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1.0 Objectives
After studying this chapter, you will be able to:
•
Understand data, information, and data processing
•
Understand computers
•
Compare a computer with a human brain
•
Describe the evolution of the personal computer
•
Understand the basic units of a computer
•
Describe the block diagram of a computer
•
Learn the characteristics of a computer
•
Explain the various applications of a computer

1.1 Introduction
Within a short span of time, computers have carved out a niche in the history of mankind and have changed the entire
array of human life at an overwhelming pace. A computer is a fascinating machine. It is an entry into the world of
information, and provides several beneficial applications for humans. Computers have established themselves as an
indispensable part in various fields, such as business, academics, defense strategy, budgeting, research, engineering,
medicine, and space exploration.
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In this chapter, you learn about data, information, and data processing. Then, you learn about the computer and its
comparison with the human brain. Further, you learn about the evolution of the computer, and know its basic units or
components. You also learn about the block diagram of a computer. Toward the end, the chapter discusses the
characteristics and applications of a computer.

1.2 Data
The word data is plural for the word 'datum,' which is the smallest unit of information. It can be in the form of facts,
figures, numbers, or any form of text 'that is processed by the computer. Data can be in various forms when stored in
databases, according to the requirements. These different forms of data are given as follows:
•
Transactional or operational data, for example, data related to sales, cost, and accounts
•
Non-operational data, for example, data related to weather forecastsand economic data
•
Meta data (data inside the data), for example, a logical database and a data dictionary

1.2.1

Integer

An integer is a number that does not comprise any fractional or decimal component. Instead, it comprises natural
numbers (1,2,3, .....) and non-negative natural numbers (-1,-2, .....). The numbers such as 8.2, √
6 and 8½ are not integers.

1.2.2

Real

A real number is a number that comprises rational numbers (integers and fractions, such as -7, 15½, and 9.745),
non^rational numbers (such as √
3), and transcendental number (π
). Also, real numbers are the points on a number line,
with zero included.

1.2.3 Characters
Characters are units of information that are used in a natural language. They can be letters (a, b,...A,B,...), digits(0,l,2,....),
punctuation marks(.), and white spaces.

ACTIVITY
Ql. Explain operational and non-operational data with examples.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q2. Explain the concept of data dictionary.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.3 Information
The word information is derived from the Latin word 'informare,' which means to inform. The collection of data in a
meaningful sequence from one end to the other is called as information. Information is either send or received, and it
provides some knowledge regarding any fact or instance. It can be in the form of symbols, characters, and alphabets.
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For example, a traffic light shows the signal for the red, yellow, and green lights, which inform the people to stop, wait,
and then go, respectively.

1.3.1 Characteristics of Information
Information is useful when it conveys appropriate meaning to the other end. The characteristics of information are as
follows:
•
Relevance : Information can serve as a solution to a problem provided it is relevant.
•
Complete : Information should always be complete as incomplete knowledge gives wrong results.
•
Accuracy : Information should always be accurate as inaccurate output will give wrong results.
•
Current : Information should always follow the current facts as old facts may have changed.
•
Economical : Information must be economical and easy to use for organizations as they have to make optimum
profits.

1.3.2 Level of Information
An organization follows a certain plan of action at various levels. Information is used at various levels and a direct
correlation exists between the levels of importance of individuals and the level of information that is carried. These
levels can be described as follows:
1.
Strategic Level : Strategic information is used at the top level of management in organizations, and they make use
of information gathered from both external and internal sources. These sources are the directors who are
responsible for the decision-making process. Strategic plans have less or no details and detailed information is
used at the lower levels of information.
2.
Tactical Level : Tactical information is used at the middle level of management and decisions are made by the
guidelines set by the strategic level. It mostly makes use of internal sources with less use of external resources.
Tactical plans have medium level and specific details.
3.
Operational Level : Operational information is used at the lowest level of management following the basics of the
tactical level. The employees are responsible for the decision-making process. These can be section leaders in a
large organization or workers, such as shop assistants and kitchen staff.
Figure 1. shows the three levels of information:
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Figure : 1
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ACTIVITY
Q3. Explain the various characteristics of information with examples.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q4. Give an example showing the decision-making process in an organization using all three levels
of information.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.4 Data Processing
Data processing is defined as a methodology followed by a computer program starting from collecting raw data to
storing, processing, generating the output, and controlling the data. The focus is to convert the raw data (input) into
some useful information (output).

1.4.1 Objective of Data Processing
Data processing is performed to convert raw data into meaningful and useful information that can generate the
optimum result. Data is beneficial only when it is converted into some useful information that helps in the decisionmaking process.

1.4.2

Basics of Data Processing

Data processing is defined as a methodology followed by a computer program from collecting the raw data to storing,
processing, outputting, and controlling it in the end. The main focus is to convert the raw data (input) into some useful
information (output). To understand the concept of data processing, let us consider a daily life example of a mixer, which
implements data processing. A mixer is a food-processing device, which is used to prepare various food products and
drinks, such as cold coffee. If you want to make cold coffee, then simply collecting the ingredients used in cold coffee
(milk, coffee, sugar, and ice) is not enough. It does not imply that you will have a glass of cold coffee. Unless you do not
mix these ingredients with the help of a mixer, you will not get the cold coffee. Similarly, for data processing you have to
collect ingredients in the form of raw data. But, collecting data is not enough.
The following steps are followed in making cold coffee and processing data in a computer:
I.
Collection : You first collect all the ingredients, such as milk, sugar, coffee, and ice required to make cold coffee,
similarly, the data processing mechanism collects raw data from the user.
ii.
Storage : You put all the ingredients in the jar of the mixer according to your required quantity; similarly, the
computer stores the data in thememory.
iii. Processing : You press the button to start the mixer, and the mixer starts mixing the ingredients. After some time,
you press the button to stop the mixer. Similarly, the computer takes input commands from the user and performs
operation on data.
iv.
Outputting : Now, you take out the liquid and pour it into a glass. Similarly, a computer produces output according
to processing.
v.
Controlling : During the time of processing, the modes of a mixer needs to be controlled. Similarly, data processing
in a computer uses programs or applications to control the data during the execution.
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Figure 2. shows the comparison of processing in a mixer and a computer:

Figure 2

ACTIVITY
Q5. Give a practical example to explain the implementation of data processing.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q6. Discuss the basic steps of data processing in the context of a computer.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.5 What is a Computer?
The term computer is derived from the word, compute. A computer is an electronic device that takes input from the user
in the form of data and instructions. After receiving the data, the computer waits for the user's instructions to process
the data. On receiving the instructions from the user, the computer processes the data, generates some output, and
displays it to the user. You can provide any type of data, such as text, numerals, audio, video, and image, to the computer.
When the computer processes the data, it becomes information.

ACTIVITY
Q7. Write a short note on computers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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ACTIVITY
Q8. What is the significance of computers?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.6 Comparison between Computer and Human Brain
Throughout history, the human brain has been compared with different types of inventions. Nowadays, it is being
compared with a computer, and it is said that the human brain is faster than a computer. In this section, you learn the
similarities as well as the difference between a computer and the human brain. Some similarities between a computer
and the human brain are as follows:
•
Both can be used to store and process information.
•
Both need certain components to perform particular tasks, for example, eyes and ears in case of the brain, and
keyboard and monitor in case of the computer.
•
Both pass signals to their respective parts/components to perform a task.
•
Both have the capability to increase their storage capacity.
•
Both can be damaged.
Some differences between a computer and the human brain are as follows:
•
Toper form a task, the brain produces weak electrical signals. In the case of computers, the signals are sent through
cables.
•
The brain possesses common sense, whereas the computer can only follow the instructions provided by a user.
•
The computer has evolved more quickly than the brain.
•
Unlike computers, the brain cannot be turned off.
•
Computers can be easily repaired, whereas human brain needs surgery.

ACTIVITY
Q9. List the main features of a computer.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q10. List the features of the human brain.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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1.7 Evolution of the Personal Computer
The first personal computer was introduced by IBM in 1981. It was not much more than a typewriter and a calculator.
However, over the years, rapid technological advancements and innovations have made personal computers a part of
life. The first computer was powered by the Intel 8088 processor, and it contained 29,000 transistors. Nowadays, we have
the Intel Core 2 Duo processor, which has 291 million transistors. This is over 10,000 times more than the Intel 8088
processor. The first personal computer did not include the mouse, the Graphical User Interface (GUI), and the hard drive.
Today, a personal computer can have more than 500 Giga Byte (GB) of hard disk, 4 GB of RAM, flat-panel monitors,
graphic card, and sound cards.

ACTIVITY
Ql I. What is a personal computer?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q12. Write a short note on the processor of a personal computer.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.8 Basic Units of a Computer
There are different types of computers, such as palmtop, laptop, desktop, and workstations; however, the main
components are common in all these types. Modern computers can have several other components for additional
requirements. A computer has five major components without which they cannot function properly. These components
are given as follows:
1.
Central Processing Unit (CPU)
2. Memory
3.
Motherboard
4. Input Devices
5.
Output Devices
Let's discuss these components in detail one by one in the following section.

1.8.1

Central Processing Unit

A Central Processing Unit (CPU) is also known as the microprocessor or the brain of the computer. It is a small chip that
contains millions of transistors. The CPU processes data according to the instructions provided by the user. There are two
main parts in a CPU: Arithmetic Logic Unit (ALU) and Control Unit (CU).

Figure 3
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The function of the ALU is to perform mathematical calculations, such as addition, subtraction, multiplication, and
division. The modern microprocessor comprises a dedicated unit for floating point calculations. A CU, on the other hand,
is responsible for making decisions and for transferring data from one location to another. The execution of instructions
in a computer is measured in instructions per second. Older computers were capable of thousand instructions per
second (KIPS), whereas modern computers can handle million instructions per second (MIPS).
The CPU is a microprocessor, it looks like a small chip, and it is located on the motherboard (circuitry). The power of a CPU
is measured by its ability to process data rapidly and flawlessly. The speed of the CPU is measured in MegaHertz (MHz).
Over the years, there has been a gradual improvement in the speed of CPU. Intel, one of the largest chip manufacturing
organizations in the world, has created dual core processors, which are successors of the Pentium IV series of processors.
The latest processor is 3.8-GHZ Core i7, with a speed of 3900 MHz (3.8 Gigahertz). Apart from Core i7, there are other
processors, such as Intel Pentium, Celeron, and Advanced Micro Devices (AMD).

1.8.2 Memory
The term memory refers to data storage in a computer. It generally refers to the physical memory contained in actual
chips. When the word main is added to the term memory in a computer, it distinguishes this memory from external mass
storage devices, such as Compact Disks (CDs), and memory sticks. Apart from the main memory, a computer also has a
temporary physical internal storage place called RAM.
A computer stores data in units, called bits and bytes. Bits contain sets of eight units. A set of eight bits is called a byte.
Various combinations of a byte represent letters, numbers, spaces, and symbols. Generally, a byte is considered as one
character. The various units used to measure computer memory or storage are as follows:
•
8 bits = 1 byte
•
1024 bytes = 1 Kilobyte (KB)
•
1024 Kilobytes = 1 Megabyte (MB)
•
1024 Megabytes = 1 Gigabyte (GB)
A computer generally has the following types of memory:
•
Random Access Memory (RAM): RAM can be randomly accessed in a computer and contains millions of
transistors and capacitors similar to a CPU. RAM stores instructions from the operating system, application
programs, and data to be processed so that they can be quickly accessed by the computer's processor. RAM is
much faster to read from and write to than other kinds of storage, such as hard disk, floppy disk, and CD-ROM in
your computer. However, data stays in RAM only as long as your computer is running. When you turn the computer
off, RAM loses" its data. RAM chips are available in different sizes, such as 256 MB, 512 MB, and 1 GB.
There are two types of RAM—Static RAM (SRAM) and Dynamic RAM (DRAM). These two types of RAM differ from
each other on the basis of the technology used in them to store data. DRAM needs to be refreshed thousands of
times per second. SRAM, on the other hand, does not need to be refreshed, and processes data much faster;
however, SRAM is more expensive than DRAM. Both types of RAM are volatile, which means that their content is
lost when the computer is turned off.
Figure 4 shows RAM chips:

Figure 4
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•

•

Read-Only Memory (ROM) : ROM is a built-in computer memory containing data that can only be read and not
edited. Unlike RAM, the data stored in ROM is not lost when the computer is turned off. ROM is sustained by a
small long-life battery inside the computer.
Apart from their use in computers, ROMs are also used extensively in calculators and peripheral devices, such as
laser printers, whose fonts are often stored in ROMs.
Commonly used types of ROM are listed as follows:
o
Programmable ROM (PROM): Represents a memory chip on which data can be written only once.
A program written on PROM is permanent. Unlike RAM, PROM retains its content even after the computer is
turned off.
o
Erasable Programmable ROM (EPROM) : Represents erasable and reusable memory. The data stored in
EPROM can be erased by intense ultraviolet light passing through a window that is designed in the EPROM
chip. Normal light in a room does not contain enough ultraviolet light to erase data from EPROM.
o
Electrically Erasable Programmable ROM (EEPROM) : Represents a stable, non-volatile storage system that
is used to store minimum amount of data in computer and electronic devices. In this type of ROM, content
can be erased electrically and new information can be stored.
When both RAM and ROM are used collectively, they make up the primary memory of a computer.
Secondary Memory : Any internal or external storage device that is used to store data and programs is known as
the secondary memory of a computer. Unlike primary memory, secondary memory is not directly accessible by the
CPU. The data to be accessed from secondary memory has to be copied into primary storage and then accessed for
processing. Secondary memory is non-volatile, because it does not lose data when the computer is switched off.
Generally, hard disks are used as secondary memory for storing computer data. In other words, all programs and
data in a computer are stored in the hard disk. It is for this reason that secondary memory is often called the
memory bank of a computer. The hard disk is located inside the computer and connected to the motherboard. The
capacity of the hard disk is measured in Gigabyte (GB) and Terabyte (TB). Earlier, computer memory was limited;
however, these days you can easily add memory chips in a computer to increase its memory.
Figure 5 shows a hard disk:

Let's now discuss the motherboard.

1.8.3 Motherboard
A motherboard is a printed circuit board (PCB) that contains a computer's basic circuitry and other components, such as
sockets and chipsets. An electronic circuitry is printed or fixed on the surface of the motherboard. It also contains
connectors that are used to attach additional boards to the computer. Typically, a motherboard contains controllers for
all standard devices, such as the display screen, keyboard, and disk drive. Collectively, all the chips that reside on the
motherboard are known as the motherboard chipset. With the advancement in technology, motherboards come with
dual processors. This implies that two processors can work simultaneously and deliver results at amazing speeds. Figure
6 shows a motherboard with dual processor capability:
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Figure 6

1.8.4 Input Devices
An input device allows you to enter data or instructions in a computer. For example, you enter text in a document using a
keyboard. Therefore, the keyboard is an input device used to provide data for a computer.
The keyboard and mouse are the most common types of input devices used with a computer. These two input devices
are explained as follows:
•
Keyboard : A keyboard looks similar to a typewriter containing various alphabetic, numeric, and function keys. A
numeric keypad is located on the right side of the keyboard. Numeric keys are similar to a 10-key calculator with
which you can enter numbers rapidly. There are several function keys, such as Caps Lock, Enter, Shift, Alt, and Ctrl,
which are used to perform various tasks. For example, when the Caps Lock key is pressed, the alphabets that you
type with the keyboard are displayed in uppercase. The keyboard that we use with a computer is known as the
QWERTY keyboard or the universal keyboard. Christopher Sholes, who invented the typewriter, designed the
arrangement of characters on a QWERTY keyboard in 1868. Generally, keyboards are available in two models: the
standard model with 83-84 keys, and an enhanced model with 104 keys or more.
Figure 7 shows a standard QWERTY keyboard:

Figure 7
Figure 7
•

Mouse : A mouse is a handheld device that allows you to control a computer without typing instructions from the
keyboard. You can hold the mouse with your palm and move it across a mouse pad, which in turn, moves the
mouse pointer on the screen. You can select icons, open programs, and select commands available in a program by
moving the mouse pointer.
A mouse has a primary button (left button) and a secondary button (right button). The primary button is used to
execute most tasks, whereas the secondary button is used in special cases, such as opening shortcut menus. To
select icons and commands, position the tip of the mouse pointer over any item and click the mouse button. You
can use the small wheel present between the mouse buttons to scroll through documents and Web pages; to scroll
down, roll the wheel backward (toward you) and to scroll up, roll the wheel forward (away from you).
You can also use a wireless mouse device, which is not physically connected to the computer. Instead, it relies on
infrared or radio waves to communicate with the computer. This wireless mouse is more expensive than a serial or
bus mouse, as it does not have a cord that hinders a user while working.
Figure 8 shows wireless mouse devices:
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Figure 8
Let's now discuss output devices.

1.8.5 Output Devices
An output device is electronic equipment connected to a computer, which communicates the results or output of data
processing. The monitor is one of the most common output devices. Apart from the results being displayed on the
computer screen, the output can also be transferred from a computer to various other output devices, such as printer
and speaker. These output devices need to be attached to the computer; they provide the output received from the
computer in various forms, such as text, image, sound, or any other media. The most basic output devices—the monitor
and the printer—are briefly discussed as follows:
•
Monitor : Works similar to a television screen and displays text characters and graphics in color or shades of gray. A
monitor is also known as a screen or display. Anything that you type from the keyboard is displayed on the monitor.
When a program is executed, the information or output is displayed on the monitor. However, the results shown
on the screen are only temporary and not permanent, unless they are saved in the hard disk. Currently, various
types of monitors are available in the market, such as the monochrome (single color) monitor and the color
monitor. These monitors also differ from each other in resolution (that is, the sharpness of the image on the
screen). The cost of a monitor also varies depending on its resolution. Generally, color monitors have higher
resolution, as they are used for specialized jobs, such as creating graphics and images. Figure 9 shows CRT and LCD
monitors:

Figure 9
Printer : Prints images, numbers, alphabets, and graphical elements on paper. After creating a document in a
computer, you can print it in order to have a hard copy (called a printout). The speed of a printer is measured either
by pages per minute (ppm) or characters per second (cps). You can use color printers to get color printouts of
documents. Color printers are more expensive than the normal printers.

ACTIVITY
Q13: What are the basic units or components of a computer?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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ACTIVITY
Q14 : Discuss various types of memories.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.9 Block Diagram of a Computer
The block diagram of a computer, also called the diagram of a computer, shows the principal parts or components of the
computer as blocks. These blocks are connected to each other by arrows to show the stages or steps taken in the
completion of a task.
As you already know, a computer is an electronic device that performs the following tasks:
•
Sends and accepts data and information of a user. Users need to use an input device to send and accept data or
information. The computer also saves the result or output in the memory. To store the result/output, you need a
memory device. The CPU is required to process the information stored in the memory.
•
Displays the processed information as output. The computer displays the output on the monitor or computer
screen.
The block diagram of a computer is shown in Figure 10:

Figure 10
In Figure 10, the single-headed arrow lines indicate the flow of instructions and data, and the double-headed arrow lines
indicate the instructions that are directly controlled and managed by the control unit. The block diagram shows the
major building blocks thatcorrespond to the basic operations of a computer.
Let's now learn about the various components represented in the block diagram of a computer. These components are
the input unit, the output unit, the storage unit, and the central processing unit.
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1.9.1 Input Unit
The input unit receives the data and instruction from a user. It consists of one or more input devices, such as keyboard,
mouse, CD drive, and floppy disk drive. An input device performs the following functions:
•
Accepts data and instructions from a user
•
Converts the data into a form that a computer can understand
•
Sends the converted data to the CPU for further processing

1.9.2 Output Unit
An output unit provides the information and results of a computation to the user. Printers and Visual Display Units
(VDUs) are commonly used output devices. An output device performs the following functions:
•
Accepts the results produced by a computer
•
Converts the coded results into a human understandable form for the user
•
Sends the converted result to the user

1.9.3 Storage Unit
The data and instructions entered into a computer through input devices are stored in the computer before the actual
processing starts. In the same way, the results produced by a computer after processing have to be stored somewhere in
the computer before they are passed to an output unit. Moreover, the computer must also preserve the intermediate
results of the ongoing processing. The storage unit of the computer provides space for storing data, instructions, and
results. The storage unit of a computer is of two types:
•
Primary Storage : Primary storage stores instructions from an operating system, application programs and data
that need to be processed so that these can be quickly accessed by the computer's processor. Data in primary
storage is faster to read from and write to than in other types of storage, such as hard disk. However, data stays in
primary storage as long as the computer processor does not complete the job of processing instructions or the
computer is running. When the processing is done or the computer is switched off, the primary storage loses its
data.
•
Secondary Storage : Any internal or external storage device used for storing data and programs is known as the
secondary storage of a computer. Secondary storage differs from primary storage in that it is not directly accessible
by the CPU. Also, secondary storage does not lose the data when the computer is turned off; therefore, it is known
as non-volatile memory. In modern computers, hard disks are usually used as secondary storage. A hard disk stores
all programs and data permanently in the computer. Therefore, it called the memory bank of a computer.

1.9.4 Central Processing Unit
As mentioned earlier, the CPU is a small chip that is located on the motherboard. It is the brain of the computer. The
power of the CPU is reflected by how quickly and flawlessly it processes data. The speed of the CPU is measured in
MegaHertz (MHz). The CPU is divided into two parts, called the control unit (CU) and the Arithmetic Logic Unit (ALU).
All calculations and comparisons in a computer are performed by the CPU. Moreover, the CPU is responsible for
activating and controlling the operations of other units of a computer. Now, let's learn about the two parts of the
CPU—ALU and CU.

Control Unit (CU)
The CU instructs the input unit where to store the data after receiving it from the user. It controls the flow of data and
instructions. It also controls the flow of results from the ALU to the storage unit.

Arithmetic Logic Unit (ALU)
The ALU of a computer is the place where the actual execution of instructions takes place during the processing of
operations. The ALU performs basic mathematical operations, such as addition, subtraction, multiplication, and division.
Whenever calculations are required to be performed, the control unit transfers the relevant data from the storage unit to
the ALU. Once the ALU has performed the computations, it transfers the result to the storage unit.
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ACTIVITY
Q15. What is the difference between an input unit and an output unit of a computer?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q16. Write a short note on the ALU of a computer.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.10 Characteristics of a Computer
The adoption of computers in almost every sphere of life is a testimony of their great worth and utility. Computers can
work faster than humans, with greater accuracy, and for longer periods without tiring. We can list the common
characteristics of computers as follows:
•
Speed: Refers to how quickly the computer is able to process data or perform computations. Computers can
process large quantities of data in a fraction of a second and generate the required output.
•
Storage Capability: Refers to the storage capacity of the computer. In other words, it means the amount of data
that a computer can store for later retrieval as and when required.
•
Reliability: Refers to the computer's ability to perform for long periods without error.
•
Accuracy: Refers to the ability of the computer to give accurate results of the computation performed by it. The
computer actually does not commit mistakes unless the input data has some error.
•
Versatility : Refers to the wide range of fields for which a computer can be used, such as education, business,
entertainment, defense, and science.
•
Diligence : Refefcs to the computer's ability to work continuously for long hours without getting tired. It produces
the correct result no matter how long it has been made to work.

ACTIVITY
Q17. What are the common characteristics of a computer?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q18. What is accuracy?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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1.11 Applications of a Computer
Initially, the use of computers was limited to a few areas, such as research and education. In earlier days, computers were
huge machines and had to be kept in large air-conditioned rooms because of the heat they generated. Gradually,
computers began to be used commercially, and their size reduced considerably. Nowadays, computers have become
portable devices and an indispensable part of our lives. They are used almost everywhere, be it in homes, offices,
schools, hospitals, hotels, banks, and several other places.The following are some areas where computers are routinely
used:
•
Science: In the field of science, computers help scientists to perform various complicated experiments easily.
Scientists use computers that provide them with the information related to theories and experiments they
perform. The computer uses the concepts and formulae of mathematics and physics.
•
Education: Computers are extensively used in classrooms, libraries, and laboratories for preparing reports,
displaying information, developing projects, and providing interactive learning aids. With the help of computers,
students and learners can interact with each other and the instructor through virtual classrooms. In virtual
classrooms, the students and the instructor do not have to be physically present; they can be present at different
geographical locations anywhere in the world and still participate in discussions with each other in real-time.
•
Medicine and Health Care: The computer plays a vital role in the field of medicine and healthcare. For instance, it
is used to monitor patients, diagnose disease, and so on. Most of the equipment used by doctors and nurses are
computerized and automated and are used to perform complicated and time-consuming operations quickly. Many
life-threatening abnormalities involving the heart, brain, and other vital organs are corrected through surgeries
performed with the help of the computer.
•
Engineering/Architecture/Manufacturing: Almost every engineering activity needs the support of computers in
one way or the other. Computers have made it possible for architects to design and test complex engineering
structures before actually building them. The architects use software such as Computer Aided Design (CAD) to
create the structures. Apart from CAD, Computer Aided Engineering (CAE) is also used in structural engineering.
This software allows designers to calculate data for defining real-time architecture. It also helps them to determine
the exact quantity of raw material required for construction.
A manufacturing process, such as the preparation and packaging of soft drinks, is difficult to regulate and control in
real-time. This process has been made easier by the use of computers, as modern manufacturing plants have
computers that automate and control all tasks. These include tasks such as pouring the soft drinks into the bottles,
putting the cap on the bottle, etc.
•
Entertainment: Computers are widely used in the field of entertainment. For example, they are used to control the
lighting system of a hall, stage, or studio, brightening or dimming it as required. Almost all movies made today use
computerized special effects. You must have seen many animated or 3D movies, such as Matrix, Avatar, Hanuman,
Ganesha, Jurassic Park, and Anaconda, and animated TV programs, such as Tom and jerry, Pokemon, and Bob the
Builder. These movies and TV programs use animation techniques that have been made possible through
computers.
•
Communication: Computers provide a wide range of communication technologies, such as c-mail, online
chatting, Web conferencing, and Voice over Internet Protocol (VoIP). E-mail helps you send textual messages and
other types of data to other user over the Internet. With the help of Video or Web conferencing, two or more users
can interact with each other in realtime. Online chatting allows users to interact with one another through text
messages.
•
Business Application: Computers have become an integral part of the business world. They are routinely used for
tasks such as billing, budgeting, accounting, and creating reports. In addition, online purchasing and other types of
transactions have become quite common now.
•
Publishing: Computers also play a vital role in publishing industry. A computer is required to print a book or design
the layout of a book. Computer application such as Word automatically corrects the spelling and grammatical
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•

mistakes and helps to insert images and symbols. By using Internet, it is possible to collect the information from
any part of the globe. It also helps in sharing the e-learning software and eBooks. Publishers can save their data in
the form of soft copies so that they can take several numbers of copies to prevent the loss of information.
Banking: Computers are also extensively used in banks and other financial institutions. The computer systems that
are centrally based provide the structure in which the branches act as terminals and the main computer is located
centrally. Consequently, the branches use the central computer system for information on entities, such as current
balance, deposits, overdrafts, interest charges, etc. Electronic Funds Transfer (EFT) allows a person to transfer
funds. It uses the technique where signals are transmitted via wires and telephone lines that consume lesser time.

