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ABSTRACT 

DESIGN AND DEVELOP A PROTOTYPE OF GENERIC DATA DRIVEN WEB SITE FOR ONLINE 

PRODUCT CATALOGUE SYSTEM 


Chan Sok Feng 


This project aims to investigate on the development of data driven web site to cope with the 
constant need to update infonnation in e-commerce. The static web sites can no longer cope with the 
demand for fast changing infonnation. Online catalogue was chosen to demonstrate the advantages of data 
driven approach over the static approach. The main objective of this study is to study and identify different 
technology and tools in data driven web site development, and to choose the appropriate combination of 
these technologies and tools to design and develop a prototype system. This prototype system is a dynamic 
online catalogue site which generate web pages based on the request of the users. Requests are handled by 
accessing a Relational Database Management System (RDBMS). The architecture of the website is based 
on the three-tier architecture. The methodology used in developing this project is the Five Phase Process. 
The result of this study is the production and implementation of the prototype in a standalone server. It 
consists of the catalogue content manager module and the catalogue presentation module. The catalogue 
content manager module is developed to provide the authorized personnel of a company to maintain the 
information in the website through a password protected section. The catalogue presentation module is 
developed to function as the interface for web users or online shoppers to browse products infonnation. A 
shopping cart is included in this module for online shoppers to add items that they desire to order, print an 
order fonn, and complete the transaction offline through fax. Finally, this project demonstrated the 
advantages of data driven web sites over the static web sites in displaying real time infonnation 
dynamically and at the same time pennitted the company to gain control over the content management of 
their web sites via simple web interface using web browser. 
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ABSTRAK 

MEREKA DAN MEMBANGUNKAN PROTOTAIP LAMAN WEB BERPANDUKAN DATA YANG 

GENERIK UNTUK SISTEM KATALOG PRODUK SECARA "ONLINE" 


Chan Sok Feng 


Secara umumnya, project ini bertujuan untuk melakukan penyiasatan terhadap pembangunan 
laman web berpandukan data untuk memenuhi keperluan mengemaskini maklumat laman web yang sering 
berubah dalam e-dagang. Laman web yang statik tidak lagi dapat memenuhi permintaan maklumat yang 
berubah secara cepat ini. Katalog "online" telah dipilih untuk mendemonstrasikan kelebihan kaedah 
berpandllkan data berbanding kaedah statile. Matlamat utama kajian ini adalah menyelidik dan 
mengenalpasti teknologi dan alat yang berlainan dalam pembangllnan laman web dinamik dan seterusnya 
memilih kombinasi teknologi dan alat yang sesuai dan sedia ada untuk mereka dan membangunkan satu 
sistem prototaip. Prototaip ini merupakan satu laman web katalog "online" dinamik yang berupaya 
menghasilkan laman web berdasarkan kepada permintaan penggunanya. Setiap permintaan akan diakses 
melalui satu pangkalan data yang dikenali sebagai Relational Database Management System (RDBMS). 
Arkitektllr laman web ini adalah berasaskan "three-tier architechture ". Metodologi yang digllnakan 
dalam pembangunan projek ini adalah Proses Lima Fasa (Five Phase Process). Hasil kajian ini adalah 
penghasilan dan implementasi satu prototaip dalam satu "standalone server ". Prototaip ini mengandungi 
modlll pengurusan kandungan katalog dan modul persembahan katalog. Modul pengurusan kandungan 
katalog ini membolehkan personel syarikat mengemaskini maklumat laman web melalui penggllnaan kata 
laluan. Modul persembahan katalog pula beifungsi sebagai antara muka untuk pengguna laman web 
untuk melayari maklumat produle. Satu "shopping cart" disediakan dalam modul ini bagi membolehkan 
pelanggan memasukkan barang yang ingin dibeli, mencetak borang penempahan serta melakukan 
transaksi me/a lui /aksimili. Akhirnya, projek ini telah mendemonstrasikan kelebihan laman web 
berpandukan data berbanding laman web statik dalam mempersembahkan maklurnat terkini secara 
dinamik dan pada masa yang sama membenarkan syarikat mempunyai kuasa secara tents dalam 
pengendalian maklumat laman web mereka menerusi antara muka laman web yang mudah menggunakan 
"web browser ". 
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INTRODUCTION 


1.1 Introduction 

lbis project is a generic data-driven Web site developed for online product catalogue 
system. Generic implies that this project provide a method for different small companies to 
design their own online catalogue Web sites using Web browser regardless of their domain 
differences and level ofknowledge in developing Web site. 

