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Abstract: Some of the universities in Malaysia are still implementing hybrid Electronic Theses and Dissertations (ETD)
approach in managing Theses and Dissertations (TD). One of the limitations of the hybrid ETD approach is its online
cataloguing method, which is only available at the physical location of the TD instead of enabling the information to be
retrieved online. Maintaining the performance and the data accessing rate of an ETD system has become challenging, due in
part to the high number of scholars who utilise and access the system. In order to allow remote access and maintain the
services such as scalability, accessibility, availability and expressibility, a Grid Enabled E-Theses and dissertations repository
system (GREET) has been proposed in this paper to provide uniform access of knowledge integration among distributed
heterogeneous platforms and repositories by using data grid technology. Comparative performance results between a non-grid
architecture and GREET has been benchmarked. It has been proven that GREET is able to increase the processing time
approximately three times faster than the non-grid architecture. Furthermore, multiple file streams can be opened to support
larger volume and larger capacity of file operation so that GREET is able to decrease the chances of network congestion
caused by input/output file operations. For future direction, research will be focused on searching algorithm using data mining
or pattern discovery to minimise the respond time.
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1. Introduction 2. Reliability/Resilience (Fault Tolerance): Referring
to the ability of an ETD system to handle any
unexpected condition and provide disaster recovery
facility when needed.

. System and Data Integrity: Referring to the ability
of an ETD system to ensure the consistency and
validity of the information stored after a particular
processing such as data duplication, data insertion,
deletion and modification.

. Heterogeneity: Referring to the ability of an ETD
system to handle multiplicity of resources that are
heterogeneous in nature and will encompass a vast
range of technologies [16].

. Performance: Refers to the turn-around time for a
complete uploading or downloading processes of an
ETD system.

System and Data Availability: Refers to the uptime

Integratability Reliability / Resilience ’ of an ETD system.
_ 7. Accessibility: Referring to the availability of the
Expressibility System and Data Integrity

information throughout the searching and retrieving

ETD REPOSITORY SYSTEM :
o _ processes via an ETD system.
Archivabity '_/ K Heterogenelty . Archivability: Referring to the ability of an ETD

Electronic Theses and Dissertations (ETD) is an
electronic  repository system which comprises
information such as concepts and outputs of the latest 3
researches produced by scholars during their process of
cognition, exploration and analysis. In order to
improve the ETD system in Malaysia, a literature
review especially on the evolution of the ETD system
in Malaysia and other relevant countries have been 4
studied, compared and analysed. From the analysis
result, we have identified that a good ETD system must
be able to provide the following services, refer to
Figure 1 for the proposed ETD repository services. 5

Security Scalability / Expandability / Upgradability

=)}

8
T erfomnce system tF) f:gtalogue agd store divergent daFa type.
T 9. Expressibility: Referring to the presentation of the
_ _ _ information that an ETD system can provide.
Figure 1. Proposed ETD repository services. 10. Integratability: Referring to the ability of an ETD
1. Scalability/Expandability/Upgradability: Referring 32:225 to integrate with other existing ETD

to the ability of an ETD system to expand without
having significant degradation in performance.



A Grid Enabled E-Theses and Dissertations Repository System

11. Security: Referring to the ability of an ETD system
to avoid malicious and other security threats from
hackers and crackers.

From the literature, we have found out that most of the
universities in Malaysia, in particular public
universities funded by the Malaysian government are
still implementing the hybrid ETD approach in
managing theses and dissertations (the definition of
hybrid ETD can be obtained in the following section).
One of the drawbacks of implementing the hybrid ETD
approach is due to its nature of online cataloguing
method which can only be used to pin point the
physical location of the theses and dissertations instead
of making the information retrievable online. Due to
this issue, a lot of scholars in Malaysia are still
suffering as information retrieval still needs to be done
manually. Apart from the availability issue, the quality
of the information retrieved has also become an
important factor when an ETD has the facility to reveal
the same information to the scholars in a more
presentable and meaningful manner. Retrieved ETD
system data can portray contents using colour diagrams
and images, as well as dynamic elements such as
animation and flash presentation, and multimedia
resources such as video and audio. This is in contrast
to printed material, which some scholars may find
boring.

However, the implementation, management and
integration of heterogeneous operating system,
divergent data type and storage server is a challenge to
the Malaysian ETD systems. At present, there is no
uniform search browser which enables scholars to
search for any related information which is obtained
from different ETD system at Malaysia although there
are some ETD systems that are maturely integrated, for
instance myais, mymanuskrip [5], eprints and etc.,

Table 1. Student intake for public institutions of higher learning
(IPTA) in malaysia from 2002-2007 [17].

Year 2002 2003 2004 2005 2006 2007

Student 64.061 | 70.481 | 81.075 | 80.885 | 89.633 | 128.839
Intake

Scalability is another main factor to ensure the
performance and durability of an ETD system used.
Based on the survey result shows in the Table 1, the
volume of the number of thesis and dissertation that
will be produced by the scholars will increase due to
the rapid growth in the yearly intake [17]. Thus, an
assumption has been made that the number of scholars
who will be using an ETD system to search of a
research publication will also increase. As a result, the
high demand of data transaction, maintaining the
performance and the data accessing rate of an ETD
system in future will be an impact and challenge
especially for the ETD systems in Malaysia. Moreover,
integrating the current existing ETD system with other
additional ETD systems from time to time will become
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tedious to most of the ETD system developers in
Malaysia. Therefore, in order to maintain the services
and alleviate the problems which have been mentioned
earlier, a Grid Enabled E-Theses and Dissertations
Repository System (GREET) has been proposed.

The remaining of the paper is divided into three
sections. In the section 2, we reviewed and evaluated
the growth of the ETD systems as in general. Then,
section 3 depicts about the related work which consists
of:

1. Comparison between the growth of the ETD
systems in Malaysia and other related countries.

2. Evaluation and analysis of current existing ETD
systems in Malaysia have been carried out.

The reason of implementing the proposed system
together with its preliminary result will be discussed in
section 5 after revealing the GREET architecture in
section 4. In section 6, we draw some conclusions and
discuss about the future work.

2. Growth of the ETD System

From the literature, the evolution of TD repository
systems can be classified into three stages: manual TD,
hybrid ETD and ETD. Paper-printed format which are
collected during the olden days are categorised under
manual TD. Besides, manual TD also includes
collections of theses and dissertations in book and
microfilm (a picture capturer created by George
McCarthy to take pictures of document in black and
white photography [3]). At manual TD stage, the
technology of microfilm has been widely used to
capture series of documents relating to students’ theses
and dissertations. However, the tape-liked microfilm
can only be viewed using a microfilm machine. Due to
this reason, the above-mentioned method has
encountered several disadvantages especially in
scalability/expandability, accessibility, availability and
expressibility.

As mentioned in the previous section, the collection
of theses and dissertations is increasing every year. As
a result, this phenomenon has enforced the
scalability/expandability of infrastructures used in
which more money and time are needed to extend the
physical storage (building) for storing theses and
dissertations.