ACTIVITY
Q19. List some of the applications of the computer.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q20. Explain the use of computers in the world of business.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

1.12 Summary
In this chapter, you have learned about:
•
Data, information, and data processing
•
The various concepts related to the computer
•
The evolution of the personal computer
•
The basic units or components of a computer
•
The block diagram of a computer
•
The characteristics of a computer
•
The applications of a computer

1.13 Keywords
•
•
•
•
•
•

Computer: Refers to an electronic device that takes input from the user in the form of data and instructions. After
receiving the data, the computer waits for the user's instructions to process the data.
Data: Refers to the smallest unit of information that can be in the form of facts, figures, numbers, etc., which is
processed by a computer.
Information: Refers to data that is organized in a meaningful way.
Central Processing Unit (CPU): Refers to a small chip that contains millions of transistors. CPUs process data
according to the instruction provided by the user.
Memory: Refers to data storage in a computer. It generally refers to the physical memory contained in actual chips.
Primary memory: Stores instructions from an operating system, application programs, and data that need to be
processed so that these can be quickly accessed by the computer's processor.
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Read-Only Memory (ROM): Refers to a built-in computer memory containing data that can only be read and not
edited. Unlike RAM, the data stored in ROM is not lost when the computer is turned off. ROM is sustained by a
small long-life battery inside the computer.
•
Programmable Read-Only Memory (PROM): Represents a memory chip on which data can be written only once.
A program written on PROM is permanent. Unlike RAM, PROM retains its content even after the computer is
turned off.
•
Erasable Programmable ROM (EPROM): Represents erasable and reusable memory. The data stored in EPROM
can be erased by intense ultraviolet light passing through a window that is designed in the EPROM chip. Normal
light in a room does not contain enough ultraviolet light to erase data from EPROM.
•
Electrically Erasable Programmable ROM (EEPROM): Represents a stable, non-volatile storage system that is
used to store minimum amount of data in computer and electronic devices. In this type of ROM, content can be
erased electrically and new information can be stored.
•
Secondary Memory: Refers to any internal or external storage device that is used to store data and programs.
Unlike primary memory, secondary memory is not directly accessible by the CPU.
•
Motherboard: Refers to a printed circuit board (PCB) that contains the computer's basic circuitry and other
components, such as sockets and chipsets.
•
Input Devices: Refer to devices that allow you to enter data or instructions into a computer.
•
Keyboard: Refers to an input device that looks similar to a typewriter. It consists of various alphabetic, numeric,
and function keys.
•
Mouse: Refers to a handheld device that allows you to control a computer without typing instructions from the
keyboard. You can hold the mouse with your palm and move it across a mousepad, which in turn, moves the
mouse pointer on the screen.
•
Output device: Refers to a device that is connected to a computer to display the results or the output of the data
processed by the computer.
•
Monitor: Works similar to a television screen and displays text characters and graphics in color or shades of gray.
•
Printer: Prints images, numbers, alphabets, and graphical elements on paper.
•
Block Diagram: Is used to display the principal parts of a computer in the form of blocks. These blocks are
connected to each other by arrows to show the stages or steps taken in the completion of a task.
•
Input Unit: Receives the data and instruction from a program. It consists of one or more input devices, such as
keyboard, mouse, CD drive, and floppy disk drive.
•
Output Unit: Provides the information and results of a computation to the user. Printers and Visual Display Units
(VDUs) are commonly used output devices.
•
Storage Unit: Provides space for storing data and instructions in a computer.
•
Primary Storage: Stores instructions from an operating system, application programs, and data that need to be
processed, so that these can be quickly accessed by the computer's processor.
•
Secondary Storage: Refers to any internal or external storage device used for storing data and programs.
•
Control Unit: Instructs the input unit where to store the data received from a user. It controls the flow of data and
instructions.
•
Arithmetic Logic Unit (ALU): Refers to the place where the actual execution of instructions takes place during the
processing of operations. The ALU performs basic mathematical operations, such as .addition, subtraction,
multiplication, and division.

1.14 Solved Questions
Ql. What is the difference between a computer and the human brain?
Ans. Throughout history, the human brain has been compared with different types of inventions.Nowadays, it is being
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compared with a computer, and it is said that the human brain is faster than a computer. Some differences
between a computer and the human brain are as follows:
•
To perform a task, the brain produces weak electrical signals. In the case of computers, the signals are sent
through cables.
•
The brain possesses common sense, whereas the computer can only follow the instructions provided by a
user.
•
The computer has evolved more quickly than the brain.
•
Unlike computers, the brain cannot be turned off.
•
Computers can be easily repaired, whereas human brain needs surgery.
Q2. Explain the basics of data processing with the help of the example of a mixer.
Ans. Data processing is defined as a methodology followed by a computer program from collecting the raw data to
storing, processing, outputting, and controlling it in the end. The main focus is to convert the raw data (input) into
some useful information (output). To understand the concept of data processing, let us consider a daily life
example of a mixer, which implements data processing. A mixer is a food-processing device, which is used to
prepare various food products and drinks, such as cold coffee. If you want to make cold coffee, then simply
collecting the ingredients used in cold coffee (milk, coffee, sugar, and ice) is not enough. It does not imply that you
will have a glass of cold coffee. Unless you do not mix these ingredients with the help of a mixer, you will not get the
cold coffee. Similarly, for data processing you have to collect ingredients in the form of raw data. But, collecting
data is not enough.
The following steps are followed in making cold coffee and processing data in a computer:
i.
Collection: You first collect all the ingredients, such as milk, sugar, coffee, and ice required to make cold
coffee, similarly, the data processing mechanism collects raw data from the user.
ii.
Storage: You put all the ingredients in the jar of the mixer according to your required quantity; similarly, the
computer stores the data in the memory.
iii. Processing: You press the button to start the mixer, and the mixer starts mixing the ingredients. After some
time, you press the button to stop the mixer. Similarly, the computer takes input commands from the user
and performs operation on data.
iv.
Outputting: Now, you take out the liquid and pour it into a glass. Similarly, a computer produces output
according to processing.
v.
Controlling: During the time of processing, the modes of a mixer needs to be controlled. Similarly, data
processing in a computer uses programs or applications to control the data during the execution.
Q3. Explain the characteristics of computers.
Ans. The adoption of computers in almost every sphere of life is a testimony of their great worth and utility. Computers
can work faster than humans, with greater accuracy, and for longer periods without tiring. We can list the common
characteristics of computers as follows:
•
Speed: Refers to how quickly the computer is able to process data or perform computations. Computers can
process large quantities of data in a fraction of a second and generate the required output.
•
Storage Capability: Refers to the storage capacity of the computer. In other words, it means the amount of
data that a computer can store for later retrieval as and when required.
•
Reliability: Refers to the computer's ability to perform for long periods without error.
•
Accuracy: Refers to the ability of the computer to give accurate results of the computation performed by it.
The computer actually does not commit mistakes unless the input data has some error.
•
Versatility: Refers to the wide range of fields for which a computer can be used, such as education, business,
entertainment, defense, and science.
Basic of Computer Fundamentals and Programming / 19

ARCADE BUSINESS COLLEGE
•

Q4.
Ans.

Q5.
Ans.

Q6.
Ans.

Q7.
Ans.

Diligence: Refefcs to the computer's ability to work continuously for long hours without getting tired. It
produces the correct result no matter how long it has been made to work.
Write the use of computers in the field of science.
In the field of science, computers help scientists to perform various complicated experiments easily. Scientists use
computers that provide them with the information related to theories and experiments they perform. The
computer uses the concepts and formulae of mathematics and physics.
Explain the term computer.
The term computer is derived from the word, compute. A computer is an electronic device that takes input from
the user in the form of data and instructions. After receiving the data, the computer waits for the user's
instructions to process the data. On receiving the instructions from the user, the computer processes the data,
generates some output, and displays it to the user. You can provide any type of data, such as text, numerals, audio,
video, and image, to the computer. When the computer processes the data, it becomes information.
Write a short note on integers, real numbers, and characters.
An integer is a number that does not comprise any fractional or decimal component. Instead, it comprises natural
numbers (1, 2, 3,.....) and non-negative natural numbers (-1, -2 , .....). The numbers such as 8.2, √
6, and 8√
2 are not
integers.
A real number is a number that comprises rational numbers (integers and fractions, such as -7,15'/2, and 9.745),
non-rational numbers (such as √
3), and transcendental number (π
). Also, real numbers are the points on a number
line, with zero included.
Characters are units of information that are used in a natural language. They can be letters (a, b,...A, B,...), digits
(0, 1, 2,....), punctuation marks (.), and white spaces.
Write down the different forms of data.
There are basically three forms of data:
o
Transactional or operational data, for example, data related to sales, cost, and accounts.
o
Non-operational data, for example, data related to weather forecasts and economic data.
o
Meta data (data inside the data), for example, a logical database and a data dictionary.

1.15 Review Questions
Ql.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q8.
Q9.
Q10.

How is the human brain different from a computer?
Discuss the evolution of personal computer.
Define data and discuss its different types in detail.
Explain the concept of data processing.
Explain the block diagram of a computer.
Discuss the basic units or components of a computer.
Write a short note on the CU and ALU.
What do you understand by secondary memory?
Write a short note on the motherboard of a computer.
Name the various input devices of a computer and explain them in brief.

1.16 Further Readings
•
•

Comdex Computer Course Kit (XP Edition), Kogent Learning Solutions, ISBN: 978-81-7722-391-0
Introduction to Computer and Data Processing, Kogent Learning Solutions, ISBN: 978-93-5004-047-8
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2.0 Objectives
After studying this chapter, you will be able to:
•
Understand the history of computers
•
Understand the generations of computers
•
Understand the classification of computer
•
Understand the classification of digital computers

2.1 Introduction
It is more than three decades since human started taking a serious note of the possibilities offered by computers. Within
a short span of time, computers have carved out a niche in the history of mankind and changed the entire array of human
life at an overwhelming pace. Nowadays, we depend on computers for almost everything that is from paying electricity
bills to withdrawing money from a bank, from getting train reservation to preparing business reports and documents,
and so on.
In this chapter, you will learn about the evolution of computers. Next, the five generations of computers are discussed in
detail. Further, you will learn about the classification of computer. Towards the end, you learn about various types of
digital computers.
Let's begin the chapter with history of computers.

2.2 History of Computers
In early times, people used objects, such as bones and stones to calculate numbers. With the increase in business and
trade, calculations became more complex. Consequently, a need was felt for more sophisticated calculating devices that
are quicker to calculate, easy to use, and reliable. These devices were known as computers.
A computer is a general purpose device that is programmed to carry out arithmetic calculations and logical operations.
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The first electronic digital computers were developed between 1940 and 1945 in the United Kingdom and United States.
They were very big in size and consumed a large amount of power.

ACTIVITY
Ql. Write a short note on the history of computers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q2. Define a computer.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

2.3 Evolution of the Computer
The seeds of the modern computer were sown around 3500 years ago when a huge stone carved structure spread in a
circular pattern over a huge ground was used to perform astronomical calculations by considering the position of sun
rays. This stone carved structure is known as the Neolithic computer and the mode of calculation is known as the
Stonehenge calculation. The Neolithic computer is the oldest computer found till date. Figure 1 shows Stonehenge:

Figure 1
Let's now see how the computer has evolved from a simple
manual calculating machine to a multitasking electronic
machine..

2.3.1 ABACUS
ABACUS (Abundant Beads, Addition and Calculation Utility
System) is a calculating instrument used by Chinese, Japanese,
and Koreans since ancient times. Abacus may be termed as a
sort of ancient computer. It is generally used by vendors and
traders to perform simple mathematical calculations.
Currendy, abacus is popular among kids in many parts of the
world. It comes in different forms, sizes, colors, and
constructions. Figure 2 shows the structure of an abacus:
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2.3.2 Napier's Bones
Napier's bones (rods), named after its inventor, John Napier, were designed to find the products and quotients of the
numbers. It consists of a board provided with a rim on it, the Napier's rods are placed in the rim. The board's left edge is
divided into 9 squares, with numbers from 1 to 9. Figure 3 shows Napier's bones:

Figure 3

2.3.3 Slide Rule
Slide Rule is a mechanical device consisting of two identical linear or circular logarithmic scales. These scales are marked
with numbers and logarithmic values and can be adjusted by hand. Apart from multiplication and division, a slide rule
can be used to perform operations involving logarithms, roots and trigonometry. Slide rules are found in linear and
circular shapes with a standardized set of scales marked on them for calculation. Figure 4 shows a slide rule.

Figure 4

2.3.4 Pascal Calculator
In 1642, a French mathematician named Blaise Pascal created a machine, called as the numerical wheel calculator. This
machine was capable of performing basic mathematical operations, such as addition, subtraction, multiplication, and
division.
The numerical wheel calculator, also known as Pascaline, had six movable dials that were used to find the sum of
numbers of up to eight digits by taking the base as ten.
Figure 5 shows the numerical wheel calculator or Pascaline:

Figure 5
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2.3.5 Leibniz Machine
In 1671, Gottfried Wilhelm von Leibniz, a German mathematician-philosopher, created a calculating machine called the
Step Reckoner. It extended Pascal's ideas and performed multiplication by iterative addition and shifting of numbers.
Leibniz used to believe in the concept of binary system, which uses only two digits, 0 and 1. However, his machine used
decimal numbers, as positions on 10-position dials.

2.3.6 Punch Card System
A punch card is a piece of stiff paper containing digital information, depicted by the presence or absence of holes in
predefined positions. They have become obsolete now, but earlier in 19th century, they were broadly used to control
textile looms. In the 20th century, they were used in record machines that input the data, processed it, and gave the
output. Today, punch cards are used for shopping purpose and for authentication in organizations. Figure 6 shows a
punch card:

Figure 6

2.3.7 Difference Engine
The real beginning of computers as we know them today started with the efforts of English mathematics professor,
Charles Babbage. In 1821, Babbage invented a machine known as Difference Engine to perform mathematical
calculations. Figure 7 shows the image of Charles Babbage:

Figure 7
Figure 8 shows Difference Engine invented by Charles Babbage:

Figure 8
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2.3.8 Analytical Engine
In 1832, Charles Babbage conceived an idea of developing another machine that could perform not only mathematical
tasks but also any type of calculation. Soon, he began to work on the new machine, and in 1856 he succeeded in
developing it. The new machine was named Analytical Engine. Due to his contribution in the field of computers, Charles
Babbage is also known as the father of modern computers.

2.3.9 First Programmer
Ada Lovelace was the first programmer in the world. She was an English mathematician and writer. Her programs were
performed on Charles Babbage's early computer, the Analytical Engine.
In 1842, Charles Babbage was invited in a seminar at the University of Turin. The seminar was based on his analytical
engine. Luigi Menabrea, a young Italian engineer, wrote up Babbage's lecture in French. Later, Ada Lovelace translated
that in English. These notes were arranged alphabetically from A to G. In note G she explained about the algorithm to
compute Bernoulli numbers. This algorithm was the first algorithm offered by Ada and this is the reason she is known as
first computer programmer.

2.3.10 Boolean Algebra
In 1854, George Boole introduced Boolean Algebra. It is a subset of algebra, where the values of variables are true (1) and
false (0). In elementary algebra, the values of the variables are the numbers that are used to perform addition and
subtraction. However, in Boolean algebra, the main operations performed are the conjunction and, which is denoted as
?; the disjunction or, which is denoted as V; and the negation not, which is denoted as

2.3.11 Punch Card Machine
In 1890, Hermann Hollerith invented the first punch card machine. Punch card machines were used to do all sorts of
business data processing tasks. They follow the principle of making individual records of information on paper cards
using punched holes so the machines could easily read them. The processing is electro-mechanical where card reading,
data routing and control is done electrically and card punching, printing, counting and timing is mechanical.

2.3.12 Thermionic Valves
Thermionic valves (also known as vacuum tubes) are found in many forms, such as diode, triode, tetrode, pentode,
heptode, etc. They consist of vacuum tubes that help in rectifying, amplifying, or creating electric signals.

2.3.13 MARK 1
The IBM Automatic Sequence Controlled Calculator (ASCC), called as the Mark I by Harvard University, was an electromechanical computer. Harvard Mark I was the first operating machine that could execute long computations
automatically. Figure 9 shows the left side of the Harvard MARK 1:

Figure 9
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ACTIVITY
Q3. Define access time, seek time, and rotational latency.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q4. Discuss the contribution of Charles Babbage in the evolution of computers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

2.4 Computers used in the Present Scenario
Modern computers are electronic in nature. They are non-mechanical and operate on software applications, as
compared to earlier computers that were largely mechanical.

2.4.1 ENIAC
Electronic Numerical Integrator and Computer (ENIAC) was jointly introduced by three American scientists, John von
Neumann, John Presper Eckert, and John W. Mauchly, on February 19, 1946. ENIAC was capable of performing more than
5,000 additions or subtractions and 360 multiplications in a matter of seconds. ENIAC was very large compared to today's
computers. Moreover, it consumed a lot of electricity, and was primarily used to calculate the trajectories of bombs and
shells. Figure 10 shows the structure of ENIAC:

Figure 10

2.4.2 EDVAC
John Von Neumann proposed a new concept of storing information in a large internal memory that overcomes the
disadvantages of ENIAC. This concept is also known as the stored program concept. Based on this concept, a new
computer called Electronic Discrete Variable Automatic Computer (EDVAC)
was introduced. Figure 11 shows the Von Neumann architecture:
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Figure 11

2.4.3 EDSAC
Maurice Wilkes and his team proposed a machine known as EDSAC (Electronic Delay Storage Automatic Calculator)
which was the operational electronic digital stored-program computer. The memory comprises 1024 locations, where
only 512 locations were initially used. It contains 18 bits each but due to timing constraint, only 17 bits were used. Figure
12 shows the structure of EDSAC:

Figure 12

2.4.4 UNIVAC
UNIVAC I (Universal Automatic Computer) was developed by Remington Rand in 1951. It was the first American
computer that was designed for business and administrative uses that is, to perform simple arithmetic and data
transport operations.
Figure 13 shows the structure of UNIVAC I:

Figure 13
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ACTIVITY
Q5. Differentiate between ENIAC and EDVAC.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q6. Differentiate between EDSAC and UNIVAC.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

2.5 Generations of Computers
The generation of computer describes the stages of technological development that changes the internal and external
environment of the system like size, cost, power, efficiency reliability, usability etc.
Each generation of the computer is distinguished by a major technological development that essentially changed the
manner computers operate. Computers can be classified into the following generations:
•
First Generation: 1940-1956
•
Second Generation: 1956-1963
•
Third Generation: 1964-1970
•
Fourth Generation: 1970-1989
•
Fifth Generation: 1990-today
Let's discuss about each generation in detail:

2.5.1 First Generation (1940-1956):
First generation computers were made with the electronic component based on vacuum tube or thermionic valves.
These computers help in calculation and computation values. Figure 14 shows a vacuum pump:

Figure 14
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The characteristics of these computers are given as follows:
i.
Big Size
ii.
Very Costly
iii.
Slow Speed
iv.
Low accuracy
v.
Low storage capacity
vi.
High power requirement
vii. High heat generation
viii. High failure rate
ix.
Use machine language
x.
No operating system
Some important computers are ENIAC, EDSAC, EDVAC, UNIVAC etc.

2.5.2 Second Generation (1956-1963):
The electronic component in the second generation computers was based on Transistors. Transistor was developed in
1947 by a team of scientists lead by William Shockley at Bell Laboratory of USA. It is made with the semiconductor
material like germanium and silicon. A transistor generally consists of three leads and performs some of the electrical
functions like current, voltage and power amplification with the low power requirements. Figure 15 shows a transistor:

Figure 15
The second generation computers were smaller in size, have better speed, consume less power, have low cost, generated
less heat, and had better storage capacity and better accuracy. The time taken for the computation in these computers
was reduced from milliseconds to microseconds. The computers in second generation needed air conditioning, used
Assembly language had no operating system.
Examples of second generation computers are UNIVAC II & III, IBM 7090, Honey Well 400 Series, etc.

2.5.3 Third Generation (1964-1970)
The third generation computers electronic component was based on Integrated circuits (IC). IC was developed by Jack St.
Clair and Robert Noyce in 1958. The IC is made up of a single chip which contains the transistors and resistors. Figure 16
shows the IC:

Figure 16
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The computers in the third generation used the time sharing operating system and high level language. These computers
had large storage capacity. The time taken for the computation in these computers was reduced from microseconds to
nanoseconds.
Third generation computers were better than the first and second generation of computers in all respects. The examples
of the third generation computers are IBM 360 series, IBM 370 Series, CDC-6600.

2.5.4 Fourth Generation (1970-1989):
The electronic component in the fourth generation computers was based on microprocessor. Microprocessor contains
an entire CPU on a single chip. All components of a computer (memory, central processing unit and input and output
controls) are on a single chip. Intel 4004 was first microprocessor by Intel Corporation (USA) in 1971 for small purpose. It
was a 4 bits microprocessor. The First general-purpose microprocessor was developed by Intel in 1973 and named as
Intel 8008. Figure 17 shows the microprocessor:

Figure 17
Fourth generation computer uses Semiconductor memory for internal storage and large capacity of magnetic disk for
external storage. These computers use operating system and have the Graphical User Interface (GUI). These computers
used the multiple windows system, HLL and 4GL (4th generation language). The characteristics of these computers are
low cost, excellent speed & reliability. The computer in this generation is also called as desktop.
Examples of fourth generation computers are IBM PC series, DEC 10, PDP 11 etc.

2.5.5 Fifth Generation (1990-today):
The electronic components in the fifth generation computers consist of the VLSI (Very large scale integration) & ULSI
(Ultra large scale integration) technology. These computers have large capacity main memory, large capacity HD and
uses Optical disc as portable storage media. The softwares used in these computers consists of multimedia application,
internet based application, artificial intelligence etc. The advantages of these computers include Super Large Scale
Integrated (SLSI) chips, superb speed, high storage capacity. The computer becomes laptop and palm top. Main
Computer in the fifth generation are IBM ThinkPad, PARAM 10000, etc.

ACTIVITY
Q7. Discuss the first generation computers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q8. What are the differences between second and third generations of computers?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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2.6 Classification of Computer
2.6.1 Digital Computer
Most computers used today are digital. These computers are quite precise in their output and are easy to design. Also,
there is no impact of electrical fluctuations on the output. These computers work with digits by means of binary
numbers, which is either zero or one; hence, they are known as digital.
Digital computers take discrete values as input. A digital computer is made up of several electronic devices such as digital
circuits, flip flops, transistors, and integrated circuits (IC). These circuits are designed in such a way so as to manipulate
physical quantities or information provided in digital format.
Since digital computers can understand only digits, they are very precise either in case of input or output. The power of
electronic circuitry makes them an ideal machine without resulting in ambiguous values. The output can be in the form
of letters, pictures, or anything else. Everything is a manipulation of bits; no other form of input is acceptable. However,
feeding information can be analog or digital, but the output is always the result of digital calculations inside the
electronic circuitry. For example, a rich graphics game is an output of rapid calculations between the coordinates of the
image in the circuits.
Regarding their input, a digital computer can only understand binary digits, which is represented as clusters of 0s and 1s
in a specific format. They are programmed devices that include a set of instructions for the execution. Upon execution, a
meaningful and accurate result is displayed.
Today digital computers are highly dominant; hence, the word 'computer' has become a synonym for digital computer.
Let's justify the reason for this dominance by enlisting the advantages of digital computer systems as follows:
•
Easier Construction: Digital computers are easy to design without much impact of applied voltage while designing.
They accept the resultant voltage value that falls under a given range. If the range is high, signal 'one' is processed
and if it is low, signal 'zero' is accepted.
•
Accuracy: Digital computers are much accurate and precise regarding their output as they accept only digital
format of input. By adding a few extra circuits, the precision points of digits are increased to several digits. This
precision is very useful for scientific calculations.
•
Storage Capacity: One of the great advantages of digital computers is their storage capacity. They can store huge
amounts of data in memory, which is easily retrievable, when required.
•
Programmable: Digital computers are programmable. A definite set of instructions can be input to instruct them
accordingly. This makes them easy-to-use and also versatile for solving various tasks.
•
Fault Tolerance: Digital computers never become tired and have a very long life span. This makes them highly
reliable and trustworthy.
•
Integrated Circuits: Digital circuits can be integrated on a chip and can be extended much easily. This provides
greater scope for rapid advancement and increases their efficiency. Moreover, the fabrication of digital circuits is
easy when compared to analog devices.
Let's now learn about analog computers.