This project consists of two modules, which are catalogue presentation module and 
catalogue content manager module. The catalogue presentation module is developed to function 
as the interface for Web users or online shoppers to browse products information such as 
products features and prices. A shopping cart is included in this module for customers to add 
items that they de$ire to order and could later print the order form and complete the transaction 
omine through fax. The catalogue content manager module is developed to provide the 
authorized personnel of a company to create and maintain the information in the online 
catalogue Web site. The catalogue content manager can be accessed via simple Web interface 
and enables the authorized personnel to make modification to the online catalogue. Therefore, 
companies will involve in the ongoing maintenance of their online catalogue Web site directly. 

Web pages are designed to link with database. Database is used to store the product 
information input by the authorized user of the companies. Fonns are displayed to the 
authorized user through Web browser to input data and update data. These data are stored in the 
same database. These data are then displayed to the Web users that access the link to the 
companies' Web site. This is done through the creation of Web page templates. The template 
itself contains no information but is capable of displaying information from the database. The 
database and the Web page template are integrated using server side technologies. 

This project provides the dynamic Web site where the latest information is viewed by the 
Web user. Every time the Web user clicks on a new page of the Web site, the Web server 
queries the database to display the most up to date information. A password-protected section is 
created for clients to update or change the content of their Web sites. Thus, maintenance and 
editing of the Web site can be done by companies or whom they designate. For example, a 
company can change a description of a product by typing the description into designated text 
box aDd then click on the submit button. The change made is reflected automatically on the 
c:ompeny's Web site in real-time. 

1.1 Background Of E-Comrnerce 

According to Columbia Encyclopedia (200 I), e-commerce can apply to purchases made 
Ibroagb tile Web or to business-to-business activities such as inventory transfers. A customer 
CIIl order items from a vendor's Web site, paying with a credit card by entering account 
in1brmatioo via computer or with a previously established cyber cash account. The transaction 



i 

information is transmitted usually by modem to a financial institution for payment clearance and 
to the vendor for order fulfilment. Personal and account information is kept confidential through 
the use of secured transactions that use encryption technology. 

E-commerce grew rapidly in the late 1990s when consumers' worries about online credit 
card purchases have eased. According to Columbia Encyclopedia (2001), online retail sales 
were $7.2 billion in 1998, double the amount in 1997. In 1998, online retail ordering 
represented 15% of non-store sales, which include catalogues, television sales, and direct sales. 
However, this figure only constituted 1 % of total retail revenues for that year. Books are the 
most popular online product order with over half of Web shoppers ordering books online and 
then followed by software, audio compact discs, and personal computers. Web shoppers or 
online shoppers are those who surf the Web for products and services but purchase or complete 
their transaction offline. Other online commerce includes trading of stocks, purchases ofairline 
tickets and groceries, and participation in auctions. 

1.2.1 Online Catalogue 

According to Insight Research (2000), one of the most direct ways to transform a 
traditional business into an e-business is to translate print catalogues to online catalogues. An 
online catalogue site is a site where customers browse your products online, but submit their 
orders and payment information offline, by phone or fax. (American Express, 2001). Orders are 
then processed manually. 

Insight Research (2000) stated that online catalogues will capture $13 billion in revenue 
in 2000 or 68 percent of the estimated $19.2 billion total consumer e-commerce market. 
According to Insight Research (2000), 16 million US households will spend an average of$815 
this year via online catalogues. 

1.2.2 Benefits Of An Online Catalogue Web Site 

Enables business vendors to gauge demand for their products or services before having to 

commit to a full E-Commerce solution. 

Allows online shopper to track what they want to purchase by placing items in a shopping 

cart, then print an order form that can be faxed to business vendor and complete the 

transaction offline. 

Real-time information such as most current price schedules is available for online shoppers. 

Easier updating of information especially pricing for the business vendors. They do not 

have to re-issue an entire multi-page print catalogue due to a minor change on one page. 

Facilitates the implementation of a full E-Commerce strategy in the future that will allow 

online payment. 


1.3 Problem Statement 

E-commerce nowadays is in need for constantly updating information regarding products 
and services offered in terms of timely information, competition and productivity. In today's 
market, it is absolutely necessary for a product-driven business to have their online catalogue 
current. Updating online catalogue is essential to making current customers satisfy and 
attracting new customers. Users who browse an online catalogue site would not become buyers 
if inaccurate and out dated information were given such as price tagging and product description. 

