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Foreword

I vividly remember my first brush with computers. The year was 1971. At IIT Delhi, we had an
ICL 1901. It was a giant machine, housed in over 10,000 sq.ft. with whirling magnetic tapes and
chattering card readers. At that time, computers were supposed to solve complex differential
equations, analyse massive civil engineering structures, model chemical formulations, work out
rocket trajectories and so on. The notion that computers could solve business problems was remote.
The giant mainframes were for scientists and engineers to cope with mathematical drudgery. Not
for addressing small business issues.

How all that has changed! The power of that giant machine is a fraction of the power that
I have in this laptop that I am using for writing this foreword. The quiet hard disk on this
machine can store many more bytes than all those tapes could. I have been fortunate to watch
this transformation. Word processing, spreadsheets, business presentations, the PC, local area
networks, the internet, enterprise wide solutions, client servers, the web, etc. have completely
altered the business scenario. One often wonders how businesses could ever be run without the
computing power available today. Business applications have taken centre stage and the scientific
and engineering applications have been relegated to the background.

What a transformation!

It is in this context that this book Information Technology for Management has a special
significance. It is a book that envelops this transformation and features the rapid developments
that have taken place. It talks about the comprehensive role of Information Technology (IT) and
the integral role that it is playing in a business at a strategic and an operational level. And a finer
author than Prof Ramesh Behl could not have written it.

I first met Ramesh a decade back when Cyber Media decided to set-up the School of
Convergence at IMI. He was very enthusiastic about this project, supported it whole-heartedly;
and worked towards ensuring success of the School. During the next few years, we struck a
great rapport and created a fine journalism school. What impressed me was Ramesh’s in-depth
knowledge about various aspects of information technology—decision models, systems analysis
and design, electronic business, information systems management, business intelligence and
decision support systems. He had complete mastery over all these topics. No wonder the United
Nations appointed him a Fellow in Information Systems. His 25 years of experience at various
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educational institutions, his numerous research papers, consultancy assignments and more than a
dozen books implies that the reader is bound to get, not just the theory, but the practical aspects
of business.

This becomes unmistakably apparent and the reader will discover a wealth of knowledge in
the pages of this book. The coverage is comprehensive across various generations of hardware,
software and applications technology. Written in a simple style with very little jargon, this book
will help the readers understand the concepts, organise their thoughts and get a realistic picture of
the impact of IT on businesses.

I am very happy that Ramesh has used a lot of material from Cyber Media’s publications—
Dataquest and PCQuest. The content from the magazines has been converted into great case
studies. The reader will therefore get the practical side of IT usage in business organisations
besides the theory.

The book serves as an excellent text book as the material is organised brilliantly. Each chapter
starts with a set of questions thereby laying out the scenario ahead. The concepts are covered
in few jargon-free words—no long explanations. And there is a wealth of stuff at the end of
each chapter. A management summary, keywords, review questions, questions for discussions,
exercises, group projects and caselets will provide the reader with lots to do after the text has been
read.

Happy reading!

Pradeep Gupta

Chairman
Cyber Media (India) Ltd
Gurgaon
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Preface

The first edition of Information Technology for Management focused on information technology
as an essential management tool—the second edition focuses more on information technology
as an indispensable management tool. Across industries, survival and even existence without
extensive use of information technology (IT) is inconceivable, and IT plays a critical role in
increasing productivity and sustaining the competitive business. Although IT has become more
of a commodity, when coupled with complementary changes in organisation and management,
it can provide the foundation for new products, services, and ways of conducting business that
provide organisations with a strategic advantage.

IT has become a common and indispensable tool for modern businesses. But the basic question
is: whether businesses today take real advantage of the possibilities? This edition of the book tries
to answer this question by providing a thorough understanding of the role of IT in organisations.
This entails understanding the role of process analysis and design that help in adding value
to organisational growth by integrating information technology. To accomplish this, both the
technological possibilities and management’s ability to bring about organisational change is to
be taken into account. This helps in redesigning business processes in such a way, so as to make
optimal use of the possibilities information technology offers — both within organisations and in
dealing with external parties.

The emergence of a global economy, transformation of industrial economies, transformation
of the business enterprises, and the emergence of digital firms make information systems an
indispensible tool of business. Information system is a foundation of conducting business today.
In many businesses, survival and the ability to achieve strategic business goals is difficult without
extensive use of IT. In this context, this edition of the book provides up-to-date information on
latest technologies like in-memory computing, virtualisation and cloud computing, etc.

The complete book has been restructured and rewritten in an easy-to-understand format and
language, based on the feedback received from the valued readers. Based on this feedback,
sections II and III of the book have been re-organised to add two more chapters on Computer
Software and SPSS: A Statistical Decision Tool. Two additional learning notes on Introduction to
Word and Introduction to Powerpoint have been added as part of Annexure, which are available
on the book's companion website.
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WHAT'S NEW

» Completely rewritten chapters focusing on managerial issues, while covering the technical
aspects

* Emphasis on emerging technologies and concepts like virtualisation, cloud computing,
business intelligence and enterprise solutions, etc.

* Emphasis on networks, internet technologies, e-business and their applications in
business

* Over 60 latest “real-world” case-examples, drawn from Indian and international
organisations

* Chapter on Computer Hardware rewritten to add topics like number systems and boolean
algebra

» Chapter on Computer Software added to cover more concepts and applications

* Chapter on SPSS: A Statistical Tool added to discuss the concepts and applications of
decision-making using SPSS

* Easy-to-read and understand writing and presentation styles making the text
student-friendly

* Clearly laid out chapter objectives to facilitate better understanding

* Margin notes for all important topics and concepts

 Self-study questions to help improve the learning process

* More practical examples and application problems

TARGET AUDIENCE

The book is targeted at undergraduate and postgraduate level management courses offered in
universities and autonomous institutions. It can be used for an introductory course on computers.
The book is equally useful for courses on Introduction to Information Technology, Computer
Applications, Information Systems, Management Information Systems, Business Decision
Models, etc.

Being richly supplemented with Indian examples and cases, it can also be used by the
professionals as a reference material.

PEDAGOGICAL FEATURES

A number of pedagogical features have been used in the book for the benefit of teachers and
students.

Sectional Case Each section begins with a case on a technological issue. These cases have been
selected to cover the theme of the section that is being discussed in the subsequent chapters. Each
of these cases raises certain problems with respect to the learning objectives, for the students to
debate on and find solutions.
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Chapter Objectives Chapter objectives given at the beginning of the chapter would help the
students to quickly understand the important concepts and applications that are discussed.
Introduction Each chapter begins with an introduction, which would help in understanding the
depth of technological issues that are covered in that particular chapter.

Margin Notes All important concepts and definitions are explained using margin notes.

Summary Each chapter ends with summary of important concepts that are being covered in the
chapter.

Self Study, Review and Discussion Questions Each chapter has a number of self-study questions,
review questions and discussion questions. Self-study questions would help the students to
evaluate themselves. Review questions would allow them to review the concepts that have been
covered in the chapter. Discussion questions are more thought-provoking ones, based on the
concepts and applications covered in the chapter.

Real World Cases The book provides a complete range of real-world cases. Each chapter has
a minimum of four case studies—two as part of the main text and two at the end of the chapter.
These cases would help students to understand the concept behind the technological issues that
are covered in the chapter in a better way, and also help in finding the real applications of the
technology. End-of-chapter cases highlight some of the problems encountered by organisations
while selecting or implementing the technology.

Application Exercises Each chapter focuses on application exercises as well. These exercises
can be done individually or in smaller groups. These exercises encourage the student to find
resources to solve the application problems.

Group Projects Comprehensive group projects have been given for the students at the end of
each chapter. For these projects, students are expected to identify the resources from internet,
libraries and organisations; prepare the detailed solution as per the project scope and present the
solution to the class. These projects would also help the students in developing team skills and
communication skills.

SUPPLEMENTARY MATERIAL

Extensive supplementary material is available on the companion website of the book. It
comprises:

* Power Point Presentation

e Test Bank

* Data Sheets

* Application Problems

* Additional Reading Material
* Additional Cases

While most of the resources are available for all the readers, Test Bank and Power Point
Presentation are available only for instructors.
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Information Technology has become an essential management tool. The speed and flexibility
that it provides to business organisations often offers the competitive edge which allows an
organisation to survive and flourish. Information technology also offers a similar competitiveness
to individuals who are managing the technology and also who are dependant on the technology.
The purpose of this book is to create an understanding of how information technology and
technology networks work, how they are used for management functions, what they can and
cannot do and how the manager or user should use this to gain competitive advantage. The book
also covers the application of technology in management and the opportunities it can provide
for more effective performance, as well as covers the emerging technologies and addresses the
concerns about data integrity, security, and privacy.

The major objective of this book is to provide not only a foundation for understanding
information technology in the context of today’s business environment, but also to impart
those skills necessary for solving a range of information-based problems in this competitive
environment. Briefly, the aims of this book are

* To provide students with a basic understanding of the technologies used in managing
information and information systems

* To make them understand the skills needed to manage and use information technology in
changing technological and organisational settings

* To create an awareness about how to use these technologies for effective and efficient
decision making

 To provide basic concepts about the role of information technology in decision making

* Toidentify strategies, policies, and procedures for effective management of the information
system

*» To provide exposure to the current and emerging trends in information technology
* To learn to use common technologies to support effective decision process.

The real motivation to write this book is to create a comprehensive text on the subject. There
are hardly any comprehensive text books that cover the complete perspective about information
technology. Moreover, there was a need for a book that covers the application of technology for
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business decision making. It is easy to know about technology, but very difficult to understand its
real application. This is the subject which is being taught at all business schools and also in most
of the universities in India and abroad.

Earlier, computers and information technology was isolated in specialised data processing
departments, but for past several years information technology has played an increasingly
important role in all areas of business. In many industries, obtaining competitive advantage
became directly related to the deployment of information technology to design, create and provide
the main products or services. As a result, it is now essential to have a basic understanding of
information technology to ensure the effective use of systems present in the organisations.

Global competitive pressures and continuous innovations are forcing many organisations
to rethink the manner in which they do business, and to re-engineer themselves. The role of
information technologies has changed from support to the overall operations of the organisation,
to contribution to the overall organisational strategy. The widespread dissemination of information
technology among businesses and consumers coupled with the increasing use of the internet
has created a whole new way of doing business for small and large enterprises. E-business will
continue to grow, drawing a larger number of enterprises that will use the technology to handle a
wide variety of business tasks.

It is clear that the Internet has transformed business relationships between customers
and suppliers as well as changed the competitive dynamics of the marketplaces. The Internet
is not just another marketing channel or advertising medium. It does not simply speed up
transactions; the changes are much more profound and go far beyond technology. Concepts like
Supply Relationship, Customer Relationship, Knowledge Management, EAI, RFID, Business
Intelligence etc. are being integrated by a number of organisations. Firms need to rethink their
business strategies or adopt new ones.

However, in order to figure out the answers, we need to understand why, where, and when
Information Technology is important. The purpose of this book is to provide students with the
skills they will need to work with information systems (IS), apply information technology to a
wide variety of business problems and understand how to manage the information systems. The
content of the book is structured into several inter-related sections:

* Business Organisation and Role of Information Technology
* Technology Infrastructure

* Information Technology for Decision Making

* Inter and Intra-organisational Systems

* Building Intelligent Systems for Business

* Planning, Implementing and Managing Information Systems

UNIQUE FEATURES

The purpose of the book is to provide frameworks, tools, skills and comfort in the understanding
and use of IT in business from the point of view of a business manager, an IT manager, an
employee and a student. The book will have the following unique features:
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e Use of real life cases and illustrations to understand and be able to use frameworks and
tools relating to the strategic and operational use of IT in business

* Case studies drawn from Indian and international organisations.

* Over fifty cases incorporated in the book

* Use of many technology based solved and practice examples to instill skills and comfort
in decision making around IT projects.

* Updated examples to cover the necessary basic concepts of business management in
relation to IT

* Aids to develop an in-depth understanding of the organisational and management processes
that underlie IT-induced organisational change.

* Discussion on the ability to respond to the organisational and management of current and
emerging technologies. This will be supported by updated references for detailed studies.

 Practical experience in the use of computer based softwares for efficient and effective
decision making with the help of commonly used technology tools. A complete section on
IT based decision making has been introduced.

* A case on the theme of the section begins each section of the book.

* Learning objectives, illustrations, case studies/caselets, examples, summary, important
technology terms, questions, exercises etc. for each chapter.

TARGET AUDIENCE

The book is targeted at undergraduate and post graduate level universities/ institutions courses. One
can use the book for courses on Introduction to Information Technology, courses on Information
Systems, Management Information Systems, Business Decision Models etc.

The book can also be used for an introductory course on computers at undergraduate and post
graduate level. Because of its richness in Indian examples and cases it can also be used by the
businesses as reference material.

CHAPTER ORGANISATION

The book is divided into six sections and twelve chapters as per the following broader content:
Section I: Business Organisation and Role of Information Technology. Section One has two
chapters — Introduction to Information Technology and Strategic Information Systems. The focus
of this section is to give an overview of Information Technology and its strategic importance
in the organisation. It also covers the role of technology in organisations and various levels of
management. The section also covers the different strategic information models and how the
organisation can gain competitive advantage by implementing these systems. New technological
trends have also been covered in this section.

Section II: Technology Infrastructure. Section Two has two chapters — Information Technology
and Networks & Telecommunication Systems. This section covers the technical issues with respect
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to hardware, software and telecommunication infrastructure required for setting information
system solutions. It covers the technological topics from inception to latest trends.

Section III: Information Technology for Decision Making. Section Three is about business
application. It covers topics on different decision problems and how to solve these problems using
common software tools like Excel and Access. This section is again divided into two chapters —
Excel based Decision Models and Access based Database Systems. These are the two software
tools that are commonly available and most of the decision makers are not aware of how to use
them for effective decision making. The section also covers the concept of databases and their
importance for managing information systems.

Section IV: Inter and Intra-organisational Systems. Section Four focuses on the role of
Internet based business models and also on enterprise wide information systems. This section is
divided into two chapters — E-business Models and Integrated Enterprise Systems. The chapter
on E-business describes the concept of e-business and the various models being followed and
the role of M-commerce in business. The chapter on Integrated Enterprise Systems defines the
concept of ERP, CRM and SCM.

Section V: Building Intelligent Systems for Businesses. Section Five focuses on decision
theories and IT based decision models. The first chapter in this section is on decision models and
different types of IT based decision support systems being used by various organisations. The
concept of data warehousing and data mining is also covered. The second chapter in the section
is on Knowledge Management and Intelligent systems. It covers the role of artificial intelligence
in decision making and building intelligent businesses.

Section VI: Planning, Implementing and Managing Information Systems. Section Six is an
important one which covers the concept of information system planning and development. It also
covers the role of CIO and how to implement business continuity planning. The section is divided
into two chapters — Planning and Implementing Information Systems and Managing Information
Systems and Organisational Change.

ACKNOWLEDGEMENTS

A number of individuals contributed at various stages of the manuscript of the book. It is always
a challenge to quantify the contribution of each individual. Some help in the research work, some
in creating the content, some do the critical review, some do the creative work and some give
new thought and new ideas. Writing a book is a process, where the author keep learning from the
environment and keeps gathering thoughts and ideas from everyone directly or indirectly related
to the project. I thank everyone who has contributed in this endeavour.

Still, I would like to mention few names — Ms. Omana Rajeev, my personal secretary who did
lot of work in putting the content together — collecting material from the library, organising the
same, and keying in material. Mr. Anup Sharma, our librarian, was very helpful in searching for
the content and making it available on time. Mr. Dinesh Sharma, our system manager, extended
complete IT support. The Director and Faculty colleagues at the Institute always extended the
necessary support as and when I needed. The staff at the institute also extended all the help.
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A List of Technologies/
Concepts Discussed in the Book

A number of leading technologies/concepts have been discussed in the book. For the managers
of today, it is important that they know about the technologies that exist in the market and their
applications in business. These include:

Analytical CRM

Artificial Intelligence

Artificial Neural Networks

Boolean Algebra

Bus

Business Continuity Planning (BCP)
Business Impact Analysis

Business Intelligence (BI)

Business Process Re-engineering
(BPR)

Capability Maturity Model (CMM)
Cloud Computing

Cognitive Science

Control Objectives for Information and
Related Technology (COBIT)
Critical Success Factors
Cryptography

Customer Relationship Management
(CRM)

Data Mining

Data Warehouse

Decision Support Systems (DSS)
Digital Economy

Digital Signature

Disaster Recovery Planning
E-Business

Enterprise Resource Planning (ERP)
Enterprise Wide Information Portal
E-Procurement

ETL

Expert Systems

Fuzzy Logic

Genetic Algorithms

Grid Computing

Information and Communication
Technology (ICT)

Information Intensity Matrix
Information Technology Infrastructure
Library (ITIL)

Infrastructure As A Service (IaaS)
Infrastructure Management
In-Memory Computing

Intelligent Business

IT Governance

IT Infrastructure Management

IT Maturity Model

IT Service Continuity Management
Knowledge Economy
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XX A List of Technologies/Concepts Discussed in the Book

Knowledge Management (KM)
Management Support System (MSS)
M-commerce

Multidimensional analysis

Object Modeling

OLAP

Platform As A Service (PaaS)

Pod casting

Rapid  Application = Development
(RAD)

Reverse Auction

RFID

Sales Force Automation

Simulation Softwares
Software As A Service (SaaS)
Software Development Life Cycle
(SDLC)

SPSS

Storage Area Network (SAN)
Strategic Information System
Synchronous Optical Network
(SONET)

Tacit Knowledge

Virtual Machines
Virtualisation

Wi-Fi
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2  Information Technology for Management

CASEI: IT for Success

Information Technology is everywhere for everyone.
Information Technology has been harnessed to trans-
form our business and even personal lives. There are a
number of success and failure stories and each story
is a learning process that the smart manager uses as a
success formula. Whenever new technology is intro-
duced, people generally try to find problems and limi-
tations with it, but some risk-taking managers always
adopt it for acquiring more knowledge.

In today’s world every business is essentially an in-
formation business. The information-based businesses
are not new. Even in the industrial age, organisations
were being managed by managing information. The
tasks that managers perform relating to planning,
coordination and decision-making are mainly based
on manipulation of information. The repid transi-
tion from industrial age towards information age is
very significant when more and more businesses are
defining their strategies in terms of information or
knowledge.

Information management is not only confined to
technology start-ups. Organisations in more tradi-
tional sectors too are showing the way. For example,
the traditional automobile sectors are using more
advanced computer engineering tools and techniques
to reach out to their customers. But while IT was
central to most of the project’s success, organisational
factors—such as the use of multidisciplinary teams
working in parallel, complementary relationships
with strong leadership from senior managers—were
equally important.

ROLE OF INFORMATION
MANAGEMENT

As organisations expand in size and complexity, im-
portance of information management also increases
simultaneously. The way information is managed,
depends upon the technology available. With the ad-
vent of the personal computers and Internet based
networking technologies, the focus has shifted to in-
novation. This will assume fundamental importance
as electronic networks proliferate.

The increasing power of information technology
has eliminated many of the traditional bottlenecks

and asymmetries in information that many businesses
were facing. With the passage of time, difference be-
tween the richness of information exchanges and the
reach of people with whom those exchanges can take
place has disappeared. This change happened because
of the Internet and mobile technologies becoming the
reality. Today, more and more applications are being
developed on these mediums. Because of these, large
numbers of individuals will be able to obtain, ma-
nipulate and evaluate information about any facet of
life—from weather report to personal finance. As a re-
sult, there will be less incentive for them to accept the
conveniently bundled offerings of traditional busi-
ness, which may have to redefine themselves for sur-
vival. In the coming years, such shifts will transform
not only traditional relationships with consumers but
also corporate supply chains and even organisation
hierarchies.

The major challenge to make any technology suc-
cessful is to make it core to users’ applications and
working styles. It is easier for the information system
to develop a technology-enabled solution but may be
very difficult to get it accepted by the end- user. So,
it is important for the technology providers to create
attractive technology based solutions that would de-
velop addictions among users. The ultimate goal is to
promote a bonding by making the technology solu-
tion the medium of choice for essential business pro-
cesses like email, the Internet and mobile.

The amount of information that is generated and
made available to the users has grown exponentially
in recent years. The key managers are finding it chal-
lenging to manage and use this information effective-
ly. The four most important aspects that need to be
considered are: identification of correct information
needs, the medium to be used to communicate the in-
formation, presentation format of the information to
suit the end-user needs, and time and its frequency.

Strategic Uses of IT

Information technology has already started shap-
ing most aspects of organisations’ operations and
strategies. Yet many CIOs need to justify the Return
on Investment for most of their IT projects when it
has become an integral part of every business and is
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a major enabler. In today’s context, IT investment is
to be treated as infrastructure necessity, which will
deliver benefits. These benefits can be of two types:
first it helps in improving the infrastructure efficiency,
as earlier information systems were developed and/or
assembled in piecemeal over the years are being re-
placed with integrated systems that are more flexible,
have greater reach and less expensive; and second it
offers new business opportunities by integrating new
IT platforms. These opportunities include improve-
ments in external and internal processes, tapping
knowledge from all stakeholders, and the creation of
networked communities of customers, suppliers and
employees. The ideal IT project—at least to begin
with—will streamline a highly leveraged, resource in-
tensive activity, produce measurable results within a
year and have a clearly defined scope; but astute man-
agers will also look out for any new business opportu-
nities it opens up.

While some organisations have no significant con-
tracts and some put their entire budgets out to third
parties, most organisations adopt a mixed approach to
IT outsourcing. There are risks with both extremes—
keeping everything in-house can be expensive and in-
flexible, while going outside can involve unanticipated
overhead costs. The organisational cost reduction, ef-
ficiency and improved service continue to drive many
initiatives, but companies are increasingly seeking
ways to gain strategic advantage from outsourcing.

The concept of ‘alignment’ is a critical one in IT
strategy. IT strategy means supporting business strat-
egy, which underlines the fact that business and IT
strategists go hand-in-hand to shape new business
platforms; IT is not to be looked at independent of
business strategy, but is to be integrated with it. The
best new business platforms—which essentially deter-
mine an organisation’s value proposition to custom-
ers and its core processes—have three interdependent
vectors, a customer focus vector, whereby organisa-
tions sense and respond to customer’s fast changing
needs; an asset configuration vector, whereby com-
panies form close relationships with one another
and outsource key processes; and a knowledge lever-
age vector, whereby companies identify, nurture and
create knowledge assets. The role of IT is to create a
common foundation for these three vectors. The or-
ganisations will create the greatest value if they can
incorporate all three into their strategies simultane-
ously; unfortunately, most companies focus only on
individual vectors.

THE PROJECT

Santo Automobiles has been making up market four-
wheel drive vehicles for last 100 years. The company
has not changed its designs much over the last 100
years. Then, with the change in competition, company
decided to launch new models and also upgraded the
design of some of its old models. The management
also decided to integrate information management
solutions into the designing of new projects.

For Santo Automobiles the challenge was to de-
velop a forerunner for the emerging market segment
of compact ‘utility’ vehicles. The marketing brief that
was given was to uphold the established values of the
company while interpreting them for a younger group
of owners with lower budgets. Evidently, considerable
technological innovation was required. Responding
to the challenge, the project team delivered a desired
vehicle within 30 months of project launch while si-
multaneously achieving excellent performance in
parameters, key to profitability and customer accep-
tance. No doubt, successful information management
was integral to each dimension of that achievement.

To enable rapid creation of a high-quality design,
the company made an unequivocal commitment to
computer-aided engineering. The complete vehicle
project was divided into multiple sections, each of
which was allocated a team of design and production
engineers. To ensure the integrity of the vehicle as a
whole, each team had immediate access to the work of
its peers using concurrent mock-up assembly system.
Each team also had access to an electronic library of
blueprinted concepts. When working on a component
invisible to the customer, a designer could draw on a
blueprint.

All blueprints were available in the central system
and the benefits of such use of blueprints are the time
saved by ‘not reinventing the wheel’ and the tapping of
right resources. Majority of the product cost is driven
by design-time decisions on components. Add to that
the standardisation of part numbers helped the com-
pany in streamlining the supply chain.

A three-dimensional electronic model of the target
assembly building was created, with complete details.
Using advanced virtual reality (VR) equipment, plan-
ners were able to simulate the experience of operating
the processes in real time. Assembly workers, process
specialists, suppliers who would be directly feed-
ing the line and health care and safety professionals
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were all drawn into the manufacturing design process
through the VR model. Once the electronic process
was complete, the facility was built, equipped and put
into operation in half the time required by previous
practice.

Another challenge was to devise a supply chain
and production process for the customised offerings.
A customer from any part of the world can select and
pick up the specifications as per the customised needs
from soft or hard top, petrol or diesel, with choice of
colour, and interior design. Company creates a cus-
tomised vehicle in less than three weeks. Owing to
perfect IT integration, company was able to change
the industry standards by reducing the inventory for
customised vehicles from twenty days to two days;
customised product delivery from six to eight weeks
to three weeks.

All this was possible because of perfect manage-
ment of supply chain. The company created a powerful
electronic link with its suppliers and networked them
into its own intranet, by creating a powerful extranet.
In an integrated information management system, the
company’s dealers enter the customer’s order online
and identify the delivery schedule from the company’s
production plan, which is also available online. Not so
long ago the delivery of this degree of customisation
would have added further increments of complexity,
inventory and cost to the already high levels of inven-
tory held in case of assembly line outages. This close
partnership and sophisticated electronic links with
suppliers—many of whom were involved throughout
the product design—have been instrumental in deliv-
ering a world-class ‘lean production’ system.

The success story described here is not so unique.
What is more important out here is to know the way
in which IT—even in mature industry sectors—has
enabled radically different ways of working that de-
liver new standards of performance. Behind the hype,
and the skepticism, successes have been achieved.
Information technology becomes an integral part of
all kinds of businesses for any sector. One should re-
member that the IT investments alone do not deliver
business advantage.The company’s ability to complete
the project in less than three years was dependent on
three things: the use of multidisciplinary teams; the
fact that those teams worked in parallel, in an iterative
and learning-orientated development process; and

the provision of an information infrastructure that
integrated all project activity and provided a common
language for contributions among all players. While
details may vary by business context, those three ele-
ments are found in all examples of reducing delivery
time to market.

The company’s ability to deliver quickly to cus-
tomer specification without high levels of complexity
and cost depends on redesign of the stronger supply
chain, as well as the integrated enterprise-wide in-
formation network. One may also relate the similar
concept adopted by Dell and Sony. This successful
information management is an integral part of the
implementation of a superior business idea.

The success of any IT project is also dependent on
the involvement of the top management. The absence
of such top level commitment can be very costly. For
example, one of the larger carmakers discovered in
the early 1990s that it was actually spending more
than twice as much on IT as a key rival, yet that rival
strongly outperformed it.

