5. NLM Journal Archiving and Interchange filtered by 

method section 
4.93 

6. IeXML filtered by method section 1.49 
7. Plain Text filtered by method section 0.29 
8. SciXML filtered by method section 0.38 

 

The test results showed that there was an increase in the average time compared to the 

direct access approach. Similar to the Search Services case, this may be due to additional 

processing of SOAP interface. However, since the Web Services were accessed from 

within a single machine, it can be assumed that the network overhead may only contribute 

small amount of additional overhead or none. 

 

The testing for Web Services of Search Services was done by searching for the same seven 

terms which were used on Search Services testing. This was to observer the consistency of 

the results and comparison of the performance. The table below shows the test results: 
Table 11 of Web Services for Search Services performance test result 

No. Search Term Number of Items Time (ms) Average (ms/item) 
1. AIDS 40167 6900 0.17 
2. Colon 39761 4320 0.11 
3. Appendix 24535 5760 0.23 
4. Insomnia 3895 4271 1.09 
5. Haploinsufficiency 1350 3931 2.91 
6. Aganglionosis 198 3510 17.72 
7. Choli 73 3379 46.29 
 Total 109979 32071 0.29 

 

The results showed significant decrement on the performance. This may due to two Web 

Services operations involved which introduced two sets of the additional overheads of a 

Web Services via SOAP interface.  
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6.5 Extensibility 
The extensibility of this system refers to how well the system is in accommodating 

changes. A set of changes, which were considered to be required, were used as a test case. 

The following table shows the test results: 
Table 12 Results of extensibility test 

No. Changes Action Restart 
Needed

1. Number of items in a batch for 
concurrent article insertion. 

Update the property 
db_init_batch_size 

No 

2. File extension for requested 
format. 

Update the property with pattern 
<format>_extension 

No 

3. Directory for the original XML 
documents. 

Update the property 
org_xml_file_directory 

No 

4. Directory for the converted XML 
documents. 

Update the property 
result_xml_file_director
y 

No 

5. Directory for the XSL files. Update the property 
xsl_file_directory. 

No 

6. Period of the automatic refresher. Update the property 
refresh_scheduler_period
_in_day 

No 

7. Configuration of IeXML.xsl Update the file IeXMLProp.xml No 
8. Configuration of 

PlainText.xsl 
Update the file 
PlainTextProp.xml 

No 

9. Configuration of 
NLM_SectionFiltered.xsl 

Update the file NLMProp.xml No 

10. Number of concurrent processes Update the file sun-ejb-
jar.xml 

Yes 

 

In addition to the test cases, each component of this system was design to be as loosely 

coupled as possible. This promotes extensibility by making changes on one component to 

be transparent to the other components. However, it is common for the configurable 

portion to introduce additional overheads. 
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7. Conclusion and Future Work 
A text mining application usually consists of four main processes: Information Retrieval 

(IR), Natural Language Processing (NLP), Information Extraction (IE), and Data Mining 

(DM). It is important for these processes to be loosely-coupled and interchangeable 

(Grover et al., 2004; Rebholz-Schuhmann et al., 2006b; Torri et al., 2003; Lee et al., 

2003). The independent development of each process introduces an issue in integrating 

services provided by each process. XML is typically used as a common format for 

exchanging data between the services. 

 

The flexibility and structured format of XML are considered to be the main factors of why 

XML is preferred. Its flexibility, unfortunately, has a major disadvantage. It presents 

difficulties in declaring a standard format which is suitable for text mining processes. This 

resulted in the availability of various XML formats which are customized for certain 

purposes. However, this has become a barrier for services interoperability. In addition, not 

all documents are available in XML format and XML documents may be hosted in 

different locations. The issues of availability and accessibility were considered as well. 

 

One of the possible solutions is to provide services which are able to convert an XML 

document from one format to another, converting an article from one format to the XML 

document, and provide local access to the XML document. These are main ideas of this 

project. This project focuses on the usage of XML in the field of biology and biomedicine. 