Hence, the traditional static Web site could DO longer cope this kind of demands for fast 
changing of information in e-commerce. This is because to update information in static Web 
page would means that the Web page has to be reconstruct and all the reference to link to that 
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particular infonnation also has to be updated manually. As such, static Web site brings upon 
the problem in management of Web site when infonnation is constantly needed to be updated. 

Another problem with static Web site is that the common way of designing and 
developing Web site is using third party software available in the market if not start from 
scratch with coding. This is costly in tenns of time, as both methods require one to learn and 
understand how to use the software or programming languages. Besides that, development of 
nonnal static Web pages for product catalogue become very costly when the number of 
products exceed 50 or 100. More importantly, it is costly in terms ofmoney where the business 
vendor has to subscribe the license of commercialised software. Otherwise, the service of Web 
developer is employed to develop and maintain the Web site. This is also costly in tenns of 
money (the service charged by the Web developer) and in terms of time where business vendor 
has to email or fax updates to the Web developer for changes of the Web page to be made. 

Therefore a solution to this problem in e- commerce should be investigated. 

1.4 Objective 

The main aim of this study is to design and develop a generic data-driven Web site for 
online product catalogue system in such a way that authorized personnel from the clients side 
who might have little or none technical expertise could design Web pages, update infonnation 
instantly through Web browser and take control in the maintenance of their content. 

The specific objectives are: 
a. To identify the technologies and tools in data-driven Web site development. 
b. To study and identify the appropriate approach to database connectivity on the 

Web using available resources. 
c. To design and develop a prototype of generic data-driven Web page for online 

product catalogue system with template driven design. 

I.S Significance Of Research 

The significant of this research is that this project provides the clients the power and 
control in the maintenance of online catalogue. Subsequently, the up to date infonnation of 
current products can be displayed to the view of the online shoppers who browse the clients' 
Web site. Little knowledge or expertise is needed for clients to build their online product 
catalogue, as they only need to fill in fonn via Web interface. Moreover, this project enables the 
clients to gauge demand for their products before having to commit to a full e-commerce 
solution 

1.6 Summary 

This documentation consists of five chapters. Chapter one comprises of the introductory 
part to this project. It includes description of the project, problem statement, objectives of this 
project, and its significance. Chapter two consists of literature reviews related to this study. 
Chapter three comprises of the methodology used to develop this project. Chapter four is a 
detailed description of the project itself and its implementation. Chapter five concludes with 
some recommendations and future works that can be carried out. 
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2.1 

CHAPTER 2 

LITERATURE REVIEW 


Introduction 

Since the evolution of World Wide Web or Web teclmologies, which was originally 
created by Tim Bemers-Lee (Sheldon, 1998), the Web has grown and used by millions of 
people in business, education, or for individual purposes of communication. At the same time, 
it has changed from a collection of static pages to an environment filled with constantly 
changing personalized content. The challenge for Web developers has been to dynamically 
generate content for Web pages. Many approaches have been tried to solve this problem. A 
comparison study on the strength and weaknesses of the teclmologies used in current data
driven Web site development is discussed in this chapter. 

2.2 The World Wide Web (Web) 

The Web consists of a network of computers that can act in two roles: as servers in 
providing infonnation; and as clients or usually referred to as browsers, requesting infonnation. 
Information on the Web is represented on Web pages, which appear as a collection of text, 
graphics, pictures, sound and video. A Web page also contains hyperlink to other Web pages, 
which enable users to navigate in a non-sequential way through information. 

Much of the information on the W'eb is stored in documents using HyperText Markup 
Language (HTML). HTML comprises the programming codes, or tags, that define fonts, layouts, 
embedded graphics, and links or hyperlinks to other documents accessible via the Web. It is a 
system for marking up a document so that it can be published on the Web. Browsers must 
understand and interpret HTML to display these documents. The HyperText Transfer Protocol 
(HlTP) governs the exchange of information between the Web server and the browser, which 
defines how clients and servers communicate. Documents and locations within documents are 
identified by an address, defined as Uniform Resource Locator (URL). 

2.3 Data-Driven Web Site 

A data-driven Web site is a structured collection of data. Data-driven Web sites are 
designed completely around the Relational Database Model developed in 1969 by E. F. Codd 
(Sanders, 1999). 

