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A Digital Library (DL) is an electronic information storage system focused on meeting 
the information seeking needs of its constituents. 
 
As modern DLs often stay in synchronization with the latest progress of technologies in 
all fields, interoperability among DLs is often hard to achieve. With the advent of the 
Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) and Open Digital 
Libraries (ODL), lightweight protocols show a promising future in promoting DL 
interoperability. Furthermore, DL is envisaged as a network of independent components 
working collaboratively through simple standardized protocols. Prior work with ODL 
shows the feasibility of building componentized DLs with techniques that are a precursor 
to web services designs. 
 
In our study, we elaborate the feasibility to apply web services to DL design. DL services 
are modeled as a set of web services offering information dissemination through the 
Simple Object Access Protocol (SOAP). Additionally, a flexible DL user interface 
assembly framework and a set of DL components are offered in order to build DLs with 
customizations and personalizations. Our hypothesis is proven and demonstrated in the 
PhysNet reengineering project.  
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Chapter 1  Introduction 
1.1  Problem statement 
 
A digital Library (DL) can be described as an electronic information storage system 
focused on meeting the information seeking needs of its users [1]. With the advent of the 
Internet and the World Wide Web (WWW), research on DL receives more attention than 
ever. The WWW can be considered as an overwhelming shared collection of information 
and therefore it motivates users to request desired information to be selected, organized, 
cataloged, and preserved. In response to that, DLs are built in support of effective 
information storage and retrieval over controlled information repositories. 
 
  Many people view traditional libraries as the sole realm of DLs, however, DLs are more 
than organized collections of digital objects. We believe that Information Retrieval (IR) 
is a key to the success of DLs as ease-of-use and high levels of effectiveness can be 
attained at the same time in modern DLs with contributions from earlier work on IR 
systems. Correspondingly, a significant portion of the research and development efforts 
related to DLs has been in the IR area [2]. 
 
  It is observed that although there are many examples of DLs in production, a precise 
definition of the notion of DL is very hard to find.  The reasons may include [3]: 
 

• Many DLs are built in isolation as a response to the needs of a particular 
community, in most cases not involving personnel with prior DL experience. 
Thus, the underlying program logic varies vastly among systems.  

• Most DLs are intended to be quick solutions to urgent community needs – so not 
much thought goes into planning for future redeployment of the systems.  

• Most modern DLs have WWW interfaces – thus the user interfaces and process 
flows are fashioned to resemble the way people use the WWW, which itself 
changes with time.  

• DLs, by the very nature of being responses to user needs, can be arbitrarily 
complex, so new projects sometimes choose to develop from scratch because it is 
cheaper than adapting what already exists to a different scenario. As testimony to 
this, at the turn of the millenium, Dijkstra wrote that computing’s central 
challenge of “how not to make a mess of it” had not been met.  

• As DL systems get more complex, extensibility becomes more difficult and as a 
result maintainability is compromised.  

• There are very few software toolkits available to build DLs.  
 
  To address the problem caused by DL’s loosely defined nature, an intuitive solution 
would be creating toolkits to offer necessary assistances for DL building. An example of 
early work in this area is Dienst [4] developed at Cornell, which provides federated DL 
services from a set of distributed servers with an XML-based protocol. It was funded in 
support of the NCSTRL project [5], however, it demands an investment in software, 
methodology, and support that not all potential users were willing to make. Another well-
known system is Eprints from Southampton University, which enables peer-reviewed 
research output of all scholarly and scientific research institutions [6]. Widespread 
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installations of EPrints in institutions and departments convince researchers that it is 
useful to avoid the repetition in building DLs. Nonetheless, its fundamental workflow is 
relatively fixed which makes its usage to some extent limited. The Open Archives 
Initiative Protocol for Metadata Harvesting (OAI-PMH) [7][20] is yet another recent 
effort in promoting interoperability and simplicity among DL systems by defining a 
standard regarding how to transport a stream of records between two DL systems. So far 
it has been adopted by a broad range of researchers, librarians, publishers, and archivists, 
as an interconnected component framework with a standardized protocol that can 
significantly simplify understanding and modification. Open Digital Library (ODL) [3] 
argues that DLs can be modeled as networks of extended Open Archives, where each 
extended Open Archive is a source of data and/or a provider of services.  
 
1.2  Hypothesis 
 
We believe that DLs can be modeled as a set of interactive and non-interactive 
components with well-defined inter-component communication protocols. 
 
  We believe that offering a customizable User Interface (UI) toolkit can facilitate the 
process to build a DL. 
 
  We believe that distributed DL services can be achieved with the enablement of a web 
service on each individual component.  
 
  To prove the hypothesis above, we designed, implemented, and tested a new PhysNet 
portal in a web-service based portal platform.   
 
1.3  Thesis organization 
 
This thesis is organized as follows. In Chapter 2, a number of related works, terms, and 
concepts are enumerated and elaborated. A new component-based toolkit to model 
modern DLs is presented in Chapter 3. A case study to prove the concept is detailed in 
Chapter 4. Chapter 5 describes the details about a specific component. Chapter 6 shows 
how the example project is designed and managed in terms of software engineering. 
Chapter 7 lists our conclusions, contributions, and future work.  
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Chapter 2  Related Work 
 
2.1   Digital Libraries (DL) 

2.1.1 DL evolutions 
 
“As we may think” [10] is regarded as one of the most important early works for digital 
libraries, where DL is envisioned as “a device in which an individual stores all his books, 
records, and communications, and which is mechanized so that it may be consulted with 
exceeding speed and flexibility.”  Due to the limitation of media technology during 
World War II, however, DLs were merely conjured as repositories of microfilm.    
 
  The use of the computer for bibliographic information retrieval was first demonstrated 
in the 1950s, and initiated by the National Library of Medicine in 1964, using batch 
processing [11]. Later a production service, DIALOG, was implemented by Lockheed for 
government and commercial usage. It pioneered the area of library systems, and 
significantly influenced the design of future DL and online public access catalog (OPAC) 
systems.  
 
  With the rapid development of the Information Retrieval (IR) field in the 1950s, a 
futuristic DL was further envisaged as “a central resource of an information transfer 
network that will extend throughout the academic community” [12]. A significant 
movement was that researchers believed that DLs are more than access points of 
traditional libraries. However, the detailed description was still far from current DL 
concepts.  
 
  It is perceived that an idea proposed in the late 1970s is very close to the notion of 
modern DLs [13]. In the book “Toward Paperless Information Systems”, Lancaster 
predicted a paperless society and fully electronic systems.  
 
  With the advent of the Internet and World Wide Web (WWW), Digital Libraries, as 
well as many other technologies, moved forward in synchronization with the exponential 
increase of retrievable web information. Information retrieval on the Internet differs from 
finding information in a traditional library because of the lack of organization and 
structure [14]. Modern DLs should be built in support of effective information storage 
and retrieval over rich, controlled, and organized web information repositories for 
different user communities.  
 
  Realizing the critical role of digital libraries, the National Science Foundation (NSF), 
Defense Advanced Research Projects Agency (DARPA), National Aeronautics and Space 
Administration (NASA), and the Library of Congress launched two large projects in 
1994, namely National Digital Library (NDL) [15] and Digital Libraries Initiative (DLI) 
[16]. Both projects aimed to investigate advanced technologies to gather, digitize, store, 
and organize information and to make collections publicly available through online 
services. An interesting byproduct of the Stanford DLI Phase I project is Google Inc. 
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[18], which now is a leading commercial web search engine service provider since 1998. 
Started from 1998, DLI Phase II [17] continued to fund many research institutions to 
explore new capabilities and opportunities for DLs to serve new user communities with 
great accessibility. Meanwhile it is encouraged to investigate the new problem of 
interoperability and interactions between digital libraries and humans. Example work in 
interoperability included Stanford’s Digital Library Interoperability Protocol (SDLIP) 
[19], Cornell’s Dienst [4], and the Open Archives Initiative Protocol for Metadata 
Harvesting (OAI-PMH) [20].  
 
  Today, with the impetus of the WWW, the modern digital library has grown to be a very 
important application research area with global involvement.  
 

2.1.2 DL definitions 
 
Despite the number of different DL definitions that we may have, an attempt by ARL 
[21] pointing out those elements common to these definitions can help to clarify our 
mind-set of what a DL is: 
 

• The digital library is not a single entity. 
• The digital library requires technology to link the resources of many. 
• The linkages between the many digital libraries and information services are 

transparent to the end users. 
• Universal access to digital libraries and information services is a goal. 

 
  To further elaborate what digital libraries are, a few definitions, which are considered as 
generally accepted, are provided below: 
 

• A digital library is an electronic information storage system focused on meeting 
the information seeking needs of its constituents [1]. 

• Digital libraries are organizations that provide the resources, including the 
specialized staff, to select, structure, offer intellectual access to, interpret, 
distribute, preserve the integrity of, and ensure the persistence over time of 
collections of digital works so that they are readily and economically available for 
use by a defined community or set of communities [22]. 

• A library that maintains all, or a substantial part, of its collection in computer 
accessible form as an alternative, supplement, or complement to the conventional 
printed and microfilm materials that currently dominate library collections. Used 
in this context, the term "collection" denotes the documents that a library acquires 
or maintains [23]. 

 
  It is noticeable that conceptions of DL systems tend to be broad instead of precise. The 
reason is that research questions of DL keep changing in response to the evolution of 
media technologies, network topologies, and other research areas. Therefore, we prefer a 
generic vision so as not to arbitrarily leave any existing DL systems as outliers.  
Nevertheless, we still face the challenges and work in this field as a segmented 
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community, viewing DLs from one or another perspective: database management, 
human-computer interaction, information science, library science, multimedia 
information systems, natural language processing, or networking and communications 
[2]. This practice has led to progress in a large number of separate projects, but has also 
made interoperability one of the most important problems to solve [57].  

2.1.3 DL systems and toolkits 
2.1.3.1 MARIAN 
 
Multiple Access and Retrieval of Information with AnnotatioNs (MARIAN) is a digital 
library system with an extensible set of services including browsing, searching, 
retrieving, automatic collection building, and uniform preservation over networked 
collections.  
 
  Earlier developments on MARIAN can be dated back to 1990, which aimed to create an 
Online Public Access Catalog (OPAC) system with advanced Information Retrieval (IR) 
technology support. In 1992, it had minimal functionality on both back end and client for 
NeXTSTEP machines and had a small but realistic experimental collection. In 1993, it 
was first released to the Virginia Tech (VT) campus as an alternative for searching the 
main VT campus library catalog system [24]. Later developments included usability 
study, performance tuning, and search optimization.  Envision, an innovative user-
centered front-end visualization system, was added by Nowell as an value-added service 
to MARIAN so as to facilitate examining very large result sets, displaying multiple 
aspects of the data simultaneously and efficiently, and interactive discovery of patterns of 
the data in a two-dimensional space [25]. 
 
  An important transition point in the MARIAN project started in the summer of 1998, 
when Zhao managed to convert part of the MARIAN system into a Java-based modern 
digital library, funded by the National Library of Medicine MARIAN Reengineering 
project [26]. The purpose of this research was to investigate flexibility, scalability, and 
reliability issues in DL reengineering by introducing a new Object-Oriented (OO) 
programming language. Although this project ended in the middle of 2002, it led to a 
successful testbed for many ongoing Digital Library Research Laboratory (DLRL) 
research activities, including XML DL Logging [27], 5SL DL Generation [28], federated 
search, multi- lingual information retrieval, MARIAN data provider, and VIDI 
visualization protocol [29]. The layered Java MARIAN architecture is shown in Figure 
2.1. 
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Figure 2.1 MARIAN Architecture [26] 

 
2.1.3.2 EPrints 
 
EPrints is a generic self-archiving toolkit developed by the University of Southampton. In 
our local installation, you may search for and access documents from different divisions 
within Virginia Tech and beyond [6]. It became an open-source project under the “GNU 
is Not Unix” (GNU) License. It allows one to create a highly configurable web-based 
open archive for research papers, technical reports, multimedia data, and so on.  
 
  EPrints deployments on institutional and departmental servers can promote better 
quality data and information sharing. It is noticed tha t the number of EPrints Toolkit 
installations keeps increasing and the size of user communities continues growing 
steadily. An example installation of EPrints shown in Figure 2.2 can be found at 
http://eprints.cs.vt.edu, which is a part of the NCSTRL project, hosting an international 
collection of computer science technical reports from CS departments and industrial and 
government research laboratories. The collection is distributed among a set of 
interoperating servers run by participating institutions.  
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Figure 2.2 EPrints VT CS Technical Reports 

 

2.1.3.3 OAI and ODL 
 
The Open Archives Initiative [9] is a community that develops and promotes 
interoperability standards that aim to facilitate the efficient dissemination of content. It 
resulted from the Universal Preprints Service meeting in Santa Fe, addressing the need to 
develop a simple and effective framework that eases content federation and promotes 
access to persistent digit objects. As an initial attempt, the Open Archives Initiative 
Protocol for Metadata Harvesting (OAI-PMH) [20] was invented as an application-
independent interoperability framework for metadata harvesting, which emphasizes 
lowering barriers to information sharing in a stream based transport protocol [4].    
 
  A two-party model is defined in OAI-PMH, namely, with a data provider and service 
provider. Data providers are gateways that expose underlying metadata repositories by 
the way of the OAI protocol. Service providers consist of “harvester” agents that pull 
metadata from data providers proactively and add-on service modules that make use of 
such publicly available metadata.  
 