 

This project extended PubMed Central’s search function such that it will be able to convert 

XML from one format to another, convert an article from HTML to an XML document and 

retrieve it locally using the Remote Search and Local Retrieval. The XML formats, 

which are the focus of this project, are NLM Journal Archiving and Interchange DTD, 

SciXML and IeXML. To provide the services discussed, the followings functionalities 

were developed: 

1. Insert a new article to the local database. This function copies an XML document, in 

NLM Journal Archiving and Interchange DTD format, to the local file repository and 

converts it into a structured representation in the local relational database. 

2. Retrieve the abstract and body section from HTML. This function converts an article in 

HTML format to XML document in NLM Journal Archiving and Interchange DTD 

format. 
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3. Initialise the local database. This function populates the local database with a set of 

XML documents in NLM Journal Archiving and Interchange DTD. To increase system 

performance, a parallel processing was implemented for the insertion of the documents. 

4. Retrieve a list of XML document IDs (pmcid) using Web Services or API. This 

function provides a search service that uses the ESearch functionality. This service is 

accessible via SOAP interface or direct API. 

5. Retrieve an XML document in certain format using Web Services or API. This 

function converts an XML document from one format to another and returns it to the 

user. The XML can be the whole document or filtered by method section. 

6. Refresh the local database automatically. This functionality refreshes the local file 

repository and relational database based on the PubMed Central database. 

 

The system was designed and implemented to be able to provide good performance, 

extensibility and scalability. The partitioned subsystems architecture was adapted to reduce 

the overall complexity of the system, to promote components portability for scalability and 

to make each component to be as loosely coupled as possible for extensibility. The system 

involved the usage of EJB and XSLT to promote extensibility and scalability. Finally, the 

Web Service was implemented using Axis to provide interoperability with other services. 

 

Considering the current situation of the text mining development, we believe that it is 

important that such service to be able to not only achieve its functional requirements but 

also provide a high quality service. If they can be achieved, it may be able to provide 

support to the text mining community. In addition, it is also important that this service is 

extensible for future enhancements to fulfil additional requirements. The future 

enhancements may includes conversion to more formats, linkage to multiple XML 

document provider or article database provider, etc. 

 

7.1 Lesson Learnt 
During the course of the development of this project, several important aspects were 

observed as follows: 

1. There are considerable numbers PubMed Central’s articles which were not available or 

partially available in the NLM Journal Archiving and Interchange DTD format. 

However, they are available in HTML or PDF format. 

2. Inserting a set of XML documents to the local database using parallel processing 

increased throughput if the number of the documents is considerably large. Parallel 
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processing may result in worse or equal performance to sequential processing in small 

number of documents. 

3. Development of a system with concurrent processing may increase its performance; 

however, it increases its complexity substantially. 

4. The usage of EJB in the development of the system eased the overall development 

project because the EJB container handles the low level services. In addition, it is able 

to promote components portability. Similar to other Middleware technology, it may, 

however, suffer from decrement of performance. 

5. The usage of XSLT to convert an XML document from one format to another may 

provide a better performance and extensibility compared to using Java XML parser. 

However, the development of XSL stylesheet may be relatively complex as there are 

more restrictions on the language compared to Java programming language. 

 

7.2 Future Work 
The followings are number of enhancements to the application which can be considered as 

beneficial enhancements: 

1. Extend the application to support more XML formats. This can be done by developing 

their XSL file and inserting them to the System_Properties table. 

2. Extend the application to develop Remote Search and Local Retrieval processes to 

multiple XML providers. This can be done by enhancing the Database Tier, especially 

the Search Service components, to be able to use multiple Web Services. In addition, 

new XML Parsers have to be developed as well to parse the new XML formats. 

3. Extend the application to develop Remote Search and Local Retrieval processes to 

services which do not provide or partially provide XML documents, for example, 

PubMed where the documents are mostly available in HTML format. In addition to 

enhancing the Database Tier, new HTML2XML Converters have to be developed to 

parse the HTML. 
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Figure 29 Overall system architecture diagram 
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Appendix B - Implementation 

System Properties List 
Table 13 System Properties List 

No. Property Remarks 
 db_init_batch_size Number of article in a batch during the initialisation 

of the local database. 
 db_refresh_batch_size Number of article in a batch during the refreshing of 

the local database. 
 IeXML XSL file for IeXML format conversion. 
 IeXML_extension The extension file for the result of IeXML conversion. 
 IeXML_section_filtered XSL file for the IeXML filtered by method section 

format conversion. 
 IeXML_section_filtered_e

xtension 
The extension file for the result of IeXML filtered by 
method section conversion. 

 last_refresh_date The last update day of the local database. It is stored 
in the format yyyyMMdd. 

