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4.0 Introduction
In this unit, you will learn about computer software and its need. A computer
cannot operate without any instructions and is based on a logical sequence
of instructions in order to perform a function. These instructions are known
as a ‘computer program’, and constitute the computer software. You will also
learn about the various types of computer software along with their uses. You
will learn about system software as well as application software. System
software constitutes all the programs, languages and documentation provided
by the manufacturer in the computer. These programs provide the user with
an access to the system so that he can communicate with the computer and
write or develop his own programs. On the other hand, users install specific
software programs based on their requirements.

A computer system consists of two major segments: The hardware and
the software. The hardware implies all the machine equipment associated with
the computing environment. The major components include the Central
Processing Unit (CPU), the memory and the Input/output (I/O) devices. The
software is the group of instructions written in sequential order. It comprises
of the system and application programs, such as compilers, text editors, word
processors, spreadsheets, database systems, etc. An application program is
developed by an application programmer in some programming language. The
application programmers and the end users (users who interact with the
application programs to solve their problems) are generally not concerned
with the details of the computer hardware, and hence do not directly interact
with it. Thus, to use the various hardware components, the application
programs and the users need an intermediate layer that provides a convenient
interface to use the system. This layer is referred to as an operating system.
In a nutshell, an operating system ensures the smooth functioning and
coordination among the various devices of hardware.
4.1 Unit Objectives

After going through this unit, you will be able to:
l Define computer software
l Explain the need of computer software
l Describe the various types of computer software
l Understand system and application software
l Understand the significance of an operating system
l Discuss the various functions of an operating system
l Discuss the evolution of operating systems
l Explain the various types of operating systems
l Analyse the operations performed by an operating system
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4.2 Computer Software and Its Need
A computer cannot operate without any instructions and is based on a

logical sequence of instructions in order to perform a function. These
instructions are known as a ‘computer program’, and constitute the computer
software. The sequences of instructions are based on algorithms that provide
the computer with instructions on how to perform a function. Thus, it is
impossible for a computer to process without software, a term attributed to
John W. Tukey in 1958.

Different kinds of software designs have been developed for particular
functions. Popular computer software include interpreter, assembler,
compiler, operating systems, networking, word processing, accounting,
presentation, graphics, computer games, etc. The computer software is
responsible for converting the instructions in a program into a machine
language facilitating their execution.

Software engineers develop computer software depending on basic
mathematical analysis and logical reasoning. Before implementation, the
software undergoes a number of tests. Thus, the programming software allows
you to develop the desired instruction sequences, whereas in the application
software the instruction sequences are predefined. Computer software can
function from only a few instructions to millions of instructions; for example,
a word processor or a Web browser. Figure 4.1 shows how software interacts
between user and computer system.

Fig. 4.1  Interaction of Software between User and a Computer System
On the functional basis, software is categorized as follows:

• System Software: It helps in the proper functioning of computer
hardware. It includes device drivers, operating systems, servers and
utilities.
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• Programming Software: It provides tools to help a programmer in
writing computer programs and software using various programming
languages. It includes compilers, debuggers, interpreters, linkers, text
editors and an Integrated Development Environment (IDE).

• Application Software: It helps the end users to complete one or more
specific tasks. The specific applications include industrial automation,
business software, computer games, telecommunications, databases,
educational software, medical software and military software.

CHECK YOUR PROGRESS
1. What is computer software?
2. What are the categories of software on functional basis?

4.3 Types of Computer Software
Today, software is a significant aspect of almost all fields including business,
education, medicine, etc. The basic requirement for software is a distinct set
of procedures. Thus, software can be used in any domain that can be
described in logical and related steps and every software is developed with
the aim of catering to a particular objective, such as data processing,
information sharing, communication, etc. Software is based on the type of
applications that are as follows:
• System Software: This type of software is involved managing and

controlling the operations of a computer system. System software is a
group of programs rather than one program and is responsible for using
computer resources efficiently and effectively. Operating system, for
example, is system software, which controls the hardware, manages
memory and multitasking functions and acts as an interface between
applications programs and the computer.

• Real-Time Software: This is based on observing, analysing and
controlling real life events as they occur. Manually, a real-time system
guarantees a response to an external event within a specified period of
time. The real-time software, for instance, is used for navigation in which
the computer must react to a steady flow of new information without
interruption. Most defence organizations all over the world use real time
software to control their military hardware.

• Business Software: This kind of software is functional in the domain of
management and finance. The basic aspect of a business system
comprises payroll, inventory, accounting and software that permits users
to access relevant data from the database. These activities are usually
performed with the help of specialized business software that facilitates
efficient framework in the business operation and in management
decisions.
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• Engineering and Scientific Software: This software has developed as a
significant tool used in the research and development of next generation
technology. Applications, such as study of celestial bodies, study of under
surface activities and programming of orbital path for space shuttle, are
heavily dependent on engineering and scientific software. This software
is designed to perform precise calculations on complex numerical data
that are obtained during real-time environment.

• Web-Based Software: This category of software performs the function
of an interface between the user and the Internet. There are various forms
in which data is available online, such as text, audio or video format,
linked with hyperlinks. For the retrieval of Web pages from the Internet
a Web browser is used, which is a Web-based software. The software
incorporates executable instructions written in special scripting
languages, such as Common Gateway Interface (CGI) or Active Server
Page (ASP). Apart from providing navigation on the Web, this software
also supports additional features that are useful while surfing the
Internet.

• Personal Computer (PC) Software: This software is primarily designed
for personal use on a daily basis. The past few years have seen a marked
increase in the personal computer software market from normal text
editor to word processor and from simple paintbrush to advance image-
editing software. This software is used mostly in almost every field,
whether it is database management system, financial accounting
package, or a multimedia based software. It has emerged as a versatile
tool for daily life applications. Software can also be classified in terms
of the relationship between software users or software purchasers and
software development.

• Commercial Off-the-Shelf (COTS): This comprises the software without
any committed user before it is put up for sale. The software users have
less or no contact with the vendor during development. It is sold through
retail stores or distributed electronically. This software includes
commonly used programs, such as word processors, spreadsheets,
games, income tax programs, as well as software development tools, such
as, software testing tools and object modelling tools.

• Customized or Bespoke: This software is designed for a specific user,
who is bound by some kind of formal contract. Software developed for
an aircraft, for example, is usually done for a particular aircraft making
company. They are not purchased ‘off-the-shelf’ like any word processing
software.

• Customized COTS: In this classification, a user can enter into a contract
with the software vendor to develop a COTS product for a special purpose,
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that is, software can be customized according to the needs of the user.
Another growing trend is the development of COTS software
components—the components that are purchased and used to develop
new applications. The COTS software component vendors are essentially
parts stores which are classified according to their application types.
These types are listed as follows:

• Stand-Alone Software: A software that resides on a single computer
and does not interact with any other software installed in a different
computer.

• Embedded Software: A software that pertains to the part of unique
application involving hardware like automobile controller.

• Real-Time Software: In this type of software the Operations are
executed within very short time limits, often microseconds, e.g.,
radar software in air traffic control system.

• Network Software: In this type of software, software and its
components interact across a network.

Fig. 4.2  Types of Customized COTS
CHECK YOUR PROGRESS

3. What is business software?
4. Discuss types of computer software.

4.4 System Software
System Software constitutes all the programs, languages and documentation
provided by the manufacturer in the computer. These programs provide the
user with an access to the system so that he can communicate with the
computer and write or develop his own programs. The software makes the
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machine user-friendly and makes an efficient use of the resources of the
hardware. Systems software are permanent programs on a system and reduce
the burden of the programmer as well as aid in maximum resource utilization.
MS DOS or Microsoft Disk Operating System was one of the most widely used
systems software for IBM compatible microcomputers. Windows and its
different versions are popular examples of systems software. Systems software
are installed permanently on a computer system used on a daily basis.
4.4.1Operating System
An Operating System (OS) is the main control program for handling all other
programs in a computer. The other programs, usually known as ‘application
programs’, use the services provided by the OS through a well-defined
Application Program Interface (API). Every computer necessarily requires some
type of operating system that instructs the computer about operations and
use other programs installed in the computer. The role of an OS in a
computer is similar to the role of the manager in an office for the overall
management of the college.

Any computer system can be broadly classified in terms of four
component dimensions:

(i) Hardware
(ii) Operating system
(iii) Application programs (like MS Word, Games, Calculator)
(iv) Users (people who work on the computer)
Figure 4.3 displays the various components of the computer system.

Fig. 4.3  Components of a Computer System
4.4.2 Components of an Operating System
An operating system has three primary components:

1.Control Programs: As the name implies, these control and maintain the
operations of a computer. There Initial Program Loader (IPL) is located
in the form of firmware and is stored in the Read Only Memory (ROM)
section of the Memory Unit. When the computer is switched on, the
electronic chip is automatically activated and the IPL reads the Boot
Sector Routine (BSR), which resides in the primary memory of the
computer.
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2.System Service Programs: These support the control programs. Each
of these is divided into three portions: Linkage Editor, Librarian and
Input/output control system.

A linkage editor is an editor program that establishes a single
module from many modules by resolving cross-references among the
modules.

3.Utility Programs: These programs run on the operating system in order
to carry out various user related commands to manage the software
linking the user and the operating system. In MS-DOS, for example, the
utility programs are Fdisk, FORMAT, ATTRIB, BACKUP, FIND and others.
Booting Process: In computing, a bootstrapping process called booting

(booting up) starts the OS when the computer system is switched on. The
first set of operations performed by the computer when switched on is called
boot sequence. The main operating system for the computer is loaded by the
bootloader.

One can boot an operating system in two conditions: (i) Where there is
a single OS installed and (ii) Where there are multiple OSs installed on the
computer.
Common Terminology
Multitasking: A type of OS that permits multiple programs to be run
simultaneously by the same computer. A user of the computer can
simultaneously play games while a MSWord document is being printed (The
user is simultaneously working with two different applications–Word and
Games). Operating systems supporting multitasking include UNIX and the
Windows range.

Multithreading: A form of multitasking that permits multiple parts of a
software program to be run simultaneously; for example, a user can perform
a spell check on a Word document and simultaneously print another Word
document. (User is working with two different components (Spell Check) and
printing of the same application (MSWord). Operating systems supporting
multitasking include UNIX and Windows.

Multiprocessing: This concerns the use of multiple processors (more
than one CPU) to simultaneously execute multiple programs. The inclusion
of multiple CPUs in a single computer system improves the performance to
a large extent. Multiprocessing involves simultaneous processing by a
computer system having multiple CPUs, whereas multitasking involves
simultaneous processing by a computer system with a single CPU. Operating
systems supporting multiprocessing include UNIX and Windows NT.

Single User: This category of OS does not permit multiple users to use
the computer and run programs at the same time. This assumes that at any
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given time only one user uses the system and runs only one program, i.e.,
it does not allow two users to concurrently work on the same program. MS
DOS is an example.