The basic problem is that information technolo-
gies are developed without predetermined applica-
tion purposes; application is defined at the point of
use rather than as the power of manufacture. In the
current case, an environment was created for the team
to use IT that would enable radical change; it had no
interest in uses of peripheral to the business focus.
Finally, the senior management needs to see IT as an
agent of business transformation, and to focus its use
on radical improvement of the business activities that
matter most.

As technology continues to develop, ideas familiar
in one business context become viable in new contexts.
The organisations would continue to integrate the
technology into their businesses. As a consequence,
opportunities would increase and the importance of
successful information management simultaneously
increases.

Questions to Think About

1. What are the IT success parameters that one can
draw from the case?

2. Does the IT integration offer strategic advantage
to companies? Justify using case examples.
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Introduction to
Information Technology

CHAPTER OBJ ECT“IES .............................................

After reading this chapter, you will get a clear understanding about the following:

4+ Why an organisation should invest in I'T-based solutions?

4+ What are information systems and how they are different from Information Technology?
4+ What level of IT solutions organisations should implement?

4+ What are the major changes that need to be addressed in terms of organisation and
management?

4+ What are the different levels of activities being performed by various levels of managers and
their information solutions needs?

4 What are the latest trends in Information Technology?

INTRODUCTION

Information technology has become an integral part of our lifestyle. Whether searching for
information or product or may be doing/performing a banking transaction, we all are dependent
on technology. With the changing lifestyle of consumers, businesses need to integrate technology
into their processes.

It is accepted by everyone that today’s business depends on technology. But the reality is that
businesses of today have moved ahead of that dependence and are embodied into the technology.
In this competitive environment, most businesses change as fast as the technology.

In the initial era of computing, Information Technology (IT) was viewed by most senior
executives as ‘back office’ of accounting and routine transaction processing. Today it has broken
out of that image. In most of the executive meetings today, the talk is about the Internet, electronic
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commerce, mobile technologies, cloud computing, knowledge knowledge management, IT for
business transformation, and IT governance and architecture.

It is evident that in an increasingly competitive global environment, businesses must transform
themselves to be more productive, to gather and store customer and competitive information and
to capture the ‘tacit’ knowledge that employees hold in their heads. A number of large software
companies like SAP, Oracle and Microsoft, etc. explore the potential of transformation operations,
supply chains, and customer relationships. A successful implementation of one of these solutions
can provide new or better information to an organisation’s decision-makers, and enable global
manufacturing and distribution processes. On the other hand, the critical path to business success
is not the technology itself, but changing the business process and the work supported by the
technology. The substandard implementations can complicate product and service deliveries and
prove extremely costly, in at least the short term.

Now, organisations are transforming their entire supply chain. At one end of the supply chain,
companies like GE and automobile manufacturers are demanding that all their suppliers interact
through the Internet. At the other end, both Internet start-up companies and more established
brick-and-mortar organisations are enabling customers around the world to buy from them
through the Internet. Increasingly, firms are enabling customers to access their internal systems
to determine when orders will be delivered.

Industries themselves are rapidly changing form and business methods due to I'T revolution. The
banking, entertainment and travel sectors are some of the examples, where major transformations
have happened. The new services have been created, such as grocery store delivery, online
auctions, and Web development companies. The partnerships and alliances are being forged
among former competitors, in technology services or transportation, in order to provide complete
solution to large customers.

India has emerged as the fastest-growing IT market in the world. The Indian information technology
(IT) industry has played a major role in placing India on the international map. The industry is mainly
governed by IT software and facilities for instance System Integration, Software experiments, Custom
i Application Development and Maintenance (CADM), network services and IT solutions. According to
Nasscom’s findings Indian IT-BPO industry expanded by 12% during the fiscal year 2009 and attained
i aggregate returns of US$ 71.6 billion. The IT industry in India will continue to be on the growth i
i trajectory of 1618 percent during 2011-2012 fiscal even as the industry maintains a cautious outlook
due to the economic uncertainty in US and Europe. The role of IT is defined in most organisations as
i that of a business partner. There is complete awareness at the top about the potential of IT to facilitate the :
fulfilment of business objectives. Most of the technological investments that are made by businesses today,
whether in storage infrastructure, enterprise applications, or shop floor automation, are made keeping the
business necessity in the mind. As a result, it is important to align I'T to business, as IT implementation
without business imperatives attached to them are nothing but wasted efforts. The role of technology is to
help streamline business activities, make it more cost-effective, reduce wastages, and optimise resources.

The top five business priorities for which IT is considered are: improving business processes; controlling
costs; maintaining customer relationships; improving competitiveness; and regulatory compliance.

i Source: Various issues of Dataquest and http://business.mapsofindia.com/india-industry/it.html, accessed
%, on November 8,2011
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But at the core of these visible manifestations of the strategic impact of IT in organisations
and industries lies the IT infrastructure. The executive attention has come to focus on the
investments, outsourcing options, organisation and staffing of infrastructure to drive and support
the transformation to digitised business. The issues become the critical concern of the board and
top management. Why organisations should invest in IT and to what level?

WHY INFORMATION TECHNOLOGY?

The computers are there almost since Independence in India, but no one considered it to be a
necessity for the business. The computers were always treated as the desirable part of business
processes for managing high-end data processing activities. Organisations used computers
selectively for certain key processes, but never integrated it to their overall business strategies
to gain the competitive advantages. But since early 1990s, most of the organisations worldwide
started looking at information technology to be an integral part of their businesses. Why this shift
happened?

What is Information Technology and How is it different from computers?

Information Technology can be defined as a collection of computer hardware, software,
databases, networking and telecommunication devices that helps the ovganisation to
manage the business process more effectively and efficiently. The computers are just one
component of information technology. Or, in simple terms, one may say, any technological device that
helps the organisation in managing its processes more effectively and efficiently qualifies to be part of
the IT.

Some of the key reasons, why organisations started integrating IT into their businesses are
dissussed below.

Opening of Global Markets

This led to more business opportunities and more competition. In order to take advantages of
globalisation, it is essential for organisations to maximise efficiency and collaborate with partners
and suppliers around the world. Further in order to remain competitive in the global marketplace,
organisations started integrating technological solutions into their business processes. For
example they started integrating concepts like Global Work Groups and Global Delivery Systems
by tapping the cost-effective resources across the world. The introduction of these concepts led to
the emergence and popularisation of the concept of ‘Outsourcing’, which led to serious need for
business integration using information technology solutions.

* Business process outsourcing (BPO) is about contracting a specific business process
or task, such as payroll, to a third-party service provider. Usually, BPO is implemented as
a cost saving measure for those processes that an organisation requires but does not depend upon to
maintain their competitive position in the marketplace. This cost saving can be achieved by either
taking advantage of economies of scale or because of lower labour costs in different countries as in
India.
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* Knowledge Process Outsourcing (KPO) involves outsourcing for knowledge-driven work—like work
on intellectual property, equity and finance, analytics, market research and data management, etc.
Knowledge Process Outsourcing is a value-added process in which the achievement of
goals is largely dependent on the skills, knowledge and experience of the people carrying
them out. The cost savings, operational efficiencies, access to a highly talented work-force and
improved quality are all underlying expectations in off shoring high-end processes. The KPO is not an
extension of BPO as, it is driven by the depth of knowledge, experience and judgment; whereas, BPO
is more about size, volume and efficiency.

* Shift from Industrial Based Economy to Knowledge Based Economy. Over the
last two decades, businesses have also changed, with increasing competition. Days are
gone, when organisations used to manufacture a product and then try to locate customers
and sell. In those days, the time taken to recover the cost of manufacturing used to be is also
considerable. In the current scenario, the competition is happening on real-time, because
of which product life cycle has reduced. In order to remain competitive, organisations
need to keep innovating in their products and services for which they need to integrate
information technology into their business.

 Shift in Organisational Structures. Organisations are moving out from typical
hierarchical structures to more flat and networked structures. With the change in structure,
organisational decision-making process is also changing from centralised to de-centralised
decision-making. The concept of virtual working groups are being introduced, where
employees need not physically move to project locations but instead can participate from
their own work locations. All these are possible, if organisations integrate their information
flow on a common network for which they need to integrate information technology.

» Emergence of Digital Economy. We are into an era of knowledge economy, which
is driven by the ‘knowledge’ acquired by the organisation and its employees. As a result,
the lifestyle of people has changed, which also led to integration of technology. The
emergence of digital economy has developed the ability to access and share information
instantly and communicates in ways that transcend the boundaries of time and distance
has given rise to an era of unprecedented productivity and innovation.

Organisations started looking at information technology more seriously as they started believing
that information technology help organisations to transform. The developments in information
technology based tools like software and communication networks are transforming the way
organisations streamline their communications, automate
processes, and enable employees to access the information
that supports them to respond to new opportunities effectively
and efficiently.

Digital economy is defined as
economy based on Information
Technologies including computers,
Since the inception of Internet and email for new-age Internet, intranets, and extranets.

business purpose, we started communicating instantly with
people without worrying about traditional limitations of time and location. At work, we started
collaborating with colleagues in distant locations. The, concepts of global supply chains emerged,
which enabled businesses to manufacture products and move them to market with incredible
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speed and efficiency. These mobile devices ensured that we remain productive, no matter where
we belong.

But this is just a real beginning of the IT era. As more and more of the world’s information,
commerce, and communications started moving to digital form, it will open the door to a new
world of connected experiences that link our interests and our communities into a seamless
whole extending across home, work, school, and play. Already, a new generation of technology
is transforming expectations about how we will conduct business, communicate, access
entertainment, and much more. As a result, the concepts of virtualisation, cloud based computing
has emerged.

Information Systems

The information systems are mostly used in every profession. These systems are not meant for
a select class or profession of people in the society. The housewives use information system to
manage their monthly domestic budgets, students in the university use them to manage their
grades, and accounts clerks use it to manage organisation accounts, while the financial controller
in the same organisation may use it to manage the fund flows. In today’s context, information
systems are indispensable, as it helps its user to remain updated and competitive in the environment
he/she is working.

! ITs About Making Lives Smarter

£ IT does matter and IT matters a lot, if only IT is harnessed just for adding meaningful value to business, society and }
§ planet. E
As technologies, markets and social conventions have evolved over the years, it is critical to calibrate new
i approaches for stimulating innovation, enriching lives, building smarter cities, and making the world
i better. Let’s consider cities, home to more than half the worlds population. They can be seen as complex
networks of components: citizens, businesses, transport, communications, water, energy, city services and

i other systems. The citizens and businesses rely on infrastructure systems for their activities and well-
{ being. ]
i So, the improvements or disruptions in transportation, communications and utility systems can have
dramatic impact on the daily activities of citizens and businesses. The city services integrate and coordinate
i the activities taking place in the other components. Understanding how cities improve and change through
i the lens of these elements offers cities new perspectives on the progress, they are making towards achieving
strategies and objectives.

The cities continue to develop and refine their economic and social goals and the strategies to achieve :
them. The performance of core systems of todays cities is fundamental to social and economic progress. :
i A new generation of solutions that capitalises on instrumented, interconnected and intelligent capabilities
i can be applied against virtually any of a city’s core systems. Faced with major challenges, these systems can
be improved and optimised through the application of smart I'T solutions.

The rapid instrumentation enables cities to gather more high-quality data in a timely fashion than ever
i before. For example, utility meters and sensors that monitor the capacity of the power generation network
i can be used to continually gather data on supply and demand of electricity. The pervasiveness and low
cost of existing devices and sensors, like gas, electricity and water meters, offer the ability to measure, sense :
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and understand the exact condition of virtually anything. Add to that, new sensors and devices that offer
i further data gathering possibilities, such as RFID tags. These existing and new sensors and devices can now |
i be embedded across key city systems as a first step in addressing and solving many of the challenges cities
face, ranging from improving library services to maintaining sewerage systems.

Besides, interconnection creates links among data, systems and people in ways not previously possible. E
For example, billions of people will use the Internet. Soon, the world will be populated by more than
a trillion connected and intelligent things, such as cars, appliances, cameras, roadways and pipelines,

i collectively creating an internet of things. These interconnections enable communication and coordination |
among objects, people and systems across the city framework, opening up new ways to gather and share
i information.
: Also, intelligence in the form of new kinds of computing models and new algorithms enables cities to
generate predictive insights for informed decision-making and action. Combined with advanced analytics
{ and ever-increasing storage and computing power, these new models can turn the mountains of data
generated into intelligence to create insight as a basis for action. For example, statistical models with
i time-dependent data feeds to predict traffic flows can be used to adjust and optimise congestion pricing :
{ according to need.
i Further, they can help illuminate the interactions among different systems, giving leaders better
i understanding of what’s happening in their cities and allowing for more effective action as a result.
: In order to take advantage of how smarter city approaches can help advance those strategies, the city
i authorities and stakeholders need to understand how their city is performing today and where progress is :
{ being achieved in infusing intelligence into their systems. This calls for a systematic assessment of a citys
position in relation to its peers. Such an assessment can identify and help communicate emerging strengths
i and weaknesses. Indeed, it can highlight where real progress is occurring and inform a plan for future
i improvements, and help cities prioritize actions.
{ Also, the cities will have to continually be innovating. However, that progress can only come if successes
{ also occur simultaneously on all 4 fronts: political, economic, social and technological, not just along one
dimension. The national and regional governments have a central, indeed crucial, role to play in leading |
{ their citizens and institutions through this economic development.

The only way to achieve this and thrive in todays increasingly challenging environment is by innovating
fin technologies, innovating in strategies, and innovating in business models. Indeed, today, what matters
{ most is the value that arises from a creation and not just technology for its sake. There is an intense need
to think collaboratively and in a multifaceted manner. By far, the key precondition for real change now
i exists: there is a growing hunger for fundamentally new approaches. For sure, the world will continue to |
i become smaller, flatter and smarter. We are moving into the age of the globally integrated and intelligent :
economy, society and planet. And, the future holds enormous promise. :

Source: Adapted from Dataquest, May 15,2011

People always relate information systems with computer-based information systems, but the
reality is information systems can also be manual. The manual information systems are one,
which are maintained by organisations using paper—pencil techniques in the form of books
and ledgers. On the other hand, Computer Based Information Systems (CBIS) are the systems
that are dependent on Information Technology. In the context of this book, we will refer to
Information Systems that are dependent on Information Technology, i.e. the Computer
Based Information Systems.
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Information system is a set of procedures that collect, process, store and disseminate
information to support decision-making. Information system can also be defined from a
business perspective as an organisational and management solution, based on information technology,
to a challenge raised by the environment. Information system may include manual or automated
processes.

A system can be open or closed; stable; or dynamic.
* The Closed system is one that does not interact with other systems or with the
environment.
* Open system is one that interacts with other systems and also with the environment.

* Stable system is a static system, whereas the dynamic system is one which changes with
the change in needs.

Like any other system, information system also includes inputs, process, output and feedback
(Figure 1.2). The information systems always have a pre-
defined boundary and operate in an environment which | Information system is a set of pro-
includes other systems and also players like customers, | cedures that collect, process, store
suppliers and government departments, etc. Explaining the | and disseminate information to
concept further, let us take an example of a manufacturing | Support decision-making
organisation. The information system of a manufacturing
organisation will collect data about raw materials and associated processing instructions known
as an Input, send it for Processing using the information technology tools as per the processing
instructions to produce an Output comprising of reports about finished products. A feedback
process keeps sending control signals to maintain the quality of output being produced. The
boundary of the system is the manufacturing process. As this manufacturing process is one of
the many such processes in an organisation, so the environment in which this system operates
will include all such other systems (or referred as subsystems) of the organisation, for example,
inventory management system, accounting system, sales order system, and many more.

The environment of the information system also includes customers, suppliers, government
departments, competitors, etc. In order to create a flexible,
dynamic open information system, it is important to understand
the role of each one of these players. The information system
must have close interaction with its customers; it helps the
organisation to understand the need of each of its customers. A close interaction with its suppliers

Data is a collection of raw facts
and figures.

Input > Process > Output

Feedback

Figure 1.1 Components of System
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* Data is a collection of raw facts and figures. Data is an element of a transaction. Any transaction
facts collected which reflect about the lifestyle of credit card customers, or point of sales or demographics
and geographic are examples of data. Data needs to be processed
before it can be turned into something useful. Data comes in many Knowledge is defined as the expe-
forms —numbers, words, symbols. For example, name of students, rience and expertise acquired by
age of students, qualification of students, etc. collected as a part of | an individual.

student’s profile transactions are data elements.

* Information is a collection of data (facts and figures) arranged in more meaningful
manner, which helps in the decision-making. For example, information would be: Sahil lives in
Mumbai; Prachi buys branded products; Sales of creamy soap is more in metro cities etc.

* Knowledge is defined as the experience and expertise acquired by an individual.
Knowledge can also be defined as level of understanding in interpreting the information
available for effective decision-making purpose. Having knowledge means understanding
information better, means clarity about decision-making. For example, people buy eggs 64 per cent of
the time when they buy bread; amount of liquor consumption is more in hilly regions.

* System can be defined as group of entities that work
together to achieve a common predefined goal. For instance,
an organisation is a perfect example of system where a group
of entities like employees, procedures, machinery and culture all
work together to achieve a common goal. In computing terms,
we define a system to have inputs, processing and output with
feedback (Refer Figure 1.1).

System can be defined as group
of entities that work together to
achieve a common predefined
goal.

help the organisation to maintain low inventory levels; new governmental policies and regulations
can be easily implemented by having regular interaction with government departments and
regulators. The information system should also have interface with competitor information, to
understand their policies and strategies better. In the era of digital economy, these interactions
play an important role.

| Organisation Information System ‘

Input > Process > Output

l Feedback |

| System Boundary I

| Environment |

Figure 1.2 Components of Information System
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Information technology versus Information system

¢ Information technology is a means to Informa- ¢ Information system provides best practices to

tion system as they are similar to heart and soul
relationship.

Information technology provides effective and
efficient means of storing, processing and dis-
seminating the information.

To manage effective information technology so-
lutions, one needs to have good understanding
of computers, networks, communication sys-
tems and other technological tools and tech-
niques.

¢ Intrinsic:

¢ Accurate and error free information

* Meet the objective of the system

Major Characteristics of Information Systems

manage business processes.

For designing and developing good informa-
tion system solution, one needs to know the
businesses processes better, the environment
in which it operates and good project manage-
ment skills.

To learn about information systems, one needs
to understand the organisation, management
and technology.

Building information system solution without
strong Information technology backbone is not
possible.

* Information must be gathered from reliable and authenticated sources

* Accessibility:

* Information systems are easily accessible

* While providing accessibility, access security must be maintained

¢ Contextual:

* Relevant information as per the context

* Information system must add value to the outputs

 Timeliness—Must provide timely information when it is needed

* Completeness—Must generate complete reports

* Information needs to be made available as per-defined frequency

* Representation:

¢ Interpretability—Easy to interpret the reports

* Ease of usage and understanding
* Concise representation
* Consistent representation

* Information system needs to be economical to develop and maintain

* Information system needs to be flexible and adaptable
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Uses of Information

The organisations need information for many purposes. The needs of each organisation are
different at different levels. The main uses of information include:

* Identification: Each organisation needs to identify the resources of information that are
available. Right information leads to right decisions, so identification of right information
is key usage.

* Collection: Information identified needs to be collected and stored for further processes.
Information needs to be collected to manage the business properly.

* Controlling: The control mechanism is important to ascertain the quality and relevance
of information, which in turn help in managing the resources better.

* Measuring: Information is a vital resource to manage the business, so it is important
to use information to measure performance of any business activity. One can measure the
sales by collecting the sales data.

* Decision-making: One of the major usages of information is decision-making which
can be used at all levels.

Organisation and Management

An organisation is a collection of people, hardware, software, processes, procedures and
many other resources that work together to achieve a common goal. Every organisation needs
information system to manage its business. In order to develop an effective information system
one needs to understand the organisation, its structure, its standard operating procedures, its
culture and its management.

Organisational Structure. Organisations are structured in many ways, which is dependent on
their objectives and culture. The structure of an organisation defines how it is going to operate
and perform business. With organisation structure one defines the responsibilities for different
functions and processes to different departments and employees. Organisational structures are
created to maximise the efficiency and success of the organisation. So, it becomes important
to understand the complete structure of an organisation while implementing the information
system.

The most common organisational structures that exist are:

e Hierarchical: In Hierarchical structure organisation, employees are organised at
various levels (or layers) within the organisation, each level being one above the other,
typically like a pyramid (Figure 1.3). At each stage in the chain, one person has a number
of workers directly under him, within his span of control. A tall hierarchical organisation
has many levels and a flat hierarchical organisation will only have a few.

* Flat: A flat organisation will have relatively less number of layers as compared to
hierarchical structure or just one layer of management (Figure 1.4). This means that the
reporting levels are less but the ‘span of control is wide’. Owing to the small number of
management layers, flat organisations are often small organisations.

* Matrix: The Matrix structure organisation contains teams of people created from
various sections of the business. These teams will be created for the purposes of a specific
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VP-Marketing

General General General General General
Manager-2| | Manager-3 Manager-4 Manager-5| | Manager-6

VP-HRM

General
Manager-8

General
Manager-1

General
Manager-7

A A
Dy. General Dy. General
Manager-1 L

Y

A Manager-2

Manager-1

Figure 1.3 Hierarchical Structure

" With close to 400 offices across the country, Bharat Petroleum Corporation Limited (BPCL) deals in a *
variety of products, including LPG, petroleum, lubricants, aviation fuel, and industrial products. For about
seven to eight years, BPCL was facing several issues related to hardware, software, PCs, printers, network
connectivity, etc. The internal team of IT was unable to cope with the pressure of increasing needs. BPCL
decided to outsource the Facility Management Services (FMS) to Wipro. As part of FMS, Wipro was
given the task of managing facilities such as desktop/laptop operations, printers, network support, asset
management and vendor management. The vendor management was critical as most of these products are
purchased and maintained by multiple vendors.

BPCL was able to successtully outsource its FMS, which have resulted in cost savings; service desk was
created to provide 24 X 7 services; in-house technical team can now focus more on development work;
and Wipro’s large service-centre network can provide onsite support easily. ]

;. Source: Dataquest Case Book, December 31, 2007

project and will be led by a project manager (Figure 1.5). Often the team will only exist

for the duration of the project and matrix structures are usually deployed to develop new
products and services.

Thus information systems play an important role in sharing information across levels and

helps organisations to implement the benefits of flat structure. With good information system in

CEO

VP-Marketing VP-HRM

[Manager-1][Manager-2] (Manager-S] [Manager-4] [Manager-s] [Manager-6] [Manager-?] [Manager-B]

Figure 1.4 Flat Structure
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CEO
i 1 1 1
[PSES/T(S;/J LProductiorﬂ [ Finance ] [Marketing’ [ R&D ]
«[Product-1] > ] > 4 [ f ]
{Productz > } > > [ » J
A[Products > } > > { » ]
~[Product4 > } > 5 [ > ]

Figure 1.5 Matrix Structure

* Empowerment gives more authority and responsibility to employees to take decisions
and also give sense of ownership.

* Organisational Culture is about how the organisation manages its business processes,
organises itself, to value system, rules, procedures, beliefs, and the decision-making
process that it follows.

* Management is an important aspect of economic life, which relates to those personnel
who are concerned with managing the organisation and its business activities.

place, employees might also be empowered to develop their own simple systems to support their
decision processes.

Like organisation structure, the organisational culture also affects the development and
operation of information system. For example, a newly developed payroll system in an organisation
conflicts with a non-standard allowance disbursement rule which is part of organisational culture.
Organisations that follow ad hoc decision-making process are the tough ones to implement
information system solutions.

The management is essential wherever human efforts are to be undertaken collectively to
satisfy the needs of the organisation. The managers have the authority to use organisational
resources and to make decisions. In organisations, there are typically three levels of management:
top level, middle level, and lower level. Some organisations may have more than three levels,
but in our discussions, we will consider three levels. While developing Information Systems
of an organisation, it is important to understand the management levels and their primary job
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responsibilities. It is also important to understand the types of management tasks each does and
the roles that they perform in their jobs, as this will help in understanding the information needs
of each individual manager.

Management Levels

The management levels are required to be understood for better implementation of Information
systems, as the needs and responsibilities of each manager at different levels are different. The
information needs of each of the levels must be met in an effective manner. Any failure to
address the needs of any one of the levels will lead to failure of the system, which may not fit well
within the strategic goals of the organisation. In organisations, there are typically three levels of
management:

» Top Level Managers. The top level managers are also called senior management or
strategic level, which is comprised of the Chief Executive Officer (CEO), the Chief
Operating Officer (COO), and other functional heads. The managers at this level take
decisions affecting the entire organisation. They are responsible for defining policies for
the organisation. They do not direct the day to day activities of the organisation; rather,
they set goals for the organisation and direct the company to achieve them. They are
ultimately responsible for the performance of the organisation, and often, take strategic
decisions.

* Middle Level Managers. The middle level managers, who form the tactical level, are
those in the levels below top managers. The managers at this level are responsible for
converting the goals and policies set by the top level managers to action plans. They do
so by setting goals for their respective departments and other business units. The middle
managers are also interface between the top level managers and the lower level managers.
As middle managers are more involved in the day to day working of a company, they may
provide valuable information to top managers to help improve the organisation’s bottom
line. The middle level is perhaps the most interesting and important, as it covers all the
information shared within teams, divisions, business units, etc.

* Lower Level Managers. The lower level managers are also called first line managers or
operational level. The managers at this level are responsible for the daily management of
organisational activities. Although first level managers typically do not set goals for the
organisation, they have a very strong influence on the organisation working.

The degree to which top, middle, and lower level managers perform each of these functions is
presented in Figure 1.6. It is mentionable that the top managers do considerably more planning,
organising, and controlling than do managers at any other level. However, the task of directing is
much less at this level. The most of the directing is done by the first line managers with respect to
daily activities. The amount of planning, organising, and controlling decreases down the hierarchy
of management; directing increases as one moves down the hierarchy of management.
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Planning Organisation Directing Control

Top Level Managers

Middle Level Managers

Lower Level Managers

Figure 1.6 Time Spent on Management Functions at Different Management Levels

MANAGEMENT ROLES

In addition to the broad categories of management functions, the managers at different levels of the
hierarchy perform different managerial roles. These roles were categorised by researcher Henry
Mintzberg, and grouped into three major types: decisional, interpersonal, and informational.