 NLM_section_filtered XSL file for the NLM Journal Archiving and 
Interchage DTD filtered by method section format 
conversion. 

 NLM_section_filtered_ext
ension 

The extension file for the result of NLM Journal 
Archiving and Interchange DTD filtered by method 
section conversion. 

 org_xml_file_directory The directory which stores the XML in NLM Journal 
Archiving and Interchange DTD format. 

 PlainText XSL file for plain text format conversion. 
 PlainText_extension The extension file for the result of plain text 

conversion. 
 PlainText_section_filtered XSL file for the plain text filtered by method section 

format conversion. 
 PlainText_section_filtered

_extension 
The extension file for the result of plain text filtered 
by method section conversion. 

 refresh_scheduler_hour The hour for the automatic refresher scheduler (0-23). 
System restart needed. 

 refresh_scheduler_minute The minute for the automatic refresher scheduler (0-
59). System restart needed. 

 refresh_scheduler_period_
in_day 

The interval of the execution of the automatic 
refresher scheduler in term of day. 

 result_xml_file_directory The directory which stores the conversion result XML 
documents. 

 SciXML XSL file for SciXML format conversion. 
 SciXML_extension The extension file for the result of SciXML 

conversion. 
 SciXML_section_filtered XSL file for the SciXML filtered by method section 

format conversion. 
 SciXML_section_filtered_

extension 
The extension file for the result of SciXML filtered by 
method section conversion. 

 source_xml_file_directory The directory which stores the XML files for initial 
database loading. 

 switch_on_db_refresh_sch A “true” or “false” flag to switch on or off the 
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eduler automatic refresher scheduler. 
 xml_temp_directory The directory which stores temporary files for the 

system operations. 
 xsl_file_directory The directory which stores the XSL file. 
 

IeXMLProp.xml 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <properties> 
3   <text> 
4     <tag path="article/body/" include="yes" 

absolutePath="no"></tag> 
5     <tag path="article/front/article-meta/abstract/" 

include="yes" absolutePath="no"></tag> 
6   </text> 
7 </properties> 
 

Table 14 IeXML Conversion Property 

No. Tag Remarks 
1. properties Defines a list of properties for IeXML conversion. 
2. text Defines a list of tags which will be encapsulated by tag <text>. 
3. tag Defines a tag which will be encapsulated by tag <text>. 

It contains the following attributes: 
1. path. It defines the structure path of the original document. 
2. include. It is a “yes” or “no” flag to determine whether this 

configuration is included or not. 
3. absolutePath. It is a “yes” or “no” flag to determine whether 

the specified path is an absolute path or not. 
 

PlainTextProp.xml 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <properties> 
3   <output> 
4     <tag header="Title:" templateName="printTitle" 

print="yes"></tag> 
5     <tag header="Abstract:" templateName="printAbstract" 

print="yes"></tag> 
6     <tag header="Body:" templateName="printBody" 

print="yes"></tag> 
7     <tag header="References:" templateName="printReferences" 

print="yes"></tag> 
8     <tag header="" templateName="printDate" print="yes"></tag> 
9   </output> 
10 </properties> 
 

Table 15 Plain Text Conversion Property 

No. Tag Remarks 
1. properties Defines a list of properties for Plain Text conversion. 
2. Output Defines a list of tags which will be converted. 
3. tag Defines a tag which will be encapsulated by tag converted. 
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It contains the following attributes: 
1. header. It defines the title or header on the result document. 
2. templateName. It corresponds to the template’s name in the 

XSL file that will be called. 
3. print. It is a “yes” or “no” flag to determine whether this 

configuration is included or not. 
 