  Compared with another well-known lightweight data exchange protocol, SOAP (Simple 
Object Access Protocol) [30], specified by the WWW Consortium, OAI-PMH is simpler 
and more specialized. There is no notion of envelope to encode a request in the OAI-
PMH technical framework as it is implemented with a set of predefined verbs. 
Accordingly, a data provider shares the same limited vocabulary so that it does not have 
the overhead to decode a request, maintain an application registry for service routing and 
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assemble a response envelope. Furthermore, safe workload considerations have been 
applied to both client and server in the form of a resumption token. 
 
  An Open Digital Library (ODL) is a network of extended Open Archives that work 
together to supply services required by information seekers. Each node within this 
network is an ODL service, designed to conform to a set of principles for maximum 
reusability at the levels of design, implementation, and information sharing [8]. 
 
  In other words, ODL argues that Open Archives should go beyond the capability of 
transporting streamed metadata in the two-party model and DLs can be modeled as 
networks of extended Open Archives, where each extended Open Archive is a source of 
data and/or a provider of services.   
 
  Essentially, the ODL design framework specifies strategies for the construction of 
modular DLs in a new information society and proposes standard interfaces for different 
information seeking tasks. At this stage, nine protocol recommendations for popular DL 
services are released and comments are requested. It offers substantial convenience in 
building DLs in a simple and repeated fashion. The architecture of an ODL prototype 
system, which offers an ETD (Electronic Thesis and Dissertation) Union Catalog service, 
is shown in Figure 2.3. 
 

 
Figure 2.3 Architecture of Open Digital Library (ODL) [8] 

 
2.1.3.4 Scout Portal Toolkit 
 
The Internet Scout project, spun off from the InterNIC, started in 1994 at the University 
of Wisconsin, Madison, with its primary mission of exploring Internet resource discovery 
and applied resource discovery technology. The Scout Portal Toolkit (SPT) is published 
by the Scout development team to allow groups or organizations to put their collections 
of knowledge or resources they want to share via the World Wide Web online without 
making a big investment in technical resources or expertise [31].  
 
  A number of interesting components are shipped with this open-source toolkit, such as 
browse, cross-field search, forum, resource annotation, intelligent routing user agent, 
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resource quality rating, metadata maker, and recommender system for resource 
suggestions.  
 
  In order to attain a maximized degree of customization in the SPT user interface, web 
representations (HTML) are separated from business logic (PHP). HTML template pages 
are stored in different folders so tha t limited skin customizations like color scheme and 
logo can be offered. A sample UI of SPT is shown in Figure 2.4. 
 

 
Figure 2.4 Scout Portal Toolkit UI 

2.1.3.5 uPortal framework 

 
The uPortal framework is developed by the JA-SIG (Java Architectures Special Interest 
Group) [51], which is an independent organization promoting the use of Java 
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technologies and architectures in the higher education community. There are 
approximately 400 current JA-SIG members from academia and industry, including most 
major universities in North America, leading technical consulting companies, and Sun 
Microsystems. They all work towards the goal to support a common architecture upon 
which sharable, flexible, open source components can be built with the benefit of the Java 
object oriented platform. 
 
2.2   Physics 

2.2.1 PhysNet Portal 
 
The Physics community perhaps never thought about going paperless until the emergence 
of the WWW. However, the initial excitement was replaced when everybody felt flooded 
by irrelevant information when searching or browsing for a precious bit of information 
with existing tools. There is an urgent need for a web portal with specific, certified, up-
to-date, correct, complete, just-in-time, and ready-to-use information [32].  
 
  With the strong motivation to leverage web technologies for professional services in 
physics, enthusiastic physicists set up a series of meetings, visits, and contacts all around 
the world to clarify the vision and future possibility of such a portal.  
 
  An early effort began with the German Physics Society, when they offered a set of quick 
hyperlinks to the homepages of physics departments at German universities, as well as 
some pointers to international cooperators. It became the nucleus of PhysNet and later 
was named PhysDep. 
 
  The collection of services kept expanding in the following years with help from EPS 
member institutions.  
 
  In 1995, PhysNet added a Harvest search engine, originally developed at the University 
of Colorado, which allows combination of information from different sources through a 
gatherer-broker architecture.  
 
  In 1997, in order to assist physicists generating high quality metadata for their papers, a 
web-based form editor was developed at the International Mathematical Union (IMU) 
and incorporated into the PhysNet portal afterwards. It freed physicists and graduate 
students from the necessity to have prior knowledge of metadata standards or other 
technologies when they need to enrich their documents with metadata.  
 
  More progress was made subsequently, as PhysDoc and PhysDis were included in 
PhysNet as one-stop services for physics paper and dissertation full texts.  
 
  At present, there are a number of PhysNet [36] mirrors worldwide providing distributed 
services for physicists and graduate students. Ongoing collaborations between Virginia 
Tech and University of Oldenburg on the project “Open Archives and Distributed 
services for physicists and graduate students” (OAD) will further enhance the quality of 
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service so that PhysNet can be embedded and integrated into the up-coming seamless 
distributed network of all disciplines.  
 

2.2.2 PACS 
 
PACS (Physics and Astronomy Classification Scheme) [33] is a hierarchical subject 
classification scheme designed to classify and categorize the literature of physics and 
astronomy for journal subject indexes, catalogs, computerized databases, and online 
journals. PACS enables the indexes and databases from physics, astronomy, and related 
fields to be brought together and searched efficiently under a single coherent scheme, and 
can be used either alone or in combination with keywords or full text retrieval. 
 

2.2.3 Corpus 
 
Quite a few organizations responded to the call of the Open Archives Initiative promptly 
with constructive movements in making their collections OAI-compliant. With regard to 
physics, major content providers including the American Physics Society (APS), the 
Institute of Physics (IOP), arXiv.org, and PhysNet all agreed to make their metadata 
available through OAI-PMH. All data providers support the Dublin Core (DC) metadata 
format, while APS and IOP also offer their own metadata schemas that include more 
physics related information. 
 
 
2.3   Information retrieval and text mining related concepts 

2.3.1 Information Retrieval (IR) 
2.3.1.1 Information versus data retrieval 
 
An IR system can be characterized as a system with more concerns about retrieving 
information pertinent to a subject than about retrieving data that satisfies a given query. 
In this context, Data Retrieval can be described as the task to retrieve all facts which 
satisfy clearly defined conditions such as those in regular expressions or in relational 
algebra expressions [34]. Thus, a single erroneous object among a thousand retrieved 
objects can spoil a data retrieval system, while small errors will remain unnoticed in an 
information retrieval system. The reason is that the notion of relevance is at the heart of 
information retrieval, while 100 percent precision is a must in data retrieval.  
 
2.3.1.2 Retrieval process 
 
A logical view of a document is frequently represented through a set of index terms. 
Therefore the indexing process can be boiled down to the steps to convert a document 
into corresponding keywords.  An example of such conversion is illustrated in Figure 2.5. 
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Figure 2.5 Logical view of a document [34] 

http://www.sims.berkeley.edu/~hearst/irbook/ 
 

Two types of data structures, the inverted index and forward index, are frequently found 
in IR systems. Formal definitions of these data structures can be found in the NIST 
DADS (Dictionary of Algorithms and Data Structures) [35]:  
 
Inverted Index is an index into a set of texts of the words in the texts. The index is 
accessed by some search method. Each index entry gives the word and a list of texts, 
possibly with locations within the text, where the word occurs. 
Forward Index is an index into a set of texts. This is usually created as the first step to 
making an inverted index. 
 

 
Figure 2.6 Retrieval process [34] 

http://www.sims.berkeley.edu/~hearst/irbook/ 



 13 

A simple diagram (Figure 2.6) shows a generic retrieval process.  
 
2.3.1.3 Retrieval models 
 
To formalize the model of information retrieval, we borrowed the following definition 
from Baeza-Yates [34]: 
 
Definition: An information retrieval model is a quadruple [D, Q, F, R(qi,dj)] where 

(1) D is a set composed of logical views (or representations) for the documents in the 
collection. 

(2) Q is a set composed of logical views (or representations) for the user information 
needs. Such representations are called queries. 

(3) F is a framework for modeling document representations, queries, and their 
relationships. 

(4) R(qi,dj) is a ranking function which associates a real number with a query qi ∈ Q 
and a document representation dj ∈ D. Such ranking defines an ordering among 
the documents with regard to the query qi. 

  
  The Boolean model is a simple retrieval model based on set theory and Boolean algebra. 
It only captures the information about absence or presence of an index term in a 
document, and thus a strong assumption that term weights are all binary is made.  
 
  To address the drawbacks of binary weights, the vector space model [37] proposes a 
partial matching framework, which allows non-binary term weights. Therefore, both 
documents and user queries can be described as n-dimensional vectors, and the 
correlation between query and document can be quantified, for instance, by the cosine of 
the angle between these vectors.  
 
  In the vector space model, one of the most important research problems involves term 
weighting strategy. Early work of Salton [37] shows that two main issues need to be 
resolved. “Features better describe a relevant document” and “features better distinguish 
a relevant document” have to be determined in order to validate the framework. We 
usually refer to the former problem as intra-cluster similarity and the latter one as inter-
cluster dissimilarity.  
 
  We may quantify intra-cluster similarity by measuring the raw frequency of a term 
inside a document, and such a factor is typically adverted to as TF (term frequency).  
Normalization may apply in practice to gain better performance. Furthermore, inter-
cluster dissimilarity can be quantified by measuring the inverse frequency of a term 
within a collection. This factor is often referred to as IDF (inverse document frequency). 
Logarithmic transformation may apply to smooth the IDF factor so that a balance 
between these two effects can be made.  
 
2.3.1.4 Retrieval measures 
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We cannot determine if a retrieval model is good or bad without appropriate metrics. As 
we mentioned earlier, the notion of relevance is at the heart of information retrieval. 
Therefore, experiments are typically evaluated by two measurements, precision and 
recall. Recall is the fraction of the relevant documents which has been retrieved and 
precision is the fraction of the retrieved documents which is relevant. Other alternatives 
may include the harmonic mean of precision and recall, average search length, user-
oriented measures, etc. 
 
 

2.3.2 Text mining 
2.3.2.1 Data mining, text mining and web mining 
 
It is said that the computer term “mining” is actually a misnomer [38] because mining is 
generally referred to as the act of extracting ores or coal etc. from the earth. When it 
comes to the computer science area, it is widely accepted as a metaphor to depict the act 
of extracting knowledge from massive information.  
  
  There are three major “mining” research areas.  
 
  Data mining refers to extracting or mining knowledge from large amounts of data [38]. 
A well-known application of data mining is the diaper-beer example, which reveals an 
interesting association rule for shopping patterns in a Midwest grocery chain store.  
 
  Text mining is about looking for patterns in natural language text, and may be defined 
as the process of analyzing text to extract information from it for particular purposes. 
Text mining recognizes that complete understanding of natural language text, a long-
standing goal of computer science, is not immediately attainable and focuses on 
extracting a small amount of information from text with high reliability. The information 
extracted might be the author, title, and date of publication of an article; the acronyms 
defined in a text; or the articles mentioned in the bibliography [39]. 
 
  Web mining is the slightly more general case of looking for patterns in hypertext and 
often applies graph theoretical approaches to detect and utilize the structure of web sites 
[39].  
 
2.3.2.2 Text Categorization 
 
Text categorization (TC) is a type of task-driven text mining. It is known as the task to 
classify natural text or structured text against a fixed number of predefined categories and 
recently it has been studied widely for applications in web searching, email filtering, 
office automation, and topic spotting fo r newswire stories [40]. An “intelligent” computer 
program as such can greatly release editors from the heavy manual labor of classifying 
documents when huge amounts of data are widely available, as in recent years. 
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  Prior work in the information retrieval, machine learning, artificial intelligence, and 
statistics field forms the theoretical foundation of text categorization.  
 
  Nowadays, active research area in TC includes high-performance classification 
algorithms, feature selection, statistical evaluation, threshold methodologies, multi-class 
scheme strategies, and classifier optimization experiments. We will further explain details 
and give examples in our experimental research on physics collections in Chapter 7.  
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Chapter 3  MyPhysNet Portal Framework 
 
3.1   Introduction 
 
A portal is a single integrated point of comprehensive, ubiquitous, and useful access to 
information, applications, and people [50].  
 
  The word “portal” is sometimes used interchangeably with “digital library” [59][60] as 
it appears that no significant distinctions can be observed between some of those existing 
“portals” and “digital libraries”. During the process to conceptualize the word “portal”, 
we noticed that rationales to build portals are slightly different from those of digital 
libraries. A portal typically emphasizes its single integrated access point, and in practice, 
it is often represented by a rich web-based interface. It rarely mentions how to organize, 
preserve, and distribute information, where digital library research often is focused. 
Therefore, we may say that a modern digital library can be modeled as a mixture of portal 
and digital library technologies. However, where convenient, we will continue to use 
“portal” in place of “digital library” in the following chapters.  
 
  The new MyPhysNet portal is built upon the uPortal framework, a campus portal toolkit 
developed by the JA-SIG. Not only does it offer a component framework to build modern 
object oriented digital library services, but also it adds customization and community to 
the DL web presence through portal technologies.  
 
3.2   Architecture 
 
In Figure 3.1, we show a high level architecture of the new MyPhysNet portal framework 
[49].  
 

 
Figure 3.1 Multi-tier portal framework [49] 

http://www.udel.edu/uportal 
   
  
  As we may see, it is a distributed multi-tiered Internet application framework [53].  
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  The Presentation Layer that handles layout, formatting, and rendering could be a web 
browser, or a mobile WML (Wireless Markup Language) compatible device.  The 
dynamic rendering scheme enables ubiquitous access to portal service providers and 
consistent look and feel regardless of access points.  
 
