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Abstract
Library information discovery is a vital aspect of education development and management. Nowadays, many libraries offer the information
regarding to facilities, resources and services to users through their website. The existing library information systems discover only their
information and do not integrate the related information from other libraries. Therefore, web service technology has been developed, which
is uses a standard interface to enable the consumer-to-business (C2B) or business-to-business (B2B) easily interact over the website.
Currently, there is no standard model is developed to facilitate the users to discover and integrate the information of facilities, resources
and services that published in the libraries website. This article discussed the development of a web service model that can discover and
integrate the information in the various libraries website to the users by using Java Technology application program interface and tools
provided by the integrated Web Services Stack. In the modelling process, the library websites are converted into Extensive Markup
Language format (XML) for examining the Simple Object Access Protocol (SOAP) of each website. The converted XML files are stored
as the application data source, which lies as the core of the web service model. By using an XML parser, the XML files are parsed into
XMLDOM format for manipulating its contents. XML request object hypertext protocol is used to receive or reload the data from the
client to the server. Finally, HTML and cascading style sheet (CSS) are used to reload the information to the client and display it. The
results show that the proposed model is able to achieve over 90% of information discovery average precision performance regarding to
user’s query on facilities, resources and services provided in the library websites. The developed model can benefit library’s users to extract
the resources, facilities and services provided by the library intelligently.
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1. Introduction
Generally library provides physical and digital access to knowledge
content including books, magazines, journals, online database and
multimedia contents [1]. Some libraries also provide space for
rental such as auditorium, seminar hall and meeting room. In the
digital era, library presents their services through respective websites or web portals. Through this website, users can obtain information about the services, resources, physical space, infrastructure
and knowledge content offered by the library. The number of libraries developed by the government or the private sector is increasing
every year [1][2], and therefore public users have a variety of information to be discovered.
The general concept of library website information organization is
based on several categories such as library profile, facilities, services, catalogues, content resources, library-guides and events. Basically, user who wants to get information about the services offered
by the library needs to browse directly to the library's website. They
need to manually analyze for each service displayed
on the website. This process is quite difficult and time consuming
if many websites need to be visited and analyzed of their content.
The complexity of analysis may increase if each website has different framework or architecture in representing the information.

Therefore, a special system that can gather and analyze the contents
of website is essential for searching process that involve various
types of website frameworks. This kind of system also could encourage the librarians to increase and update the contents of library
website constantly [3].
Usually web technology is used as a platform for storing and sharing data or document via the Internet. Nowadays, web is used to
provide a service for data processing, analytics, organizing and visualization. In this case, URL is used as a mechanism to invoke services from in specific computer location via Internet [4][5]. This
technology is called as web services and applied in many domains
such weather forecasting, online ticketing, currency conversion,
online dictionaries, bank account managing etc. Web services are
application interface which allow application-to-application to
communicate over the Internet [4][5]. This interface provides a
level of abstraction and loose coupling between the cooperating
software components. Web services can be perceived as a way to
interpretation the functionalities of information system and make it
available through a standard web technology. Based on the concept
of Service-Oriented Architecture (SOA), web services enable interoperability and reusability of data from different application services that available on the Internet [4][6].
Currently, there is no standard web service model that facilitates the
user to discover information or data of facilities, resources and
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services that are published in the libraries website. With the features
of Java web services technology such as Extensive Markup Language format (XML) and Simple Object Access Protocol (SOAP),
this article will discuss the modelling of library website information
discovery. The Java web service is self-describing modular application that can be published and invoked across the Internet [7].
The rest of the paper is organized as follows: Section 2 describes
related work on web services technology and information discovery
across website. Section 3 discusses the detailed of the proposed library information discovery using Java web service technology.
Experimental results of the proposed model are presented in Section
4. Finally, conclusion is placed in Section 5.

2. Related Work
Within the context of information system, information services can
be defined as an application that can help the users to support operation management and analyze the data for decision support making
purposes [8][9]. It is also involved of data mining, extracting, discovery and ontology algorithms from web contents. The emerging
of data management technology such as XML, WSDL, ontology
web language, and open data initiative is contributed significantly
in application that applying the concept of service oriented architecture.