* Decisional Roles. The decisional roles require managers to plan strategy and utilize
the resources. There are four specific roles that are decisional - the entrepreneur; the
disturbance handler, the resource allocator; and the negotiator. Figure 1.7 tries to depict
the decisional roles performed by the different levels of managers in an organisation.

e Interpersonal Roles. The interpersonal roles require managers to direct and supervise
employees and the organisation. The figurehead is typically a top level manager. A leader

Decisional Roles

Decision Characteristics

Unstructured Strategic
management
(Top Level)
Q 4
& %,
N\
Semi- & Tactical %
structured %
management 2]

(Middle Level)

Structured Operational

management
(Lower Level)

Figure 1.7 Decision Characteristics of Management Levels
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acts as an example for other employees to follow, gives commands and directions to
subordinates, makes decisions, and mobilises employee support. The managers must be
leaders at all levels of the organisation. In the role of liaison, a manager must coordinate
the work of others in different work units, establish alliances between others, and work to
share resources.

o Informational Roles. The informational roles are those in which managers obtain and
transmit information. These roles have changed dramatically as technology has improved.
The monitor evaluates the performance of others and takes corrective action to improve
the performance, if necessary. The role of disseminator requires that managers inform
employees of changes that affect them and the organisation. They also communicate the
organisation’s vision and purpose.

Organisational Functions

In order to manufacture and sell the product or service most organisations will need to undertake
six key functions:

* Design and Production

* Accounting and Finance

* Human Resources

* Sales and Marketing

* Administration

* Research and Development.

Each of the functions need to combine together to achieve the organisational objectives. In
order to achieve the objective, communication across the various functions is the key activity.
A starting point for this type of communication is the creation of a clear set of organisation
objectives which each function needs to be aware of.

* Design and Production: In order to generate a product or service an organisation will
need to combine labour, capital, energy, materials, and information.

* Accounting and Finance Function: The financial department of the organisation will
keep all the accounting and financial data of the organisation. This information will then
be used to produce various financial statements for statutory and legal requirements.

* Human Resources Function: Human resources department’s main responsibility is the
recruitment, selection, training, and development of employees.

* Sales and Marketing Function: The marketing department will research customer
needs to develop strategy and products to satisfy the customer needs.

* Administrative Function: This involves dealing with all administrative functions
of the organisation like mail handling, attending to enquiries/complaints, catering, and
computer services.

* Research and Development Function: The aim of research and development is to
improve existing products, create new and better products, improve production methods,
and create effective processes. This will enable the organisation to reduce costs, increase
profitability and remain ahead of the competition.
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TYPES OF INFORMATION SYSTEMS

The information needs of each manager in an organisation are different as per their role and
their position in the management hierarchy. In order to develop an effective information system
solution, it is important to understand the management levels in an organisation and also the key
functions being performed by each manager, as the information needs at each level will differ.
As per the management levels in an organisation, information needs can also be categorised into
three types—operational, tactical, and strategic level information. The strategic level managers
need information to help their business planning. The middle management needs more detailed
information to help them monitor and control business activities. Managers at operational
level need information to manage their routine activities. As a result, businesses tend to have
several ‘information systems’ operating at the same time. Figure 1.8 describes the major roles of
information systems in an organisation.

There are six kinds of information systems which are used by different organisations. The
types of information systems are summarised in Figure 1.11.

Transaction Processing System (TPS)

It is a type of information system that collects, stores, modifies and retrieves the transactions data
of an organisation. The TPS systems are designed to process routine transactions efficiently and
accurately. Its always capture the data from point of origin. An organisation may have one or
more TPS systems. There are two types of transaction of processing:
* Batch processing: where all of the transactions are collected and processed as one
group or batch at a later stage.
* Real-time processing: where the transaction is processed immediately.

Major Roles of Information Systems

Support of
Strategic
Advantage

Support of
Managerial
Decision-making

Support of
Business Operations

Figure 1.8 Major Roles of Information Systems
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The basic characteristics of TPS are:

Serves the operational level or lower level management.

Performs and records the daily routine transactions.

Tasks, resources and goals for the TPS are predefined and highly structured.
Captures data about the organisation and its environment.

Major producers of information about the organisation.

Failure of the TPS will result in failure of the organisational system.

It is often linked to other systems.

It is a main feeder of data to other information systems

Serves the most elementary day to day activities of an organisation.

It can have strategic consequences (e.g. railway/air reservation system).
It usually has high volumes of input and output.

The TPS systems are meant to be repetitive and predictable.

Application of Transaction Processing Systems in Functional Areas

Organisations can create the TPS for each of the functional areas and also integrate them. The
applications of TPS in some of the functional areas are as follows:

Sales and Marketing: The system objective is | fansaction Processing Systems
to support the sales and marketing functions in an | are meant for the operation level
organisation by facilitating the movement of goods and | managers that collects and stores
services from manufacturer to the eventual customer. transactional data.

Examples include: Sales Management; Market
Research; Sales support to keep customer records; Telemarketing; Order processing—
process orders, Produce invoices, Supply data for sales analysis and inventory control,
etc.

Manufacturing and Production Systems: The systems that supply data to operate,
monitor and control the production process. Examples include: Materials resource
planning systems; Purchase order control systems; Engineering systems; Quality control
systems; Inventory management, etc.

Accounting and Finance Systems: The systems that maintains financial records and
are concerned with the flow of funds within and outside the organisation and produce
necessary reports like income statements, balance sheet, general ledger, etc. Examples
include: Cash management system; Payroll system; Accounts receivable and payable
systems, etc.

Human Resource System: The system that deals with employee management related
processes like recruitment, performance evaluation, etc. Examples include: Compensation
management; Training and development system; Personnel record keeping system;
Employee tracking system, etc.
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{ Founded in 1906, Bank of India today has more than 2,600 branches across India, in both urban and rural
areas. It also has 24 branches abroad. In 2002, Bank of India decided to implement a core banking solution. }
{ The project, budgeted at more than Rs. 500 crore, included setting up of data centre at the head office,
networking of branches across India, enabling computerisation at all branches, training of employees,
i maintenance, networking and facility management.The I'T implementation started in 2003 and has already :
given encouraging results. It enabled the bank to grow and to meet its customers’ requirement efficiently.
i Bank of India has posted a CAGR of 25-30 per cent post implementation. The transaction volumes
{ have increased and humanpower has been reduced. The bank is also able to manage more business with |
less manpower. Earlier, each branch had to handle its own back office, which has now been centralised.
This helps the bank to depute more humanpower to interact with its customers and address their issues. :
{ Thus, products and services provided to the customers have improved, leading to increased customer

satisfaction. :
: Source: Adopted from Dataquest Case book, December 31,2007

Management Information Systems (MIS)

The management Information Systems (MIS) support the information needs of the middle level
or the tactical level managers in an organisation. A Management Information System (MIS)
is mainly concerned with internal sources of information.
The MIS usually takes data from the Transaction Processing
Systems (TPS) and summarise or aggregate or analyse the
data into a series of management reports. The basic purpose of
these information systems is to monitor and control day to day
operations and to allocate resources effectively.

Management Information  Sys-
tems support information needs
of the middle-level managers by
generating structured summarised
reports from the TPS.

The basic characteristics of Management Information Systems include:

* Provide managers with reports and in some cases online access to the organisation
performance.

* Serves the management control level.

* Produce summary reports generated by the TPS.

* Have limited analytical capabilities and use simple models.

* Address structured questions that are known well in advance.

* Itis not very flexible.

* Rely more on existing organisational data and data flows.

* Generally past and present oriented.

* The MIS are generally reporting and control oriented.

* Produce Exception reports.

The major MIS reports that are generated by organisations include Periodic Reports, Exception
Reports, Demand Reports, and Push Reports (Figure 1.9).

* Periodic Reports are generated at regular intervals like Payroll summary report at the
end of every month. These reports are routine reports that are always generated by the
information system solution irrespective of the fact whether it is required by the manager
or not.
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Periodic Reports Exception Reports
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Management Information
System Reports

el NN

Push Reports Demand Reports

Figure 1.9 Major MIS Reports

¢ Exception reports are very important characteristics of MIS. These reports are control
reports used by tactical level managers to monitor their business activities. These are
generated only in case of exception as per pre-defined exception (control) parameters set
by the manager. For example, exception report is a list of all salespersons who have met
and who have not met the pre-defined sales targets with a tolerance limit of 10 per cent.

* Demand reports are the ad hoc reports that are generated as per the need of a specific
manager, which are not part of periodic reports. For example, list of employees with
a specific type of skill set. This kind of report is required for a very specific type of
project.

* Push reports are the reports that are periodic reports meant for a set of managers, but
are pushed to other managers for necessary action. For example, a monthly accounts
receivable report which is usually meant for accounts managers is being pushed to sales
manager for necessary payment follow up.

Office Automation Systems (OAS)

The Office Automation Systems (OAS) are information system solutions that aims at improving
the productivity of employees of an organisation. The best example of Office Automation
Systems include packages like Microsoft Office which include word processors, spreadsheets,
databases, presentation software, email, the Internet, desktop publishing programmes and
project management software. Its objective is to create the technology driven environment in an
organisation as that it provides individuals effective ways to process personal and organisational
data, perform calculations, and create documents. They are used for increasing productivity and
reducing paper work by processing major work electronically.
The communication systems and groupware concepts facilitate
the implementation of OAS.

Office Automation Systems meant
for all levels of managers that

helps in creating technology driv-
* Communication Systems. It helps people work | en environment in the organisa-

together by sharing information in many different tion.
forms. Teleconferencing, data conferencing, audio
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conferencing, videoconferencing, electronic mail, voice mail, and fax are all part of
powerful office automation tools.

* Groupware System. It helps teams work together by providing access to team data,
structuring communication, and making it easier to schedule meetings. It is also meant for
sharing information, controlling work flows, communication/integration of work.

The police department has a ‘Police Control Room’ (PCR) in every city to monitor the activities associated
with law and order. It gets a large number of calls related to information and complaints. Distress calls,VIP
calls, hoax calls, etc. are part of the calls recieved. All these calls reach police control rooms in various cities,
which in turn transfer them to PCR vans stationed at respective locations. These vans are connected with

i the control room through walkie-talkies. The incoming calls increase during natural calamities, festivals, or :
any special events. It was therefore essential for the police department to have an efficient mechanism to
i cater to the ever-increasing need and to live up to the expectation of the citizens. The police department
needed a solution to track telephone calls made, and to record the complaints registered on the phone.
{ They also needed to speed up their response time and improve their communication links.

i HCL developed a Dial 100 solution based on information and communication technology (ICT).The
Dial 100 solution contains Calling Line Identification (CLI) and Direct Inward Dialling (DID) to help
identification and routing. It also provides connectivity to mobile PCR vans through two-way radios/

: GPRS.The solution has been successfully rolled out in 18 cities across India.

Decision Support Systems (DSS)

The decision support systems (DSS) are specifically designed to help the top level or strategic level
manager to take decisions. The DSS supports the decision-making process of these managers but
do not take decisions. It is widely used for structured, semi-structured and unstructured decision
situations. It is more useful in situations where there is uncertainty about the possible outcomes
of those decisions. It comprise modeling tools and techniques to help gather relevant information
for analysis to generate alternatives. It DSS often involves use of mathematical, statistical and
financial models using various decision modeling software. Any spreadsheet software like
Microsoft Excel or SPSS is the best example of DSS tools. They are flexible, adaptable and quick.
The user controls the inputs and outputs. An example of a DSS job would be a five-year operating
plan. Another example of a decision support system is the simple analysis tool that banks use to
help formulate loans for the prospective customers.

The Basic Characteristics of Decision Support Systems include

* Semi-structured and unstructured decisions
* Managers at different levels

* Groups and individuals

* Adaptability and flexibility

* Effectiveness, not efficiency

Decision Support Systems are
meant for top-level managers
to support their structured, semi
* Human controlled machine and/or un-structured kind of deci-

* Modeling and knowledge based sions.
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Types of Decision Support Systems

Broadly, the decision support systems are categorised as Data Driven DSS and Model Driven
DSS.

* Data Driven DSS are those that help managers to take decisions with the help of data
extractions from large databases. This technique is used only if large amount of data is
available for extraction purpose, which helps in decision-making purpose. For example,
data-driven technique is used to determine the buying behaviour of the customer.

* Model Driven approach uses mostly scientific modeling techniques for pattern
identification. Again, Model Driven approach is also dependent on rich databases. This
approach helps in doing what-if, sensitivity analysis, etc. For example, model driven
approach is used to forecast future sales demand.

* Analytical DSS Models used by various organisations are what-if analysis, sensitivity
analysis, goal seeking analysis, and optimisation analysis (Figure 1.10).

* What-if analysis is used to determine what will happen to the output, if the participating
variable values are changed.

* Sensitivity analysis is a finer variation of what-if, which helps in determining how
sensitive the model is to change in parameter value.

* Goal seeking analysis helps in doing the backward calculations, which means help in
determining the input values when output is known.

* Optimisation analysis helps in optimisation of resources using statistical models.

Executive Support System (ESS)

An Executive Support System (ESS) is designed to help top level or strategic level managers
in an organisation. The ESS is designed to take strategic decisions by using and analysing the
key internal and external information used in the business. Sometimes, it is also referred as an
Executive Information System (EIS), as it provides executives information in a readily accessible,
interactive format. They are a form of MIS intended for top level executive use. An ESS/EIS

Sensitivity
Analysis

Analytical
DSS Models

Optimisation Goal-seeking

Figure 1.10 Important DSS Analytical Models
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Types of Information Systems

Kind of System Groups Served
A ESS Senior
Managers
DSS Top Middle
Managers

OAS
MIS Middle
Managers
TPS Operational
A4 Managers

Sales &lManufacturing| Finance| Accounting | Human
Marketing Resource

Figure 1.11 Types of Information Systems

helps in generating summary report of the entire organisation and if desired, one can drill the
report to specific levels of detail. They also use data produced by the ground level TPS, so that
the executives can gain an overview of the entire organisation. The ESS are usually designed to
suit the individual needs at top level.

The characteristics of Executive Support System include:
* Serves the strategic level.

* Address unstructured decisions and involve a generalised computing and communication
environment rather than fixed application.

* Dependent on internal and external information.

* Make less use of analytical models.
* Are more oriented towards external events. Executive Support Systems are
meant for Top Executives of the
organistion that helps in support-
ing strategic decisions.

* More graphic oriented.
* Suggests nature of business to be undertaken.

* Gives information about the activities of competitors.

Expert Systems (ES)

An Expert System (ES) is a computer system or program that uses artificial intelligence techniques
to solve problems that ordinarily require a knowledgeable human. The expert systems help to
guide users to find solutions to problems that would otherwise need expert advice. They are useful
in diagnosing, monitoring, selecting, designing, predicting, and training. An expert system will
gather information by asking the user to answer series of questions after interpreting the answers,
it will provide a suggested course of action. The expert system generally recommends a decision,
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but the final decision is of the user. It offers advice like an Expert Systems are based on Ar-
expert. Some examples of expert systems are programs, which | ificial Intelligence Techniques to
help doctors to diagnose a patient. In fact, there are some web
sites that will even diagnose patients. Another example of an
expert system might be a program where a person feeds the
vital statistics and then the program helps to advise about a fitness programme which that person
can then follow.

solve the known problems.

The expert systems imitate human experts in many different fields of expertise. As these
systems are built with decision-making rules, and they can ask humans a series of questions to
narrow down the correct answer. One early and influential expert system was MYCIN, a disease
diagnosis system.

The advantages of Expert Systems

* The computer can store far more information than a human.

* The computer does not ‘forget’ or make silly mistakes.

* The data can be kept up to date.

* The expert system is always available 24 hours a day and will never ‘retire’.
* The system can be used at a distance over a network.

Examples of TPS, MIS and DSS

Examples of TPS include:
¢ Customer billing systems
* Weekly and/or monthly payroll system
* Production and purchasing systems to calculate raw material requirements
* Automatic Teller Machines (ATMs)
Examples of MIS include:
* Monthly sales report
* Regional or departmental reports

* Cash flow statement at the end of quarter and a comparative study into the same quarter of
the previous year

* Product level inventory
* Annual budgeting system
Examples of Decision Support System:
* Insurance companies use DSS for customer buying patterns, fraud detection.
* Banks use DSS for analysing customer profiles.

* Fast Moving Consumer Goods (FMCG) companies use DSS for pricing, advertising,
promotion, selection; etc.

* Railways use DSS for train dispatching and routing.
* Airlines use DSS for flight scheduling, passenger demand forecasting, etc.
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Knowledge Work Systems (KWS)

Organisations of the current century are more knowledge driven. As a result, some of these
organisations have introduced new level of management called knowledge workers. The
knowledge workers are none, but the data workers who manage the information resources or
who belong to research and development activities. The Knowledge Management Systems
(KMS) is meant to serve the knowledge workers in an organisation. It exists to help organisation
create and share information. These are typically used in a business where employees create
new knowledge and expertise—which can then be shared by other people in the organisation to
create further business opportunities. Some good examples include firms of lawyers, accountants
and management consultants. These systems are also used by technical staff and may include
computer-aided design/manufacture (CAD/CAM).

WHERE DOES TECHNOLOGY GO FROM HERE?

The technology over the past 10 years has progressed at lightning speed and things continue to
evolve. What will be the future with technology being so disruptive? More than the question it
is the fact that one needs to understand is that you need to understand the future if you want to
be a part of it. The inclusion of numerous smart technology becoming the order of the day, like
smart sensors that enable energy harvesting, or smart trash dumpsters that voice the need of when
need to be emptied. But over all there are certain challenges faced by companies is that of cyber
security. But with the perspective of cyber security of many governments changing, it is expected
to be managed similar to that of the physical world.

But the biggest challenge remains how the balance between the virtual world and the real world
can be maintained. But in such a dynamically changing society how can a Chief Information
Officer (CIO) blend IT with business to leverage on its benefits.

Innovation: The amalgamation IT with the trends will enable transform business and also
enhance customer experience. The key trends are being witnessed in relation to how mobile can
shorten distance from intent to action. In relation to video the trend is about from talk to me to
show to me. The changes in software deal with common language that drives the integration. The
cloud refers to shift of shared infrastructure. The IT leverages on the technology fronts trends to
create business velocity front and also enhance the innovation.

IT and business: With technology becoming the order of the day, CIOs and CEOs will
demand more from less. Currently, cloud computing is the technology which is disruptive but
enables speed and innovation and has had a profound impact on how the CIOs function. It will
lead to a positive impact for many CIOs and has fundamentally changes the role of the CIO. All
the new developments in technology are required to take IT to a next level. This switching from
one technology to another will require a lot of investment but will have to be done by applying
due diligence.

So what are the key IT trends? How will organisations adapt to them? Gartner defines a
‘strategic technology’ as one with the potential for significant impact on the organisation in the
next couple of years. The factors that denote significant impact include a high potential for
disruption to IT or the business, the need for a major dollar investment, or the risk of being late
to adopt.
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A Gartner release said a strategic technology may be an existing technology that has matured
and/or become suitable for a wider range of uses. It may also be an emerging technology that
offers an opportunity for strategic business advantage for early adopters or with potential for
significant market disruption in the next five years. These technologies impact the organisation’s
long-term plans, programs and initiatives. Some of the biggest technology influences includes—
next-generation mobility, social media, cloud computing, and big data.

* Media Tablets and Beyond: Now, users can choose between various form factors
when it comes to mobile computing. No single platform, form factor or technology will
dominate and companies should expect to manage a diverse environment with two to four
intelligent clients through 2015. The IT leaders need a managed diversity program to
address multiple form factors, as well as employees bringing their own smartphones and
tablet devices into the workplace. Organisations will have to come up with two mobile
strategies — one to address the business to employee (B2E) scenario and other to address
the business to consumer (B2C) scenario. On the B2E front, the IT must consider social
goals, business goals, financial goals, and risk management goals. On the B2C front,
which includes business to business (B2B) activities to support consumers, IT needs to
address a number of additional issues such as surfacing and managing APIs to access
enterprise information and systems, integration with third-party applications, integration
with various partners for capabilities such as search and social networking, and delivery
through app stores.

e Mobile-Centric Applications and Interfaces: The user interface (UI) with windows,
icons, menus, and pointers will be replaced by mobile-centric interfaces emphasising
touch, gesture, search, voice and video. The applications themselves are likely to shift to
more focused and simple apps that can be assembled into more complex solutions. These
changes will drive the need for new user interface design skills. By 2015, mobile Web
technologies will have advanced sufficiently, so that half the applications that would be
written as native apps in 2011 will instead be delivered as Web apps.

* Contextualand Social User Experience: Thecontext-aware computingusesinformation
about an end-user or objects environment, activities, connections and preferences to
improve the quality of interaction with that end-user or object. A contextually aware
system anticipates the user’s needs and proactively serves up the most appropriate and
customised content, product or service. The context can be used to link mobile, social,
location, payment, and commerce. It can help build skills in augmented reality, model-
driven security and ensemble applications. Through 2013, context aware applications
will appear in targeted areas such as location-based services, augmented reality on
mobile devices, and mobile commerce. The social information is also becoming a key
source of contextual information to enhance delivery of search results or the operation of
applications.

* Internet of Things: The Internet of Things (IoT) is a concept that describes how the
Internet will expand as sensors and intelligence are added to physical items such as
consumer devices or physical assets and these objects are connected to the Internet. The
vision and concept have existed for years, however, there has been an acceleration in the
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number and types of things that are being connected and in the technologies for identifying,
sensing and communicating. These technologies are reaching out to critical mass and an
economic tipping point over the next few years.

Near Field Communication (NFC) payment: The NFC allows users to make payments
by waving their mobile phone in front of a compatible reader. Once the NFC is embedded
in a critical mass of phones for payment, industries such as public transportation, airlines,
retail, and healthcare can explore other areas in which NFC technology can improve
efficiency and customer service.

App Stores and Marketplaces: The application stores by Apple and Android provide
marketplaces where hundreds of thousands of applications are available to mobile users.
Gartner forecasts that by 2014, there will be more than 70 billion mobile application
downloads from app stores every year. This will grow from a consumer-only phenomena
to an enterprise focus. With enterprise app stores, the role of IT shifts from that of a
centralised planner to a market manager providing governance and brokerage services to
users and potentially an ecosystem to support entrepreneurs.

* Next-Generation Analytics: The analytics is growing along three key dimensions:

* From traditional offline analytics to in-line embedded analytics. This has been the
focus for many efforts in the past and will continue to be an important focus for
analytics.

* From analysing historical data to explain what happened to analysing historical and
real-time data from multiple systems to simulate and predict the future.

e Over the next three years, analytics will mature along a third dimension, from
structured and simple data analysed by individuals to analysis of complex information
of many types (text, video, etc...) from many systems supporting a collaborative
decision process that brings multiple people together to analyse, brainstorm and make
decisions.

The analytics is also beginning to shift to the cloud and exploit cloud resources for high
performance and grid computing.

* BigData: The size, complexity of formats and speed of delivery exceeds the capabilities

of traditional data management technologies; it requires the use of new or exotic
technologies simply to manage the volume alone. Many new technologies are emerging,
with the potential to be disruptive (e.g., in-memory DBMS). The analytics has become a
major driving application for data warehousing, with the use of Map Reduce outside and
inside the DBMS, and the use of self-service data marts. One major implication of big
data is that in the future users will not be able to put all useful information into a single
data warehouse. The logical data warehouses bringing together information from multiple
sources as needed will replace the single data warehouse model.

In-Memory Computing: An enormous use of flash memory in consumer devices,
entertainment equipment and other embedded IT systems is expected in coming years. In
addition, it offers a new layer of the memory hierarchy in servers that has key advantages
— space, heat, performance, and ruggedness among them. Besides delivering a new
storage tier, the availability of large amounts of memory is driving new application models.
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The in-memory applications platforms include in-memory analytics, event processing
platforms, in-memory application servers, in-memory data management, and in-memory
messaging.

* Extreme Low-Energy Servers: The adoption of low-energy servers — the radical new
systems being proposed, announced and marketed by mostly new entrants to the server
business —will take the buyers on a trip backward in time. These systems are built on low-
power processors typically used in mobile devices. The potential advantage is delivering
30 times or more processors in a particular server unit with lower power consumption vs.
current server approaches.

* Cloud Computing: The cloud is a disruptive force and has the potential for broad long-
term impact in most industries. While the market remains in its early stages in 2011 and
2012, it will see the full range of large enterprise providers fully engaged in delivering a
range of offerings to build cloud environments and deliver cloud services. The Oracle,
IBM and SAP all have major initiatives to deliver a broader range of cloud services over
the next two years.

These top technologies will be strategic for most organisations, and the IT leaders should use
this list in their strategic planning process by reviewing the technologies and assessing how they
fit into their expected needs.

Source: Adapted from various issues of Dataquest and CIOL website.

SUMMARY

4+ Information Technology has become an integral part of life. It has become an indispensable tool
for everyone to achieve goals, be it a business or an individual. Organisations started investing
in technology to remain competitives, individuals started learning about technology for their
survival. The real boom in information technology started in India only after 1990s, when the
concept of globalisation, liberalisation and privatisation was promoted by the Government.

4+ Information technology is important, but it is significantly different from computers. Information
technology in simplistic form is collection of computing and communication tools that help
organisations to manage the business processes better. The major reasons, why organisations
started looking at IT based solutions include, change in methods the way we do businesses; global
competition; global opportunities; introduction of concepts like business process outsourcing;
emergence of digital economy; shift towards knowledge based economy; change in organisation
structure; and setting of virtual organisation.

4+ Information plays an important role in any business, it acts as glue to an organisational
process. It is always derived from Data, which is a collection of raw facts and figures. It is a
processed meaningful data that helps in decision-making. On the other hand, knowledge is a
skill required to interpret the information and system is a group of entities that work together
to achieve organisational goals. The Information System, which is an important component of
complete technology solution, can be defined as a set of procedures that collect, process, store and
disseminate information to support the decision-making.

4+ Information Systems can be manual or computer based. The Manual Information Systems solutions
are based on paper-pencil techniques, whereas the Computer Based Information Systems (CBIS)
are the ones which are based on information technology. The CBIS always operate within a
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predefined boundary having input, process, output, feedback. It always has an impact of the
environment in which it operates. Some of the major characteristics that information systems needs
to have include—Intrinsic, Accessibility, Contextual, Representative, Flexibility, Adaptability, and
Economical.

Organisations use information systems to manage its business activities and achieve business
goals. While implementing IS solutions for an organisation it is important to understand the
organisational and management structures. An organisation is a collection of people and other
resources that work together to achieve the organisational goals. Organisations are similar to
systems with inputs, processes, and outputs.