NLMProp.xml 
1 <?xml version="1.0" encoding="UTF-8"?> 
2 <properties> 
3   <filters> 
4     <section-filter path="article/body/sec" type="methods" 

absoluteValue="no" include="yes"></section-filter> 
5   </filters> 
6 </properties> 
 

Table 16 NLM Journal Archiving and Interchage DTD filtered by method section Conversion 

Property 

No. Tag Remarks 
1. properties Defines a list of properties for NLM Journal Archiving and 

Interchange filtered by method section format conversion. 
2. Filters Defines a list of filters configurations. 
3. section-

filter 
Defines a section filter configuration. 
It contains the following attributes: 
1. path. It defines the structure path of the original document. 
2. type. It corresponds to the value of attribute sec-type. 
3. absoluteValue. It is a “yes” or “no” flag to determine whether 

the specified type is an absolute type or not. 
4. include. It is a “yes” or “no” flag to determine whether this 

configuration is included or not. 
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Appendix C – Testing and Evaluation 

Initialising Local Database Correctness Test Cases 
Table 17 Initialising local database correctness test cases 

No. File Name Article 
information 

Body Abstract Contributor 
existed 

Keyword 
existed 

1. Environ Health Perspect-106-Suppl_4-1533340.nxml      
2. Med Hist-25-4-1139106.nxml      
3. Environ Health Perspect-111-1-1241328.nxml X     
4. Environ Health Perspect-111-13-1241702.nxml X     
5. Mediators Inflamm-7-2-1781830.nxml X  X   
6. Mediators Inflamm-8-2-1781789.nxml X  X   
7. Med Hist-24-3-1082656.nxml X X    
8. Med Hist-39-1-1036936.nxml X X    
9. Crit Care-9-4-1269463.nxml X X X   
10. Theor Biol Med Model-2-_-1131929.nxml X X X   
11. Ann Gen Hosp Psychiatry-2-_-317473.nxml X X X X  
12. Ann Gen Hosp Psychiatry-3-_-379314.nxml X X X X  
13. Ann Gen Psychiatry-5-_-1373628.nxml X X X X  
14. Acta Histochem Cytochem-39-6-1779950.nxml X X X  X 
15. Acta Histochem Cytochem-39-2-1828080.nxml X X X  X 
16. Acta Histochem Cytochem-40-2-1874510.nxml X X X  X 
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Initialising Local Database Performance Test Result (Parallel Processing) 
Total elapsed time: 11 seconds. 

Table 18 Initialising local database performance result (Parallel Processing) 

No. File Name Size (KB) Copying 
Time (ms)

Parsing 
Time (ms)

Inserting 
Time (ms) 

Total 
(ms) 

1. Biol Direct-1-_-1586193.nxml 595 144 2737 408 3289 
2. Biomed Eng Online-6-_-1802087.nxml 1362 702 2258 503 3463 
3. Biomed Eng Online-6-_-1868741.nxml 804 391 1609 1645 3645 
4. BMC Bioinformatics-7-Suppl_1-1810310.nxml 593 480 1271 1208 2959 
5. BMC Bioinformatics-7-_-1435772.nxml 506 248 676 867 1791 
6. BMC Bioinformatics-8-_-1821340.nxml 577 44 241 2784 3069 
7. BMC Genet-7-_-1456990.nxml 2324 315 529 994 1838 
8. BMC Infect Dis-7-_-1832202.nxml 498 364 243 1687 2294 
9. Reprod Biol Endocrinol-3-_-1266397.nxml 525 117 155 1225 1497 
10. Theor Biol Med Model-3-_-1629012.nxml 513 166 313 395 874 
 Total 8297 2971 10032 11716 24719 
 Average (ms/KB)  0.36 1.21 1.41 2.98 
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Appendix C 

Initialising Local Database Performance Test Result (Non-Parallel Processing) 
Total elapsed time: 10 seconds. 