2.1. Web Services Technology
Web service technology is self-contained modules that can be described, published and located over Internet [4][6]. A particular service can be described and used through an application interface
which is developed based on open service architecture. The provided services can be in different types of functionalities, from simple requests such as converting a file format to another format, to
very complicated business processes. Web services exposed the
functionality of an application system, make it available through
standard web technologies which could benefit the process of application integration, information gathering, and business-to-business enterprise system development. The principles of web services
can be defined as follows [10]:
•
•
•
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services and a directory of web service interface described by
WSDL.

2.2. Web Services Technology
Currently, a number of standard tools, search engine and hierarchical indices have been developed to help people in finding information [11]. These type of applications can help particular users to
locate information in the hidden contents in a website, such as favourable information sources content, publish the queries, extract
the results or data from website and information integrations from
various websites. Generally, there are four (4) issues can be summarized in developing hidden information discovery in website
content [11][12]:
•
•
•
•

To define and locate structured data of user’s interest.
To persuade wrapper algorithms to extract relevant data object from websites.
To annotate and label the fields of extracted data.
To integrate various data object from multi-sources into
user’s format and schemas.

Information discovery from websites contents involves a process of
navigating through a website collection, extracting, ranking and
summarizing in order to create an analytics abstraction of the desire
query. The common architecture of information discovery from
websites is depicted in Fig. 1 [11][12][13]. The efficiency of discovery is mainly based on the data representation in the websites.
Structured data with tag or label allows for more effective discovery, where the scraping engine can easily differentiate between information that is more or less significant.

Websites
contents

Information
discovery

Information
representation

Web data
request

Provides a higher level of abstraction that allows developers
to integrate required functionalities to their applications easily and rapidly.
Provides loosely coupled, independent functionalities.
Supports both synchronous and asynchronous modes of communication.

Web
browser

Web data
response

Web scraping
application

Web services technology has four (4) fundamental components that
provide universal descriptive, discovery and integration mechanism
for communication protocol purposes [9]. These components are
including XML, SOAP, WSDL and UDDI:
•

•

•

•

Fig. 1 : Basic website information discovery architecture

XML – a uniform data representation and exchange mechanism from client to web server or from web server to client.
XML’s documents are made up of storage units called entities
which contain either parsed or unparsed data and can be read
by human and machine.
SOAP – is the standard interface to enable applications on
distributed computers across Internet, with different operating systems, platform etc. to interact each other and describe
all message transactions.
WSDL – a document with Meta language that written in XML
format for machine understanding. It describes a web service,
service availability, protocol types, invoke services and specify the location of the service and the operations (or methods)
functioning.
UDDI – a mechanism to register and locate web service based
application. It is a directory service where transactions can be
registered and search for services. UDDI also can be functioned as directory for storing information about a web

3. The Information Discovery Model
In the context of library websites information discovery, this model
aims to discover information that categorize into three (3) different
types: resources (online database and e-book), facilities and services. These types of information are the common data that search
by public users. The clustering process used in information discovery of library website content is divided into two basic steps:
•
•

Feature extraction
Similarity evaluation and clustering.

Before the contents of library websites can be categorized or compared, its need to be transformed into a representation that allow for
effective processing. From various sources of library websites, the
discovery engine has to extract essential information from all
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websites pages and represent it in a form that will facilitate the
matching process. Here, the proposed model used XML format to
achieve this objective with trees structure of presentation.
The formal trees representation of XML contents can be defined as
a 4-tuple of R = <NR, ER, LR, >, where:
•

NR = {n1, n2, n3, …, nn) is a set of tree nodes where n1 represents the root node;
ER = {(ni, nj): ni, nj  NR} is a set of edges in trees structure,
where ni is the parent node of nj;
LR is a set of labels referring to element and attribute names
of XML document;
: NR  LR is a function for mapping each node into a label.

•
•
•

The example for general scheme of trees structure that can be constructed from a particular library website is illustrated in Fig 2.
Documents
Document
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R2

r1,1

r1,2

Facilities

R3

F1

Services

F2

S1

f2,1

S1,1

f3,1
Fig. 2 : General scheme of trees representation

The next step consists of two basic tasks including find the most
similar cluster to user query and perform local search within the
most similar cluster. The most similar clusters are calculated based
on the distance between user query and the centers of all clusters.
Upon completed, the calculated clusters distances are sorted in ascending order. Sequentially, a search process is executed in the
cluster elements that has the least distance between its center. Fig.
3 shows the search algorithm of the trees representation of XML
scheme.
Input:

Output:
•
•
•
•

•
•

Website dataset, D = {d1, d2, d3, …,dk},
Tree clusters, R = {r1, r2, r3, …, rL},
XQuery
A set of matched documents
Start
clusters_distance[2][L] {}
results  {}
for i=1 to L
o clusters_distance[0][i] = ci
o clusters_distance[1][i] = distance between the requested document and the center of ci
sort ascending, clusters_distance
for i=1 to L
o for j=1 to CNi (number of documents  Ci)
▪ compare between the requested document and
Dj, where Dj  Ci
▪ if matched
• results  results  Di
o if size of results > 0
▪ list, results
o else
▪ break
Fig. 3 : Search algorithm for cluster similarity

4. Experimental Result
The prototype of model has been developed using Java programming language under JCreator environment. In the experiment, 21
library websites are selected for the purpose of discovering the contents of the relevant information. The performance of the proposed
model is measured based on precision. Here, precision is the capability of the model in discovering only relevant information. Precision considers all discovered information where it is the part of the
relevant discovered answers.
If A is relevant information discovered and B is number of irrelevant information retrieved, then the formula of precision is as follows:
Precision =

𝐴
(𝐴+𝐵)

(1)

As depicted in Table 2, the precision performance of resources information discovery in each website is above 0.80 and the average
precision score is 0.92. Table 2 shows the precision performance of
facilities information discovery of each website. As tabled, the
model could discover 100 percent information regarding to facilities provided in library 1, 4, 5, 6, 7, 9, 11, 12, 13, 15, 17 and 19.
Relatively, a low precision performance for library 21 could be
caused by the complex feature extraction process of the website.
There are some terms used in the website that cannot be interpreted
during the establishment of a tree representation scheme. The average precision score for this discovery context is 0.95. For services
information discovery, the model could discover all related information in nine websites which are library 3, 4, 8, 12, 13, 16, 18, 19
and 20. The average precision for this type of discovery is 0.90.
Figure 4, Figure 5 and Figure 6 show the sample of reports for resources, facilities and services discovery respectively.
Table 1 : Resources information discovered
No.

Precision

No.

Precision

Lib 1

0.91

Lib 12

0.95

Lib 2

0.92

Lib 13

0.83

Lib 3

0.93

Lib 14

1.00

Lib 4

0.95

Lib 15

0.96

Lib 5

1.00

Lib 16

0.86

Lib 6

0.87

Lib 17

0.93

Lib 7

1.00

Lib 18

0.94

Lib 8

0.96

Lib 19

1.00

Lib 9

0.81

Lib 20

0.97

Lib 10

0.96

Lib 21

0.83

Lib 11

0.95
Table 2 : Facilities information discovered

No.

Precision

No.

Precision

Lib 1

1.00

Lib 12

1.00

Lib 2

0.83

Lib 13

1.00

Lib 3

0.93

Lib 14

0.93

Lib 4

1.00

Lib 15

1.00

Lib 5

1.00

Lib 16

0.90

Lib 6

1.00

Lib 17

1.00

Lib 7

1.00

Lib 18

0.89

Lib 8

0.91

Lib 19

1.00

Lib 9

1.00

Lib 20

0.94

Lib 10

0.93

Lib 21

0.77

Lib 11

1.00
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Table 3 : Services information discovered
No.

Precision

No.

Precision

Lib 1

0.85

Lib 12

1.00

Lib 2

0.83

Lib 13

1.00

Lib 3

1.00

Lib 14

0.83

Lib 4

1.00

Lib 15

0.83

Lib 5

0.86

Lib 16

1.00

Lib 6

0.67

Lib 17

0.83

Lib 7

0.83

Lib 18

1.00

Lib 8

1.00

Lib 19

1.00

Lib 9

0.92

Lib 20

1.00

Lib 10

0.89

Lib 21

0.75

Lib 11

0.80

Fig. 6 : Services information retrieved

5. Conclusions
This article presents the modelling of library website information
discovery using Java web service technology. Based on Java web
service standard feature such as XML and SOAP, the model is able
to gather and organize the discovered information from a number
of library websites. The type of information discovered are include
knowledge contents (resources), facilities and services. The experiment results show that the proposed model could provide over 90%
average precision for each discovery aspect in the library websites.
For future work, the developed model will be enhanced by embedding the concept semantic and ontology based discovery.
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