According to Kitching (2002), a data-driven Web page is useful in displaying: online 
catalogues, news, calendars, shopping carts, case studies, portfolios, discussion forums, client 
lists, email lists, member/user lists, storing user information and password access where the 
coDlalt oftile Web page can be changed using an online form. 

Dell Computer Corporation shows a good example of data-driven Web site. Dell's Web 
site contains information ofall the prices for computers, system configurations, and accessories. 
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These prices can change daily. Instead of a static Web site, Dell keeps this information in a 
database. As instance, when the price for hard disk changes, Dell only needs to change one 
entry, which is the hard disk found in the database and the entire Web site is affected of this 
change. Every time a viewer clicks on a new page on the Dell site, the Web server queries the 
database to make sure it has the latest information. In this case, the resulting Web page would 
show the new price for hard disk along with other relevant information from the database. 

2.4 Static And Dynamic Web Pages 

Static Web page refers that the content of the document does not change unless the file 
itself is changed. An example of static Web page is HyperText Markup Language (HTML) 
stored in a file. 

The content of a dynamic Web page is generated each time it is accessed. As data-driven 
Web pages are link to a database, any changes of information are made to the database. Hence, 
the new content is visible to anyone viewing the Web site at the instant the changes are made 
(Kitching, 2002). 

2.4.1 Advantages Of Data-Driven Web Pages 

Data-driven Web pages have some advantages over the static pages. First of all, it can 
respond to user input from the browser, such as returning data requested by completion of a 
form, or results of a database query (Connolly & Begg, 2002). As information is stored in 
database, the content on the Web pages changes as authorized personnel who own the Web sites 
create, insert, update and delete data. 

According to Wilson (2001), separating the content from the site's presentation allows 
content to be displayed in different ways or browser-specific templates to be displayed. 
Templates al10w the appearance of an entire Web site to change in minutes. If a link needs to be 
added, or make alterations to copyright text, one can update one file (rather than hundreds) and 
affect the whole Web site instantly (Wilson, 2001). 

Hileytech (2002) maintained that maintenance and editing of the data-driven Web site 
can be performed by anyone who are authorized can fill out an online form via simple Web 
interface and no knowledge ofprogramming language is required. 

A data-driven solution that utilises the three-tier architecture provides a foundation for 
scalability. By storing the application on a separate server rather than on the client, the Web 
eliminates the time and cost associated with application deployment. It simplifies the handling 
of upgrades and the administration of managing multiple platforms (Connolly & Begg, 2002). 

2.5 Architecture Of The Web 

There are two main types of Web architecture: traditional two-tier client-server 
architecture, and three-tier architecture. 

2.5.1 Traditional Two-Tier Client-Server Architecture 

A client is the application that actively initiates contact or request. The application that 
passively waits for contact and responds with results for those requests is called a server. The 
traditional two-tier client server architecture provides a basic separation of task. The first tier or 
the client is primarily responsible for the presentation of data to the users. The presentation 
services handle user interface actions and the main business application logic. On the other 
hand, the second tier or the server is primarily responsible for supplying data services to the 
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client Data services provide limited business application, typically validation that the client is 
unable to cany out due to lack of information, and access to the requested data, independent of 
its location (Connolly & Begg, 2002). 

However, the need for enterprise scalability challenged this traditional two-tier client
server model. The client side of this model presented two problems that prevented true 
scalability. Those problems are: 
- A/at client that requires considerable resources on the client's computer to run effectively. 
- A significant client-side administration overhead. 

2.5.2 Three-Tier Architecture 

By 1995, a new architecture proposed to be three layers appeared to solve the problem of 
enterprise scalability (Connolly & Begg, 2002). The three-tier architecture model consists of 
three layers each potentially running on a different platform. The first layer is the user interface 
layer, which runs on the end-user's computer or known as the client. The second layer is the 
business logic and data processing layer. This middle tier runs on a server and is often called the 
application server. A DBMS that stores the data required by the middle tier is situated in the 
third tier. This tier may run on a separate server called database server. Figure 2.1 illustrates the 
three-tier architecture model. 