Multiuser: This class of OS permits multiple users to use the computer
and run programs at the same time, e.g., UNIX, Linux, Windows
4.4.3 Functions of an Operating System
The following are the primary functions of an OS:

(i) Resource Management: Computer resources include main memory
(RAM), storage devices (floppy disk and hard disk drives) and input and
output devices (keyboard, mouse, monitor, printer). The OS is
responsible for:

• Allocating and deallocating memory space as needed by various
application programs.

• Functioning as a secondary storage management. All application
programs, compilers and loaders are stored in the secondary storage
(hard disk).

• Dealing with input and output to and from other connected
hardware devices such as printers, hard disks, modems and
scanners.

(ii) File Management: The OS is responsible for the creation and deletion
of files/directories and the mapping of these files/directories on to the
secondary storage.

(iii) Security Management: The OS is responsible for protecting the
resources and information of a computer system from destruction and
misuse.

(iv) Operating System Services: The OS is responsible for providing a set
of services to programs and users of those programs. The main services
include:

• Program execution: It loads the program requested by the user
into the memory.

• Error detection: It generates messages to each application or user
about the status of the operations that have been performed. It
constantly detects and corrects errors generated by the system.

• Resource utilization: It ensures efficient utilization of the
computer’s resources.

4.4.4 Types of Operating Systems
Popular OS include the following:
1. UNIX
Developed in 1969 by AT&T, UNIX is an operating system. UNIX reached an
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important stage in its development in 1973 when it was rewritten in the C
programming language (also an AT&T development).

As C is a high-level programming language, which means it is written
in a form that is closer to human language than machine code. The following
are certain facts concerning UNIX:

• The advantages that developing in C gave UNIX were portability and the
need to make very little changes for the operating system to run on other
computing platforms. This portability made UNIX widely used among the
IT community, which consisted predominantly of higher education
institutions, government agencies and the IT and telecommunication
industries.

• Nowadays, the primary application of UNIX systems is for Internet or
network servers. Commercial organizations also use UNIX for
workstations and data servers. UNIX has been used as bases for other
operating systems; for example, the Mac OSX is based on a UNIX kernel.

• An operating system that conforms to industry standards of
specifications can be called a UNIX system, operating systems that are
modelled on UNIX but do not conform strictly to these standards by fault
or design are known as
UNIX-like systems. Initially, UNIX systems used Command Line Interface
(CLI) for user interaction but now many distributions come with a
Graphical User Interface (GUI).

2. Linux
Linux is an operating system that is similar to UNIX and was originally
developed by Linus Torvalds, a student at the University of Helsinki. The
following are certain facts about Linux:

• As the complete source code for Linux is open and available to everyone,
it is referred to as Open Source. The user has the freedom to copy and
change the program or distribute it.

• Technically, Linux is strictly an OS kernel (the kernel is the core of an
operating system). The first Linux kernel was released to the public in
1991. It had no networking, ran on limited PC hardware and had little
device driver support. Later versions of Linux come with a collection of
software including GUI, server programs, networking suites and other
utilities to make it a more complete OS.

• Generally, an organization will integrate software with the Linux kernel
and release what is called a Linux Distribution. Examples of popular
Linux distributions are Red Hat, Mandrake SuSE. These organizations
are commercial ventures, selling their distributions and developing
software for profit.
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Linux is primarily used as an OS for network and Internet servers. Recently,
it has gained popularity as a desktop OS for general use since the wider
inclusion of GUIs and office suite software in distributions. Linux also
provides the following:

• Multi-Tasking/Multiuser: Linux allows multiple users to run multiple
programs on the same system at the same time.

• Reliable: A highly reliable and stable OS, it can run for months, even
years, without having to be rebooted.

• TCP/IP Networking Support: Linux supports most Internet protocols.
TCP/ IP is built into the kernel itself. TCP/IP is the communication
protocol that binds the Internet.

• High Level Security: It has many built-in security features to protect
the system from unauthorized access. It stores passwords in encrypted
form which cannot be decrypted.

3. Mac OS
Mac OS is the operating system designed for the Apple range of personal
computers, the Macintosh. Certain important facts about the MAC OS are
as follows:

• It was first released in 1984 with the original Macintosh computer and
was the first OS to incorporate GUI. In fact, in contrast to the other
operating systems available at the time which used a Command Line
Interface (CLI), Mac OS was a pure GUI as it had no CLI at all. The
philosophy behind this approach to operating system design was to make
a system that was user friendly and intuitive where MS DOS and UNIX
appeared complicated and challenging to use in comparison.

• Mac OS was originally very hardware-specific, only running on Apple
computers using Motorola 68,000 processors. When Apple started
building computers
using PowerPC processors and hardware, Mac OS was updated to run
on these machines. This was the case since the original Mac OS, until
Mac OS version 9 was released in 2000. All these versions of Mac OS
were pure GUIs.

• The release of OSX (or Mac OS 10) was a significant change in the
development of Apple operating systems. OSX was built on UNIX
technology and introduced better memory management and multitasking
capabilities in the OS. It also introduced a CLI for the first time. Previous
Mac OS versions had problems with multiple applications causing them
to crash while running simultaneously.

• OSX was originally developed to only run on PowerPC hardware, but
since 2006 it has been able to run on Intel or x86 processors and had
the following features:

Evolution of Software



(115)

• It was the first GUI with focus on usability and simplicity in an
operating system.

• The intuitive interface and development of publishing and creative
software since the first release of Mac OS has made Macintosh
computers a favourite in the design and publishing industries.

4. MS DOS
Microsoft Disk Operating System (MS DOS) is a single-user task operating
system built by Microsoft. Certain important facts about MS DOS are as
follows:

• It was the most commonly used operating system for PCs in the 1980s
and Microsoft’s first commercialized operating system offering.

• It was the same operating system that Microsoft developed for IBM’s
personal computer as a Personal Computer Disk Operating System (PC
DOS) and was based on the Intel 8086 family of microprocessors.

• MS DOS uses CLI that requires knowledge of a large number of
commands. With GUI based operating systems becoming popular, MS
DOS lost its appeal quickly though it was the underlying basic operating
system on which early versions of GUI-based Windows operating system
ran.

• Even now Windows Operating Systems continue to use and support MS
DOS within a Windows environment. MS DOS was initially released in
1981 and till now eight versions of it have been released. Today, Microsoft
is mostly emphasizing on GUI-based Windows Operating Systems.

5. IBM OS/2
Operating System 2 or OS/2 was a joint effort by IBM and Microsoft for
developing a successor to MS DOS and early versions of Microsoft Windows.
After the huge success of Windows 3.1, Microsoft decided to part ways with
IBM, which decided to develop the OS/2 operating system itself. Certain
important facts about IBM OS/2 are as follows:

• Introduced in 1987, this operating system for personal computers was
intended to provide an alternative to Microsoft Windows for both
enterprise and personal users. Though OS/2 looks like Windows 3.1,
it has features that are similar to UNIX, particularly the multi-tasking
feature and the ability to support multiple users.

• IBM released OS/2 version 3.0 in 1994 and named it OS/2 WARP in
order to highlight its new features as well as to strengthen the brand
value which was lost due to IBM and Microsoft’s rivalry.

• OS/2 was the preferred operating system of various banks for their
Automated Teller Machines (ATM) and railways for their Automated
Ticket Vending Machines (ATVM).
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6. Windows 3.X
The first version of Windows 3.0 was released by Microsoft in 1990.
Certain important facts about Windows 3.X are as follows:

• It was a graphical interface-based package and not a complete operating
system, because it required DOS to be installed first on the computer
and only after that could it be loaded and used.

• With the launch of Windows 3.11, huge improvements in terms of
usability and performance were seen because the user did not have to
remember complex DOS commands, work on a single application at a
time or suffer from the limited use of input devices such as a mouse or
trackball.

• Some of the prominent features of Windows 3.0 and 3.11 are a
supported GUI where programs could be executed just by double
clicking on them and most of the system settings could be modified from
one point called the Control Panel; it could perform most of the DOS
housekeeping commands, such as creating, renaming and deleting
directories, copying, moving, renaming, deleting files, formatting disks,
etc.; multiple programs in different windows; interchange of data within
different applications using a utility called clipboard; support for more
options such as fax, drawings, graphical Internet browsing. Mixed text
and graphical documents, etc.

• Most of the DOS applications could be executed from within the Windows
environment and graphical interface was extended to those applications
which were designed according to Windows.

7. Windows 95
Windows 95 was a graphical user interface released by Microsoft Corporation
in 1995. It had significant improvements over the earlier version of an
operating system distributed by Microsoft under the name of Windows 3.11.
Certain features of Windows 95 are as follows:

• In addition to the complete change in the user interface, there were a
number of important internal modifications made to the core of the
operating system. Windows 95, also known as Windows version 4.0
during its development phase, was one of the most successful operating
systems of that time.

• Windows 95 operated independently of MS-DOS rather than in
conjunction with it and reduced the use of MS-DOS to only a boot loader
for Windows 95. Internet Explorer 4.0 was included in the OEM service
release 1 along with TCP/IP support for connecting to the Internet. The
final service pack for Windows 95 also included Internet Explorer 5.5.

• Facilitates easy installation of hardware peripherals and software
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applications through plug ‘n’ play capabilities under which most devices
did not require drivers for using them or can be plugged in without
rebooting the system.

• Hybrid compatibility: In terms of support to previous versions of
applications and drivers based upon the 16-bit Windows 3.11 file system.
Windows 95 was able to support 16-bit programs and 100 per cent native
support to DOS programs while managing 32-bit applications
simultaneously.

8. Windows 98
Microsoft released the next version of Windows in 1998. Like its predecessor,
Windows 98 supported a hybrid 16/32 bit file access system and better
graphical user interface. Certain important facts about Windows 98 are as
follows:

• It is often referred to as an operating system that ‘Works Better, Plays
Better’. Code named ‘Memphis’ during its development stage, Windows
98 integrated Internet Explorer into the user’s desktop to allow its users
get a global view of technologies over the World Wide Web and enable
easy access to it.

• Multiple displays supported using several Visual Display Units (VDUs)
simultaneously to increase the capacity of the desktop and support
running of different programs on separate monitors. Help on an
extensive and easy to use self-help system was provided in its interface.

• In Windows 98, new interfaces such as Universal Serial Bus, Digital
Versatile Disk and Advanced Configuration and Power Interface were also
supported.

9. Windows 98 SE
The Windows 98 SE (second edition) is an improved and enhanced version
of Windows 98. Certain important facts about Windows 98 SE are as follows:

• It includes new versions of Microsoft applications as compared to
Windows 98, to improve user experience and stability of the operating
system.

• Some of the new or improved elements of this operating system are:
inclusion of Internet connection sharing, Windows Driver Model (WDM)
for Modems, Wake on LAN, Internet Explorer 5.0, integrated support for
DVD-ROM drivers, bug free Windows, Microsoft Plus!, support for Web
TV and updates for other Microsoft programs, such as NetMeeting, MSN,
Microsoft Wallet, Windows media player, etc.

10. Windows Millennium Edition
Windows ME was released on 14 September, 2000, targeted especially at
home PC users. Certain important features of Windows ME are as follows:
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• This OS was in continuation to Windows 98 with restricted access to real
mode MS DOS shell to improve functionality. Among other changes,
Windows ME incorporated was an improved look and feel to the user
interface and a system restore option of going back to a previous state
of the machine.

