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At the end of this chapter the reader will be able to:

• Define the concept of data mining

• Discuss the essential features of data mining techniques

➠C H A P T E R

D ATA  M I N I N G
Aristotle maintained that women have fewer teeth than men; although he was twice married,

it never occurred to him to verify this statement by examining his wive’s mouths.

Bertrand Russell (1872–1970)

L E A R N I N G  O U T C O M E S

42



42.1 I N T R O D U C T I O N

Data mining is normally used in association with data warehouses and data
marts. To gain benefit from a data warehouse or mart, the data patterns resi-
dent in the large data-sets characteristic of such applications need to be
extracted. As the size of a data warehouse grows, the more difficult it is to
extract such data using the conventional means of query and analysis. Data
mining involves the use of automatic algorithms to extract this data.

42.2 D E F I N I T I O N

Data mining is the process of extracting previously unknown data from large
databases and using it to make organisational decisions (Kantardzic, 2002).
There are a number of features to this definition:

• Data mining is concerned with the discovery of hidden, unexpected
patterns of data

• Data mining usually works on large volumes of data. Frequently, large
volumes are needed to produce reliable conclusions in relation to data
patterns

• Data mining is useful in making critical organisational decisions, particu-
larly those of a strategic nature

Data mining began its life in specialist applications such as geological research
(searching for natural resources) and meteorological research (weather fore-
casting). More recently it has been applied in a number of areas of industry and
commerce.
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Examples Examples of such business applications are listed below:

• In retail chains, data mining has been used to identify the purchasing patterns
of customers and associating this data with demographic characteristics such as
the age and class profile of customers. Such patterns are useful in making deci-
sions such as what products to sell in which retail stores and when

• In the insurance industry, data mining has been used to analyse the claims
made against insurance policies and hence feed into actuarial decisions such as
the pricing of particular policies

• In the finance industry, banks have used data mining techniques to identify
fraudulent credit card use among its transaction data

• In the medical domain, data mining may be applied to identify successful
medical treatments for particular medical complaints

• In direct-mail targeted marketing, retailers must be able to identify subsets of
the population likely to respond to their promotions 
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42.3 D A T A  M I N I N G  O P E R A T I O N S  O R  T E C H N I Q U E S

Data mining is implemented in terms of a number of operations or techniques
(Cabena et al., 1997). There are four main operations associated with data
mining: predictive modelling, database segmentation, link analysis and devia-
tion detection. Particular operations are usually associated with particular
applications. For instance, credit card fraud detection is likely to be imple-
mented by predictive modelling, while profiling of customers is likely to be
implemented by database segmentation.

Each operation may be implemented using a number of different techniques
or algorithms. Since each particular technique has its own strengths and weak-
nesses, data mining tools may offer a choice of techniques to implement an
operation:

42.3.1 P R E D I C T I V E  M O D E L L I N G

Predictive modelling is an attempt to model the way in which humans learn.
An existing data-set is analysed to form a model of its essential characteristics.
This model is developed using a supervised learning approach consisting of
two phases. The first, training, phase involves building a model using a large
sample of data known as the training set. The second, testing, phase involves
trying out the model on new data. Predictive modelling is associated with the
techniques of classification and value prediction.

Classification involves determining a class for each row in a database. This
may be done using decision trees or neural networks.

A decision tree (Beynon-Davies, 1998) represents a classification problem as
a series of conditions. Each node represents a condition and each branch a
specific response to a condition. The leaf nodes of the tree represent the range
of classes into which a row might be classified. This tree will be induced from
an analysis of the input data-set.

A neural network comprises a network of nodes. The nodes are divided up
into three layers: an input layer, a processing layer and an output layer.
Nodes in the input layer are activated depending on the characteristics of
the data input into the network. The input nodes activate in turn the
processing nodes, the ‘strength’ of the activation being dependent on
weights assigned to the relationships between nodes. The processing nodes
determine the relevance of applicable output nodes (the classes in the prob-
lem) based on these weights. The weights assigned to the relationships
between nodes will be constructed in a phase in which the network ‘learns’
from a sample data-set.