Figure 2.1 The three-tier architecture model 

In the three-tier model, the middle tier does more than responds to HTTP request and 
delivers static or dynamic Web pages. It also provides application services, transaction 
processing (TP) monitoring functions and host component software created with Java, ActiveX 
aM other technologies (Sheldon, 1998). TP monitor provides a high level of monitoring and 
CODtroI for processes occurring between objects to ensure that operations complete successfully. 
AD important aspect ofTP systems is that they offload work from the Web server. On the other 
t.ad. component software technology breaks large and complex applications into smaller 
software modules called components or objects. 
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This model fully supports component software designs and highly dynamic Web page 
construction (Sheldon, 1998). It is scalable as additional servers can be added to the middle tier 
and the database tier to handle increased Web users access. In other words, it can be extended 
to n-tiers to provide scalability and flexibility (Connolly & Begg, 2002). 

2.5.2.1 Advantages Of The Three-Tier Architecture 

The three-tier design has many advantages over the traditional two-tier design, which 
include: 

The need for less expensive hardware because the client is thin because the client is now 
responsible only for the application's user interface and perhaps performing some simple 
logic processing. 
Application maintenance is centralized with the transfer of the business logic for many end
users into a single application server. This eliminates the concerns of software distribution 
that are problematic in the traditional two-tier client-server model. 
It is easier to modify or replace one tier without affecting the other tiers. 
Load balancing is easier with the separation of the core business logic from the database 
functions. 

2.6 Approaches To Data-Driven Web Site 

According to Wilson (200 I), there are three major elements needed to build a data-driven 
Web site, which are a Relational Database Management System (RDBMS), a programming 
language to manipulate data, and a template system to abstract presentation from code. The 
following section discusses in more detail regarding these three elements. 

2.6.1 Database Management System (DBMS) 

The roots of the DBMS lie in file-based system, which is a collection of application 
programs that perform services for the end-users such as the production of reports (Connolly & 
Begg, 2002). Although the file-based system was a great improvement on the manual filing 
system, it still has significant problems mainly the amount of data redundancy present and 
program-data dependence. 

Thus, the database approach emerged to resolve the problems with the file-based systems. 
A database is a shared collection of logically related data, and a description of this data, 
designed to meet the information needs of an organization. A DBMS is a software system that 
enables user to define, create, maintain and control access to database (Connolly & Begg, 2002). 
A DBMS typically operates on a database server or mainframe system to manage data, accept 
queries from users, and response to those queries (Sheldon, 1998). Most DBMS are client
server based and operate over network. The DBMS is an engine that runs on a powerful server 
with a high performance channel to a large data store. The DBMS accepts request from clients 
that may require sorting and extracting data. Once the server has processed the request, it 
returns the information back to the clients. 

The hierarchical approaches and CODASYL systems developed in the mid 1960s 
represent the first-generation ofDBMSs. The hierarchical structure conforms to an upside down 
tree and its model is typified by Information management System (IMS). On the other hand, 
CODASYL model or also known as network model is typified by Integrated Data Store (IDS). 
The relational model proposed by E.F. Codd in 1970, represents the second-generation of 
DBMSs. The third-generation of DBMSs are represented by the Object-Relational DBMS 

(ORDBMS) all 

regarding this t 
According 
Provides \\ 
Accepts da 
Provides ~ 
activities d 
Provides n 
from viewi: 
Provides d 
changing tI: 
Provides a 
record info 

2.6.1.1 Relatic 

RDBMS 
model proposed 
on the mathemal 

A mathel 
database terms, 
A relation is DO 
appropriate dom 
to individual tup 

ARDBM 
be related and c 
program is used 
into the databu 
cwrendy the ~ 

Vendors t 
~IncandI 

2.6..2 0 ...t-1 

systems Ire 

been u.d. 
CCRlepIa of 
object is a 
..... world 

'IbeIe 
Tbe 



l (llmalllll'c Web page 
to the middle tier 

it can be extended 

. design, which 

the client is now 
" rmulg some simple 

from the database 

to build a data-driven 
a programming 
from code. The 

lDecticm of application 
reports (Connolly & 

on the manual filing 
,uUJJua,u"J present and 

in the mid 1960s 
to an upside down 

On the other hand, 
Data Store (IDS). 

second-generation of 
"IC~l-~\."la, u·'''llQl DBMS 

.. 
(ORDBMS) and the Object-Oriented DBMS (OODBMS). However, there is currently dispute 
regarding this third generation ofDBMSs (Connolly & Begg, 2002). 