In terms of accessibility, scholars are facing
difficulty in obtaining resources due to geographical
barriers. Moreover, it is very costly and time
consuming for a scholar to travel from one place to
another just to obtain the required resources. Besides,
most of the libraries have limited copies of paper
printed theses and dissertations. If a scholar has
borrowed or occupied a copy of the resources, other
scholars will not have an opportunity to obtain that
copy of resources.
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In terms of expressibility, most of the paper printed
TD are not expressive enough due to its presentation
manner. Therefore, scholars or readers might lose
interest in reading printed materials which are in
typewriting or black and white microfilm format.
Furthermore, there is a high impact for the resources to
be recovered if the paper printed copy of TD is
destroyed or damaged.

The emphasis of knowledge sharing by digitalising
theses and dissertation has been mentioned by
Davinson [6]. The National Digital Library of Theses
and Dissertations (NDLTD) [20] supported his view,
and subsequently conceptualises the full model of
online theses and dissertations in 1987. ETD research
field is pioneered by Virginia Tech, US in NDLTD
project. The NDLTD project is initiated by Edward
Fox which is the current director of NDLTD and
professor in Virginia Tech [8]. However, the initial

development of NDLTD is on cataloguing the paper-
based and microfilm theses and dissertations. The
online TD cataloguing is a hybrid ETD approach
which combines the computer technology usage to
enable a user or scholar to search for the physical
location of a thesis or dissertation. According to [28],
the hybrid ETD approach is able to reduce the duration
of the searching time and increase the accuracy of
identifying a resource. Subsequently, the hybrid ETD
approach may partially solve the accessibility problem
but the knowledge sharing is still restricted by
geographical barriers. When considering the actual
location of obtaining the resources, scholars are still
required to travel in order to obtain the resources. As a
result, the hybrid ETD approach is still unable to solve
the scalability, accessibility, availability and
expressibility issues.

Table 2. Service-oriented analysis and synthesis among manual TD, hybrid ETD and ETD.

Services Manual TD Hybrid ETD ETD
Costly (in terms of expanding Costly (in terms of expanding Less cost (can be expanded using
physical storage). physical storage). computer storage such as a data server
Scalability / Expandability or expand the hard disk spaces).
/ Upgradability Trade-off: Searching time for TD
will be longer once physical
storage is expanded.
Low reliability (no backup nor Low reliability (no backup nor High reliability (backup and
Reliability / Resilience duplication of TD). duplication of TD). duplication can be done by using
secondary storage).
N/A Steps and Algorithms need to be Higher data integrity and system
System and Data Integrity integrated into system to ensure the integrity need to be guarded because
data and system integrity with users ETD enables full access to the theses
right control. and dissertations online.
N/A Able to support heterogeneous Able to support heterogeneous
Heterogeneity platforms and database management platforms, physical storage, databases
systems. and database management systems.
Depend on the location of the TD | Depend on the location of the TD Depend on the downloading time.
stored. stored.
Whole TD can be downloaded from
Performance Longer time is needed to identify Actual location of the TD stored can the Internet.
the actual location of the TD be identified via the Internet.
stored Time needed to search fora TD ata
Time needed to search for a TD at | particular library.
a particular library.
TD can be obtained at libraries Searching and retrieving resources Whole TD can be obtained online
Access time is depend on the only limited to certain metadata such Access time is 24 hours.
library working hours. as title and abstract.
System and Data
Availability TD still need to be obtained at
libraries.
Access time is depend on the library
working hours.
. Low accessibility (data need to be | Low accessibility (data need to be High accessibility (data can be
Accessibility accessed manually). accessed manually). retrieved via a web browser).
Catalogue in manual format Catalogue in electrical format Catalogue in electrical format
Archivability Data stored in electrical storage (e.g.,:
Data stored in physical location. Data stored in physical location. a data server).
Low expressibility Low expressibility High expressibility
Expressibility Paper-based and microfilm Paper-based and microfilm Consists of multimedia elements such
as animated images colour printout.
Black and white printout. Black and white printout.
- N/A Only same catalogue server can be Both catalogue server and storage
Integratability . .
integrated. server need to be integrated.
N/A N/A Basic security services such as user
Security authentication, user access control and
backup server can be implemented.
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In 1987, University Microfilms, Inc (UMI)
integrates Standard Generalized Markup Language
(SGML) into hybrid TD. According to [7], the use of
SGML in hybrid TD allows far more complex
searching. For instance, for fully marked wup
documents, searches can be made on bibliographic
citations or such citations can be extracted from each
TD to create a citation database as a secondary
product. SGML is also an independent platform, in a
way that a single document can be shown successfully
on any number of computers without conversion.
However, SGML lacks the proprietary coding which
can cause word-processed documents difficult to
transfer between applications and platforms. Besides,
the integration process is not cost effective due to the
immature level of Information Technology (IT) at that
time. As a result, in the early of 1990s, NDLTD has
begun to seek for global collaborations among the
institute from different countries and changed its name
from National Digital Library of Theses and
Dissertations to Networked Digital Library of Theses
and Dissertations (NDLTD) [9, 20]. Apart from the
global collaborations, more efforts have been done to
shorten the distance of knowledge sharing virtually via
web technology. However, there are still limitations in
the hybrid TD where resources that can be searched
and retrieved are only limited to certain metadata such
as title and abstract. Consequently, the details of a TD
still need to be obtained from a specific location.

In term of scalability, ETD is able to scale by
increasing the secondary storage such as a data server
or increasing the hard disk spaces. Moreover,
maintaining and safekeeping the TD in electronic
format can also be done by using the secondary
storage. As a result, ETD is less costly if compared
with the manual TD and hybrid ETD stages which
require large physical storage (building) for storing.
Besides, ETD is able to duplicate the TD as a backup
to avoid any information loss during storage failure.

The actual implementation/realisation of NDLTD
has been achieved in 1997 by Virginia Tech. Besides,
Virginia Tech has become the first university which
implemented a policy about the electronic submission
of students’ theses and dissertations. Following in the
lead set by Virginia Tech, many universities have
started to implement a similar approach by collecting
electronic theses and dissertations from students. For
example: Universities in Korea in late 1990s [15] and
University of Latvia [14]. By implementing ETD, TD
not only can be searched by using online catalogue but
also downloadable via web browsers. As a result,
scholars no longer face availability and accessibility
problems which happen in manual TD and hybrid ETD
stages. In terms of expressibility, students are allowed
to enhance and enrich the contents of their TD by
adding multimedia elements and colour images.
Scholars who search or obtain the resources will find it
more beneficial compared to the paper-printed based
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method. For instance, animated image or video can be
used to explain an operation in order to increase
understanding power of scholars rather than obtaining
information from a plain image.

According to [20, 23], NDLTD is now researching
on how to link the TD from outside source such as the
National Science Digital Library (NSDL) through
XML or union catalogue (metadata catalogue) to
enable universal accessibility of ETD. Table 2 shows
the service-oriented analysis and synthesis among
manual TD, hybrid ETD and ETD.