Value prediction is a technique used to estimate a value associated with a
database row. The technique generally uses the well-established statistical algo-
rithms associated with linear regression. Linear regression attempts to build the
best fit of a straight line through a plot of data.
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42.3.2 D A T A B A S E  S E G M E N T A T I O N

Database segmentation involves partitioning the database into a number of
segments or clusters. Each segment comprises a set of rows having a number of
properties in common. Segments are built and refined using a process of unsu-
pervised learning.
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Example A fictitious example of a classification approach to data mining is illustrated in
Figure 42.1. Here a pattern identified in a data-set of student applications for univer-
sity courses is represented as a simple decision tree. The pattern induced from the
existing data on student applications may be used in a number of ways. For exam-
ple, it might be used to target marketing material at particular populations or it
might be used to construct campaigns to address an obvious gender imbalance in
applications for university courses.

➠

Figure 42.1 A tree induction example.

Examples An example of the application of this technique is in the area of bank note forgeries.
A database might have been constructed in terms of observations recorded against
a population of banknotes. Performing segmentation on this data-set allows us to
cluster the banknotes into distinct sets in terms of dimensions such as size, colour
etc. This may allow us not only to distinguish forgeries from legal tender, it may
also allow us to distinguish particular types of forgery, perhaps associated with
particular criminal groups.
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42.3.3 L I N K  A N A L Y S I S

Link analysis attempts to establish associations between individual records in
the data-set. Such associations are frequently represented as rules in a tech-
nique known as associations discovery.

In a technique known as sequential pattern discovery, the associations are
represented in terms of the presence of one set of data-items being followed by
another set of data-items.

42.3.4 D E V I A T I O N  D E T E C T I O N

Deviation detection involves identifying so-called outliers in the population
of data – i.e. those that deviate from some norm. Deviation detection can be
detected by statistical and visualisation techniques such as linear regression.
A classic example of deviation detection is that applicable to the quality
control associated with manufacturing. Analysis of defect data associated
with the production process may allow a company to identify reasons for the
introduction of faults and may lead to improvements in production
processes.
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Database segmentation may also be applied in market basket analysis (Witten and
Frank, 2000). This is the use of association techniques to find groups of items asso-
ciated with consumer transactions. For example, in a food supermarket a company
gathers data about purchasing at checkouts. From conducting data mining on such
data we determine that customers often purchase beer and disposable nappies at
the same time. This may be because parents with young children typically stock up
with both for the weekend. Such associations can be used for a number of
purposes, such as planning store layouts and discounting of products sold
together.

Example For instance, an analysis of data collected on student progression may identify a
rule such as if a computing student passes a first year programming module then
in 40% of cases he or she will gain an upper second class degree.

➠

Example An example here might be the patterns identified in student module enrolments,
allowing us to predict the likely take-up of final-year module options. Similarly, time
sequence discovery identifies patterns between data which are time-dependent. For
instance, a link analysis of customer purchasing patterns using this technique might
find that within a certain time period after making a house purchase, buyers
purchase items such as washing machines, refrigerators etc.
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42.4 D A T A  M I N I N G  T O O L S

Data mining tools are likely to incorporate the following facilities:

• Data preparation and import facilities. The data mining tool should be capa-
ble of importing data from the target environment

• Selection of data mining operations and techniques. The data mining tool
should provide a range of algorithms for pattern detection

• Product scalability and performance. The tool should be capable of handling
sufficient volumes of data and should offer satisfactory levels of perfor-
mance in terms of data manipulation operations

• Facilities for data visualisation. The tool should be capable of presenting a
number of different graphical representations of patterns detected

42.5 C A S E  S T U D Y :  D A T A  M I N I N G  O F  M E D I C A L  D A T A

In the 1990s, approximately 10% of the population of Singapore were diabetic.
This is a medical condition with many side-effects such as increased risk of eye
disease and kidney failure. Early detection of the condition and proper care
management can significantly improve the health and longevity of sufferers.

To combat the disease, the government of Singapore introduced in 1992 a
regular screening programme for diabetic patients in public hospitals. This
programme generated a vast amount of data about patients, including patient
details, clinical symptoms, eye-disease diagnoses and treatments. Over ten
years of data has now been collected and made available for data mining. The
aim is to use data mining to discover rules to enable physicians to better under-
stand the association of the disease with particular population segments.

Before the data could be used it had to be cleaned of typographical errors,
missing values and incorrect values. Rule generation algorithms applied to the
data also produced too many rules to be practically used. Therefore, data prun-
ing techniques had to be used to remove insignificant rules. Data visualisation
software was also used to present the rules for easy manipulation by physicians.