According to Sheldon (1998) a typical DBMS has the following features: 
Provides ways to structure data as records, tables or objects. 
Accepts data input from operators and stores that data for later retrieval. 
Provides query languages for searching, sorting, reporting, and other decision support 
activities that help users correlate and make sense of collected data. 
Provides multi-users access to data, along with security features that prevent some users 
from viewing andJ or changing certain types of information. 
Provides data integrity features that prevent more than one user from accessing and 
changing the same information simultaneously. 
Provides a data dictionary that describes the structure of the database, related files, and 
record information. 

1.6.1.1 Relational Database Management System (RDBMS) 

RDBMS represents the second generation of DBMSs and is based on the relational 
model proposed by E.F. Codd in 1970 (Connolly & Begg, 2002). The relational model is based 
on the mathematical concept of relation, which is physically represented by tables. 

A mathematical relation is a subset of the Cartesian product of two or more sets. In 
database terms, a relation is any subset of the Cartesian product of the domains of the attributes. 
A relation is normally written as a set of n-tuples, in, which each element is chosen from the 
appropriate domain. Relations are physically represented as tables, with the rows corresponding 
to individual tuples and the colunms to attributes. 

A RDBMS is a system that stores data in multiple databases called tables. The tables can 
be related and combined in various ways to correlate and view data. The relational database 
program is used in environment where procedures are designed into programs and data goes 
iato the database. The program then works on the data in the database. The RDBMS is 
currently the most popular type ofdatabase. 

Vendors that provide RDBMSs ,are IBM Corporation, Oracle Corporation, Microsoft, 
Sybase, Inc and Informix Software, Inc. 

1.6.1.1 Object-Relational Database Management System (ORDBMS) 

There is a growing need to store more than text and numbers in database. Hence, hybrid 
RDBMS systems are introduced to provide storage for multimedia types or objects. These 
systems are called Object-Relational DBMSs or more recently the term Universal DBMS has 
~ used. ORDBMSs have the basic relational tables and query language, incorporate some 
amcepIS ofobject and some have the ability to store methods as well as data in the database. An 
object is a uniquely identifiable entity that contains both the attributes that describe the state of a 
NIl world object and the actions that are associated with it (Connolly & Begg, 2002). 

There are two possible approaches to extending RDBMS systems to support objects. 
ThI first approach is to separate data management and data processing tasks into different 
proceaes. The second approach is to integrate data management and data processing tasks into 
DBMS engine. 

Three of the leading RDBMS vendors, which are Oracle, Informix, and IBM, have 
CIIIeDded their systems into ORDBMS. However, the functionality provided by each of these 
vendors are slightly different. 
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2.6.1.3 Object-Oriented Database Management System (OODBMS) 

OODBMS is an approach to integrate object-oriented concepts with database systems. 
OODBMS started in the engineering and design domains. It has recently become the favoured 
system for financial and telecommunications applications. 

An OODBMS is designed to handle a variety of different data types, including 
documents, images, audio and video. More importantly, OODBMS also stores methods. These 
methods include properties and procedures that are associated directly with objects in database. 
In addition, new objects can be created as necessary to define ant type of information. 

An OODBMS consists of a model of all the data in the database. The database contains 
many different data types that can be defined in advance or at any time. Each data type can be 
assigned meaning that is relevant to the object it represents. 

Vendors that provide OODBMSs are Objectivity, Inc. , Object Design, Inc. and Versant 
Object Technology Corp. 

2.6.2 Structured Query Language (SQL) 

SQL is the standard computer language used to communicate with RDBMS (Mata
Toledo & Cushman, 2000) and also the de facto standard language for RDBMS (Connolly & 
Begg, 2002). The history ofSQL can be said to have started with the publication of the paper 'A 
relational model for large shared data banks' by E. F. Codd in 1970. In 1974 D. D. Chamberlain 
defined a language called the 'Structured English Query Language' or SEQUEL, built on 
CQdd's idea. A revised version, SEQUEU2, was defined in 1976 but the name was 
subsequently changed to SQL for legal reasons. Toward the end of the 1980s, the American 
National Standards Institute (ANSI) and the International Standards Organization (ISO) 
published SQL standards. In 1992 the first major revision to the standard took place and is 
commonly referred as SQL2 or SQL-92. 

In the client-server environment, the user's front-end application interfaces to a DBMS 
engine through a back-end server. The interface between the front-end and the back-end is a 
specific application programming interface (API). While SQL provides standard for accessing 
databases, there were differences in the way each system was implemented. Database systems 
have traditionally been tied to a specific front-end interface that did not work with just any 
client-side application. Therefore, either embedded SQL approach or Call Level Interface (CLI) 
is implemented. 