3. Related Work

A comparison of the growth for the three stages
manual TD, hybrid ETD and ETD in Malaysia and
other relevant countries is illustrated in Figure 2. As in
the other related countries, Malaysia has started the
manual TD stage since 1960s [11]. According to [11],
University of Malaya (one of the universities in
Malaysia) has enforced postgraduate students to submit
their theses and dissertations in hard cover or book
format since 1960s. However, from the graph, the
development of TD repository system in Malaysia is
much slower compared to the other related countries.
According to [4], Online Public Access Catalogue
(OPAC), which is the first hybrid TD, was only
implemented by University of Malaya in 1992 for
easing scholars in searching resources.

2010

2000 ——=

15580
1980 — :
,///

1970 .
i

15960
Manual TD

Yearof Implementation

Hybrid TD Electronic TD

Three Theses and Dissertation Evolutionary Stages

International ===-=- Malaysia

Figure 2. Evolution of TD repository system in malaysia and other
related countries.

In 2005, Conferences of University Library and
National Library of Malaysia (PERPUN) initiates
Malaysian Theses Online (MyTO) [19] that aims on
listing theses collections compiled from participated
institutions. MyTO is the collaboration efforts
cooperated by national library of Malaysia and twenty-
three universities in Malaysia which include twenty
public universities and three selected private
universities. There are approximately 23,000 TD in
MyTO contributed by twenty-one universities [21]. As
similar to other online cataloguing systems, MyTO can
only be used to identify the physical location of a
resource. Therefore, MyTO does encounter the
scalability, accessibility, availability and expressibility
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problems which have been mentioned in the earlier
section.

In 2007, University of Malaysia Perlis (UniMAP)
has deployed DSpace in building a digital repository
named iRepository [26] (one of the earliest ETD
systems in Malaysia). iRepository enables scholars to
access and download TD, conference and journal
publications and other communities related
information which associates to UniMAP via web
browsers. DSpace is an open source software which
aims to provide easy but comprehensive services to
users, authors and librarians to build their digital
repositories. DSpace is a widely used software system
for digital library which has been conceived by
Hewlett-Packard (HP) Labs and developed in
conjunction with  Massachusetts  Institute  of
Technology (MIT) library. However, according to [24,
29], DSpace can only be used in UNIX system and it
provides a generic end-user interface design which is
hard to be tailored by typical end users.

On the other hand, University of Technology
MARA uses alchemy web server as a digital document
repository for populating abstract of students TD in
2001 [25]. According to [13], alchemy web server
enables web browser-based query, retrieval, and
viewing of resources stored in Alchemy database.
Moreover, alchemy web server supports full text and
metadata searching. However, alchemy web server has
interoperability issue where it can be installed and
executed only in Windows-based platform. Besides,
alchemy web server is a business application which
provides three pane contextual views on its interface
and cannot be tailored by users.

According to [12], University of Malaya (UM) has
deployed a different tool named Greenstone Digital
Library Software to develop the digital repository for
handling Malay Manuscripts [5]. Greenstone is an
open source digital library software suite developed by
New Zealand Digital Library Project at the University
of Waikato [10]. The features provided in Greenstone
are aimed for allowing users to assemble their own
digital libraries of online documents and then provide
the means to disseminate them over the web or by
Compact Disc (CD). The advantage of using
greenstone is that it is able to be executed on
heterogencous Operating Systems (OS) such as
Windows, UNIX and Mac OS platforms. Moreover,
for users who have the knowledge in programming,
they can personalise their user interface together with
using any suitable plug-in at the client side such as
database plug-in, metadata plug-in, Word plug-in and
so forth. However, greenstone only allows user with an
administrator role to manipulate the system. For
instance, an administrator has to create collections,
define system’s parameters and identify authorised
users so that they are able to add or personalise their
collections. As a result, greenstone is not advisable to

be used for institutional repository or any integration
that consume huge volume of resources.

In Malaysia, the concept of knowledge sharing is
still not fully implemented among universities in
Malaysia. Although, theses and dissertations are
collected in digital format, but the expandability of the
technology used is still limited. In order to alleviate the
ETD development issues which have been mentioned
earlier and to increase and challenge the advancement
of ETD towards better level of achievement, a
prototype which uses the integration of ETD and data
grid technology has been proposed and developed.

4. System Design and Implementation of
GREET

Data Grid Electronic Theses and Dissertations
(GREET) is proposed to provide uniform access of
knowledge integration among distributed
heterogeneous platforms and repositories by using data
grid technology. The implementation of GREET
utilises multi-tiered client-server architecture as shown
in Figure 3. GREET comprises of three main tiers
which includes presentation tier, application tier and
data tier. The presentation tier is the outer layer in
GREET which directly communicate with the end user
(client). The main function of the presentation tier is to
provide an interface to the communications
environment which is used by the application
processes such as translating tasks and results
(unformatted response and raw data) into the format
which is understandable and readable by clients.

Formatted
Response

Presentation Tier

=  lava Server
Page [ISP)

Information
Request

Application Tier

Unformatted
Responssa

=  Java Serviet
- mySRE
= SRB

Data Access
Request

Data Tier

D=t= Access
Response

= DBEMS

=  Physical
Storage

Figure 3. The architecture and interaction cycle of GREET.

Figure 4 shows an instance of a default GUI of
mySRB. mySRB is a web-client provided to support
the data accessing and metadata brokered by SRB [18,
22, 27]. However, in the development of GREET,
mySRB is not adopted entirely as a Presentation Tier
application due to the fact that mySRB does not
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provide customisation of interfaces based on user
authority which may raise the copyright issues and
insecurity of information in the ETD system. For
example, clients from the same federation are able to
access and modify any data in the federation although
they are having different user authority due to mySRB
is using domain name rather than user’s rights for data
accessing.

View All Metadata
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Parenl Colection ome
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2 Version

Creaticn Time Owmer TR

berNumber
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O3-04-13 13 2% i i 0 o 39136
20010023 1622 S ldmomukerFogasd 0 0 4115
2000-11-06- 1805 Sdmonakeriopaci 0 0 7678
2002-04-25-09 34 j4demomalier Wopaci 1 o TaTE
mim-:mnuummd a 0 137216 Pown
2003-07-10-17.52 HdmomakerFogasi. 0 2336016
S001-T1-13+10.11 45 dnmoniir@epaci 007 2652}
0200121114 P dmcnkeerBrpnd 4 0 8

Creation Time Crwner
200%.00-06- 15 48 41 demomerfiopac

Figure 4. Default GUI of mySRB.

Besides, another issue which draws our concern
towards the implementation of mySRB is the usability
issue. mySRB uses a compact single web interface to
display all the functionalities in a long-listed drop

down menu [21]. Besides, the same web icon, . has
been used repeatedly to represent different
functionalities. As a result, tedious searching process
and misidentification of a proper function used may
occur among mySRB users. In order to alleviate the
issue mentioned above, an enhanced presentation tier
web application which uses Java Server Pages (JSP)
has been developed and added on top of mySRB.
Figure 5 shows the enhanced presentation tier web
application prototype used in GREET.