Organisational structure determines how it operates. These structures are created on the basis
of their objectives and culture. The common structures are: Hierarchical, Flat and Matrix.
Organisational Culture is also important to understand how business processes are being managed
by the organisation. The different kinds of cultures being followed by different organisations
include—Power, Role, and Task cultures. The most common among these is the Role culture,
which splits the organisation into various functions and each function is assigned a specific role.
The function of management needs to be understood wherever human efforts are involved.
Typically, most organisations are divided into three management levels: Top level, Middle level
and Lower level. The key function that these managers perform at various levels are Planning,
Organising, Directing, and Controlling. The top level managers take decisions affecting the
entire organisation like policy formulation; middle level managers define action plan as per the
formulated policies and the lower level acts as per the defined action plan. In addition to the broad
management functions, managers also perform different roles like decisional, interpersonal and
informational roles.

After understanding the organisational structure and management level in an organisation, it
is clear that information needs of each individual in an organisation are different. One single
information system may not be able to serve the needs of each level of manager. There are six
kinds of information systems which are used by different organisations at different levels. These
systems are Transaction Processing System (TPS) meant for lower level managers, Management
Information Systems (MIS) meant for the middle level managers, Office Automation System (OAS)
which helps in bringing IT culture in an organisation by introducing Office Support Systems,
Decision Support System (DSS) meant for the senior middle level executives for semi and un-
structured kind of decisions, Executive Support System (ESS) meant for the top level executives for
strategic decisions, and Expert System (ES) are meant for application specific intelligent systems.

The most important challenge being faced by many organisations is to understand how to integrate
these evolving technologies into their business. The technology is changing faster than the needs
of businesses; in this backdrop, finding the right application in the current business remains the
key challenge. Some of the biggest technology influences includes —next-generation mobility,
social media, cloud computing, and big data.

KEY TERMS

Artificial Intelligence Business Models Demand Reports

ATM CBIS Digital Economy

Batch Processing Cloud Computing Disturbance Handler

Big Data Data Exception Reports

BPO Decision Support Systems Executive Support Systems
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Expert Systems Knowledge Work Systems Push Reports
Figurehead LAN Real-time Processing
Global Work Groups Leader Resource Allocator
Globalisation Liberalisation RFID

Goal-seeking Management Information Sensitivity Analysis
In-Memory Computing Systems System

Information Media Tablets Transaction Processing Systems
Information Systems Optimisation Virtual Organisation
Information Technology Organisational Structure What-if

Internet of Things Periodic Reports Wi-Fi

Knowledge Pod Casting

Knowledge Economy Privatisation

SELF-STUDY QUESTIONS

1.

An order quantity for a specific customer at retail store, number of hours an employee worked
during the month, and marks scored by a student in a particular subject are all examples of:

(a) Data (b) Information (c) Knowledge (d) Database

. Which of the following systems helps in producing periodic summary reports meant to be used
by middle level managers in an organisation?
(a) Transaction Processing System (b) Management Information System
(c) Decision Support System (d) Intelligent System

. A set of procedures that collect, store, process and disseminate information to support-decision

making at various levels in an organisation can be best defined as:
(a) Management Information System (b) Expert System
(c) Information System (d) Database System

systems deal with the day-to-day operations of an organisation, such as assigning
employees to tasks and recording the number of hours they work, or placing a purchase order.

(a) Operational (b) Tactical (c) Strategic (d) Managerial
systems deal with middle management activities such as short-term planning,
organising, and control.
(a) Operational (b) Expert (c) Strategic (d) Managerial
A user interface is a set of software features that provides users with direct control
of visible objects and actions on the screen to replace complex command syntax.

provide stored knowledge of experts to non experts, so the latter can solve difficult
problems.

. A(n) system supports the monitoring, collection, storage, processing,

and dissemination of the organisation’s basic business processes.

systems deal with decisions that significantly change the manner in which business
is being done and are involved in long-range planning.

is data that has been organised so that it has meaning and value to the recipient.
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10.

REVIEW QUESTIONS

. Describe why organisation needs to integrate Information Technology.
. Describe a Digital Firm.

List the reasons why information systems are important for businesses.

. What is Information Technology and how is it different from Information Systems?
. Differentiate between the key terms—Data, Information and Knowledge.
. Explain the need to understand the organisational structure while building information systems

solutions.

. What are the different levels of management that exist in most organisations?
. Describe virtual organisation.
. List the management levels and the corresponding information systems solutions.

Explain how Decision Support Systems is different from Executive Support System.

QUESTIONS FOR DISCUSSION

. Explain with an example, how IT helps in business transformation.
. Identify the key technology that all levels of organisations need to implement in the era of Digital

Economy.

. Explain how flat organisational structure is more relevant in the current era of IT.
. Majority of organisations worldwide have only TPS and MIS as part of their Information Systems.

Discuss the reasons.

APPLICATION EXERCISES

1.

2.

Identify the examples of IT integrations that some of the leading Indian companies have
adopted.
Search the Computer Journals and/or Internet to find information about:

(a) Indian Organisations using Matrix Structure

(b) Indian Organisations following Internet Models

(c) Virtual Indian Organisations

.,

GROUP PROJECTS

Identify an organisation. Study the Information Systems Solution that is being used by that
organisation, structure being followed, level of management that exists in the organisation. Identify
the types of information systems solutions that have been developed to meet various levels of
management. Identify the input, process, and output requirements of each level of information
systems.

. Select a process from your college or university. Observe the process for couple of days and list the

key activities that are being performed as part of the process. Construct an Input-Process-Output
table from the activities identified by you. Suggest the type of information system that one needs
for the said process.



The McGraw-Hill companies

Introduction to Information Technology 35

1. IT Lifeline of Timex

When the joint-venture between Titan and Timex
came to an abrupt end after six long years of a strong
relationship, all infrastructures that were created be-
came non-functional. As a result, Timex had no dis-
tribution channels, no point of sale systems and even
no databases in place to sustain business in the Indian
continent. For the CIO of the Timex, it was a chal-
lenging task of setting the priority right and create a
strong IT infrastructure to revive the business. The
parent company in the US was using Oracle based
ERP system to manage all its business transactions,
so the Indian counterpart decided to build the system
around the same solution. CIO set the first priority
to create a strong network of POS, as the distribution
was not much at that point of time. At the subsequent
stage, the IT department decided to create inventory,
billing and order management systems.

The various technological solutions were evalu-
ated and tested to transfer the POS data back to the
company’s main data server for intelligent data pro-
cessing. The watch industry is quite dynamic in nature
as the styles, textures, and trends keep changing very
fast. In order to keep analysing the buying patterns

and demand analysis, the company needs the com-
plete POS data on real-time basis for data analytics. In
pursuit to achieve this, the company decided to imple-
ment the Power Builder software to connect its POS
terminals with the central databases. The proposed
system was e-mail based batch processing system,
which will send an e-mail to the data centre at the end
of the day. All e-mails received from various vendors
are validated and uploaded into the Oracle ERP for
managers to view and analyse.

The biggest challenge of implementing this system
was to cut implementation and running costs as they
had limited funds available for too many technologi-
cal developments.

Questions for Discussion

1. What was the strategy being followed by CIO
of Timex?
2. Was it a correct strategy to follow at this
stage?
3. Why Timex concentrated on developing POS
network?
Source: Adopted from Dataquest, January 15, 2007

2. IT Issues in the case of Merger

The Centurion Bank of Punjab is a private sector bank
that offers retail, SME and corporate banking product
and services. It was formed by the merger of Centu-
rion Bank and Bank of Punjab in October, 2005. The
RBI gave twelve months to complete the merger. But
to complete the merger successfully, the two banks
had a major problem with respect to the technology.
The two banks had different technological setups. The
architecture of the infrastructure was different, the
data centre and disaster recovery centre were located
in different cities and following different technolo-
gies. The banks were following different core banking
solutions developed by two different vendors—the
Centurion Bank was on Misys and the Bank of Punjab
was on Finacle. The mailing solutions were also differ-
ent; one was on Linux and the other was on Exchange.

Both the banks were following different methods and
topologies to connect their data centre and had five
different service providers for the connectivity.

The major technological challenge was to bring
the entire staff on to the same mailing platform from
day one of operations, keeping the business transac-
tions intact. The ATM network of the two banks needs
to be interconnected without affecting the business
and at no extra cost to the customer. The connectivity
between the two data centres needs to be established.
Moreover, flexibility to be provided to the customer,
so that the account can be accessed from any bank
branch, while maintaining total security. Also similar
kinds of issues need to be addressed at the branch
level.
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Questions for Discussion 2. Whatare the precautions that you will consider
1. If you are a consultant, how would you while implementing the new proposed
approach this problem? system?
Source: Adopted from Dataquest Case book, December
31,2007

Answers to Self-Study Questions

1. (a) 2. (b). 3. (o) 4. (a)
5. (d) 6. Graphical 7. Expert Systems 8. TPS

9. Strategic 10. Information Systems
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CHAPTER OBJ ECTlVES ......................................................................................

After reading this chapter, you will get a clear understanding about the following:

4 What are strategic information systems and their advantages?

4 What is the value chain model and how is it related to information technology?

4 Whatis Porter’s competitive forces model and how does information technology help companies
improve their competitive positions?

4 What are the several frameworks that show how IT supports the attainment of competitive
advantage?

. ¢ How are strategic information systems built and implemented?

INTRODUCTION

With the ever increasing pressure to maximise operating efficiencies, increased business growth
and enhance shareholder value, chief executives are rethinking and revisiting their business
strategies and finding ways to integrate technology into businesses, as most of them subscribe to
the view ‘IT changes the way we do business’. But the reality is all about, how IT can be used
to get strategic advantage. The organisations worldwide tried different approaches to leverage IT
competencies. Some used the technology to turnaround the organisation, whereas others used
it as a competitive tool. All these different approaches led to creation of the new concept called
‘Strategic Information Systems’ within the broader stream of Information Systems. The basic
objective of strategic information systems is not merely to manage existing business functions
efficiently or even somewhat effectively, but to offer a competitive edge to the organisation by
meeting its strategic goals.

In the early phase of IT integration, organisations got strategic advantage by integrating
technologies into their businesses to create proprietary solutions. For example, SABRE of
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American Airlines, which created proprietary computer reservation systems for the airlines
industry, forced agents to partner them and turnaround the industry. In today’s era, computers and
communication technologies have become a necessity, which may help any player in a particular
industry to create their own solutions. For example, today the airlines ticketing has totally changed
from agent driven model to online models. This happened only because of easy availability of
information technology. Today, the reality is most of the organisations have outsourced their IT
and IS operations to external vendors. Against this backdrop, one needs to address issues like:

* How important it is to align business strategies with I'T?
* Has IT become a common utility for everyone?

* How will advances in information technology affect competition and the sources of
competitive advantage?

* What strategies should a company pursue to exploit the technology?

* What are the implications of actions that competing organisations may have already
taken?

* Of many technologies, which is the most important?

These are some of the issues that one needs to address, before implementing strategic information
systems. This chapter presents a summary of different phases of information system; describes
different models of strategic advantage to organisations suggested by different academicians and
researchers; highlights the distinctive role of IT in shaping tomorrow’s organisations; and outlines
the implementation strategies.

USES OF INFORMATION SYSTEMS

In today’s business environment, managers are always trying to find ways to add value to
their organisation’s bottom line. However, the business environment has changed the rules of
management game because of real-time competition, globalisation and innovation in technology.
Also, the growth in emerging technologies and new methods of doing business has forced
managers to be more dependent on data for decision-making process. Now, organisations
depend more on the seamless flow of information in order to remain competitive in the global
economy. Organisations that operate at the global level use more of virtual organisation strategies
to manage its relationships with its suppliers, distributors, retailers, customers, employees, and
other business partners.

The role and objective of information systems kept on changing with times. The information
revolution is changing the way we do our business and no organisation can escape its effects.
The substantial reductions in the cost of obtaining, processing, and disseminating information
are changing the methods of managing business. Today, organisations cannot survive without
management of information that demands the use of information technology, but in the initial
phases, information systems were developed by organisations only to manage the data.

 The First phase, which was roughly between 1950s and 1960s, information systems were
required only for data processing activity. Then Transaction Processing System (TPS)
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emerged as critical business application during that phase and number of organisations,
used TPS for their strategic advantages. The key advantages that most of the organisations
got by implementing the TPS was speed and accuracy. The TPS helped organisations to
capture substantial business data and manage the routine operational activities. In that
era, computer processing was driven by hardware developments. Gradually, organisations
started using the TPS data for generating summary reports, which led to the second phase
of information systems.

* The Second phase was from 1960s to 1970s, when organisations concentrated on
developing management reporting without the TPS systems, which led to emergence of the
Management Information Systems (MIS). Most organisations worldwide used the MIS to
their strategic advantage by developing application oriented MIS systems like Accounting
Information Systems, Sales Management Systems, Human Resource Information Systems
and Manufacturing Information Systems, etc.

IT is Evolving with the Changing Enterprise Scenario

{ The evolution of the technology industry in India has happened over the last 2-3 decades, somehow
i we don't give due attention to the evolution of the IT function in Indian organisations. Most certainly,
evolution has been keeping pace with global trends but in some cases, it has even outperformed its
i counterparts in the matured markets.

. Looking back, the IT function was largely an EDP function, mainly responsible for MIS, traditional IT
{ systems reporting into finance. That time Indian I'T companies were also in the nascent stage and all needs
i were largely fulfilled by internal IT teams and some project/product work was given to the third party. }
i This can really get classified as the in-sourcing period.

The next phase was when having computing facility, using email for regular communications and more
s0, connecting offices over some network became part of almost all enterprises. This phase brought IT in |
to the limelight. This just coincided with companies starting offshore development work in the disguise
i of body shopping. By now, EDP had become IT and the new IT heads started offloading work to third-
parties.
{ This time two significant things happened — the dotcom boom and Y2K!! With this, the IT function '
i became strategic for business. Organisations went beyond the humble IT heads, and a new progressive
breed of CTO/CIOs took charge of the future of businesses. This also brought the concept of managed
i services. Now, the CTO/CIO:s started to focus on strategic IT roles and also, adopted managed services |
i like managed data center, managed infrastructure, managed network, etc. This was a radical change from :
erstwhile sourcing of humanpower. These arrangements were SLA and result-driven, and they were here
{ to stay. :
i AIlIT functions which are commodities and not giving any competitive advantage could very well
i be outsourced to a third-party. Anything which is too core for a business and creates huge competitive |
advantage, for that knowledge should be retained internally. This way, CIO and his/her team can focus on :
the future and BAU can be managed through a partner. :
: One of the innovative and futuristic trends observed in some of the matured organisations is strategic
outsourcing. This model is driven more by business strategy and delivers I'T strategy. In this long-term
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{ engagement, partner works on complete transformation with measurable deliveries. IT partner invests in %

i automation and gets paid on success. The biggest driver for success of this arrangement is partners interest :

i in your success!

Source: Adapted from http://dgindia.ciol.com/content/top_stories/2011/111073008.asp, accessed on
i July 30,2011 .

* The Third phase of Information Systems evolution, during when organisations started

looking at developing more of Management Support Systems, which included systems
like Decision Support System (DSS) and Executive Support Systems (ESS). These
developments happened from 1970s to 1990s. The Decision Support Systems became
very popular as it started offering an opportunity to top level decision-makers to evaluate
their decisions and also generate better alternatives. The growth in this field also happened
because of introduction of Personal Computers in early 1980s and also because of the
growth of the software applications industry which created an enterprise platform. This
led to introduction of end-user computing. Some of the organisations in the same era also
started integrating the concept of Artificial Intelligence into their business activities by
introducing systems like Expert Systems. A concept of Strategic Information Systems
(SIS) was for first time introduced in this era by number of organisations.

The Fourth phase started in the early 1990s is of Internet and e-commerce. During this
phase the organisations started integrating internet technologies into their businesses. The
modern concepts like e-commerce, e-business and virtual business models emerged in
this period. There are number of business models and businesses emerged during this
period; industry structures were changed and the rules of the game were altered. All this
created competitive advantage for the organisations by offering new ways to outperform
their rivals by using the power of the technology. Organisations started integrating their
suppliers, distributors, retailers and customers into one virtual chain to try to reduce the
cost of obtaining, managing, and transmitting the information across the players.

In the current century, major changes happened in the field of telecommunications and
organisations started integrating technologies like e-commerce, mobile commerce
(M-Commerce), Artificial Intelligence, and Virtual Enterprises. By doing so, organisations
are trying to reach out to its customers anywhere, anytime in any form. These revolutions
in technology are giving major strategic advantages to organisations that are implementing
these concepts.

In the new economy, most organisations are implementing new e-strategies to remain
competitive. The Chief Information Officers (CIOs) are exploiting the power of Internet and Mobile
technologies to gain competitiveness. For example, business-to-business (B2B), business-to-
consumer (B2C), customer-to-business (C2B), and other e-commerce strategies are implemented
in conjunction with enhanced Management Support Systems (MSS). By using the e-commerce
models, customers can place their orders directly with companies and the related information is
automatically processed by the MSS. The competitive environment is forcing organisations to
implement emerging technologies to remain competitive in the global marketplace.
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The information revolution over the decades has started affecting competition in many ways:

* Industry structures are changed and, in doing so alter the rules of competition. For example,
the newspaper industry and book retailers are shifting to online business models.

* By outperforming the rivals and by creating competitive advantage using the power of new
technologies. For example, when traditional matrimonial service providers went online,
they outperformed all their rivals.

* It spawns whole new businesses, often from within an organisation’s existing operations.
For example, when newspaper industry went online, they created multiple number of new
business models. This is possible in three distinct ways:

(i) IT makes new businesses technologically feasible.
(i1) IT can also spawn new businesses by creating derived demand for new products.
(iii) IT can also help in creating new businesses within old ones.

STRATEGIC INFORMATION SYSTEMS

A new concept called ‘Strategic Information Systems’ (SIS) has emerged to be one of the power
concepts within the area of Information Systems. Initially, people thought that it to be a system
meant for executives at the Strategic Level, but that was a myth. In reality, Strategic Information
System (SIS) is

* any system that offers an organisation a competitive advantage over its competitors;

* a technological system at any level of the organisation, which changes the goals,
operations, products, services, or environmental relationships to help the organisation to
gain a competitive advantage; and

* asystem whose importance within an organisation extends beyond merely management of
its routine functions efficiently and/or effectively.

The role of Information Systems (IS) has evolved during the years. Originally, information
systems were perceived as mere automation of existing manual processes. This was later changed
to integration of systems. In that era, the both forms of IS was regarded essentially to be an
operational support tool. Later, some of the organisations started using information technology
(IT) to their strategic advantage. This lead to the emergence of ‘Strategic Information Systems’,
which means an information system which supports an
organisation in fulfilling its business goals. An alternative Strategic  Information ~ System
interpretation of the term is that it is not necessarily a particular | (SIS) is any system that offers
Information System, but can be a combination of those parts | an organisation a competitive
of an organisation’s information sub-systems, which provide | advantage over its competitors.
information into its strategic planning processes.

At the core of its nature the Strategic Information Systems (SIS) are those technology based
systems that help in implementing business strategies of an organisation. The SIS is the systems
solutions that are developed in response to organisations business initiatives. Most of the
information systems are developed as support activity, which helps to automate the operational
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activities of the organisation for better efficiency, control and effectiveness, but these systems
were not developed to address the organisational profitability issues. These operational systems
were developed with an objective to provide enough information to the management to keep the
business running and help in the basic planning activities. The SIS, on the other hand, is developed
as an integrated solution of the business and directly influence the market share and profitability.
The SIS may also help the organisation in developing new products, new markets, and new
methods of doing business. These systems also directly help in improving the competitiveness of
the organisation by offering competitive advantage over its rivals. A well-designed and developed
Transaction Processing System can also qualify to be a Strategic Information System, if it helps
to improve profitability or competitiveness of an organisation.

There is a general belief that Strategic Information Systems are the ones that give the
organisation competitive advantage. But the question is how one can measure the competitive
advantage? The researchers worldwide have deliberated to come out with different methods to
offer the competitiveness, some of which are given below:

* Cost Leadership: It means to deliver the product or service at a cheaper cost. This does
not necessarily mean that the products or services are being offered at the cheapest cost,
but at a lower cost in the marketplace as per the quality and attractiveness of the products
or services.

* Differentiation: It means to deliver the differentiated product or services. Differentiation
means adding value or unique features to a product or service, which makes the product
or service attractive in the competitive market. Sometimes, one need to increase the cost
to add new features, but it helps in attracting more customers. A strategic system helps the
customer to perceive that they are receving some extra features at the same or at little extra
cost which they are willing to pay.

* Focused or Niche: It means to identify and create niche markets, which have not been
identified before or where few players exist. This Information Technology integration into
business processes certainly helps the organisations to identify such niche segments.

e Innovation: It means developing products or service using new technologies. The
introduction of ATM and Internet Banking has revolutionised the complete banking
industry worldwide. The traditional banks are forced to integrate the technology into their
business processes to remain competitive.

Asindicated earlier, every information systems solution can be defined as ‘Strategic Information
System’, if it aligns the information systems strategies with the overall business strategies of the
organisation. There is a need to explicitly define a linkage between the organisation’s business
plan and its information technology plan to provide better support to the organisation’s goals and
objectives.

The number of organisation that have implemented information systems solutions in the
first phase of IS implementation i.e. during 1950s, have used the term ‘Strategic Systems’ for
all its IS solutions, as these systems were certainly giving the competitive advantage to these



The McGraw-Hill companies

Strategic Information Systems 43

organisations. Consider the SABRE system — an online airline reservation system, implemented
by American Airlines, which offered a substantial competitive advantage to the American Airlines
and also to the travel agents who implemented the system. The strategic systems, thus attempt
to match information system resources to strategic business opportunities where technology will
have an impact on the products or services and the business operations. Another way to look at
strategic information systems is to consider the different models and ideas suggested by different
researchers like Dr. Michael E. Porter, Charles Wiseman, etc.

Looking Beyond Design and Production

IT has played and will continue to play an important part in achieving the projected sales growth of Indian
i automotive industry. :

i An IMF report on the Indian automotive industry released last year said that in a few years time India
will have 400 mn cars sold which will be 45 times that of today. At present, the annual sales of the overall
i automotive industry is touching around 5 mn units (5,553,844). The finding was corroborated by another :
report that mentioned that by 2016 India would be among the 7th largest automobile market globally.
With the Indian automotive industry showing such aggressive growth figures, analysts obviously go gaga
i over the growth story, forgetting as to how the auto companies achieve this and how they are preparing }
i themselves for it. :

The growth can be attributed to production, planning, and IT. Ravi Pandit, CEO, KPIT Cummins had ;
i once said, way back in FY 2000, that on an average every car had around 1 mn lines of code and the cost
on software worth 2% of that of the vehicle. By 2012, this would amount to around 100 mn lines of code
i and 13% of car cost in the software. This clearly indicates the increasing role of information technology in
the automotive industry.

In fact, IT has always been an integral part of the automotive industry right from the design stage to :
the production stage extending to the final delivery to a customer. Interestingly, like many other verticals, :
i automotive too leapfrogged in terms of technology advancement in its early days itself. And while many :
i auto majors were talking about the legacy of in-house tools versus ER P, Indian OEMs were learning and
adopting ERP solutions which brought in some kind of standardisation and simpler infrastructure right :

from the very early stage. :

The design software, supply chain management tool, and CRM and ERP tools have now become
traditional and legacy tools, thus forcing CIOs to look beyond these when it comes to improving customer
experience, dealer management, shop floor practices, etc. The CIOs, therefore, are now investing in SCM
i solutions, dealer management system, CRM systems, advanced design solutions, PLM and MES solutions,
and they are now predicting that the next step will be towards enhancing social media presence of the |
company, introducing mobility and deploying data analytics, and finally transitioning to cloud. :

The outlook for CIOs changed from using IT merely as a support function to now using it to gain
competitive advantage like reducing the time cycle of product development, procurement cycle, improving
delivery, services, spare parts, inventory maintenance, cost, and many other criteria. In the automotive |
industry, the challenge ahead was to capture the market demand in terms of number and mind share.
Apart from this, one also needs to monitor each dealer in terms of the sales cycle, ensure planning, and :
i forecasting for the products that involves predictive analysis, ensuring timely delivery to customers, in
short looking at dealer management. 3
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Recent Implementations

{Asa leading auto major, Bajaj Auto implemented the SAP ERP applicationSAP service parts planning for
its automotive package in partnership with HP India. According to SAP, software generates a deployment
schedule that can be accessed by the managers for the updated order status. With this implementation, the
{ production planning controllers were freed from their manual tasks, thereby improving their productivity
{ by 80%. :
Similarly, Tata Motors partnered with SAP for its MaxAttention services. According to the company,
i SAP MaxAttention supported both operational and strategic objectives at Tata Motors. Tata Motors IT :
project not only helped create a stronger relationship between the business and IT divisions, but also
i resulted in better disk management, disk optimisation while the CPU utilisation has been reduced by 20%,
the response time of the production servers too went up by 20%. :

Changing Trends

{ Starting with ERP, the trend moved to cost optimisation brought in by the slowdown, followed by other
{ internal efficiencies from systems and processes. Lately, companies started looking at dealers management |
i systems, new products developments, shop-floor practices. In the coming few years we would see them i
moving towards eco—sustainability, increased role of cloud and analytics for understanding the customers,
greater involvement in social media and mobility.

‘While social media, BI/analytics are gaining traction in this vertical, outsourcing, and open standards
are another major trends to watch out for. One can outsource everything else if one learn and just know
how to control, manage, and regulate our processes better. Secondly, one needs to constantly driving capex
reduction. Companies should work towards more interoperability to induce increased adoption of open
platforms, which includes all hardware, software, operating systems, and platforms as well.

i Source: Adapted from Dataquest, October 15,2011

Value Chain Model

Information technology is changing in tune with organisations’ operations. It is affecting the entire
process by which organisations create their products and services that they offer to their customers.
The ‘Value Chain’ is an important concept that highlights the role of information technology in
competition. The context within which Strategic Information Systems (SIS) theory and ‘Value
Chain’ emerged was the competitive strategy framework defined by Michael E. Porter in 1980
and 1985. Based on these ideas, Porter developed useful tools for analysing the organisation’s
competitive advantage. The basic concept is that to understand the competitive advantage of any
organisation, one need not look at the organisation as a whole. Rather it is necessary to identify the
key activities being performed by an organisation to do business transactions. Each organisation
performs a collection of activities that add value to the final products or services being delivered
to the customer. These activities are numerous and are unique to every industry. It is only these
activities where cost advantage or differentiation can be gained.

As per Porter’s Value Chain Model, the organisation’s activities can be divided into nine
generic activities. These nine activities are further classified as Primary and Support activities.
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Figure 2.1 Porter's Value Chain Model

Figure 2.1 describes the Porter’s Value Chain Model. The Primary activities are the activities
that help the organisation in creating the product, marketing it, delivering it and servicing
of the product. There are five primary activities, which directly add value to the organisation’s
factors of production they are linked, generally in a chain, and are together referred as ‘Value
Chain’. The five primary activities are:

Inbound Logistics: This deals with receipt, storage and management of raw materials.
Operations: This deals with manufacturing or service steps.