2.6.2 Analog Computer
Analog computers do not use binary digits. Inputs are provided through physical quantities. These physical quantities
can be electric signals, potential pressure, and temperature. The output of such inputs is taken on analog meters or in the
form of graphs. The word analog pertains to continuity; hence, the output received is always interpreted.
Analog computers are actually specialized electronic devices, which accept physical input and manipulate them. The
input can highly vary. For example, the analog speedometer of a vehicle can be considered as an example of analog
computer. The varying speed deflects the indicator that represents an approximation of speed. Another example is the
voltage measuring instrument such as voltmeter. As the terminals of the voltmeter are attached with the voltage source,
the needle shows a deflection proportional to the applied voltage across terminals. The most significant invention in the
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field of analog computer was the differential analyzer. This differential analyzer was capable to solve the differential
equations using mechanical integrators (gear type instrument).
As analog computer uses binary code (0s and 1s) that does not require any manipulation; therefore, the analog
computers are highly faster than digital computers. Calculations that are difficult for a digital computer and those that
consume much time can be performed faster on analog computers. Analog computers are mostly used in hydraulics and
pneumatics, chemical plants, nuclear plants, aircraft simulations, and electronic networks.
Despite their numerous advantages, analog computers have significant disadvantages over digital computers, which are
as follows:
•
They can read only physical signals and cannot manipulate alphanumeric input.
•
They have very limited memory.
•
Analog systems are difficult to program.
•
They are not very accurate; hence, high preciseness cannot be expected. The results by these systems mostly need
interpretation.

2.6.3 Hybrid Computer
A hybrid computer, as its name suggests, combines the functionalities of both digital and analog computers. In a hybrid
computer, the digital component acts as a controller and performs logical operations, whereas the analog component
solves differential equations of higher levels.
Hybrid computers are mostly used in hospitals where the analog part is used to monitor a patient's heart beat,
temperature, blood pressure, and other parameters, and the digital part monitors his/her vital signs during the
operation. Hybrid computers provide cost-effective methods to perform complex simulations due to which they are less
expensive than any other type of computer.

ACTIVITY
Q9. What is the difference between analog and digital computers?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q10. List the advantages and disadvantages of analog, digital, and hybrid computers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

2.7 Classification of Digital Computer (Based on Size)
As we have already discussed, most of the computers used today are digital computers. These computers give accurate
output and are easy to design. They work with only two digits, that is 0 and 1 (binary numbers).Depending upon the size,
digital computers can be divided into four types—personal computer, minicomputer, mainframe computer, and
supercomputer.

2.7.1 PC (Micro Computer)
Personal Computer (PC) is a small but powerful computer that is used for general purpose primarily in an office or home
without the need to be connected to a larger computer. In the early 1980s, the first low-cost, fully assembled units were
mass-marketed. The typical configuration consists of a video display, keyboard, mouse, logic unit and memory, storage
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device and often a modem. Further reduction in the component size has made it possible to build portable PCs and
laptops. Most current PCs have more computing power, memory, and storage than the large mainframe computers of
the 1950s and early 60s. PCs equipped with networking and communications hardware are often used as computer
terminals.
Most PCs come in one of the two shapes: towers and desktops. Desktops are perhaps the most familiar. The system unit
is shaped like a rectangular box, wider than it is tall. Usually the computer's monitor is placed on top of it. These personal
computers (PCs) are what you see most often on the retail shelves and in homes. The personal computer is shown in
Figure 18:

Figure 18

Micro Computer includes the following types:
a.
Desktop model / Tower model
b. Notebook model / Laptop
c.
Handheld PC / (HPC)
a.
Desktop model/Tower model: It is the most common micro-computer. In desktop model system unit is placed
horizontally and in tower model system unit is placed vertically. It is principally intended for stand-alone use by an
individual. These micro-computers typically consist of a system unit, a display monitor a keyboard, internal hard
disk storage and other peripheral devices. Figure 19 shows a desktop model:

Figure 19

b.

The major criterion behind the importance of the PC is that they are not very expensive to purchase by the
individuals or the small businesses. Some of the major personal computers are APPLE, IBM, Dell, etc.
Notebook model/Laptop: These are portable computers. A user can carry it around. Its size is 8.5" * 11". These are
also light in weight around 2 kg. It includes all the basic features of a normal desktop computer. Figure 20 shows a
laptop:

Figure 20
It uses almost full size keyboard a small LCD color display and track boll in place of mouse. These have also a Hard
disk, a Floppy disk and a CD-ROM drive. It contains a rechargeable battery. The main advantage of this is one can
use this computer anywhere and at any time.
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c.

Hand-held PC: Since in mid-1990, many new types of small personal computing devices are introduced, handheld
computer came in the market. These tiny systems are also called Palmtop computers or Personal Digital Assistant
(PDA). Most of this type of system does not provide disk but memory card can be added through PC card or other
means. They have limited memory and are less powerful as compared to desktop computers. Software is
abandoned for these devices. It can be kept in the pocket. A PDA user generally uses a pen or electronic stylus,
instead of keyboard for input. Some examples are Apple Newton and Casio Cassiopeia.

2.7.2 Minicomputer
The term minicomputer originated in 1960s when it was realized that many computing tasks do not require an expensive
contemporary mainframe computers but can be done by a small, inexpensive computer. Initial minicomputers were 8 bit
and 12 bit machines, but by 1970s almost all minicomputers were 16 bit machines. The 16-bit minicomputer was a
powerful machine, which could be used in a variety of applications and support business applications along with
scientific applications. With the advancement in technology, the speed, memory size and other characteristics
developed and the minicomputer was then used for various standalone or dedicated applications. Gradually, the
architectural requirements of minicomputers grew and a 32-bit minicomputer, which was called super mini, was
introduced. It had more peripheral devices, larger memory and could support more users working simultaneously on the
computer in comparison to the previous mini computers. The mini computer is shown in Figure 21:

Figure 21

2.7.3 Mainframe Computer
In the 1960sand 70s, mainframe computers became an important part of many American businesses. These are the
large-size computers that occupy a large air-conditioned roomful space and main memory size up to 128 megabyte.
Since all its peripherals are mounted in large cabinet type of frames, these computers are also known as mainframe
computers. Such a computer system can be used by 128 users simultaneously in a time sharing mode by employing mini
computers as a front end processor. All the first to third generation computers that work at a speed of 5 to 100 million
instructions per seconds fall under this group. IBM's 308x-580 series, IBM-3090, 4300, 4381, DEC 1090, 10 20, Cyber's
170, ICL's Series 9, Honeywells DPS 88/860, Burrough 7800, UNIVAC 1100/60, ACOS 100 are the popular mainframe
computers.
Mainframe is an industry term for a large computer, typically manufactured by a large company such as IBM for the
commercial applications and other large-scale computing purposes. Historically, a mainframe is associated with
centralized rather than distributed computing. Today, IBM refers to its larger processors as large servers and emphasizes
that they can be used to serve distributed users and smaller servers in a computing network. The mainframe computer is
shown in Figure 22:

Figure 22
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2.74 Supercomputer
Supercomputer means a computer having a main memory of 256 megabytes, working on vector architecture with 64 bit
words and a performance peak time in the range of 500 M flops (million floating point operations/second). This
operating speed can be compared with the first computer's operating speed. ENIAC and Colossus were in region of 100
flops only. Nowadays, supercomputers largely own their fantastic speed of processing to the development of three very
important concepts in computer architecture: pipelining, vector processing, and parallel processing. Let's examine these
concepts briefly. Supercomputers are the largest, fastest, most expensive computers currently made. They process data
at speeds exceeding 400,000,000 to 600,000,000 operations per second. For example, CRay-2 operates at speeds of 1.2
billion flops (floating-point operations per second, a measure of optimum computer efficiency). It can perform
calculations in one minute which a personal computer could perform in three weeks. Figure 23 shows a supercomputer:

Figure 23

ACTIVITY
Q11. Discuss the various types of general purpose or personal computers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q12. What are various types of digital computers?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's summarize the main concept of this chapter.

2.8 Summary
In this chapter, you have learned about:
•
History of computers
• Initial development of computers
•
Computers used in the present scenario • Generation of computers
•
Different types of computers, such as, analog, digital, and hybrid
•
Different types of digital computers based on size , such as supercomputer, minicomputer, mainframes, and
microcomputers

2.9 Keywords
•
•

Abacus: Refers to a calculating instrument used by Chinese, Japanese, and Koreans since ancient times.
Pascaline: Refers to a machine invented by French mathematician, Blaise Pascal, in 1642, and named as Numerical
Wheel Calculator.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Napiers's Bones: Refer to rods that were designed to find the products and quotients of numbers.
Slide Rule: Refers to an instrument designed to perform mathematical operations, such as, logarithms, roots, and
trigonometric functions
Leibniz Machine: Refers to a machine that is based on Pascal's ideas and performed multiplication by iterative
addition and shifting.
Difference Engine: Refers to a machine invented by English mathematics professor, Charles Babbage in 1821 to
perform mathematical calculations.
Electronic Numerical Integrator and Computer (ENIAC): Refers to the first electronic computer.
Electronic Discrete Variable Automatic Computer (rEDVAC): Refers to a computer that is based on the stored
program concept.
Electronic Delay Storage Automatic Calculator (EDSAC): Refers to an operational electronic digital storedprogram computer to perform calculations.
Universal Automatic Computer (UNIVAC): Refers to a computer that was designed for business and
administrative use that is to perform simple arithmetic and data transport operations.
IBM Personal Computer: Refers to a computer developed by IBM in 1981 to be used by one person at a time
irrespective of location and time.
General Purpose Computer: Refers to a personal computer that is small but powerful and is used for general
purpose primarily in an office or home without the need to be connected to a larger computer.
Mainframe Computer: Refers to the large-size computer that occupies a large air-conditioned roomful space and
has a main memory size of up to 128 megabyte.
Supercomputer: Refers to the fastest computer. A supercomputer is basically used for scientific and engineering
applications, which include very large database and have an excessive amount of computation.
Microcomputer: Refers to the computer that has microprocessor as its CPU.
Digital Computer: Refers to the computer that works with digits by means of binary numbers, which is either zero
or one
Analog Computer: Refers to the computer that does not use binary digits
Hybrid Computer: Refers to the computer that provides the features of both the analog and digital computers.

2.10 Solved Questions
Q1. Discuss hybrid computers.
Ans. A hybrid computer, as its name suggests, combines the functionalities of both digital and analog computers. In a
hybrid computer, the digital component acts as a controller and performs logical operations, whereas the analog
component solves differential equations of higher levels. Hybrid computers are mostly used in hospitals where
the analog part is used to monitor a patient's heart beat, temperature, blood pressure, and other parameters, and
the digital part monitors his/her vital signs during the operation. Hybrid computers provide cost-effective
methods to perform complex simulations due to which they are less expensive than any other type of computer.
Q2. Discuss third generation of computers.
Ans. Integrated Circuit (IC) was developed in third generation of computers. Although transistors were better than
vacuum tubes but they produce enough heat to damage the internal circuitry and other heat-sensitive electronic
devices of the computer. The problem was finally resolved in 1958 when an engineer, Jack Kilby, working in the
Texas Instrument company, came up with the idea of quartz. The quartz is used to create a small silicon disk in
which IC was used to add three electronic components together. After some time, scientists managed to fit more
components on a single chip, such as semiconductor. Thus, the size of computers started to decrease as more
components were squeezed onto the single chip. Another distinctive feature of the third generation computers
Basic of Computer Fundamentals and Programming / 36

ARCADE BUSINESS COLLEGE
was the excessive use of an operating system. It allowed machines to run different programs simultaneously with a
central program that monitors other programs. It also helps programs to coordinate with the computer's memory.
Q3. Write a short note on ENIAC.
Electronic Numerical Integrator And Computer (ENIAC) was jointly introduced by three American scientists, John
von Neumann, John Presper Eckert, and John W. Mauchly, on February 19, 1946. ENIAC was capable of performing
more than 5,000 additions or subtractions and 360 multiplications in a matter of seconds. ENIAC was very large
compared to today's computers. Moreover, it consumed a lot of electricity, and was primarily used to calculate the
trajectories of bombs and shells. The following Figure shows the structure of ENIAC:

Q4. Discuss mainframe computers.
Ans. In the 1960s and 70s, mainframe computers became an important part of many American businesses. These are
the large-size computers that occupy a large air-conditioned roomful space and main memory size up to 128
megabyte. Since all its peripherals are mounted in large cabinet type of frames, these computers are also known as
mainframe computers. Such a computer system can be used by 128 users simultaneously in a time sharing mode
by employing mini computers as a front end processor. All the first to third generation computers that work at a
speed of 5 to 100 million instructions per seconds fall under this group. IBM's 308x-580 series, IBM-3090, 4300,
4381, DEC 1090, 10 20, Cyber's 170, ICL's Series 9, Honeywell's DPS 88/860, Burroughs 7800, UNIVAC 1100/60,
ACOS 100 are the popular mainframe computers.
Mainframe is an industry term for a large computer, typically manufactured by a large company such as IBM for the
commercial applications and other large-scale computing purposes. Historically, a mainframe is associated with
centralized rather than distributed computing. Today, IBM refers to its larger processors as large servers and
emphasizes that they can be used to serve distributed users and smaller servers in a computing network. The
mainframe computer is shown in the following figure: -

Q5. Discuss the concept of punch card in brief.
Ans. The following figure shows a punch card:
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Q6. Discuss about the evolution of PC.
Ans. The first personal computer was introduced by IBM in 1981, which was not much more than a typewriter and a
calculator. However, over the past few years, the continuous advancement and innovations in technology made
personal computers a part of daily activities. The first computer is powered by the Intel 8088 processor that
contains 29,000 transistors and now the Intel Core 2 Duo processor has 291 million transistors, 10,000+ times
more than the Intel 8088 processor. The first personal computer did not include mouse, windows Graphical User
Interface (GUI), and hard drive. Now, a personal computer can have more than 500 Giga Byte (GB) of hard disk to
store files, 4 GB of RAM, flat-panel monitors, graphic card, and sound cards.
Q7. Describe seek time, rational latency, and access time.
Ans. Seek time of a disk refers to the amount of time required to find some information or data on the disk. The lower
the value of the seek time, the faster a disk can read the data. Seek time is usually expressed in milliseconds,
abbreviated as ms. The average seek time of most disks is in the range of 8ms to 10ms.
Rotational latency is the waiting time for the disk rotation and placing the required sector of the disk under the
read/write head. It depends on the disk rotation speed. Transmission time refers to the time required for
transmitting data from a disk. It is measured at the speed of light.
Access time of a disk drive refers to the time that is required by a computer to process a request and retrieve the
requested data from the storage device. In other words, access time is the time span in which the data is
transferred. The access time of a disk is calculated by summing the spin-up time, seek time, rotational delay, and
transfer time. The access time of a disc is measured in milliseconds and is abbreviated as ms.
Q8. What are magnetic tapes?
Ans. Magnetic Tape is a thin and long strip coated with magnetic material and is used in magnetic tapes for data storage.
Similar to magnetic disk, bits are stored in the form of small dots on the strip. These dots are distributed across
several sectors on the tape. The read/write head remains stationary and only the tape is moved to read or write
any data at a particular location. The data is stored in groups of bits on the strip. Operations such as forward,
reverse move, and stop are applicable on magnetic tapes.
However, the movement of tape is not fast; as a result, data is stored in blocks that are known as records. The gap is
intentional to represent a stop in a piece of information on magnetic tape. Records in tape may be fixed or of
variable length. The development in computer memory has minimized the use of magnetic tapes, but not
completely. They are still used as back-up devices in large data processing computers due to their moderate price
and high efficiency.
Q9. Discuss Napier's Bones.
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Ans. Napier's bones (rods), named after its inventor, John Napier, were designed to find the products and quotients of
the numbers. It consists of a board provided with a rim on it, the Napier's rods are placed in the rim. The board's
left edge is divided into 9 squares, with numbers from 1 to 9.The following figure shows the structure of Napier's
bones:
Q10. Discuss slide rule and difference engine in detail.
Ans. Slide Rule is a mechanical device consisting of two identical linear or circular logarithmic scales. These scales are
marked with numbcis and logarithmic values and can be adjusted by hand. Apart from multiplication and division,
a slide rule can be used to perform operations involving logarithms, roots and trigonometry. Slide rules are found
in linear and circular shapes with a standardized set of scales marked on them for calculation. The following figure
shows a slide rule:

The real beginning of computers as we know them today started with the efforts of English mathematics professor,
Charles Babbage. In 1821, Babbage invented a machine known as Difference Engine to perform mathematical
calculations. The following figure shows the Difference Engine invented by Charles Babbage:

2.11 Review Questions
Ql.
Q3.
Q4.
Q5.
Q6.
Q7.

Name various types of computers. Explain in detail. Q2. What is an abacus?
Write a short note on EDVAC and EDSAC.
Explain the working of analytical and difference engines.
What are analog computers? How do they differ from digital computers?
Write a short note on first generation computers.
Discuss the following types of computers:
•
EDSAC
• EDVAC
• UNIVAC
• ENIAC
Q8. What are hybrid computers?
Q9. Differentiate between microcomputers and minicomputers.
Q10. Discuss punch cards.

2.12 Further Readings
•
•

Comdex Computer Course Kit (XP Edition), Kogent Learning Solutions, ISBN: 978-81-7722-391-0
Introduction to Computer and Data Processing, Kogent Learning Solutions, ISBN: 978-93-5004-047-8'
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3.0 Objectives
After studying this chapter, you will be able to:
•
Understand punched cards and punched paper tape
•
Learn about keyboard and mouse
•
Learn about OCR, OMR, and MICR
•
Learn about joystick, light pen, bar code reader
•
Learn about scanner and touch screen devices

3.1 Introduction
Prior to discussing input devices, let us recall the basic units of computer in brief (as discussed in chapter 1). There are
five basic units of a computer. They are:
1.
Central Processing Unit (CPU): CPU is also known as microprocessor or brain of a computer system. It is a small
chip that contains millions of transistors. CPU processes data according to the instructions provided by the user.
Basically, there are two main parts in CPU: Arithmetic Logic Unit (ALU) and Control Unit (CU).
2.
Memory: Memory refers to data storage, which is in the form of chips. The term storage is used for memory
contained in tapes or disks. Memory is usually a short reference for physical memory contained in actual chips.
3.
Motherboard: A motherboard is a printed circuit board (PCB) consisting of the computer's basic circuitry and
other components, such as sockets and chipsets of computer. The circuits are fixed on the surface of the board. It
also contains connectors that are used to attach additional boards to the computer. Typically, a motherboard
contains controllers for all standard devices, such as the display screen, keyboard, and disk drive.
4.
Input Devices: Input devices allow you to enter data or instructions in a computer. For example, mouse is used to
input data to the system by detecting movement.
5.
Output Devices: Output devices allow you to retrieve an output from the system after processing the data given
as input.
For example, printer is used to get the printed pages as output.
In this unit, you will learn about different types of input devices.
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3.2 Getting Started with Input Devices
As discussed in the preceding topic, input devices are responsible to input data in a computer, which gets processed, and
gives the output. The first stage of information processing life cycle gets input from the user with the help of input
devices. The various types of input devices are:
•
Punched Cards
•
Punched Paper Tape
•
Keyboard
•
Mouse
•
Optical Character Reader
•
Optical Mark Reader
•
Magnetic Ink Character Reader
•
Joystick
•
Light Pen
•
Bar Code Reader
•
Scanner
•
Touch Screen
Now, let us study these input devices in detail:

3.2.1 Punched Cards
A punched card, punch card, IBM card, or Hollerith card is a piece of stiff paper consisting of digital information depicted
by the presence or absence of holes in predefined positions. In 19lh century, punched cards were used for controlling
textile looms and later in early 20th century for operating fairground organs (pipe organ that provides loud music to
accompany fairground rides). In late 20th century, they were used in unit record machines for input, processing, and
storing data. Herman Hollerith found the recording of data that would be understandable by the computer. Figure 1
shows the punched card:

Figure 1

3.2.2 Punched Paper Tape
Punched paper tape or perforated paper tape is used for storing data. It is a long strip of paper in which holes are
punched to store data. It was broadly used during the 20th century for teleprinter communication. In 1950s and 1960s, it
was used to input data as well as a storage medium for minicomputers. Figure 2 shows five holes and eight holes punched
paper tape:

Figure 2
Basic of Computer Fundamentals and Programming / 41

ARCADE BUSINESS COLLEGE

3.2.3 Keyboard
A keyboard looks like a typewriter. A numeric keypad is located to the right of the keyboard. Numeric keys have the same
placement as a 10-key calculator, which allows the operator to enter numbers rapidly. The keyboard that we use is also
known as QWERTY keyboard. It is also called the Universal keyboard. Christopher Sholes, the inventor of the typewriter,
designed the arrangement of characters on a QWERTY keyboard in 1868. Generally, keyboards are available in two
models: Standard model with 83-84 keys and enhanced model. Figure 3 shows a standard QWERTY keyboard:

Figure 3
A brief description of various keys present on the keyboard is given as follows:
•
Typewriter Keys: Include letters, numbers, and punctuation symbols. The typewriter keys are used for typing and
designing.
•
Function Keys: Include keys labeled Fl to F12, located at the top end of the keyboard. The functions they perform
depend on the software that you use.
•
Cursor Control Keys: Appear as Left, Right, Up and Down arrow keys, respectively. These keys enable you to move
the cursor to the left, right, up or down the screen - one line or one character at a time.
•
Numeric Keys: Appear just below the function keys, along with some special characters printed on the topside.
Also, the right-hand side of the keyboard contains the numeric key pad, comprising calculator like keys. Some of
these keys have double functions. The switch-over between the two functions of a numeric key pad is controlled
by the key marked NUM LOCK. For example, the key marked 7 works as a Home key only when the NUM LOCK key is
OFF. When the NUM LOCK key is ON (indicated by the green light on top of the keyboard), the keys marked 1, 2, 3,
4, 5, 6, 7, 8, 9, 0 function as Numeric keys, and on pressing any one of them, a number gets displayed on the screen.
•
Page Up and Page Down keys: Allow you to move to the preceding and next pages of the document, respectively.
•
Home and End keys: Allow you to move the cursor to the top and end of the document, line, or window,
respectively.
•
Caps Lock Key: Allow you to type text in upper case. Normally, an alphabet is typed in the lower case. If you press
the Caps Lock key once (when the LED status indicator of Caps Lock is lit), any letter you type appears in the
uppercase (capital). This effect can be reversed by simply pressing the Caps Lock key once again.
•
Shift Key: Allow you to type text in upper case. Holding the Shift key down and then pressing a letter key creates an
upper case letter. However, if the Caps Lock is ON, then this effect is reversed. Where there are two symbols or
characters on a key, holding down the Shift key causes the upper symbol, such as ~ ! @ #$%"&*()_ + | :{}":<>?, to
appear.
•
Ctrl and Alt keys: Allow you to carry out special actions. For example, pressing Ctrl and C simultaneously aborts the
current task or command from being executed in MS-DOS and returns to DOS prompt. By pressing Ctrl, Alt and Del
(Delete) keys simultaneously, the machine automatically restarts.
•
Enter key: Allows you to start processing the data. In case of software, such as MS Word, pressing the Enter key will
lead to the starting of the next line. The Enter key is also referred to as the Return key.
•
Tab key: Moves the cursor along a line to a preset point. It lets you indent paragraphs and line-up columns, text or
numbers. In some software, the Tab key helps you to move from one option to another in a menu.
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•
•

Esc (Escape) key: Allows you to cancel or ignore the entry or command that you have just entered in an application.
Delete and Backspace keys: Erase a space or character (one space/character at a time) that is placed to the right
side of the blinking cursor. On the other hand, the Backspace key erases the character to the left side of the
blinking cursor. It moves the cursor back, one character at a time and erases the letter you typed last.