• The key features of this operating system were that it had upgraded
version of Microsoft products such as Internet Explorer 5.5, Windows
Media Player 7, System restore options, applications to easily connect
with digital cameras and scanners, Windows Movie, Improved Generic
support for USB interface and shell extension of ZIP files into the
Windows Explorer.

11. Windows NT
Microsoft released this version of Windows in 1993. Certain important
factors about Windows NT are as follows:

• It increased ease of use and simplified management.
• It used the Windows 95 interface and included advanced network

support, trouble-free and better access to the Internet and corporate
intranets. With the intent of designing it as an operating system capable
of supporting high-level language and at the same time processor
independent and support a multiuser and multiprocessing environment,
Windows NT had high acceptance in both the home user and professional
user markets.

• It became the first Windows OS that combined support for high-end
client/ server business applications.

• It included new features for performance, security, power of operating
system, desktop scalability and dependability.

• It included support for multiprocessor (more than one CPU) architecture.
• Windows NT was geared towards business users and had a rich

Application Programming Interface (API), which made it easier to run
high-end engineering and scientific applications.

• It also supported full 32-bit system of prosors and memory addressing
(technique of transferring data from Memory) unlike the previous
versions of Windows which were 16/32 bit hybrids.

• Various versions of Windows NT were released over the years, starting
from Windows NT 3.1 in 1993 to Windows NT 4.0 in 1996, after which
product development was stopped by Microsoft.

12. Windows 2000
Microsoft released this version of Windows in 2000. It was an upgrade from
Windows NT 4.0 and was designed with the aim of replacing Windows 95,
Windows 98 and Windows NT on all business desktops and laptops. Certain
factors about Windows 2000 are as follows:
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• This version was easy to use, Internet compatible and supported mobile
computing. It made hardware installation much easier by including
support for a range of new Plug and Play devices, including advanced
networking and wireless products, infrared and USB devices.

• The main features of Microsoft Windows 2000 were: Dump capabilities,
wherein the operating system gave its users the option of dumping
either a part of the memory or the entire contents into a file on the hard
drive which helped in saving critical information in case of a system
failure; Microsoft Management Control to control the access to
administrative tools and system settings, and Recovery Console, to
support the distributed file system.

13. Windows 2003
Windows 2003 was released by Microsoft on 24 April, 2003. Certain
important factors about Windows 2003 are as follows:

• This OS was designed and developed over various functional parts of
Windows 2000 and Windows XP.

• It boasted better stability, compatibility and security than Windows 2000
and XP. It improved performance of the system by taking advantage of
the recent hardware developments, redesigning the system interface and
developing better services.

• Major updates of Microsoft in-house applications and services such as
Networking, Web Server, Compatibility with Windows NT, etc., were
released with this OS.

• It provides support for 64-bit processors, Internet Information Services
V6.0, a separate Web Edition of Windows 2003 specially designed as a
Web server, tighter security measures over previous versions of Windows
using built-in firewall; support of a hardware based monitoring system
called ‘watchdog timer’ which could monitor the server for hang-ups and
freezes; virtual disk services for offsite storage and support for multiple
roles such as that of a Web server, print server and storage server.

14. Windows XP
Windows XP was first released on 25 October, 2001 and since then over 600
million copies have sold worldwide. It is a successor to both Windows 2000
and Windows ME and the first OS aimed at home users built on the Windows
NT kernel and architecture. Certain important facts about Windows XP are
as follows:

• Owing to the integration of multiple technologies from various operating
systems, it gained wide popularity among home and business desktop,
notebooks and media centre users. As acknowledged by most Windows
XP users as well as Microsoft Corporation, this version of Windows is the
most stable and efficient OS released by Microsoft yet.
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• Enhanced support to drivers for hardware devices connected to the
computer using an improved version of Windows Image Acquisition (WIA).
An option to revert back to driver changes has also been added in the
control panel.

• CD-burning capabilities are integrated into the Windows XP OS. This
technology is adopted from Roxio and does not require a third party
software to be installed in order to burn CDs and DVDs.

• Simultaneous user login into the operating system enables multiuser
switching between tasks and does not require one user to close all
applications before letting another user log in.

• Remote assistance helps a Windows XP user take control of another
Windows XP machine by using a network or the internet. This is very
helpful in remotely fixing problems without being physically present
around the machine.

• Improvement in Fonts using Clear Type technology made it easier and
more attractive to work in Windows XP.

• Power Management functions are drastically improved and default
standard changed to ACPI (Advance Configuration and Power Interface)
from APM (Advanced Power Management). With ACPI, according to
battery status processor speeds could be reduced or increased instantly,
USB devices could be individually isolated and suspended to save power
or screen brightness could be adjusted to increase battery life.

• This was the first OS from Microsoft which required product activation
to fight piracy.

15. Windows Vista
The most recent in the line of Microsoft Windows personal computer operating
system, Windows Vista, codenamed Longhorn, was developed to succeed
Windows XP. Microsoft started the development of Windows Vista five months
after releasing Windows XP and the work continued till November, 2006, when
Microsoft announced its completion, ending the longest development cycle
of an operating system. Since the original idea of building Longhorn from
the code of Windows XP was scrapped, it was built on Windows 2003 SP1,
with several developments including all new graphical interface named
Windows Aero, refined and faster search capabilities, an array of new tools
such as Windows DVD Maker, integrated Windows Media Centre in the Vista
Home Premium and Vista Ultimate Editions, print, audio, display subsystems
and redesigned networking.
The key features of Windows Vista (all versions) are stated below:

• Increased level of communication by the use of peer-to-peer technology
between computers on a home network for simplifying the process of
sharing files and digital media between the computers and the attached
devices.
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• It includes the 3.0 version of the .NET Framework with the aim of making
application writing significantly easier for software developers than with
Windows API.

• Windows Aero, the new graphical interface of Windows Vista OS, is an
aesthetically driven GUI with transparencies, live thumbnails and icons.
The overall look and feel of the GUI is pleasing to the eye and convenient
to work with.

• Instant Search is a new feature of Windows Vista which is significantly
faster and returns better in-depth results for files and folders on desktop.

• Windows Sidebar is a panel where selected Windows gadgets are located.
These gadgets update the user on various topics such as stock indexes,
sports score, currency exchange rate, etc., and can be customized
according to user requirements.

• Windows Internet Explorer 7 incorporates tabbed browsing, Anti-
Phishing filtering and works in isolation from other applications using
a protected mode.

• The Backup and Restore application provides the user with the ability
to backup and restore application at schedule periodic intervals of files
and folders present on their computers. Backups are stored on the basis
of changes made to the data and incremented automatically to the
existing backup. The option to completely backup all data on the PC is
also available in selected editions of Windows Vista, wherein an image
can be created on hard drives or DVDs. In case of a hardware or software
failure, complete PC Restore can be easily performed and data loss can
be prevented.

• Windows DVD Maker brings native support to Windows Movie Maker for
creating custom DVDs based on user’s content. Operations like
designing title, menu, soundtrack, video, zoom and pan motion effects
on slides or pictures can be easily performed.

• Windows Media Centre, which used to be a separate edition of Windows
XP known as Windows XP Media Centre. Edition now comes integrated
with Windows Vista in the Home Premium and Ultimate edition.

• Windows Mobility Centre is a panel for controlling that integrates the
most appropriate information pertaining to mobile computing (sound,
brightness, power scheme selection/ battery level, wireless network,
presentation settings, screen orientation, etc.).

16. Windows CE
The Windows Embedded Compact (CE) is an operating system optimized for
devices with minimum hardware resources, such as embedded devices and
handhelds. It integrates advance and reliable real-time capabilities with
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Windows technology. The kernel of this OS is not just a trimmed down version
of desktop Windows, but in fact, it is a brand new kernel which can run on
less than a megabyte of memory. Besides, the advantage of performing on a
minimum specification, it is also an OS which satisfies the prerequisites of
a real-time operating system. Another distinct feature of Windows CE is that
it was made available in a source code form to several hardware manufacturers
so that they could modify the OS to adjust with their hardware and also to
the general public. Since Windows CE was developed as a component based
and embedded operating system, it has been used as a basis in the
development of several mobile operating systems such as AutoPC, PocketPC,
Windows Mobile, Smartphone, etc., and also embedded into games consoles
such as Microsoft Xbox.
Some of the key features of Windows CE are given below:

• Connectivity with a wide array of options such as wireless
communication, infrared, dial-up networking or Ethernet network
connections. With advance security encryption and continuous
synchronization with personal computers and other handheld devices.

• Availability of business applications such as Excel, Word, Outlook, Power
point, etc., on the move is a great advantage towards improving
productivity and easier access to information.

• The option to connect to different types of printers and support for
multiple modes of connection such as, serial port or infrared.

• New support for programming languages with ActiveX, DirectX,
Hypertext Markup Language (HTML), Java Virtual Machines(JVM),
Visual Basic Script (VBS), etc.

• Easy to use GUI with a cascading Start menu, colour and greyscale
screens, customization of command bars, support for international
character set, ability to display VGA graphics using an external display,
true type fonts, etc.

• Starting from Windows CE 5.0 onwards, the support for Voice Over
Internet Protocol (VOIP) was also added.

• Besides smooth browsing using the integrated Internet Explorer, other
features such as Remote Desktop, Web Services on Devices (WSDAPI),
Windows media player updates, etc., are also available in Windows CE.

17. Windows 8
Windows8 is a personal computer operating system developed by Microsoft as
part of the Windows NT family of operating systems. Development of
Windows 8 started before the release of its predecessor, Windows 7, in 2009.
It was announced at CES 2011, and followed by the release of three pre-
release versions from September 2011 to May 2012. The operating system
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was released to manufacturing on 1 August 2012, and was released
for general availability on 26 October 2012.[7]

Windows 8 introduced major changes to the operating system’s platform
and user interface to improve its user experience on tablets, where Windows
was now competing with mobile operating systems, including Android and
iOS.[8] In particular, these changes included a touch-optimized Windows
shell based on Microsoft’s ”Metro” design language, the Start screen (which
displays programs and dynamically updated content on a grid of tiles), a new
platform for developing apps with an emphasis on touchscreen input,
integration with online services (including the ability to sync apps and
settings between devices), andWindows Store, an online store for downloading
and purchasing new software. Windows 8 added support for USB 3.0,Advanced
Format hard drives, near field communications, and cloud computing.
Additional security features were introduced, such as built-in antivirus
software.
18. Windows 10
Windows 10 is a personal computer operating system released
by Microsoft as part of the Windows NT family of operating systems. It was
officially unveiled in September 2014 following a brief demo at Build 2014.
The first version of the operating system entered a public beta testing process
in October 2014, leading up to its consumer release on July 29, 2015,[4] and
its release to volume licensing on August 1, 2015. To encourage the adoption
of Windows 10, Microsoft announced that during its first year of availability,
the operating system would be made available free of charge to users
of genuine copies of eligible editions of Windows 7 or Windows 8.1.
Windows 10 introduces what Microsoft described as a “universal” application
architecture; expanding on Metro-style apps, these apps can be designed to
run across multiple Microsoft product families with nearly identical code—
including PCs,tablets, smartphones, embedded systems, Xbox One, Surface
Hub and HoloLens. The Windows user interface was revised to handle
transitions between a mouse-oriented interface and a touchscreen-optimized
interface based on available input devices—particularly on 2-in-1 PCs; both
interfaces include an updated Start menu that blends elements of Windows
7’s traditional Start menu with the tiles of Windows 8. The first release of
Windows 10 also introduces a virtual desktop system, a window and desktop
management feature called Task View, the Microsoft Edge web browser,
support for fingerprint and face recognition login, new security features for
enterprise environments, and DirectX 12 and WDDM 2.0 to improve the
operating system’s graphics capabilities for games.
4.4.5 Loaders and Linkers
A lot of system files have lengthy programs, separated into a number of
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smaller programs. These smaller programs are called modules. These
programs (also called subroutines) are easy to develop, test, debug and
maintain. Certain important features of linkers are as follows:

• A linker is a program that links small programs. These small programs
are stored in a library file.