  Web servers, like Apache httpd, IBM HTTP Server, and Microsoft Internet Information 
Service, are gateways communicating between end-users and application servers. The 
reason to have such an intermediate layer is that most end-users are HTTP clients and 
therefore an HTTP listener has to reside at the server-side. To allow seamless integration 
between web servers and application servers, a great variety of connector modules are 
provided such as mod_jk, AJP Connector, and Websphere Application Server 
Connectors. In addition, it is not uncommon to see a load balancing component present in 
this layer.  
 
  MyPhysNet components, as well as other enterprise information service components, 
reside in a J2EE Application Server container, which is often referred to as a Business 
Logic Layer. These components maintain a weakly coupled relationship with front-end 
user presentations and back-end data sources so that modularity, flexibility and legibility 
can be achieved. A minor change in the business logic should not affect the rendering 
scheme, or database interaction, according to the philosophy of software engineering.   
 
  The backend tier is usually called the Data Layer, as that is where data is actually 
stored and retrieved. A data source could be a relational database, like MySQL or Oracle, 
or a remote web services provider such as a uPortal server on another machine. 
Distributed cooperative work is transparently supported by the uPortal framework as it 
complies with SOAP, a lightweight protocol for exchange of information in a 
decentralized, distributed environment. 
 
3.3   Component interface 
 
A component in a portal framework is a basic unit of information source or a common 
entry point for accessing applications and content. Terms such as “channel” and “portlet” 
are often used in place of “component” in this context.  
 
  For each component instance, there is an associated handle that distinguishes itself from 
the others in the JNDI (Java Naming and Directory Information) registry. For each 
component object, a unique functional name identifier also is defined during deployment 
and registered in JNDI so that remote web service requests can be routed to those 
appropriate object instances.  
 
  Inputs of a component are generally passed from the portal framework in the form of 
static session data, runtime data, and events. Session data is persistent within an active 
user session and it contains shared information like user name and user identifier. Users 
can modify runtime data instances during their interaction process. It is similar to the 
ServletRequest class in the Java Servlet specification and parameter values can be fetched 
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by name through the getParameter method. For those who have prior experience in Java 
programming, the portal event handling is very easy to understand, as it is a 
straightforward implementation of the event-listener model in the Java 2 platform. 
Customized triggers can be defined and activated when events like “minimize” or 
“maximize” are captured.  
 
  The output of a component must be a well- formed XML document stream. By this 
design, response data is separated from its presentation, which is done by several XSLT 
stylesheets in later bindings.  
 
  A portal component may have an administrative lifecycle as follows [53]: 
 
  Creation:  Java code, resources, and stylesheets are propagated dur ing this phase. 
Optionally, a component publishing document descriptor can be attached to this module, 
to provide detailed descriptive information.  
 
  Registration: A component is invalid until it is successfully registered in a portal 
server. A new type of identifier will be assigned in a portal back-end relational DBMS 
 
  Publishing/Unpublishing: A registered component is still not available for authorized 
users’ subscription until it is published by a portal server administrator. Parameters, 
categories, and authorized user/groups are specified during the process of publishing. An 
unpublishing operation might be done at any time, and after that, all subscribers will be 
notified to synchronize with the changes. 
 
  Subscription/Unsubscription: An authenticated user can subscribe to a published 
component with appropriate permissions. A visual layout management user preference 
tool is provided to assist the user organizing his personalized desktop. 
 
3.4  Component types 
All portlet components fall into one of seven categories, specifically, Image, Inline 
Frame, RSS, Simple XML Transformation, Web Proxy, Remote Web Proxy, and 
Custom. The first six types are ideal for a user who wants to create a new channel 
instantly and for free, while a custom channel can offer great efficiency and flexibility. 
There is no rule that determines which type to use. However, general strategies are 
provided so as to assist those implementers and content providers. 
 

3.4.1 Image 
 
An image portlet is a simple type that displays a single image with hyperlinks and 
optional captions. It is easy to define but limited in usage. 
 

3.4.2 Inline Frame 
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An inline frame portlet is a mirror of a remote web site and users can manipulate this 
plug- in window as if they are browsing remote web pages. It is easy to configure an 
Inline Frame portlet and its user interaction is guaranteed to be exactly the same as its 
counterpart on the remote host. Nonetheless, the usage of Inline frame is still limited, as it 
requires support from web browsers and loses its capability of communicating with other 
portlets.  
 

3.4.3 RSS 
 
RSS is an XML dialect for news syndicating. It is an acronym of either “Really Simple 
Syndication” or “Rich Site Summary” since there are two parallel versions developed by 
two different organizations. An RSS portlet is preferably used as an information 
aggregator that points to those links outside the portal, as RSS doesn’t allow navigation 
within a portlet.   
 

3.4.4 Simple XML Transformation 
 
A simple XSLT portlet is a way to visualize a well- formed XML document as a native 
channel. A URI link to the XML document and to the corresponding XSLT stylesheet(s) 
need to be specified as parameters of this portlet.  
 

3.4.5 Web Proxy 
 
A Web Proxy is yet another alternative to mirror a remote website into the uPortal 
framework. Unlike Inline Frame, it does not ask for an advanced version of a web 
browser and can freely manage a localized remote web application like a native channel. 
However, as the uPortal framework requires a well- formed XML output from each 
individual component,  the usage of Web Proxy is discouraged by those non-well- formed 
web applications in practice since XHTML is far from a de facto standard in the 
heterogeneous World Wide Web (WWW) collection world.  
 

3.4.6 Remote Web Proxy 
 
A Remote Web Proxy portlet is a complete interactive preview of a component from 
another uPortal server. It acts just like you are operating on a local portlet since uPortal 
servers can exchange information transparently by the use of the SOAP protocol. The 
overhead to assemble a SOAP envelope response in the uPortal framework is low, as a 
raw portlet response has been encoded in the XML format already.  
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  Every published uPortal component is automatically accessible from other SOAP client 
applications by visiting {uPortal_web_home}/services/RemoteChannel with its unique 
functional name.  
 
  It is useful when services are to be offered in multiple portals while maintenance of 
portlets is only done in one portal. It can be used to offload the work of a portlet to a 
server separate from the portal server. 
 

 
Figure 3.2 Remote web proxy component [55] 

http://www.udel.edu/uportal/ 

3.4.7 Custom 
 
A custom component is a native portlet hosted by a web application server locally. 
Maximized flexibility and efficiency can be attained with carefully devised programs and 
stylesheets. All custom portlets must adhere to standard programming interfaces and thus 
can be reused on any other uPortal servers given that they are correctly configured. 
 
 
 
3.5   Rendering 
 
The MyPhysNet  portal framework is an information aggregator that produces a 
consolidated output out of each individualized component. Figure 3.3 is a snapshot of a 
simple browse component displayed in a Microsoft Internet Explorer. The final document 
is an assembly of information sources (channel components), structured user layouts (tab, 
tree, column, and row), themes, and other customizable units.  
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Figure 3.3 Sample user interface of uPortal 

 
  There are three major steps in transforming a user layout document into a desired 
markup language, e.g., HTML.   
 
  First, an abstract userLayout document is translated into a structural layout document 
with a structure transformation stylesheet. For example, in Figure 3.3, a folder element 
with the name “browse” becomes active when it is selected by the current user. 
Therefore, a default “tab and column” structure stylesheet will discard all subfolders 
except those under the “browse” root element and convert an abstract user layout into a 
combination of “tab” and “column” elements (see Figure 3.4).  
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Figure 3.4 Structural Transformation [52] 

http://www.udel.edu/uportal 
 
  Second, a theme transformation stylesheet takes the result from structure transformation 
and translates it into a targeted markup language (see Figure 3.5). For instance, a tab-
column structure by default will be turned into a set of nested HTML tables that visually 
resemble tabs and columns.  
 

 
Figure 3.5 Theme Transformation [52] 

http://www.udel.edu/uportal 
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  Finally, the result of theme transformation is incorporated with the transformed content 
of each individual component to produce a serialized final document stream. Figures 3.4, 
3.5, and 3.6 illustrate the workflow of this three-stage process. 
 

 
Figure 3.6 Final Assembly [52] 

http://www.udel.edu/uportal/ 
 
  The pipeline assembly strategy insulates components from specifying the final 
presentation in detail so that layout structure, theme, skin, and component output can all 
be localized easily with application binaries intact. Furthermore, depending on what type 
of devices/browsers users intend to access from, it is possible to register multiple 
stylesheets for the same component so that look and feel can be consistent on Internet 
Explorer, Netscape, and wireless device display panels with markup languages like 
HTML, XML, and WML. 
 
3.6   Security 
 
The emerging conceptualization of a web-based portal typically requires a mechanism to 
ensure users that a system is secure. To address the problem of information security, we 
divide it into three distinct criteria. They are: authorization, authentication, and access 
control. 
 
  Authentication is the process by which you verify that someone is who they claim they 
are. This usually involves a username and a password, but can include any other method 
of demonstrating identity. A login process is mandatory for all users before they can 
access the portal. Meanwhile, in order to keep the privacy of a user, password 
information is encoded with the Message Digest 5 encryption algorithm developed by 
Knudson [54].  In the uPortal framework, you have options to keep account information 
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in a localized relational DBMS or authenticate through a centralized LDAP (Lightweight 
Directory Access Protocol) server. A single sign-on within the portal is guaranteed in 
either one.  
 
  Authorization is the process to find out if an authenticated person is permitted to access 
the resource. This is usually determined by looking up if that person is a part of a 
particular group, or if a user is on an authorized user list. When a portal administrator 
publishes a new component, he has to carefully choose which user and user group can 
subscribe to it in the future. This is maintained by the implementation of the IPermission 
class, which has an instance associated with each component. 
 
  Access control is a much more general way of describing how to maintain access to a 
port resource. Access can be granted or denied based on a wide variety of criteria and 
typically it is maintained by an application itself. For example, you may not access a 
component if you are not using any of the supported web browsers. 
 
3.7   Logging 
 
Inserting log statements into your code may decrease its legibility and distract other 
coworkers. But sometimes it may be the only way out as applicable debuggers are not 
present, especially for distributed applications. Provided that the ratio of log statements to 
application sources exceeds a certain level, we may have to pay special attention to the 
speed of logging. 
 
  With Apache log4j, it is possible to enable logging at runtime without modifying the 
application binary. The log4j package is designed so that these statements can remain in 
shipped code without incurring a heavy performance cost. Logging behavior can be 
controlled by editing a configuration file, without touching the application binary [42]. 
 
  One of the distinctive features of log4j is the notion of inheritance in loggers. Using a 
logger hierarchy it is possible to control which log statements are output at arbitrarily fine 
granularity but also great ease. This helps reduce the volume of logged output and 
minimize the cost of logging. The target of the log output can be a file, an output stream, 
a remote log4j server, a remote Unix Syslog daemon, or even a NT Event logger among 
many other output targets [42].  
 
  Logging is not only a way to debug a project during development, but also an 
information source of knowledge to observe how patrons use a web portal.  
 
  Nowadays, rich opportunities are offered in log analysis research area, as most OPACs, 
web servers, search engines, and DL systems record some information about user 
behaviors. Indeed, the benefits of logging are numerous, including improving 
performance by recording effective evaluation data, helping in designing and testing of 
user interfaces, and better allocation of resources [27].   
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  In order to help future research in the MyPhysNet portal, we record all user interaction 
information and structured component output data. 
 
3.8   Database Connection Pooling  
 
Opening a connection to a database is a time-consuming process. For a short query 
statement, the overhead to open and release a connection may even exceed the expense of 
the actual database retrieval. Consequently, it makes senses to reuse connections in 
applications when they are connected to the same database.  
 
  Now it is very common in web application containers to implement a centralized 
database connection pool that instantiates a batch of connections during startup, reuses 
these objects throughout the application lifecycle, and releases them all before shutdown. 
In terms of the J2EE server, most commercial servers, like BEA Weblogic and IBM 
WebSphere Application Server, offer connection pool implementations for major 
RDBMS vendors. However, for open-source J2EE servers, so far only Jboss has such a 
feature. An earlier implementation of the uPortal database connection pool based on a 
third-party software toolkit called poolman was proven to be somewhat problematic and 
therefore not recommended for use. Relevant efforts are currently underway in the 
uPortal framework implementer groups. In uPortal, all connections are obtained from a 
centralized class RDBMServices so that the details of communication are hidden between 
programs and databases.  
 
3.9   Application Delivery and Deployment 
 
The MyPhysNet portal application package is delivered in the form of compressed 
binaries. After the zipped file is decompressed, a group of folders will be created with 
organized resources (see Table 3.1). 
 

Table 3-1 Directory organization 

Directory Resources 
Build Temporary build directory 
Docs Documentation and whitepapers  
Lib Relevant library binaries  
Properties Property files for build and deployment options 
Source Java source 
Webpages Other resources like images, stylesheets, etc. 
Test Test directory 
 
  In the Apache Ant project, the behavior of the Unix makefile utility is mimicked by the 
use of a XML build file called build.xml. In the project build file, a few build options are 
preset so that compile, database loading, deployment, and WAR (Web Application 
archive) generation can all be done in one command line.  Nevertheless, sometimes 
minor changes to property files are still necessary for deliveries on each host, like library 
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path, deployment destination, and JDBC driver, and these volatile parameters will be 
imported by build.xml at runtime.  
 