Outbound Logistics: This deals with collection, storage and distribution of finished
products.

Marketing and Sales: This includes order booking, price management, and customer
relationship.

After Sales: This deals with the support of the products after the sale has been done. This
may also include installation and customer training.

As per Value Chain Model, organ-

The support activities include all those activities that are | i v 0 o ctivities are divided into
required to perform the primary activities. There are four | fia Primary activities and four
support activities as defined in the Porter’s model. The four Secondary activities.

support activities are:

* Procurement: This includes the procurement of raw materials required for the final

product, or any other item required by the organisation. The procurement process is
generally spread across the organisation.

» Technology: This deals with selection and utilisation of appropriate technology for

product development and other activities.
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* Human Resource Management: This deals with managing human resources in an
organisation from recruitment to training to development of employees.

* Infrastructure: This is a major support function, which includes accounting, legal,
planning, labour relations, and other departments in an organisation.

The competitive advantage grows out of the organisation’s ability to perform these activities
either at lesser cost than its competitors, or in a differentiated manner. The competitive advantage
should also be linked to these specific activities, and not to an organisational level. As shown in
Table 2.1, information technology is also pervasive at all parts of the value chain. Every activity
that the organisation performs has the potential to integrate information technology solutions.
As information technology moves away from repetitive transaction processing to integrate all
activities in the value chain, it will be in a better position to be useful in gaining competitive
advantage. It is also clear that information processing plays an important role in gaining the
competitive advantage.

Table 2.1 Integration of IT to Value Chain

Value Chain Activity IT Integration

Inbound Logistics JIT, Automated SCM

Operations CAD/CAM, Automated Manufacturing Process

Outbound Logistics RFID, POS and Automated Order Processing

Marketing & Sales Automated Order Processing, One-to-One Marketing using Bl
Customer Service CRM

Procurement of Resources e-Procurement and Reverse Auction

Technology Development Extranets and Collaborative Commerce

Human Resource Management Human Capital Management using ERP

Administrative Coordination & Groupware using Intranets

Support Services

Porter also suggested an extended model of the ‘Value Chain’. As in most industries,
organisations interact with each other and also perform number of business activities together
to complete a single business transaction. Porter suggested that an organisation’s value chain for
competing in a particular industry is embedded in a larger stream of activities being performed by
number of organisations in that industry, that Porter defined its ‘Value System’. This ‘Value System’
may include suppliers, distributors and retailers as depicted in Figure 2.2. The organisations can

Supplier Value Firm Value Channel Value Chains Buyer
Chains Chain (Distributors or Retailers) Value Chain

Figure 2.2 Porter’s Value System
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attain a competitive advantage by managing the entire value system effectively. A corporation can
create competitive advantage by coordinating its links in that chain.

The linkages not only connect value activities inside the organisation but also create
interdependencies between its value chain and those of its suppliers and channel partners.
Organisations can create competitive advantage by optimising these links. For example, Dell
splits the customer orders and pass them on to its suppliers to manufacture the parts and for the
necessary qualities test, before these parts are supplied to Dell assembly line. The competitive
advantage, which is a measure of either cost or differentiation, is a function of an organisation’s
value chain. Organisation’s cost position reflects the collective cost of performing all its value
activities, as compared to its competitors. Similarly, differentiation of an organisation product or
service is reflected by the contribution of each value activity towards fulfilment of buyer needs.

Value Chain Transformation using IT

Information technology is permeating the value chain at every point, transforming the way value
activities are performed and the nature of the linkages among them. It is also affecting competitive
scope and reshaping the way products meet buyer needs. The competitive scope is a powerful
tool for creating competitive advantage and normally has four key dimensions: segment, vertical,
geographic and industry scope. These basic effects explain why information technology has
acquired strategic significance. Every value activity consists of both physical and information
processing components. For example, logistic activity uses information to track the supplies and
plan production. The information revolution affects all the nine categories of value activities. The
information technology is also transforming the physical processing component of activities. For
example, CNC machines are more accurate and faster as compared to manual machines. The
information technology also helps organisations to exploit linkages between activities within and/
or outside organisations. Then there is an information system, which also allows organisations to
coordinate value activities across the geographic locations.

Several developments in different business disciplines have been associated with the value
chain concept. One such concept is of Information Value Chain as described in Figure 2.3 and
other examples include activity-based costing and business process redesign/business process
reengineering.

Competitive Forces Models

In order to create a competitive strategy for an organisation, as per Porter’s model it is important
for an organisation to understand—how structurally attractive is the industry in which the
organisation exists and what is the organisation’s relative position in that industry? These questions
are subjective and dynamic, as these can also be influenced by the behaviour of the competitors.
The competitive strategy is an organisation’s plan for achieving sustainable competitive advantage
over, or reducing the edge competitors. In Porter’s model, the performance of an organisation is
determined by the extent to which they manage and manipulate the five key ‘forces’ which make
up the industry structure:
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Figure 2.3 The Information Value Chain
Source: http://www.informationvaluechain.com/, accessed on November 23, 2011

The bargaining power of suppliers
The bargaining power of buyer
The threat of new entrants

Sl

The threat of substitute products, and
5. Rivalry among existing firms

Porter’s competitive force model is depicted in Figure 2.4.
Organisations can influence the five forces and the industry | Competitive strategy is an organi-
structure, to some extent using their strategies. The | sation’s plan for achieving sus-
understanding and analysis of each of these forces will help the | tainable competitive advantage
organisation in estimating its relative position and competitive | OV€l O reducing the edge of its
advantage. In any industry, the sustained average profitability | COMPetitors.
of competitors varies widely and becomes a problem
to determine how a business can outperform their rivals and attain a sustainable competitive
advantage. This can be possible to an extent by integrating information technology solutions.
The Porter’s model can be understood better with the help of following description which is
summarised in Figure 2.5.

1. The Bargaining Power of Suppliers (Input)

The suppliers of raw materials, components, and services to the firm can exercise power over the
firm. The supplier switching costs is related to firm switching costs. The effects of the bargaining
power may be visible in the following instances:

* Quantum of differentiation of inputs
* Existence of substitute inputs
* Supplier concentration to firm concentration ratio
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Figure 2.4 Porter's Competitive Five Force Model

Porter's Five Forces

Threat of New Entry: Competitive Rivalry:

- Time and cost of entry - Number of competitors
- Specialist knowledge Threat of - Quality differences

- Economies of scale New Entry - Other differences

- Cost advantages - Switching costs

- Technology protection - Customer loyalty

- Barriers to entry

- Costs of leaving market

Supplier Competitive Buyer
Power Rivalry Power
Supplier Power: Buyer Power:
- Number of suppliers - Number of customers
- Size of suppliers - Size of each order
- Uniqueness of service - Differences between
- Your ability to substitute competitors
- Cost of changing Threat of - Price sensitivity
Substitution - Ablllty to substitute
Threat of substitution: - Cost of changing
- Substitute performance

- Cost of change

Figure 2.5 Summary of Porter's Competitive Forces Model
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» Threat of forward integration by suppliers relative to the threat of backward integration by
firms

» Cost of inputs relative to selling price of the product.

2. The Bargaining Power of Buyer (Output)
The ability of customers to put the firm under pressure which also affects the customer’s sensitivity
to price changes. The effects of buyer’s bargaining power may be seen as follows:
* Buyer concentration to firm concentration ratio
» Bargaining leverage, particularly in industries with high fixed costs
* Buyer volume
* Buyer switching costs relative to firm switching costs
* Buyer information availability
* Ability to integrate backward
* Availability of existing substitute products
* Buyer price sensitivity

3. The Threat of the New Entrants

The profitable markets that yield high returns will draw firms, resulting in many new entrants,
which will effectively decrease profitability. If the entry of new organisations can be blocked by
incumbents, the profit rate will fall towards a competitive level, which would be an example of
perfect competition. The threat of the new entrant may be seen as follows:

* The existence of barriers to entry
* Economies of product differences
* Brand equity

* Switching costs or sunk costs

* Capital requirements

* Access to distribution

* Absolute cost advantages

* Learning curve advantages

4. The Threat of Substitute Products

The existence of close substitute products increases the propensity of customers to switch to
alternatives in response to price increases, which means high elasticity of demand. The threat of
substitute products is to be evaluated as follows:

* Buyer propensity to substitute

* Relative price performance of substitutes
* Buyer switching costs

 Perceived level of product differentiation
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5. The Rivalry Among Existing Firms

For most industries, this is the major determinant of the competitiveness of the industry.
Sometimes, rivals compete aggressively and sometimes, rivals compete in non-price dimensions
such as innovation, marketing, etc. One needs to evaluate the rivalry as follows:

* Number of competitors

* Rate of industry growth

* Exit barriers

* Diversity of competitors

* Informational complexity and asymmetry

* Economies of scale

* Sustainable competitive advantage through improvisation

The impact of the five forces varies from industry to industry, as does the average profitability.
The strength of each of the five forces can also change as per the attractiveness of an industry.
Information technology can be used to alter each of the five competitive forces and hence, industry
attractiveness as well. The technology is changing the structure of many industries, creating the
need and opportunity for change. For example:

* The e-procurement systems increase the power of buyers in industries that are based on
component assembly.

* Banking and airlines industry integrated Information Technology solutions which are
mostly proprietary software solutions, which raised barriers to entry.

* Flexible CAD/CAM systems have influenced the threat of substitution in many industries
by making it faster, easier and cheaper to incorporate enhanced features into products.

* The automation of POS, customer billing and order processing has increased rivalry in
many distribution industries.

Information technology has had a strong impact on bargaining relationships between suppliers
and buyers, since it affects the linkages between companies and their suppliers, distributors, and
buyers. So, information technology is altering the relationships among scale, automation, and
flexibility with potentially strong consequences.

Role of Internet and Competitive Forces

* For most organisations, the Internet increases the threat that new competitors will enter a market.

* Internet impact is mixed. Buyers can find alternative suppliers and compare prices more easily,
reducing power of suppliers.

* On the other hand, as organisations use the Internet to integrate their supply chains, suppliers can
lock in customers.

* Internet increases buyers’ access to information, increasing buyer power.

* Internet reduces switching costs, which are the costs, in money and time, to buy elsewhere. This also
increases buyer power.

* Information-based industries are in the greatest danger from this threat (e.g., music, books, software).
The Internet can convey digital information quickly and efficiently.
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The Porter’s model define that the organisations can adopt two strategic methods to gain
competitive advantage—one, they can be low cost producer and the second they can be focused
or may follow differentiation.

* Low-Cost Producer: An organisation has a competitive advantage if it is able to produce
and deliver its product or service at a lower cost than its competitors. If the quality is
comparable, this strategy will translate into higher margins and higher returns.

* Differentiation: Another advantage is achieved if the organisation is able to differentiate
its products and services. This differentiation means offering something that is both
unique and desirable. It always leads to higher price, meaning higher margins and better
performance.

It is clear that the two strategies—Ilow cost and differentiation are mutually exclusive. In order
to get lower cost, one need to sacrifice the uniqueness of the features and to get the premium
price, there must be extra cost involved in the process. And to be a leader in the industry,
one needs to follow one of the two strategies. In the long run, organisations if they possess
sustainable competitive advantage in either of these two, subject to reaching some threshold
level would succeed relative to their competitors. The competitive advantage is usually gained
through strategy, and often also based on its scopes. It is necessary to look at the breadth of an
organisation’s activities and narrow the competitive scope to gain focus in an industry segment,
or geographic area, or customer type, or distribution channel being followed. The competitive
advantage is mostly gained by defining the competitive scope in which the firm is operating and
concentrating on.

As per Porter’s defined model, organisations have four generic strategies available to them
whereby they can gain above average performance. They are discussed below.

* Cost Leadership: The cost leaders deliver a product at the lowest possible price to
its customers, while maintaining the quality. It attempts to create a significant cost gap
over all its competitors. The cost leadership translates into above average profits, if they
can command the average prices in the industry. This is possible only if they are able to
maintain the quality equivalent to that of their competitors. Porter suggested five steps to
achieve cost leadership:

* Identify the appropriate value chain and assign cost to each activity.
* Identify the cost drivers for each value activity and see how they interact.
* Determine the relative costs of competitors and the sources of cost differentiators.

* Develop a strategy to lower relative cost position through controlling cost drivers or
by redefining the value chain.
 Test the cost reduction strategy for sustainability.

* Differentiation: The differentiation is the second strategy suggested in the Porter’s
Competitive Strategic Model, in which, one or more unique features are added to a
product or service. These features are selected keeping the customer needs in mind with
a basic purpose to achieve and sustain a performance on various value added parameters
as compared to any of its competitors. While following this strategy, an organisation must
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add costs only in those areas which are important to the customer. In order to achieve this,
organisations must adopt efficient forms of differentiation while reducing the cost in those
areas that are irrelevant to the buyer needs. In the value chain, buyers also play an important
role, which is same as sellers. The differentiation may help in lowering the buyer’s cost by
improving its performance, and thus create value or competitive advantage for the buyer.
There are few typical factors that may help in reducing the buyer’s costs, which include
reduction in idle time, reducing failure rate, easy and simplified installation process,
faster processing time and reduced labour costs, etc. The differentiation is achieved by
enhancing the sources of uniqueness, which can be found throughout the value chain. The
differentiation may not work, if there is too much of uniqueness that is being offered or
when the customers do not value that uniqueness. It is important to understand the needs
of the customer in terms of uniqueness criteria, premium price, and segmentation, etc.
Porter also listed seven steps to achieve the differentiation:

¢ Identify the real customer.

* Understand the customer’s value chain and impact of seller’s product on it.

¢ Identify the customer’s buying criteria.

* Identify the possible sources of uniqueness.

 Identify the cost associated with these sources of uniqueness.

* Select the value activities that create the most important differentiation for the
customer relative to costs incurred.
 Test the selected differentiation strategy for sustainability.

* Cost Focus and/or Focused Differentiation: Porter further defined that the organisation
that attempts to satisfy each and every customer does not have any strategy to remain
competitive. The focus strategy means defining targets or segments and optimising the
strategies for those defined targets or segments. It is true for the cost leadership as well
as for the differentiation strategies, which are redefined as Cost Focus and Focused
Differentiation respectively. Porter’s suggested strategies are given in Figure 2.6. The
complete theory is directed towards competitive advantage in general and is not specific
to strategic information systems, but these models play an important role while creating

the SIS.
Competitive Advantage

Lower Cost Differentiation
Broad .
Target Cost Leadership Differentiation

Competitive
Scope

Narrow . L
Target Cost Focus Focused Differentiation

Figure 2.6 Porter's Four Generic Strategies
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The idea to connect the rural areas of developing countries through Wi-Fi by using the existing %
{ transportation infrastructure was conceived by Amir Alexander Hassan, Founder and CEO of United |
i Villages. As per Amir, “We were looking to leverage existing transportation infrastructure in rural areas of
developing countries to create a zero-cost, store-and-forward, driven by Wi-Fi network that can bridge
i the digital divide and provide 2 billion villagers with a digital identity in a commercially viable way.” :
{ Under this innovative scheme, the villagers access the services through a village kiosk that is run by a local
entrepreneur who is trained in using the PC and deliver the services. The kiosk operator needs to either
have some grid based electricity or solar panels and a UPS power backup.

A proprietary Wi-Fi device, a ‘mobile access point’ (MAP) is installed on a vehicle that is already
travelling to and from the villages everyday. This MAP is wired into the vehicle battery and an antenna is
i secured on the roof. The company recruits and trains the entrepreneurs to operate kiosks installed with Wi-
Fi antennas along the vehicle’s route where villagers can go to send and receive emails, SMS, voicemails,
i web searches and other services. When the vehicle with MAP drives past each kiosk, it automatically picks |
i up all of the kiosks outgoing data and drops off all incoming data at wireless broadband speed. The MAP :
does this for 10 kiosks per route on an average and when it comes within the range of either a cellular data
network or a real time Internet Wi-Fi network, it transfers all that data for and from the kiosks to and from
i the Internet. This technological innovation (called DakNet) is already benefiting thousands of villagers in
i India, Cambodia, Rwanda, and Paraguay. Currently in India, it is being pilot tested in the villages of Orissa.
The company has plans to set up 90,000 DakNet service providers in India by 2012. ]

Source: Dataquest, June 22, 2007

The growth in competitive advantage may vary as per the organisations strategy to organise
and manage its various activities. The sales transaction in any organisation may lead to a series
of activities and each one of them creating value for their customers. The ultimate value an
organisation creates is measured by the amount customers are willing to pay for its product or
services. An organisation is profitable if this value exceeds the collective cost of performing all of
the required activities. In order to gain competitive advantage over its rivals, an organisation must
either provide better product/or service as compared to its competitors or perform its activities
more efficiently and effectively. IT can be used to support or sharpen the organisation’s products
or services through these various activities.

Wiseman'’s Strategic Model

Charles Wiseman emphasised that since the organisations have started using information systems
for managing their business activities, it is important for these organisations to use the information
system for gaining the desired competitive advantage. Wiseman also stressed that the significance
of information system does not lie only in the technological sophistication, but upon the role that
they play in gaining and maintaining the competitive advantage for the organisations. It is also true
that one may not get the competitive advantage all the time by implementing information systems
solutions, but it certainly can serve as an important tool in organisation’s strategic plan. Add to
that, Wiseman suggested that while developing a strategic plan, both business and information
management people must be involved, as this will help in better integration of technology into
the business.
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As per Wiseman, organisations must develop a complete framework for identifying the strategic
information systems opportunities. He emphasised on developing a complete information systems
architecture, which ultimately helps the organisation to identify the key business processes and key
decision points. The two popular methodologies for developing information systems architecture
are Business System Planning (BSP) and the Critical Success Factors (CSF). These are the two
methodologies that are widely used by the organisations for building their information systems.
In order to build strategic information systems, organisations need to adopt new methods or
new models. Further in order to develop a Strategic Information System, one needs to look
at planning, response management, innovation, and integration of technology. This kind of
approach is quite difficult to attain and can only be possible because of the complete involvement
of the top management.

Wiseman further suggested that the conventional information system thrust is mainly on
automation of processes of the organisation and also to some extent to fulfil the information
needs of the user at various levels in the organisation. Instead, the Strategic Information Systems
(SIS) should focus more on understanding the needs of business managers (or key managers)
and satisfying their information needs. The strategic information systems are not about mere
automation, but integrating technology into business processes to meet the information needs of
key managers of the organisation.

IT FOR COMPETITIVE ADVANTAGE

An organisation can get a competitive advantage over its competitors by implementing the
competitive strategy. The competitive strategy of an organisation defines its engaging rules in
terms of organisational goals, future plans and policies to gain competitive advantage which can
be measured in terms of cost, quality, speed or any other value-added parameters. A strategic
information system helps the organisation to achieve its goal and future plans while trying
to maintain the competitive advantage. The strategic information system uses the power of
technology to increase productivity and performance.

Airline industry is one of the most competitive industries within the economic environment. Within
industry’s boundaries actors have more or less recently and with significantly different patterns of action
i undertaken efforts to achieve an integration of the internet platform and its applications. The effects of
electronic commerce and its potential for competitive advantage for airline industry by using Porter’s
competitive model are explained below.

i Airlines do conform to those which Porter described as per Figure 2.6 (Cost Leadership, Differentiation
i and Focus). The proposition is that airlines can successfully work in one of these areas will be able to }
establish and sustain a competitive advantage.

Cost Leadership: Airlines are generating significant cost savings by sending tickets, newsletters, quotes, :
i and other documents via Internet or email, rather than by post. Airlines are using Web site to publish -
in a cost-effective way - public domain documents such as annual reports, product brochures, positions
vacant, contact details and other important Airline information. Airline can save on the cost of running
: ‘bricks and mortar’ outlets and can reach global markets without having to develop a physical global ;
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distribution network. Most importantly, Airline can save on customer service costs by enabling customers
to serve themselves. Massive investment in both business-to-business (B2B) and business-to-customer
(B2C) information systems is expected to translate into important cost savings in procurement, sales,
{ billing and other support activities.
Differentiation: E-ticketing, the issue of a booking code at the conclusion online transition that replaces
the traditional airline ticket. E-ticketing seems to be a ‘win-win’ solution for the airline business. It offers
i the airline the chance to make considerable savings in both trade terms as well as in invoicing and internal
{ accountancy procedures.
Focus: The airline industry gives us a perfect example of successful Focus strategies - that is the so-called
‘Integrated Operators’ of the air freight business. FedEx, the integrated cargo carrier, was the pioneer.
{ Having developed a very efficient and fully computerised system for tracking individual parcels anywhere
on its network it took the next logical step. In 1994, through its Website, it allowed its customers to book
i and pay for its services without restriction via the Internet. The e-commerce infrastructure developed by :
¢ airlines allows collection and central storage of sales and marketing data. Airlines use this data to drive
decision support tools for planning and marketing. 4

Porter’s models proposed that the organisation’s value chain can be used as a framework for
identifying opportunities for competitive advantage, which canineither be cost or for differentiation.
Information technology is spreading through the value chain. It enables an enterprise to better
coordinate its activities and thus gives it greater flexibility in deciding its breadth of activities.
Information technology can be used for strategic purposes not only in the external marketplace,
but also in internal operations. Most models overlooked the potential strategic impact of applying
information technology to traditional products and processes, or to transform the firm’s current
way of doing business.

Porter and Miller then proposed the use of an ‘information intensity matrix’ to assess the
role of information technology. The matrix helps in evaluating the information intensity of the
value chain against that of the product. They suggested that information technology will play a
strategic role in a high information intensity oriented industry. Their representation of the matrix
is reproduced in Figure 2.7.

Wiseman broadened the scope of Porter’s model and defined competitive advantage as ‘the
dominance of one competitor over another or others in an arena, with factors conducive to its

Information content of the product

Low High
Newspapers

. High Oil refining Banking
Information Airlines
intensity
of the value
chain

Low Cement

Figure 2.7 Porter and Miller’s Information Intensity Matrix
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success over a period of time’. An organisation’s competitive space generally comprises many
different arenas, which may be independent or linked. Again, an organisation may possess
multiple competitive advantages or disadvantages within or among its arenas.

Wiseman combined his generic strategies with Chandler’s growth strategies to produce a
‘strategic thrusts’ framework intended as a means of identifying strategic IS. The strategic
thrusts are major competitive moves made by an organisation. The five strategic thrusts identified
are differentiation; cost; innovation; growth; and alliance. These thrusts which are described
below are targeted at suppliers, customers and/or competitors. IT can be used to support the
organisation’s competitive strategy by supporting or shaping competitive thrusts.

* Differentiation: As described earlier, in differentiation, one or more unique features are
added to a product or service.

* Cost: The strategic cost thrusts are measures intended to reduce the organisation’s cost
profile, by reducing or avoiding specific costs; or help suppliers, distribution channels,
customers reduction or cost emission, so that the organisation receives preferential
treatment or other benefits.

* Innovation: It is the adoption of the new products or processes using new features,
techniques or methods. The Product innovation involves the creation of new products,
or existing product with new features, in order to satisfy customer needs. The Process
innovation, on the other hand, improves the efficiency or effectiveness of a process
involved in the production or delivery of a product. An innovation thrust can be aggressive,
or employed defensively to imitate or neutralise a competitor’s innovation.

* Growth: There are several ways in which an organisation can grow—product growth;
functional growth; geographical growth; and lateral growth. The growth of any kind tends
to be associated with the economies of scale.

The product growth may involve the following:

* ‘Length’, i.e. new products of the same kind as existing ones (e.g. a PC supplier may
add laptops and palmtops to its desktop lines).

* ‘Depth’, i.e. variants to existing products (e.g. additional options which can be
selected by customers when buying a desktop).

* ‘Width’, i.e. new products which complement existing ones (e.g. modems, printers
and accessories).

* Functional growth, by performing additional business functions. Often this is through
‘vertical integration’ along the industry value chain, which may provide benefits from
direct control over supply, distribution or service, such as cost reduction, quality
assurance or reliability. Sometimes, the new functions are support services, such as
the gathering and delivery of industry statistics.

* Geographic growth, by acquiring from additional locations, or selling at additional
locations.

* Lateral growth, by applying excess capacity, by products or expertise, in order to
address new marketplaces.
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* Alliance: By an alliance, Wiseman means a combination of two or more groups or
individuals, whether intra- or supra- to the organisation, which works together to achieve
a common objective. The four types of alliance identified are: product integration; product
development; product extension; and product distribution.

Wiseman also combined these strategic thrusts framework with an analysis of competitive
targets to produce a ‘strategic option generator’, depicted in Figure 2.8. The competitive targets
are divided into two groups. The system (user) targets are those entities involved with using
the application; whereas the competitive arena targets are those competitors of the organisation
(suppliers, customers, distribution channels, or rival arenas) whose competitive position is affected
by the organisation’s use of Information Technology and the thrust it supports or shapes.
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Figure 2.8 Wiseman’s Strategic Option Generator

The competitive strategies can be generated through the procedure shown in Figure 2.9. In
addition to Porter’s and Wiseman’s contributions, Earl opines the notions of offensive move and
defensive reaction; and use of the strategic measures by the organisation itself or provision to
the target.

Implementing Strategic Information Systems

IT is a critical enabler of the re-creation of the organisation. The recognition and exploitation of
IT capabilities is fundamental to strategic choices of business scope, governance mechanisms,
organisational reconfiguration, and competitive actions in the marketplace. Approached from a
different perspective, I'T can be used to create an opportunity for change in organisations, whether
or not the technology is actually central to the delivery of the benefits sought. The business
process redesign and ‘business process re-engineering’ (BPR) movements became highly
influential during the early 1990s. The BPR is a further development of the organisation value
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What is the strategic target?

Supplier | Customer | Competitor

What are the strategic thrusts?

Differentiationl Cost IInnovation| Growth I Alliance

What is the mode?

Offensive | Defensive

What is the direction?
Use | Provide

Figure 2.9 Earl’s Procedure for Generating Competitive Strategies

chain models. What it essentially does is to re-assert that organisational process is more important
than organisational structure, and that organisational structure (form) must be determined by
what it is that the organisation does (function). IT is an

enabler for BPR, because information systems support data | g ciness Process Re-engineering
flows, and hence are intrinsically oriented towards function | fundamentally rethinking and
rather than form, and because IT requires re-conception and | adically redesigning  business
re-development periodically. Such re-developments cause | processes, in order to achieve
considerable upheaval and can therefore be used as a catalyst | dramatic improvements in quality,
or opportunity for greater change than mere re-automation of | cost, speed and service.

existing arrangements. g

The Strategic Planning Process, which is a very important phase of SIS implementation
involves brainstorming and systematic search for the SIS opportunities. Wiseman suggested a
five-stage process for effective SIS Planning.