• The main function of a linker is to link subroutines with the main
program. First, they link the machine code of the program so that a
user’s program could be compiled.

• The subprograms within the programs instruct the memory addresses
where they stay at stack during program execution. The loader is also a
program containing instructions that load machine codes of a program into
the memory. The main function of the loader is to simply load the program
into the memory.

Fig. 4.4  Linkers and Loaders
Figure 4.5 shows that the source code can be changed to machine language
processed by a compiler.
The procedure is as follows:

• The compiler produces object code. The object code is the same as the
machine language. In the end, the linker makes it executable programs.
Linkers and loaders perform many different tasks, such as program
loading, relocation and symbol resolution. The program loading copies
a program image from the hard disk to the main memory.

• The program loading is used to allocate storage space or mapping virtual
addresses to the disk pages. The relocation process assigns load
addresses to different programs by merging all the sections into one
section of the same types. The compilers and assemblers generate the
object code for each module starting with address zero.
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• The coding part and data section are arranged to point to the current
runtime addresses. Linkers use symbol resolution. Symbol resolution
is a program of multiple subprograms.

• Linkers resolve the reference either by noting the symbol’s location or
by patching the object code of caller. Basically, the loader loads the
program and linker goes through symbol resolution where either of
them can do the relocation process. Linking process is done at compile
time, at load time and also at run time.

• The application programs are run at run time. Linkers also use dynamic
link library (DLL) files, if needed. The prime function of linker and loader
is to bind the abstract names.

4.4.6 Compilers and Interpreters
Programmers use several high level languages (source code) to write computer
programs. A compiler is a piece of software (program or a set of programs)
that translates a program written in a high-level language into a machine
language that can be executed by a computer. During this translation
process, the compiler also reports any errors that it detects.

If the target program happens to be an executable machine-language
program, it can be directly called by the user to process inputs and produce
outputs.

Interpreter is another language processor commonly used. An interpreter,
instead of generating a target program as a translation, directly executes the
operations specified in the source program on the inputs supplied by the
programmer.

A compiler is usually faster than an interpreter. However, compared to
a compiler, an interpreter provides greater ability to detect errors, since the
interpreter can execute the source program, statement by statement.

Evolution of Software



(126)

Evolution of Software
In broader terms, a compiler takes input in some programming language

and converts it into a form that can be executed by a processor. There are
four main phases of a compiler processing, listed as follows:

1. Lexical analysis
2. Syntax analysis
3. Code generation
4. Linking
Lexical analysis takes the input and converts it into a stream of ‘tokens’

that represent things like reserved words, numbers or symbols from the
language in which the original program was written.

Syntax analysis takes these tokens and does two things: 1. Verifies if
the stream of tokens conforms to the rules of the programming language,
and 2. Builds a tree structure that represents what the program is supposed
to do.

Machine code generated in this way is either an executable program or
virtual code for virtual machines such as Java Virtual Machine (JVM).

Linking takes the generated code and combines it with other compiled
modules and/or run time libraries to produce a final executable file or ‘image’.
Note: An important thing to note here is that some compilers may also help
in code optimization.
So, in brief, a compiler:

• Uses a lot of time to analyse and process the system
• Provides an output in binary format
• Allows the computer hardware to interpret the resulting code
• Provides faster program execution
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And an interpreter:

• Spends relatively less time to analyse and process the system
• Produces an intermediate code that can be interpreted by another progrs

slower program execution
In computer terminology, an interpreter can be defined as a program that
directly translates and executes the source code. The translation may be into
some efficient intermediate code before it is immediately executed.
Example 1.1: A Java language processor combines compilation and
interpretation. This unique structure is shown in the following figure. Here,
the Java source program is first compiled into an intermediate form called
bytecode. It is then interpreted by Java Virtual Machine (JVM).

The process of interpreting the code is slower than running the compiled
code because the interpreter must analyse each statement in the program
each time before it is executed, whereas running the compiled code performs
the action within a fixed context determined by the compiler. This run-time
analysis in the interpreter is known as ‘interpretive overhead’. Access to
variables is also slower in an interpreter because the mapping of identifiers
to storage locations must be done repeatedly at run time rather than at
compile time. There are two different kinds of interpreters that support
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execution of programs. They are machine interpreters and language
interpreters.

(i) Machine interpreters: Machine interpreters are useful in
simulating the execution process of a program compiled for a
particular machine architecture. Java uses a bytecode interpreter
to simulate the programs compiled for the JVM. There are
programs available that simulate the execution of an MIPS program
or a non-MIPS computer. An example of such a program is SPIM.

(ii)Language interpreters: Language interpreters are used for
simulating the effects of a program execution without compiling
it to any particular instruction set (real or virtual). There are also
instances when some IR form (perhaps an AST) is used to drive
execution. You will find a number of capabilities in the interpreters
which will not be found in compilers. These capabilities include:
a. Modifying programs as they are executed. This feature provides

a straightforward capability for an interactive form of debugging.
Depending on the structure of the program, you may need to
reparse or repeat the semantic analysis.

b. Supporting those languages where the variable type denotes
dynamic changes. The changes are again examined
continuously during the execution of the programs. Therefore,
it is not necessary for the symbols to have a fixed type.

c. Providing better diagnostics. The source text analysis gets
intermixed with the program execution. This provides good
diagnostics along with interactive debugging.

d. Supporting machine independence. Most of the operations are
performed within the interpreter. You can recompile the
interpreter to move to a new machine. It is not only the
compilers but various other programs that are required to create
an executable target program. The diagram below explains the
details of such programs.
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You can divide a source program into modules that can be stored in
separate files. A preprocessor can be entrusted the task of collecting the
source program. The preprocessor can expand (the shorthand versions called)
macros into source language statements. This modified source program can
then be applied to a compiler for further processing.

The output of a compiler can be an assembly-language program, since
it is easier to generate and debug an assembly language program. After the
output is received, the assembly language is processed by the assembler
(program) which produces an output in the form of a machine code that can
be relocated.

Whenever a compiler is dealing with large programs, it usually compiles
it in pieces. Therefore, you will always have to link the relocatable machine
code with the other relocatable object and library files before the code is
actually run on the machine.

Use a linker to resolve issues with external memory addresses, such as
when the code in one file refers to a location in another file.
4.4.7 Assemblers
An assembler is a type of computer program that interprets software programs
written in assembly language into machine language, code and instructions
that can be executed by a computer. An assembler enables software and
application developers to access, operate and manage a computer’s hardware
architecture and components. An assembler is sometimes referred to as the
compiler of assembly language. It also provides the services of an interpreter.
An assembler primarily serves as the bridge between symbolically coded
instructions written in assembly language and the computer processor,
memory and other computational components. An assembler works by
assembling and converting the source code of assembly language into object
code or an object file that constitutes a stream of zeros and ones of machine
code, which are directly executable by the processor. Assemblers are classified
based on the number of times it takes them to read the source code before
translating it; there are both single-pass and multi-pass assemblers.
Moreover, some high-end assemblers provide enhanced functionality by
enabling the use of control statements, data abstraction services and
providing support for object-oriented programming structures.
4.4.8 Editors
An ‘editor’ is a tool used for creating and/or modifying text files. It allows
the user to enter text, and to manipulate it in a variety of fashions. Text can
be changed or moved around. Many have built-in spelling checkers and
similar features. There are literally dozens of editors available, and no single
one is the best.
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There are three major types of editors. The simplest is called the ‘line
editor’. When using such an editor, the user cannot see what he/she is doing,
mostly because the user can only edit one line at a time (hence the name).
Such editors are severely limited in power, and therefore are quite unpopular.
Nonetheless, there are two such editors available on most UNIX systems,
called ‘ed’ and ‘ex’.

The most common and most popular type of editor is called the screen-
oriented editor, or display-oriented editor. These are also sometimes referred
to as ‘visual editors’. When using a visual editor, the user can see one screen
of text at a time.

Some visual editors are combined with text formatters. These represent
the third type of editors. When the image on the screen is exactly the same
as it will look on paper, the editor is called ‘What You See Is What You Get’,
or WYSIWYG.

A text editor is a computer program that lets a user enter, change, store,
and usually print text (characters and numbers, each encoded by the
computer and its input and output devices, arranged to have meaning to users
or to other programs). Typically, a text editor provides an ‘empty’ display
screen (or ‘scrollable page’) with a fixed-line length and visible line numbers.
There are several kinds of text editors.
Examples of text editors

• Notepad, WordPad: Text editors included by Microsoft Windows.
• TextEdit: It is an Apple computer text editor.
• Emacs: It is text editor that can be used in all platforms. It is a very

powerful text editor once all of its commands and options are
understood.

• Vi and Vim: These are primarily used with Linux and are also available
with multiple platforms.

• Word: It is word processor for Windows and Apple computers.
• Writer: It is text editor and word processor.
• Edit: It is an MS-DOS text editor.
• NEdit: It is an X Windows text editor.
• Pico: It is a UNIX and Linux or variant text editor.
• Notepad++: It is a free and powerful alternative to Windows Notepad.
• TextPad: It is the most popular shareware text editor.

CHECK YOUR PROGRESS
5.What is system software?
6.Name the five types of Operating Systems.
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4.5 Application Software
Users install specific software programs based on their requirements; for
instance, accounting software (like Tally) used in business organizations and
designing software used by architects. All programs, languages and utility
programs constitute software. With the help of these programs, users can
design their own software based on individual preferences. Software programs
aid in achieving efficient application of computer hardware and other
resources. Various types of application software are discussed in Unit 4.
1.  Licensed  Software
Although there is a large availability of open source or free software online,
not all software available in the market is free for use. Some software falls
under the category of Commercial Off-The-Shelf (COTS). COTS is a term
used for software and hardware technology which is available to the general
public for sale, license or lease. In other words, to use COTS software, you
must pay its developer in one way or another.

Most of the application software available in the market need a software
license for use.