42.6 S U M M A R Y

• Data mining is the process of extracting previously unknown data from large data-
bases and using it to make organisational decisions

• There are four main operations associated with data mining: predictive modelling,
database segmentation, link analysis and deviation detection

• Each operation may be implemented using different algorithms

• A particular software vendor may offer a number of algorithms to implement an
operation
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42.7 A C T I V I T I E S

1. Write a brief report identifying possible applications of data mining in an organisa-
tion such as a university.

2. For the business applications listed in section 42.2, identify the most appropriate
data mining technique.
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At the end of this chapter the reader will be able to:

• Define the concept of the Internet

• Describe the key components of the Web

• Relate the place of database systems in Internet and Web applications

• Provide an overview of a number of different ways of building Web-enabled database

applications

➠C H A P T E R

D ATA B A S E S  A N D  T H E  W E B
All men are caught in an inescapable network of mutuality.

Martin Luther King Jr (1929–68)

L E A R N I N G  O U T C O M E S
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43.1 I N T R O D U C T I O N

The Internet – short for inter-network – began as a Wide Area Network in the
USA, funded by its Department of Defense to link scientists and researchers
around the world. It was initially designed primarily as a medium to exchange
research data.

Currently the Internet is a set of interconnected computer networks distrib-
uted around the globe. The Internet can be considered on a number of levels.
At the base level we have the technical infrastructure of the Internet which is
composed of packet-switched networks and a series of communication proto-
cols. On this layer runs a series of applications such as electronic mail (e-mail)
and more recently the World-Wide-Web.

In this chapter we provide an overview of the Internet and the Web. We
describe some of the ways in which these technologies are affecting the
construction of ICT system applications. We also consider some of the reasons
for the use of database systems within Internet/Web applications. Finally we
conclude with a consideration of a number of ways in which Web-enabled
database applications can be built.

43.2 I N T E R N E T  I N F R A S T R U C T U R E

The technical infrastructure of the Internet consists of a number of compo-
nents. These include:

• Packet-switched networks

• TCP/IP

• HTTP

• IP addresses

• URLs

• Domain names

43.3 P A C K E T - S W I T C H E D  N E T W O R K S

The early computer networks were modelled on the local and long-distance
telephone networks that dated back to the early 1950s. Computer networks
tended to be composed of leased telephone lines. In these traditional tele-
phone networks, a connection between a caller and the receiver was estab-
lished through telephone switching equipment (both mechanical and
computerised) selecting specific electrical circuits to form a single path. Once
the connection was established, data travelled along the path. This is known as
a circuit-switching network.

Circuit-switching works well for telephone communication but proves
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expensive for data communication because of the need to establish a point-to-
point connection for each pair of senders/receivers. Most computer networks
therefore use a form of network technology known as packet-switching. In
such a network the data in a message or file is broken up into chunks known
as packets. Each packet is electronically labelled with codes that indicate the
sender (origin) and receiver (destination) of the packet. Data travels along the
network from computer to computer until it reaches its destination. Each
computer in the network determines the best route forward for the packets it
receives and must transmit. Computers that make these decisions are known
as routers. The destination computer reassembles the packets into the original
message.

There are a number of advantages to packet-switching networks for data
communications. Long streams of data can be broken up into small, manage-
able chunks. This means that the packets can be distributed efficiently to
balance the traffic across a wide range of possible transmission paths in a
network.

43.4 T C P / I P

One of the key objectives of most computer networks is to achieve high levels
of connectivity. Connectivity is the ability of computer systems to communi-
cate with each other and to share data. For connectivity, standards must be
defined to enable communication between sender and receiver. Such standards
are embodied in communication software.