3.2.4 Mouse
Mouse is a hand-held device that allows you to control your computer without typing instructions from the keyboard.
The user places the palm of the hand over the mouse, moves it across a mouse pad and as a result the pointer moves on
the screen. You can select icons, open programs, and select commands present in a program by moving the mouse
pointer.
A mouse has one primary button (left button) and one secondary button (right button). The primary button is used to
carry out most tasks, whereas the secondary button is used in special cases, such as opening shortcut menus. You can
select icons and commands by positioning the tip of the arrow over the desired choice and clicking the mouse button. A
small wheel between the mouse buttons lets you scroll documents and Web pages. To scroll down, roll the wheel
backward (towards yourself) and to scroll up, roll the wheel forward (away from yourself).
Some computers have wireless mouse, which means that the mouse is not physically connected to the computer.
Instead, it relies on infrared or radio waves to communicate with the computer. Cordless mice are more expensive than
both serial and bus mice. Figure 4 shows a mouse:

Figure 4

3.2.5 Optical Character Reader (OCR)
An optical character reader (OCR) is used to convert graphical text into actual editable text. It is used to read characters of
the special type font printed on a paper. For example, if you have a printed document that you want to edit, then you can
use the OCR to convert it into a soft copy. The OCR passes the printed document under a strong light and lens system. This
system differentiates the areas with some printed text (known as the inked area) from the areas that are blank (or have
no printed text on them). This produces a soft copy of your printed document which you can now easily edit with any
word processor.
Table 1 shows some advantages and disadvantages of the OCR:
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3.2.6 Optical Mark Reader (OMR)
Optical Mark Recognition (OMR) machine is used to extract human-marked data from forms. This technology is mainly
used in situations where a large number of hand-filled forms need to be processed with great accuracy and speed, such
as surveys, questionnaires, ballots and various types of tests. Special types of forms containing boxes are designed to
collect input from users. These forms are also called OMR sheets and need to be filled in by using a dark pencil or pen. The
OMR machine reads these forms and translates the marks into electrical pulses. These pulses are then passed to a
computer for further processing. This technology is commonly used in areas where you need to select an option out of a
given set of responses.
Figure 5 shows the OMR answer sheet:

Figure 5

3.2.7 Magnetic Ink Character Reader (MICR)
Magnetic Ink Character Recognition (MICR) is a character readable technology. It is used to print human readable
characters on documents by using a special magnetic ink. The MICR uses a special font for the characters that has been
set by the American Banking Association. The magnetic ink that is used to print MICR characters consists of iron oxide.
The MICR is mainly used to process the cheques by the banking industry. This is because MICR reads the characters by
magnetizing the ink and examining the shape of the characters. The bank, branch, account number, and cheque number
are encoded on the cheque before it is issued to a customer. MICR has not been adopted by other industries because the
character set it uses has only fourteen symbols, as shown in Figure 6:

Figure 6

3.2.8 Joystick
A joystick is a handheld device that is used to control the movement of the cursor or other graphic elements of video
games. You can move a joystick in four directions: left, right, up, and down. The joystick is normally used for playing a
racing video game, where a user needs to move the vehicle quickly across the screen. Figure 7 shows a joystick:
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Figure 7
Table 2 shows some of the advantages and disadvantages of a joystick:

3.2.9 Light Pen
A light pen is an input device that helps you to select objects, commands, or icons that appear on the computer's
monitor. Light pens allow the user to point to displayed objects, or draw images on the screen, in a similar way as a touch
screen but with greater positional accuracy. A light pen can work with any CRT-based display, but not with projectors and
other display devices. Figure 8 shows a light pen:

Figure 8

3.2.10 Bar Code Reader
A bar code reader is also an input device that is used for reading printed bar codes. Many retail and grocery stores use
different bar code readers to determine the item being sold and to retrieve the item's price from the computer. The bar
code reader reads the Universal Product Code (UPC), a pattern of bars printed on product to be sold. A bar code reader
uses the laser beam to read a bar code printed on a product. As the laser beam reflects on the bar code image on the
product, a light sensitive detector of the bar code reader gets activated and recognizes the image by its special bars. Once
the bar code is recognized, the bar code pattern is changed to the numeric code. The bar code reader may be a handheld
unit, or embedded in a countertop.
Today, bar codes are used to update inventory and ensure correct pricing. Federal Express, a courier delivery company,
uses a unique bar code to identify and track each package. The employees can usually tell a customer the location of any
package within a matter of minutes. Figure 9 shows a bar code reader and Figure 10 shows a bar code pattern:
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Figure 9

Figure 10

3.2.11 Scanner
The scanner is a device that can transfer typed or handwritten texts, graphs, diagrams, and photographs to a computer.
Instead of making a duplicate copy on a paper of the required data or photograph, scanner stores them in the memory of
the computer. Scanners can be used for storing photographs and important documents in their original forfrt. They may
also be used to take in enormous text material that otherwise would be very tedious to type manually. Figure 11 shows
Desktop and Handheld scanners:

Figure 11

3.2.12 Touch Screen
A touch screen is a display device that allows a user to select icons, objects, or commands with a touch of the finger. The
greatest advantage of using a touch screen is that you don't need any additional hardware device such as a light pen to
make selections on the screen. Nowadays, the concept of touch screen is quite popular in mobile phones, computers,
and ATM machines. Figure 12 shows a touch screen of a system:

Figure 12
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ACTIVITY
Ql. Write a short note on the basic units of a computer.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q2. Explain the working of punched paper tape, MICR, bar code reader, and scanner in detail.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Let's now summarize the main topics of this chapter.

3.3 Summary
In this chapter, you have learned about:
•
The basic units of computer
•
The types of input devices, such as punched cards, punched paper tape, keyboard, mouse, OCR OMR, MICR,
joystick, light pen, bar code reader, scanner, and touch screen.

3.4 Keywords
•

•
•

•
•
•
•
•
•

•
•

Central Processing Unit (CPU): Refers to the microprocessor (also called as the brain of a computer system). It
processes data according to the instructions provided by the user. Basically, there are two main parts in CPU:
Arithmetic Logic Unit (ALU) and Control Unit (CU).
Memory: Refers to data storage, which is in the form of chips. The term storage is used for memory contained in
tapes or disks.
Motherboard: Refers to a printed circuit board (PCB) consisting of the computer's basic circuitry and other
components, such as sockets and chipsets of the computer. It contains the controllers for all standard devices, such
as the display screen, keyboard, and disk drive.
Input devices: Refer to devices-that allow you to enter data or instructions in a computer.
Output devices: Refer to devices that allow you to retrieve an output from the system after processing the data
given as input.
Punched Card: Refers to a piece of stiff paper consisting of digital information depicted by the presence or absence
of holes in predefined positions.
Punched paper tape: Refers to a long strip of paper in which holes are punched to store data.
Optical Character Reader: Refers to the device that is used to convert graphical text into actual editable text.
Optical Mark Reader: Refers to a machine that is used to extract human-marked data from forms. This technology
is mainly used in situations where a large number of hand-filled forms need to be processed with great accuracy
and speed, such as surveys, questionnaires, ballots and various types of tests.
Magnetic Ink Character Recognition: Refers to the character readable technology. It is used to print human
readable characters on documents by using a special magnetic ink.
Joystick: Refers to a handheld device that is used to control the movement of the cursor or other graphic elements
of video games.
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•
•
•
•

Light Pen: Refers to-an input device that helps you to select objects, commands, or icons appearing on the
computer's monitor.
Scanner: Refers to a device that can transfer typed or handwritten texts, graphs, diagrams, and photographs to the
computer.
Touch Screen: Refers to a display device that allows a user to select icons, objects, or commands with a touch of the
finger.
Bar code reader: Refers to an input device that is used for reading printed bar codes.

3.5 Solved Questions
Ql. Write a short note on the basic units of computer.
Ans. There are five basic units of a computer. They are:
1.
Central Processing Unit (CPU): CPU is also known as microprocessor or brain of a computer system. It is a
small chip that contains millions of transistors. CPU processes data according to the instructions provided by
the user. Basically, there are two main parts in CPU: Arithmetic Logic Unit (ALU) and Control Unit (CU).
2.
Memory: Memory refers to data storage, which is in the form of chips. The term storage is used for memory
contained in tapes or disks. Memory is usually a short reference for physical memory contained in actual
chips.
3.
Motherboard: A motherboard is a printed circuit board (PCB) consisting of the computer's basic circuitry
and other components, such as sockets and chipsets of computer. The circuits are fixed on the surface of the
board. It also contains connectors that are used to attach additional boards to the computer. Typically, a
motherboard contains controllers for all standard devices, such as the display screen, keyboard, and disk
drive.
4.
Input Devices: Input devices allow you to enter data or instructions in a computer. For example, mouse is
used to input data to the system by detecting movement.
5.
Output Devices: Output devices allow you to retrieve an output from the system after processing the data
given as input.
For example, printer is used to get the printed pages as output.
Q2. Explain the working of Optical Character Reader (OCR).
Ans. An optical character reader (OCR) is used to convert graphical text into actual editable text. It is used to read
characters of the special type font printed on a paper. For example, if you have a printed document that you want to
edit, then you can use the OCR to convert it into a soft copy. The OCR passes the printed document under a strong
light and lens system. This system differentiates the areas with some printed text (known as the inked area) from
the areas that are blank (or have no printed text on them). This produces a soft copy of your printed document
which you can now easily edit with any word processor.
Q3. Explain the working of Hollerith card.
Ans. A punched card, punch card, IBM card, or Hollerith card is a piece of stiff paper consisting of digital information
depicted by the presence or absence of holes in predefined positions. In 19th century, punched cards were used
for controlling textile looms and later in early 20th century for operating fairground organs (pipe organ that
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Q4.
Ans.

Q5.
Ans.

provides loud music to accompany fairground rides). In late 20th century, they were used in unit record machines
for input, processing, and storing data. Herman Hollerith found the recording of data that would be
understandable by the computer. The following figure shows the punched card:
Explain the functioning of Typewriter, Function, Cursor Control, Numeric, Tab, and Ctrl and Alt keys.
The keyboard has several keys that provide various functions. Some of them are explained as:
•
Typewriter Keys: Includes letters, numbers, and punctuation symbols. The typewriter keys are used for
typing and designing.
•
Function Keys: Includes keys labeled Fl to F12, located at the top end of the keyboard. The functions they
perform depend on the software that you use.
•
Cursor Control Keys: Appears as Left, Right, Up and Down arrow keys, respectively. These keys enable you to
move the cursor to the left, right, up or down the screen - one line or one character at a time.
•
Numeric Keys: Appears just below the function keys, along with some special characters printed on the
topside. Also, the right-hand side of the keyboard contains the numeric key pad, comprising calculator like
keys. The switch-over between the two functions of a numeric key pad is controlled by the key marked NUM
LOCK. For example, the key marked 7 works as a Home key only when the NUM LOCK key is OFF. When the
NUM LOCK key is. ON (indicated by the green light on top of the keyboard), the keys marked 1, 2, 3, 4, 5, 6, 7,
8, 9, 0 function as Numeric keys, and on pressing any one of them, a number gets displayed on the screen.
•
Ctrl and Alt keys: Allows you to carry out special actions. For example, pressing Ctrl and C simultaneously
aborts the current task or command from being executed in MS-DOS and returns to DOS prompt. By
pressing Ctrl, Alt and Del (Delete) keys simultaneously, the machine automatically restarts.
What is a punched paper tape.
Punched paper tape or perforated paper tape is used for storing data. It is a long strip of paper in which holes are
punched to store data! It was broadly used during the 20th century for teleprinter communication. In 1950s and
1960s, it was used to input data and as a storage medium for minicomputers. The following figure shows five holes
and eight holes punched paper tapes:

Q6. Write a short note on the use of touch screens in mobiles.
Ans. A touch screen in a mobile allows a user to select icons, objects, or commands with a touch of the finger. It consists
of sensors that sense the touch and the voltage difference occur at that point compared to whole screen and the
selected icon opens. The following figure shows a touch screen of a mobile:
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Q7. List the advantages and disadvantages of Optical Character Reader (OCR).
Ans. OCR is used to convert graphical text into actual editable text. Following are the advantages of an OCR:
1.
It is much faster than manual typing.
2.
It has various facilities, such as creating tables, columns, and generating the Web pages.
3.
A soft copy is generated by OCR which can be easily edited.
Following are the disadvantages of an OCR:
1.
It is necessary to access OCR software.
2.
The accuracy of software is not 100%.
3.
Proofreading is needed for the text that has been converted into a soft copy by the OCR.
Q8. Explain the types of scanners.
Ans. There are two types of scanners:
a.
Desktop scanners:
o Scans single sheets and pages of a book,
o They are expensive and less compact.
b.
Handheld scanners:
o Helps to move images that you want to scan,
o Inexpensive and portable.
Q9. Write a short note on joystick.
Ans. A joystick is a handheld device that is used to control the movement of the cursor or other graphic elements of
video games. You can move a joystick in four directions: left, right, up, and down. The joystick is normally used for
playing a racing video game, where a user needs to move the vehicle quickly across the screen. The following figure
shows a joystick:

Ql 0. Discuss the use of MICR.
Ans. Magnetic Ink Character Recognition (MICR) is a character readable technology. It is used to print human readable
characters on documents by using a special magnetic ink. The MICR uses a special font for the characters that has
been set by the American Banking Association. The magnetic ink that is used to print MICR characters consists of
iron oxide.
MICR is mainly used to process the cheques by the banking industry. This is because MICR reads the characters by
magnetizing the ink and examining the shape of the characters. The bank, branch, account number, and cheque
number are encoded on the cheque before it is issued to a customer. MICR has not been adopted by other
industries because the character set it uses has only fourteen symbols, as shown in the following figure:
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3.6 Review Questions
Ql.
Q2.
Q3.
Q4.
Q5.
Q8.
Q9.

Explain the basic units of a computer.
Differentiate between input and output devices.
Discuss one practical application where the technique of MICR is used.
Explain the use of punched cards.
Discuss the working of shift keys and numeric keys on the keyboard. Q6. Briefly describe the working of Optical
Mark Reader. Q7. Explain the types of scanners in detail.
Touch screens act as the easiest mode of communication between the user and an operating system. Do you agree
with the statement? Justify your answer.
Explain the working of light pen. Q10. Distinguish between OCR and OMR.

3.7 Further Readings
•
•

Comdex Computer Course Kit (XP Edition), Kogent Learning Solutions Inc., ISBN: ISBN-13: 978-93-5004-047-8
Core Java: An Integrated Approach, Kogent Learning Solutions Inc.,ISBN: 978-81-7722-836-6
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4.0 Objectives
After studying this chapter, you will be able to:
•
Describe the hard copy and soft copy output
•
Learn the VDU, CRT, and FPD
•
Describe various types of printers
•
Learn the working of plotters

4.1 Introduction
Computer performs various functions, such as input, storage, processing, and output. Data given as an input to the
computer is processed and the output is generated through an output device. The computer sends the output in the
binary form, and the output devices convert it into human-readable form. Sometimes, the output is converted into a
form that can be used as an input to other devices.
In this chapter, you learn about the hard copy output and soft copy output. Next, you learn about Visual Display Unit
(VDU). Further, the chapter discusses the Cathode Ray Tube (CRT). The chapter then explains about the Flat Panel Display
(FPD). Further, you learn about various types of printers. Towards the end, you learn about plotters.
Let's begin by discussing hard copy output.

4.2 Hard Copy Output
Hard copy is a type of printed copy containing information in the form of text or graphics from a computer. Some
examples of hard copy are teleprinter pages and computer printouts. Nowadays, the most commonly used means for
creating hard copies are printers, which print the respective content or images created or developed on a computer.
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ACTIVITY
Ql. Write a short note on hard copy output.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q2. Explain the use of printers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

4.3 Soft Copy Output
Soft copy is a type of output that is produced on a digital file. The soft copy can be viewed on a CRT, and it can even be
transferred from one system to another through FTP (File Transfer Protocol) or HTTP (Hyper Text Transfer Protocol).
A soft copy can be easily edited even after a long time.

ACTIVITY
Q3. Write a short note on soft copy output.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q4. Differentiate between hard copy and soft copy output.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

4.4 Visual Display Unit (VDU)
A monitor or a display (known as Visual Display Unit) is an electronic visual display output device for computers.
A monitor consists of the display device, circuitry, and an enclosure. The display device is a Thin Film Transistor Liquid
Crystal Display (TFT-LCD) panel.
Earlier, monitors used CRT that were larger in size. Basically, VDU contains three attributes: size, color, and resolution. It
has specific space in RAM to store the images. The number of colors that can be displayed depends on the number of bits
that are used to represent each pixel and the resolution depends on the number of pixels that are used to represent an
image.
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ACTIVITY
Q5. What do you understand by Visual Display Unit?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q6. Discuss the main attributes of VDU.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

4.5 Cathode Ray Tube (CRT)
A CRT display unit is an output device. It displays the information after being accessed by the computer. It can also display
alphanumeric characters and graphs. CRT is a vacuum tube having electron gun. This electron gun is situated at the rear
of the tube and produces an electron beam which is directed toward the front of the vacuum tube. The front of the tube
(Screen) is coated with phosphor material, which emits light when it is stroked by electrons. With CRT, it is possible to
control the point of reflection where the electron beam strikes. The display on CRT varies in color, that is, monochrome
(one color) or multicolor. Figure 1 shows a CRT:

Figure 1
The screen displays the output when the electronic beam strikes uie surface of the CRT. There are several important
factors for a screen which are given as follows:
i.
Size: Refers to the physical size of monitor's display area indicates how well we can see our images. With a larger
monitor, we can see the bigger objects on screen. The size of the monitor is measured diagonally in inches.
ii.
Resolution: Refers to the resolution of a computer monitor is measured by the number of pixels in horizontal and
vertical directions on screen. Pixels in the medium resolution graphics are large, whereas the pixels in highresolution graphics are small. The current average CRT display is 800 x 600 or 1024 x 768. The image becomes
sharper with the more number of dots or pixels available to create it.
iii. Refresh rate: Refers to the refresh rate is the number of times per second that the electron gun shoots every pixel
on the screen. The monitor refreshes itself each second for about dozen times. The refresh rate is an important
factor because phosphor dot fed quickly after the electron beam passes over them. Therefore, if the screen is not
refreshed quickly it appears flicker. For a monitor, the refresh rate is measured in Hertz (Hz). A refresh rate of 60Hz
means that an image is redrawn 60 times by the monitor.
iv.
Dot Pitch: Refers to the distance between phosphor dots that create a single pixel in a color monitor. There are
three dots in every pixel which are red, green and blue in color. Dot pitch is calculated in terms of millimeters (mm)
and the common dot pitches are .51mm, .31mm, .28mm, .26mm and .24mm.
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4.6 Flat Panel Display (FPD)
A Flat Panel Display (FPD) is an output device that is used to display an output. They are similar to a television screen, but
are much thinner and lighter than the television screens used earlier. Figure 2 shows a FPD:

Figure 2
Flat panel displays are further divided into the following two types:
1.
Volatile: In volatile displays, the pixels need to be refreshed at a periodic interval to retain their state. This refresh
occurs several times in a second. If in case, refresh does not occur, then pixels lose their coherent state and the
image gets blurred slowly.
Examples of volatile displays are: Light-emitting diode display (LED) and Liquid crystal display (LCD).
2.
Static: Static displays rely on the materials whose color states are bistable (depend on two states). In the static
display, energy is not required to maintain the images on screen, but to change the image, energy is required. As a
consequence, an energy-efficient display is achieved with slow refresh rates.
Examples of static displays are: Cholesteric displays.

ACTIVITY
Q9. What is flat panel display? Explain its types.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q10. Differentiate between volatile and static displays.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

4.7 Printers
A printer is an output device that prints the data processed by a computer on a paper. The data to be printed can be in the
form of text or graphics. After creating a document in a computer, you can send the document to the printer for printing.
The printer generates a hard copy known as printout of the document. It can print both black and white and colored
documents. Color printers are more expensive than black and white printers. The speed of a printer is normally rated
either by pages per minute (ppm) or by characters per second (cps).
Earlier, printers were not very efficient. When the Dot Matrix printers were used to print documents, users often had to
compromise with the quality of the printout as Dot Matrix printers were unable to print text and images in optimum
quality. However, with advances in printing technology, inkjet and laser printers became popular in a very short period of
time. Today, they are the most widely used printers. Inkjet printers are ideal for home users or small scale organizations.
On the other hand, laser printers are a preferred choice for commercial purposes.
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Printers are divided in the following two major categories:
•
Impact Printers: An impact printer creates an image by passing an inked carbon ribbon against the paper, using
pins or hammer. It uses small pins like small hammers, which strikes on the carbon ribbon, and printing the image
on the paper. The most commonly used impact printers are dot matrix and daisy wheel printers.
•
Non-impact printers: It uses other means to create images. It does not use tiny hammer to strike on carbon
ribbon. For example: Inkjet printer and laser printer.
When we absorb the printing style, it has three types:
1.
Serial printers or character printers
2.
Line printers
3.
Page printers
Now, let's learn about the impact and non-impact printers in details.

4.7.1 Impact Printers
Impact printers are those printers whose mechanism is same as that of the typewriters. These types of printers are
operated using an ink ribbon. This ink ribbon is placed over a paper and a strike is made on the ribbon to print text on a
paper. The advantage of using the impact printer is that they are less costly and are easy to maintain. Following are the
different types of impact printers:
•
Dot Matrix printer
•
Daisy wheel printer
•
Drum printer
•
Chain printer
•
Line printer
Now, let's discuss the printers one by one.

Dot Matrix Printer
The Dot Matrix printer uses metal pins in its print head to create text and graphics in the form of dots. In a Dot Matrix
printer, an ink-soaked ribbon is placed between the paper and the print head. The print head strikes against the ribbon
with considerable force and the impact causes an impression of text on the paper. Dot Matrix printers are ideal for
printing multi-part documents, such as invoices and receipts. They are also used in carbon copy printing, where you can
create multiple copies of the document when it is printed for the first time. The number of metal pins in the print head of
the Dot Matrix printer determines the quality of the printout. The number of metal pins varies from 9 to 24. The more the
number of pins in the print head, the better is the quality of printout. A Dot Matrix printer containing 24 metal pins
produces the best quality. The metal pins on the print head of a Dot Matrix printer are driven by electromagnets. Dot
Matrix printers can achieve high resolution by moving the printer's print head slowly. A Dot Matrix printer can be either
monochrome (a black and white printer) or color printers. Color printers use a multi-colored striped ink ribbon to print.
Dot Matrix printers have a speed of 30 to 550 cps.
These types of printers are generally connected with the parallel port of the computer. Figure 3 shows a Dot Matrix
printer:

Figure 3
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Now, let's learn about the daisy wheel printer.

Daisy Wheel Printer
The working of the daisy wheel printer is similar to that of the typewriter. In this printer, a plastic or metallic disk contains
characters printed on it that are embossed (raised outward from the surface). The printer rotates the disk until the
required letter reaches the respective place and is ready for print. A hammer then strikes the disk, as a result the
respective character of the disk hits the ribbon and leaves an impression on the paper. Such type of printer produces
letter-quality type printouts. The daisy wheel printer enables you to print characters of different fonts; however, you
cannot print figures and images with this printer. Another drawback of daisy wheel printer is that it is noisy and slow as
only 10 to 75 characters are printed per second. Figure 4 shows a daisy wheel printer:

Figure 4
Now, let's learn about the drum printer.

Drum Printer
In this type of printer, a drum rotates continuously behind the ink ribbon. The drum rotates at a very high speed and the
ribbon and paper keep moving. As soon as the paper and ink ribbon pass the desired character, a hammer strikes the
paper and press it against the ink ribbon and drum. This results in the printing of a character on the page. Figure 5 shows a
drum printer:

Figure 5
Now, let's learn about the chain printer.

Chain Printer
A chain printer, also known as the train printer, contains a chain that moves horizontally continuously. This chain contains
all the characters, numbers, and symbols required to be print on paper. Similar to a drum printer, when the respective
character on the chain reaches the correct position, a hammer strikes against the paper and the ink ribbon prints that
character on the paper. The advantage of using the chain printer over the drum printer is that the chain in the chain
printer moves horizontally, as a result, all the characters appear in a straight line. This cannot be possible in case of a
drum printer.
Now, let's learn about the line and serial printer.
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Line and Serial Printers
The line and serial printers are the type of dot matrix printers. In this type of printers, one line gets printed on the paper at
a particular instance of time. The line and serial printers use pins that strikes on the paper through the ink ribbon and
draw dots on the paper. These dots collectively appear as characters, as shown in Figure 6:
Figure 6 •
In Figure 6, you can see that the Line text is written using multiple dots. Now, let's discuss the non-impact printers.

Figure 6

4.7.2 Non-Impact Printers
Non-impact printers are those printers that do not use the hammer strike for printing characters on a paper. These
printers print characters on a paper using two different methods. One method is that these printers spray tiny drops onto
the page, whereas another method is that these printers roll the cylindrical drums on the paper containing ink. These
methods of non-impact printers are used to provide efficient printing process with less noise in comparison to the
impact printers. Following is a list of some non-impact printers:
•
Inkjet printer
•
Laser printer
•
Thermal printer
Now, let's learn about these printers in detail.

Inkjet Printer
Similar to a Dot Matrix printer, an inkjet printer also has a print head. But, in case of inkjet printer, print head does not
have metal pins. Instead, it has several tiny nozzles that spray ink onto the paper. Each nozzle is thinner than a hair. The
print head of the inkjet printer is known as a print cartridge. The print cartridge contains nozzles and ink. Therefore, when
no more ink is left, the entire print cartridge needs to be replaced. An inkjet cartridge has 50 or more nozzles. Due to this,
the printing quality of an inkjet printer is better than that of the Dot Matrix printer. Moreover, every time the printer
cartridge is replaced, the printer gets a new print head. Therefore, an inkjet printer is more efficient than the Dot Matrix
printer. Figure 7 shows an inkjet printer:

Figure 7
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Now that you have a basic understanding about the inkjet printer, let's briefly discuss its various parts, which are as
follows:
•
Print Head: Contains a series of nozzles that are used to spray ink on the paper.
•
Ink Cartridge: Contains ink for inkjet printers. Monochrome inkjet printers have only a single ink cartridge, and a
color inkjet printer has two cartridges, one for the black ink and other for the three colors (CMY, or
cyan/magenta/yellow). Depending on the manufacturer and model of the printer, ink cartridges come in various
combinations. For example, an inkjet printer may have a combination of either black color cartridges or even four
cartridges for each cyan, magenta, yellow, and black.
•
Print Head Stepper Motor: Moves the print head and ink assembly continuously on the paper. Some printers use a
technique to locate the print head assembly (print head and ink cartridges) when the printer is idle.
o Belt: Attaches the print head assembly to the stepper motor.
•
Stabilizer Bar: Ensures the precise movement of the print head assembly.
•
Paper tray/feeder: Contains paper sheets. In some printers, feeder is used instead of paper trays. A feeder tray
allows you to place the paper for printing; however, the feeder tray holds less paper in comparison to the
traditional paper tray.
•
Rollers: Pulls the paper from the tray or feeder and forward the paper when the print head assembly is ready to
print
•
Paper Feed Stepper Motor: Moves the rollers that move the paper forward exactly the amount as the print head
moves, so that there is no mismatch between the speed of the print head and the forward movement of the paper.
•
Power Supply: Controls the flow of electricity required for the printer.
•
Control Circuitry: Contains a built-in circuitry inside the printer. It contains a microprocessor and internal memory,
and decodes the information sent to the printer from the computer.
•
Interface Port(s): Connects the printer to the computer by using a serial port or small computer system interface
(SCSI) port. Although the parallel port is still used by many printers, the new printers mostly use the USB interface
port.
•
Control Panel: Contains some buttons to perform specific functions, such as turning on or off the printer, and
canceling or resuming a printing job. The shape and functions of the buttons- are almost same in different models
of inkjet printers. Let's briefly describe the functionality-of the Control Panel buttons as follows:
o
Cancel: Cancels the current printing job.
o
Status: Indicates the status of the cartridges. If this light blinks, it means that the cartridges urgently need
servicing.
o
Resume: Allows you to resume the printing process after performing some tasks, such as loading paper or
clearing a paper jam.
o
Power: Turns the printer on or off.
•
Trays: An inkjet printer contains two trays, one to feed the paper into printer and another to collect the printout.
The Paper Feed tray is usually known as In Tray or In Tray Extension, and the tray used for collecting the printout is
known as Output Tray or Output Guide. The paper is placed on the Paper Feed tray during printing by unfolding the
tray.
•
Cartridges: A cartridge is the basic component of an inkjet printer. Depending on the model and manufacturer of
the inkjet printer, a printer may use one or two cartridges. A few manufacturers provide two cartridges in a printer,
one for black and white printing and another for color printing. However, with advancement in technology, only
one cartridge comes with the printer nowadays. You can view the cartridge by turning off the printer and opening
the top cover.
The inkjet printer can be maintained using the following three methods:
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Cleaning the Printer Cartridge: Accumulation of dust particles on the cartridge can affect its working, thereby
resulting in ink streaks and distortion on printouts. You can clean the cartridge with clean water and a cotton swab
or any lint-free cloth that does pot stick to the cartridges.
•
Replacing the Cartridge: Over time, cartridges become old and no amount of repair seems effective in restoring
them back to their optimum working condition. In such a situation, replacement is the best option.
•
Clearing Paper Jams: Paper jams are the most common problems with printers. They occur due to improper paper
feed, user intervention during the printing process, or sudden power failure.
Now, let's learn about the laser printer.