    As the MyPhysNet portal is based on the uPortal framework, which offers services in a 
distributed manner through web services, we have the options to deploy our MyPhysNet 
portal on a single server, or on a set of server clusters. A list of recognized deployment 
models is presented in Figure 3.7, which shows how highly-available services can be 
offered through distributed MyPhysNet portals.  
 
   In part one, there is one resource portal and multiple service portals. MyPhysNet 
service portals are tailored facades for different user communities and they all depend on 
a centralized service provider offering all kinds of PhysNet web services. It is ideal to 
apply this model when maintenance and development is done only at one site. 
 
  Part two is a simple service model. All MyPhysNet portals are working and developed 
independently.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
Figure 3.7 Distributed service models 
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  Part three differs from part two by adding inter-portal linkages. PhysNet portals are 
running and developed concurrently, while there are service mappings between different 
two PhysNet portals. This adds to the flexibility and availability of services by 
component level application sharing 



 28 

 

Chapter 4 PhysNet Reengineering 
 
The new MyPhysNet portal does not intend to replace the old PhysNet portal [36] as a 
content provider. Instead, it aims to enhance its quality of service by operating in a 
distributed, componentized, and personalized manner. Furthermore, it offers new tools 
and investigates the possibility of integrating the most up-to-date OAI technologies that 
could help physicists and graduate students with their research and scholarly 
communications. 
 
4.1   Themes 
 
In the context of a portal, a theme is a set of visual elements that provide a unified look 
within a web portal. A theme determines the look of the various graphic elements of a 
portal, such as the windows, icons, fonts, colors, and background.  
 
  The look and feel of the new MyPhysNet portal resembles the old one, as we think it 
may not be necessary to make radical visual changes in this experimental system. 
However, we may do so in the future upon request.  
 

 
Figure 4.1 PhysNet portal 

 
  As we may read earlier in Chapter 3, a theme transformation serializes the output from a 
structure transformation and translates it into a targeted markup language. Therefore, 
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those stylesheets under directory 
{uportal_home}\webpages\stylesheets\org\jasig\portal\layout need to be edited 
accordingly. One major XSLT file we have changed is nested-tables.xsl, which specifies 
how to aggregate the output tables of those components.  
 
  Figure 4.1 shows the visual appearance of the old PhysNet portal and Figure 4.2 
illustrates the one produced by XSL theme transformation. We retain most of the old 
visual elements and color schemes.  
 
 

 
Figure 4.2 New PhysNet Portal 

 
 
 
4.2   Services 
 
We will detail the design, elaborate the workflow, specify the interface, present the 
experimental results, and illustrate the architecture of those enhanced component-based 
services we have built for PhysNet in the following sections.  

4.2.1 Built-in components 
 
4.2.1.1 WebMail 
 
WebMail provides users with remote access to their IMAP-enabled e-mail server systems 
from anywhere in the world over the Internet. It does not require any email client 
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installed on the desktop machine and the interactive mailer can be accessed from any web 
browser with Java plug- in support. This virtual e-mailbox tool aims to help those roaming 
users without laptops check their email from those public computers.  
 
4.2.1.2 Bookmark 
 
A bookmark is a convenient way to organize and link to web pages that you visit 
frequently.  Users may create, edit and delete bookmarks or organize bookmarks in their 
personalized folders (see Figure 4.3). 
 

 
Figure 4.3 My Bookmark component 

http://my.vt.edu 
 
4.2.1.3 Group Manager 
 
A Group Manager is a portal administrative tool that manages user groups and 
component groups (see Figure 4.4). It allows you to create, delete, edit, and look up 
group information. It also supports operations like adding a user to a certain group, 
removing a user, moving a user, and searching for a user. It is notable that group structure 
is not flat in uPortal, which means a group can be a container of other groups.  
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Figure 4.4 Group Manager component 

 
4.2.1.4 Publishing 
 
The publish-subscribe paradigm has emerged to coordinate the components of distributed 
applications with location transparency.  
 
  As the name says, a publishing tool is for publicizing new components so that 
appropriate users and groups can subscribe to them. A component is physically active 
after it is deployed into a J2EE web application server. However, it remains invisible to 
users until it is published. The publishing tool will help portal administrators to go 
through all the required configuration information, like name, function name, runtime 
parameters, authorized users, and categories in order to generate a deployment descriptor 
and get listed in a component registry.  End-users do not need to know where each 
component is located and they can find all available components from the registry, ready 
to use. 
 



 32 

  The publishing tool can be used to modify the parameters of those existing components 
too. 
 
4.2.1.5 Customization 

 
A user’s preference can be adjusted visually via the customization tool.   
 
  There are two types of information that can be altered by the customization tool, skin 
and layout. A skin determines the look of the various graphic elements of the portal, such 
as the windows, icons, fonts, colors, and background. Skins must register their entries in 
{portal_home}/webpages/media/org/jasig/portal/layout/tab-column/nested-
table/skinList.xml before they are listed for selection. A sample window of skin selection 
is shown in Figure 4.5. Layout customization allows a flexible desktop scheme. Users 
may manage their own tabs, trees, columns, rows, and component 
subscriptions/unsubscriptions, while the administrator can setup a default desktop for all 
new users. Furthermore, programmable attributes of components can determine whether 
they are minimizable, maximizable, removable, and focusable. It is noticed that uPortal 
maintains separate desktop schemes for different profiles, e.g., WML, Internet Explorer, 
and Netscape.  
 

 
Figure 4.5 Portal customization tool 
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Figure 4.6 Portal skin selection tool 

4.2.2 Information syndication components 
 
4.2.2.1 Journal 
 
The PhysNet Journal offers a list of Physics-related Journals, which are freely available 
in full text on the net.  
 
  To describe the PhysNet journal in the vocabulary of RSS version 0.91, we convert the 
web page to a set of following elements wrapped up in an RSS body.   
<item> 
      <title>Journal Title</title> 
      <link>Journal URL</link> 
      <description> Journal Description</description> 
 </item> 
 
  Figure 4.7 shows what a new PhysNet journal component looks like. 
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Figure 4.7 PhysNet Journal portlet 

 
 
4.2.2.2 Conference 
 
PhysNet Conference contains a collection of conferences, workshops, and summer 
schools on different fields of physics, maintained by physical societies and other 
institutions. 
 
Similarly, to describe the PhysNet Conference in RSS 0.91, we convert from the existing 
HTML to a set of the following XML elements.   
<item> 
      <title>Conference Title</title> 
      <link>Conference URL</link> 
      <description> Conference Description</description> 
 </item> 
 
Figure 4.8 shows a new PhysNet conference component. 
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Figure 4.8 PhysNet Conference portlet 

 
 

4.2.3 XSLT components 
 
XSLT component is very flexible in terms of data representation, and therefore, ideal to 
describe those web pages with dynamic content and rich layout.  
 
4.2.3.1 PhysNet Home 
 
PhysNet Home has a list of all available PhysNet mirror sites. Hence, we define the XML 
data document with the DTD below.  
 
<!ELEMENT Project (Identifier, Host, Mirrors)> 
<!ELEMENT Identifier CDATA> 
<!ELEMENT Host (HostName, InfoURL, HostURL)> 
<!ELEMENT Mirrors (List*)> 
<!ELEMENT List (HostName,HostURL)> 
 
 
 
4.2.3.2 PhysDep 
 
PhysDep maintains a list of physics department homepages worldwide organized by 
country. In PhysDep, we only import the homepage of PhysDep and further links down 
will be redirected to a mirror of PhysNet in order to keep the consistency. 
 
4.2.3.3 PhysDoc 
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Like PhysDep, PhysDoc contains a list of publication resources worldwide organized by 
country. Therefore, we only map the top level of PhysDoc. 
  
 

4.2.4 Custom Components 
 
A custom component must extend from the BasedChannel and 
MultithreadedBaseChannel classes or implement an Ichannel, ImultithreadedChannel, 
and IprivilegedChannel interface.   
 
  There are different information sources to make a custom component interactive.  For 
those constants in a user session, they can be stored and retrieved in ChannelStaticData, 
e.g., user name. For those with volatile data, they can be fetched from 
ChannelRuntimeData and these are typically application-specific. For event-trigger 
information, uPortal uses the Java Event/Listen model to cope with scenarios like about, 
minimize, etc. For database information, an RDBMServices object needs to be 
instantiated in order to access the backend relationship database.  
 
  Regarding general design strategy, a verb-driven programming paradigm is very popular 
now in the uPortal channel developer community.  
 
  As we know, user interaction information usually comes through runtime data, which 
contains a set of submission data from a web-based form, and there is only one 
information handler, the component itself. Therefore, the component must be able to 
identify a user interaction task by some part of its submission data, either in an HTTP 
GET or PUT operation. An intuitive design is to create a hidden item in all forms with the 
same name identifier containing the “verb” information. In that case, the component can 
always check with ChannelRuntimeData.getParameter(“verb”) to know the appropriate 
user requests. However, we must also take security into considerations, that is, an 
unauthorized user should not be able to break the system with encoded hidden verbs.  
 
  Another observation is that custom components are often stateful. Sometimes, it is 
required by functional specification that a component should have multiple modes. 
Therefore, multiple stylesheets should be associated with each mode to render different 
scenarios. The entry point for component rendering is the renderXML method. During 
the stage of final assembly, the uPortal framework will call back all active components 
with renderXML for component rendering.   
 
4.2.4.1 PACS Browse 
 
When a user is seeking information, he may not wish to formulate a query to describe the 
information need, or even does not have a clearly defined need in mind. Instead, he might 
be willing to explore the collection himself, finding something relevant. Such a kind of 
user task is defined as browsing the document space.  
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  There are three types of browsing tasks, flat, structured, and hypertext, respectively 
[34]. Flat browsing always returns a list of all the available documents, and lets the user 
identify the relevance without any further assistance.  Structured browsing usually refers 
to hierarchical topic groups featuring related documents, e.g., the Yahoo directory. 
Hypertext browsing is the model that we are experiencing everyday through the WWW, 
which facilitates user navigation by non-sequential reading. It caters to the user’s need of 
jumping between documents or within a document by creating additional linking 
information. 
 
  We use PACS Browse as an example of this browse component, however, it can be 
easily extended to other classification schemes like Association for Computing 
Machinery (ACM) or American Mathematics Society (AMS).  The basic system 
architecture is shown in Figure 4.9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.9 PACS Browse Architecture 

 
 
  Currently, there are three major data providers in Physics, arXiv, APS, and IoP. 
arXiv.org is freely available while the other two require agreements prior to harvesting. 
As our experiments require labeled records, we harvested metadata from APS and IoP, 
with permission, in the format of aps_basic and stk_header.  
 
  We use the OCLC OAI harvester as our harvester engine. A minor change we have 
made is to redirect the output from screen to a file dump. In addition, for IoP harvesting, 
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we replaced standard java.net sockets with an open source HTTP client tool kit because 
the IoP STACK service requires a sign-on authentication before harvesting.  
 
  It takes two steps to load a new collection. First, the classification scheme is loaded into 
a database, along with hierarchy and sibling relationship information. Second, 
documents, as well as links to classification codes, are created.  
 
  In order to create a uniform document space schema for both search and browse, the 
semantic network design of the MARIAN object-oriented database [56] has been 
extended to accommodate the information of the classification scheme.  
 

Table 4-1 PACS Browse database scheme 

Table Name Table Structure  
ClassMetadata {ClassID|ClassName|tableName|nextInstID} 
UnwtdLink {linkClassID|sourceClassID|sourceInstID|SinkClassID|SinkInstID} 
WtdLink {linkClassID|sourceClassID|sourceInstID|SinkClassID|SinkInstID|weight} 
IndexedStr*: {ClassID|instID|str} 
UnIndexedStr* {ClassID|instID|str} 
NodeWeight {NodeClassID|NodeInstID|LinkClassID|weight|isValid} 
 
  According to MARIAN, each handle of a digital object has a unique identifier FullID, 
which is composed of a classID and an instID. The class ID describes the type of digital 
object and the instance ID distinguishes an instance from its peers.  
 
  Internal structures of metadata and relationships among digital objects can be 
represented in the form of semantic networks [56], or directed graphs, in the 
implementation of MARIAN. Such a kind of information is stored in a weighted link 
table and an unweighted link table.  
 
  Metadata records are all stored in raw XML full text so that table structures remain 
unchanged, with no heed to the variance of metadata schema. For the purpose of sharing 
the same view among different types of metadata records such as Dublin Core and ETD-
ms, corresponding stylesheets are created for each distinct document classID.   
 
  User interaction with PACS browsing is attained by a browse servlet, which is a 
straightforward extension of javax.servlet.http.HTTPServlet. The reason we prefer servlet 
to (Common Gateway Interface) CGI is that servlet is multithreading, whereas CGI is 
multi-process. The design with servlets tends to have less overhead and thus is known to 
be more efficient.  
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Figure 4.10 PACS network representation 

 
 
  As we can see in Figure 4.11, the browse window is divided into three regions, 
subcategories, related categories, and relevant documents. It is possible to have many 
return documents and therefore, it may not be applicable to display all records in one 
page. We implemented “skip”, “previous”, and “next” operations so that a user can move 
to the next/previous page or skip 10 pages. All retrieved metadata records are cached in a 
session to speed up the jumping process.  
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Figure 4.11 PACS browse component 

 
 
4.2.4.2 PACS Automatic Classification 
 
Automatic Classification (AC) is the task to label free text or structured text with a set of 
predefined categories.  
 