One approach to developing higher connectivity among systems is by using
the idea of open systems. Open systems are built on public domain operating
systems, user interfaces, application standards and networking standards. One
of the oldest examples of an open systems model for communications is
TCP/IP. This was developed by the US Department of Defense in 1972. The
Transmission Control Protocol/Internet Protocol is the communications soft-
ware model underlying the Internet. A protocol is a statement that explains
how a specific networking task should be performed. TCP/IP divides the
communication process into five layers of network tasks:

• Application. The application layer is that closest to the network user. The
application layer provides data entry and presentation functionality to the
end-user of the network

• Transport/TCP. This layer breaks application data up into TCP packets
known as datagrams. Each packet consists of a header comprising the
address of the sending computer, data for reassembling the original data
and error-checking data

• Internet protocol. This layer receives datagrams from the TCP layer and
breaks the packets down further. An IP packet contains a header with an
address and carries TCP information and data in the body of the packet. The
IP layer routes the individual packets from the sender to the receiver
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• Network. This handles addressing issues, usually within the operating
system, as well as providing an interface between the computer and the
network. Each device on a network will normally have a unique ID (an IP
number) assigned to it – represented in the network interface of each device

• Physical. This defines the basic characteristics of signal transmission along
communication networks

Two different computer systems using TCP/IP are able to communicate with
each other even though they may be based on different hardware and software
platforms. Data sent from one computer passes down through the five layers.
Once the data reaches the receiving computer it travels up through the layers.
If the receiving computer finds a damaged packet it requests the sending
computer to send again. This process is illustrated in Figure 43.1.

43.5 H Y P E R T E X T  T R A N S F E R  P R O T O C O L  ( H T T P )

HTTP is an object-oriented protocol that defines how information can be trans-
mitted between clients and servers. A HTTP transaction consists of the follow-
ing phases:

• Connection. The client establishes a connection with a Web server

• Request. The client sends a request message to a Web server
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• Response. The Web server sends a response to the client

• Close. The connection is closed by the Web server

HTTP is said to be a stateless protocol. This means that when a server
provides a response and the connection is closed, the server has no memory
of any previous transactions. This has the advantage of simplicity in that
clients and servers can run with simple logic and there is little need for extra
memory.

43.6 I P  A D D R E S S E S

An IP address is the fundamental way of identifying uniquely a computer
system on the Internet. An IP address is constructed as a series of up to four
numbers, each delimited by a period. It is hence called a dotted quad. In a 32-
bit IP address, each of the four numbers can range from 0 to 255. Generally the
first of the four numbers identifies a computer network. The remaining
numbers usually identify a node on this network.

Because of the explosion in Internet usage, more computers are being added
to the global network. Hence, the 32-bit IP address will eventually run out of
unique addresses. To offset this, a 128-bit IP address will be introduced glob-
ally.

43.7 U N I V E R S A L  R E S O U R C E  L O C A T O R S  ( U R L s )

Internet users generally find IP addresses difficult to remember. Hence more
mnemonic identifiers have been introduced which map to IP addresses.

A computer attached to the Internet and the HTML (hypertext markup
language) documents resident on these computers are identified by universal
resource locators (URLs). URLs can thus be used to provide a unique address for
each document on the Web. Links between documents are activated by
‘hotspots’ in the document: a word, phrase or image used to reference a link to
another document.

The syntax of a URL consists of at least two and as many as four parts. A
simple two-part URL consists of:

• The protocol used for the connection (such as HTTP)

• The address at which a resource may be located on the host
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Example 126.203.97.54 may be an IP address for a computer on the local area network at my
university.
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43.8 D O M A I N  N A M E S

The ‘swansea’ in the URL in the previous example is short for ‘The University
of Wales, Swansea’, the ‘ac’ for academic and the ‘uk’ for United Kingdom. This
constitutes a so-called domain name, an agreed string of characters that may
be used to provide some greater meaning to a URL. In practice, a domain name
identifies and locates a host computer or service on the Internet. It often relates
to the name of a business, organisation or service and must be registered in the
same way as a company name.

A domain name is actually made up of three parts:

• Subdomain. This constitutes a provider of an Internet service. In this case it
is University of Wales, Swansea

• Domain type. This suggests the type of provider. In this case it is ‘ac’ – indicat-
ing an academic institution based in the UK. The string ‘edu’ (short for educa-
tion) is used more generally for an educational institution internationally

• Country code. Every country has its own specific code. For instance, ‘au’ is
the code for Australia. If no country code is specified then the organisation
is more than likely based in the USA

43.9 C O M P O N E N T S  O F  T H E  W W W

The World-Wide-Web, or Web for short (Berners-Lee, 1999) is the application
(or series of applications) which is associated most readily with the Internet at
the current time.