In the frrst approach, SQL statements to be sent to DBMS are embedded directly into the 
source code file of programs that are written in a host language. A typical embedded SQL 
programs contains a number of SQL statements, but these statements are precompiled to make 
them compatible with the host language and the program is then compiled for execution. The 
program can then operate directly with the database because the SQL statements are embedded 
in it. 

With the latter approach, programs must call a set of external functions in an API library 
in order to work with the database. CLI is normally used when the client and server are on two 
different systems and the API is located on the client system. The client application makes call 
to the API, and the API communicates with the DBMS. 

The current trend to allow users to access any back-end server using a variety of front
end applications is to provide middleware products between the clients and the servers. 
Middleware products hide differences between access language and database APIs. 
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2.6.3 Database Development Tools For The Web 

There are a numbers of tools available to make database information available to the 
Web users over the Internet. These tools help Web servers access information on back-end 
databases and build dynamic Web pages based on information requested by users. Below are 
some examples of the standards and tools available for developing Web database connectivity. 

2.6.3.1 Open Database Connectivity (ODBC) 

OOBC is a standardized set of API function class that can be used to access data stored 
in both relational and non-relational OBMSs (Sanders, 1999). It uses a single programming 
interface built on the C language that is open and not tied to any vendor's database. 

OOBC uses SQL for its operations that access a database. It contains a library of a 
function calls for accessing OBMS data. The function calls can be used to execute SQL 
statements. Through OOBC, clients do not need to know the location of a database, the type of 
database, or the communication method to access it. Moreover, OOBC applications have 
universal access to any database that has an OOBC driver written for it. These databases are 
called data sources. Since different OBMSs have widely different functions, the OOBC API 
was designed in a way that lets an application know what functions are available from a 
particular database's OOBC driver. 

OOBC has merged as a de facto industry standard. According to Connolly and Begg 
(2002), OOBC gains its popularity because of its flexibility as stated below: 

Applications are not tied to a proprietary vendor API; 
SQL statements can be explicitly included in source code or constructed dynamically at run 
time; 
An application can ignore the underlying data communications protocols; 
Oata can be sent and received in a format that is convenient to the application; 
OOBC is designed in conjunction with the XlOpen and ISO Call-Level Interface (CLI) 
standards; 
There are OOBC database drivers available for many of the most popular OBMSs. 

2.6.3.2 Java Database Connectivity (JDBC) 

IDBC is an API specification developed by Sun Microsystems that defines a uniform 
interface for accessing various relational databases (Callaway, n.d.). IDBC is a core part of the 
Java platform and is included in the Java Oevelopment Kit (IDK) distribution. 

IDBC enables Java applications to connect to any back-end database using various 
drivers and a set of Java API objects and methods. The IDBC provides various objects for 
coonecting to a database, executing SQL statements and executing stored procedures. JOBC 
IIso provides various objects and methods for getting information about objects within the 
database (Hobbs, 1997). 

A IDBC driver translates standard JDBC calls into a network or database protocol or into 
• dallbase library API call that facilitates communication with the database. This translation 
layer provides IDBC applications with database independence. If the back-end database 
changes, only the IDBC driver need be replaced with few code modifications required. 

2.6.3.2.1 JDBe Driver Types 

There are four distinct types of IDBC drivers because there are many database 
requirements. One needs to weight the requirements with the capabilities of each driver type to 
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choose the most suitable driver. Type I and type 2 drivers may become more attractive because 
they are usually available free of charge. Type 3 drivers offer one's application the ability to 
transparently access different types of databases, while Type 4 drivers usually exhibit better 
performance. 

2.6.3.2.1.1 Type 1: JDBC-ODBC Bridge 

lOBC-ODBC bridge was developed in mid-1996 by Sun and Intersolve. It provides 
JDBC access using ODBC drivers. Type I drivers act as a bridge between JDBC and another 
database connectivity mechanism such as ODBC. The lOBC-ODBC bridge provides lOBC 
access using most standard ODBC drivers. This driver is included in the Java 2 SDK within the 
sunjdbc.odbc package. Finally, the lOBC-ODBC bridge requires that the native ODBC 
libraries, drivers, and required support files be installed and configured on each client 
employing a Type I driver. 