  Classification tools and applications can help community specific scholarly activities in 
many different ways, such as: 
 

• Focused crawling, which could be done by a crawlifier with domain-specific 
knowledge and ability to traverse the web 

• Online classification service that assists users to find categories best describing 
their documents  

• Batch classification processing that associates category labels with huge amounts 
of unclassified metadata, automatically 

 
  In the PhysNet portal project, an online PACS classification tool is prepared to promote 
the use of high quality classification scheme code.  A general overview of the system 
architecture is shown in Figure 4.12. 
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Figure 4.12 Architecture of PACS Automatic Classification 

 
 

  Classifiers are units for classification and discrimination. Selection of classifiers is done 
by a ten-stratified evaluation over the labeled APS collection. For those best classifiers in 
each PACS level, they will be chosen to run as backend services connected with Servlet 
front-end instances, along with models built from training data.  
 
  Input of a classifier is not the raw abstract data typed by users. Instead, free text is 
cleaned, stemmed, and parsed into a set of weighted document vector. Further pruning 
may be applicable given that a reduced dictionary is loaded. 
 
  Output of a classifier could be an arbitrary category index, a set of category indexes or a 
probabilistic distribution of categories, depending on the type of classification algorithms. 
Detailed category code and descriptions will be retrieved from the definition file and 
returned to the end user.  
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The user account management is not a standard built- in module as most JA-SIG 
academic members have existing centralized student account management systems so 
that personal identities can be identified in all university information systems besides 
uPortal by a centralized LDAP server. On the contrary, a general-purpose web portal 
should allow free user account registration and maintain its own account management 
system. Therefore a module called CUserPassword is implemented to preserve 
MyPhysNet portal user account user information. 
 
  The workflow of this registration module is as follows. If a user is not authenticated yet, 
a window asking for username, password, and retyped password will be prompted. If a 
user has logged into the system already, he can use this module to modify his password.   
 

 
Figure 4.13 Create a new user account 

 

 
Figure 4.14 Change password 

 
 
 
4.2.4.4 XML Schema-driven Web-based Metadata Generation Tool 
 
The work to create a high-quality collection of discipline-specific metadata entries is non-
trivial, as the time available from experts in that discipline is often very limited. Simple 
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and reusable tools that can promote quality and productivity are desired so that even 
people with intermediate knowledge in that area can enter or edit their own resource 
description records. A simple online metadata creator, My Meta Maker (MMM), 
provided by the University of Oldenburg, is now demonstrated to be relatively effective 
in generating Dublin Core, Thesis, and RDF metadata records. However, MMM is still to 
some extent hard-coded with a metadata schema considering that there is a different 
version of MMM for each type of schema. With the motivation of simplifying the 
process, a lightweight XML schema-driven metadata generation tool is developed to offer 
assistances in this regard. 
 
We use DOM instead of SAX to parse the XML schema definition as we intend to 
support “ref” attribute semantics. Other XML schema language elements processed 
include annotation, complexType, element, enumeration, maxLength, length, maxOccurs, 
minOccurs, restriction, sequence, and simpleType. 
 
4.2.4.5 Employment Service for Physics 
Employment Service for Physics is a set of interactive components for job seeking in 
physics related areas.  There are three types of user perspectives available, namely 
administrator perspective, employer perspective, and job seeker perspective.  
 
Administrators 
The Administrator perspective (see Figure 4.13) is only visible to MyPhysNet 
administrator group users. By subscribing to this component, you are granted with rights 
to approve or reject employer and job seeker enrollment requests (see Table 4.2 and 4.3).  
 

Table 4-2 PhysJob component administrator perspective implementation - verbs  

Verbs Description 
List_New_Employers List all incoming requests for employer perspective 
View_New_Employer View applications for employer perspective 
List_New_Seekers List all incoming requests for job seeker perspective 
View_New_Seeker View applications for job seeker perspective 
Update_New_Seeker Post a decision regarding a job seeker’s application 
Update_New_Employer Post a decision regarding an employer’s application 
 
 

Table 4-3 PhysJob component administrator perspective implementation - modes 

Display Mode  Description 
List_New_Employer_Mode Display all active applications for employer perspective 
View_New_Employer_Mode Display an application in detail 
List_New_Seeker_Mode Display all active applications for job seeker perspective 
View_New_Seeker_Mode Display an application in detail 
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Figure 4.15 PhysJob adminstrator perspective 

 
Employers 
The Employer perspective is available for subscription to certain groups of users.  
However, a separate application with detailed information regarding this employer needs 
to be submitted before a user can use all employer functionalities.  
 
  After a user is authorized to use the employment service as an employer, he may be able 
to perform the following tasks: 
 

• Search for qualified candidates 
• Review candidate qualifications 
• Update employer profile 
• Announce a new opening 
• List all his active job openings 
• View one specific opening of those owned by him, along with applications to this 

job 
• Save quick notes regarding one specific job 
• Review applications and cover letters 
• Edit a job 
• Close a job before the deadline 

  
Table 4.4 shows a list of implemented “verbs” in this component and Table 4.5 gives 
brief descriptions of supporting stylesheets.  
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Figure 4.16 PhysJob employer perspective  

 

Table 4-4 PhysJob component employer perspective implementation - verbs  

Verbs Description 
Search_Seekers Request to enter search mode 
Search_Seeker_Result Submit search filter options and display results 
List_My_Jobs List all his active jobs 
View_My_Job Review a specific current opening 
View_Seeker Review qualifications of a specific job seeker 
View_Applicant Review a job application 
Update_Employer_Profile Requests to edit his profile, or his application 
Update_Employer_Data Submit updated profile 
Edit_My_Job Request to edit an existing job opening 
Update_My_Job_Data Submit updated information of this job 
Close_My_Job Close an active opening 
Save_Job_Notes Save quick notes of an opening 
 
 

Table 4-5 PhysJob component employer perspective implementation - modes 

Display Mode  Description 
Update_Profile_Mode Display editable employer profile form 
Seeker_Search_Mode Display search filter options 
Seeker_Search_Result_Mode Display search result 
View_Seeker_Mode Display the profile of a job seeker 
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List_My_Jobs_Mode Display all current openings 
View_My_Job_Mode Display details of a specific job opening 
Edit_My_Job_Mode Display job edit form 
View_Applicant_Mode Display the profile and cover letter of an applicant 
 
 
Job Seekers 
The Job Seeker perspective (see Table 4.6 and Table 4.7) requires an application with 
detailed user profile in order to obtain an admission from an employment service 
administrator. Once admitted, a job seeker can use the system in the following ways: 
 

• Update user profile 
• Search for job openings 
• View details of job openings 
• Apply for a job 
 

Table 4-6 PhysJob component seeker perspective implementation - verbs  

Verbs Description 
Update_Seeker_Profile Request to edit seeker’s profile 
Update_Seeker_Data Submit edited seeker’s profile data 
Search_Jobs Request to enter job search mode 
Search_Job_Result Submit job search filter parameters 
View_Job Read detailed information about a specific opening 
Apply_For_Job Apply for a job 

 

Table 4-7 PhysJob component seeker perspective implementation - modes 

Display Mode  Description 
Update_Profile_Mode Display editable job seeker profile form 
Search_Job_Mode Display job search filter options 
Search_Job_Result_Mode Display the result of a job search query 
View_Job_Mode Display detailed information about a job opening 
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Figure 4.17 PhysJob job seeker perspective  
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Chapter 5 Text Categorization Experiments 
 
This chapter details the process that we use to build our PACS classifiers for the PhysNet 
PACS automatic classification service. 
 
5.1   Metrics 
 
Text categorization experimental systems are often evaluated according to the following 
criteria [63]: 

• Accuracy, the ability to predict the correct class labels most of the time 
• Speed and scalability for training, testing, and evaluation 
• Simplicity, speed, and scalability for document insertion, deletion, and 

modification 
• Ease of diagnosis and interpretation of results  

 
 
5.2   Background  

5.2.1 Algorithms 
In the Text Categorization literature, there are an increasing number of learning 
approaches that have been applied, including regression model, instance-based learning, 
Bayesian network, decision tree, neural network, and support vector machine. 
Evaluations of these algorithms, however, are often task-sensitive and collection-
sensitive. As our experiment is based on a new physics metadata collection, we may have 
to reexamine the performance of these learning approaches. We enumerate two major 
classification algorithms and more can be found in Mitchell’s book [65] and Yang’s 
paper [40]. 
 
5.2.1.1 K Nearest Neighbor (KNN) 

The intuition behind the nearest neighbor approach is that similar documents tend to stay 
in the same category [63][65].  When k equals one, the algorithm will search for the 
closest instance in the training set and label the new document with the same category. 
When k is greater than one, the algorithm can be easily extended by the use of a majority 
vote to reach consensus. The key idea of KNN is very simple and straightforward. 
Surprisingly, KNN is constantly performing well above average and thus it is one of the 
favorite benchmarks for TC experiments. The only drawback is that it is a lazy learning 
method, which doesn’t glimpse over any training instance until a new document comes. 
Therefore, an overall impression of KNN is that it is very effective, but not very efficient.  
 
5.2.1.2 Support Vector Machine  

Support Vector Machine (SVM), brought up by Vapnik and his coworkers in 1995 [66], 
is now recognized as one of the best learning algorithms with applications in a variety of 
areas. The basic idea of SVM is to separate instances in a high dimensional feature space 
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with optimized hyperplanes [67]. There are two key concepts in SVM. The first one is the 
optimum margin classifier, which is a linear classifier that maximizes the distance to 
training instances. The other important concept is a kernel, which manipulates the 
calculation of the distance in the feature space. The simplest form of a kernel is a dot 
product of two document vectors. Nowadays it goes far beyond that, no longer restricted 
by the size of the input vectors.  
 
 

5.2.2 Collections  
The Reuters collection and its variations are de facto the standard baseline for text 
categorizations, while a number of experiments have been performed on collections such 
as CACM and OHSUMED. As our research initiative is to provide enhanced service for 
the physics community, our experimental benchmark is the new APS online journal 
collection.  
 
  Regardless of the size of collection, it is always desirable to organize the document into 
systematic structures, also known as classification schemes, so that the readers can 
browse the collection by information need, as long as the topic is included in the scheme. 
Librarians and ontologists have been studying this for decades which results in a number 
of widely known schemes such as Library of Congress subject headings, American 
Mathematics Society (AMS) Subject Classification, Association of Computing 
Machinery (ACM) subject classification, and Physics & Astronomy Classification 
Scheme (PACS). With the advent of the World Wide Web, a more challenging task 
arises, that is, hypertext classification. There is a wealth of information available through 
the Internet. Moreover, the topics in the WWW tend to be varied and voluminous, which 
leads to the difficulty in reaching a consensus over a scheme that fits all. Nonetheless, 
some early efforts of building topics directories in industry seem to be fairly successful, 
e.g., the Yahoo directory. While the WWW topic directory user community are growing 
exponentially, the Open Directory Project (http://www.dmoz.org) was launched and has 
been proven to be another successful application of the collaborative authoring 
methodology. 
 

5.2.3 Multi-class classification  
 
Most classifiers only cope with the two-class problem, and therefore can be called as 
“binary classifiers”[38][61].  
 
  However, in the real world, problems might not be able to be judged by a true/false 
statement. Does it mean that it will invalidate all the efforts we have had so far? The 
answer is a resounding “no”.  
 
  A simple extension to the binary classifier to solve the multi-class problem is to 
construct k binary classifiers respectively so that the problem can be divided into k 
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true/false problems. This simplified scheme is widely used and was proven to be a good 
baseline for further work in this area [68].  
 
  Nonetheless, the drawback of this approach is obvious. First, the work to determine the 
threshold among k classifiers is non-trivial. Second, it is very hard to pick up a primary 
category arbitrarily if only one category is needed. Comparing the predicted values 
generated by k different classifiers and selecting those categories with highest value is 
not a very convincing scheme as predicted values may have been normalized before the 
output. Third, when k binary classifiers are constructed, the idea is that in each category, 
positive document vectors from one certain category contrast with the negative 
documents from all other categories.  
 
  A pairwise classification approach proposed by Kressel [68], together with his 
experiments on SVM, brings up a brand-new perspective. The bottom line of pairwise 
approach is to construct k(k-1)/2 classifiers, instead of k classifiers, and let one positive 
document category run against another, instead of all the others. To predict which 
category/categories a document belongs to, we can simply use a majority vote on the 
prediction results. It is shown in Kressel’s paper that pairwise classification can get a 
considerable boost in prediction precision. However, this approach may take considerable 
training time when there is a large number of categories to be fit into. 
 

5.2.4 Feature selection 
 
With a vocabulary set D, the size of the possible document space can be measured by 2|D|, 
which has an exponential relationship with the complexity of D. Given the Reuters data 
set, the number will be 230000 ≈ 1010000. For the APS online journal collection, the size 
even climbs up to 2160000 ≈ 1050000. The computation is non-trivial even for the most 
powerful supercomputer and therefore it is conceivable that people begin to think of a 
way to do dimension reduction. The problem to reduce the size of the dictionary in text 
categorization is not exactly the same as the problem of removing non- informative 
attributes in data mining since in the Information Retrieval area, people all agree on the 
assumption that a word can still be informative regardless of its occurrence within a 
collection. Therefore, conservative strategies are often recommended. 
 