E-Thesis

Decument Repository

Add Resouree

Pirase Nl in the informuation requined
Tuls

Cuvaver Author

o Comatoe Frrens Conator
Subpect  ——

Dacriptien

Pulbliskar
o —_——

Figure 5. Enhanced presentation tier web application prototype of
GREET.

As shown in Figure 5, the enhanced web application
is simple, easy to use and yet is able to provide
compact functionalities to the clients. In addition, the
enhanced web application allows the appearance to be
customised according to the user authority such as
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administrator, registered client and unregistered client.
Administrator is able to grant access rights such as
retrieve, upload, delete and modify data within a
federation. For unregistered clients, they are allowed to
view the TD information such as title, date, writer and
abstract of the TD whereas for registered clients, they
are able to grant an extra permission to download and
view a particular TD. As a result, the data integrity
issue can be solved due to the fact unauthorised users
can no longer modify or delete any data within the
federation after implementing the enhanced web
application.

The application tier contains logic to coordinate the
GREET and process requests which are sent by clients.
Every request sent by a client is pulled into the
application tier. Then, the request is calculated and
processed according to the embedded algorithm and
logic to produce logical decisions and evaluations.
Once a request has been issued by a client, the JSP in
the presentation tier calls the service() method in the
servlet to serve the request Shown in label b in Figure
6. Then, the service() method identifies appropriate
methods to handle the request based on the request
parameters Shown label ¢ in Figure 6. The JSP calls
the init() method to set the servlet into the ready mode
before the servlet is able to handle the following
request Shown label a in Figure 6. When the request
submitted by the client is involved with information
access through federation or data tier, the request is
passed to mySRB and SRB Server for further
processing.

Servlet (.java)

init (}

service () e

~» method 1 () ]

method 2 ()

“p methed n ()

Figure 6. The java servlet request interaction.

Data tier is the location where data is stored and
retrieved from a database or a file system. Initially, the
SRB Server searches data physical attribute in
Metadata Catalogue (MCAT) when mySRB redirects
the request to the SRB server. MCAT is one of the
components in SRB which is responsible to keep track
of logical name spaces and metadata mappings
(unformatted structure of host name and file path
which correspond to the physical location) before
sending back to the SRB server. Once the SRB server
gets the data from the physical repository, the data is
then returned to the requestor (servlet). Consequently,
servlet sends the data to JSP and displays to the client
in a formatted view refer to Figure 7 for the mySRB,
SRB server and MCAT interaction cycles.
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SRB Server

Data Request
_—

Storage Data Response

Figure 7. mySRB, SRB server and MCAT interaction cycles.

In order to enhance the performance and scalability
especially on integration with other ETD systems,
GREET has integrated the federated MCAT SRB
approach in the deployment architecture. Federated
MCAT SRB is the new released version of SRB. The
federated model allows two or more standalone SRB
systems to interact with each other. Besides, it also
provides seamless access of data and metadata across
SRB systems. Moreover, federations can be added by
administrator using Java Admin Tools or using Szone
command in Scommands. For SRB version 3.3 and
above, federations can be easily ingested by using a
new script named zoneingest.pl provided along with
the SRB installation script. Figure 8 shows the
overview of the federated model of GREET when
integrating with multiple federations.

Web Server

N | Federation |-

| SRB Server with MCAT | .
7 T 3

40

" | SRB Server with MCAT
| SRB Server with MCAT | ™,

=4 >

7

Figure 8. Federated GREET deployment Architecture.

To illustrate the schematic view of a federated
environment between mySRB and SRB in the GREET
deployment architecture, a scenario of two federations
and four SRB servers has been developed and shown
in Figure 9. When a client is requesting a data named
file z which located in storage B, the request is being
sent to the JSP and servlet in the presentation and
application tiers respectively. Then, the request is sent
to the mySRB and redirected to the SRB server A. The
SRB server A then sends the request to the SRB server
B. The MCAT at the SRB server B searches for the
required data. If the required data cannot be found in
the federation A, the request is being passed to the
SRB server D. The MCAT at SRB server D does the
same process as before for searching the data in

federation B. When the data can be found at the
storage B, the SRB server D redirects the request to the
SRB server C which contains the data. Subsequently,
the SRB server C retrieves the file z from the storage
B and passes the file z to the SRB server A directly.
Once the SRB server A has obtained the requested
data, the file z is being sent to the requestor through
mySRB, servlet and finally to the JSP.

SRB Server A

Storage A

SRB Server C

SRB Server D

SRB Server B
a

6

Federation B

Figure 9. Schematic of a federated environment between mySRB
and SRB.

Federation A

From the scenario above, it shows that by
implementing federated MCAT SRB approach in the
GREET deployment architecture; the scalability of
ETD systems can be achieved since federations is able
to be easily modified, added, or removed to
accommodate the load scalability. Besides, the
performance of GREET can be enhanced after
applying the federated MCAT SRB approach because
it enables load balancing among MCATs.

5. Results and Discussion

Figure 10 shows the performance results by
benchmarking with non-grid architecture (normal
architecture). The following size of the files: 10
Megabytes (MB), 20MB, 40MB, 60MB, 80MB and
100MB are prepared and used as the test materials for
benchmarking in the performance testing. AppPerfect
test studio has been used to evaluate the performance
of the aforementioned testing [1]. All benchmarking
testings are run in the same machine (Pentium Core 2
Duo Centrino 2.0GHz and 2GB memory) connected
via network to the application server and storage
server. Both upload operations are recorded and
executed for 30 attempts before an average response
time has been obtained.
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Figure 10. Performance comparison among non-grid and GREET
architectures.
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From the testing, when the capacity of a file size
increases, the normal architecture requires longer time
to complete the task because it has only one file stream
for job submission and execution. However, GREET is
able to speed up the processing time to approximately
three times faster than the normal architecture refer to
Figure 11 for the normal architecture and GREET
architecture file uploading operations.
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Figure 11. A comparison of upload operation between normal file
and GREET.

When an Input/Output (IO) operation on heavy file
is carried out using normal architecture, network
congestion may happen when the file is split into
multiple parts that needed to queue for an operation.

6. Conclusions and Future Work

In this paper, a Grid Enabled E-Theses and
Dissertations Repository System (GREET) has been
proposed. The enhanced presentation tier web
application in GREET is able to alleviate usability
issue and customise interfaces based on user authority.
By using GREET, multiple file streams can be opened
to support larger volume and larger capacity of file
operation so that GREET is able to decrease the
chances of network congestion caused by file
operation. As a consequence, GREET indirectly helps
to improve the reliability and availability of the 10
operation.