Laser Printer
The laser printer uses a beam of laser for printing. Laser printers work on the principle of electrophotography, which is
the technique used in a photocopy machine. The primary principle at work in a laser printer is static electricity, which is
simply an electric charge induced or generated on an insulated object, such as a human body. Figure 8 shows a laser
printer:

Figure 8
During the printing process, a laser printer converts the entire text or image into a raster image, which is then processed
by a Raster Image Processor. This processor scans the entire page, line by line, and stores a bitmap of the page in the
memory. The drum inside the laser printer is then charged negatively and the bitmap is written on the photosensitive
drum by a laser beam. The toner particles are charged negatively. The toner particles will not stick on those regions of the
drum that are not charged by the laser. The toner contains plastic powder that gets attracted to the parts of the drum
where the laser beam hits. Finally, the plastic powder gets fused at 200 degree Celsius to bind the toner particles with the
paper, thereby producing the final printout. Figure 9 shows a laser printer:

Figure 9
In contrast to Dot Matrix or Inkjet printers, which produce printouts by printing characters or line, a laser printer
produces a finished printout on a single rotation of the print head assembly. In other words, laser printers do not produce
printouts by printing each character or line. Instead, they print all the text and graphics of a full page at one time.
Various manufacturers of laser printers categorize the working of laser printer in six steps. You must be familiar with
these steps, which are as follows:
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Conditioning: Enforces a uniform negative charge to the drum.
Writing: Writes an image of the document on the surface of the drum by reflecting the laser beam and movable
lens together.
•
Developing: Develops the toner on the surface of the drum. The document image turns black.
•
Transferring: Transfers the image onto a paper. The toner particles leave the drum and go onto the paper.
•
Fusing: Combines the toner particles, which are melted on the surface of paper, with the fibers of the paper. In this
process, the paper is passed with toner particles attached with the paper. This fuser roller applies heat and
pressure on the paper.
•
Cleaning: Cleanses the information of the last image and toner from the drum.
Three printing technologies used by the laser printer are given as follows:
•
Electrophotographic (EP) Technology: Represents a printing process of laser printers. In EP technology, laser
beam and dry toner are used. The laser beam produces electrostatic charge and dry toner forms characters on the
paper to produce printouts.
•
Light-Emitting Diode (LED) Technology: Uses small light-emitting diodes (around 2,500) instead of laser beam as
the source of light to produce electrostatic charge on the drum.
•
Liquid Crystal Display (LCD) Technology: Uses light modulating properties of liquid crystals in place of the laser to
produce electrostatic charge on the drum.
The features of a laser printer are given as follows:
•
Control Panel of Laser Printer: Depending on the model and manufacturer of a laser printer, the Control Panel may
contain any number of buttons. However, among all buttons, the Job Cancel and Go buttons are the most
important. You can press the Job Cancel button to cancel the current printing job. Whenever a printing job is
cancelled, the Control Panel light blinks until the printing job is completely cleared from the printer and computer.
You can use the Go button either to resume printing when the printer is paused or when unprinted data is still in
the printer, or clear some printer errors. Another function of the Go button is to print a demo page for which the
printer must be in the ready state (with Ready light on). Unlike an inkjet printer (which uses ink for printing), a laser
printer uses fine black powder, known as a toner, for printing.
•
Trays: A laser printer comes with two trays to feed papers. However, certain printer manufactures offer three
trays. You can use any one tray at a time for printing. The feeding capacity of each tray varies. You can feed a
maximum of 200 sheets in Tray 1 and 500 sheets in Tray 2.
•
Output Bin: A laser printer generally has two output bins. The top output bin is used when the rear output bin is
closed. When the rear output bin is open, the top output bin cannot be used. Tray 1 and the rear output bin
provides a straight-through paper path for the printouts.
•
Cartridge: The cartridge of a laser printer is the device that actually prints the characters on paper. To print, the
cartridge uses a toner, which can be refilled repeatedly.
Let's now learn about thermal printer.

Thermal Printer

Figure 10
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Thermal printers are those printers that uses heat element to print characters. This printer uses the special heat sensitive
paper on which dark dots are formed with the exposure of heat and sunlight. The output produced with these printers is
very poor. These types of printers are mainly used in battery-powered equipment, such as portable calculators, and are
also used in fax machines.
The advantage of this type of printer is that it produces less noise while printing. On the other hand, its disadvantage is
that it functions very slow and requires a special type of paper for printing.

ACTIVITY
Ql 1. What is the difference between impact and non-impact printers?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q12. Write a short note on inkjet printers. Explain its parts, features, and working in detail.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

4.8 Plotters
A plotter, similar to a printer, produces a hard-copy output. Plotters are generally more expensive than printers. Plotters
are ideal for engineering, drafting, and many other applications that require intricate graphics. There are two types of
plotter:
•
Drum Plotter: It uses a drum roller with a pin attachment. The drum is used to move a page during the printing
process, while the pin performs the printing work.
•
Flatbed Plotter: This plotter fixes the page on a flat surface over which pens (color pens also) are moved to draw
images.
Figure 11 shows a plotter :

Figure 11
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ACTIVITY
Q13. Define plotters.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q14. Distinguish between drum and flatbed plotters.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's summarize the key points learned in the chapter.

4.9 Summary
In this chapter, you have learned about:
•
The hard copy output and soft copy output
•
The Visual Display Unit
•
The Cathode Ray Tube
•
Flat panel displays and its types
•
Various types of printers, such as impact and non-impact printers
•
Plotters and its types

4.10 Keywords
•
•
•
•
•
•
•
•

•
•

VDU: Refers to Visual Display Unit, which is an output device used to show the data in the form of text or any
audio/video.
CRT: Refers to cathode ray tube, which is used to display the text characters and graphics in colors or shades of
gray on the screen.
FPD: Refers to a device that is used to display an output. They are much thinner and lighter than the television
screens used earlier.
Printer: Represents an output device that prints data processed by a computer. Data to be printed can be in the
form of text or graphics.
Impact printers: Refers to those printers whosemechanism is same as that of the typewriters.
Dot Matrix printer: Refersjto a printer that uses metal pins in its print head to create text and graphics in the form
of dots.
Drtrm Printer: Refers to a printer in which a drum rotates continuously behind the ink ribbon.
Chain Printer: Refers to the printer containing a chain of all the characters, numbers, and symbols required to be
print on a paper. Non-impact printers: Refers to those printers that do not use the hammer strike for printing
characters on paper.
Laser printer: Refers to those printers that use a beam of laser for printing. These printers work on the principle of
electrophotography, which is the technique used in a photocopy machine.
Thermal printers: Refers to those printers that use heat element to print characters.
Basic of Computer Fundamentals and Programming / 63

ARCADE BUSINESS COLLEGE

4.11 Solved Questions
Ql. Discuss Dot Matrix printer.
Ans. The Dot Matrix printer uses metal pins in its print head to create text and graphics in the form of dots. In a Dot
Matrix printer, an ink-soaked ribbon is placed between the paper and the print head. The print head strikes against
the ribbon with considerable force and the impact causes an impression of text on the paper. Dot Matrix printers
are ideal for printing multi-part documents, such as invoices and receipts. They are also used in carbon copy
printing, where you can create multiple copies of the document when it is printed for the first time. The number of
metal pins in the print head of the Dot Matrix printer determines the quality of the printout. The number of metal
pins varies from 9 to 24. The more the number of pins in the print head, the better is the quality of printout. A Dot
Matrix printer containing 24 metal pins produces the best quality. The metal pins on the print head of a Dot Matrix
printer are driven by electromagnets. Dot Matrix printers can achieve high resolution by moving the printer's print
head slowly. A Dot Matrix printer can be either monochrome (a black and white printer) or color printers. Color
printers use a multi-colored striped ink ribbon to print. Dot Matrix printers have a speed of 30 to 550 cps. These
types of printers are generally connected with the parallel port of the computer.
Q2. Write a short note on daisy wheel printers.
Ans. The working of the daisy wheel printer is similar to that of the typewriter. In this printer, a plastic or metallic disk
contains characters printed on it that are embossed (raised outward from the surface). The printer rotates the disk
until the required letter reaches the respective place and is ready for print. A hammer then strikes the disk, as a
result the respective character of the disk hits the ribbon and leaves an impression on the paper. Such type of
printer produces letter-quality type printouts. The daisy wheel printer enables you to print characters of different
fonts; however, you cannot print figures and images with this printer. Another drawback of daisy wheel printer is
that it is noisy and slow as only 10 to 75 characters are printed per second.
Q3. What are non-impact printers?
Ans. Non-impact printers are those printers that do not use the hammer strike for printing characters on a paper. These
printers print characters on a paper using two different methods. One method is that these printers spray tiny
drops onto the page, whereas another method is that these printers roll the cylindrical drums on the paper
containing ink. These methods of non-impact printers are used to provide efficient printing process with less noise
in comparison to the impact printers. Following is a list of some non-impact printers:
•
Inkjet printer
•
Laser printer
•
Thermal printer
Q4. Discuss the various parts of an inkjet printer.
Ans. The various parts of an inkjet printer are as follows:
•
Print Head: Contains a series of nozzles that are used to spray ink on the paper. Following figure shows the
core of an inkjet printer:
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Ink Cartridge: Contains ink for inkjet printers. Monochrome inkjet printers have only a single ink cartridge,
and a color inkjet printer has two cartridges, one for the black ink and other for the three colors (CMY, or
cyan/magenta /yellow). Depending on the manufacturer and model of the printer, ink cartridges come in
various combinations. For example, an inkjet printer may have a combination of either black color cartridges
or even four cartridges for each cyan, magenta, yellow, and black. Following figure shows an ink cartridge:

•

Print Head Stepper Motor: Moves the print head and ink assembly continuously on the paper. Some
printers use a technique to locate the print head assembly (print head and ink cartridges) when the printer is
idle. Following figure shows the print head stepper motor:

A Print head stepper motor consists of various parts, which are as follows:
•
Belt: Attaches the print head assembly to the stepper motor.
•
Stabilizer Bar: Ensures the precise movement of the print head assembly.
•
Paper tray/feeder: Contains paper sheets. In some printers, feeder is used instead of paper trays. A feeder tray
allows you to place the paper for printing; however, the feeder tray holds less paper in comparison to the
traditional paper tray.
•
Rollers: Pulls the paper from the tray or feeder and forward the paper when the print head assembly is ready to
print.
•
Paper Feed Stepper Motor: Moves the rollers that move the paper forward exactly the amount as the print head
moves, so that there is no mismatch between the speed of the print head and the forward movement of the paper.
Following figure shows the Paper Feed Stepper motor:
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Power Supply: Controls the flow of electricity required for the printer.
Control Circuitry: Contains a built-in circuitry inside the printer. It contains a microprocessor and internal memory,
and decodes the information sent to the printer from the computer.
•
Interface Port(s): Connects the printer to the computer by using a serial port or small computer system interface
(SCSI) port.
Q5. What do you mean by soft copy output?
Ans. Soft copy is a type of output that is produced on a digital file. The soft copy can be viewed on a CRT, and it can even
be transferred from one system to another through FTP (File Transfer Protocol) or HTTP (Hyper Text Transfer
Protocol). A soft copy can be easily edited even after a long time.
Q6. Write a short note on line printer.
Ans. The line and serial printers are the type of dot matrix printers. In this type of printers, one line gets printed on the
paper at a particular instance of time. The line and serial printers use pins that strikes on the paper through the ink
ribbon and draw dots on the paper. These dots collectively appear as characters, as shown in the following figure:

Q7. List the advantages and disadvantages of a dot matrix printer.
Ans. Following table lists the advantages and disadvantages of a dot matrix printer:

Q8.

LCD (Liquid Crystal Display) is an example of volatile panel display. Explain it in detail and list its advantages and
disadvantages.
Ans. The LCD monitor is one of the most widely used flat panel monitors. It is more popular as a display device as
compared to the CRT monitor because of its economic power consumption, thinness, and high resolution. The
pixels on an LCD screen are created by a liquid crystal material. This material polarizes light to create pixels on the
screen, depending upon the electric charge passed through it. LCD monitors take up less desk space and are lighter
than CRT monitors.
Following are some advantages and disadvantages of a LCD monitor in comparison to a CRT monitor:

•

Advantages:

o
Less strain to the eyes o Energy efficient
o
Small and reliable
Disadvantages:
o
Costlier than CRT
o
More prone to damage
o
Images may appear blur at the resolution a monitor does not support
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4.12 Review Questions
Ql.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q9.

Name the various types of impact printers.
Discuss the dot matrix printing operation.
Write a short note on VDU.
Write a short note on drum printer.
Mention the features and parts of the inkjet printer.
Mention the points to be taken into consideration for the maintenance of laser printer.
List the various output devices and their uses. Q8. What are thermal printers?
Differentiate between soft copy and hard copy output. Q10. What are plotters?

4.13 Further Readings
•
•

Comdex Computer Course Kit (XP Edition), Kogent Learning Solutions, ISBN: 978-81-7722-391-0
Introduction to Computer and Data Processing, Kogent Learning Solutions, ISBN: 978-93-5004-047-8
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5.0 Objectives
After studying this chapter, you will be able to:
•
Understand the types of memory - RAM and ROM
•
Understand different storage devices
•
Understand various accessing modes
•
Understand access time, seek time, and latency time

5.1 Introduction
Computer plays an important role in various fields and has made the tasks easier and simpler than before. The computer
memory implies the physical devices that store any kind of data, which may be temporary or permanent. In this chapter,
you First learn about the types of memory - RAM and ROM. Then, get an idea about the types of storage devices, such as
magnetic disk, floppy disk, hard disk, magnetic tape, magnetic drum, and optical storage devices. The chapter then
discusses various accessing modes. Lastly, you get to know what is access time, seek time, and latency time.

5.2 Introduction to Units of Computer
As we have discussed in the earlier chapters about the basic components of a computer, so let us quickly revise them
before going in detail about the memory component. The basic structure of a computer comprises input devices,
motherboard, CPU, and output devices.
Figure 1 shows the basic structure of a computer:
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Figure 11
•

Input Devices: A device that lets you enter data or instructions in a computer is known as an input device. For
example, you provide paper as an input to the scanner that provides you the content in the form of a soft copy.
•
Central Processing Unit (CPU): CPU processes data according to the instructions given to it, by a user. It consists of
two parts, namely, Control Unit (CU) and Arithmetic Logic Unit (ALU), which are described as follows:
1.
Arithmetic Logic Unit (ALU): It performs arithmetic and logical operations.
2.
Control Unit (CU): It extracts instructions from the memory, decodes and implements instructions, and
takes help of ALU, if needed.
•
Motherboard: A motherboard is a component that contains the computer's basic circuitry and other components,
such as sockets and chipsets. An electronic circuitry is fixed on the surface of the motherboard, which is fixed at the
time of manufacturing the motherboard. A motherboard also contains connectors that are used to attach
additional boards to the computer. Typically, a motherboard contains controllers for all standard devices, such as
the display screen, keyboard, and disk drive. Collectively, all the chips that reside on the motherboard are known
as the motherboard's chipset. A motherboard is also called a Printed Circuit Board (PCB). With the advancement of
technology, motherboards now have dual processor capability, implying that two processors can work
simultaneously and deliver results at an amazing speed.
Figure 2 shows a motherboard with dual processor capability:

Figure 2
•

•

Output Devices: A device that is used to display the results of the data processed by a computer is called an output
device. For example, monitor is one of the most common output devices, which is used to display the result of the
processed data on a screen.
Memory: A computer stores data internally in the form of binary numbers, 0 (OFF/low voltage) and 1 (ON/high
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voltage). All the digits (0-9), alphabets (a to z or A to Z), and special characters ($, %, @, and *) are stored in the
computer in the binary form. ASCII (American Standard Code for Information Interchange) assigned a unique
number or code to all the alphabets and special characters. This number/code can be converted into the binary
form to store the corresponding letter/character in the computer.
In a computer, characters are represented by a group of bits that depends upon the encoding scheme being used.
The encoding scheme is the manner of specifying the binary code for each character. There are two types of
encoding scheme: ASCII and Unicode. ASCII represents a character as a group of 8 bits or 1 byte. Unicode
represents a character as a group of 16 bits or 2 bytes. For example, if you want to store the word "bottle" in the
computer memory, then as per the ASCII scheme, it is 6 bytes (6 characters of 1 byte each). On the other hand, as
per the Unicode scheme, the same word is stored as 12 bytes (6 characters of 2 bytes each).
A computer stores data in units called bits and bytes. Bits are grouped together in sets of eight. Each set of eight
bits is called a byte. Apart from byte, there are various other units of memory, which are described as follows:
o
Byte: It is a group of 8 bits that are processed as a single unit of data. All the 8 bits should be in sequence and
adjacent to each other.
o
Kilobyte: It is a unit of computer memory, which is equivalent to 1,024 bytes. In Kilobyte, the word kilo refers
to thousand and byte represents the unit of memory. Therefore, one thousand bytes are considered as one
kilobyte.
o
Megabyte: It is a unit of computer memory, which is equivalent to 1,048,576 bytes. In Megabyte, the word
mega refers to million; therefore, one megabyte is equal to one million bytes.
o
Gigabyte: It is a unit of computer memory, which is equivalent to 1,024 megabytes. In Gigabyte, the word,
giga, refers to one billion; therefore, one gigabyte is equal to one billion bytes.
o
Terabyte: It is a unit of computer memory, which is equivalent to 1,024 gigabytes. In Terabyte, the word,
tera, refers to one trillion; therefore, one terabyte is equal to one trillion bytes.
Therefore,
•
8 bits = 1 byte
•
1024 bytes = 1 Kilobyte (KB)
•
1024 Kilobytes = 1 Megabyte(MB)
•
1024 Megabytes = 1 Gigabytes(GB)
There are two types of main memory: Random Access Memory and Read Only Memory. Let us now learn about them in
detail.

ACTIVITY
Ql. What are the units of memory? Discuss.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q2. Explain the working of a motherboard.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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5.3 Random Access Memory (RAM)
RAM stores instructions from the operating system, application programs, and data to be processed, so that they can be
quickly accessed by the computer's processor. RAM is much faster to read from and write to than other kinds of storage,
such as hard disk, floppy disk, and CD-ROM in your computer. However, data stays in RAM only as long as your computer
is running. When you turn the computer off, RAM loses its data. RAM chips are available in different sizes, such as 256
MB, 512 MB, and 1 GB.
There are two types of RAM - Static RAM (SRAM) and Dynamic RAM (DRAM).

5.3.1 Static RAM (SRAM)
Static RAM represents a type of temporary memory that is faster and more reliable than DRAM. The term static in SRAM
means that it does not need to be refreshed as frequently as DRAM. The access time of DRAM is about 60 nanoseconds,
whereas that of SRAM is 10 nanoseconds. The cycle time of SRAM is much shorter than that of DRAM, which implies that
the data from SRAM can be accessed instantly. In SRAM, a bit of data is kept using the state of a flip-flop. It is costlier than
DRAM, but consumes less power than DRAM and acts as a cache memory for the CPU.

5.3.2 Dynamic RAM (DRAM)
Dynamic RAM represents a temporary physical memory of a computer. The term dynamic indicates that the memory
must be constantly refreshed (reenergized) or it will lose its content. DRAM has more access time and is more volatile
than SRAM. It stores a bit of data using the memory of a pair of a transistor and a capacitor. It is cheaper than SRAM.

ACTIVITY
Q3. What do you mean by primary memory? Explain its types.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q4. What are the similarities and differences between static RAM and dynamic RAM?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

5.4 Read Only Memory (ROM)
ROM is a built-in computer memory containing data that can only be read but cannot be written. It allows your computer
to boot up or reload data each time you turn it on. Unlike RAM, the data stored in ROM is not lost when the computer is
turned off. ROM is sustained by a small long-life battery in your computer.
Apart from computers, ROMs are used extensively in calculators and peripheral devices, such as laser printers, whose
fonts are often stored in ROMs.
There are three types of ROM - PROM, EPROM, and EEPROM.

5.4.1 Programmable ROM (PROM)
Programmable ROM represents a memory chip on which the data can be written only once. A program written on PROM
is stored permanently. Unlike RAM, PROM retains its content when the computer is turned off. The difference between
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PROM and ROM is that PROM is manufactured as a blank memory; whereas, ROM is programmed during the processing
of data. You need a special device called PROM programmer or PROM burner to write data onto a PROM chip. The
process of programming PROM is sometimes called burning the PROM. They are used in video games, mobile phones,
and many other fields.

5.4.2 Erasable Programmable ROM (EPROM)
Erasable Programmable ROM represents erasable and reusable memory. The data stored in EPROM can be erased by an
intense ultraviolet light passing through a window that is designed in the EPROM chip. Normal light in a room does not
contain enough ultraviolet light to erase data from EPROM.

5.4.3 Electrically Erasable Programmable ROM (EEPROM)
Electrically Erasable Programmable ROM is a stable, non-volatile storage system that is used to store minimum amount
of data in computer and electronic devices. Even if permanent supply of power is not available, data can be stored. For
storing large amount of static data, various types of EEPROM, such as flash memory, are used. It becomes more costeffective than traditional EEPROM devices.

ACTIVITY
Q5. Differentiate between EPROM and EEPROM.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q6. ROM is a non-volatile memory. Justify the statement.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

5.5 Storage Devices
Any internal or external device that is used to store data and programs is known as the secondary memory of a computer.
Unlike the primary memory, the secondary memory is not directly accessible by the CPU. The data to be accessed from
the secondary memory is firstly copied to the primary storage, and then it is used for processing. The secondary memory
is non-volatile, as it does not lose the data when the computer is turned off. There are various types of storage devices,
such as magnetic disk, floppy disk, hard disk, magnetic tape, magnetic drum, and optical storage devices. Let us discuss
them in detail.

5.5.1 Magnetic Disk
Magnetic disks are circular in shape and are coated with a metal or plastic and magnetic material. A number of disks are
stacked on a spindle, which rotates very fast. Usually, each disk can be used from both sides, and heads are mounted over
each surface of disk. Some disks may have a single head, which has access to all disks. These types of disks are expensive
and normally used in large computers. It stores data in the circular magnetic chambers that lie between concentric
circles called tracks. Each track is divided into sectors. The sectors correspond to the minimum unit of data in a disk.
Figure 3 shows a magnetic disk:
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Figure 3

5.5.2 Floppy Disk
Floppy disk refers to an internal device that is mounted onto an open drive bay of the system case. The floppy disk is of
different sizes, such as 8 inch, 5.25 inch, and 3.5 inch. The most popular and commonly used size of the disk is 3.5 inch.
The floppy disk drive continues to be included in the new PC systems; however, it is made obsolete by the newer storage
devices. Figure 4 shows the floppy disks:

Figure 4

5.5.3 Hard Disk
A hard disk is a device that is generally used as a secondary memory for storing all datain a computer. Therefore, it is
referred to as the memory bank of a computer. A hard disk is placed inside the system unit and connected to the
motherboard. Nowadays, the capacity of the hard disk is measured in Gigabyte (GB) and Terabyte (TB). Earlier, the
memory capacity of computers was limited; however, nowadays, you can easily add additional memory chips to your PC
to increase its memory. Figure 5 shows the structure of a hard disk:

Figure 5
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The various parts of a hard disk are described as follows:
1.
Platters: Refers to the actual disk inside the drive that stores data. Generally, most drives have at least two platters.
A drive can have more than two platters depending upon its storage capacity. Each platter can store data on both
sides; this means that a drive with two platters has four sides to store data.
2.
Spindle Motor: Refers to the motor that is built right into the spindle or mounted directly below it. The spindle
motor spins the platters at a constant set rate ranging from 3,600 to 7,200 Rotation Per Minute (RPM). The platters
in a drive are separated by disk spacers and clamped to a rotating spindle that turns all the platters in unison.
3.
Read/Write Heads: Read and write data on the platters. There is typically one head per platter side, and each head
is attached to a single actuator shaft so that all the heads move in unison. When one head is over a track, all the
other heads are at the same location over their respective surfaces. Typically, only one of the heads is active at a
time for reading or writing data. The space between the platter and the head is so minute that even a dust particle
or fingerprint can disable the spin.
4.
Head Actuator: Refers to an actuator arm that moves the heads around the platters. Note that all the heads are
attached to a single head actuator.