* Introduce the Information Service Management to the SIS concept, which helps in
describing the complete process using round-robin technique of idea generation to lower
level management. Once the ideas are generated, it helps in taking approval to proceed
with a defined set of ideas for meeting the needs.

* Conduct an SIS idea-generation meeting with middle level management. Test the SIS
idea-generation methodology. Identify significant SIS areas for the senior management
level consideration.

* Conduct an SIS idea-generation meeting with the senior management. Identify ideas
and evaluate them together with the ideas generated by the lower and the middle level
executives.

* Introduce the SIS concepts to the top level management. Discuss the ideas that were
considered for the business. Take the approval of the top management and proceed with
SIS idea-generation meetings with the business planners.

 Lastly, conduct the SIS idea-generation meeting with the corporate planners. Compare
and match the ideas generated at various levels.
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Wiseman points out that the whole idea is designed to introduce the strategic perspective on
information systems which should match with the business strategies of an organisation. Under
these idea-generation meetings, numbers of explicit steps that are being followed are:

» Competitive strategies being followed by the organisation is explained. Participants are
introduced to the concepts of strategic thrusts, strategic targets and competitive strategy.

* Develop an understanding of the SIS possibilities and their strategic thrusts and targets.

* Review the organisation’s competitive position by understanding its present business
position and its strategies.

¢ Identify the SIS opportunities by generating the SIS ideas in smaller groups.

* Discuss the SIS opportunities with management to correlate and condense the ideas by
using rich experience of the management.

* Evaluate the SIS opportunities by considering the competitive significance of the ideas.

* List out all the SIS ideas, select the best ideas and detail their competitive advantages and
key implementation issues.

Generic ERP Selection Parameters

: Integrate Business Planning: Does software requirements reflect needs driven by business strategy? Plan for
IT alignment and define business benefits of I'T projects. Also, inputs for business planning aids hardware
sizing for the project. ]
Proactive needs Assessment: Are business needs well articulated in functional requirements? Do you need to
outsource, use software as a service, or implementation in-house? :
Seek Professional Advice: An adviser can make profound difference to the selection process, especially when
i you are unsure of priorities and of the available options. ]
Plan, Plan, Plan: Decide critical success factors. Develop a project plan considering these factors. Assess
i project risks and adjust project plans based on situations to arrive at defined budgets and time schedules,
while meeting project success factors. ]
Total Cost of Ownership: Do not underestimate hidden costs. These include costs of training, maintenance, ~
i facilities management, hardware, planning for and performing data conversion.

{ Partner Selection: The choice of implementer is more important than the choice of software. Manage
i vendor risk—will the vendor be around when needed the most? What is the financial stability of the
implementation vendor? What is the common experience on service and support from others who have :
i worked with the vendor? :
Change Management: This is the key to any software implementation, plan for change. Develop change
management and communication plan as part of project charter.

i Technology: Are we investing into the right technology? Do the vendors have a defined roadmap for the
i project? Does it support the latest trends and have a sustainable future? :
Assess the Intangibles: What is the vendor’s organisation culture? Are they open to business partnerships?
i What third party alliances do they have? :
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Once an organisation is able to identify the SIS idea successfully, it is easier for the organisation
to implement these systems. Organisations of all sizes are searching for new ways to successfully
deploy complex, mission-critical, and often costly IT initiatives for the SIS. How do you build
a company capable of changing as quickly as the marketplace it serves? How do you enhance
customer satisfaction without overburdening employees? Raise productivity without increasing
costs? There will always be plenty of healthy debate on how to fulfil these and other critical
business imperatives, but no one would argue that any of it can be done without IT playing
some role.

Another approach that the senior executives in an organisation may follow to compete in the
age of information technology is to:

* Access information intensity.
* Determine the role of information technology in industry structure.

* Identify and rank the ways in which information technology might create the competitive
advantage.

* Investigate how information technology might spawn new business.
* Develop a plan for taking advantage of information technology.

In today’s competitive environment, organisations cannot afford to apply anything less than
the same level of commitment to IT that they devote to other critical areas in the enterprise. It
includes an unwavering dedication to finding and implementing strategies for success. The seven
leadership strategies can improve the chances of success for every technology project: align IT to
business strategy; make IT governance a priority; use metrics, but do not let them dictate strategy;
commit a unified information infrastructure; create a shared CEO and CIO vision; develop CIO
skills beyond the technology; and know when and how to partner.

SUMMARY

4 Astrategic information system is a topic which is very important, and highly dynamic. This chapter
has outlined the emergence and development of theory in the area of management strategies and
strategic information systems. With the change in business environment, the information needs
of managers kept on changing. Organisations started using information systems for business
purposes way back in 1950s for data processing activities and Transaction Processing Systems
(TPS) emerged as a Strategic Information System as it started giving competitive advantage to
the organisations. Later in 1960s, organisations started using the data generated by TPS for the
purpose of management reporting and hence Management Information Systems (MIS) became
critical applications for business organisations. No doubt, organisation got significant advantage
from TPS and MIS systems, but these systems were too structured and never supported decisions
of real-time changing needs of managers. From 1970s onwards, organisations started developing
Management Support Solutions like DSS and ESS.

+ With the emergence of Internet as the main business communication tool, organisations started
looking at new methods of doing business to gain competitive advantage. Organisations
implemented business models to support e-commerce, e-business and virtual organisation using
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Internet as the main communication and networking technology. Today, most of the organisations
are building M-commerce, Al and many other emerging technological solutions for their
business.

Strategic Information Systems (SIS) is an Information Systems solution implemented at any level
that offers an organisation competitive advantage over its competitors. The SIS is concerned
with a system which contributes significantly to the achievement of an organisation’s goals and
objectives.

The SIS that helps the organisation to achieve competitive advantage can be achieved by
Differentiation, Cost Leadership, Focused or Niche and Innovation. Organisations seek to gain
significant advantages by implementing the SIS to alter the internal structure or the entire industry
structure. Several frameworks exist which are intended to assist an understanding of the use of
SIS based on the industry organisation, value chain, and strategic thrusts. Organisations seek
competitive advantages over other rivals along the whole industry value chain.

The Value Chain Model suggests that each organisation’s activities can be divided into nine
value based activities and are broadly categorised as primary and support activities. The primary
activities include inbound logistics, operations, outbound logistics, marketing and sales, and
after sales support. The support activities include procurement, technology, human resource
management, and firm’s infrastructure. Organisation’s competitive advantage grows out of its
ability to perform these activities either in a cost-effective manner or in a differentiated manner
as compared to its competitors. None of these activities are independent. Information technology
solutions are implemented for each of these activities in such a manner that overall optimisation
of the product is done.

Porter also suggested that an organisation’s value chain for competing in a particular industry
is embedded in larger stream of activities being performed by number of organisations in that
industry which is defined as “Value System’. The Value System may include suppliers, distributors
and retailers.

Porter’s Competitive Forces Model suggests that the performance of the organisation is determined
by the extent to which they cope with, and manipulate, and the five key forces which make up
the industry structure. The five key forces defined are the bargaining power of suppliers; the
bargaining power of buyers; the threat of new entrants; the threat of substitute products; and the
rivalry among existing firms. Organisations, in general, tend to follow one of the four generic
strategies to gain above-average performance over its competitors. The four generic strategies are:
cost leadership; differentiation; cost focus; and focused differentiation.

Charles Wiseman emphasised that organisations must start using information technology
based solutions to gain competitive advantage. Wiseman suggested that the significance of the
technology is more on its implementation to gain competitive advantage. An organisation must
draw a complete IS plan as it helps the organisation to identify the key business processes and
key decision points. The IS plan of an organisation must also match with the organisation plan.

Despite the usefulness of these frameworks applied to the search for competitive advantages,
these frameworks are market-oriented, and are not suitable to explain SIS developed in other non-
market oriented industries, such as government. Another deficiency of these frameworks is the
concentration on the competitive advantage to the exclusion of other perspectives. Owing to the
wide adoption of SIS in the industry, the questions of sustainability of competitive advantage and
of competitive necessity arise. This in turn leads to cooperative arrangements, including alliances,
and at a more abstract level, collaboration.

IT has become a significant factor in the operation and planning of information based enterprises.
The strategic information systems theory has done much to enable the description, explanation and
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prediction of behaviour. Porter and Miller suggested the use of an information intensity matrix to
assess the role of information technology for strategic advantage. The strategic thrusts, which have
been identified as a means of identifying strategic IS are differentiations; cost; innovation; growth;
and alliance. IT can be used to support the organisation’s competitive strategy by supporting
competitive thrusts.

In order to implement the strategic information system, organisations need to develop a complete
strategic planning process. Wiseman suggested a five stage process for effective SIS planning
under which SIS idea generation meetings are held at various levels in an organisation. The basic
objectives of these meetings are to introduce the strategic perspective on information systems,
which should match with the business strategies of an organisation.

The importance of the information revolution is not whether it will offer a significant impact on
organisation’s competitive position or not, but when and how it will strike. Organisations that
anticipate the power of information technology will be in control of challenges. Organisations that
do not respond will be forced to accept changes that others have initiated and will find themselves
at a competitive disadvantage.

KEY TERMS

After Sales E-Commerce Marketing
Alliance Executive Support System M-commerce
Automation Expert Systems Operations
B2B Focused Differentiation Outbound Logistics
B2C Growth Primary Activities
Business Process Inbound Logistics Procurement
Re-engineering (BPR) Information Intensity Matrix Strategic Information System
C2B Information Systems Strategic Thrusts
Competitive Advantage Innovation Support Activities
Competitive Forces Model Internet Transaction Processing System
Cost Focus Just in Time (JIT) Value Chain
Cost Leadership Management Information Value Chain Model
Decision Support System Systems Value System
Differentiation Management Support System
E-Business (MSS)

SELF-STUDY QUESTIONS

1.

Which of the strategic model identifies five forces that must be evaluated to understand
organisation’s competitive position in the industry?

(a) Porter’s Value Chain Model (b) Charles Wiseman Model

(c) Porter & Miller Model (d) Porter’s Competitive Forces Model
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2. As per Organisation activities are divided into five Primary and four Secondary
activities.
(a) Porter’s Value Chain Model (b) Charles Wiseman Model
(c) Porter & Miller Model (d) Porter’s Competitive Forces Model
3. Which of the following NOT one of the support activities is as defined in the Porter’s Value
Chain Model?
(a) Inbound logistics (b) Procurement
(c) Human Resource Management (d) Technology Development
4. Information System solution that supports organisations competitive strategy is known as:
(a) Transaction Processing System (b) Decision Support System
(c) Expert Systems (d) Strategic Information System
5. Which one of the following is the popular methodology for developing Information Systems
Architecture?
(a) Business System Planning (BSP) (b) Porter’s Value Chain Model
(c) Business Process Re-engineering (BPR) (d) Charles Wiseman Model
6. is any system that offers an organisation a competitive advantage over its
competitors.
means to deliver the products or services at a cost-effective possible cost.
8. Business Process Re-engineering (BPR) is rethinking and radically redesigning of
business processes, in order to achieve improvements in quality, cost, speed
and services.
9. is the way an organisation defines the strategy for the future.
10. Being unique in the industry by providing high-quality products at a competitive price, is an

example of the strategy.

REVIEW QUESTIONS

1L,

(S0

O 0 N

10.

Define Strategic Information Systems.

. List five Primary activities and four Support activities.
. Name the five forces that an organisation needs to cope with or manipulate to remain

competitive.

. List the different phases of Information system.
. Identify the era when organisations started using the power of Internet to manage their

business.

. Define the concept of Value system? How is it different from value chain?

. How do you define competitive strategy?

. List out the Strategic Information System planning stages.

. How Internet technologies help organisations in gaining competitive advantage?

List the two commonly used Information Planning techniques.
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QUESTIONS FOR DISCUSSION

1. Create a Value Chain model for a service sector organisation. How is this going to be different
from a manufacturing organisation?

2. What do you mean by a Virtual organisation? Give examples of some of the Indian Virtual
organisations.

3. List the advantages and drawbacks of RFID technology.
4. How can one measure the competitive advantage?

5. Identify two organisations that are following the differentiation and focused differentiation
strategies.

6. ‘The lifespan of SIS is short.” Comment.
7. How IT helps the organisations in gaining competitive advantage? Explain with examples.

APPLICATION EXERCISES

1. Search the Internet to identify two Indian organisations that are using RFID technology for their
business. Study the application for which the RFID is being used by these organisations. List out
the competitive advantages that these organisations have achieved after implementing the RFID
solution.

2. Search for an online travel agent and compare its strategic model with one of the traditional travel
agent in your locality.

3. Apply the Porter’s Value Chain and also the competitive forces model on the online travel
agent.

GROUP PROJECTS

1. Select rival car manufacturers and assign one each to a group. Study their offline as well as their
online models to identify the broader strategies being followed by each company towards attracting
new customers and retaining the existing customers. Prepare a report and make presentations.

2. Travel industry has adopted the Internet technology in a big way in India. Number of travel
websites exists. Each group may select one travel site and develop the success and failure
parameters. Compare this with any other industry that has moved to online space.
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1. IT—the Change Agent

The Indian insurance market is witnessing a phenom-
enal growth. This massive growth means that most In-
dian insurance companies are struggling to keep pace
with this development. Since most Indian companies
are spread across the length and breadth of India,
managing data and analysing it in order to provide
insurance policies suited to the requirements of the
customers remains major task.

Technology is an extended capability to capture,
store, process, develop, analyse, reformulate, com-
prehend and transmit data, events, ideas, knowledge,
and wisdom. Aviva Insurance exploited IT as a change
agent with an aim to be adaptive and agile, making
the most of the opportunity of the current business
environment. At Aviva, they have applied a portfolio
framework to IT, driven by two key variables: busi-

ness criticality and newness or innovation. The new
products introduced are designed differently, so the
back office operations differ. The main challenge was
to offer flexibility and yet offer uniformity in the op-
erational processes. In order to meet these challenges,
they developed a system that offered the desired flex-
ibility in launching customised products and cam-
paigns for specific markets; that in turn helps them to
accelerate the time to market.
Questions for Discussion
1. Study Aviva’s IT integration model and suggest
what level of innovation they have achieved by
integrating technology into their business.
2. Why have they referred to IT as ‘Change Agent?
What change they have attained by integrating
the technology?

2. IT Innovations in Retail

Norbert Segers is a cautious decision maker, specially
when it comes to his $5 billion Belgian supermarket
chain Colruyt’s IT outsourcing decision. Being guard-
ed does not mean he is against the organisation’s out-
sourcing policy. In fact Colruyt started outsourcing
retail applications in a small manner about three years
back. A majority of IT applications and maintenance
in the retail space are outsourced to TCS and NIIT in
India. This was done because of lack of resources and
talent in Belgium. The cost advantages were also the
factor but they decided to outsource primarily be-
cause of the resource constraints.

A majority of retailers worldwide are changing
their mindset when it comes to integrating technol-
ogy. For example, Biz-2-me, a New York based Prod-
uct Company tied up with Aspire Systems in India to
develop retailing products to manage customer loy-
alty programs. Wal-Mart, who is a leader in the retail
industry, created patterns which are being followed by
other retailers in more innovative manner. Larger re-
tailers like Target and Tesco have opted to set up cap-

tive IT centers, while others such as JC Penny, Marks &
Spensers, Carrefour and Office Depot have been out-
sourcing work to companies in India and China.

The competitive challenge lies in understanding the
customer needs and developing an innovative experi-
ence that enables customers to buy what they want,
where they want and from whichever channel they
want. Each customer is equipped with better informa-
tion about products, pricing and promotion, has more
options than ever before and expects a seamless multi-
channel experience.

Today, the retailers find themselves challenged as
they use Information technology not just to cut cost,
but to make money through multi-channel customer
experiences. In-store technologies like self-checkouts,
point of sales and wireless devices present opportuni-
ties for retailers to address consumer needs to some
extent. Integrating fulfilment, merchandising and
marketing across all channels are some of the other
crucial concerns one needs to concentrate upon.
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Questions for Discussion 2. Identify the key challenges of the Indian retailer
1. Study some of the Indian retailers and identify apart from what has been highlighted in the
the technological innovations that they have case.
adopted. 3. Large foreign retailers are dependant on IT
outsourcing, what about the Indian retailers?

Answers to Self-Study Questions

1. (d) 2. (a) 3. (a) 4. (d)
5. (a) 6. Strategic Information Systems (SIS)

7. Cost Leadership 8. Fundamental, Dramatic

9. Strategic Management 10. Differentiation
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CASE II: IT Innovations

The rapid developments in IT and information man-
agement have left senior managers uncertain about
their strategy. They want to know how to compete
with IT to improve business performance. The prob-
lem is broken into four main challenges. First, senior
managers must develop the right mindset to man-
age business change; they must realise that adjust-
ments to strategy, organisational structure, processes
and culture needs to be supplemented with knowl-
edge management, information management, and
an understanding of the critical role of IT. Second,
they must also understand how information creates
value—through risk management, more efficient pro-
cesses, better products and services, and innovation.
The third challenge is to use IT to build organisational
competencies that will enable a company to operate
more efficiently, perform alongside competitors and
provide distinctive value to customers. Finally, man-
agers need to be able to balance flexibility in local
markets with cost reducing standardisation of IT in-
frastructure, and processes.

Introducing new IT is a risky business. But failure
is not inevitable; as a number of success factors can be
identified. One of the most important success factors
is that technical innovations need to be applied to new
business ideas to produce significant benefits. Such
ideas usually come either from recognition of a busi-
ness opportunity by executives, or from identification
of customer requirements by those at the ‘sharp end’
When it comes to implementation, it is important
to involve users throughout the organisation rather
than just specialists, especially when technology is
immature. The external suppliers must remain under
the company’s direction. A high-level sponsor and a
‘project champion’ are also required, as is strict time
management. However, companies must be prepared
to accept that a system may provide just 80 per cent of
desired functionality to begin with.

The impact of technology on organisations will be
enormous. In order to benefit, organisations will need
the skill and expertise of all their people; technical or
managerial competence on its own will simply not
suffice. Yet managers and IT professionals continue
to compete with each other. The solution is scenario
thinking, in which managers and technologists work
together to construct plausible strategic scenarios.

Since this process involves challenging old assump-
tions and developing new ones, the two sides together
create a shared language. The internet technology will
enable more employees—and suppliers, and custom-
ers—to participate in a continuous process of envi-
ronment development.

The major IT change programme often run into
serious difficulties. Yet even as things fall apart on the
ground, the view from the top remains rosy. Tech-
nology’s advocates may characterise ‘non-believers’
as simply resistant to technology, and use measure-
ments systems with too narrow a focus. This is just
one way in which IT projects, like other organisational
improvement initiatives overlook opportunities for
building an organisation’s learning capabilities. One
usually thinks of introducing new IT as a one-time
opportunity for change. But if we consider the use of
the technology as an opportunity for learning, we can
continually improve the organisation’s functioning.
The learning implies engaging people at all levels in
the change process, not just requiring new behaviours
in the traditional ‘top-down’ way. The organisations
that can overcome the challenges of continuous learn-
ing-driven change will escape the ‘gaps—between
different perspectives at different corporate levels, be-
tween aspirations and results, and between experience
and learning—that mean they are keen to adopt too
many IT initiatives.

Owing to modern communications technology,
decentralised organisation becomes possible; con-
trol is being passed down to workers or outsourced
to external companies. In fact, companies are mov-
ing towards an economy, which will be characterised
by shifting coalitions of freelancers and small firms.
Although this recalls pre-industrial economic mod-
els, dominated by large numbers of competing micro
businesses, a critical difference is that these small, ag-
ile companies will enjoy the information resources
traditionally associated with large corporations. The
power of these type of organisations can be seen in
the explosive growth of the internet, which is taking
place without any overall management. The role of
the manager will change dramatically as companies
see the virtue of achieving results by allowing them to
emerge rather than by controlling them at all stages.
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The linux operating system is one such popular ex-
ample, which was made available in the open source.
The programmers were encouraged to download free
of cost and are allowed to use it, test it, and modify it
as they found fit. Some programmers fixed bugs, tin-
kered with the original code, and added new features,
and they too posted their work on the Internet. As the
Linux kernel grew, it attracted the attention of more
and more programmers, who contributed their own
ideas and improvements. The Linux community soon
encompassed thousands of people around the world,
all sharing their work freely with one another. Within
three years, this informal group, working without
managers and connected mainly through the Inter-
net, had turned Linux into one of the best versions of
UNIX ever created.

In a traditional software development company,
the software project development would have taken a
more structured process with time lines defined, proj-
ect team defined, fund allocations for each activity,
etc. The software project in traditional manner would
have cost an enormous amount of money, taken years
to complete, and quite possibly produced a system less
valuable to users than Linux.

What the Linux story really shows is the power of
a new technology—in this case, electronic networks—
to change fundamentally the way work is done. The
Linux community, a temporary, self-managed gather-
ing of individuals engaged in a common task, is the
model for a new kind of business organisation that
could form the basis of a new kind of economy.

Similarly, another kind of example in this space is
that of Wikipedia. The customers or the users are the
content providers and are responsible for the develop-
ment of the directory. One may find number of simi-
lar examples on the Internet space. The fundamental
unit of this economy is not the corporation but the
individual. The tasks are not assigned and controlled
through a stable chain of management but rather are
carried out autonomously by independent contrac-
tors. These electronically connected freelancers—join
together into fluid, temporary networks to produce
and sell goods and services.

The evolution of the Internet itself followed the
same concept. One also sees it in the emergence of
virtual companies, in the rise of outsourcing and tele-
commuting, and in the proliferation of freelance and
temporary workers. Even within large organisations,

importance of ad hoc project teams, are in the rise as
‘entrepreneurs; and in the formation of independent
business units.

With the introduction of powerful personal
computers and broad electronic networks—the eco-
nomic equation has changed. Since information can
be shared instantly and inexpensively among many
people in many locations, the value of centralised
decision-making and bureaucracy decreases. The in-
dividuals can manage themselves to coordinate their
efforts through electronic links with other indepen-
dent parties.

A shift to a freelance economy would bring about
fundamental changes in virtually every business
function, not just product design. The supply chains
would become ad hoc structures, assembled to fit the
needs of a particular project and disassembled when
the project ends. The manufacturing capacity would
be bought and sold in open markets. Independent,
specialised manufacturing companies would under-
take small batch orders for a variety of brokers, design
shops, and even consumers.

The Internet is the greatest model of a network
organisation that has emerged and it reveals a star-
tling truth in a freelance economy; the role of the tra-
ditional business manager changes dramatically and
sometimes disappears completely. The work of the
temporary company is coordinated by the individuals
who compose it with little or no centralised direction
or control. Of course, this kind of coordination occurs
all the time in a free market and one usually takes for
granted that it is the most effective way for companies
to interact with one another. But what if this kind of
decentralised coordination were used to organise all
the different kinds of activities that today go on inside
companies?

One of the things that allow a free market to work
is the establishment and acceptance of a set of stan-
dards—that governs all transactions. These standards
can take many forms—contract systems of ownership
and procedures for resolving disputes. Similarly, for
a freelance economy to work, whole new classes of
agreements, specifications, and common architectures
will need to evolve. We see this already in the Internet,
which works because everyone involved conforms to
certain technical specifications. But standards do not
have to take the form of technical specifications. They
may also take the form of routine processes such as
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those which allow a group of doctors and nurses to
collaborate in an operating room.

To meet the challenges of the future, it will be es-
sential for us to recognise and to question the biases of
our existing mindset. A freelance economy might well
lead to a blossoming of wealth, freedom and creativity
but it might also lead to disruption and dislocation.
Free agent workers, separated from the community
safety nets of today may find themselves lonely and
alienated and separated into ‘haves’ and ‘have-nots’. In
order to seize the opportunities of this possible gold-

en age of business—and to avoid the potential prob-
lems—we need to think as creatively and as wisely as
we possibly can.

Questions to Think About

1. Study some of the IT innovation projects and
highlight how they are driving these projects.

2. What is the role of customers/users of the proj-
ects that you identified above?
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| After reading this chapter, you will get a clear understanding about the following:
4+ What computers are all about?

4 How did computers evolve?

4+ How are computers categorised into broader classifications?

4+ How is the architecture of a computer?

4+ What are the various components of a computer?

4 What are the number systems, Boolean algebra and logic gates?

4 What are the emerging trends in the world of computers?

INTRODUCTION

The information technology has changed manifold in last two decades. In order to remain
competitive, organisations need to keep pace with these changes in computing and communication
technologies which are the main constituents of information technology. This chapter will focus
on the computer hardware part of information technology from a historical perspective starting
from the critical days to the current trends and also the number systems on which these computers
work.

The twenty-first century is the century that is driven by information technology. People have
already started experiencing the new ways of living and working. The technology has started
playing a vital role in our lifestyle; the way we work, the way we communicate, the way we shop,
the way we enjoy, all has dependence on information technology. The key to succeed in this
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information technology driven environment is to manage the information, which is the most vital
resource. The only way one can take advantage of and manage the immense available information
is through proper understanding of how computers work and through the ability to use computers.
Most people believe that the ability how to use a computer is a basic skill necessary to succeed in
life and to function effectively in society.

This chapter will help to join the Information Age by facilitating the learning of the definition
and characteristics of computers, and computer systems. Even if one does not have a home
computer or use a computer at workplace, computers are still being used in one form or other.
Many of the routine activities in today’s society are being performed by computers. For example,
when we plan our holiday—rail/plane seats are often reserved with the help of computers; many
of the bills we pay (electricity, telephone, insurance, etc.) are calculated and printed by the
computer. World-wide computers are used in many more areas like traffic control, space research,
hospitals, etc. There are three basic concepts that one needs to know in order to be able to think
sensibly and talk intelligently about computers in today’s technology driven society—What are
computers? What can they do? How can one communicate effectively with computers?

WHAT ARE COMPUTERS?

Before we define the term ‘Computer’, let’s understand the A computer is an electronic device
genesis of computing — which means something to do with | {h4t manipulates data. It has the
calculation, but man has been using his brain to do just that | ahjlity to store, retrieve, and pro-
for centuries. The Egyptians built the pyramids; whoever built | cass data.

Stonehenge left a calendar which can still accurately predict
eclipses; and even radio and television were invented—all without computers! What is so special
about them that we need computers today? It cannot simply be because they are calculating
devices. We have many forms of such devices—the Abacus (still used in the Far East), pocket and
desk calculators, even POS (point of sale) at supermarket—all of which are cheaper and easier to
use than computers. So why was the computer invented?