For future enhancement, more research will be
carried out and focused on searching Algorithm using
data mining or pattern discovery. Searching
performance in terms of response time and relevance
of data is crucial especially when volumes of data
become larger. Subsequently, research on finding
relevant data via different storage server can be carried
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out to improve the response time in GREET. Besides,
the architecture of GREET can be designed to be able
to integrate with other existing storages, web
applications and even web services. Reengineering
web applications to web services proposed by [2] can
be revised and used as a stepping stone for the future
development of GREET.
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A Grid Enabled E-Theses and Dissertations
Repository System
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Abstract: Some of the universities in Malaysia are still implementing hybrid Electronic Theses and Dissertations (ETD)
approach in managing Theses and Dissertations (TD). One of the limitations of the hybrid ETD approach is its online
cataloguing method, which is only available at the physical location of the TD instead of enabling the information to be
retrieved online. Maintaining the performance and the data accessing rate of an ETD system has become challenging, due in
part to the high number of scholars who utilise and access the system. In order to allow remote access and maintain the
services such as scalability, accessibility, availability and expressibility, a Grid Enabled E-Theses and dissertations repository
system (GREET) has been proposed in this paper to provide uniform access of knowledge integration among distributed
heterogeneous platforms and repositories by using data grid technology. Comparative performance results between a non-grid
architecture and GREET has been benchmarked. It has been proven that GREET is able to increase the processing time
approximately three times faster than the non-grid architecture. Furthermore, multiple file streams can be opened to support
larger volume and larger capacity of file operation so that GREET is able to decrease the chances of network congestion
caused by input/output file operations. For future direction, research will be focused on searching algorithm using data mining
or pattern discovery to minimise the respond time.

Keywords: ETD, GREET, catalogue, repository services.
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1. Introduction 2. Reliability/Resilience (Fault Tolerance): Referring
to the ability of an ETD system to handle any
unexpected condition and provide disaster recovery
facility when needed.

. System and Data Integrity: Referring to the ability
of an ETD system to ensure the consistency and
validity of the information stored after a particular
processing such as data duplication, data insertion,
deletion and modification.

. Heterogeneity: Referring to the ability of an ETD
system to handle multiplicity of resources that are
heterogeneous in nature and will encompass a vast
range of technologies [16].

. Performance: Refers to the turn-around time for a
complete uploading or downloading processes of an
ETD system.

System and Data Availability: Refers to the uptime

Integratability Reliability / Resilience ’ of an ETD system.
_ 7. Accessibility: Referring to the availability of the
Expressibility System and Data Integrity

information throughout the searching and retrieving

ETD REPOSITORY SYSTEM :
o _ processes via an ETD system.
Archivabity '_/ K Heterogenelty . Archivability: Referring to the ability of an ETD

Electronic Theses and Dissertations (ETD) is an
electronic  repository system which comprises
information such as concepts and outputs of the latest 3
researches produced by scholars during their process of
cognition, exploration and analysis. In order to
improve the ETD system in Malaysia, a literature
review especially on the evolution of the ETD system
in Malaysia and other relevant countries have been 4
studied, compared and analysed. From the analysis
result, we have identified that a good ETD system must
be able to provide the following services, refer to
Figure 1 for the proposed ETD repository services. 5

Security Scalability / Expandability / Upgradability

=)}

8
T erfomnce system tF) f:gtalogue agd store divergent daFa type.
T 9. Expressibility: Referring to the presentation of the
_ _ _ information that an ETD system can provide.
Figure 1. Proposed ETD repository services. 10. Integratability: Referring to the ability of an ETD
1. Scalability/Expandability/Upgradability. Referring 32:225 to integrate with other existing ETD

to the ability of an ETD system to expand without
having significant degradation in performance.
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11. Security: Referring to the ability of an ETD system
to avoid malicious and other security threats from
hackers and crackers.

From the literature, we have found out that most of the
universities in Malaysia, in particular public
universities funded by the Malaysian government are
still implementing the hybrid ETD approach in
managing theses and dissertations (the definition of
hybrid ETD can be obtained in the following section).
One of the drawbacks of implementing the hybrid ETD
approach is due to its nature of online cataloguing
method which can only be used to pin point the
physical location of the theses and dissertations instead
of making the information retrievable online. Due to
this issue, a lot of scholars in Malaysia are still
suffering as information retrieval still needs to be done
manually. Apart from the availability issue, the quality
of the information retrieved has also become an
important factor when an ETD has the facility to reveal
the same information to the scholars in a more
presentable and meaningful manner. Retrieved ETD
system data can portray contents using colour diagrams
and images, as well as dynamic elements such as
animation and flash presentation, and multimedia
resources such as video and audio. This is in contrast
to printed material, which some scholars may find
boring.

However, the implementation, management and
integration of heterogeneous operating system,
divergent data type and storage server is a challenge to
the Malaysian ETD systems. At present, there is no
uniform search browser which enables scholars to
search for any related information which is obtained
from different ETD system at Malaysia although there
are some ETD systems that are maturely integrated, for
instance myais, mymanuskrip [5], eprints and etc.,

Table 1. Student intake for public institutions of higher learning
(IPTA) in malaysia from 2002-2007 [17].

Year 2002 2003 2004 2005 2006 2007

Student 64.061 | 70.481 | 81.075 | 80.885 | 89.633 | 128.839
Intake

Scalability is another main factor to ensure the
performance and durability of an ETD system used.
Based on the survey result shows in the Table 1, the
volume of the number of thesis and dissertation that
will be produced by the scholars will increase due to
the rapid growth in the yearly intake [17]. Thus, an
assumption has been made that the number of scholars
who will be using an ETD system to search of a
research publication will also increase. As a result, the
high demand of data transaction, maintaining the
performance and the data accessing rate of an ETD
system in future will be an impact and challenge
especially for the ETD systems in Malaysia. Moreover,
integrating the current existing ETD system with other
additional ETD systems from time to time will become
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tedious to most of the ETD system developers in
Malaysia. Therefore, in order to maintain the services
and alleviate the problems which have been mentioned
earlier, a Grid Enabled E-Theses and Dissertations
Repository System (GREET) has been proposed.

The remaining of the paper is divided into three
sections. In the section 2, we reviewed and evaluated
the growth of the ETD systems as in general. Then,
section 3 depicts about the related work which consists
of:

1. Comparison between the growth of the ETD
systems in Malaysia and other related countries.

2. Evaluation and analysis of current existing ETD
systems in Malaysia have been carried out.

The reason of implementing the proposed system
together with its preliminary result will be discussed in
section 5 after revealing the GREET architecture in
section 4. In section 6, we draw some conclusions and
discuss about the future work.

2. Growth of the ETD System

From the literature, the evolution of TD repository
systems can be classified into three stages: manual TD,
hybrid ETD and ETD. Paper-printed format which are
collected during the olden days are categorised under
manual TD. Besides, manual TD also includes
collections of theses and dissertations in book and
microfilm (a picture capturer created by George
McCarthy to take pictures of document in black and
white photography [3]). At manual TD stage, the
technology of microfilm has been widely used to
capture series of documents relating to students’ theses
and dissertations. However, the tape-liked microfilm
can only be viewed using a microfilm machine. Due to
this reason, the above-mentioned method has
encountered several disadvantages especially in
scalability/expandability, accessibility, availability and
expressibility.