5.5.4 Magnetic Tape
Magnetic tape was developed in Germany, and is used to store data. In magnetic tapes, a thin and long strip coated with
magnetic material is used for data storage. Similar to magnetic disk, bits are stored in the form of small dots on the strip.
These dots are distributed across several sectors on the tape. The read/write head remains stationary, and only the tape
is moved to read or write any data at a particular location. The data is stored in groups of bits on the strip. Operations
such as forward, reverse move and stop are applicable on magnetic tapes. However, the movement of tape is not fast; as
a result data is stored in blocks and known as records. The gap is intentional to represent a stop in a piece of information
on magnetic tape. Records in tape may be fixed or of variable length. The development in computer memory has
minimized the use of magnetic tapes, but not completely. They are still used as backup devices in large data processing
computers because of their moderate price and higher efficiency. Figure 6 shows a magnetic tape:

Figure 6

5.5.5 Optical Storage Device
Optical storage devices are storage devices in which the data is stored on an optically readable medium. When the data is
stored, a certain kind of pattern is formed, which can be traced through light. The light is mainly the laser light, which
focuses on the spinning disk. Examples of optical storage devices are CD and DVD, which are described as follows:
•
Compact Disk-Read Only Memory (CD-ROM): A CD can store data in various forms, such as photos, music, and
movies. A combination of lasers and sensors isused to read the data stored on the surface of the disk. CDs are readonly devices (no editing can be done) and can hold up to 700 Mb of data. CD drives use direct/random access (we
will discuss this in next section) to read data.
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•

Digital Versatile Disk-Read Only Memory (DVD-ROM): DVDs are mainly used to store movies, as large amount of
space is needed for them. It uses a combination of lasers and sensors that read the data. They have similar
dimensions to that of a CD but still they offer higher capacity. They are also read-only. DVD also uses
direct/random access to read data.
Table 1 shows the differences between CD and DVD:

5.5.6 Magnetic Drum
Gustav Tauschek invented the magnetic drum in 1932 in Austria, and it came up as computer memory in 1960s. Magnetic
drums are also used as secondary storage devices, and in case of main memory, load programs using a paper tape or
punched card. A magnetic drum is a large metal cylinder, with a ferromagnetic coating on its outer surface and a row of
fixed read-write heads runs along the long axis of the drum, one for each track. Figure 7 shows amagnetic drum:

Figure 7

ACTIVITY
Q7. Differentiate between CD and DVD.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q8. Write a short note on Floppy disk.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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5.6 Accessing Modes
The term access mode is referred to as the way in which the data is accessed by computers. The required data may or may
not be present near to a computer, so it may or may not have to access through other data available in between and
interact with the space utilized by them. There are various accessing modes, such as random access mode, serial access
mode, direct access mode, and cyclic access modes. Let us discuss them in detail.

5.6.1 Random Access Mode
Random access mode is the methodology of how the computer accesses the data without communicating directly with
the other data and its space. Devices that follow the random access mode are RAM and hard drive.
Take an example of a class of 50 students, sitting in rows and columns. The teacher asks the question to a student
randomly, who was sitting on the last row, without interacting with the other students in between. This is the case of
random access mode. Figure 8 shows the random access mode in the class:

Figure 8

5.6.2 Serial Access Mode
Serial or sequential access mode is the methodology of how the computer accesses the data in a sequential manner, that
is, one by one by interacting with the physical space as well the other data. Devices that follow the serial access mode are
CD and DVD.
Again, take the previous example of a class of 50 students, sitting in rows and columns. The teacher passes the question
paper to the students, but to pass it to the student sitting in the last row, she gives it to the student in the first row, and the
question paper is passed one by one till the last row. This is the case of serial access mode. Figure 9 shows the serial
access mode in the class:

Figure 9

5.6.3 Direct Access Mode
Direct access mode is the methodology in which the computer accesses the data, with its unique identity. It will not
search it in the whole index but will call that specific index number and access the data directly.
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Again, take the previous example of a class of 50 students, sitting in rows and columns. When the teacher wants to ask a
question to the student sitting at the last row, she will call his roll number, without disturbing other students in between.
Figure 10 shows the direct access mode in which the teacher calls roll no 6 directiy:

Figure 10

5.6.4 Cyclic Access Mode
Cyclic access mode is the methodology in which the computer accessesthe data and forms a cycle by getting the
response. The data can be sent back to the computer forming a cycle where the start and end point for the access are the
same. Again, take the previous example of a class of 50 students, sitting in rows and columns. When the teacher wants to
ask a question to the student sitting at the last row, the student will reply back to the teacher as shown in Figure 11:

Figure 11

ACTIVITY
Q9. What is cyclic access mode?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q10. Explain direct access mode.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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5.7 Access Time
The access time or response time of a rotating device is the time it takes before the actual transfer of data. Access time is
based on the mechanical nature of the-rotating disk and moving heads. While calculating the performance of the storage
device, independently measurable elements are combined to retrieve a single value. The access time differs timely;
therefore it is provided by manufacturers.
Access time is the time required to place the head on a specific track and time taken by a sector to get underneath the
Read/Write head.
Access time = seek time + latency time
Here, seek time refers to the time taken to place the head on specific track and latency time refers to time taken by a
sector to get underneath the Read/Write head. On an average, it is half of the time taken for a rotation by the disk.
Let us discuss the seek time in the next section.

ACTIVITY
Q 11. Define Access time.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

5.8 Seek Time
The seek time of a rotating device is the time taken by the head assembly on the actuator arm to travel to the track where
the data is read or written. The data is stored on sectors, which are distributed in parallel circular tracks, and there is an
actuator with an arm that suspends a head to transfer data.
When there is a need to read or write a certain sector, the sector is located. The device then uses the actuator to move
the head to that specific track. If the initial location of the head and the desired track are same, the seek time becomes
zero, and if the initial track was at the outermost edge and the desired track was at the innermost edge, the seek time
would be the maximum for that drive.
The average seek time is the average of time taken to do all the possible seeks divided by the number of all possible seeks.
In statistical terms, average seek time is the time of seek over one-third of number of tracks.
The two seek measurements are track-to-track and full stroke. The track-to-track measurement is the time needed to
move from one track to other adjacent track.The full stroke measurement is the time needed to move from the
outermost track to the innermost track.

ACTIVITY
Q12. Write a short note on Seek time.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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5.9 Latency Time
Latency time of a rotating device is the amount of time taken by a particular sector to rotate under the read/write heads
of a disk drive. The average latency time for a disk is half the amount of time it takes to complete one revolution. It is only
applied to rotating devices, such as hard disk and floppy disks.

ACTIVITY
Q13. Define Latency time.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's summarize the main concept of this chapter.

5.10 Summary
In this chapter, you have learned:
•

The concept of RAM and ROM and their types

•

The various types of storage devices, such as magnetic disk, floppy disk, hard disk, magnetic tape, and magnetic
drum

•

The various accessing modes

•

The access time, seek time, and latency time

5.11 Keywords
•

RAM: Random Access Memory (RAM) or the main memory is a form of data storage in cofhputer. It is an integrated
circuit that enables you to access stored data in a random order constantly.

•

ROM: Read Only Memory (ROM) is a built-in computer memory containing data that can only be read but cannot
be written.

•

Magnetic Disk: A magnetic disk is a device that is used to store data in a digital form.

•

Floppy Disk: Floppy disk refers to an internal magnetic storage device that is mounted onto an open drive bay of
the system case.

•

Hard Disk: A hard disk is a device that is generally used as a secondary memory for storing all datain a computer.

•

Magnetic Tape: A magnetic tape is made up of a thin magnetizable coating on a long, narrow strip of plastic film
and is used to store data.

•

Optical Storage Device: Optical storage devices are storage devices in which the data is stored on an optically
readable medium. When the data is stored, a certain kind of pattern is formed, which can be traced through light.

•

Access Time: The access time or response time of a rotating device is the time it takes before the actual transfer
of data.

•

Seek Time: The seek time of a rotating device is the time taken by the head assembly on the actuator arm to travel
to the track where the datais read or written.

•

Latency Time: Latency time of a rotating device is the amount of time taken by a particular sector to rotate under
the read/write heads of a disk drive.
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5.12 Solved Questions
Q 1. What are the different types of RAM? Explain.
Ans. RAM is of two types:
1.
Static RAM (SRAM): It represents a type of temporary memory that is faster and more reliable than DRAM.
The term static in SRAM means that it does not need to be refreshed as frequently as DRAM. The access time
of DRAM is about 60 nanoseconds, whereas that of SRAM is 10 nanoseconds. The cycle time of SRAM is
much shorter than that of DRAM, which implies that the data from SRAM can be accessed instantly. In
SRAM, a bit of data is kept using the state of a flip-flop. It is costlier than DRAM, but consumes less power
than DRAM and acts as a cache memory for the CPU.
2.
Dynamic RAM (DRAM): It represents a temporary physical memory of a computer. The term dynamic
indicates that the memory must be constantly refreshed (re-energized) or it will lose its content. DRAM has
more access time and is more volatile than SRAM. It stores a bit of data using the memory of a pair of a
transistor and a capacitor. It is cheaper than SRAM.
Q2. Write a short note on floppy disks.
Ans. Floppy disk refers to an internal device that is mounted onto an open drive bay of the system case. The floppy disk
is of different sizes, such as 8 inch, 5.25 inch, and 3.5 inch. The most popular and commonly used size of the disk is
3.5 inch. The floppy disk drive continues to be included in the new PC systems; however, it is made obsolete by the
newer storage devices.
Figure shows the floppy disks :

Q3. Discuss the types of ROM.
Ans. ROM is a built-in computer memory containing data that can only be read but cannot be written. It allows your
computer to boot up or reload data each time you turn it on. Unlike RAM, the data stored in ROM is not lost when
the computer is turned off. ROM is sustained by a small long-life battery in your computer.
There are three types of ROM - PROM, EPROM, and EEPROM.
1.
Programmable ROM (PROM): Programmable ROM represents a memory chip on which the data can be
written only once. A program written on PROM is stored permanently. Unlike RAM, PROM retains its content
when the computer is turned off. The difference between PROM and ROM is that PROM is manufactured as
a blank memory; whereas, ROM is programmed during the processing of data. You need a special device
called PROM programmer or PROM burner to write data onto a PROM chip. The process of programming
PROM is sometimes called burning the PROM. They are used in video games, mobile phones, and many
other fields.
2.
Erasable Programmable ROM (EPROM): Erasable Programmable ROM represents erasable and reusable
memory. The data stored in EPROM can be erased by an intense ultraviolet light passing through a window
that is designed in the EPROM chip. Normal light in a room does not contain enough ultraviolet light to erase
data from EPROM.
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3.

Electrically Erasable Programmable ROM (EEPROM): Electrically Erasable Programmable ROM is a stable,
non-volatile storage system that is used to store minimum amount of data in computer and electronic
devices. Even if permanent supply of power is not available, data can be stored. For storing large amount of
static data, various types of EEPROM, such as flash memory, are used. It becomes more cost-effective than
traditional EEPROM devices.
Q4. What is the difference between random and direct access mode?
Ans. The difference between random and direct access mode is that that in Random access mode, the computer
directly access the data without interacting with the other data or any physical space utilized by that data, whereas
inDirect access mode, the computer accesses the data directly but by calling its unique name or some index
number. It is also a direct mode of access that acquires less time than random access mode.
Q5. What is a magnetic drum?
Ans. Gustav Tauschek invented the magnetic drum in 1932 in Austria, and it came up as computer memory in 1960s.
Magnetic drums are also used as secondary storage devices, and in case of main memory, load programs using a
paper tape or punched card. A magnetic drum is a large metal cylinder, with a ferromagnetic coating on its outer
surface and a row of fixed read-write heads runs along the long axis of the drum, one for each track.
Figure shows a magnetic drum:

Q6. Define latency time.
Ans. Latency time of a rotating device is the amount of time takenby a particular sector to rotate under the read/write
heads of a disk drive. The average latency time for a disk is half the amount of time it takes to complete one
revolution. It is only applied to rotating devices, such as hard disk and floppy disks.
Q7. What do you mean by external storage devices?
Ans. External storage devices are additional storage thatare non-volatile and able to store, retrieve, and modify data.
These types of devices are also known as the secondary storage devices. An external storage device is not directly
accessed by the CPU. Instead computer uses I/O channels to access external storage device and transfer data to
the main memory. The overall performance (data fetching and transfer) of external storage device is much slower
than main memory, but they have an added advantage. The external storage devices can store huge amount of
data.
Q8. Explain the terms SASD and DASD.
Ans. Serial Access Storage Device (SASD) refers to those storage devices that work in a sequential manner. The data
stored in this type of devices are accessed in a predetermined and sequential order. Magnetic tape is one example
of SASD, in which a tape is used to store data or information by punching holes in the tape, and at the time of
retrieval of data, the data is accessed sequentially.
Direct Access Storage Device (DASD) is referred to any storage device that is directly connected to the computer
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system. DASD is a type of storage device in which data is stored on a precise location, and the computer directly
accesses the data from that location without searching the entire storage space. Disk device is another name of
the DASD that can be fixed or removable. Fixed devices mean any device that is attached with the computer and is
the integral part of the computer, whereas the removable devices mean any device that can be detached from the
computer.
Q9. What are magnetic disks and magnetic tapes?
Ans. Magnetic disks and magnetic tapes are both data storage devices. Magnetic disks arc circular in shape and are
coated with a metal or plastic and magnetic material. A number of disks are stacked on a spindle, which rotates
very fast. Usually, each disk can be used from both sides, and heads are mounted over each surface of disk. Some
disks may have a single head, which has access to all disks. These types of disks are expensive and normally used in
large computers. It stores data in the circular magnetic chambers that lie between concentric circles called tracks.
Each track is divided into sectors. The sectors correspond to the minimum unit of data in a disk. A magnetic disk is
shown in the following figure:

From the preceding figure, you can analyze that the circumference of the track becomes larger from center to the
last track. The distribution of bits will obviously vary, because the circumference is shrinking toward center. This
unequal distribution is made equal for each track by packing the denser bits near the center and then decreasing
them toward last or outer track.
In magnetic tapes, a thin and long strip coated with magnetic material is used for data storage. Similar to magnetic
disk, bits are stored in the form of small dots on the strip. These dots are distributed across several sectors on the
tape. The read/write head remains stationary, and only the tape is moved to read or write any data at a particular
location. The data is stored in groups of bits on the strip. Operations such as forward, reverse move, and stop are
applicable on magnetic tapes. However, the movement of tape is not fast; as a result data is stored in blocks and
known as records. The gap is intentional to represent a stop in a piece of information on magnetic tape. Records in
tape may be fixed or of variable length. The development in computer memory has minimized the use of magnetic
tapes, but not completely. They are still used as backup devices in large data processing computers because of
their moderate price and higher efficiency.
Q10. Describe seek time and access time.
Ans. Seek time of a disk refers to the amount of time required to find an information or data on the disk. The lower the
value of the seek time, the faster a disk can read data. Seek time is usually expressed in milliseconds, abbreviated
as ms. The average seek time of most disks is in the range of 8ms to 10ms.
Access time of a disk drive refers to the time that is required by a computer process to retrieve the requested data
from the storage device. In other words, access time is the time span in which the data is transferred. The access
time of a disk is calculated by summing the spin-up time, seek time, rotational delay, and transfer time. The access
time of a disk is measured in milliseconds, abbreviated as ms.
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5.13 Review Questions
Ql.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.

Name the various types of accessing modes.
Discuss the working of optical storage devices.
Write a short note on magnetic drum.
What is the methodology adopted by cyclic access mode?
The term 'memory' refers to storage. Justify the statement.
Distinguish between magnetic tapes and magnetic disks.
EEPROM chips are erasable by ultra-violet light after removing them from the main circuit. Is the statement
correct? Give reasons for your answer.
Q8. What are compact disks (CDs)? How do they differ from DVDs?
Q9. Write a short note on external storage devices.
Q10. Discuss the types of RAM.

5.14 Further Readings
•
•

Comdex Computer Course Kit (XP Edition) ISBN: 978-81-7722-391-0
Introduction to Computer and Data Processing, Kogent Learning Solutions, ISBN: 978-93-5004-047-8
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6.0 Objectives
After studying this chapter, you will be able to:
•
Understand decimal, binary, octal, and hexadecimal number system
•
Learn conversion between number systems
•
Learn complement of numbers

6.1 Introduction
As computers can only understand numbers, so whatever we type or store (numbers or letters) in the computer, it
converts that into numbers. This conversion is known as Number System.
Today, the number system used in everyday transactions is the positional number system developed by an Indian
mathematician during the ninth century. Later, this system was accepted by Arabic mathematicians, and they spread it
across Europe. In ancient times, the decimal number system was used to represent numbers 0 to 9. As there are total 10
symbols in decimal numbers, probably, the ancient people were managing to count with their fingers and thumbs on
both hands, which allowed them to count up to 10 easily. The importance of these symbols lies only in their position for
identifying a number. For example, in decimal number 120, 1 specifies the 100th value.
There are many other number systems, such as binary number system, octal number system, and hexadecimal number
system. The radix (base) of number and symbol differentiates these number systems from each other. Decimal numbers
have base 10 and are used in everyday transactions. Binary numbers have base 2, and they serve as the foundation of
computers. Octal numbers and hexadecimal number system have base 8 and 16, respectively, and both are used for
representing group of bits conveniently for getting information on binary operations.
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In this chapter, you will learn about the different types of number systems and their importance. After this, you will learn
about the conversion between number systems. In the end, you will learn about binary coded decimals and
complements. Let's start with discussing the number system.

6.2 Introduction to Number System
Basically, there are two types of number systems: positional and non-positional. In context to non-positional numbers; in
ancient times, counting was performed on fingers. As only 10 fingers were not sufficient for counting, more objects, such
as stones, pebbles, sticks, and many others, were added. Nevertheless, performing arithmetic applications was still very
difficult. Hence, positional number systems were invented.
Positional number systems have fewer symbols, and each symbol has importance with respect to its position. There are
many positional number systems, such as decimal number system, binary number system, octal number system, and
hexadecimal number system. Decimal number system can be considered as the primary number system, as almost all
other number systems are built on the basis of this number system.
We use decimal number system in everyday transactions; hence, we are much familiar with decimal numbers. We
perceive every number as decimal number, seeing it on a book, hoarding, advertisement, distance boards, and many
others. Hence, it is important to have an insight about decimal numbers.

ACTIVITY
Q1. Write a short note on Number System.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

6.3 Decimal Number System
The base or the radix of the number system determines its type. In other words, the total number of digits in a number
system is the base of the number system. A decimal number system is a positioning number system that has radix (base)
10 and contains total 10 digits (symbols) starting from 0 to 9.The properties of decimal numbers are discussed as follows:
•
The prefix 'deci' in decimal numbers stands for 10.
•
Decimal numbers has base (or radix) 10. For example, 123 can be written as (123)10.
•
There are total 10 symbols that represent decimal numbers. They are 0, 1, 2,3,4,5,6, 7,8, and 9.
•
Each digit in a decimal number holds the power of the base 10, and the power has the resemblance with its
position in respective number.
The following additional information regarding decimal numbers gives a better understanding of their behavior:
•
The power 0 of any number makes it 1. For example, 5° = 1, (525)° = 1.
•
The power 1 of any number is equal to the number itself. For example, 5' = 5,(525)' = 525
In decimal number system, the consecutive places to the left of the decimal point represent ones, tens, hundreds,
thousands, and so on. In other words, each position indicates the power of 10. For example, the decimal number (1595)
10 can be given as follows:
3
1 x 10 = 1000
2
+ 5 x 10
= 500
1
+ 9 x 10
= 90
+ 5 x 10°
= 5
159510
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Every position starting from the decimal point towards the left of a number is denoted by the base value raised to the
power. For the position which is just left to the decimal point, the power starts from 0 and for every next position on the
left, the power keeps incrementing.
3
2
1
0
10 10 10 10
It is a similar situation when we move towards right of the decimal point as it is when we move towards the left but the
difference is that a minus sign is placed before each power.
I0–1 10–2 10–3
Note: In every number system, a number has digits and a digit has two values first is called face value and second is called
place value.
i.
Face value: A digit looks that, is called face value.
ii.
Place value: Place value is, face value multiplied by raised power of base.
We take a number (421) ,0 it has two values for its each digits, first is face value and second is place value.
2
1
Face values are 4, 2 and 1. But place values are 4 * 10 = 400 , 2 * 10 = 20 and 1 * 10°= 1.
Therefore, the total value is 400 + 20 + 1 = 421.

ACTIVITY
Q2. What is the decimal number system?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q3. What is the radix of a decimal number system? Why?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

6.4 Binary Number System
An in-depth understanding is required to comfortably deal with binary numbers. In the next few sections, the binary
number system is described in detail.
Binary can be expressed in only two digits 0 and 1, and the base of a binary digit is 2. In decimal numbers, the position is
represented by the power of 10; in binary, it is represented by the power of 2.
As a binary number has the base 2, all the positions in the number can be represented as the power of 2. The consecutive
positions of the binary number from right to left are 1, 2, 4, 8, 16, 32, 64, 128, and so on, which are the positions of digits
(symbols) in binary number. Table 1 shows the binary positioning versus the decimal positioning:
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6.4.1 Binary Addition
Binary addition is as simple as algebraic addition except that 1 + 1 = 10 in binary, carrying one to the next bit. Binary
numbers follow four addition rules, which are as follows:
0+0=0
0+1=1
1+0=1
1 + 1 = 10
A few examples can be helpful in this regard, let's add 1001 and 1011, as shown in Table 3:

The preceding example can be evaluated as follows:
• On the extreme right end, both Is are added to give 0, carrying 1 to the next bit.
• This 1 is then added to the second column (from right end), which results in 0, carrying 1 to the next bit.
• In the third column, the lis added to the Os.This results in 1, without any further carry-forward.
• In the extreme left column, the two Is are added resulting in 10.
You can also perform a check by just converting the binary numbers into decimal numbers and then adding them. The
sum obtained has to be converted into binary.

6.4.2 Binary Subtraction
You are much familiar with subtraction in decimal numbers; subtraction involves borrowing from the left column. The
borrowed number is 10 in case of decimal numbers. For example, if we are subtracting 6 from 22, we borrow 10 from the
left digit. This makes the right digit 12, and finally, gives 16 as the result.
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Similarly, this method can be implemented on binary digits. Binary numbers follow four subtraction rules, which are as
follows:
0 - 0 =
0
1 - 1 =
0
1 - 0 =
1
0
- 0 - 1 =
1
There is an exception in the fourth rule. Let's see how this rule operates, by a simple example. Consider that the
subtraction of 1 from 10 is:
10
–1
1
Let's consider an example that we are subtracting 0111 from 1110, as shown in Table 4:

ACTIVITY
Q4. Define binary number system.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q5. Why is the radix of a binary number always 2?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

6.5 Octal Number System
Binary numbers are very important as computers function on them. However, other number systems are important as
well. The two other popular number systems that are used in computers are octal number system and hexadecimal
number system. These number systems serve as the shorthand notations for programmers and electronic engineers as it
is very difficult to read large strings of binaries. In this section, let's focus on octal number system; the next section
describes the hexadecimal number system.
Octal number system has base 8 with 8 digits in it. Octal number system uses digits 0 to 7 for representing numbers. This
system uses powers of 8 for converting decimal to binary. For example, 1058 in the octal number system can be converted
to a decimal number as follows:
2
1058= 1 x8 + 0x8' + 5 x8°
= 1x64 + 0x8 + 5x1
= 64 + 0 + 5 = 6910 in the decimal number system As in binary number system, a shortcut method is available for
octal numbers, as shown in Table 5:
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If there is an octal point, then we will proceed to right from octal point with the
—1
—2
—3
negative powers of 8 as 8 , 8 , 8 ...... and so on, up to the number of
required digits. The example is as follows:
275.328 - 2x 82 + 7x 81 + 5 x80+ 3 x8—1 + 2x 8—2
= 128 + 56 + 5 + 3/8 + 2/64
= (189.40625) 10
It should be noted that digits 8 and 9 cannot occur at any position in an octal number. This means that 105 can be an octal
number, but 108 or 109 cannot be octal numbers. However, 1 10 can be an octal number.