  Feature selection could be heuristic, guided by linguistic and domain knowledge, or 
statistical. A simple approach is stop word elimination, which is a typical IR technique to 
remove the useless words such as prepositions and pronouns. It helps a little. However, 
the improvement is still not much. Another quick hack to this problem is to keep those 
words with intermediate number of occurrences and remove those “too frequent” or “too 
rare” terms according to the document frequency information. With empirically chosen 
thresholds, it yields fairly good results as well, although the solution itself is somewhat 
corpus and task sensitive.   
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5.2.5 Weighting strategy 
 
The vector space model prevails in the information retrieval area because of its strong 
performance in weighting the strength of each individual word. So far in the text 
categorization area, many researchers still use traditional term frequency (TF) and inverse 
document frequency (IDF) to calculate the importance of a word, while some non-trivial 
concerns still need to be resolved. Imagine the situation that given a set of documents, 
say, 100 in total, a binary classifier has been constructed against one certain category. A 
word with 10 df, in both positive instances and negative instances, seems to be less 
informative compared with a word with 30 df in positive instances only. However, the 
former word has a higher IDF according to the log N/df formula. 
 
  There are also a number of other approaches in-use which may include Okapi, Pivoted 
TF-IDF, and some probabilistic models.  
 
5.3   Design of experiments 

5.3.1 Workflow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.1 Text categorization experiments workflow 

 
 
5.3.1.1 Harvesting 
 
Harvesting is the process to acquire streamed metadata from OAI data providers as a 
basis of localized value-add services.  
 
A few harvester templates are freely available and, as OAI-PMH is an application 
independent protocol, developers may choose a Perl or Java template according to their 
own preferences.  
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Input: Metadata stream in the form of OAI-PMH data 
Output: Raw XML bulk files, one for each collection 
 
5.3.1.2 Data Cleaning 
 
Data cleaning is a procedure to preprocess data so as to improve the efficiency and ease 
of future experiments.  
 
  As we know, in the real world data collections are highly susceptible to noisy, missing, 
and inconsistent data due to the huge size. It is necessary to apply certain techniques to 
remove noise and correct inconsistencies. In XML metadata collections, it is 
commonplace to have non-well- formed XML documents that prevent parsers from 
analyzing their content correctly.   An XML document is said to be well- formed if it 
adheres to the following rules [69]: 
 

• The XML declaration must begin the document. 
• Elements that contain data must have both start and end tags. 
• Elements that do not contain data and use only a single tag must end with />. 
• The document must contain exactly one element that completely contains all other 

elements. 
• Elements may nest but may not overlap. 
• Attribute values must be quoted. 
• The characters < and & may only be used to start tags and entity references 

respectively. 
• Entity references always start with ‘&’ and end with ‘;’. There is a set of valid 

entity references predefined for each encoding, while users may further populate 
the set through a DTD. 

• An XML document with DTD or XML schema must comply with its definition.  
 

  Data cleaning for the APS and IOP collection is done manually using the ‘sed’ stream 
editor, along with Java parsers. A Java parser is utilized as a diagnostic tool which gives 
the position of break points in a non-well- formed XML document. Then a stream editor 
can remove the erroneous part by employing a proper regular expression. The reason to 
use a stream editor is that these files are too huge to be handled properly by a text editor.  
 
Input: Raw XML metadata 
Output: Cleaned XML metadata 
 
5.3.1.3 Indexing 
 
Indexing is the step to convert a document into a specialized summary view, frequently 
represented through a set of index terms or keywords.  
 
  For physics collection indexing, it is done at the same time as document parsing. 
Illustrated earlier in Figure 2.5, the indexing process typically consists of these steps: 
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structure recognition, identifying spacing, removing stopwords, spotting noun groups, 
and stemming. Structure and spacing handling are managed by XML document parsers. 
We separate indexes of different fields into different files. Stopwords are those words 
which occur frequently in the text of a document and tend to be less informative. We use 
the union of two stopword lists (293 words) provided by the National Agricultural 
Library (NAL) [70] and Cambridge Scientific Abstracts (CSA) [71]. Stemming and word 
parsing are handled by a morphological parser borrowed from Java MARIAN. It uses 
Porter’s algorithm to derive root entries from those original words. For those words that 
cannot be recognized in the controlled vocabulary with 98,370 root words, they will be 
identified as learned vocabulary and stored in a separate bulk file. A MARIAN parser 
always takes a string as input and returns a weighted object set of fullIDs together with 
their term frequencies.  
 
Input: Cleaned XML metadata file 
Output: Document index, dictionary, and forward index 
 
5.3.1.4 Term weighting and filtering 
 
Term weighting is the process to quantify the importance of index terms for describing 
document semantic content.  
 
  A number of term weighting strategies have been discussed in early work of information 
retrieval research, including TF-IDF, pivoted TF-IDF and Okapi. In this experimental 
system, the term weighting component is implemented as an independent module so that 
we can swap the algorithm kernel easily. 
 
  Filtering is the step to exclude some index terms and documents from the final 
experimental file with some tunable thresholds. For example, we assume that some index 
terms with extremely low document frequency will have less chance to appear in those 
new incoming documents. Therefore, exclusion of those index terms should not hurt the 
performance and can reduce the complexity of computation. Nonetheless, according to a 
well-known assumption in the IR area that words could be informative regardless of their 
frequencies, we use a conservative strategy that only rejects words with df less than two. 
Still it reduces the size of the dictionary significantly as more than 50 percent of the 
words in the complete dictionary are from learned vocabulary; these tend to have very 
low document frequency on average. Additionally, a sampling size can be specified by 
filtering parameters so that a set of categories with a fixed number of subordinate random 
records can be generated.  
 
Input: Document indexes and category file 
Output: Intermediate file 
 
5.3.1.5 Formatting 
 
During the formatting phase, a content formatter transforms the intermediate file into the 
final version of the document for text categorization experiments.  
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Input: Intermediate files 
Output: Files ready for text categorization experiments   
 
5.3.1.6 Feature selection 
 
Feature selection is sometimes referred to as an aggressive dimension reduction strategy.  
 
  A major characteristic of text categorization that distinguishes itself from other data 
mining problems is the high dimensional feature space. An unreduced feature space is a 
vector space often with a huge attribute set with size equal to the number of unique terms 
in the collection. This may actually prohibit many learning algorithms from functioning 
correctly, as the learning task may become computationally intractable and the possibility 
of overfitting exists. To resolve this problem, it is desirable to have some methodologies 
to reduce the native space automatically without sacrificing much accuracy.  
 
  Automatic feature selection methods include the removal of non-informative terms 
according to corpus statistics and the construction of new features which combine lower 
level features [72]. Most commonly used classes of feature selection algorithms share a 
process pattern that starts with an empty set and increments by the order of discrimination 
measure index. It is called forward selection and the Chi-square test, information gain, 
and mutual information methods all belong to this category. On the other side, a 
backward selection algorithm starts with a full feature space and excludes irrelevant 
features. 
 
Input: File for TC experiments in a complete feature space 
Output: File for TC experiments in a reduced feature space 
 

5.3.2 File Format and Organization 
5.3.2.1 Metadata structure  
 
In the OAI community, Dublin Core (DC) metadata support is mandatory for all data 
providers. However, as we need classification scheme information for the text 
categorization task, a more detailed metadata format is needed from those physics data 
providers. Thanks to support from APS and IoP, format aps_basic and stk_header are 
provided with document category information in PACS.   
 
5.3.2.2 Document index structure  
 
Figure 5.2 illustrates how the document index is organized. 
 
  For each field in the metadata, there is a separate set of field document index and 
dictionary files. Such a scheme allows structural information to be kept so that further 
text categorization experiments on structural combinations can be done.  
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  The dictionary file contains a list of words that occur in that field sub-collection, e.g., 
title and abstract, and it also includes collection level statistics like total term frequency 
and total document frequency, so that IDF and other measures can be easily calculated.  
 
  The document category information is isolated from other indexes, as it remains 
constant in all sub-collections. For those documents uncategorized, they are left out from 
the category index file. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.2 Forward index structure 

 
 
  Forward index is a data structure that holds quick links into texts. Given a forward index 
and offset lookup table, we may easily find a parsed full text of a document with one disk 
seek.  
 

word_id_1 tf_1 df_1 
word_id_2 tf_2 df_2 
… 
word_id_n tf_n df_n 
 

Field dictionary file 
 

doc_id_1 term_id_1 doc_1_tf_1 term_id_2 doc_1_tf_2 
doc_id_2 term_id_1 doc_2_tf_1   
…. 
doc_id_n term_id_n doc_n_tf_1   
 
Field forward index file 

doc_id_1 fileid_1 offset_1 
doc_id_2 fileid_2 offset_2 
 

<doc_id> doc_id_1 
doc_1_category_1 
doc_1_category_2 
doc_1_category_3 
<doc_id> doc_id_2 
doc_2_category_1 
…….. 
<doc_id> doc_id_n 
doc_n_category_1 
doc_n_category_2 
 
Document category index 
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5.3.2.3 Intermediate file structure  
 
The format of the intermediate file appears to be like that of the forward index, however, 
the actual meaning of some fields is different. In the intermediate file, document ID is 
followed by a category ID that indicates to which category this document belongs. After 
that, there are a number of term ID and term weight tuples calculated by a program at 
runtime. Term weight is generated by the plug- in document ranking function, whereas 
term ID is determined by its new index after term filtering. A dictionary index mapping 
table is packed together with the intermediate file so that we can look up the new index of 
a specific term or vice versa.  
 
5.3.2.4 Experimental file structure  

An ARFF (Attribute-Relation File Format) file is an ASCII text file that describes a list 
of instances sharing a set of attributes. The ARFF file format is formulated by the 
machine learning project at The Department of Computer Science of The University of 
Waikato for use with the Weka machine learning software [61]. 
 
  Before the emergence of ARFF, there is another well-known format in the machine 
learning domain called C4.5, which originates from a decision tree learning project. The 
reason to define a new attribute relation file format is that ARFF is more general and 
flexible than the C4.5 format. It allows a data set in sparse matrix form and therefore it 
fits very well the nature of high dimensionality feature spaces found in text mining. 
 
  ARFF files have two distinct sections. The first section is the Header information, which 
is followed by the Data information. Attribute types and relationship names need to be 
declared in the Header section. For data representation, it could be either dense or sparse.  
 
 
 
 
 
 
 
 

 
Figure 5.3 Intermediate file structure 

 
 
 

doc_id_1 category term_id_1 doc_1_weight_1 term_id_2 doc_1_weight_2 
doc_id_2 category term_id_1 doc_2_weight_1   
…… 
doc_id_n category term_id_n doc_n_weight_1   
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5.4   Experimental Results 

5.4.1 Configuration 
5.4.1.1 Hardware 

Dell PowerEdge Server 
CPU Dual Xeon 3.06G Hz 
Memory 2GB DDR SDRAM 
Hard Drive 15K RPM Ultra 330 SCSI 75GB X5 (RAID 5) 
 
5.4.1.2 Software 

Operating System Redhat Linux 8.0 with SMP 
Java Runtime Environment Java Hotspot VM 1.4.1_01-b01 
 

5.4.2 Evaluation methodology 
Evaluation is the process to ascertain or fix the worth of an object. It is a key to make real 
progress in our research, as without quantified system analysis, we can make no 
judgments on how credible a solution is and how to compare one with another.  
 
  In Text Categorization, it is natural to measure the performance in terms of error rate. 
However, if we revisit the classification problem, we realize that we expect the future 
performance of a classifier on new data should be approximately as good as its past 
performance on old data. If a test set is not independent from the training set, it is very 
likely that our estimate is overly optimistic as the classifier has learned from similar 
training data. Thereby it is essential to separate a subset from the data collection or 
prepare a brand-new collection for testing purposes only in order to assess the 
performance independently and fairly.  
 
  We have concluded that we need to divide a data collection, but we didn’t mention how 
to divide it. To be more specific, what’s an ideal ratio of a training set to a test set? There 
is no conclusive answer to this question yet, however, people typically use two sets with 
roughly equal size. Under such a kind of strategy, there is a chance that we may be very 
unlucky, if our training samples are not representative. In fact, it is very hard to tell 
whether an instance is representative or not. Therefore, a simple workaround may apply.  
 
  We divide a collection into a fixed number of parts with approximately equal size. For 
each partition, it is held out for once as a test set and plays a role as a training set for the 
rest.  The final assessment will be based on a summary of the whole process. It is 
conceivable that any bias caused by sampling is somewhat mitigated in that case. Such a 
kind of process is called “stratified n-fold cross-validation” [61]. 

 
  We use a confusion matrix to display the result on the test set. A confusion matrix is a 
two dimensional matrix with a row and column for each class [61]. Each matrix element 
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shows the number of test examples for which the actual class is the row and the predicted 
class is the column; good results correspond to large numbers down the main diagonal 
and small, ideally zero, off-diagonal elements.  
 
  Other well known measurements may include F1, which is the harmonic mean of 
precision and recall of the text categorization results. It involves the task to retrieve 
multiple categories for a single document that is supported, but not fully tested in our 
experimental frameworks. The difficulty to determine an appropriate thresholding 
strategy among categories is comparable to free text categorization task itself [80].  
  

5.4.3 Results and data analysis  
 
We start our experiments with a few well-known classification algorithms. For K Nearest 
Neighbor, we set parameter K to 40 so that the classification result is a majority vote 
from 40 nearest instances. For SVM, we set kernel complexity to one. Our experiment is 
designed this way as we intend to simplify our problem and compare different 
classification strategies in a coarsely granular fashion. 
 
5.4.3.1 Collection statistics analysis  
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Figure 5.4 Number of categories per record in APS collection 

 
 

Table 5-1 Number of categories per record in the APS collection (see also Figure 5.4) 

Number of 
categories  

0 1 2 3 4 5 6 7 8 

Records 135301 23179 51587 74464 48789 517 115 3 108 
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We first examine the number of categories per record in the APS collection. Out of a total 
of 334121 metadata records, around 60% (198,820) is classified under at least one 
category (see Figure 5.4). For all classified records, they carry an average 2.64 PACS 
codes.  
 