As mentioned in the previous section, the collection
of theses and dissertations is increasing every year. As
a result, this phenomenon has enforced the
scalability/expandability of infrastructures used in
which more money and time are needed to extend the
physical storage (building) for storing theses and
dissertations.

In terms of accessibility, scholars are facing
difficulty in obtaining resources due to geographical
barriers. Moreover, it is very costly and time
consuming for a scholar to travel from one place to
another just to obtain the required resources. Besides,
most of the libraries have limited copies of paper
printed theses and dissertations. If a scholar has
borrowed or occupied a copy of the resources, other
scholars will not have an opportunity to obtain that
copy of resources.



394 The International Arab Journal of Information Technology, Vol. 9, No. 4, July 2012

In terms of expressibility, most of the paper printed
TD are not expressive enough due to its presentation
manner. Therefore, scholars or readers might lose
interest in reading printed materials which are in
typewriting or black and white microfilm format.
Furthermore, there is a high impact for the resources to
be recovered if the paper printed copy of TD is
destroyed or damaged.

The emphasis of knowledge sharing by digitalising
theses and dissertation has been mentioned by
Davinson [6]. The National Digital Library of Theses
and Dissertations (NDLTD) [20] supported his view,
and subsequently conceptualises the full model of
online theses and dissertations in 1987. ETD research
field is pioneered by Virginia Tech, US in NDLTD
project. The NDLTD project is initiated by Edward
Fox which is the current director of NDLTD and
professor in Virginia Tech [8]. However, the initial

development of NDLTD is on cataloguing the paper-
based and microfilm theses and dissertations. The
online TD cataloguing is a hybrid ETD approach
which combines the computer technology usage to
enable a user or scholar to search for the physical
location of a thesis or dissertation. According to [28],
the hybrid ETD approach is able to reduce the duration
of the searching time and increase the accuracy of
identifying a resource. Subsequently, the hybrid ETD
approach may partially solve the accessibility problem
but the knowledge sharing is still restricted by
geographical barriers. When considering the actual
location of obtaining the resources, scholars are still
required to travel in order to obtain the resources. As a
result, the hybrid ETD approach is still unable to solve
the scalability, accessibility, availability and
expressibility issues.

Table 2. Service-oriented analysis and synthesis among manual TD, hybrid ETD and ETD.

Services Manual TD Hybrid ETD ETD
Costly (in terms of expanding Costly (in terms of expanding Less cost (can be expanded using
physical storage). physical storage). computer storage such as a data server
Scalability / Expandability or expand the hard disk spaces).
/ Upgradability Trade-off: Searching time for TD
will be longer once physical
storage is expanded.
Low reliability (no backup nor Low reliability (no backup nor High reliability (backup and
Reliability / Resilience duplication of TD). duplication of TD). duplication can be done by using
secondary storage).
N/A Steps and Algorithms need to be Higher data integrity and system
System and Data Integrity integrated into system to ensure the integrity need to be guarded because
data and system integrity with users ETD enables full access to the theses
right control. and dissertations online.
N/A Able to support heterogeneous Able to support heterogeneous
Heterogeneity platforms and database management platforms, physical storage, databases
systems. and database management systems.
Depend on the location of the TD | Depend on the location of the TD Depend on the downloading time.
stored. stored.
Whole TD can be downloaded from
Performance Longer time is needed to identify Actual location of the TD stored can the Internet.
the actual location of the TD be identified via the Internet.
stored Time needed to search fora TD ata
Time needed to search for a TD at | particular library.
a particular library.
TD can be obtained at libraries Searching and retrieving resources Whole TD can be obtained online
Access time is depend on the only limited to certain metadata such Access time is 24 hours.
library working hours. as title and abstract.
System and Data
Availability TD still need to be obtained at
libraries.
Access time is depend on the library
working hours.
. Low accessibility (data need to be | Low accessibility (data need to be High accessibility (data can be
Accessibility accessed manually). accessed manually). retrieved via a web browser).
Catalogue in manual format Catalogue in electrical format Catalogue in electrical format
Archivability Data stored in electrical storage (e.g.,:
Data stored in physical location. Data stored in physical location. a data server).
Low expressibility Low expressibility High expressibility
Expressibility Paper-based and microfilm Paper-based and microfilm Consists of multimedia elements such
as animated images colour printout.
Black and white printout. Black and white printout.
- N/A Only same catalogue server can be Both catalogue server and storage
Integratability . .
integrated. server need to be integrated.
N/A N/A Basic security services such as user
Security authentication, user access control and
backup server can be implemented.
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In 1987, University Microfilms, Inc (UMI)
integrates Standard Generalized Markup Language
(SGML) into hybrid TD. According to [7], the use of
SGML in hybrid TD allows far more complex
searching. For instance, for fully marked wup
documents, searches can be made on bibliographic
citations or such citations can be extracted from each
TD to create a citation database as a secondary
product. SGML is also an independent platform, in a
way that a single document can be shown successfully
on any number of computers without conversion.
However, SGML lacks the proprietary coding which
can cause word-processed documents difficult to
transfer between applications and platforms. Besides,
the integration process is not cost effective due to the
immature level of Information Technology (IT) at that
time. As a result, in the early of 1990s, NDLTD has
begun to seek for global collaborations among the
institute from different countries and changed its name
from National Digital Library of Theses and
Dissertations to Networked Digital Library of Theses
and Dissertations (NDLTD) [9, 20]. Apart from the
global collaborations, more efforts have been done to
shorten the distance of knowledge sharing virtually via
web technology. However, there are still limitations in
the hybrid TD where resources that can be searched
and retrieved are only limited to certain metadata such
as title and abstract. Consequently, the details of a TD
still need to be obtained from a specific location.

In term of scalability, ETD is able to scale by
increasing the secondary storage such as a data server
or increasing the hard disk spaces. Moreover,
maintaining and safekeeping the TD in electronic
format can also be done by using the secondary
storage. As a result, ETD is less costly if compared
with the manual TD and hybrid ETD stages which
require large physical storage (building) for storing.
Besides, ETD is able to duplicate the TD as a backup
to avoid any information loss during storage failure.

The actual implementation/realisation of NDLTD
has been achieved in 1997 by Virginia Tech. Besides,
Virginia Tech has become the first university which
implemented a policy about the electronic submission
of students’ theses and dissertations. Following in the
lead set by Virginia Tech, many universities have
started to implement a similar approach by collecting
electronic theses and dissertations from students. For
example: Universities in Korea in late 1990s [15] and
University of Latvia [14]. By implementing ETD, TD
not only can be searched by using online catalogue but
also downloadable via web browsers. As a result,
scholars no longer face availability and accessibility
problems which happen in manual TD and hybrid ETD
stages. In terms of expressibility, students are allowed
to enhance and enrich the contents of their TD by
adding multimedia elements and colour images.
Scholars who search or obtain the resources will find it
more beneficial compared to the paper-printed based
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method. For instance, animated image or video can be
used to explain an operation in order to increase
understanding power of scholars rather than obtaining
information from a plain image.