6.5.1 Addition and Subtraction of Octal Numbers
Adding octal numbers is similar to adding decimal numbers, except that whenever the sum is greater than 7, it needs to
be subtracted from 8. After this, we need to mark the result and carry 1 (if available) to the next column. This pertains to
the fact that there is no place for 8 and 9 in octal numbers. Consider the two examples shown below:
Examplel: Add 1058 to 1018
Solution:
1 0 5
1 0 12 0 6
Therefore, 1058 + 1018= 2068
This is a simple example because no carry-forward is required. Let's consider a complex example.
Example 2: Add 67458 to 44758
Solution:
1 1 1 1
6 7 4 5
4 4 7 5
11-812-8 12-8 10-8
1 3 4 4 2
Therefore, 67458 + 44758 = 134428
Subtraction in octal numbers is based on complement, especially on 2's complement. The following example clearly
explains the concept of subtraction in octal numbers:
Example 3: Calculate 1058- 178
Solution: Let's solve in a step-by-step approach. In the first step, find the 7's complement, shown as follows:
7 7
7
-0 1
7
7 6
0
In step 2, add 1 to 7's complement and make it 8's complement, which results in 761.
In step 3, add 761 to 105 and ignore the Most Significant Bit (MSB) (leftmost bit if it exists) as we did in binary subtraction,
shown as follows:
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1 0 5
+7 6 1
10 6 6
As one bit has been increased, ignore it; the final result would be shown as follows:
1058 — 178 — 668
The addition and subtraction can be performed easily on octal numbers. Table 6 summarizes the first 15 octal numbers
along with their decimal and binary representations:

6.5.2 Conversion of Decimal to Octal
For the conversion of decimal number into its equivalent octal number, the procedure of decimal to binary conversion is
used. Though, the difference is just that the decimal number is divided by 8 instead of 2.
Example : Conversion (143)10 to octal equivalent :
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6.5.4 Conversion of Decimal Fractions to Octal Fractions:
We may either use the sum-of-weights method or the repeated multiplication by 8 method, the following steps are
performed:
1.
Multiply the decimal fraction by 8.
2.
Record the whole number if a whole number is generated, otherwise place 0.
3.
Repeat the steps l and 2 with the decimal fraction until it becomes 0.
4.
Write down the remainders in the downward direction when no further multiplication can be performed.
Example: Conversion (.43)10 to octal equivalent:

6.5.3 Conversion of Octal to Decimal
In the octal to decimal number conversion, every single digit in the octal number is multiplied to its weighted position
and all the weighted values are added together to obtain a decimal number.
Example: Conversion (157)8 to decimal equivalent:

6.5.4 Conversion of Octal Fractions to Decimal Fractions:
—1

—2

In this the exponential expressions of each fractional placeholder are 8 , 8 , and in this way the exponent notation
precedes. The steps to convert octal fractions to decimal fractions are given as follows:
1. Write the weighted value for every single bit of an octal fractional number.
2. Multiply the bit of the octal fractional number with its weighted position.
3. Obtain the decimal number by adding all the weighted values.
Example: Conversion (.43)8 to decimal equivalent:
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6.5.4 Conversion of Binary to Octal
To convert the binary to octal we follow the following steps:
1.
Break the binary number into 3-bit sections starting from the right to left.
2.
Convert the 3-bit binary number to its octal equivalent.
Note: It may be necessaiy to add a zero left side in order to complete a group of 3-bits. Conversion of Binary Fraction to
Octal Fractions:
While representing fractions, it may be required to add a trailing zero after right most bit for form a complete grouping of
three bits. In this grouping of 3-bits is done from left to right after decimal point.
Example: Conversion (10101.1011)2 to octal equivalent:

6.5.5 Conversion of Octal to Binary
To convert octal to binary, we follow the following steps:
1.
Convert the decimal number to its 3-bit binary equivalent.
2.
Remove the spaces to combine the 3-bit sections and get the binary number. Conversion of Octal fractions to
Binary Fractions:
The steps of the conversion of octal fractions to binary fractions are similar to that of octal to binary conversion.
Example: Conversion (721.546)8 to binary equivalent:

ACTIVITY
Q6. What is the radix for an octal number?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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ACTIVITY
Q7. Add 70098to 34598
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

6.6 Hexadecimal Number System
Hexadecimal number system is the positional number system with base 16. It contains 16 digits from 0 to 15. Table 7
shows the first 15 hexadecimal numbers:

As the base of hexadecimal number system is 16, we have to use powers of 16 to convert it into decimal numbers. For
example, 12AE416 can be represented in decimals as shown in Table 8:

The conversion to decimals is shown as follows:
4
3
2
1
0
12AE416 = 1 x 16 + 2 x 16 + 10 x 16 + 14 x 16 + 1 x 16
= 65536 + 8192 + 2560 + 224 + 4
= 76516,0 Therefore, 12AE416 =7651610
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ACTIVITY
Q8. Explain the conversion of a hexadecimal number to a decimal number with an example.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q9. Explain hexadecimal number system.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Let's now discuss conversion between number systems.

6.7 Conversion between Number Systems
The procedure for converting binary into decimal uses powers of 2 instead of 10. Let's start with binary to decimal
conversion.

6.7.1 Binary to Decimal Conversion
Consider an example to find the decimal value of a binary number (1011)2. We can expand the number by using the
positional values shown as follows:

The binary number (1011)2 is equivalent to 11 in decimal. Now, let's try with a more complex example: converting binary
number (1101001)2 to its decimal equivalent. The conversion is shown as follows:
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The binary number (1101001)2 is equivalent to 105 in decimal. For a binary point, consider the example:

Let's learn a shortcut method for converting binary to decimal.

Shortcut Method for Binary to Decimal Conversion
This method involves a straightforward approach. Write the powers of 2 starting from power 0 up to less than one of the
total binary digits to be converted. Then, place the respective binary digits under these powers of 2. Calculate the sum by
adding powers of 2, below which binary digit 1 appears. The conversion of (1011) 2 is shown in Table 9:

Then, calculate the sum of the digits just above the binary digit '1.' The sum will be 8+0+2+1 = 11. For more frequent
conversions, remember the number, '8421,' the four binary digits. You can expand this number as required. For example,
the binary number (1101001)2 has-seven digits; hence, the number 8421 has to be expanded up to three places toward
the left, as shown in Table 10:

Now, the sum can be calculated as 64+32+0+8+0+0+1= 105. Similarly, binary number with binary points can be
calculated by a shortcut method. For example, the conversion of (1101.101)2 into decimal number is shown in Table 11:
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The sum can be calculated as 8+4 + 0 + 1+0.5+0+0.125 = 13.62510. Thus, you can convert a binary number into a decimal.
Conversion of Binary Fractions to Decimal Fractions:
In this, each binary bit is calculated with the negative exponents (which are used to denote the negative powers of 2). The
sum of all calculated values is the result.
Example:

Conversion (.1 1)2 to decimal equivalent:

6.7.2 Decimal to Binary Conversion
Remainder of the decimal number plays an important role while a decimal number is converted to a binary number. This
method is also known as remainder method and can be used for converting a decimal number into any base. The steps
for converting a decimal to binary are given as follows:
•
Divide the decimal number with 2.
•
Write the remainder on the left.
•
Divide the quotient each time by 2 and continue till it becomes zero, by writing the remainder on each division.
•
Read the remainders from bottom to top. The number you read is the binary number.
For example, we want to convert 105l0into binary. The process of conversion is shown in Figure 1:

From Figure 1, you can analyze that after dividing 105 by 2, every time the quotient is divided until it becomes zero, and
the remainder is stored on the right. Then, the remainder is read from bottom to top to get the binary number.
It is also possible to use the shortcut method for decimal to binary conversion, but in the reverse. In the shortcut method,
distribute the number below the powers of 2, and place 1 in the position of these powers. For example, 105 can be
distributed using the following series of powers of 2, shown as follows:
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Now, get the sum of this series, shown as follows: 64 + 32 + 0 + 8 + 0 + 0 + 1 = 105
Then, use 1 instead of the powers to get the sum (105), and the result is 1101001, which is shown as follows:
64 + 32 + 0 + 8 + 0 + 0 + 1
1 10 1 0 0 1 = 105
The shortcut method is quick, but for a large decimal number, it might become cumbersome to convert to binary; as this
method is a hit and trial method. However, both methods can be used, and you must be thorough with them for making
frequent conversions.
Conversion of Decimal Fractions to Binary Fractions:
This method involves the following steps:
1.
Multiply the decimal fraction by 2 (the base of binary number system).
2.
If a whole number is generated, place 1 in that position, if not then place 0.
3.
Repeat steps 1 and 2 on the fraction value until it becomes 0 and remove the whole number.
4.
Write the remainders in the downward direction when no more multiplication can be performed.
Example: Conversion (.467) 10 to binary equivalent:

6.7.3 Binary to Hexadecimal Conversion
Binary to hexadecimal conversion is similar to other conversion schemes. This conversion requires the grouping of every
consecutive 4 binary digits from the right side and adding implied zeros whenever required. For example, 01 0101 0100
10112 can be represented in hexadecimal as shown in Table 12:

In the rightmost column, we obtained 11, which is B in hexadecimal. Therefore, the conversion can be written as follows:
01 0101 010010112 = 154B16

6.7.4 Hexadecimal to Binary Conversion
Converting a hexadecimal number to binary number is a precise process. To convert the hexadecimal number into its
binary equivalent, perform the following steps:
1.
Convert each hexadecimal digit to its 4-bit binary equivalent.
2.
Combine the 4-bit sections by removing the space to get the binary number.
For example, (A18.2B)16 can be represented in binary, as shown in Table 13:
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Conversion of Hexadecimal fractions to Binary Fractions:
The procedure of hexadecimal fractions to binary fractions conversion is similar to that of hexadecimal to binary
conversion.
Example: Conversion (A18.2B)16 to binary equivalent:

6.7.5 Decimal to Hexadecimal Conversion
In decimal to hexadecimal conversion, you have to divide the quotient with 16 by tracking the remainder and continue
dividing until the quotient becomes zero. Then, collect the remainder in upward direction, as shown in Figure 2, for
finding the hexadecimal of 545110:

Therefore, 545110 = 154B16
Conversion of Decimal Fractions to Hexadecimal Fractions:
In this conversion, we may use either the sum-of-weights method or the repeated multiplication by 8 methods. For this
following steps are applied:
1.
Multiply the decimal fraction by 16.
2.
If a whole number is generated record the whole number, otherwise place 0.
3.
Repeat the steps 1 and 2 so that the decimal fraction becomes 0.
4.
Write the remainders in the downward direction when no more multiplication can be performed,.
Example: Conversion (.435) ,0 to hexa equivalent:
Basic of Computer Fundamentals and Programming / 98

ARCADE BUSINESS COLLEGE

6.7.6 Hexadecimal to Decimal Conversion
In the hexadecimal to decimal conversion, all the digits in a hexadecimal number are multiplied with their respective
weighted position and a decimal number is obtained by adding the weighted values together.
A hexadecimal number consists of radix I6.T0 represent it into decimal number, you need to perform the following steps:
For example, 10AB316 can be represented in decimals, as shown in Table 14:

The conversion to decimals is shown as follows:
10AB316 = 1 x 164 + 0x163 + 10 x 162 + 11x l61+3x 160
= 65536 + 0 + 2560 +176 + 3
= 6827510 Therefore, 10AB316 =6827510
Conversion of Hexadecimal Fractions to Decimal Fractions:
In hexadecimal fraction the exponential expressions of each fractional placeholder are 16—1, 16—2.... The steps for
conversion are:
1.
Write the weight value of every single bit in a hexadecimal fractional number.
2.
Multiply each bit of the hexadecimal fractional number with their weighted position.
3.
Obtain the decimal number by adding all the weighted values.
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Example: Conversion (A23.B2)16 to decimal equivalent:

6.7.7 Octal to Hexadecimal Conversion
The first digit in octal corresponds to the first three digits in its binary equivalent, and so on. The same is true for
hexadecimal and this time each digit represents four binary digits. This conversion involves the following steps:
1.
Convert all the octal digits into a 3-bit binary form.
2.
Combine each of the 3-bits binary numbers.
3.
Divide all the binary numbers into the 4-bit binary form, starting with the first number on the right bit which is the
Least Significant Bit towards the first number on the left bit which is the Most Significant Bit.
4.
Convert the 4-bit blocks into hexadecimal symbols. Conversion of Octal Fractions to hexadecimal Fractions:
The method of this conversion is based on the same procedure, which we have discussed in the simple octal to
hexadecimal conversion.
Example: Conversion (721.546)8 to hexadecimal equivalent:

6.7.8 Hexadecimal to Octal Conversion
This conversion follows the same steps of octal to hexadecimal conversion except that each hexadecimal digit is
converted into 4-bit binary form and then after grouping of all the 4-bit binary blocks, it is converted into the 3-bit binary
form. Finally, these 3-bit forms are converted into octal system.
Conversion of Hexadecimal Fractions to Octal Fractions:
The steps of this conversion are similar to the simple conversion of hexadecimal to octal conversion.
Example: Conversion (A16.B5)16 to octal equivalent:
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So far, you have learned the number systems in great detail, especially the binary numbers. Binary numbers can be
manipulated in different ways, and binary coded decimals (BCD) are one of them.

ACTIVITY
Q10. Convert (100011 1 )2 into a decimal number.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q11. Convert 999,Oto binary number.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q12. Convert (1111100)2to a hexadecimal number.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q13. Convert (5641)10to a hexadecimal number.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q14. Convert (B5E7D)]6to a decimal number.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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6.8 Binary Coded Decimals
BCD represents decimal numbers in which each digit has a separate 4-bit (usually) binary code. They are different from
normal binary representation and are mostly used in arithmetical or computational tasks. The first 10 digits are similar to
binary, but the representation of 10 and above is different in binary and BCD. Using BCD, numerical values can be easily
printed or displayed, and the speed of computation can also be increased efficiently. The main disadvantage of BCD is
that they occupy more space in memory and also require more circuitry for their implementation. Four bits are required
for representing decimals from 0 to 9. In addition, there can be extra sign bit along with the four bits. Tablel5 shows the
binary coded decimals up to 9:

For decimal 10 and above, the representation is different in normal binary and BCD, as shown in Table!6:
Tablel6: Binary Coded Decimals from 10 and above

Mostly data is stored in 8-bit blocks, which is known as byte. BCD can be stored using two methods, namely, zoned or
uncompressed BCD and packed or compressed BCD.
In zoned or uncompressed BCD, the four bits of BCD are stored in the rightmost four bits of the byte, and the remaining
four bits (leftmost) are set to zero. These leftmost four bits can be used for other representations, such as the sign bit.
In packed or compressed BCD, two BCD-encoded digits are stored in the same byte by occupying the four leftmost bits. It
saves memory and also represents BCD efficiently.
Adopting the BCD approach is a straightforward method for hardware, as there is no arithmetic conversion required. It
should be noted that BCD, such as 1010, 1011, 1100, 1111, are invalid. In other words, BCD after 1001 in 4 bits are invalid.
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ACTIVITY
Q15. What are binary coded decimals.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q16. Write a short note on BCD addition.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's learn about complements.

6.9 Complements
The complement of a number is the number which when added to the original, results it equal to a multiple of the
base number system. Complement is used to signify a negative or a positive number. It provides easier subtraction
mechanism.

6.9.1 10's Complement
The 10's complement of a number is found by following a certain number of steps. They are
1.
First of all, the number which is to be subtracted should be converted into 10's complement.
2.
Then, the result of step 1 is added to the other number.
3.
If the output after the addition of the numbers consists of digits more than the digits in that number, the left most
digit is removed and that is the result.
4.
Otherwise, 10's complement of the result is again found, with a negative sign in the output.
Let us take some examples:
Example: 79 – 13 = 66
7 9 7 9
-1 3 8 7 (10's complement of 13 is 100 - 13=87)
16à
6
6 6 (Answer)
Example: 17 — 35 = —18
1 7
1 7
–3 5 à
6 5 (10's complement of 35 is 100 – 35 = 65)

6.9.2 9's Complement
The 9's complement of a number is found by following a certain number of steps. They are
1.
First of all, the number which is to be subtracted should be converted into 9's complement.
2.
Then, the result of step 1 is added to the other number.
3.
If the output after the addition of the numbers consists of digits more than the digits in that number, the left most
digit is carried over and added to the result.
4.
Otherwise, 9's complement of the result is again found, with a negative sign in the output.
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Let us take some examples:

6.9.3 2's Complement
The 2's complement is the addition of 1 to the l's complement. For example, pick a value, say 5, from Table 17.The l's
complement of 5 is 1010. Add 1 to this value, it gives 1011. In a summary, if d is a decimal number,
•
Convert d to binary
•
Complement binary
•
Add 1 to this binary
Table 17 shows the 2's complement notation:

6.9.4 1's Complement
The 1 's complement of a binary number can be achieved by changing all the bits from 0 to 1 and 1 to 0. For example, the
l's complement of 0001 would be 1110. A 4-bit signed number can be represented using l's complement, as shown in
Table 18:
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As per Table 18, all negative values begin with 1. The most significant bit notifies about the sign of the number when it is
complemented. In l's complement notation, only zero can be represented in two different ways.
The values +0 to +5 are normal binary representations, and their respective negative values are just their complements.
Steps for a l's complement representation for any decimal number d are given as follows:
•
If d is a positive decimal number, convert it into binary.
•
If d is a negative decimal number, convert it into a positive binary value.
•
Complement each bit.
Till now, we have seen signed numbers, namely, 1 's complement and 2's complement. Now, we are going to implement
them. Earlier, we preferred an alternative to signed numbers, for all arithmetic operations. If S,0 is the subtrahend and
M10 is the minuend in decimal number notation, the steps for subtraction using l's and 2's complement are shown as
follows:
•
Convert S10 to –S10 with either 1 's or 2's complementation.
•

Add-S10 to M10.

•
Finally, if there is overflow, the MSB is added to the result.
Now, let's see these complements in action by considering an example of subtracting 2 (subtrahend) from 6 (minuend) in
4bits, as shown in Table 19:
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In Table 19, compare the steps given in l's and 2's complement. It works fine until step 2 in both l's and 2's complement. As
we proceed to step 3, the problem occurs in l's complement as you have to check for an overflow bit every time you do a
subtraction operation. If there is an overflow in the subtraction result, the MSB is again added to the result obtained.
However, with 2's complement, we ignore the MSB and stop further calculation. Thus, 2's complement gets an
advantage over l's complement and proves to be a more efficient way for binary subtraction operation.

6.9.5 Binary Codes
The digital circuits of computer process data which consist of 0 and 1 for Off and On. These circuits are necessary to
handle numeric alphabets or special characters type of data. This requires the conversion of the incoming data into
binary format means signals (on and off) format before it can be processed. There are various possible ways for doing it
and this process is called 'encoding'. To achieve the reverse we use 'decoders' for decoding. The converted data into
signals is called Binary Codes. There are two types of Binary Codes:
i.

Weighted Binary Code

ii.

Non-weighted Binary Code

I.

Weighted Binary Code: Refers to the codes in which there is a particular weight attached for every position of a bit.
For example, in binary number a particular weight is assigned to every bit (2n, where n is the bit or position such as,
n = 0,1, 2, 3.....
Example:
a.

Binary Coded Decimal (BCD)

b.

American Standard Code for Information Interchange (ASCII)

c.

Extended Binary Coded Decimal Interchange Code (EBCDIC)

a.

BCD: This system was designed by IBM (International Business Machines) corporation one of the first
complete systems to represent symbols with bits. BCD codes consist of 4- bit codes which represent only 32
characters. Thus the system was short lived. With it, each digit of a number is converted into its binary
equivalent rather than converting the entire decimal number to its binary form.
For example: 62 = 0110 0010 means 6 = 0110 and 2 =0010.
After that BCD used a 6-bit code. These allowed representing a minimum of 64 characters. BCD computers
were only able to work with 0 to 9 numbers, the upper case letters and few other characters.

ii.

b.

ASCII: American National Standard Institute (ANSI) represented the symbols with bits of data with the help
of ASCII (American Standard Code for Information Interchange) character set. ASCII code was initially
designed as a 7-bit code. This code was developed with the joint effort of a number of computer
manufacturers for processing and transmitting data. Afterwards, a new version of ASCII, known as ASCII-8,
was developed by IBM. For 7- bit representation, 128 characters can be represented by the ASCII code and
for 8-bit representation, 256 characters can be represented by the ASCII code. Generally, ASCII is used in the
data transmission through data communication and to internally represent the data in the microcomputers.

c.

EBCDIC: The need to represent more characters efficiently IBM developed another binary code system that
is EBCDIC (Extended Binary Coded Decimal Interchange Code) system. EBCDIC is 8-bit code system that
defines 256 symbols and characters. EBCDIC is used in large computers for IBM like mainframe or mid-range
system. This offers a unique code for all the upper case and lower case letters (for a total of 52), every
decimal value 0 to 9 (for a total of 10) and for a variety of special characters.

Non-weighted Binary Code: Refers to the code .generally used in old generation computers. It has not specific
weight with each position or bit like weighted binary code. Example: GRAY code, XS-3 code.
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ACTIVITY
Ql 7. Find the 10's complement of (83 - 56).
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q18. Find the 9's complement of (85 - 174).
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q19. Find the 2's complement of 10111101.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q20. Find l's complement of (10110101).
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Let's now summarize the main topics of this chapter.

6.10 Summary
In this chapter, you have learned about:
•
The concepts of number system
•
The decimal numbers
•
The binary and octal number systems
•
The conversion between number systems
•
The binary coded decimals
•
The complements of numbers

6.11 Keywords
•
•
•
•

Decimal number system: Refers to a positioning number system that has radix (base) 10 and contains total 10
digits (symbols) starting from 0 to 9.
Octal number system: Refers to a number system that has base 8 with 8 digits in it. This system uses digits 0 to 7 for
representing numbers and uses powers of 8 for converting decimal to binary.
Hexadecimal number system: Refers to a positional number system with base 16. It contains 16 digits from 0 to 15.
Binary coded decimals: Represent decimal numbers in which each digit has a separate 4-bit (usually) binary code.
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6.12 Solved Questions
Ql. Write a short note on number systems.
Ans. There are two types of number systems: positional and non-positional. In context to non-positional numbers; in
ancient times, counting was performed on fingers. As only 10 fingers were not sufficient for counting, more
objects, such as stones, pebbles, sticks, and many others, were added. Nevertheless, performing arithmetic
applications was still very difficult. Hence, positional number systems were invented.
Positional number systems have fewer symbols, and each symbol has importance with respect to its position.
There arc many positional number systems such as decimal number system, binary number system, octal number
system, and hexadecimal number system. The decimal number system can be considered as the primary number
system, as almost all other number systems are built on the basis of this number system.
We use decimal number system in everyday transactions; hence, we are much familiar with the decimal numbers.
We perceive every number as decimal number, seeing it on a book, hoarding, advertisement, distance boards, and
many others. Hence, it is important to have an insight about decimal numbers.
Q2. Explain decimal number systems.
Ans. The base or the radix of the number system determines its type. In other words, the total number of digits in a
number system is the base of the number system. A decimal number system is a positioning number system that
has radix (base) 10 and contains total 10 digits (symbols) starting from 0 to 9.The properties of decimal numbers
are discussed as follows:
The prefix 'deci' in decimal numbers stands for 10.
•
Decimal numbers has base (or radix) 10. For example, 123 can be written as (123)10.
•
•

There are total 10 symbols that represent decimal numbers. These are 0, 1,2, 3, 4, 5, 6, 7, 8, and 9.
Each digit in a decimal number holds the power of 10, and the power has the resemblance with its position
in respective number.
The following additional information regarding decimal numbers gives a better understanding of their behavior:
•
The power 0 of any number makes it 1. For example, 5° = 1, (525)° = 525.
•
The power 1 of any number is equal to the number itself. For example, 5' = 5, (525)' = 525
Q3. Explain binary numbers in brief.
Ans. Binary can be expressed in only two digits 0 and 1, and the base of a binary digit is 2. In decimal numbers, the
position is represented by the power of 10; in binary, it is represented by the power of 2. As a binary number has
the base 2, all the positions in the number can be represented as the power of 2. The consecutive positions of the
binary number from right to left are 1, 2, 4, 8, 16, 32, 64, 128, and so on, which are the positions of digits (symbols)
in binary number.
Q4. Explain the method of converting a binary number to its decimal equivalent with the help of an example.
Ans. Consider an example to find the decimal value of a binary number (1010)2. We can expand the number by using
the positional values shown as follows:
1 x 23 = 8
+ 0 x 22 = 0
+ 1 x 2* = 2
+ 0 x 2° = 0
(1010)2
= 1010
The binary number (1010)2 is equivalent to 10 in decimal.
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Q5.

Find the 2's complement of (1010)2

Ans. To find the 2's complement of (1010)2, we first find the l's complement of the number.
l's complement is achieved by reversing the digits from 1 to 0 and vice versa.
So, 1 's complement of 1010 is 0101. Adding 1 to the above result, we get: 0 10 1 + 1
0 1 1 0
+
1
0 1 1 0 (Answer)
Q6. Write down the steps of subtraction using 2's complement.
Ans. Subtraction using complements
Step 1:
2,0 = 0010
l's complement =1101
2's complement =1101+ 0001 = 1110
Step 2:
6I0 = 0110
0110 + 1110 = 10100
Step 5: As there is overflow because one bit has been increased, adjustment is needed. Therefore, the MSB
(extreme left bit) is ignored in 2's complement by leaving only four bits:
10100 = 0100 (410)
If there is no overflow, the second step would be the final step.
Q7. "Explain binary addition.
Ans. Binary addition is as simple as algebraic addition except that 1 + 1 = 10 in binary, carrying one to the next bit. Binary
numbers follow four addition rules, which are as follows:
0+0=0
0+1=1
1+0=1
1 + 1 = 10
A few examples can be helpful in this regard, let's add 1001 and 1011, as shown in the following table:
Binary Addition
Carry

Sum

1

1

1
1
0

1
0
0
1

1
0
1
0

1
1
0

The preceding example can be evaluated as follows:
•
On the extreme right end, both Is are added to give 0, carrying 1 to the next bit.
•
This 1 is then added to the second column (from right end), which results in 0, carrying 1 to the next bit.
•
In the third column, the lis added to the Os.This results in 1, without any further carry-forward.
•
In the extreme left column, the two 1 s are added resulting in 10.
•
You can also perform a check by just converting the binary numbers into decimal numbers and then adding
them. The sum obtained has to be converted into binary.
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Q 8. Explain binary subtraction.
You are much familiar with subtraction in decimal numbers; subtraction involves borrowing from the left column.
The borrowed number is 10 in case of decimal numbers. For example, if we are subtracting 6 from 22, we borrow
10 from the left digit. This makes the right digit 12, and finally, gives 16 as the result.
Similarly, this method can be implemented on binary digits. Binary numbers follow four subtraction rules, which
are as follows:
0 – 0 = 0
1 – 1 = 0
1 – 0 = 1
0 – 1 = 1
Q9. Explain octal number system.
Ans. Octal number system has base 8 with 8 digits in it. Octal number system uses digits 0 to 7 for representing
numbers. This system uses powers of 8 for converting decimal to binary. For example, 1058 in the octal number
system can be converted to a decimal number as follows:
2
1
0
1058 = 1 x 8 + 0 x 8 + 5 x 8
= 1 x 64 + 0x8 + 5x1
= 64 + 0 + 5 = 6910 intne decimal number system
Q10. Explain hexadecimal number system.
Ans. Hexadecimal number system is the positional number system with base 16. It contains 16 digits from 0 to 15.
Following table shows the first 15 hexadecimal numbers:
HEXADECIMAL NUTHEIR DECIMAL EQUIVALENTS
Decimal

Hexadecimal

Decimal

Hexadecimal

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

0
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

10
11
12
13
14
15
16
17
18
19
1A
IB
1C
ID
IE
IF

As the base of hexadecimal number system is 16, we have to use powers of 16 to convert it into decimal numbers.
For example, 12AE416 can be represented in decimals as shown in the following table:
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Example of Hexadecimal Number System
Powers of 16 up to 5(5 – 1 = 4)
or
Hexadecimal Digits

164

163

162

161

160

65536

4096

256

16

1

1

2

A

E

4

The conversion to decimals is shown as follows:
4
3
2
1
o
12AE416 = 1 x 16 + 2 x 16 + 10 x 16 + 14 x 16 + 1 x 16
= 65536 + 8192 + 2560 + 224+4
= 7651610
Therefore, 12AE416 =7651610

6.13 Review Questions
Q1.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q8.
Q9.

Explain the various number systems.
Explain the difference between different number systems.
Convert the number 44 into its binary equivalent.
Convert the number 26 into its binary equivalent.
What is the 2's complement of (876) 10?
Convert (AF9973)16into its octal equivalent.
Discuss the concept of binary conversion.
Convert (1001010101)2 into its decimal, octal, and hexadecimal equivalent.
Find the 10's complement of (876) 10. Q10. What is the l's complement of (10011)2?