Table 19 Initialising local database performance result (Non-Parallel Processing) 

No. File Name Size (KB) Copying 
Time (ms)

Parsing 
Time (ms)

Inserting 
Time (ms) 

Total 
(ms) 

1. Biol Direct-1-_-1586193.nxml 595 115 1095 104 1314 
2. Biomed Eng Online-6-_-1802087.nxml 1362 98 293 126 517 
3. Biomed Eng Online-6-_-1868741.nxml 804 86 209 479 774 
4. BMC Bioinformatics-7-Suppl_1-1810310.nxml 593 41 195 293 529 
5. BMC Bioinformatics-7-_-1435772.nxml 506 47 181 258 486 
6. BMC Bioinformatics-8-_-1821340.nxml 577 47 189 644 880 
7. BMC Genet-7-_-1456990.nxml 2324 105 424 706 1235 
8. BMC Infect Dis-7-_-1832202.nxml 498 58 174 390 622 
9. Reprod Biol Endocrinol-3-_-1266397.nxml 525 42 165 279 486 
10. Theor Biol Med Model-3-_-1629012.nxml 513 36 163 104 303 
 Total 8297 675 3088 3383 7146 
 Average (ms/KB)  0.08 0.37 0.41 0.86 
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Appendix C 

Local Retrieval for the Whole XML Documents Performance Test Result 
Table 20 Local Retrievel for the whole XML documents performance test result 

No. pmcid Format Source 
Size (KB)

Conversion 
Time (ms) 

Output Size 
(KB) 

Read 
Time(ms) 

Elapsed Time 
(ms) 

1. 1266397 IeXML 526 4831 635 717 6560 
2. 1435772 IeXML 594 1818 815 1087 2922 
3. 1456990 IeXML 2324 7618 3246 48493 56127 
4. 1586193 IeXML 595 799 676 758 1605 
5. 1629012 IeXML 513 1942 696 762 2719 
6. 1802087 IeXML 1362 3716 1833 7641 11375 
7. 1810310 IeXML 506 1509 681 752 2290 
8. 1821340 IeXML 577 1846 777 958 2821 
9. 1832202 IeXML 498 1806 673 720 2541 
10. 1868741 IeXML 804 1881 879 1263 3158 
 Total IeXML 8299 27766 10911 63151 92118 
 Average (ms/KB) IeXML  3.35  5.79 11.1 
1. 1266397 Plain Text 526 447 292 132 596 
2. 1435772 Plain Text 594 290 417 285 590 
3. 1456990 Plain Text 2324 768 1690 6187 6971 
4. 1586193 Plain Text 595 231 438 296 540 
5. 1629012 Plain Text 513 264 304 137 415 
6. 1802087 Plain Text 1362 459 1034 1851 2327 
7. 1810310 Plain Text 506 244 367 219 479 
8. 1821340 Plain Text 577 270 404 262 547 
9. 1832202 Plain Text 498 267 329 171 498 
10. 1868741 Plain Text 804 273 100 17 804 
 Total Plain Text 8299 3513 5375 9557 13226 
 Average (ms/KB) Plain Text  0.42  1.78 1.6 
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No. pmcid Format Source 
Size (KB)

Conversion 
Time (ms) 

Output Size 
(KB) 

Read Elapsed Time 
Time(ms) (ms) 

1. 1266397 SciXML 526 406 337 189 610 
2. 1435772 SciXML 594 313 136 38 368 
3. 1456990 SciXML 2324 813 343 177 1005 
4. 1586193 SciXML 595 261 460 336 612 
5. 1629012 SciXML 513 326 140 27 372 
6. 1802087 SciXML 1362 535 188 57 606 
7. 1810310 SciXML 506 275 130 35 325 
8. 1821340 SciXML 577 296 129 35 348 
9. 1832202 SciXML 498 285 124 33 332 
10. 1868741 SciXML 804 311 104 15 343 
 Total SciXML 8299 3821 2091 942 4921 
 Average (ms/KB) SciXML  0.46  0.45 0.59 
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Appendix C 

Local Retrieval for Method Section Filtered Performance Test Result 
Table 21 Local Retrievel for method section filtered performance test result 

No. pmcid Format Source 
Size (KB)

Conversion 
Time (ms) 

Output Size 
(KB) 

Read 
Time(ms) 

Elapsed Time 
(ms) 