Table 5-2 the APS collection metadata with labels 

APS collection metadata with labels Percentage 
Metadata with one or more labels 59% 
Metadata with two or more labels 52% 
Metadata with three or more labels 37% 
Metadata with four or more labels 15% 

 
  A sub-collection that consists of all classified documents is the baseline for our text 
categorization experiments. An assumption has to be made that all records in the APS 
collection are seemingly correctly classified in order to proceed.  
 
  Second, we start to look at the hierarchy of PACS. Shown in Table 5.3, PACS is 
considerably more complicated than any other classification schemes in terms of number 
of distinct sub-categories in deeper levels.  
 

Table 5-3 Comparison of classification schemes 

Classification 
Scheme 

First level Second level Third level Fourth level 

PACS 10 66 687 2553 
ACM  11 81 276 N/A 
 
  It is observed that most records (>99%) in the APS collection are classified under the 
third level or even deeper. A distribution of third level PACS is shown in Figure 5.5. It is 
found that most third level categories are associated with less than 20 records, while 
some outliers may have as many as 6373. Likewise, a distribution of fourth level PACS 
with regard to the APS collection is shown in Figure 5.6. Most fourth level categories 
have less than 25 records, while some outliers may have over 5000. As the text 
categorization experiment on a small number of district categories is always a 
cornerstone for further experiments, our experiments are more focused on first level 
classification. We use the hierarchical information available in PACS, that is to say, 
assuming that records of a subcategory can be regarded as positive evidence of its parent 
category.  
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Figure 5.5 PACS third level distribution (the APS collection) 
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Figure 5.6 PACS fourth level distribution (the APS collection) 
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Figure 5.7 Title length distribution in the APS collection 
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Figure 5.8 Abstract length distribution in APS collection 
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  Third, we have a glance at how much information each type of metadata carries. As the 
text categorization task is typically based on free text, we plot two curves showing the 
distributions of metadata title length and abstract length in the APS collection (see Figure 
5.7 and 5.8). It is noticed that the average title length is greater than five and the average 
abstract length is greater than forty, which makes our follow-on feature selection 
experiments realistic.   
 
  At last, we present a property that may determine whether a learning task is hard or easy 
[Joachims, 2001]. One key property identified by Joachims is the discrimination power of 
term sets between different classes. In other words, the extent to which vocabulary differs 
between classes makes a difference for learnability.   
 
  In Table 5-5, each entry denotes the number of distinct words shared by two different 
APS first level classes. Combining the data we have in Table 5-4, we may say that it can 
be hard to distinguish class A from class B if a significant portion of the vocabulary in 
class A occurs in class B.   

Table 5-4 the APS collection first level vocabulary size 

Category 1 2 3 4 5 6 7 8 9 10 
Vocabulary 

size 
49360 27772 21237 32819 33670 15371 58273 74037 32810 18185 

 
 
  

Table 5-5 the APS first level shared vocabulary matrix 

 1 2 3 4 5 6 7 8 9 10 
1 49360  15166 11056 16918 20957 10230 23906 22368 20079 14035 
2 15166 27772 11801 10448 10073 7126 10936 11459 9300 11237 
3 11056 11801 21237 9628 9401 7082 9755 10293 8686 8650 
4 16918 10448 9628 32819 14996 9246 15865 17031 13577 9385 
5 20957 10073 9401 14996 33670 10228 17462 17865 15298 10231 
6 10230 7126 7082 9246 10228 15371 9260 9351 8571 7476  
7 23906 10936 9755 15865 17462 9260 58273 35334 23377 10710 
8 22368 11459 10293 17031 17865 9351 35334 74037 19899 10644 
9 20079 9300 8686 13577 15298 8571 23377 19899 32810 9447 
10 14035 11237 8650 9385 10231 7476 10710 10644 9447 18185 
 
 
5.4.3.2 Sensitivity to the number of training instances   

In order to foresee the performance of a classification algorithm based on statistical 
information of a new data collection, we can look at their sensitivity to the number of 
training instances in our training collections. We randomly choose 50, 100, 200, 500, 
1000, and 2000 instances from each category in the APS collection and perform a 
stratified tenfold cross validation for measuring.  
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  The curves of average testing precision and average training precision are shown in 
Figure 5.9. It is observed that SVM classifiers outperform the others consistently and 
their performance grow steadily when more training instances are available. In  
particular, in all text categorization experiments, SVM is one of the best classifiers in the 
TC domain, and SVM can somewhat avoid overfitting.  It is noticed that KNN classifiers 
significantly underperformed the other two, even when the number of training instances 
grows. Further, its accuracy is much lower than its past performance in experiments on 
other collections, which is around 70 percent. A few explanations of this phenomenon 
could be that we don’t have adequate training instances for KNN and that KNN is 
sensitive to noises in our randomly generated training collections. Naïve Bayes classifiers 
tend to stay in the middle all the time with a relatively constant growth, however, we spot 
a drop of accuracy when the number of training instances increases to 2000 per category. 
It might be caused by overfitting as we observed a constant increase in the error rate on 
the training data (see Table 5-7). 
 
 

Table 5-6 Cross validation accuracy (see also Figure 5.9) 

Methods/Instances(per category)  50 100 200 500 1000 2000 
KNN (%) 20.2 26.6 26.1    
Naives Bayes (%) 55 60.4 64.8 66.5 64.8 51.7 
SVM (%) 66.8 70 72.8 79 79.7 79.5 
 
 

Table 5-7 Training model accuracy 

Methods/Instances (per category) 50 100 200 500 1000 2000 
KNN (%) 39.4 52.4 39.9    
Naïve Bayes (%) 100 98.2 88 76.7 70.8 54.4 
SVM (%) 100 100 100 100 100 100 
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Figure 5.9 A comparison of cross validation results from different classifers 

 

 
5.4.3.3 Efficiency of classifiers  

As our major objective of TC experiments is to build online classification services for 
PACS, the response time of a classifier must be another key concern of the system. In 
Figure 5.10 and Figure 5.11, we show the time to build each model and test each model 
for each classification algorithm. The online response time should be proportional to the 
time to test a model divided by the total number of instances given that the overhead in 
web server application calling is negligible. Here we use a fast implementation of SVM 
called Sequential Minimal Optimization (SMO) devised by Platt [75]; another popular 
fast implementation of SVM is Joachims’ SVM Light package [76].     
 
  It is conceivable that a KNN classifier takes much less time to build a model, and much 
longer time to evaluate a model, as a lazy learning classifier. Moreover, it is expected that 
its online response time is proportional to the product of the size of the dictionary and the 
number of the total instances, which makes it inapplicable in practice.  
 
  Although Naïve Bayes classifiers spend more time than the other two strategies in 
model building, we can see a trend that the costs for Bayes classifiers to build models are 
getting closer to the SVM and KNN classifiers (from 822% to 64% compared with the 
SVM approach). In terms of time to evaluate the model, it is shown that the Naïve Bayes 
approach is slower than the SVM (one hundred times on average) and is superior to the 
KNN (less than one tenth on average). Nonetheless, the response time is still acceptable 
on our hardware configuration (<3 seconds in calculating labels). 
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  The Support Vector Machine approach has a proven track record of high performance in 
classification and pattern recognition problems and it is de facto one of the most widely 
used benchmarks for text categorization tasks at present. In our physics collection, again 
SVM excelled all its competitors either in accuracy or in efficiency. While it takes an 
extra average 40% percent time to build a model compared with the KNN lazy learning 
classifier (<70 seconds for 2000 training instances), it is much faster than the Naïve 
Bayes classifier (<50 milliseconds for labeling in average).  
 
 

Table 5-8 Time to build models (see also Figure 5.10) 

Methods/Instances (per category) 50 100 200 500 1000 2000 
KNN (seconds) 9.57 21.75 38.34    
Naïve Bayes (seconds) 95.4 223.55 566 1960 5584 11836 
SVM (seconds) 11.6 25.91 67.72 246 1846 7203 
 
 

Table 5-9 Time to evaluate models (see also Figure 5.11) 

Methods/Instances (per category) 50 100 200 500 1000 2000 
KNN (seconds) 7121 30661 136055    
Naïve Bayes (seconds) 976 1969 3890 9067 24013 40015 
SVM (seconds) 5.64 12.21 27.72 79.83 359 691 
 
 

 
 

Figure 5.10 A comparison of model building time 
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Figure 5.11 A comparison of cross validation time 

 
5.4.3.4 Aggressive feature selection methods  

Based on the results above, we have a relatively strong confidence in moving our 
experiments forward with SVM. Our next step is to examine different feature selection 
schemes. In contrast to the conservative approach we have taken in producing 
intermediate index files, now we are trying to reduce dimensions aggressively so that the 
complexity of the computation can be relieved significantly when doing online 
classification.  
 
  The size of our controlled vocabulary is 98370, and an extra vocabulary with 151242 
words is learned during the APS collection loading. After trimming off all those 
keywords with total document frequency less than two, we have a reduced dictionary 
with 55939 words as our baseline for feature selection experiments. 
 
  As we may see in Figure 5.12, both information gain and the Chi-Squared test selections 
can remove at least 90% of the features with not much loss in categorization accuracy.  
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Figure 5.12 Feature selection on the APS dictionary 

 
5.4.3.5 Manual evaluation 

  Finally, we hook up our SVM classifier including 5000 attributes with the Servlet web 
interface and study its performance manually. We collect the metadata of 14 authored 
papers directly from our physics collaborators and test manually with the online abstracts. 
The result is that we only miss two. Figure 5.13 shows the online prototype in use. 
 

 
Figure 5.13 PACS automatic classification online 
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5.4.4 Conclusion 
From this study on the APS collection, we reached the following conclusions: 
 

• The number of training instances can have serious impacts on the performance 
of classifiers.  When there are no sufficient instances in the training set, a 
classifier may significantly underperform its peers. In other words, general 
speaking, the more training instances available for each class, the merrier. 
However, when a classifier is overly trained with an excessive number of 
instances, it is possible that some classifiers may fall.   

• There is a drastic difference in terms of efficiency among different classifiers. A 
classifier could be fast in training, and slow in predicting. As what we are looking 
for is a classification approach that can respond in a timely fashion, we argue that 
the Support Vector Machine scheme is ideal for online classification systems, 
albeit the performance of the Naïve Bayes approach is acceptable.  

• Features can be removed aggressively with a proper dimension reduction 
scheme. In order to expedite the prediction process, it is desirable to reduce the 
complexity of the computation, without losing much in the precision. We 
observed that, in the APS collection, both Information Gain approach and the Chi-
Square approach could fulfill our goal of feature selection.    
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Chapter 6 Project Engineering 
 
Like all engineering, software engineering not only means producing products, but also 
involves production in a cost-effective way. Good software should be maintainable, 
reliable, and efficient, while it should offer an appropriate user interface. A well-known 
process of software development lifecycle is the waterfall model [73], which divides the 
production into five stages listed below.  
 

• Requirements analysis and definition, 
• System and software design, 
• Implementation and unit testing, 
• Integration and system testing, 
• Operation and maintenance. 

 
Other paradigms like prototyping and the spiral model [74] also are not unusual for 
practical system production in the information technology industry, depending on the 
type of project. Besides those detailed approaches, a lightweight yet effective 
methodology called extreme programming [78] is widely accepted by the industry as 
well, with emphasis on some practical points such as Small Release, System Metaphor, 
Simple Design, Refactoring, Collective Code Ownership, and Coding Standards.  
 
6.1   Requirements Analysis 
 
During this phase, we are trying to capture the services the system should provide and 
constraints under which it must operate.  
   
  As we have an existing PhysNet portal in production, it helps to relieve our difficulties 
in understanding the nature of the problem definition and users’ needs. The goal of our 
project is to enhance PhysNet services, not replace PhysNet services. Therefore, a 
decision was reached that migrations must be done to adopt all current PhysNet features. 
For these parts, we don’t generate necessary requirement analysis documents as we have 
clear prototypes to illustrate the specifications of the new system. For those add-on 
features, we set up regular meetings with a professor from our Physics department, as 
well as visit s from our collaborators from Germany, to make the requirements clear.  
 
  In practice, the software process tends to be non-sequential or spiral in contrast to the 
description of this classical model in textbooks. User needs may shift or adjust when the 
project moves on. End users also may update their requirements in the form of feedback 
to project early releases. Therefore, we update our requirements continuously throughout 
the lifecycle to best reflect our understanding of the problem.   
 
6.2   Design 
 
Software design typically starts with architectural issues. We decided not to start from 
scratch, as a number of relevant platforms and toolkits can offer assistance to shorten the 
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development cycle and they have proven to be reliable with many successful exemplary 
solutions.  
 
  After careful consideration, we narrowed down our candidate platform list to uPortal 
Toolkit, Scout Portal Toolkit, and Apache Jetspeed platform. These are all open-source 
toolkits and have proven track records in coping with similar scenarios to what we 
described. The uPortal framework is a leading Java-based platform supplier in higher-
education administration portals and it offers a great variety of built- in components for 
easy deployment. An organization, JASIG, with more than 300 members, is fully 
dedicated to the development of this platform. Jetspeed, a part of Apache Jakarta project, 
is another open-source Java/XML based implementation of the Enterprise Information 
Portal. Furthermore, Jetspeed is working towards a standard portlet specification through 
JCP (Java Community Process) 168. Scout Portal is funded by DLI phase 2 and 
developed at the University of Wisconsin. Although this PHP-based portal offers a set of 
useful tools, it has difficulties in integrating with our existing applications.  
 