Figure 43.2 illustrates the primary components of the Web:

• Hypertext/Hypermedia

• HTML

• Web browsers

43.10 H Y P E R T E X T / H Y P E R M E D I A

Vannevar Bush (1945) envisaged hypertext/hypermedia systems in the 1940s.
In a ground-breaking paper Bush discussed the concept of a memex (memory
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Example In the URL below, the protocol – HTTP – is placed before the symbols ://. The
address after these symbols identifies a specific Web page on the host computer,
in this case the home page of the University of Wales, Swansea:

HTTP://www.swansea.ac.uk
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extender), a device capable of storing and retrieving information on the basis
of content. In 1968, Douglas Englebart demonstrated the Augment system.
Augment was an on-line working environment designed to augment the
human intellect. It could be used to store and retrieve memos, research notes
and other forms of documentation. Ted Nelson extended Bush’s original idea
in his Xanadu environment. Xanadu was designed to be an ever-expanding
work-space that could be used to create and interconnect documents contain-
ing text, video, audio and graphics. Nelson actually coined the term hypertext
and described it as being ‘non-linear reading or writing.’ A number of promi-
nent hypermedia prototypes were developed during the 1980s. However, a
software tool bundled with the Apple Macintosh computer did most to popu-
larise the concept. In recent times hypertext and hypermedia form the bedrock
for the Web.

Text can normally be organised in three major ways:

• Linear text. Linear text is exemplified in the format of the conventional
novel. The reader is expected to start at the beginning and progress to the
conclusion via a sequential reading of chapters

• Hierarchical text. Most textbooks and reports are organised hierarchically in
terms of chapters, sections, subsections etc. The reader is able to access the
text at various points in the hierarchy

• Network text. The dictionary or the encyclopaedia exemplifies network text.
In a dictionary, each entry has an independent existence but is linked to a
number of other entries via references

Hypertext is an electronic or on-line version of network text. A hypertext docu-
ment is made up of a number of textual chunks connected together with asso-
ciative links called hyperlinks. Hypermedia is a superset of hypertext. Here the
nodes of the network may be various media, including text, graphics, audio
and video.
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Figure 43.2 Components of the World-Wide-Web.
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43.11 H Y P E R T E X T  M A R K U P  L A N G U A G E  ( H T M L )

The WWW can be thought of as a collection of documents residing on thou-
sands of servers or Web-sites around the world. Each such document contains
content such as text and a set of embedded tags that indicate how the content
is to be presented. This process of tagging text with extra presentational infor-
mation is known as marking-up, and the set of tags for doing this a markup
language. In the 1960s work began on developing a generalised markup
language for describing the formatting of electronic documents. This work
became established in a standard known as the standard generalised markup
language, or SGML.

SGML in fact constitutes a meta-language – a language for defining other
languages. Hence, SGML can be used to define a large set of markup
languages. Tim Berners-Lee used SGML to define a specific language for hyper-
text documents known as hypertext markup language (HTML). HTML is a
standard for marking-up or tagging documents that can be published on the
Web, and can be made up of text, graphics, images, audio-clips and video-
clips. Documents also include links to other documents either stored on the
local HTML server or on remote HTML servers. HTML documents are also
referred to as ‘pages’.

A HTML document contains both content and tags. The document content
consists of what is displayed on the computer screen. The tags constitute
codes that tell the browser how to format and present the content on the
screen.

The general form of this relationship between tags and content is

<tagname properties> content </tagname>

The tagname is taken from an established set of keywords established in the
particular version of HTML. Certain tagnames have associated with them a
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Example Below we include a very simple document expressed in HTML:

<HTML>
<TITLE>Information Systems</TITLE>
<H1>Information Systems</H1>
<H2>Paul Beynon-Davies</H2>
</HTML>

The text between angled brackets constitutes tags. Each piece of text is preceded
by a start-tag and succeeded by an end-tag. A forward slash precedes an end-tag.
The HTML tags indicate the start and end of the document. The tag Title provides a
name for the page. The tags H1 and H2 indicate that a first-level and second-level
heading should be displayed respectively.
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number of properties which serve to refine the meaning of a tag to a
browser.

43.12 W E B  B R O W S E R

To access the Web one needs a browser. This is essentially a program that lets
the user read Web documents, view any in-built images or activate other media
and hotspots. After the invention of the concept of the Web, the idea became
established quickly in the scientific community. However, few people outside
this community had software capable of reading HTML documents. In 1993
the first program that could read HTML documents and display them on a
graphical user interface was written at the University of Illinois. It became
known as Mosaic.