1. 1266397 NLM 526 4009 388 259 4886 
2. 1435772 NLM 594 2618 37 3 2640 
3. 1456990 NLM 2324 10228 29 5 10249 
4. 1586193 NLM 595 1468 202 64 1548 
5. 1629012 NLM 513 3329 388 222 3567 
6. 1802087 NLM 1362 5388 11 1 5405 
7. 1810310 NLM 506 2406 486 360 2781 
8. 1821340 NLM 577 2647 554 465 3127 
9. 1832202 NLM 498 2458 51 3 2481 
10. 1868741 NLM 804 3503 790 1002 4519 
 Total NLM 8299 38054 2936 2384 41203 
 Average (ms/KB) NLM  4.59  0.81 4.96 
1. 1266397 IeXML 388 722 416 284 1016 
2. 1435772 IeXML 37 93 40 3 106 
3. 1456990 IeXML 29 109 31 2 122 
4. 1586193 IeXML 202 326 214 81 417 
5. 1629012 IeXML 388 936 517 403 1348 
6. 1802087 IeXML 11 41 12 1 50 
7. 1810310 IeXML 486 1108 658 677 1794 
8. 1821340 IeXML 554 1275 749 891 2175 
9. 1832202 IeXML 51 109 54 4 121 
10. 1868741 IeXML 790 1373 824 1128 2511 
 Total IeXML 2936 6092 3515 3474 9660 
 Average (ms/KB) IeXML  2.07  0.99 3.29 
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No. pmcid Format Source 
Size (KB)

Conversion 
Time (ms) 

Output Size 
(KB) 

Read Elapsed Time 
Time(ms) (ms) 

1. 1266397 Plain Text 388 255 100 18 281 
2. 1435772 Plain Text 37 58 10 1 67 
3. 1456990 Plain Text 29 46 6 0 56 
4. 1586193 Plain Text 202 102 39 2 115 
5. 1629012 Plain Text 388 77 217 70 156 
6. 1802087 Plain Text 11 39 4 1 49 
7. 1810310 Plain Text 486 83 349 178 272 
8. 1821340 Plain Text 554 91 386 219 318 
9. 1832202 Plain Text 51 46 8 0 54 
10. 1868741 Plain Text 790 92 62 8 109 
 Total Plain Text 2936 889 1181 497 1477 
 Average (ms/KB) Plain Text  0.3  0.42 0.5 
1. 1266397 SciXML 388 242 168 43 295 
2. 1435772 SciXML 37 62 16 1 72 
3. 1456990 SciXML 29 46 9 1 55 
4. 1586193 SciXML 202 115 82 10 135 
5. 1629012 SciXML 388 109 88 12 131 
6. 1802087 SciXML 11 46 5 1 57 
7. 1810310 SciXML 486 112 113 23 145 
8. 1821340 SciXML 554 119 113 20 150 
9. 1832202 SciXML 51 53 16 1 62 
10. 1868741 SciXML 790 118 65 7 133 
 Total SciXML 2936 1022 675 119 1235 
 Average (ms/KB) SciXML  0.35  0.18 0.42 
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Web Services for Local Retrieval performance test result 
Table 22 Web Services for Local Retrievel performance test result 

No. pmcid Source Size 
(KB) 

NLM 
(ms) 

IeXML 
(ms) 

Plain Text 
(ms) 

SciXML 
(ms) 

NLM section 
filtered (ms) 

IeXML section 
filtered (ms) 

Plain Text section 
filtered (ms) 

SciXML section 
filtered (ms) 

1. 1266397 526 2695 4641 1373 918 3529 1306 311 397 
2. 1435772 594 1040 3510 778 492 2651 265 99 120 
3. 1456990 2324 17853 46048 7133 1155 10126 152 111 183 
4. 1586193 595 1390 5408 1653 838 1680 593 160 224 
5. 1629012 513 827 4434 976 453 3202 1691 274 759 
6. 1802087 1362 3962 12586 3351 686 5447 111 158 444 
7. 1810310 506 682 7113 611 423 3448 2403 423 410 
8. 1821340 577 810 3088 674 457 3323 2673 456 260 
9. 1832202 498 858 3249 645 422 2523 253 206 120 
10. 1868741 804 1937 3426 432 469 5004 2901 223 216 
 Total 8299 32054 93503 17626 6313 40933 12348 2421 3133 
 Average 

(ms/KB)  
 3.86 11.27 2.12 0.76 4.93 1.49 0.29 0.38 
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