Software is licensed in different categories. Some of these licenses are
based on the number of unique users of the software while other licenses
are based on the number of computers on which the software can be
installed. A specific distinction between licenses would be an Organizational
Software License, which grants an organization the right to distribute the
software or application to a certain number of users or computers within the
organization, and a Personal Software License which allows the purchaser
of the application to use the software on his or her computer only.
2. Free Domain Software
To understand this, let us distinguish between the commonly used terms
Freeware and Free Domain software. The term ‘freeware’ has no clear accepted
definition, but is commonly used for packages that permit redistribution but
not modification. This means that their source code is not available. Free
domain software is software that comes with permission for anyone to use,
copy, and distribute, either verbatim or with modifications, either gratis or
for a fee. In particular, this means that the source code must be available.
Free domain software can be freely used, modified, and redistributed but with
one restriction: the redistributed software must be distributed with the
original terms of free use, modification and distribution. This is known as
‘copyleft’. Free software is a matter of freedom, not price. Free software may
be packaged and distributed for a fee. The ‘Free’ here refers to the ability of
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reusing it — modified or unmodified, as a part of another software package.
The concept of free software is the brainchild of Richard Stallman, head of
the GNU project. The best known example of free software is Linux, an
operating system that is proposed as an alternative to Windows or other
proprietary operating systems.

Free software should therefore not be confused with freeware, which is
a term used for describing software that can be freely downloaded and used
but which may contain restrictions for modification and reuse.

A few types of application programs that are widely accepted these days,
are:

1. Word Processing
A word processor is an application program used for the production of any
type of printable text document including composition, editing, formatting
and printing. It takes the advantage of a Graphical User Interface (GUI) to
present data in a required format. It can produce any arbitrary combination
of images, graphics and text. Microsoft Word is the most widely used word
processing system.

Microsoft Word can be used for the simplest to the most complex word
processing applications. Using Word, you can write letters and reports, prepare
bills and invoices, prepare office stationery such as letterheads, envelopes
and forms, design brochures, pamphlets, newsletters and magazines, etc.
2. Spreadsheet
Excel is ideal for a task that needs a number of lists, tables, financial
calculations, analysis and graphs. Excel is good for organizing different kinds
of data, however it is numerical data that is best suited. Thus, Excel can be
used when you not only need a tool for storing and managing data, but also
analysing and querying it. In addition to providing simple database
capabilities, Excel also allows you to create documents for the World Wide
Web (WWW).

The menus, toolbars and icons of MS Excel are very similar (though not
the same) to MS Word. This is in keeping with Microsoft’s much hyped
philosophy and strategy of offering users a totally integrated office suite pack.
From the user’s point of view, this means less time spent in learning the
second package once you know the first, and almost effortless and seamless
exchange of data between various components.
3. Presentation Graphics
PowerPoint is a presentation tool that helps create eye-catching and effective
presentations in a matter of minutes. A presentation comprises of individual

Evolution of Software



(133)

slides arranged in a sequential manner. Normally, each slide covers a brief
topic. Having once prepared a presentation, you can ask PowerPoint to
generate hand-out material and speaker’s notes. Similarly, you have the
option of either printing the slides—in case you want to use an overhead
projector—or simply attach your computer to an LCD display panel that
enlarges the picture several times and shows the output on a screen.

You have three options for creating a new presentation:
(i) Begin by working with a wizard (called the AutoContent Wizard)

that helps you determine the theme, contents and organization of
your presentation by using a predefined outline, or

(ii) Start by picking out a PowerPoint Design Template which
determines the presentation’s colour scheme, fonts and other design
features, or

(iii) Begin with a completely blank presentation with the colour scheme,
fonts and other design features set to default values.

If you decide to choose the third option, PowerPoint designers have
provided a wide assortment of predefined slide formats and Clip Art graphics
libraries. Through these predefined slide formats, you can quickly create slides
based on standard layouts and attributes.

PowerPoint shares a common look and feel with other MS Office
components, and having once mastered Word and Excel, learning PowerPoint
is almost like playing a game. And it is also easy to pick up data from Word
and Excel directly into a PowerPoint presentation and vice versa.
Database Management Software
Nowadays, all large businesses require database management. When
managing a large customer base, it is important to examine vital information
like the busying pattern, cheap suppliers and the number of orders being
received. In order to efficiently manage all these functions, MS Access is
required.

As a first step, plan and create your database structure, identifying the
required fields based on the type of data (numbers, alphanumeric, data, etc.),
and the maximum width of each field. After determining the structure, you
can create a table either in the design mode (which is customized) or you
can use the table wizard and any of the predefined tables, with the required
modifications.

Creating the tables through the table wizard is much faster and easier
than through the design mode. However, if you use wizards you are
somewhat restricted with the predefined settings already available.

Once you have created the table you can then use the form’s wizard to
create user friendly and aesthetically pleasing layouts for data entry. Creating
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forms for data entry also ensures that the user inputs only the right kind of
information and both data entry errors as well as typing work is minimized.

Once the forms have been created and relevant data has been entered,
using these you can then use the report wizard to generate any kind of report.
Using reports, you can not only organize and present your data in a more
meaningful manner, but you can also use various standard functions like
subtotals, totals, sorting to summarize your data.

Now to really fine-tune this Access application, you can create data
access pages to enable people spread over a large geographical area to share
and compile information using the Internet.
4.5.1 Utility Software
Utility software is system software designed to help analyse, configure,
optimize or maintain a computer. Utility software usually focuses on how the
computer infrastructure (including the computer hardware, operating system,
software and data storage) operates. Utility software, along with operating
system software, is a type of system software, distinguishing it from
application software.

Utility software helps to manage, maintain and control computer
resources. Operating systems typically contain the necessary tools for this,
but separate utility programs can provide improved functionality. Utility
software is often somewhat technical and targeted at users with a solid
knowledge of computers. If you use a computer mostly for e-mail, some
Internet browsing and typing up a report, you may not have much need for
these utilities. However, if you are an avid computer user, these utilities can
help make sure your computer stays in tip-top shape. Examples of utility
programs are antivirus software, backup software and disk tools. Antivirus
software, as the name suggests, helps to protect a computer system from
viruses and other harmful programs. A computer virus is a computer program
that can cause damage to a computer’s software, hardware or data. It is
referred to as a virus because it has the capability to replicate itself and hide
inside other computer files.

One of the most common ways to get a virus is to download a file from
the Internet. Antivirus software scans your online activity to make sure you
are not downloading infected files. New viruses are coming out all the time,
so antivirus software needs to be updated very frequently.Backup software
helps in the creation of a backup of the files on your computer. Most
computer systems use a hard disk drive for storage. While these are generally
very robust, they can fail or crash, resulting in costly data loss. Backup
software helps you copy the most important files to another storage device,
such as an external hard disk. You can also make an exact copy of your hard
disk.Increasingly, backup software uses cloud storage to create backups. This
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typically means you pay a fee to use the storage space of a third party and
use their backup software to manage which files are going to be backed up.

Disk tools include a range of different tools to manage hard disk drives
and other storage devices. This includes utilities to scan the hard disks for
any potential problems, disk cleaners to remove any unnecessary files, and
disk defragmenters to re-organize file fragments on a hard disk drive to
increase performance. Disk tools are important because a failure of a hard
disk drive can have disastrous consequences. Keeping disks running efficiently
is an important part of overall computer maintenance.
4.5.2 Perverse Software
Perverse software is a program which causes hindrances in other programs
execution in such a way resulting in modification or complete destruction of
data without the user’s intention or even sabotaging the operational system.
Perverse Software is also known as malicious software or malware. It is a type
of software that is designed to secretly access a computer system, without
the owner’s consent, and damage the system. The impact can be as damaging
as shutting down a business, pulling down computer network or significantly
impacting regular use of individual computer systems etc.

The damage done can vary from something as little as changing the
author’s name in a document to full control of one’s machine without the
ability to easily find out. Most malware requires the user to initiate its
operation. For example, sending infectious attachments (it acts when users
downloads them and runs the attachment) in e-mails, browsing a malicious
Website that installs software after the user clicks ok on a pop-up, and from
vulnerabilities in the operating system. Early infectious programs, such as
the Internet Worm and MS DOS viruses, were written as experiments and
were largely harmless or at most annoying. With the spread of broadband,
the Internet access, malicious software has been designed for a profit, for
forced advertising. Here the malware keeps track of user’s Web browsing, and
pushes related advertisements. Perverse software is classified as follows:

• Time bomb: It is a simplest kind of piece of code/perverse software that
is activated on a particular day ,at particular time or under given
conditions to initiate a fraud ,a disruption or some other sort of perverse
activity, e.g. causing modifications or destructions of stored information.
This software is activated by computer clock.

• Logic bomb: Software similar to time bomb but activated by a
combination of events rather than by the computer clock on a particular
day or at, a particular time.

• Trojan horse: Trojans are the programs that seem to do some harmless
activity and actually do some malicious activity causing damage
immediately like the wooden horse of Troy. For example, it may obtain
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a password or may modify records in protected files. It may render the
system transparent to illicit users. Trojan Horse acts as a parasite. It
generally does not damage the host system and the system can continue
to function normally. Trojans normally do not infect other software in
the system. For example, Christmas card, Bo Trojans, Netbus, Bo Trojan
2000, Sub Seven, Ska Trojan, etc.

• Worms: The concept of Worms was related to Trojan horses. An important
characteristic of a worm program is that it can relocate, i.e., copy itself
to another machine on network. Worm program can serve various
purposes. They can help to sabotage systems but can also perform useful
tasks. Some examples of worms are Existential Worm, Alarm Clock
Worm, etc.

• Viruses: All the above concepts of perverse software, i.e., bombs, Trojan
horses and auto relocatable program leads to the generation of a most
dangerous perverse software called Computer Virus. Like biological
viruses, a computer virus can be replicating in nature and can attach
itself to a regularly used programs and make you feel that the host file
is benign although it intends to do much more. Viruses are highly
contagious in nature and cause considerable damage through an
information disorder/destruction.

4.5.3 Open Source Software
Open-Source Software (OSS) is computer software with its source code made
available with a license in which the copyright holder provides the rights to
study, change and distribute the software to anyone and for any purpose.
Open-source software is developed in a collaborative public manner. Open-
source software is the most prominent example of open-source development
and often compared to (technically defined) user-generated content or (legally
defined) open-content movements. The open-source model, or collaborative
competition development from multiple independent sources, generates an
increasingly diverse scope of design perspective than one company
development alone can sustain long term.
Difference between Open-Source Softwares and Other Softwares
Some softwares have source code that cannot be modified by anyone but the
person, team, or organization who created them and maintains exclusive
control over them. These kinds of softwares are frequently called ‘proprietary
software’ or ‘closed source’ software, because their source code is the property
of their original authors, who are the only ones legally allowed to copy or
modify it. Microsoft Word and Adobe Photoshop are examples of proprietary
software. In order to use proprietary software, computer users must agree
(usually by signing a license displayed the first time they run this software)
that they will not do anything with the software that the software’s authors
have not expressly permitted.
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Open-source software is different. Its authors make its source code
available to others who would like to view that code, copy it, learn from it,
alter it, or share it. LibreOffice and the GNU Image Manipulation Program are
examples of open source software. As they do with proprietary software, users
must accept the terms of a license when they use open source software—
but the legal terms of open source licenses differ dramatically from those of
proprietary licenses. Open source software licenses promote collaboration and
sharing because they allow other people to make modifications to source code
and incorporate those changes into their own projects. Some open source
licenses ensure that anyone who alters and then shares a program with
others must also share that program’s source code without charging a
licensing fee for it. In other words, computer programmers can access, view,
and modify open source software whenever they like—as long as they let
others do the same when they share their work. In fact, they could be violating
the terms of some open source licenses if they do not do this.