The commercial opportunities afforded by browsers soon became apparent
and members of the Illinois team joined with one other to form the company
Netscape Communications. Their key product, Netscape Navigator, became an
immediate success. Microsoft soon entered the market with its Internet
Explorer product and these two browsers still dominate this niche in the soft-
ware market.
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Examples In the tag <P align=“right”>, P is the tagname and acts as an abbreviation for the
word paragraph. Consequently this tag is designed to be placed at the start of a
chunk or paragraph of text. The word align is a property which can be assigned a
number of values from a limited list. Here the value right specifies that the para-
graph in question should be right-justified on the screen. An end-tag </P> will be
placed at the end of the chunk of text.

The hyperlinks between pieces of text are established using anchor tags. The link
can be to a textual element in the same document or to another document. This
anchor tag has the form:

<A HREF=”address”>visible link text</A>

The letter A stands for anchor. HREF is a property which is used to specify the
address of the document or piece of text to be linked to. The visible link text estab-
lishes what is displayed on the screen as a so-called hotspot. When you move the
cursor over a hotspot, the cursor changes from an arrow to a pointing hand. This
indicates that a click on the hotspot will transfer you to the text specified in the
address.

The following tag embedded in a HTML document will establish a hyperlink to the
author’s current place of work:

<A HREF=”http://www.swan.ac.uk”>The University of Wales, Swansea</A>
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43.13 T H E  P L A C E  O F  D A T A B A S E  S Y S T E M S  I N  I N T E R N E T
A P P L I C A T I O N S

Many contemporary Web-sites are repositories for files. In this case each Web
document is stored in its own file. This is perfectly satisfactory for small Web-
sites. As the amount of information provided on a Web-site grows, this file-
based model proves difficult to manage.

For example, it is difficult to keep track of information contained in
hundreds or thousands of separate Web documents. If changes are made to the
structure of information contained in documents, such changes may affect
hundreds of links from other documents.

Many organisations are now looking to Web-sites to make connections to
their customers and suppliers. In terms of customers, the organisation may
wish to provide a complete list of its products. In terms of suppliers, the organ-
isation may wish to provide access to its production data. To support such
applications, connections need to be made from Web servers to data contained
in corporate databases.

The use of database systems to store both content and link information of
relevance to Web information has therefore become a significant force over the
last few years. We generally refer to the use of databases in this context as
networked database applications.

43.14 T Y P E S  O F  W E B - E N A B L E D  D A T A B A S E  A P P L I C A T I O N S

A Web-enabled database application is a database application in which clients
use a HTML-based browser and the server includes both an Internet server, a
DBMS and a database. Several different types of such applications are emerging.
Many of these are referred to as publishing applications because of the way in
which Internet applications are organised around requests to an information
source. We can distinguish between three main ways in which a database
system may interact with Web-based services:

43.14.1 S T A T I C  R E P O R T  P U B L I S H I N G

In this type of Web-enabled database application the DBMS generates a
report, static form (a display only form), or response to a query in HTML
format, and posts this onto the Web-site. The traffic in this type of applica-
tion is one-way, from the server to the client. The user provides no data to
the application.

43.14.2 Q U E R Y  P U B L I S H I N G

In this type of Web-enabled database application a HTML form is generated
containing text boxes in which the user may enter criteria for a query. Once
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the form is submitted, a request is made to the DBMS which returns matching
data or an error.

43.14.3 A P P L I C A T I O N  P U B L I S H I N G

In this type of Web-enabled database application the interfaces (both data
entry and reports) are all Web based. This is clearly a Web-based emulation of
the traditional information technology system architecture. However, such
applications currently suffer from three major problems:

• Internet applications usually suffer from low data transmission rates. This
means that only applications having limited demands on data transmission
can generally be shared

• Internet security currently suffers from limited security. Developments are
occurring in areas like encryption but as yet many organisations are unhappy
in using Internet technology to handle commercially sensitive data

• The stateless nature of Internet transactions means that the client needs to
maintain some record of the status of a database session. This means that
client applications generally have to be large and quite complex

Each of the networked database applications described above demand the use
of dynamic Web pages. Traditionally, a HTML file stored as a document is an
example of a static Web page. The content of the page only changes if a change
is made to the document. In a dynamic Web page, the content is dynamically
generated each time the page is accessed.