The scientists and researchers found that this machine can be used for many other applications
other than the fast calculating machine. The real need was felt during World War II and slowly
the computers have moved from scientific laboratories to offices, homes, schools and are now an
integral part of every day life. After number of research results, a computer named ‘ENIAC’ had
a formal dedication ceremony on 15% February, 1946. The problems which early computers had
to solve were mostly mathematical. Today, computers are used to:

¢ forecast the weather;

* operate machines;

* cut shapes out of metal sheets;

* even guide spacecraft to the moon;
* set and print newspapers and books;
* help in diagnosing diseases;
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* find out obscure documents in archives;

* manage any business application like accounting, invoicing, stock control, payrolls,
research and development, and business; intelligence, etc.

The original objective for inventing the computer was to create a fast calculating machine.
But in over 80 per cent of computing today, the applications are of a non-mathematical or non-
numerical nature. To define a computer merely as a calculating device is to ignore over 80 per
cent of its work. If not as a calculating device, then how are we to define a computer? Basically,
computers act upon information—in computing terminology, this is called ‘data’.

What is a computer system? A computer is an electronic device that operates under the control
of a set of instructions that is stored in its memory unit. A computer accepts data from an input
device and processes it into useful information which it displays on its output device. Actually,
a computer system is a collection of hardware and software components that help to accomplish
many different tasks. The hardware and software in a computer system are tightly integrated;
software drives the hardware, which in turn provides the computational tools. A typical computer
system is shown in the figure below.

* The Hardware consists of the computer itself, and any equipment connected to it. The
Hardware includes all of the physical, tangible parts of a system—such as central
processor, memory, display devices, storage media, and printer, etc.

e The Software is the set of instructions for controlling the hardware devices, instructing
computers to transform data into information and many other information processing
tasks. The Software can also be defined as written programs or procedures or rules and
associated documentation pertaining to the operation of a computer system and that are
stored in a storage device.

TYPICAL COMPUTER OF TODAY

Evolution of Computers

The history of computers dates back to 500 BC, when the | The Computer Hardware is all the
‘ABACUS’, a device of counting beads and string, was used | physical components of a com-
to do calculations. The abacus is still widely used in many | puter.

countries, but does not offer long-term storage of information.
In 1614, John Napier developed logarithm tables, which provided the methods by which
multiplication and division could be achieved through addition and subtraction. In 1620, William
Oughtred developed the ‘Slide-Rule’ based on the concept of logarithms. Both these inventions
were widely used until the development of small electronic calculators in late 1960s.

The two other important developments that took place in the Seventeenth Century, were the
production of a mechanical calculator—Pacaline by Blaise
Pascal in 1642 and more powerful calculator by Gottfried
Leibnitz in 1694. This calculator could perform addition,
subtraction, multiplication, and division and was called the
‘Leibntiz Wheel’.

The Computer Software is set of
instructions that are used to direct
the operation of a computer.
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In 1832, Charles Babbage, thought of building
a general purpose computing machine and
planned for ‘Analytical Engine’, a steam driven
calculator which was able to perform calculation
upto 60 decimal digits, and to handle any type of
mathematical problem. The input to these machines
was based on punched cards. Charles Babbage has
defined the path for the modern digital computers,
because the Analytical Engine was built around
the same five components (Input, Control, Store,
Arithmatic and Logic Unit (ALU) and output) used
in modern digital computers. Hence, he is known
as the Father of Modern Computer Science. His
disciple, a brilliant mathematician, Lady Augusta
Ada, developed the binary number system for
Babbage machine. She is considered to be the first

Typical Computer of Today

programmer in the world, and the programming language ADA is named after her. In 1890,
Herman Hollerith developed the punch card tabulator to analyse data. In 1954, an English
mathematician, George Boole, developed two stage algebra called ‘Boolean Algebra’, which is

binary in nature.

The first digital Computer ‘Z’, using binary arithmetic and program use control was built
by Konrad Zuse of Germany in 1935. This was a mechanical machine. After that *Z, machine’
using electromagnetic relays was developed. In 1943, Harvard University, in conjunction with
IBM, produced their ‘Mark I Computer’ based on electromagnetic relays. During 1943-46,
John William Mauchly and J.P. Eckert, developed the first large general purpose computer at the
University of Pennsylvania, the ‘ENIAC’—the Electronic Numerical Integrator and Computer.

Z2 Zuse Computer

Developments  followed rapidly, but
perhaps the next most significant event was
the production of a paper in 1945. John Von
Neumann, who introduced the concept of
stored program use control, included the
following architecture:

* An Arithmetic and Logic Unit
handles mathematical and logic
operations.

* A Control Unit directs the proper
sequencing of a computer’s
instructions.

* An internal, or primary memory,
temporarily  holds data and
program.

72 Zuse Computer
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* The Input and Output devices move into and from the computer systems.

* An outside recording, or secondary storage devices, permanently hold data and program.

ENIAC Computer

The above architecture led to the design of
‘EDVAC’—The Electronic Discrete Variable
Automatic Computer. In the meantime,
Maurice Wilkes at Cambridge University
had developed ‘EDSAC’—The Electronic
Delay Storage Automatic Computer. EDSAC
became operational in 1949 and was the first
machine to have an operating system. From
that electronic EDSAC started the era of the
first generation computers.

In 1951, John Mauchly and J.P. Eckert
formed their own company to create a
commerciallyusablegeneral purposecomputer,
the UNIVAC I. It was the first general purpose
computer, designed specifically for business

ENIAC Computer

data processing applications. In the late 1950s, both Jack Kilby at Texas Instruments and Robert
Noyce at Fairchild Semiconductor discovered that registers, capacitors, and transistors could be
made from the same semiconductor material at the same time. Any number of transistors could
be etched on silicon and thus the integrated circuit was born and refined. It was also during the
same time that the integrated circuit was christened as a ‘chip’.

UNIVAC Computer

Gene Amdahl’s revolutionary IBM System/360 series of mainframe computers was also

introduced in the 1960s. They were the
first general purpose digital computers
using integrated circuit technology. The
coupled with the commercial success of |
computers, miniaturisation, which had l
come about through various technological
innovations, led Ken Olsen and his Digital
Equipment Corporation (DEC) to produce
first commercial minicomputer.

In 1970, Intel created a memory chip
that could store a kilobit of information.
Another innovation at Intel came from Ted
Hoff, who further improved the integrated
circuit by compressing 12 chips into four.

UNIVAC Computer
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The arithmetic and logic functions of several chips could be contained on one chip called a
microprocessor. This microprocessor, known as Intel 4004 made the development of the small
computer, or microcomputer, a possibility. However, this chip could handle only four bits of data
at a time. Eventually, eight-bit microprocessor chips were developed and were used in the early
microcomputers.

The earliest microcomputer, the ‘Altair 8800°, was developed in 1975 by Ed. Roberts, called
the father of the microcomputers. This computer used an early Intel microprocessor and had less
than 1 K of memory.

At the same time supercomputers were being developed. In 1976, Seymour ‘Cray’s Cray-1
supercomputer’ was delivered to Los Alamos Scientific Laboratory in New Mexico, and a Control
Data Corporation CYBER-205 was used by the Meteorological Services in the United Kingdom
for weather forecasts.

The market for software was also growing.
In 1974, Bill Gates and Paul Allen developed B
Microsoft BASIC, a high-level language for ==
microcomputers and later went and developed
the most popular ‘DOS operating system’.
In 1981, IBM presented their first Personal
Computer, using 16-bit microprocessor.
This introduction helped legitimise the
microcomputer’s use in business.

Adam Osborne introduced a truly portable
microcomputer in 1981, the Osborne I. It
could be manufactured in just over an hour’s
time, using only 40 screws to put together the
easy-to-find parts. By 1984 the IBM PC had Cray-1 Supercomputer
become the industry standard with hundreds
of companies designing software for it. Another benchmark in the microcomputer revolution was
the introduction of the Apple Macintosh in the early 1980s. The Macintosh was visually oriented,
and its mouse made it remarkably easy to use.

In 1986, the ‘Compaq Deskpro 386’ computer, the first to use the powerful 32-bit Intel 80386
microprocessor, was introduced. In 1987, IBM introduced its new line, the PS/2 series, which
was based on a new architecture called micro channel architecture. Apple made its move into
the business world with the introduction of the powerful Macintosh II computer. The Microsoft
Corporation also introduced a new operating system for microcomputers, called OS/2 that allows
application program to take advantages of the newer computers’ multitasking techniques. In 1988,
IBM introduced a major new series of mainframes for business users called the AS/400 series.
In 1989, Intel introduced 25 MHz 80486 chipset and Apple introduced its Macintosh Portable.
The decade of 90s was full of inventions and introduction of new technologies from leaders
like Microsoft, Intel, Apple, IBM, etc. with substantial power and miniaturisation. Netscape
Navigator and Internet Explorer were introduced for internet browsing. By the end of the century
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and the beginning of the new century, AMD came up with 1 GHz Athlon processor; and Intel
introduced a 1.5 GHz Pentium IV processor. Microsoft captured the PC Operating system market
with Windows OS and launched Windows 2000. In 2002, Apple introduced iMac with flat panel
screen. Microsoft launched Windows Vista in 2007 and later Windows 7 and Developer Previews
are available for Windows 8.

COMPUTER GENERATIONS

Over time, computer is characterised by a major technological development that fundamentally
changed the way computers operate, resulting in increasingly smaller, cheaper, more powerful and
more efficient and reliable devices. These changes are recognised as a progression of generations,
each characterised by specific developments. Generations of computers and their characteristics
are given below:

First Generation—Vacuum Tubes (1939-1959)

The first generation computers were powered by thousands of vacuum tubes for circuits and
magnetic drums for memory. These
computers were large because of the
massive number of vacuum tubes that were
required. The tubes themselves were very
large in size similar to the size of electric
bulb. They required lot of energy, and in turn
generated much heat. The first generation
computers were very slow, consumed huge
amount of power with poor reliability and
low accuracy. First generation computers
relied more on machine language to
perform operations and inputs were based
on punch cards and paper tapes. Z1, Z3,
and UNIVAC I are some of the examples
of first-generation computers. Univac I Computer

Second Generation—Transistors (1959-1965)

The transistors replaced the vacuum tubes in the second generation computers. The transistors
controlled the flow of electricity through the circuits. The use of transistors was a breakthrough
in technology that allowed computers to become physically smaller, more powerful, more
reliable, and even faster. The transistor was developed at Bell Labs in 1947 by William Shockley,
J. Bardeen, and W.H. Brattain.

The transistors were less expensive and smaller, required less electricity, and emitted less heat
than vacuum tubes. In addition, fewer transistors were required to operate a computer; they were
not as fragile as vacuum tubes, and lasted longer. As the components were substantially smaller,
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the size of the computer itself could be reduced considerably. These computers used magnetic core
as main memory and used card readers and printers for input and output. The second generation
computers moved from machine language to assembly language, which allowed the programmers
to write instructions in words rather than binary digits as in machine language. Some examples of
the second generation computers are:

e IBM 70, 1400, 1600 series

* Honeywell 400 800 series

* Burroughs B 5000, 200 series
GEC’s GE 645, 200 series
UNIVAC’s Univac III

Third Generation—Integrated Circuits (1965-1971)

Third generation computers used integrated circuits (ICs). These integrated circuits were smaller,
more efficient, and more reliable as compared to vacuum tubes and transistors. Also, the memory
technology was improved and by 1969 as many as 1,000 transistors could be built on a chip of
silicon.

The concept of operating system was introduced which meant that human operators were no
longer required and processing could be done at computer speeds rather than human speeds.
Another phenomenon that was introduced in this generation was that of families of computers.
As a result, the same program could be used with other computers of the same family.

The Third generation computers used secondary storage devices, such as magnetic tapes
and magnetic disks, which are located outside the computer. The use of faster input/output
devices like keyboards and monitors contributed to the enhanced utility of these computers for
multiprogramming, wherein a number of programs could be executed simultaneously by a single
computer. Some of the third generation computers are:

e IBM 360, 370 series
* PDP—S series
e UNIVAC 1108, 9000 series, etc.

Fourth Generation—PCs and VSLI (1971-1991)

The fourth generation is the generation of Large-Scale Integration (LSI) of chips with several
thousand transistors and microprocessors (based on Very-Large-Scale Integration (VLSI)).
The development of VLSI made the development of the microcomputer possible; this was
followed by the Intel series of microprocessors. The application programs for microcomputers
were developed, which allowed home and business users to adapt computers for word processing,
spreadsheet, file handling, graphics, and much more. The VLSI allowed lakhs of transistors to
be placed on one chip. The Ultra Large-Scale Integration (ULSI) allowed over 100 million
transistors embedded on a single chip.
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Integrated Circuit of Early Days

The input/output devices used in fourth
generation computers are very advanced such
as: audio terminals, graphics terminals, optical
readers, etc. The fourth generation computers
also introduced concept of Graphical User
Interface (GUI), Mouse operation etc.

Fifth Generation—Atrtificial
Intelligence and Internet Microprocessor based Personal Computer
(1991 Till Date)

The fifth generation computers are more intelligent and have ‘thinking’ power and capacity to
take decisions. The concept of Artificial Intelligence (AI) is being used in these computers
and the processors used are known as ‘Knowledge Processors’. The automatic programming,
computational logic, pattern, recognition, and control of robots are the processes, which require
skill and intelligence. These are some of the applications of Artificial Intelligence. Although
expert systems are already being used for specialised applications, true artificial intelligence,
or computers that can think, are still concepts of the mind. The grand scale integration (GSI)
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happened, which allowed over thousand million
transistors to be embedded on a single chip. The
GSI, allowed the computer to perform teraflop
(trillion floating point processing per second)
of data. The fifth generation also introduced
the concept of parallel processing, which was
necessary for Al to happen. The goal of the fifth
generation computing is to develop devices that
respond to natural language input and are capable
of learning and self-organisation.

Another important facet of the fifth generation
computer is the evolution of Internet for the
business applications. The World Wide Web was
developed and the first internet browser called
‘Mosaic’ was introduced. The mobile technology
revolutionised this era.

Al Based Robot

CLASSIFICATION OF COMPUTERS

The computers are available in different shapes, sizes, processing capacities, and weights.
Owing to these different shapes and sizes they perform different types of jobs and have different
functionalities. A computer that is used in a home differs in size and shape from the computer being
used for business purpose. Here, we are going to introduce different classifications of computers
one by one. However, the categorical distinctions among these groups are becoming blurred as
technology progresses. Today, many of the new, smaller machines have the characteristics and
capabilities of the larger machines of yesterday.

In addition to relative computing power, other factors are also used to categorise computers
and these are:

1. Architecture: The architecture refers to the design of the computer circuits. It includes
the number and type of the central processing units. The architecture also includes the
number and size of the processing registers.

2. Processing Speed: It is the number of instructions that a computer can process per
second. Itis usually measured in millions of instructions per second (MIPS). An instruction
specifies the computer operation to be performed and the data to be used. Generally, the
higher the classification, the more MIPS the computer will have and the faster it will
process data.

3. Primary Storage: The amount of primary storage that the CPU can access and use is also
important. It provides the CPU with temporary storage for instructions and data.

4. Secondary Storage: Generally, the higher the computer classification, the larger will be
the capacity of the secondary storage device. The secondary storage permits permanent
storage of instructions and data.
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5. Output Speed: Typically, this factor describes the speed at which output can be printed.
Generally, the larger the system, the faster the output devices will be.

6. Multi-user: The number of users that can simultaneously access the computer is also an
important factor.

7. Cost: The price is usually a reflection of the power of a computer system. Therefore, the
higher the classification, the larger the price tag will tend to be. The price of a computer
also depends on the options that are purchased.

It is very difficult to exactly draw a line of demarcation between categories of computers. We
have tried to define here the classification of computers as follows:

1. According to function
2. According to purpose
3. According to capabilities

According to Function

According to Function, computers can be classified into three types. These classification of
computer based on principle of operation and hardware structure.

(a) Digital Computer
(b) Analog Computer
(c) Hybrid Computer

Digital Computer. A digital computer works with data in
term of discrete number or digit. These numbers are used
to perform, arithmetic calculations, and also make logical
deci§ion to reach a conclusion depending on the. data.they culations, compare values and
receive from the user. All the expressions are coded into binary | ciore results. Th ey recognise data
digits (0 and 1) inside the computer and it manipulates them | py counting discrete signal repre-
at very fast speed. The instructions and data are fed to the | senting either a high or low volt-
computer in the form of discrete electrical signals. The digital age state of electricity.

computers are easy to program and are in general purpose
use. Almost all personal computers (PCs) are best examples of this category.

The digital computers are pro-
grammable electronic  devices
that perform mathematical cal-

Analog Computers. The analog computers actually are
a measuring device. An analog computer measures continues The analog computers recognise
type of data and use a physical quantity, such as electric current, | data as a continuous measure-
speed, weight etc. Analog Computers are the first computers ment of a physical property like
being developed and provide the base for the development of voltage, pressure, speed and tem-
modern digital computers. These computers are mainly made FelEE

of electrical devices like resisters, amplifiers & transistors.
Analog machine has a very limited memory and can perform only certain type of calculations,
which make it specialised machine, suitable for engineering & scientific calculations. In general,
Analog computers are very fast in processing because all the operations performed in this
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machine are parallel but accuracy of these machines is quite low. The speedometer and millimeter
(used in vehicles), Electric meter & Gas meter (fixed on the supply line of the house) Pressure
gauges & Thermometers are the general example of the analog devices.
Hybrid Computers. A hybrid computer is one which combines the analog & digital
capabilities in the same computer system. The hybrid computers help the user to exploit the
machine’s ability to process both continuous and discrete data. These machines are generally
used for scientific applications and it is also used as a controlling device in an industrial process.
The results can be obtained either as analog signal or discrete - .
. . . . . The hybrid computer is one that
signal. The example of a hybrid system is an electronic device A4
; . . ; X processes both analog and digital
MODEM’. A modem is a device which can transform analog | ;...
signals to digital signals and vice versa.

According to Purpose

The computer can be classified according to purpose in two ways.
(a) General Purpose
(b) Special Purpose
General Purpose. These computers are designed to solve
wide variety of problems from different fields. The hardware
and the software of such system are adaptable as per different
environments. These computers are used for different
purposes like inventory control, record keeping, accounting,
payroll etc.
Special Purpose. As the name suggests these computers system are used only for specific
purposes or application. These special purpose computer systems may be defined as a stored
programme computer, whose architecture is oriented towards
one or more specific applications. These computers handle
very narrow categories of data processing activities. Some
example of special purpose computer with their area of
application is as follows:

A ‘General Purpose Computer’ is
a machine that is capable of car-
rying out some general data pro-
cessing under program control.

A special purpose computer is
designed to operate and solve re-
stricted class of problems.

(i) Computer used for Process Control in an industry.
(i) Bio-medical X-ray instrument used only for X-ray.
(ii1) ECG machine which is used for ECG test
(iv) Computer used for air-traffic control.

(v) Computer system which is used in Robots.

According to Capabilities

According to capabilities computers could easily be classified into minis, micros mainframes
and super by considering their size, performance, and cost. However, today these definitions are
not so clear, due to the ever increasing pace of common usage altogether. These are obviously
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terms used to describe the approximate position in the hierarchy to which the products belong.
In order To understand this mass of jargon, it is still necessary to understand the older definitions
of the terms:

(a) Super-computer
(b) Mainframe-computer
(c) Mini-computer
(d) Micro-computer

Supercomputers. The largest computers are supercomputers. They are the most powerful,
the most expensive, and the fastest. They are capable of processing trillions of instructions per
second. The examples of users of these computers are governmental agencies, the National
Weather departments, the Defence Agency, etc. The Cray supercomputer is nicknamed
‘Bubbles’, because of its bubbling coolant liquids. The Cray supercomputers, the first of which
was invented by Seymour Cray, now maintains 75 per cent of
the supercomputer market. The supercomputers are used for | The supercomputers are the most
tasks that require mammoth data manipulation. The Multiple powerful - computers and are
number CPUs are used in these computers to achieve high widely used in scientific applica-
processing speed. The high storage densities are achieved by | tions such as aerodynamic design
using magnetic bubble memories and charge couple devices. simulation, processing of geologi-
The other computers in this category are CRBER 810 and cal data etc.

830, Appro Xtreme-X1, and NEC SX3.

Mainframe-Computers. These are the largest of computer systems, not necessarily the
fastest or most powerful. The mainframe computers process
data at very high rates of speed, measured in millions of The Mainframe Computers are
instructions per second. They are quite expensive, and truly | usually slower, less powerful and
powerful. The mainframes are designed for multiple users and less expensive than  supercom-
process sizeable data quickly. Banks, insurance companies, puters and can support hundrgds
manufacturers, mail-order companies, and airlines are typical or .thousands i HSETS, il
users of mainframe computers. The mainframes often act as e

. , and storage.
servers’—computers that control the networks of computers
. Bl
for large companies.

Mini-Computer. Thinis a medium-sized computer and can vary in power from a very large and
powerful micro to small mainframes. A small minicomputer might be able to support between
ten & twenty users. It is, therefore, ideal for use-within a single department, within a college
or university, or for use in a medium size business. They are
really mini versions of the mainframe computer, and this is
where the term mini was originally coined. The mini has
been designed with multi-user access in mind and is therefore
usually easy to expand up to maximum possible numbers
of users.

The Minicomputers are smaller
version of mainframe computers
and are general purpose comput-
ers that support multiple users.
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Micro-Computers. The microcomputer is another category of computers that can be divided into
two groups—personal computers and workstations. The workstations are specialised computers
that approach the speed of mainframes. Often microcomputers are connected to networks of
other computers. Almost all the computer users are familiar
with the personal computers. The personal computers are
the desktops that are preferred by the home users. These
computers are cheaper and have all the functionalities of a
computer required by the common users.

The Workstations are powerful
single-user computers. The Work-
stations are often used as net-

work and Internet servers.

Another classification of computer is the ‘notebook or laptop’ computer. A notebook computer
can fit into a briefcase and weighs less than a kilogram, yet it can compete with the microcomputer.
The notebooks generally cost more than microcomputers but The Desktop computers are the
can run most of the microcomputer software and are more | ot common type of Personal
versatile. Like other computers, notebook computers are Computer.
getting faster, lighter, and more functional.

The smallest computer is the handheld computer called a ‘Personal Digital Assistant’ (PDA).
The PDAs are used to track appointments and shipments as
well as names and addresses. The PDAs are called ‘pen-based’
computers because they utilise a pen-like stylus that accepts
handwritten input directly on a touch-sensitive screen. One has
probably noticed delivery employees using these gadgets.

The Notebook or Laptop comput-
ers are the portable micro-com-
puter.

Another category of computers that has emerged in last couple of years is Tablet PC. It is
a portable PC that is a hybrid between a personal digital assistant (PDA) and notebook PC.
Equipped with a touph screen interface, a tablet PC usually The Tablet PC is a kind of mobile
has a software application used to run a virtual keyboard. .

computer having a touch-screen

However, many tablet PCs support external keyboards. or pen-enabled interface
Tablet PCs have built-in Web browsing capabilities, multiple '
connectivity options, and multimedia.

COMPUTER ARCHITECTURE

We have been using the term computer as if it refers to a single electronic device, but computers
are actually composed of many electronic and electro-mechanical devices. The combination
of all these electro-mechanical and electronic devices are referred to as Computer Hardware.
But hardware, by itself is useless. The hardware must be directed by information processing
instructions, called Computer Software.

When people refer to a computer, they are usually referring to a set of hardware and software
systems used as a single unit. It is more appropriate to use the phrase ‘Computer System’. A wide
variety of computer systems exists. The common link of all these computer systems is, however,
that they are composed of the same basic set of hardware and software components.

The basic structure of a Computer System consists of five parts as described in Figure 3.1.
These five parts are found, in one form or another, in every digital computer, whether it is a
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main-frame computer system used by an insurance company to keep track of its premiums, or a
personal computer that is used for simple business applications. The five main constituents of a
computer system are:

>\‘ Internal Memory /‘4

A A |

Input v v Output

Device Device
p Arithmetic
HEEStelr and Logic Unit

Central Processing Unit

A

Y
( External Memory )

Figure 3.1 The Computer Schematic

Central Processing Unit (CPU)
Memory
Input/Output Devices

bl

Input/Output Interfaces
These are ‘middlemen’ between the CPU and the I/O devices. They provide the actual
hard wired control of the I/O devices, according to the commands that are issued by the
CPU.
5. Program (Software)
Without the program, a computer is a dumb machine that occupies space and consumes
power. The program coordinates the operations of the computer in order to perform some
desired process. This is explained in more details in next chapter.

The figure above illustrates the basic architecture that is common to all computers, large and
small. The most important unit in computer hardware is the ‘central processing unit’ or CPU.
This includes a storage unit called ‘primary storage’, often called main memory. The primary
storage contains both the data being processed and the program instructions. The ‘control unit’
causes all of the units to work together as a system, and the ‘arithmetic and logic unit’ (ALU)
is used to perform the calculations and logical operations.

One or more ‘input’ devices are used to enter data into primary memory, the most common
device being the keyboard. Since the primary memory has a limited capacity to store information,
an additional storage devices, called ‘secondary memory’ or ‘auxiliary memory’ is used quite
often. The secondary storage is also used to store data on permanent basis. The commonly used
secondary storage devices are magnetic disks and tapes. The result of the processing are recorded
on the output devices. The commonly used output devices are printers and monitors.
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Central Processing Unit

The central processing unit is the most important part of a computer system. It is also referred
to as the ‘brain’ of the computer. The CPU consists of electronic circuits that manage and control
all other hardware components and also carry out detailed sequences of instructions that perform
the actual computation. The central processing unit (CPU) comprises the arithmetic and logic
unit (ALU), the control unit, and the primary storage unit. Some sources define that it consists
of only the ALU and the control unit. However, because the ALU, the control unit, and primary
storage are closely related and function as a whole, the CPU is defined here as a unit consisting of
all three elements as described in Figure 3.2 and Figure 3.3 These figures give the detailed view
of the CPU and its interrelationships with other hardware units.
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Microprocessor Chip

ROM Storage

RAM Storage
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Figure 3.2 Central Processing Unit (CPU)
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Figure 3.3 Data Movement between different parts within Central Processing Unit (CPU)
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The unbelivable advances in semiconductor technology
have reduced the size of the CPU. Depending on conditions,
a semiconductor can serve as a conductor (allowing the
transmission of electricity) or an insulator (inhibiting the

The CPU is the ‘brain’ of the com-
puter—this is where the actual
computing is done. The CPU usu-

1551 o : >UAtor Al ally controls all the operations of
transmission of electricity). This ability is ideal because | the computer.

data are represented by combinations of high voltage states
(conductor) and low voltage states (insulator).