According to [20, 23], NDLTD is now researching
on how to link the TD from outside source such as the
National Science Digital Library (NSDL) through
XML or union catalogue (metadata catalogue) to
enable universal accessibility of ETD. Table 2 shows
the service-oriented analysis and synthesis among
manual TD, hybrid ETD and ETD.

3. Related Work

A comparison of the growth for the three stages
manual TD, hybrid ETD and ETD in Malaysia and
other relevant countries is illustrated in Figure 2. As in
the other related countries, Malaysia has started the
manual TD stage since 1960s [11]. According to [11],
University of Malaya (one of the universities in
Malaysia) has enforced postgraduate students to submit
their theses and dissertations in hard cover or book
format since 1960s. However, from the graph, the
development of TD repository system in Malaysia is
much slower compared to the other related countries.
According to [4], Online Public Access Catalogue
(OPAC), which is the first hybrid TD, was only
implemented by University of Malaya in 1992 for
easing scholars in searching resources.

2010

2000 ——=

15580
1980 — :
,a'//

1970 .
i

15960
Manual TD

Yearof Implementation

Hybrid TD Electronic TD

Three Theses and Dissertation Evolutionary Stages

International ===-=- Malaysia

Figure 2. Evolution of TD repository system in malaysia and other
related countries.

In 2005, Conferences of University Library and
National Library of Malaysia (PERPUN) initiates
Malaysian Theses Online (MyTO) [19] that aims on
listing theses collections compiled from participated
institutions. MyTO is the collaboration efforts
cooperated by national library of Malaysia and twenty-
three universities in Malaysia which include twenty
public universities and three selected private
universities. There are approximately 23,000 TD in
MyTO contributed by twenty-one universities [21]. As
similar to other online cataloguing systems, MyTO can
only be used to identify the physical location of a
resource. Therefore, MyTO does encounter the
scalability, accessibility, availability and expressibility
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problems which have been mentioned in the earlier
section.

In 2007, University of Malaysia Perlis (UniMAP)
has deployed DSpace in building a digital repository
named iRepository [26] (one of the earliest ETD
systems in Malaysia). iRepository enables scholars to
access and download TD, conference and journal
publications and other communities related
information which associates to UniMAP via web
browsers. DSpace is an open source software which
aims to provide easy but comprehensive services to
users, authors and librarians to build their digital
repositories. DSpace is a widely used software system
for digital library which has been conceived by
Hewlett-Packard (HP) Labs and developed in
conjunction with  Massachusetts  Institute  of
Technology (MIT) library. However, according to [24,
29], DSpace can only be used in UNIX system and it
provides a generic end-user interface design which is
hard to be tailored by typical end users.

On the other hand, University of Technology
MARA uses alchemy web server as a digital document
repository for populating abstract of students TD in
2001 [25]. According to [13], alchemy web server
enables web browser-based query, retrieval, and
viewing of resources stored in Alchemy database.
Moreover, alchemy web server supports full text and
metadata searching. However, alchemy web server has
interoperability issue where it can be installed and
executed only in Windows-based platform. Besides,
alchemy web server is a business application which
provides three pane contextual views on its interface
and cannot be tailored by users.

According to [12], University of Malaya (UM) has
deployed a different tool named Greenstone Digital
Library Software to develop the digital repository for
handling Malay Manuscripts [5]. Greenstone is an
open source digital library software suite developed by
New Zealand Digital Library Project at the University
of Waikato [10]. The features provided in Greenstone
are aimed for allowing users to assemble their own
digital libraries of online documents and then provide
the means to disseminate them over the web or by
Compact Disc (CD). The advantage of using
greenstone is that it is able to be executed on
heterogencous Operating Systems (OS) such as
Windows, UNIX and Mac OS platforms. Moreover,
for users who have the knowledge in programming,
they can personalise their user interface together with
using any suitable plug-in at the client side such as
database plug-in, metadata plug-in, Word plug-in and
so forth. However, greenstone only allows user with an
administrator role to manipulate the system. For
instance, an administrator has to create collections,
define system’s parameters and identify authorised
users so that they are able to add or personalise their
collections. As a result, greenstone is not advisable to

be used for institutional repository or any integration
that consume huge volume of resources.

In Malaysia, the concept of knowledge sharing is
still not fully implemented among universities in
Malaysia. Although, theses and dissertations are
collected in digital format, but the expandability of the
technology used is still limited. In order to alleviate the
ETD development issues which have been mentioned
earlier and to increase and challenge the advancement
of ETD towards better level of achievement, a
prototype which uses the integration of ETD and data
grid technology has been proposed and developed.

4. System Design and Implementation of
GREET

Data Grid Electronic Theses and Dissertations
(GREET) is proposed to provide uniform access of
knowledge integration among distributed
heterogeneous platforms and repositories by using data
grid technology. The implementation of GREET
utilises multi-tiered client-server architecture as shown
in Figure 3. GREET comprises of three main tiers
which includes presentation tier, application tier and
data tier. The presentation tier is the outer layer in
GREET which directly communicate with the end user
(client). The main function of the presentation tier is to
provide an interface to the communications
environment which is used by the application
processes such as translating tasks and results
(unformatted response and raw data) into the format
which is understandable and readable by clients.

Formatted
Response

Presentation Tier

=  lava Server
Page [ISP)

Information
Request

Application Tier

Unformatted
Responssa

=  Java Serviet
- mySRE
= SRB

Dt Access
Request

Data Tier

Dat=s Access
Response

= DBEMS

®  Physical
Storage

Figure 3. The architecture and interaction cycle of GREET.

Figure 4 shows an instance of a default GUI of
mySRB. mySRB is a web-client provided to support
the data accessing and metadata brokered by SRB [18,
22, 27]. However, in the development of GREET,
mySRB is not adopted entirely as a Presentation Tier
application due to the fact that mySRB does not
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provide customisation of interfaces based on user
authority which may raise the copyright issues and
insecurity of information in the ETD system. For
example, clients from the same federation are able to
access and modify any data in the federation although
they are having different user authority due to mySRB
is using domain name rather than user’s rights for data
accessing.
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Figure 4. Default GUI of mySRB.

Besides, another issue which draws our concern
towards the implementation of mySRB is the usability
issue. mySRB uses a compact single web interface to
display all the functionalities in a long-listed drop

down menu [21]. Besides, the same web icon, . has
been used repeatedly to represent different
functionalities. As a result, tedious searching process
and misidentification of a proper function used may
occur among mySRB users. In order to alleviate the
issue mentioned above, an enhanced presentation tier
web application which uses Java Server Pages (JSP)
has been developed and added on top of mySRB.
Figure 5 shows the enhanced presentation tier web
application prototype used in GREET.

E-Thesis

Decument Repository

Add Resouree

Pirase Nl in the informuation requined
Tuls

CwvaverAuthor

A Comtee Frrens Conator
Subject  ——

Deacriptien

Publiskar
Aemitian —

Figure 5. Enhanced presentation tier web application prototype of
GREET.