So as the Open Source Initiative explains, ‘Open source does not just
mean access to the source code. It means that anyone should be able to
modify the source code to suit his or her needs, and that no one should
prevent others from doing the same.’

CHECK YOUR PROGRESS
7. What is meant by the term ‘freeware’?
8. What are the uses of Microsoft Excel?
9. Why is MS Power Point used?

4.6 Operating System Functions
In simple terms, an operating system is defined as the most essential and
indispensable program that is running at all times on the computer (usually
called the kernel). It is a program that acts as an interface between the
computer users and the computer hardware (see Figure 4.10). It manages
the computer hardware and controls, and coordinates the use of hardware
among various application programs. An operating system also provides a
platform on which the various computer resources, such as hardware,
software and the data can be acceptably and efficiently run in order to
perform basic tasks.

Essentially, there are two basic objectives of an operating system: To
provide convenience and efficiency to the user who is interacting with the
hardware. An operating system is designed in such a way that it makes the
computer system more convenient to use and allows the system to use its
resources to achieve maximum efficiency thereby, aiding in the successful
execution of desired function. Some operating systems are designed for
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convenience (for example, PC or Personal Computer operating systems), some
for efficiency (for example, mainframe operating systems), and some for the
combination of both.

An operating system resembles the working pattern of a government.
Just as a government does not perform any useful function by itself, but it
provides an environment for the other programs so that they can do useful
work with optimal performance. There are two viewpoints from which we can
vividly understand the role of an operating system: the user point of view and
the system point of view.
4.6.1 User View
In case of a stand-alone environment, where a single user sits in front of a
personal computer, an operating system is designed basically for the ease
of use and some attention is also paid to the system performance. However,
since these systems are fabricated with the intention to facilitate the single
user to monopolize the resources, there is no sharing of hardware and
software among multiple users. Therefore, no attention is paid to resource
utilization.

In case of a networked environment, where multiple users share
resources and may exchange information, an operating system is designed
to make the optimal use of resources. In this case, an operating system
ensures the efficient management of the available processor, time, memory
and I/O devices, and no individual user tries to monopolize the system
resources. In case, the various users are connected to a mainframe or a
minicomputer via their terminals, no attention is paid to usability of
individual systems. However, in case the users are connected to the servers
via their workstations, a compromise between individual usability and
resource utilization is made while designing an operating system.

In case of handheld systems, the operating system is basically designed
for individual usability and manoeuvrability as these systems are mostly
stand-alone units for individual users. Finally, the computers which have little
or no user view, such as embedded systems, the operating system for such
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systems is basically designed to ensure that these system will run without
user intervention.
4.6.2 System View
As discussed earlier, the computer system consists of many resources, such
as CPU time, memory and I/O devices, which are required to solve a computing
problem. It is the responsibility of operating system to provide a conducive
environment for effective management of these resources and allocate them
to various programs and users in a way such that the computer system can
execute a progam in an efficient, and fair manner. Thus, from the system’s
point of view, an operating system primarily acts as a resource allocator.

An operating system also acts as a control program or an interface that
manages the execution of user programs to avoid possible errors and
improper use of computer system. It also monitors the performance of the
I/O devices and their operations.

CHECK YOUR PROGRESS
10. What are the two viewpoints from which we can understand the

role of an operating system?

4.7 Operating System Structure
Though, internally the operating systems vary greatly in their framework as
they are organized along many different lines, but still there are some features
that are common in them. Without an operating system, a computer is merely
a compendium of components. This section discusses some of these
commonalities. One of the most rudimentary features of the operating systems
is that they support multiprogramming, that is, the execution of several
routines in an interleaved manner.

Execution of a single job cannot keep the CPU and the I/O devices busy
at all times because during its execution, it sometimes requires CPU and
sometimes I/O devices but not both simultaneously. Hence, when the
program is busy with CPU, the I/O devices have to wait and when the program
is busy with I/O devices, the CPU remains idle.

For example, consider two jobs P1 and P2 such that both of them require
CPU time and I/O time alternatively. The serial execution of P1 and P2 is
shown in Figure 1.6(a). The shaded boxes show the CPU activity of the jobs
and white boxes show their I/O activity. It is clear from the figure that when
P1 is busy in its I/O activity, the CPU is idle even if P2 is ready for execution.

In case of multiprogrammed systems, the jobs are organized in such a
way that the CPU always has one task to execute. This ensures maximum
utilization of CPU’s time by reducing its idle time. The basic idea behind
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multiprogramming is that an operating system loads two or more computing
applications into the memory from the job pool on the disk. The operating
systems then pick up one job amongst them and start executing it. When
job needs to perform some other activity, such as an I/O activity, an operating
system simply picks up another job and starts executing it. When this job
needs to perform some other activity, an operating system switches to the
third job, and so on. When the I/O activity of the job is finished, it gets back
to the CPU. Therefore, as long as there is at least one job to execute, the
CPU will never remain idle. The memory layout for a multiprogrammed batch
system is shown in Figure 4.11.

Fig 4.11  Memory Layout for a Multiprogrammed System
Figure 4.12(b) shows the multiprogrammed execution of jobs P1 and P2; both
are assumed to be in memory and waiting to get CPU time. Further assume
that job P1 gets the CPU time first. When P1 needs to perform its I/O activity,
the CPU starts executing P2. When P2 needs to perform I/O activity, the CPU
again switches to P1, and so on. This type of execution of multiple processes
is known as concurrent execution.

(b) Multiprogrammed Execution of P1 and P2
Fig. 4.12  Serial and Multiprogrammed Execution

Note that for simplicity we have considered the multiprogrammed
execution of only two processes P1 and P2, but in general there are more than
two processes that compete for system resources at any point of time. The
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number of processes competing to get the system resources in
multiprogramming environment is known as degree of multiprogramming.
In general, the higher the degree of multiprogramming, the better will be
the resource utilization.

In multiprogrammed systems, an operating system is responsible to make
decisions on behalf of the users. When a job enters into the system, it is kept
in the job pool on the disk which contains all those jobs that are waiting for
the allocation of main memory. If the memory is not sufficient to accommodate
all these jobs, then an operating system must select among them to be loaded
into the main memory. Making this decision is known as job scheduling,
which is discussed in Unit 3. To retain multiple jobs in the main memory at
the same time, some kind of memory management is required, which is
discussed in detail in Unit 4. Moreover, if multiple jobs in the main memory
are ready for execution at the same time, the operating system must choose
one of them to ensure authentic execution.

The modus operandi of multiprogrammed systems intrinsically, permits
an operating system to manage multifarious tasks at the same time, but they
limit the users to message across with the computer system. An extension
of multiprogrammed systems is time-sharing systems (or multitasking) in
which multiple users are allowed to interact with the system through their
individual terminals where each user is designated a fixed time-slot to interact
with the system. The user interacts with the system by giving instructions
to an operating system or to a program using an input device, such as
keyboard or a mouse, and then waits for the immediate response. The
response time should be short—typically less than one second. The CPU in
time-sharing systems switches so rapidly from one user to another that each
user gets the impression that only he or she is working on the system, even
though the system is being shared among multiple users. A typical time-
sharing system is shown in Figure 4.13.

Fig. 4.13  Time-Sharing System
The main advantage of time-sharing systems is that they provide a

convenient environment in which the users can develop and execute their
apparent programs concurrently. Here, the waiting time is almost nil as they
provide quicker response time and allow users to debug their program
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interactively under the control of a debugging program. Moreover, the users
are allowed to share the system resources among multiple users in such a
way that each user gets an impression that he or she has all the resources
at his disposal and the system can be exclusively accessed by the user for
interactive purpose.

The time-sharing systems are even more complex than multiprogrammed
systems. Time-sharing provides a mechanism for parallel processing and
concurrent execution, which requires precise and sophisticated scheduling
of CPU. Most time-sharing systems take recourse to round robin scheduling
algorithm in which each program is given a limited system-defined time slice
for its execution. Assuming that this time slice gets over, and the program
still requires CPU for its execution, it is interrupted by the operating system
and is placed at the end of the queue of waiting programs to be executed.
Memory management in time-sharing systems must provide isolation and
protection of multiple programs residing simultaneously in the main memory.
I/O management in time-sharing system must be so advanced and
sophisticated that they can deal successfully with multiple users and devices.

In spite of the fact that the concept of time-sharing was promulgated in
early 1960s, but since it was quite overpriced and intricate to implement at
that time, they were not very popular until the early 1970s. However, these
days, most of the systems are time sharing as it has remarkably improved
the outturn of the process.

CHECK YOUR PROGRESS
11. Why can the execution of a single program not keep the CPU and

I/O busy at all times?
12. What is the basic idea behind multiprogramming?

4.8 Operating System Operations
As discussed earlier, modern operating systems are interrupt driven. When
there is management and coordination of activities to be performed, that is,
no processes for execution, no I/O activities, and no user to whom to respond,
an operating system will go into the dormant mode and sit idle. Whenever
an event occurs, it is signalled by triggering an interrupt or a trap. For each
type of interrupt, there exists a code segment in the operating system that
specifies the actions to be taken. The part of the operating system called
Interrupt Service Routine (ISR) executes the appropriate code segment to
deal with the issued interrupt.

In case of multi programmed environment, the computer resources are
shared among several users simultaneously. Though the sharing of resources
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enhances the resource utilization, it also multiplies the complications. An
error in one user program can adversely affect the execution of other
programs. It may also happen that the erroneous program modifies another
program, or data of another program, or the operating system itself. Without
the protection against such type of errors, only one process must be allowed
to execute at a given moment.

However, for effective and improvised resource utilization, it is imperative
to allow resource sharing among multiple programs simultaneously.
Therefore, to cope up with such an environment, an operating system should
be fabricated keeping in mind that an incorrect program does not adversely
impact the execution of other programs, or an operating system itself.
4.8.1  Dual-Mode Operation
In order to ensure the proper functioning of the computer system, dual-mode
operator requires an operating system and all other programs and their data
to ensure that an incorrect program does not hamper the execution and,
therefore, must be protected against such programs. To achieve this
protection, two modes of operations, namely, user mode and monitor mode
(also known as supervisor mode, system mode, kernel mode, or privileged
mode) are provided for supporting. A mode bit is associated with the
computer hardware to indicate the current mode of operation. The value ‘1’
indicates the user mode and ‘0’ indicates the monitor mode. When the mode
bit is 1, it implies that the execution is being done on behalf of the user,
and when it is 0, it implies that the execution is being done on behalf of an
operating system.