The CPU works as a very fast series of switches—collecting data, transforming data, and
then generating output; one computational cycle at a time. The speed of a CPU is determined
by how much data it can process in an individual cycle and the number of computational cycles
it can complete in a minute. The size of the data bus, actually determines how much data can
move through the CPU in an individual computational cycle. Intel’s core 2 Duo processor runs
at 1.66 GHz to 3.96 GHz with 2 to 6 MB of L2 Cache memory. The four main components of
CPU are:

(a) Arithmetic and Logic Unit (ALU)
(b) Control Unit (CU)

(c) Registers

(d) Buses

Arithmetic and Logic Unit: The arithmetic and logic unit (ALU) is the part of the CPU,
where all mathematical and logical functions are performed. The basic mathematical functions
include addition and subtraction; multiplication and division; are achieved by continuous addition
or subtraction operations. The software can be used to combine these basic mathematical functions
to perform logarithmic, trigonometric, and other mathematical functions. A logic function is one
in which numbers or conditions are compared to each other. The ALU does the actual arithme-
The logic functions include concepts like greater than, less | tic and logical comparisons that
than, equal to, not equal to, greater than or equal to, and less | need to be processed.

than or equal to.

Control Unit. The control unit interprets any instruction it receives from memory and directs
the sequence of events necessary to execute the instruction. The control unit also establishes
the timing of these events, acting like the traffic cop of the system. In order to control all that
is going on in the CPU, the control unit uses a system clock, which synchronizes all tasks by
sending out electrical pulses. The number of pulses, or cycles, per second is the main element
?n determinin.g the speed of the processor. Thf.: clock speed TS Gl U G B
is measured in megahertz (MHz). The hertz is the unit of | ¢tore the results coming out of
frequency that measures the number of cycles per second in | the ALU.

a periodic signal.

Registers. A register is a very small amount of very fast memory that is built into the CPU in
order to speed up its operations by providing quick access to commonly used values. The registers
are the top of the memory hierarchy and are the fastest way for the system to manipulate data.
Below them are several levels of cache memory, at least some of which is also built into the CPU
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and some of which might be on other, dedicated chips. The cache memory is slower than registers
but much more abundant. Below the various levels of cache is the main memory, which is even
slower but vastly more abundant. The registers can also be classified into:

(i) General purpose register: The general purpose registers serve as temporary holding
places for data that is being manipulated by the CPU. That is, they hold the inputs to the
ALU and store the results produced by that circuitry.

(ii) Special purposeregisters: They store internal CPU data, such as the program counter (also
termed instruction pointer), stack pointer and status register. Program counters contain
the address of the next instruction to be executed. The instruction registers hold the
instruction being executed by the CPU, address registers hold memory addresses and are
used to access memory, and data registers are used to store integers.

Buses. Thebuses areusedto transmitdataand controlsignals [ The Register temporarily stores
Jfrom one point to another. The buses provide standardised | the data that is to be executed
way of inter-connecting modules. A bus has slots into which next.

modular components are placed. The modules are standard
components, which can be combined together in variety of ways. A bus is characterised by the
amount of information that can be transmitted at once. This amount, expressed in bits, corresponds
to the number of physical lines over which data is sent simultaneously. A 32-wire ribbon cable
can transmit 32 bits in parallel. The term ‘width’ is used to refer to the number of bits that a bus
can transmit at once. In reality, each bus is generally constituted of 50 to 100 distinct physical
lines, divided into three subassemblies:

(i) Address Bus: The address bus, also known as the memory bus transports memory
addresses which the processor wants to access in order to read or write data. It is a
unidirectional bus.

(ii) Data Bus: The data bus transfers instructions coming from or going to the processor. It is
a bidirectional bus.

(iii) Control Bus: The control bus or command bus transports orders and synchonisation
signals coming from the control unit and travelling to all other hardware components. It is
a bidirectional bus, as it also transmits response signals from the hardware.

Other factors, such as the instruction set, also affect
processing speed. An instruction set is the group of commands
available to the CPU. It determines the basic computer
operations (arithmetic, logic, and storage, and retrieval) that
can be performed and the commands that the control unit can
use to direct and coordinate the computer’s operations.

The BUS is a physical set of con-
nections used to transmit data
and instructions. A bus is simply
an electrical path on which data
can flow from point to point with-
in a circuit.

The computer speed is also measured by the number of
instructions completed in one second, or millions of instructions per second (MIPS). This
designation is usually used in comparing large computer systems, such as minicomputers,
mainframes, and supercomputers.

Although the basic elements of the computer system are essentially the same for almost all
computers, but there are slight variations in construction. The style of organisation and construction
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of the elements within the computer systems is known as architecture of the computer. The
modular construction and bus structure are the two major features of today’s computer
architecture. The three bus paths are shown in Figure 3.4 given below.

CPU

ROM

RAM

Input/
Output

Figure 3.4 BUS Architecture

Memory

The computer memory stores data temporarily for fastretrieval.
Every computer comes with a certain amount of physical
memory, usually referred to as Main Memory or Primary program which instructs the CPU
Memory or Random Access Memory (RAM). The primary | 5.4 other components of the
storage unit refers to the internal storage of the computer, computer.

where program and their data are stored. The primary
storage, or primary memory or simply the memory, provides temporary storage during program
execution. The part of primary storage may also contain permanently stored instructions that
tell the computer what to do when it is switched on. Most primary storage today depends on
semiconductor technology. The Semiconductor memory is made by etching electronic circuits
onto a silicon chip. There are several different types of memory:

The Memory is an electronic stor-
age medium used to hold the

(i) Random Access Memory (RAM). The RAM is that part of primary storage where data
and program instructions are held temporarily while being manipulated or executed. This is
the same as main memory. When used by itself, the term RAM refers to read and write memory.
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This type of memory allows the user to enter data into memory (write) and then retrieve it (read).
The RAM depends on supply of electricity to maintain data storage. When the power to the
computer is switched off, everything stored in RAM is lost. In other words, RAM is volatile. The
main RAM can be divided into Static RAM (SRAM) and Dynamic RAM (DRAM), which are
explain as follows:

(a) Static RAM (SRAM). The static RAM is more expensive, requires four times the amount
of space for a given amount of data than dynamic RAM, but, unlike dynamic RAM, does not
need to be power-refreshed and is therefore, faster to access. One source gives a typical access
time as 25 nanoseconds in contrast to a typical access time of 60 nanoseconds for dynamic RAM.
(More recent advances in dynamic RAM have improved access time.) The static RAM is used
mainly for the level-1 and level-2 caches that the microprocessor looks in first before looking in
dynamic RAM.

(b) Dynamic Random Access Memories (DRAMSs). The DRAMs are the most widely used
RAM chips. These are known to be volatile. The DRAM stores data electrically in a storage cell
and refreshes the storage cell every few milliseconds.

(c) Extended Data-Out RAM (EDO RAM). The EDO RAM is faster than DRAM. EDO
RAM has also been replaced by SDRAM. The EDO RAM is an improvement on DRAM because
it has advanced timing features. The EDO extends the amount of time data is stored and has a
reduced refresh rate. This alleviates the CPU and RAM from timing constraints and improves
also performance.

(d) Synchronous DRAM (SDRAM). The SDRAM is a relatively new and different kind of
RAM. The reason is that its synchronised design permits support for the much higher bus speeds.
The SDRAM is an improvement because it synchronizes data transfer between the CPU and
memory. The SDRAM allows the CPU to process data while another process is being queued.
(e) Nonvolatile RAM (NVRAM). The NVRAM is a special kind of RAM that retains data
when the computer is turned off or there is a power failure. Like the computer’s read-only memory
(ROM), it is powered by a battery within the computer. It can also work by writing its contents to
and restoring them from an EEPROM.

Memory Chip
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(i) Read Only Memory (ROM). The ROM as the name implies, the contents of ROM can
be read only; data cannot be written into it. The ROM may contain information on how to start
the computer and even instructions for the entire operating system. The actual contents of ROM
are usually set by the computer manufacturer; they are unchangeable and permanent. Because
the contents cannot be altered and are not lost when the electric current is switched off, ROM
is non-volatile. The basic set of instructions required for switching on the computer and system
diagnostics are usually located in ROM. This part of the memory is not available for software
processing. The ROM memories have gradually evolved from fixed read-only memories to
memories than can be programmed and then re-programmed. The different types of ROMs are
explained as follows:

(a) PROM (Programmable Read Only Memory). The PROM are chips comprising thousands
of fuses (or diodes) that can be ‘burnt’ using a device called a ‘ROM programmer’, applying high
voltage (12V) to the memory boxes to be marked. The fuses thus burnt correspond to 0 and
the others to 1. But once the PROM has been used, you cannot wipe it clean and use it to store
something else. Like ROMs, PROMs are non-volatile.

(b) EPROM (Erasable Programmable Read Only Memory). The memories are PROMs that
can be deleted. These chips have a glass panel that lets ultra-violet rays through. When the chip is
subjected to ultra-violet rays with a certain wavelength, the fuses are reconstituted, meaning that
all the memory bits return to 1. This is why this type of PROM is called erasable.

(c) EEPROM (Electrically Erasable Read Only Memory). The memories are also erasable
PROMs, but unlike EPROMs, they can be erased by a simple electric current, meaning that they
can be erased even when they are in position in the computer. There is a variant of these memories
known as flash memories. Unlike the classic EEPROMs that use 2 to 3 transistors for each bit
to be memorised, the EPROM Flash uses only one transistor. Moreover, the EEPROM may be
written and read word by word, while the Flash can be erased only in pages. EEPROMs are thus
used preferably to memorise configuration data and the Flash memory is used for programmable
code.

(iii) Cache Memory. The Cache Memory is a high-speed access area that can be either a
reserved section of main memory or a storage device. The RAM that is available in the computer
works comparatively at slower speed as compared to the processor. In order to bridge the speed,
the modern computer has Cache Memory, as cache memory operates at a much higher speed
than conventional memory (i.e., RAM). This technique greatly increases the speed of processing
because it reduces the number of times the program has to load instructions and data from
RAM and secondary storage. The two main cache types are: Memory cache and Disk cache.
The memory cache is a portion on memory of high-speed static RAM (SRAM) and is effective
because most programs access the same data or instructions over and over. By keeping as much of
this information as possible in SRAM, the computer avoids accessing the slower DRAM. There
are two types of cache memory: Level 1 and Level 2 or Level 3. The Level 1 (L1) cache is located
in the processor, and Level 2 (L2) or Level 3 (L3) cache is located on the motherboard but not
actually in the processor. The L1 cache is smaller and faster than L2 cache. Some of the computers
have L1 cache and L2 cache in the processor and Level 3 (L3) cache on the motherboard.
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The amount of primary storage is very important in determining the capabilities of a computer.
The more primary storage means that more instructions and data can be loaded into the computer.
Many program require a specific amount of memory and cannot be used if the computer does not
have that amount. Most computers have provisions for incorporating additional RAM chips to the
main circuit board.

Middleware and Firmware

i Every software application in use today relies on some level of middleware and firmware to deliver the
i functionality, the user eventually sees. This places middleware and firmware in a very important, yet often
overlooked, layer of architecture.

Middleware

The middleware is the layer that resides between the hardware layer and the application layer to provide :
i services such as database management. the Middleware is a software that manages the communication
{ between a client program and a database. For example, a Web server connected to a database can be
considered middleware--the Web server sits between the client program (a Web browser) and a database.
The middleware allows the database to be changed without necessarily affecting the client, and vice
versa. The Middleware can also be defined as the connectivity software that consists of a set of enabling
services that allow multiple processes running on one or more machines to interact across a network. The
Middleware is essential to migrating mainframe applications to client/server applications and to providing
i for communication across heterogeneous platforms.

Firmware

The firmware can take on many forms, but is basically the embedded software that is stored in hardware
memory to control hardware functions. The firmware is a software program or set of instructions :

programmed on a hardware device. It provides the necessary instructions for how the device communicates :
i with the other computer hardware. The firmware controls PCs, printers, and every other electronic device.
i The firmware can be thought of as ‘semi-permanent’ since it remains the same unless it is updated by a

i firmware updater.

Input/Output Devices

A number of different input and output methods are used to transfer data between the CPU,
secondary storage devices, and various other devices. All of these devices use standard data bus
architecture for transferring data within the computer system. The input/output device interfaces
are created for human beings to interact with computer systems in a seamless manner. The most
natural way for humans to communicate with computers is to use the same techniques that
people use to communicate with each other. For example, entering data into a computer might
be accomplished by speaking, writing, or physically pointing to specific objects on the screen.
The speech, written text and visual images such as colour graphs are output forms that humans
find easier to interpret and use. The voice recognition and speech synthesis are becoming quite
popular in daily business applications.
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(a) Input and Input Devices. The input is the process of entering and translating incoming
data into machine-readable form so that they can be processed by a computer. The data to be
entered are also often referred to as input. Any hardware item that is attached to the main unit of
a computer is referred to as a peripheral device. An input device is a peripheral device through
which data are entered and transformed into machine-readable form. The most commonly used
input devices are keyboards and mouse. The keyboards
includes alpha, alpha-numeric, special character keys and
function keys. The mouse is an input device that allows input
of data or instruction to a computer program by just pointing
and clicking. Some of the commonly used input devices are:

The Input/Output devices are the
link between man and machine.
They depend on the processing
requirements.

» Keyboards

* Mouse

* Light Pens and Digitisers

* Voice Recognitions

* Magnetic Ink Character Recognition—Optical Scanners
* Web Camera

* Secondary Storage media like CD, DVD, etc.

Keyboard Mouse

Mobile Communicator Touch Screen Phone
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(b) Output and Output Devices. The output is the process of translating data from machine-
readable form to a format that can be understood by humans or read by other machines. An output
device is a peripheral device that accepts data from a computer and transforms them into a usable
form, thus allowing the computer to communicate information to humans or other machines. The
most common output devices include printers and display screens. A printer is a machine that
helps in generating output on a paper. The printer varies in size, speed, and features. The most
commonly used type of printers is laser printers. The monitors or screens have changed from
Cathode Ray Tube (CRT) technology to Liquid Crystal Display (LCD) technology over the last
two decades. The commonly used output devices are:

* Printers

* Plotters

* Monitors and Terminals

» Speakers

* Secondary Storage media like CD, DVD, etc.

Secondary Storage

The modern computer systems use a number of different memory and storage devices in order to
accomplish their tasks. In most of the applications, computer’s primary storage capabilities are
so expensive that they are of limited practical value in handling the instructions and data needed
for processing. Another limitation of primary storage is its volatility. In many cases a particular
set of data is required quite often, which is erased when the power is turned off from the primary
storage. It needs to be re-entered for each usage, which is a time-consuming and costly way to
process data. In addition, it is often desirable to save the results of processing for use as input in
further processing or for printing purposes later. The solution to these is the secondary storage.

{ Bajaj Allianz: Insuring Business

Bajaj Allianz Life Insurance, a leading company in the Indian insurance domain is a JV between two
i leading conglomerates—Allianz AG, one of the world’s largest insurance companies, and Bajaj Auto, one
i of the biggest two-and three-wheeler manufacturers in the world. Bajaj Allianz is one of the fastest :
3 growing private life insurance companies in India with a customer base of over 400,000 supported by
customer care centres in 155 cities and supplemented by 35,000 insurance consultants. ]

i In an industry where efficient information access plays a crucial role, Bajaj Allianz is under constant
pressure to provide its users with a robust computing environment. With a requirement of over 1,000
i concurrent users, efficient storage and data retrieval was the key. Lowering the overall infrastructure cost :
and ensuring sustained investment protection—while simultaneously energising performance and optimal
i storage management—were some of the challenges that Bajaj Allianz was grappling with. ]

i ‘Our earlier storage environment was inadequate. For instance, when more than 100 users accessed
i the database, performance exponentially deteriorated. Thus, time and accessibility parameters became :
{ contentious issues. Furthermore, the inflexible storage box design of the database server meant that
accessibility problems got compounded during year end and other peak periods, leading to major I/O
problems, says JB Bhaskar, head of IT, Bajaj Allianz Life Insurance. ‘
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i It was performance issues like these that prompted Bajaj Allianz to scout for a storage solution that could
| mitigate storage and access risks efficiently, without compromising on cost and performance parameters. |
i After several rounds of intense discussions, the company zeroed in on the HP 9000 servers, based on PA
i 8800 RISC processors, and the HP StorageWorks EVA 3000 SAN for the primary site, with no single :
point failure configuration.
With a high level of redundancy at the hardware and at the OS levels, the storage solution at Bajaj
Allianz moved from a static and reactive state to a proactive, dynamic and intelligent state. The transition
i from the previous environment was seamless, and was completed in 15 days. Bajaj Allianz was the first |
i enterprise in India to go in for PA-RISC 8800 technology.
i HP’s Storage Works EVA 3000 SAN addressed the I/O problems through its technology of virtualisation.
Database accessibility concerns have dropped substantially for Bajaj Allianz Life Insurance. The company
now has the required scalability and storage virtualisation to ensure the smooth running of critical business
operations. The storage solution has ensured that the data required for processing is accessed quickly and
i delivered swiftly to applications. More importantly, the solution addresses Bajaj Allianz’s unique needs and
! removes the cost constraints and the manageability and scalability issues associated with traditional storage
solutions.
The performance related issues, particularly with the throughput for data transfer (I/O) between the |
server and storage, have been eliminated. Not only did the storage solution enable Bajaj Allianz to scale
up their storage four times at a cost that was competitive, it also allowed the seamless management of the :
SAN configuration, thereby lowering administration costs and freeing up resources. :

: At a Glance

Challenges ‘

E * Need to enhance performance and enable higher throughput for data transfer (I/O) between the
server and storage i

i * Need to lower storage administration cost and increase performance and availability

Solution :

: » PA-8800 RISC technology based HP rp4440 and rp3440 servers; HP Storage Works EVA 3000

: SAN :

i Benefits

: * Improved I/O performance

* Low pressure on resources thereby lower administration costs

i = 99 per cent uptime unparalleled business continuity

Source: Dataquest, 28 Feb, 2007, Vol. XXV No. 04

The Secondary storage is the non-volatile memory that supplements main memory by providing

data storage that is permanent and typically of much greater capacity than main memory. It is less
expensive, as compared to the primary storage and is usually used for storage of large amounts of
data for permanent storage. The secondary storage is also used for storing backups, or copies of

data and program that are frequently required at a later date.
Most secondary storage devices are based on some form of
magnetic or optical recording technologies, similar to those
used for recording cassette tapes, video tapes or audio/video

The Secondary storage is an exter-
nal data storage device, which is
not part of main memory.
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compact disks. The two key factors determining the performance of secondary storage devices
are the amount of data that can be stored and the speed with which data can be retrieved. There
are three secondary storage media that are used with all sizes of computers are magnetic tapes,
magnetic disks, and optical media. Although these media are cheaper and can hold much more
data than primary storage can, access to the data is slower as compared to primary storage.

(a) Magnetic Tape. Typically, magnetic tape is an 1/2-or 1/4-inch ribbon of mylar (a plastic-
like material), coated with a thin layer of iron oxide. An I/O device, the tape drive, reads and
writes the data as the tape passes by a read/write head, the electromagnetic component in the
drive. The magnetic tape stores data sequentially, that is, one after another. In order to access a
data record, one must read every record preceding it. The tapes can store large quantities of data
inexpensively and thus are often used as backup storage media. The magnetic tapes are erasable,
reusable, and durable. However, magnetic tape is not well suited to data files that are revised or
updated often. Such files should be stored on a medium that allows faster and more direct access
to data.

(b) Magnetic Disk. A magnetic disk is a mylar or metallic platter on which electronic data can
be stored. Although disks resemble phonograph records, they do not have a record’s characteristic
spiralling groove. A magnetic disk consists of a series of magnetic platters that spin rapidly in
a sealed container, together with associated electronics for controlling the flow of data. A read/
write head slides just above each platter with a microscopic precision, detecting the polarity of
individual magnetic bits (to read data) or altering the polarity (for writing data). Nonetheless,
data are accessed in much the same way that an individual song is selected on a long-playing
record. The magnetic disk allows accessing any data immediately without having to start at the
beginning; it holds more data in a smaller space; and attains faster data transfer speeds. The
different types of magnetic disks include Floppy disks, Hard disks, and disk racks.

Magnetic Disk Hard Disk

Magnetic Disks
(c) Optical Disks. The optical technology involves the use of lasers beams. This technology

has created new types of secondary storage media for computers, including optical laser disks,
optical cards, and optical tape. The optical laser disks are commonly known as CD-ROM. They
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were originally developed as compact disks for video and audio applications. The optical storage
technique provides alternatives to magnetic storage media and is capable of storing massive
amounts of data on removable media. The same method of using laser beams to encode binary
data (by burning microscopic pits on audio and video disks to represent 1s and Os) is used to
encode the data stored on optical laser disks. A single optical disk can store about 600 MB of data,
and much higher densities are possible. The disks do not need protection from the environment
and can be stored like other items. Other forms of optical disk are DVD, which are faster and have
much larger storage capacities. From portability perspective, we also have Flash or Pen drives,
which can store data upto 64 GB.

NUMBER SYSTEMS

The number systems are used to describe the quantity of something or represent certain
information. The number system that we all use is the decimal system having ten symbols from 0O
to 9. Therefore, decimal is said to be Base Ten. By describing systems with bases, one can gain
an understanding of how that particular system works.

These number systems refer to the number of symbols used to represent numbers. In the decimal
system, we use ten different symbols: 0, 1,2, 3,4, 5, 6,7, 8, and 9 with these ten symbols, we can
represent any quantity. When we run out of symbols, we go to the next digit placement. In order
to represent one higher than 9, we use 10 meaning one unit
of ten and zero units of one. This may seem elementary, but
it is crucial to understand our default number system if you
want to understand other number systems. There are binary,
hexadecimal, octal and other types of number systems. The
binary is a base 2, octal is base 8 and hexadecimal is base 16
number systems.

The number systems are any sys-
tem of naming or representing
numbers, as the decimal system

or the binary system. This is also
called numeral system.

For example, when we consider a binary system which only uses two symbols, 0 and 1, when
we run out of symbols, we need to go to the next digit placement. So, we would count in binary
0,1,10, 11, 100, 101, and so on.

Characteristics of Number System

» The digits are consecutive.

* The number of digits is equal to the size of the base.

» Zero is always the first digit.

* The base number is never a digit.

* When 1 is added to the largest digit, a sum of zero and a carry of one result.

* The numeric values determined by the implicit positional values of the digits.

Binary Number System

The Digital Computers are electronic circuits which exist in only one of two states — ON or OFF,
which can be best represented by binary number system which has only two digits O and 1. The
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binary simplifies information processing. Because there must always be at least two symbols
for a processing system to be able to distinguish significance or purpose, binary is the smallest
numbering system that can be used. Some of the characteristics of Binary System are:

* Also called the “Base 2 system’’;

e The binary number system is used to model the | The Binary number system is a
series of electrical signals computers use to represent | method of representing numbers
information; that has 2 as its base and uses

* 0 represents the no voltage or an off state; only the digits 0 and 1.
* 1 represents the presence of voltage or an on state.

Following table shows Binary equivalent of Decimal number system:

Binary 0 1 10 11 100 101 110 111 1000 1001 1010
Decimal 0 1 2 3 4 5 6 7 8 9 10

In Binary number system, each successive digit represents a power of 2. For example,
10011 is represented as (1 x 24) + (0 x 2%) + (0 x 22) + (1 x 21) + (1 x 2%)
or 16+0+0+2+1equal to 19 in decimal system.

Octal Number System

The octal is another number system with fewer symbols to use than the conventional decimal
number system. The octal is Base Eight number system, which means eight symbols are used to
represent all the quantities. They are 0, 1, 2, 3, 4, 5, 6, and 7. When we count up one from the 7,
we need a new placement to represent what we call 8 since an 8 doesn’t exist in Octal, so, after 7
it is 10. Some of the characteristics of Octal System are:

* Also known as the Base 8 System;
* Uses digits 0 —7;
» Readily converts to binary;

* Groups of three (binary) digits can be used to represent

. . The Octal numeral system is
each octal digit; y

the base-8 number system, and
* Also uses multiplication and division algorithms for | yses the digits 0 to 7.

conversion to and from base 10.

Following table shows Octal equivalent of Decimal number system:

Octal o 1 2 3 4 5 6 7 10 11 12... 17 20... 30... 77 100
Decimal 0 1 2 3 4 5 6 7 8 9 10... 15 16... 24... 63 64

In octal numerals each place is a power with base 8. For example:
112, =1 x8+1x8 +2x8°
=64+ 8+ 2 =741in decimal system.
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Hexadecimal Number System

The hexadecimal system is Base Sixteen. As its base implies, this number system uses sixteen
symbols to represent numbers. Unlike binary and octal, hexadecimal has six additional symbols
that it uses beyond the conventional ones found in decimal. In Hexadecimal, the convention is
that alphabets are used after the normal ten digits. So, in hexadecimal, the total list of symbols
that are used are 0, 1, 2, 3,4, 5,6,7,8,9, A, B, C, D, E, and F. In a digital display, the numbers

B and D are lowercase. The Hexadecimal system is a base
* Base 16 system sixteen and uses numbers from 0
* Uses digits 0-9 & letters A, B, C, D, E, F to 9 and then uses the letters A-F.

* Groups of four bits represent each base 16 digit
Following table show Hexadecimal equivalent of Decimal number system:

Hexadecimal 9 A B C D E F i0 11... 19 1A 1B 1C... 9F A0
Decimal 9 10 11 12 13 14 15 16 17 25 26 27 28 159 160

CONVERSION OF NUMBER SYSTEM
From Decimal to Binary

The conversion of a decimal number to a binary number system follows a straightforward method.
It involves dividing the number to be converted, say N, by 2. Why the decimal number is to be
divided by 2 as the binary number system is a base 2. After dividing the decimal number by 2,
one has to make note of the remainder. Continue dividing the quotient (N/2) by 2, until one reach
the division of (1/2) and afterwords it needs the noting of all the remainders.

Example 1 Convert 98 from decimal to binary.
1. Divide 98 by 2, we make note of the remainder. The continuing dividing quotients by 2,
making note of the remainders.

Division Remainder, R

98/2 = 49 R=0
49/2 =24
24/2 =12
12/2=6
6/2=3
32=1
1/2=0

[ | | ||
- 4 00 O =

0 TV TV VW VD

2. Starting from the last remainder (1*) we create a sequence of remainders, which will give
1100010. Therefore, 98 in decimal is equal to 1100010 in binary.

Example 2 Convert 23 into binary.
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Division Remainder, R
23/2 =11 R=1
11/2=5 R=1
5/2=2 R=1

2/2 =1 R=0
1/2=0 R=1

Therefore, 21 in decimal is 11101 in binary.

From Binary to Decimal

The conversion from binary number system to decimal number system follows the same steps as
decimal to binary, except in reverse order. In this case, begin by multiplying zero with two and
adding 1. Then continue to multiply the numbers in the ‘results’ of the previous step by 2 again
and add the binary digit from left side of the bi