As shown in Figure 5, the enhanced web application
is simple, easy to use and yet is able to provide
compact functionalities to the clients. In addition, the
enhanced web application allows the appearance to be
customised according to the user authority such as

397

administrator, registered client and unregistered client.
Administrator is able to grant access rights such as
retrieve, upload, delete and modify data within a
federation. For unregistered clients, they are allowed to
view the TD information such as title, date, writer and
abstract of the TD whereas for registered clients, they
are able to grant an extra permission to download and
view a particular TD. As a result, the data integrity
issue can be solved due to the fact unauthorised users
can no longer modify or delete any data within the
federation after implementing the enhanced web
application.

The application tier contains logic to coordinate the
GREET and process requests which are sent by clients.
Every request sent by a client is pulled into the
application tier. Then, the request is calculated and
processed according to the embedded algorithm and
logic to produce logical decisions and evaluations.
Once a request has been issued by a client, the JSP in
the presentation tier calls the service() method in the
servlet to serve the request Shown in label b in Figure
6. Then, the service() method identifies appropriate
methods to handle the request based on the request
parameters Shown label ¢ in Figure 6. The JSP calls
the init() method to set the servlet into the ready mode
before the servlet is able to handle the following
request Shown label a in Figure 6. When the request
submitted by the client is involved with information
access through federation or data tier, the request is
passed to mySRB and SRB Server for further
processing.

Servlet (.java)

init (}

service () e

~» method 1 () ]

method 2 ()

“p methed n ()

Figure 6. The java servlet request interaction.

Data tier is the location where data is stored and
retrieved from a database or a file system. Initially, the
SRB Server searches data physical attribute in
Metadata Catalogue (MCAT) when mySRB redirects
the request to the SRB server. MCAT is one of the
components in SRB which is responsible to keep track
of logical name spaces and metadata mappings
(unformatted structure of host name and file path
which correspond to the physical location) before
sending back to the SRB server. Once the SRB server
gets the data from the physical repository, the data is
then returned to the requestor (servlet). Consequently,
servlet sends the data to JSP and displays to the client
in a formatted view refer to Figure 7 for the mySRB,
SRB server and MCAT interaction cycles.
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SRB Server

Data Request
_—

Storage Data Response

Figure 7. mySRB, SRB server and MCAT interaction cycles.

In order to enhance the performance and scalability
especially on integration with other ETD systems,
GREET has integrated the federated MCAT SRB
approach in the deployment architecture. Federated
MCAT SRB is the new released version of SRB. The
federated model allows two or more standalone SRB
systems to interact with each other. Besides, it also
provides seamless access of data and metadata across
SRB systems. Moreover, federations can be added by
administrator using Java Admin Tools or using Szone
command in Scommands. For SRB version 3.3 and
above, federations can be easily ingested by using a
new script named zoneingest.pl provided along with
the SRB installation script. Figure 8 shows the
overview of the federated model of GREET when
integrating with multiple federations.

Web Server

N, | Federation |-

| SRB Server with MCAT | .
7 S [

40

" | SRB Server with MCAT
| SRB Server with MCAT | ™.,

e

Ej | srB serverwithmeat | ™ "

Figure 8. Federated GREET deployment Architecture.

To illustrate the schematic view of a federated
environment between mySRB and SRB in the GREET
deployment architecture, a scenario of two federations
and four SRB servers has been developed and shown
in Figure 9. When a client is requesting a data named
file z which located in storage B, the request is being
sent to the JSP and servlet in the presentation and
application tiers respectively. Then, the request is sent
to the mySRB and redirected to the SRB server A. The
SRB server A then sends the request to the SRB server
B. The MCAT at the SRB server B searches for the
required data. If the required data cannot be found in
the federation A, the request is being passed to the
SRB server D. The MCAT at SRB server D does the
same process as before for searching the data in

federation B. When the data can be found at the
storage B, the SRB server D redirects the request to the
SRB server C which contains the data. Subsequently,
the SRB server C retrieves the file z from the storage
B and passes the file z to the SRB server A directly.
Once the SRB server A has obtained the requested
data, the file z is being sent to the requestor through
mySRB, servlet and finally to the JSP.

SRB Server A

Storage A

SRB Server C

SRB Server D

SRB Server B
a

6

Federation B

Federation A

Figure 9. Schematic of a federated environment between mySRB
and SRB.

From the scenario above, it shows that by
implementing federated MCAT SRB approach in the
GREET deployment architecture; the scalability of
ETD systems can be achieved since federations is able
to be easily modified, added, or removed to
accommodate the load scalability. Besides, the
performance of GREET can be enhanced after
applying the federated MCAT SRB approach because
it enables load balancing among MCATs.

5. Results and Discussion

Figure 10 shows the performance results by
benchmarking with non-grid architecture (normal
architecture). The following size of the files: 10
Megabytes (MB), 20MB, 40MB, 60MB, 80MB and
100MB are prepared and used as the test materials for
benchmarking in the performance testing. AppPerfect
test studio has been used to evaluate the performance
of the aforementioned testing [1]. All benchmarking
testings are run in the same machine (Pentium Core 2
Duo Centrino 2.0GHz and 2GB memory) connected
via network to the application server and storage
server. Both wupload operations are recorded and
executed for 30 attempts before an average response
time has been obtained.
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Figure 10. Performance comparison among non-grid and GREET
architectures.
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From the testing, when the capacity of a file size
increases, the normal architecture requires longer time
to complete the task because it has only one file stream
for job submission and execution. However, GREET is
able to speed up the processing time to approximately
three times faster than the normal architecture refer to
Figure 11 for the normal architecture and GREET
architecture file uploading operations.
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= c
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b) GREET file upload operation.

Figure 11. A comparison of upload operation between normal file
and GREET.

When an Input/Output (IO) operation on heavy file
is carried out using normal architecture, network
congestion may happen when the file is split into
multiple parts that needed to queue for an operation.

6. Conclusions and Future Work

In this paper, a Grid Enabled E-Theses and
Dissertations Repository System (GREET) has been
proposed. The enhanced presentation tier web
application in GREET is able to alleviate usability
issue and customise interfaces based on user authority.
By using GREET, multiple file streams can be opened
to support larger volume and larger capacity of file
operation so that GREET is able to decrease the
chances of network congestion caused by file
operation. As a consequence, GREET indirectly helps
to improve the reliability and availability of the 10
operation.

For future enhancement, more research will be
carried out and focused on searching Algorithm using
data mining or pattern discovery. Searching
performance in terms of response time and relevance
of data is crucial especially when volumes of data
become larger. Subsequently, research on finding
relevant data via different storage server can be carried
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out to improve the response time in GREET. Besides,
the architecture of GREET can be designed to be able
to integrate with other existing storages, web
applications and even web services. Reengineering
web applications to web services proposed by [2] can
be revised and used as a stepping stone for the future
development of GREET.
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