Originally, when the system begins to initialize (or booted), it is in
monitor mode. Then, the operating system is loaded and the user processes
are started in the user mode. When a trap or an interrupt occurs, the
hardware switches from user mode to the monitor mode by changing the
mode bit value to 0. Therefore, whenever an operating system has the control
on the computer, it is in the monitor mode. Contrary to this, whenever the
control needs to be passed to the user program, the hardware must switch
the mode to the user mode before passing the control to the user program.

Fig. 4.14  Dual-Mode Operation
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This dual mode of operation helps in protecting an operating system and the
other programs, from malicious programs. To achieve this protection, some
of the machine instructions that may cause harm are designated as privileged
instructions. These privileged instructions are allowed to be executed only
in the monitor mode. If an attempt is made to execute a privileged instruction
in user mode, the hardware treats it as an illegal instruction and traps it to
the operating system without executing it. The instruction used to switch from
kernel mode to user mode is an example of a privileged instruction.
Note: Recent operating systems, such as Windows 2000 and IBM OS/2
provide greater protection for an operating system by supporting privileged
instructions.
4.8.2  Timer
When a process starts executing, then it is quite possible that it gets stuck
in an infinite loop and never returns the control to the operating system.
Therefore, it is necessary to prevent a user program from gaining the control
of the system for an infinite time. For this, a timer is maintained, which
interrupts the system after a specified period and checks the sequence of
events. This period can be fixed or variable. A variable timer is usually
implemented by a fixed-rate clock and a counter.

It is the responsibility of an operating system to set the counter which
is decremented with every clock tick. Whenever, the value of counter reaches
0, an interrupt occurs. In this way, the timer prevents a user program from
running too long. Initially, when a program starts, a counter is initialized with
the amount of time that a program is allowed to run. The value of counter is
decremented by 1 with each clock tick and once it becomes negative, an
operating system terminates the program for exceeding the assigned time
limit. Note that the instructions that modify the operations of the timer are
also designated as privileged instructions.
4.9 Operating System Services
Almost all the user programs need an instrumental environment in which
they can execute the programs in a easy manner. In addition, they need a
set of services using which the burden of programming reduces and it
becomes easier to carry out a task. For instance, programmer should not be
bothered about how memory is allocated to their programs, where their
programs are loaded in memory during execution, how multiple programs
are managed and executed, how their programs are organized in files to
reside on disk, how I/O devices are supervised, etc. Providing this
environment in which programs can be successfully executed and the set of
services to user programs are the responsibilities of an operating system. One
set of an operating-system services provides functions to help the user. These
services include the following.
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• User Interface: Providing a User Interface (UI) to interact with users is
essential job of an operating system. This interface is available in more
than one form. One is command-line interface, in which users interact
with the operating system by typing commands. Another is batch
interface, in which several commands and directives to control those
commands are collected into files and then they are executed. Another
is Graphical User Interface (GUI), in which users interact with the system
with a pointing device, such as a mouse to issue commands to the
system.

• Program Execution: The system must allocate memory to the user
programs, and then load these programs into memory so that they can
be executed. The programs must be able to terminate either normally
or abnormally.

• I/O Operations: Almost all the programs require I/O involving a file or
an I/O device. For efficiency and protection, an operating system must
provide a means to perform I/O instead of leaving it for users to handle
I/O devices directly.

• File-System Manipulation: Often, programs need to manipulate files
and directories, such as creating a new file, writing contents to a file,
deleting or searching a file by providing its name, etc. Some programs
may also need to manage permissions for files or directories to allow or
deny other programs requests to access these files or directories.

• Communication: A process executing in one computer may need to
exchange information with the processes executing on the same
computer or on a different computer connected via a computer network.
The information is moved between processes with the help of an
operating system.

• Error Detection: There is always a possibility of occurrence of error in
the computer system. Error may occur in the CPU, memory, I/O devices,
or in user program. Examples of errors include an attempt to access an
illegal memory location, power failure, link failure on a network, too long
use of CPU by a user program, etc. An operating system must be
constantly aware of possible errors, and should take appropriate action
in the event of occurrence of error to ensure correct and consistent
computing.
As we know, multiple programs may be executed concurrently each of

which may require multiple resources during their execution. Therefore,
providing another set of services that helps allocating resources to programs
in some order is necessary for an operating system. These services exist
not for helping user instead to ensure the efficient and secure execution
of programs.
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• Resource Allocation: In case of multiprogramming, many programs execute
concurrently, each of which require many different types of resources, such
as CPU cycles, memory, I/O devices, etc. Therefore, in such an environment,
an operating system must allocate resources to programs in a manner such
that resources are utilized efficiently and no program should wait forever
for other programs to complete their execution.

• Protection and Security: Protection involves ensuring controlled access to
the system resources. In a multi-user or a networked computer system, the
owner of information may want to protect information. When several
processes execute concurrently, a process should not be allowed to
interfere with other processes or with the operating system itself. Security
involves protecting the system from unauthorized users. To provide security,
each user should authenticate himself or herself to the system before
accessing system resources. A common means of authenticating users is
user-name/password mechanism.

• Accounting: We may want to keep track of usage of system resources by
each individual user. This information may be used for accounting so that
users can be billed or for accumulating usage statistics, which is valuable
for researchers.

CHECK YOUR PROGRESS
13. List some services the operating system should provide to help

users.
14. Why is error detection important?

4.10 User-Operating System Interface
Providing an interface to interact with the users is essential part of an
operating system. Earlier operating systems provided users with the
command-line interface or character-based interface. This interface enabled
users to interact with an operating system by entering commands to which
it responds. On the other hand, most operating systems, nowadays, provide
Graphical User Interface (GUI) in addition to character-based interface. They
are becoming more closely entwined on many systems. GUI enables users
to interact with an operating system by clicking mouse buttons to shuffle
things around.
4.10.1 Command-Line Interface
As mentioned, this interface enables users to interact with an operating
system by typing commands. These commands are then interpreted and
executed in order to provide an association between the computer’s hardware
and the software . The MS DOS is usually the required part of a computer
system. Owing to its nature as an operating system , MS DOS provides
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command-line interface. Figure 4.15 shows MS DOS command-line interface.
Some operating systems provide more than one command-line interface,
therefore, on such systems, command-line interfaces are called shells. For
example, UNIX provides C shell, Bourne shell, Korn shell, etc.

Fig. 4.15  MS DOS Command-Line Interface
Generally, the commands that can be given perform some operations on a
file, such as creation, deletion, printing, executing, and many more. These
commands can be implemented in two ways. In the first method, the code
to execute the commands could be included in the interface itself. Now,
whenever a command is issued by the user, the interface jumps to a section
of its code and makes the appropriate system call. Since the code for the
commands is included in the interface itself, adding new commands require
changing the interface. In addition, the size of interface increases with each
new command.

Alternatively, system programs can be developed that include the code
for most commands. In this case, the interface has no idea about the
command implementation; instead it just uses the command to locate the
file and then load and executes it. The UNIX operating system follows this
approach, therefore, a command in UNIX would search a file with that name,
load it in memory and then executes it. For example, the command,

cp file1.txt file2.txt
interprets cp as the file name, searches it and load it in the memory for
execution. The command cp creates a copy of a given file. In the above
command, file1.txt and file2.txt are the name of the source and the
destination files, and they are treated as parameters during execution of the
command cp. It means a copy of file1.txt is created and named file2.txt.

With this approach, the new commands can be added to the system
easily by creating new system files. The names of the files will then serve
the command name. Since adding new files do not require changing the
interface, the size of the interface remains unchanged and small.
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4.10.2 Graphical User Interfaces
In command-line interface, users interact by issuing certain commands. There
is always a possibility of making a mistake. For example, opening a file might
require the user to define the path where the file actually resides. Any
mistake in defining the path name will result in non-implementation of the
desired task and might prevent user to open the file.

An alternative and more user friendly method to interface with the
operating system is Graphical User Interface (GUI). GUI provides a rectangular
area of screen called Window in which files, programs, directories and system
functions are represented as small images or symbols called icons. In
addition, various Menus are provided which lists actions or commands to be
performed by the user. Such capabilities enables users to configure and
interact with operating system by moving mouse to position the mouse cursor
and clicking on some icon or menu option and the computer carries out the
appropriate task. Depending upon the position of mouse cursor and the
button (left or right) clicked on the mouse, some actions that are commonly
performed are as opening of a file, execution of a program, appearing of a
menu, etc.

UNIX, Apple Macintosh (Mac OS) and various versions of Microsoft
Windows including version 1.0 are some examples of operating systems that
provide GUI. Many operating systems provide users with both command-line
interface and GUI, and it depends entirely upon the person’s individual
discretion what system interface he will prefer to choose and work with. Many
UNIX programmers prefer to use command-line interface because it is faster
to work with and provides powerful capabilities, whereas, almost all Window
users use GUI. GUI of Microsoft Windows 8 is shown in Figure 4.16.

Fig. 4.16  GUI of Microsoft Windows 10
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4.11 Features of a Good Programming Language
The features of a good program are as follows:

 Efficiency: There are two aspects which are considered to estimate the
efficiency of computer software as given below:

• Response time or speed of execution
• Main memory consumed to execute the program

A program is efficient if its speed of execution is faster and at the
same time it consumes lesser memory.

• Correctness or integrity: This is a measure of accuracy of the results
produced when executing the program.

• Degree of structured programming: This attribute measures to produce
programs with clear flow and design along with hierarchical structure.

• Degree of modularity
1 Simplicity: This attribute measures the ease with which the program

can be understood.
2 Maintainability: This is a measure of ease of modifications of the

program.
3 The time taken to locate the module that contains error will be much

shorter in modular structured programs. Since the functions are
cohesive and there is lesser coupling between functions, the side effects
of maintenance will also be minimal.

• Reusability: Reusability is facilitated by the modular design of the
program. Each module is a good candidate for reusability in different
programming projects.

• Ease of debugging: Small codes are easy to debug rather than large
programs. The wrong understanding of the specifications of each
module, will be avoided while developing and testing the program.
Therefore, modular programming enhances ease of debugging.

• Enhanced understandability: Structured programming advocates
adequate comment statements and documentation. It also advocates
defining meaningful names for the functions as well as variables and
constants. All these facilitate ease of understanding of the complete
program.

We have to develop an understandable and maintainable program. Some of
the popular codes of good programming practices are as follows:

• Write only one statement per line
• Coin meaningful names for constants, variables and functions
• Use capitals for names of constants
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• Divide programs into functions or classes as the case may be
• Each function and class defines one task
• Each function and class must have at least one comment statement
• Skip a line between functions and classes
• Skip a line after declaration statements in the main() function as well

as each function
• Bring clarity by skipping lines wherever required
• Put only one brace on each line
• Align all opening braces and closing braces
• Indent as much as possible to bring out logical structure of the program
• Some of the program statements that could be indented are body of

function, class, body of loop, body of if..elsestatements
• Indent each case in switch statement
• Indent an item within a struct/class declaration

4.11.1 Selection of a Programming Language
Modular programming is a good programming concept. Instead of writing one
large program, it is better to divide it into a number of sub-tasks and code
each one of them separately. Here, each function is coded as a separate
module. This modularization has many advantages. One of them being the
modules can be reused in other programs. The modules are tested
individually and later integrated with other modules.