43.15 A P P R O A C H E S  T O  B U I L D I N G  W E B - E N A B L E D  D A T A B A S E
A P P L I C A T I O N S

There are a number of approaches to building Web-enabled database applica-
tions including:

• Common gateway interface (CGI). This constitutes a specification for how
scripts communicate with Web servers. Scripts are programs stored on the
Web server which are executed by the server, and the results of the execu-
tion are returned to the browser. Parameters can be passed to the script
using the query string part of a URL

• Server-side includes. Normally Web servers do not examine the files that they
send to browsers. Some servers are able to examine the files for so-called
server-side includes. Such includes may command the server to execute
some program and include the results within the document before return-
ing it to the browser

• JDBC, JSQL. Java can be used in association with a number of defined appli-
cation programming interfaces (APIs). For instance, Java Database
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Connectivity (JDBC) is modelled on the Open Database Connectivity
(ODBC) API. JSQL is an extension to the embedded SQL standard proposed
for use with Java

• Scripting languages, such as Javascript and Vbscript. Scripting languages enable
the specification of functions within HTML documents. Javascript is an object-
based scripting language originally developed by Netscape and Sun. Vbscript is
a Microsoft scripting language whose functionality is similar to Javascript but
which more closely resembles Microsoft’s Visual Basic in terms of syntax

• Vendor initiatives, such as Microsoft’s Active Server Pages. Active Server Pages
(ASP) is a Microsoft-specific model for building Web pages on Web servers.
An ASP can contain a combination of text, HTML tags, and script commands
and output expressions. ASP files are requested using the ‘.asp’ extension
from the server. The Web server reads through the requested file, executes
any commands and returns the dynamic HTML page to the browser

43.16 C A S E  S T U D Y :  U S I N G  C G I

As indicated above, a Web server is a program running on a server machine
that accepts requests from a Web browser and returns the results in the form
of HTML documents. The browser and server communicate using the HTTP
protocol. HTTP provides a number of features over and above the simple trans-
fer of documents. One of the most important of these is the ability to execute
programs with arguments supplied by the user, and deliver the results back in
the form of HTML documents. When a Web server recognises a URL as point-
ing to a file, it returns the contents of the file. In contrast, when a URL points
to a program, it executes the script and returns the output of the program back
to the browser as a document.

This enables a Web server to act as an intermediary in an N-tier architec-
ture (Chapter 36) between Web browser and application programs. The
common gateway interface (CGI) standard defines how a Web server may
communicate with application programs. In turn, the application programs
will communicate with a database server through ODBC (Open Database
Connectivity), JDBC or other protocols.

Consider the case of a customer wishing to order an item on an e-Commerce
site. The customer navigates through the Web-site to an on-line order form.
After completing the form, the customer clicks on a submit button. This initi-
ates a request to the Web server which it interprets as a request to run an appli-
cation program. This program (or programs) is likely to conduct a series of
actions such as:

• Checking that the data on the order is correct

• Initiating a request to a database to check stock

• Initiating a request to another database to check customer details
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Depending on the result of each of these actions, various responses are
returned to the browser. For instance, if some data is missing, an error message
is likely to be returned and the customer requested to correct the details.

43.17 S U M M A R Y

• The Internet is a set of interconnected computer networks distributed around the
globe

• The infrastructure of the Internet is built upon packet-switched networks, TCP/IP,
HTTP, IP addresses, URLs and domain names

• The facilities provided by the World-Wide-Web are the ones most readily associated
with the concept of the Internet at the current time

• The primary components of the Web comprise: hypertext transfer protocol (HTTP),
hypertext markup language (HTML), universal resource locators and browsers

• Database systems are important in the context of managing large-scale Web appli-
cations through the use of dynamic pages

• Three types of applications for the use of database systems within Web applications
are report publishing, query publishing and application publishing

• Different approaches for building networked database applications include: CGI,
JDBC and Active Server Pages

43.18 A C T I V I T I E S

1. Investigate the process by which domain names are assigned globally.

2. Investigate some of the other common tags used in a HTML document.

3. Identify three applications in a university setting corresponding to the three types
of application for database systems within Web applications.

4. Determine the most popular approach for connecting Web servers to database
servers.
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