  Finally, we choose uPortal as our platform for its simplicity, flexibility, and scalability. 
For each component, we define its application logic in natural language and determine its 
type following general component design strategies. The component interface is fixed as 
every component must inherit from a class or interface from platform standard libraries.  
 
6.3   Implementation 
 
Programming in Java makes applications truly portable and design completely object-
oriented. Applications can be delivered in a fashion of cross-platform binaries as long as 
a corresponding JVM (Java Virtual Machine) is available for that platform. 
 
  Coding standards and system metaphors are very essential in the implementation stage. 
Sometimes, developers may share different vocabularies for the same object, which leads 
to an inconsistency among program files. This could be detrimental for teamwork and 
integration. Coding standards should be enforced throughout the implementation as well, 
since a “good” program should be not only machine-readable, but also human-readable. 
Documentation is a must and meaningful identifier names are strongly recommended. In 
a sense, your program should be able to meet all the requirements of collective code 
ownership.  
 
  Regarding the programming environment, there are a set of general-purpose 
environments and language-oriented environments available. Generally, for Java 
programs without GUI, we prefer lightweight editors with dictionary support like vi, 
ultraedit, and textpad. For powerful tools and WYSIWYG UI design, we may go for 
Eclipse, Visual Studio, and Forte. For XSL stylesheet editing, Stylus Studio, XML Spy, 
and Eclipse are all very good. More than that, sometimes stream editor tools like sed and 
tr turn out to be extremely help ful in data cleaning, as virtually all text editors have great 
difficulties in manipulating very large files.    
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6.4   Unit Testing 
 
There are two types of units to test, Java program and XSL stylesheet. Test cases are 
created before the implementation. To test with Java stand alone classes, we use the Junit 
test framework so that it can automate test procedures and generate a report of all test 
cases read from a test data spreadsheet. To test with an XSL stylesheet, a set of sample 
XML inputs is prepared to do a rudimental testing offline. All XML sample inputs should 
be consistent with the outputs of any specific component. To verify the correctness of 
each stylesheet, we use Internet Explorer and Netscape Navigator to examine the layout 
after rendering.  None theless, functionalities of every component cannot be fully tested 
until it is integrated into the portal container context.  
 
6.5   Integration Testing 
 
We have done the following integration tests: component deployment testing, inter-
component communication testing, and remote component testing. Test cases are 
typically derived from functional specifications while system verification cases also are 
included. It is universally accepted that testing with components in a web application is 
very hard as it cannot be automated easily, and diagnosis of failed test cases is very time 
consuming. We often use Exception.printStackTrace for backtrack debugging.  
 
6.6   System and Validation Testing 
 
Validation testing examines whether a right product is built, while verification testing 
emphasizes whether a product is built right. A slight difference in word sequence denotes 
that the arbiter of reasonable expectations on software should be the software procurer or 
customer, instead of the software developer himself. Sometimes, it is fairly hard for 
software developers to foresee how the customer will really use a program and therefore, 
acceptance from the customer side is a must.  
 
  As this project is still under development, we have only done component- level testing 
on some major components. Generous help from our collaborators in the Physics 
department at Virginia Tech and University of Oldenburg, including design suggestions, 
user experience feedback, and test data collection, enable our developers to make 
modifications before an early version of the whole product is released.  
 
  System testing is actually a series of different tests whose primary purpose is to fully 
exercise the computer-based systems [74].   
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    In the uPortal framework, a failure of a component will not cause a system to cease, as 
an error will be caught beforehand by a LayoutBean. We have done a number of test 
cases on deploying erroneous components to prove this argument. Our test cases include 
deploying misconfigured components, components without stylesheets, components with 
errors in stylesheets, and components with errors in programs.  
 
  System security of uPortal is scrutinized according to the rationales mentioned earlier in 
Section 3.5. To test with authentication issues, we copy the URLs from authenticated 
sessions and paste them into unauthenticated windows in order to see if we can bypass 
the security system. Also, since each component has a preset session time out value, we 
test with some of them to see whether a portal server is still accessible without being 
authenticated again after the timeout. Tests with authorizations are very straightforward. 
We need to ensure that authorized users can access appropriate components while those 
unauthorized can’t. We test with granting permissions to an individual user, a group, and 
a sub-group; we also test with revoking permissions from users and groups.  
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Chapter 7 Conclusions and Future Work 
 

7.1  Conclusions 
 
In this thesis, we describe an exploratory study of how to use a new toolkit to build 
distributed, componentized, and personalized DLs, and how to use OAI and web services 
to create new PhysNet services for physicists and graduate students.  
 
  From our direct experience in past DL development, it is not simple to build a digital 
library from scratch, and it is even harder to share information and services among a 
group of heterogeneous digital libraries.  
 
  To address this problem, research concerning the Open Archives Initiative indicates the 
promising future of DL interoperability by promoting OAI-PMH, which aims to facilitate 
the information dissemination through standard protocols. Further work by Suleman 
shows the feasibility to construct DLs in a simple and repeated manner with a set of 
extended OAI-PMH protocols that can describe many popular DL services.  
 
  In industry, recently we observed a trend of the heavy use of XML and Java related 
technologies to advance the flexibility, scalability, interoperability, and performance in 
enterprise applications. Especially the notion of web services, which is a set of self-
describing, self-contained, and modular applications, exploded in 2000 with the support 
from major technology companies such as Microsoft, IBM, Sun, Apple, Oracle, HP, 
Compaq, and SAP. Relevant toolkits like Apache Axis can greatly facilitate the 
procedure to build web services by generating client and server stubs automatically from 
web service description languages. It supports our plan to investigate the possibility of 
modeling DL services as web services.  
 
  All these advances lay the foundations of our research in this thesis.  
 
  Our approach is to reexamine DL building at both the protocol level and the application 
level. At the protocol level, we show the applicability of existing web service 
technologies such as SOAP to the concept of modern digital library in addition to the 
ODL framework; in the application level, we prove that a toolkit can facilitate the process 
of building and distributing modern digital libraries. 
 
  In our PhysNet reengineering case study, we have shown a component-based framework 
to build distributed DL services through web services.   
 

• Like OAI-PMH, an information dissemination protocol can be wrapped up in an 
application- independent and platform-independent manner. In our system, this 
process has been extended to DL services as requests and responses of DL 
services are all encoded with XML.  
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• We believe that DLs can be modeled by a network of interconnected components 
with web services enabled. In our system, DL services are offered with web 
services in addition to their web interfaces. It decouples the relationship between 
service providers and user interface providers so that DL services can be provided 
in a greater variety of forms. 

 
 
• Support from industrial standards, like SOAP, is sought so that our research 

initiatives can be possibly adopted in a wider domain as there is a vast number of 
companies doing development in these areas.   

 
• DLs can be easily packaged and installed, in addition to being able to be easily 

built, with appropriate build tools. We use Apache Ant as our project builder and 
it takes less than one minute to package our project and an average of three 
minutes to install it on new machines. Most steps are unattended. 

 
 
• DL interfaces can be separated from application logic and fully customized with a 

flexible interface construction toolkit. By the nature of the uPortal framework, DL 
services are provided in the form of XML. Therefore, it allows a late-binding 
scheme between services and presentations. Moreover, the three-stage 
presentation assembly pipeline in the uPortal framework enables a maximized 
degree of freedom in terms of UI customization.  

 
7.2  Future Work 
 
The objective of our project is to continuously explore the possibility to add new services 
to the PhysNet portal and to enhance its existing services with the latest technologies 
available.  
 
  We have adopted PhysNet Journal, PhysNet Conference, PhysDep, and PhysDoc into 
our new portal successfully. However, considering that PhysDep and PhysDoc still have 
many links pointing to the old PhysNet portal, it is desirable to create a local copy of the 
information gathered by PhysNet harvesters.  
 
  So far, much of our work is based on the APS collection, such as browse and automatic 
classification. However, all these approaches are not bounded with a specific scheme or 
metadata format, and therefore can be extended to other related collections, like IoP and 
arXiv.. More experiments can be done to explore whether our existing classifiers are 
collection-sensitive and whether evidence from multiple sources can improve or impair 
the performance of classifiers. With more instances available, it becomes feasible to offer 
a multiple-hierarchy PACS recommendation table.  
 
  Regarding our PACS browser, it has been further identified that there is a need to 
provide search in the context, filtering, and author cross- links.  
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  Other directions may include: extending current components to other user communities, 
say, computing, so that it can further prove that our framework is a general purpose 
approach, developing PhysNet ontology crawlers, and integrating the PhysNet portal with 
the MARIAN search system.  
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Appendix 
 
Appendix A: PhysJob user tasks 
 
A.1 Customization tool 
 
Subscribe  

1) Click “Preference” link on the upper right. 
2) Select the tab you wish, to place your PhysJob perspectives. If you wish to create 

a new tab as a placeholder, click “New Tab” button. 

 
 
3) In the position you would like to place your perspectives, click “New Channel” 

button. 
4) Select “Application” from the category drop down list and click “Go”. 

 
 
5) Select the perspective you want to subscribe and click “Add”. 
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6) Click “Home” on the upper right to return to the MyPhysNet main homepage. 

 
 

 
Unsubscribe  
Click on the  or  button in your desktop layout or user customization tool so as to 
remove a perspective from your personalized desktop layout.  
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A.2 Administrator perspective 
 
Review all incoming requests for employer perspectives  

1) Locate PhysJob Administrator perspective in the MyPhysNet portal. If you have 
not subscribed yet, do it through the user customization tool. 

2) Click “List New Employers” button. 

 
3) Select an employer from the list. 
4) Review the request in detail and verify 

 
a. To send the contact person an email, click on his/her name. 
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b. To visit the homepage of this employer, click on the employer’s name. 
c. To give the contact person a ring, use the phone number provided.  

5) Based on the information you have, determine whether to approve or not via the 
“Admit” or “Reject” button.  

 
Review all incoming requests for job seeker perspectives 

1) Locate PhysJob Administrator perspective in the MyPhysNet portal.  
2) Click “List New Seekers” button. 

 
3) Select a job seeker from the list. 

 
4) Review the request in detail and verify 

a. To send the job seeker an email, click on his/her name. 
b. To review his/her homepage or vita page, click on the name. 
c. To give the job seeker a ring, use the phone number provided. 

5) Based on the information you have, determine whether to approve or not via the 
“Admit” or “Reject” button.  
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A.3 Job seeker perspective 
 
Update the user profile or file a request for enrollment 

1) Locate PhysJob job seeker perspective in the MyPhysNet portal. 
2) Fill out the application as completely as possible if you are a new user, or update 

your profile whether your request is approved or not. In case your previous 
request was rejected, your profile will reappear in the new job seeker list.   
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Search for job openings 
1) Locate PhysJob Job Seeker perspective in the MyPhysNet portal. 
2) If your enrollment request is approved, you may click on the “Search jobs” 

button. 
3) Set your search filter options and click the “Search Now” button. 

 
 

View details of job openings 
1) Within your research result, you may click on any job for its detailed information. 

 
 
 
Apply for a job 

1) If you identify any matched jobs with your background, you may apply for it 
through the online application system or send emails/snail mails according to 
application instructions. 

2) You may write up a cover letter when you apply online.  
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A.4 Employer perspective 
 
Update employer profile or file a request for enrollment 

1) Locate PhysJob Employer perspective in the MyPhysNet portal. 
2) Fill out the application as completely as possible if you are a new user, or update 

your profile whether your request is approved or not. In case your previous 
request was rejected, your profile will reappear in the new employer list.   
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Search for qualified candidates 
1) Locate PhysJob Employer perspective in the MyPhysNet portal. 
2) If your enrollment request is approved, you may click on the “Search seekers” 

button. 
3) Set your search filter options. 
4) Browse the listing or modify your search parameters. 
5) Click on a candidate for his/her detailed qualifications.  

 
 

Review candidate qualifications  
1) After clicking on a candidate’s name in the search result, a detailed profile will be 

presented. 
a. To communicate with the interested candidate through email, click on 

his/her name. 
b. To look for more information about this candidate, click on the 

professional homepage or vita link. 
c. To reach the candidate via phone calls, use the number provided.  
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Announce a new opening 

1) Locate PhysJob Employer perspective in the MyPhysNet portal. 
2) If your enrollment request is approved, you may click on the “Job 

Announcement” button. 
3) Fill out the details about this opening and click the “Submit” button. 
4) You may review and revise it in your “Current Openings”. 

 
 
List all active job openings 

1) Locate PhysJob Employer perspective in the MyPhysNet portal. 
2) If your enrollment request is approved, you may click on the “Current Openings” 

button. 
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3) The system will return a list of your current openings that still haven’t passed 
their application deadlines.  

 
 
Review an opening 
The owner may retrieve the detailed information of any specific job opening of his own 
from the “Current Opening” list. He may also read a list of applicants who have 
expressed their interestin this job through an online application.  

 
 
Review applications and cover letters  

1) All job applications will be routed to employers, and employers can see a list of 
applications when they review their current job openings.  

2) In the list, a brief background of the applicant is shown, such as research interest, 
highest degree conferred, and school name.  

3) If an employer is interested in knowing an applicant further, he may click on the 
name of this applicant. 

4) Detailed qualifications will be provided, as well as the cover letter to the 
employer, if any. 
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Edit a job 

1) When an employer is reviewing a current opening, he may think of revising it by 
clicking the button “Edit”. 

2) When he finishes editing, he may click the “Submit” button to update the 
information. 

 
Close a job before the deadline  
A job opening can be closed at any time before it expires. The owner can close it by 
clicking on the “Close” button when reviewing his current openings. 
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