The use of iteration constructs, such as for, while, etc., is encouraged
in modular programming. The module is designed in such a manner that it
has one entry point and one exit point. Modular programming is a
prerequisite not only for structured programming but also for object-oriented
programming.
Structured Programming Concept
Two mathematicians CorradoBohm and Giuseppe Jacopini proved that any
computer program could be written only with three program structures as:

• Sequences
• Decisions
• Loops

This discovery is considered to be a precursor methodology for modern
programming known as structured programming. Prof. EdsgerW.Dijkstra even
advocated that the goto statement should be abolished from all high-level
languages because of its ill effects on programs. The programs that include
goto statements can cause innumerable problems, particularly during
maintenance of the software. The program, which uses goto statement, is
called spaghetti code – code that has no simple direct logical structure.
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Structured Programming is the name given to good programming
practices. It is a preferred methodology for programming in procedure-
oriented languages. Structured programming consists of guidelines for
designing programs. Structured programming concepts were evolved to
improve the quality of programs.
Features of Structured Programming
It is a philosophy of a concept that facilitates design of programs. They are
easily understandable, modifiable and do not cause surprises. Some of the
features of structured programming are given below.

• Flow of control in the program should be as simple as possible.
• The program should be constructed using independent modules or

functions or sub routines.
• It uses only three types of logical structures as given below:

• Sequences: Statements that are executed one after another
• Decision: One of the two blocks of a program code is executed based

on the outcome of testing a particular condition. Example is ‘if, else’
structure

• Loops or iteration: One or more statements are executed repeatedly
as long as a particular condition or a combination of conditions
remains true.

Object  Oriented  Programming
High-level programming languages, such as FORTRAN, Pascal, BASIC, C and
COBOL are known as function-oriented or procedure-oriented languages.
They have been used for developing important and mission critical
applications. In these languages, computer programs are organized as a
sequence of instructions. In function-oriented programming, the emphasis
is on procedures or instructions and data integrity does not get due
importance. In large software projects, a number of programmers will be
involved in programming. Each one will develop programs for some portion
of the product. An inexperienced programmer might spoil the integrity of
some data items inadvertently due to poor understanding. This is due to the
inherent design of the function-oriented programming languages where data
and function are not tied to each other closely. They are independent of each
other causing major problems while the software is put to use.

The principle of Object Oriented Programming (OOP) is to combine both
data and the associated functions into a single unit called a class. An object
in programming means data. Data is, therefore, predominant in object
oriented programming. However, in the object oriented paradigm,
accessibility of data is restricted and therefore, accidental corruption of data
is minimized or eliminated. Thus, OOP ensures integrity of data. C++, Java,
C #, etc., are some languages which facilitate OOP.
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In both programming paradigms namely; structured programming using
procedure oriented languages and object oriented programming, the following
two approaches are possible:

• Top-down approach
• Bottom-up approach

Top-Down Approach
The program is constructed and frequently designed using top-down design
methodology.

The top-down design model involves designing the overall program
structure first, followed by designing individual functions.
Bottom-Up Approach
The opposite of top-down methodology is bottom-up methodology, wherein
individual functions are designed first and finally the structure of the program
is made.
Top-Down Structured Design
One of the earliest methodologies for software analysis and design is top-down
structured design. This is the method promoted by the early high-level
languages,
4.12 Summary

• A computer cannot operate without any instructions and is based on a
logical sequence of instructions in order to perform a function. These
instructions are known as computer programs and constitute computer
software.

• On the basis of functionalities, software may be categorized as: system
software, programming software and application software.

• Types of computer software are: system software, real-time software,
business software, engineering and scientific software, artificial
intelligence software, Web-based software, PC software, etc.

• System software constitutes all the programs, languages and
documentation provided by the manufacturer in the computer. These
programs provide the user with an access to the system so that he can
communicate with the computer and write or develop his own programs.

• There are a number of operating systems. These are: UNIX, LINUX, Mac
OS, MS DOS, IBM OS/2, Windows 98, Windows 98 E, Windows
Millennium Edition, etc.

• Application software maybe licensed or free domain. A few widely used
applications are: Word processing, Spreadsheet, Presentation graphics,
etc.
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• An operating system is defined as a program that is running at all times
on the computer (usually called the kernel). It is a program that acts as
an interface between the computer users and the computer hardware.

• An operating system is designed in such a way that it makes the
computer system more convenient to use and allows the system to use
its resources in an efficient manner.

• There are two viewpoints from which we can understand the role of an
operating system: the user point of view and the system point of view.

• In case of a stand-alone environment, where a single user sits in front
of a personal computer, an operating system is designed basically for
the ease of use and some attention is also paid to system performance.

• In case of a networked environment, where multiple users share
resources and may exchange information, an operating system is
designed for resource utilization.

• In case of handheld systems, an operating system is basically designed
for individual usability as these systems are mostly stand-alone units
for individual users.

• From the system’s point of view, the operating system primarily acts as
a resource allocator.

• An operating system also acts as a control program that manages the
execution of user programs to avoid errors and improper use of computer
system.

• These days a computer system basically consists of one or more
processors (CPUs), several device controllers, and the memory. All these
components are connected through a common bus that provides access
to shared memory

• When the system boots up, the initial program that runs on the system
is known as bootstrap program.

• The event notification is done with the help of an interrupt that is fired
either by the hardware or the software.

• Whenever, a program needs to be executed, it must be first loaded into
the main memory (called Random-Access Memory or RAM).

• The two instructions, namely, load and store are used to interact with
the memory.

• The execution of the program instructions takes place in the CPU
registers, which are used as temporary storage areas, and have limited
storage space.

• RAM is expensive, offers limited storage capacity, and is volatile in
nature, that is, it loses its contents when power supply is switched off.
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• Secondary storage is non-volatile in nature, that is, the data is
permanently stored and survives power failure and system crashes.

• Magnetic disk (generally called disk) is the primary form of secondary
storage that enables storage of enormous amount of data.

• A significant portion of code of an operating system is dedicated to
manage I/ O. One reason for this is the varying nature of I/O devices.

• Each device controller controls a specific type of device and depending
on the type of device controller one or more devices may be attached to
it.

• Interrupt-driven I/O wastes CPU’s time because CPU requests data from
the device controller one byte at a time. To solve this problem, another
scheme, that is, Direct Memory Access (DMA) is commonly used.

• Depending on the number of processors used in the system, a computer
system can be categorized mainly into one of the two types: single-
processor system or multiprocessor system.

• Single-processor systems consist of one main CPU that can execute a
general-purpose instruction set, which includes instructions from user
processes. Other than the one main CPU, most systems also have some
special-purpose processors.

• The multiprocessor systems (also known as parallel systems or tightly
coupled systems) consist of multiple processors in close communication
in a sense that they share the computer bus and even the system clock,
memory and peripheral devices.

• Multiprocessor systems are of two types, namely, symmetric and
asymmetric.

• One of the most common features of an operating systems is that they
support multiprogramming. The execution of multiple jobs in an
interleaved manner is known as multiprogramming.

• In case of multiprogrammed systems, the jobs are organized in such a
way that the CPU always has one to execute. This increases the CPU
utilization by minimizing the CPU idle time.

• The number of processes competing to get the system resources in
multiprogramming environment is known as degree of
multiprogramming.

• When a job enters into the system, it is kept in the job pool on the disk
which contains all those jobs that are waiting for the allocation of main
memory.

• An extension of multiprogrammed systems is time-sharing systems (or
multitasking) in which multiple users are allowed to interact with the
system through their individual terminals.
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• The CPU in time-sharing systems switches so rapidly from one user to
another that each user gets the impression that only he or she is
working on the system, even though the system is being shared among
multiple users.

• Time-sharing provides a mechanism for concurrent execution, which
requires CPU scheduling to be more sophisticated.

• In order to ensure the proper functioning of the computer system, an
operating system and all other programs, and their data must be
protected against the incorrect programs. To achieve this protection, two
modes of operations, namely, user mode and monitor mode (also known
as supervisor mode, system mode, kernel mode, or privileged mode) are
specified.

• Some of the machine instructions that may cause harm are designated
as privileged instructions. These privileged instructions are allowed to
be executed only in the monitor mode.

• It is necessary to prevent a user program from gaining the control of the
system for an infinite time. For this, a timer is maintained, which
interrupts the system after a specified period.

• Providing the environment in which programs can be executed and the
set of services to user programs are the operating system responsibilities.
One set of operating-system services provides functions to help the user.

• Another set of services that helps allocating resources to programs in
some order is necessary for an operating system. These services exist
not for helping user, instead to ensure the efficient and secure
execution of programs.

The command-line interface enables users to interact with an operating
system by entering commands to which it responds.
4.13 Key Terms

• Multitasking: A type of OS that permits multiple programs to be run
simultaneously by the same computer

• Multithreading: A form of multitasking that permits multiple parts of
a software program to be run simultaneously

• Multiprocessing: This concerns the use of multiple processors (more
than one CPU) to simultaneously execute multiple programs

• Single user: This category of OS does not permit multiple users to use
the computer and run programs at the same time

• Multiuser: This class of OS permits multiple users to use the computer
and run programs at the same time, e.g., UNIX, Linux, Windows NT
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• File management: The OS is responsible for the creation and deletion
of files/ directories and the mapping of these files/directories on to the
secondary storage

• Security management: The OS is responsible for protecting the
resources and information of a computer system from destruction and
misuse

• PowerPoint: A presentation tool that helps create eye-catching and
effective presentations in a matter of minutes

• Operating system: The most essential and indispensable program that
is running at all times on the computer (usually called the kernel). It is
a program that acts as an interface between the computer users and the
computer hardware

• Bootstrap program: A well-defined set of initial programs
• Single-processor system: System one main CPU that can execute a

general-purpose instruction set, which includes instructions from user
processes

• Multiprocessor system: A system with multiple processors in close
communication in a sense that they share the computer bus and even
the system clock, memory, and peripheral devices

• Master processor: A processor that controls the entire system
• Timer: Interrupts the system after a specified period and checks the

sequence of events
4.14 Questions for Exercise
Short-Answer Questions

1. What is a computer software and why it is required?
2. Name the types of computer software.
3. What are loaders and linkers?
4. Define the database management software.
5. Write short notes on each of the following:

(a) Direct memory access
(b) Multiprogramming
(c) Time-sharing systems
(d) Dual-mode operation
(e) Command-line interface
(f) System calls

Long-Answer Questions
1. Describe any three computer software and their uses.
2. Briefly describe the various components of an operating system with

suitable examples.
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3. Discuss the advantages and disadvantages of Hypertext
preprocessor.

4. Describe the two viewpoints from which we can understand the role
of an operating system.

5. How does a computer system handle interrupts? Also, discuss how
interrupts can be handled quickly?

6. Discuss the storage structure of a computer system with the help
of a diagram.

7. Describe how an I/O operation is handled by the system with the
help of a diagram.

4.15 Further Readings
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