Moss (1999) suggested that one might consider using type I drivers for the following 
implementations: 

Quick system prototyping; 
Three-tier database systems; 
Database systems that provide an ODBC driver but without JDBC driver; 
Low cost database solution where one already has an ODBC driver. 

2.6.3.2.1.2 Type 2: Java To Native API 

The Java to Native API drivers use the Java Native Interface (JNI) to make calls to a 
local database library API. Type 2 drivers are usually faster than Type I drivers. Since lOBC 
uses native libraries, these libraries must be installed and configured on the client machine that 
will be using the driver. 

Moss (1999) suggested that one might consider using type 2 drivers for the following 
implementations: 

As an alternative to using lOBC-ODBC bridge as type 2 drivers perform better; 
As a low cost database solution where one already using a major database system that 
provides a type 2 driver. 

2.6.3.2.1.3 Type 3: Java To Proprietary Network Protocol 

Type 3 drivers are pure Java drivers that use a proprietary network protocol to 
communicate with JDBC middleware on the server. The middleware then translates the network 
protocol to database-specific function calls. Type 3 drivers are the most flexible lOBC solution 
because they do not require native database libraries on the client and can connect to many 
different databases on the back-end. Type 3 drivers can be deployed over the Internet without 
client installation. It is typically used in a three-tier solution. However, type 3 drivers may 
prove to be costly because of the benefits they provide (Moss, 1999). 

Moss (1999) suggested that one might consider using Java to proprietary network 
protocol drivers for the following implementations: 

Web-deployed applets that do not require any pre-installation or configuration ofsoftware; 
Secure systems where the database product would be protected behind a middle tier; 
Flexible solutions where there are many different database products in use; 
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2.6.3.2.1.4 Type 4: Java To Native Database Protocol 

Type 4 JDBC drivers are pure Java drivers that implement a proprietary database 
protocol to communicate directly with the database. They do not require native database 
libraries and can be deployed over the Internet without client installation. One drawback to 
Type 4 drivers is that they are database specific. A new type 4 driver need to be deployed once 
the back-end database changed. However, they are usually the fastest JDBC drivers available. 
This is because type 4 drivers communicate directly with the database engine rather than 
through middleware or a native library. 

Moss (1999) suggested that one might consider using Java to native database protocol 
drivers for the following implementations: 

Use when high performance is critical; 
In environment where only one database product is in use; 
Web-deployed applets. 

1.6.3.3 Microsoft ActiveX Data Objects (ADO) 

ADO is a programming extension of Active Server Page (ASP) supported by the 
Microsoft Internet Information Server (lIS) for database connectivity. ADO is an ODBC
compliant set of interfaces that exposes all of the functionality in modem databases through 
accessible objects. ADO can be used with virtually any scripting languages, such as JavaScript, 
Miaosoft Visual Basic Scripting Edition language (VBScript), and Practical Extraction and 
Report Language (perl). The primary benefits of ADO are ease of use, high speed, low memory 
overhead, and a small disk footprint. 

2.6.4 Client-Side Scripting Languages 

Scripting languages allow the creation of functions embedded within HTML code. This 
allows various processes to be automated and objects to be accessed and manipulated. When 
eDcuted, such scripts allow control to what will actually appear in the browser window with 
more flexibility than is possible using straight HTML. Client-side scripting language is 
iaterpreted by the Web browser once the Web page that contains the script has been 
downloaded. 

Programs can be written with standard programming logic. More importantly, some 
scripting languages can create HTML on-the-fly, allowing a script to create a custom HTML 
page based on user selections or input, without requiring a script stored on the Web server to 
construct the necessary page (Connolly & Begg, 2002). 

2.6.4.1 IITML 

HTML was originally developed by Tim Berners-Lee but was standardized in November 
995 .. the Internet Engineering Task Force (IETF) RFC 1866 or commonly referred to as 

R1'ML version 2. The language has evolved and the World Wide Web Consortium (W3C) 
alRady recommends the use of HTML 4.01. HTML 4.01 has mechanisms for frames, style 
...... scripting, and embedded objects. HTML is an application of the Standardized 
GeDeralization Markup Language (SGML), a system for derming structured documents types 
ad-mp languages to represent instances of those document types (Connolly & Begg, 2002). 

HTML is the page description language for the Web (Sheldon, 1998). Files are created 
sag simple text with embedded codes. These files are stored on Web servers. When client 