6.14 Further Readings
Comdex Computer Course Kit (XP Edition), Kogent Learning Solutions Inc. ISBN : 978-81-7722-391-0
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7.0 Objectives
After studying this chapter, you will be able to:
•
Learn about the generations of languages
•
Understand computer languages
•
Learn about machine language
•
Learn about high-level language
•
Learn about assembly language
•
Understand assembler
•
Understand compiler and interpreter
•
Understand various high-level languages, such as BASIC, COBOL, FORTRAN, C + + , lava, and Pascal

7.1 Introduction
Computers do not understand any programming language except binary language. In binary language, the strings of 0s
and Is are provided as input to a computer to obtain a result. But 0s and 1s are a form of abstraction; the actual inputs arc
low and high voltage. The programming language used for generating binary is assembly language. This generated binary
is called machine language. Assembly language can be thought as the subset of machine language.
In this chapter, you learn about the different languages used in a computer. First, you learn about the generations of
languages. Nqxt, you learn about computer language. Then, you learn about the machine level languages. Further, you
learn about the assembly level languages. After that, you get the idea about the High Level Languages (HLL). The chapter
then discusses about the interpreter and compiler. Finally, you learn about the various HLLs, such as BASIC, COBOL,
FORTRAN, C + + , Java and Pascal.
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7.2 Generations of Languages
The First generation language was machine language, which was used in the earliest computers. Computers use only
signals in form of On and Off. Therefore, computers can only recognize two binary codes, which are, 1 and 0. Machine
language is also known as the computer's own language because computer directly understands this system of code.
The advantages of the first generation language are given as follows:
1.
High speed
2.
Translators are not used
The disadvantages of the first generation language are given as follows:
1.
Machine dependent
2.
Complex language
3.
Error prone
4.
Tedious
In second generation, assembly language was used. It was developed in the early 1950s and its main developer was IBM.
A programmer can interact directly with the hardware using assembly language. Assembly language allocates a
mnemonic code to each instruction in the machine language for making it easier to write. However, a computer can only
understand machine language, so assemblers are introduced to translate the assembly language into machine language.
The advantages of the second generation language are given as follows:
1.
Easy to use and understand than machine language
2.
Less error prone than machine language
5.
Efficient than machine language 4. More control on hardware
The disadvantages of the second generation language arc given as follows:
1.
Machine dependent
2.
Harder to learn
3.
Slow development time
4.
No support for modern software engineering technology
In 1960s, computers became popular and also necessary for developing natural languages such as English so that it
becomes easy for a common user to use a computer efficiently. For using assembly language, the common user was
required to have a deep knowledge of the computer architecture and the knowledge of programming as well as
hardware skills for using computers. Early 1960s was the beginning of third generation programming languages (3GL).
Languages such as BASIC, COBOL, FORTRAN, and C are 3GL and are considered as HLL. However, a computer can only
understand the machine language, a translator is required for a computer, such as compiler or interpreter.
The advantages of the third generation language are given as follows:
1.
Readability
2.
Machine Independent
3.
Easy Debugging
4.
Easier to Maintain
5.
Low Development Cost
6
Easy Documentation
The disadvantages of the third generation language are given as follows:
1.
Poor Control on Hardware
2.
Less Efficient
The third generation programming languages are considered as procedural languages as it is necessary for a
Basic of Computer Fundamentals and Programming / 113

ARCADE BUSINESS COLLEGE
programmer to list all the steps and use the logical control structures to show the order of the execution of instructions.
On the contrary, $GLs are non-procedural languages. In the non-procedural method, the needed output is shown
instead of performing a task by specifying the steps one after another. 4GLs have least possible syntax rules. Therefore,
the common users who do not know programming can use these languages to write the application programs. This
allows the professional programmers to execute more complex tasks and also saves time. The 4GL is divided into three
categories, which are given as follows:
1.
Query Languages
2
Report Generators
3.
Application Generators
The advantages of 4GL are that an application can be created in much shorter time for development and debugging than
the other programming languages. There is no requirement for a programmer to give the logic for performing a task in
the non-procedural language. Hence, a lot of effort in the programming is saved in 4GL in comparison with 3GLs.
The disadvantages of the 4GLs are that the programs written in 4GL are pretty lengthy so they require more disk space
compared to 3GLs. These languages are inflexible. As compared to other levels of languages, 4GLs cannot utilize the
computer power directly which is available at hardware level.
Fifth generation languages i.e. Very High Level Languages are actually a future concept of languages. These languages
can be considered as the conceptual view of the future programming languages. Fifth generation languages will be
capable of processing the natural languages. The native or natural language of end users would be acceptable,
understandable, and executable as the instructions to the computer. The computer users will not be supposed to learn
any kind of programming languages to create any program. The users will just have to type the instructions or tell the
computer via microphones what they want it to do.

ACTIVITY
Ql. How did a programmer interact with the hardware of a computer in the second generation?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q2. Explain the fifth generation languages.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's learn about the computer language.

7.3 Computer Language
Computers only understand one language that is machine language which is in the form of On and Off or binary 1 or 0.
These show that its communication job between user and hardware has to be bridged. Either we will have to
communicate in term of 0 and 1 or computer will have to be deviced in such a way that they understand human
languages. In order to communicate with computer there are several types of languages, which are categorized as:
•
Machine or low level language
•
Assembly language
•
High level language
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Now let's discuss about the machine languages.

7.3.1 Machine Languages
Machine level language is the language which a computer can directly understand. This language consists of electrical
signals. These signals are represented by 0 for Off and 1 for On. This is known as Binary Digits and based on Binary system.
Through this language computer does not require any translator (compiler or assembler). The execution of program
becomes very fast, which is an advantage. The disadvantages of machine language are that it is machine dependent,
error prone, difficult to modify, difficult to program, etc. Now let's learn about the assembly level languages.

7.3.2 Assembly Level Languages
Assembly level language is the language in which mnemonics and alphanumeric symbols are used instead of binary
digits for providing instruction to the computer. For example: ADD for addition, SUB for subtraction, etc. It is easier than
machine language, but as machine cannot understand these, special program is needed to translate these instructions of
this language in machine level language. This translator program is called assembler. The advantages of the assembly
language are that it is easier to understand and use, easier to locate, correct and modify errors than machine language.
On the other hand, the disadvantages of this language are that it is machine dependent, requires the knowledge of
hardware and requires translator. Now, let's learn about high-level language.

7.3.3 High-Level Language
High Level Language (HLL) refers to the language in which instructions are given to a computer by using certain English
words and conventional mathematical notations, but computer does not understand these. These instructions then
have to be translated in machine understandable form that is in signals. For this translation, translators are used. These
translators are called compilers and interpreters. The advantages of HLL are that it is machine independent, easier to
learn, requires lower program preparation cost and have better documentation. The disadvantages of HLL are lower
efficiency, less flexibility and slow execution.
A high-level language is more problem specific rather than hardware oriented. This language provides a high level of
abstraction to become user-friendly. In addition, these languages are less error prone and easily learnable without any
programming knowledge. However, these languages also employ symbols, which are used with reference to problems
and not the hardware architecture. Hence, an assembler is not helpful in high-level languages. The word "high-level"
refers to the level of abstraction from computer hardware architecture.
Languages such as COBOL, Java, and C are examples of high-level languages. High-level languages were designed to
overcome the limitations of the machine and assembly language. High-level languages enable you to write a program
that is machine independent. It allows programmers to concentrate on the logic of the program rather than the details of
the internal structure of the computer. The main advantage of high-level languages is that they are easier to read, write,
and maintain. Programs written in a high-level language are translated into machine language with the help of the
following translator programs:
•
Compiler: Refers to a translator program that translates a high-level language program into its equivalent machine
language program
•
Interpreter: Refers to translator software that is used to translate high-level instructions into their equivalent
machine language instructions and to execute those instructions
The advantages and disadvantages of high-level languages are as follows:
•
Advantages:
o
Human understandable
o
Logical
o
Easy-to-learn syntax
o
Portable
•
Disadvantages:
o
Slower than lower level languages
o
They may have inappropriate runtime requirements
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ACTIVITY
Q3. List the types of computer languages.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q4. What are the disadvantages of machine languages?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q5. Write the advantages of assembly language.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q6. Explain assembly language.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q7. Distinguish between high level and low level languages.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now let's explore assembler.

7.4 Assembler
Assembler is a special program for changing the assembly language into machine understandable form. It creates
another program known as object program in machine language. Object program is used for executing the instructions
by hardware of computer.
Let's discuss about the interpreter.

ACTIVITY
Q8. What is an assembler?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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7.5 Interpreter
Interpreter is a program translates HLL into machine language line by line or instruction by instruction. This means, when
one instruction is translated and executed only then the next instruction can be translated. If there is error in any
instruction then the interpreter stops the translation, and error message is given. When error is corrected only then it
translates the instruction and goes to next instruction and so forth.
If the interpreter finds an error in any line, it reports that error at the same time, and the conversion process does not
resume until that error is removed or rectified. The interpreter must always be present in the main memory every time
the program is executed. This is because every time the program is run, it is first interpreted and then executed.

ACTIVITY
Q9. What is the role of interpreter?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Let's discuss about the compiler.

7.6 Compiler
Compiler is a program which translates HLL into machine level language (object code). The object code thus produced
can be understood and executed by your computer. Compiler translates whole program at a time.
A compiler is different from an interpreter as the former converts the entire HLL program in one go and displays all the
errors of the program along with the line numbers. If there is error then error messages are displayed and compilation is
stopped. When all errors are corrected then again entire program is compiled. After the errors have been removed, the
program is recompiled, and the compiler is no longer required in the main memory, because the object program is
available for execution. Compilers and interpreters are important tools for any programming language to translate the
high-level languages to object or machine code.
Compilers are good for long programs, whereas interpreters are good for short ones. However, combining interpreters
and compilers to process a single program is the best way of translating a high-level language program into a machine
program (or object code).

ACTIVITY
Q10. Write a short note on compilers.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Let's discuss about various high-level languages.

7.7 Understanding Various High-Level Languages
As we have discussed in the preceding section about the high-level languages, which overcame the demerits of assembly
and low-level languages, let's now discuss some of the high-level languages.
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7.7.1 QBASIC
Quick Beginner's All-purpose Symbolic Instruction Code (BASIC) is a family of high-level programming languages. In
1964, the original BASIC came into use, which helped the non-science students in accessing computers. In 1970s and
1980s, BASIC came into use for microcomputers. It allowed the development of small business applications. As a
consequence, it was broadly used for business purposes.

7.7.2 COBOL
Common Business-Oriented Language (COBOL) is one of the oldest programming languages, initially developed by
Grace Hopper. It was mainly used in the business, finance, and administration sector of companies and governments.
The COBOL 2002 standard supports object-oriented programming and various other new features for different
languages.

7.7.3 FORTRAN
The IBM Mathematical Formula Translating System (FORTRAN) is a general purpose, high-level language that is
developed for numeric and scientific computations. IBM developed FORTRAN in California in 1950s for scientific and
engineering purposes. Further, it was used in various fields, such as weather prediction, computational physics, and
chemistry. This language is meant for high-performance computing.

7.7.4 C + +
C + + has its origin in C language. C was developed in 1978 and became one of the most popular programming languages
within a very short span of time. However, just as any other programming language, it also had various problems during
its usage. To overcome these shortcomings, a new programming language was developed by Bjarne Stroustrup at AT&T
Bell Labs in the early 1980s. Initially named 'C with classes', this language is actually an improved version of the C
language with some additional features made possible by using the concept of classes. Later on, this language came to
be popularly known as C + +. You can develop new data types that contain functional descriptions (member functions) as
well as data representations.

7.7.5 Java
Though C + + is a highly powerful and versatile language, it was found to be inadequate when it came to developing webbased applications for network environment. The challenge was taken up by Sun Micro Systems. In the year 1991, they
made a team of programmers with the objective of developing an object-oriented programming language that would
meet the new demand. The team brought up a very simple, portable, and reliable innovation, the Oak or the Java
programming language as it is popularly known today. The features of Java are as follows:
•
Object-oriented
•
Platform-independent
•
Robust
•
A combination of compiler and interpreter
•
Secure
•
Good performance
•
Built-in networking

7.7.6 Pascal
Niklaus Wirth published Pascal in 1970 as a small computer language. It was a procedural programming language that
was developed to widen the use of structured programming and data structuring. A derivative of Pascal known as Object
Pascal was developed in 1985 for the purpose of designing object-oriented programming.
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ACTIVITY
Q11. What is the difference between C + + and Java?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q12. Discuss Pascal language.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's summarize the main topics of this chapter.

7.8 Summary
In this chapter, you have learned:
•
The different generations of languages
•
The concept of computer language
•
The machine language
•
The assembly language
•
The concept of assembler
•
The compiler and interpreter
•
The high-level language
•
The various high-level languages, such as COBOL, BASIC, FORTRAN, C + + , Java, and Pascal

7.9 Keywords
•
•
•
•
•

High-level language: Refers to the language that enables you to write a program that is machine independent.
Assembly language: Refers to the low-level language written using mnemonics. It requires an assembler for binary
conversion for a computer system to accept it.
Assembler: Refers to a special program that is used for translation of symbols into binary.
Compiler: Refers to a translator program that translates a high-level language program into its equivalent machine
language program.
Interpreter: Refers to translator software that is used to translate high-level instructions into their equivalent
machine language instructions and to execute those instructions.

7.10 Solved Questions
Ql. Name the various high-level languages.
Ans. Some common high-level languages are:
•
BASIC
• COBOL
•
FORTRAN
• C++
•
lava
•
Pascal
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Q2. What is Formula Translating System?
Ans. Formula Translating System or FORTRAN language is a general purpose, high-level language that is developed for
numeric and scientific computations. IBM developed FORTRAN in California in 1950s for scientific and engineering
purposes. Further, it was used in various fields, such, as weather prediction, computational physics, and
chemistry. This language is meant for high-performance computing.
Q3. Mention the requirements of a typical assembly language.
Ans. A typical assembly language program has the following requirements:
•
Knowledge of hardware architecture, such as CPU type
•
Instruction set of CPU
•
Memory map and-input/output (I/O) map
•
Complete working details of assembler
•
Assembly language protocol
Q4. Name the various high-level languages. Ans. Some common high-level languages are:
•
BASIC
• COBOL
•
FORTRAN '
• C++
•
Java
• Pascal
Q5. What is an assembler?
Ans. An assembler is the program that translates a symbolic program into its binary equivalent. Assembler accepts
strings of characters and converts them into binary. The source code is the symbolic program, and the binary
output is called object program. It is the machine level coding that a computer accepts and manipulates. A team of
highly qualified and experienced programmers write the programs for assembler. These programs are responsible
for the execution speed of other high-level programs.
Q6. What do you mean by machine level language?
Ans. The only language that a computer can understand is the machine language. Machine language is a combination
of Os and Is that^re usually represented by binary strings. The instructions are provided to a computer by different
strings of Os and Is.

7.11 Review Questions
Ql.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.

Explain the use of compiler.
Write a short note on high-level language programs.
What do you mean by interpreter?
What is a compiler?
What do you mean by interpreter?
Explain COBOL language.
Define an assembler.

7.12 Further Readings
•
•

Management Information System, Kogent Learning Solution, ISBN: 978-93-5004-305-9
Introduction to Computer and Data Processing, Kogent Learning Solutions, ISBN: 978-93-5004-047-8
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8.0 Objectives
After studying this chapter, you will be able to:
•
Understand batch, on-line and real-time processing modes
•
Learn about multiprogramming, multitasking, and time sharing systems
•
Learn about virtual memory and input-output module
•
Explain different types of processing

8.1 Introduction
With advancement in technology, several innovative functionalities have been introduced in operating systems so as to
reduce and simplify the programming done by developers. To better understand these functionalities and their role in
simplifying the application code, we need to know the various modes. With the advent of better electronic systems,
better software was written to handle them. Inventions in electronic industry equipped computers with faster
input/output devices, processors, and networking devices. This led to the development of operating systems that were
more sophisticated, reliable, and powerful.
In this chapter, you learn about different modes of processing, such as batch processing, on-line processing, and realtime processing. In addition, you learn about multiprogramming and multitasking. The chapter then describes about
uniprocessors and multi processors. Further, you learn about the concept of virtual memory and input-output module.
Toward the end, you learn about different types of processing, such as centralized, decentralized, and distributed
processing.
Let's begin by learning about different modes of processing.

8.2 Introduction to Processing
The term 'processing' refers to the way of transferring information from one client machine to another (situated at a
remote location).The machine located at the remote location is linked with a central server machine, which keeps the
updated information of all the remote machines. The way of transferring information varies from system to system.
Computers can support various kinds of modes of processing, such as batch, on-line, real-time, multiprogramming, and
multitasking. Let's discuss them in detail.
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8.2.1 Batch Processing
Batch processing is a technique in which data is gathered for a specific duration in a group (or batch) before it is entered
into a computer system. Data is processed periodically at specified time intervals (weekly or monthly) without user
intervention. The batch processing technique is shown in Figure 1:

An example of batch processing is payroll preparation in a business. The record of working hours of an employee is
maintained throughout the pay period either on a paper or punched cards through off-line data gathering process or in
separate employee files through on-line data gathering process. At the end of the pay period, this data is transferred to
the CPU to compute the employee's pay amount.
Some of the disadvantages of batch processing are as follows:
•
Involves accumulation of data in the form of batches which causes delay in
•
Does not allow random addition of data for processing, since it takes a fixed time interval before the current data is
added in the memory of the computer. For this reason, a system that utilizes batch processing cannot effectively
answer inquiries between processing intervals.
However, batch processing still remains an efficient approach to be used in applications, such as processing payrolls and
preparing bills.

8.2.2 On-Line Processing
As discussed, batch operations frequently process data that has been gathered in batches on punched cards or magnetic
tapes. This data is then transported to CPU for processing. This physical transportation of data poses risk of loss of data
and is also time consuming.
In some instances, it is more efficient to use terminals at the points where data is generated. These terminals are directly
connected to the CPU. When the transactions are made, data is recorded using the terminal. The data is then directly
transmitted to the CPU by telephone lines or cables. This process is known as an on-line process.
Therefore, an on-line operation uses devices that are directly connected to the CPU either for data entry or inquiry
purposes, such as status of some record or file that is stored by the computer. The on-line processing technique is shown
in Figure 2:
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8.2.3 Real-Time Processing (Transaction Processing)
Transaction processing is an on-line technique in which data is processed immediately and files are updated as soon as a
transaction is done. The on-line processing facilitates the use of interactive programs through which users can
communicate with the computer during a processing operation. When such interactive programs supply the results of
processing so that they can be used when needed to control or modify an operation or answer a customer's inquiry, the
procedure is referred to as real-time processing. The real-time processing technique is shown in Figure 3:

Figure 1
Airline reservation system is an example of real-time processing that requires immediate processing. Each time a ticket is
issued or canceled, data must be immediately updated in a computer. This updated helpsan airline agent to get the
information about flights that fit the customer's schedule. When an available flight is found, the computer immediately
records the sale of the desired seat. This automatically reduces the number of seats available on that flight. Since more
than one terminal is used to make reservation for a flight, the ability to record a transaction immediately prevents
duplication of a sale that has already been made. Real-time processing usually uses terminals linked to CPU through
telecommunication lines. When an on-line computer system operates quickly enough to facilitate the decision-making
process in an organization, it is referred to as a real-time system.

8.2.4 Multiprogramming
Multiprogramming offers an effective approach to increase the performance of a system. In multiprogramming, more
than one program can utilize the CPU time at any instant. It works in this way that the main memory contains more than
one program. Hence, the operating system picks one program among several programs and start executing it. During the
process of program one, it may need sum I/O operation to complete, then system will switch over to next program two.
When this program two needs to wait I/O operation then it is switch over to program three and so on. If there is no new
program in the memory the CPU will pass its control back to previous program.

8.2.5 Multitasking
A running state of a program is called process or task. A multitasking operating system operates two or more active
process simultaneously. The processor switched rapidly between the processes. For example, a user on his computer can
have a word processor open and running, an audio CD player playing, and he might be browsing the Internet, all at the
same time. Multiprogramming and multitasking indicate same thing but difference is that multiprogramming is the
concept for multi-user operating system and multitasking is the concept of single user operating system.

8.2.6 Time Sharing System
Time sharing refers to the ability of a computer such that it can be used by more than one user for different applications
at the same time. It allows multiple users to- access a single computer system. This system controls the switching of
attention of CPU among users on a time basis. If the number of users is within the capacity of the operating system, then
each user gets an uninterrupted access to the CPU.
Time sharing operations typically involve the use of terminals. Each terminal provides direct access to the processor.
Programs written in High-Level Programming languages allow the processor to switch from one terminal to another and
to perform each job in an allocated time slice until the work is completed. This process is so fast that a user has the
illusion as if nobody else is using the computer.
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8.2.7 Uniprocessor and Multiprocessor
Uniprocessor is a computer system that uses only one processing unit to complete a particular task. Nowadays, numbers
of software are using the multiprocessor architecture, such as Symmetric Multiprocessing (SMP) and Massively Parallel
Processing (MPP). Therefore, the word uniprocessor is used to distinguish a type computer that uses a single CPU to
process all the tasks. Most of the desktop computers now use the multiprocessor architecture. A desktop computer that
uses uniprocessor can also be updated to use multiprocessor architecture by updating the driver software of the
computer. Multiprocessor refers to the process of using two or more CPUs linked together to optimize data processing. In
a multiprocessing environment, the CPU can execute more than one instruction simultaneously. In such a system,
instructions from different and independent programs can be processed at the same instant of time by different
processors, or the processors may simultaneously execute different instructions from the same program. An operating
system schedules and balances the input, output, and processing capabilities of linked CPUs.

8.2.8 Virtual Memory
A virtual storage system allows the use of a secondary storage device as an extension of primary storage. In the virtual
operating system, portions of a program are swapped between the secondary storage device and primary storage, which
gives an illusion of having the maximum amount of primary storage in the CPU available to the user.

8.2.9 Input-Output Module
Input/output or I/O module signifies the connectivity between an information processing system (such as a computer)
and the outside world that may be a human or another information processing system.

ACTIVITY
Q1. Distinguish between real-time and time sharing systems.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q2. Explain batch processing.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

8.3 Centralized, Decentralized, and Distributed Processing
Processing involves accomplishing a single task or multiple tasks. A single processing may involve several smaller jobs to
be carried out the final result. Processing may be carried out in either of three ways.
I.
Centralized Processing
i.
Decentralized Processing
iii.
Distributed Processing
The three ways of processing are described as follows:
I.
Centralized Processing: Refers to the way in which processing is carried out by one processing unit where as the
processing involves a single task, multiple tasks, or several related jobs in batches. The entire operation is carried
out at one place, even if several dummy or smart terminals are connected together but the processing work is
carried out as a single unit.
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ii.

iii.

Decentralized Processing: Refers to the way in which the entire processing is not carried out at a single processing
unit but distributed at several processing units. Therefore, the entire operation is accomplished at several CPU or
intelligent terminal. Distributed processing is an example of Decentralized processing.
Distributed processing: Refers to a management concept that brings the end users closer to the computers for
increasing the usability of computers and by integrating them into the activities of daily business at the location
where these activities take place. Advancing in both computer and communication hardware and software are
increasing the feasibility of planning data processing power.

ACTIVITY
Q3. What is the difference between centralized and decentralized processing?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q4. What is the difference between decentralized and distributed processing?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q5. Differentiate between single user and multiuser multitasking systems.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q6. What are on-line processing systems? How do they vary from offline processing systems?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's summarize the main points learned in thechapter.

8.4 Summary
In this chapter, you have learned about:
•
The different modes of processing, such as batch, on-line, and real-time processing
•
The concept of multitasking and multiprogramming
•
Uniprocessors and multiprocessors
•
The concept ofvirtual memory and input-output module
•
The different types of processing, such as centralized, decentralized, and distributed processing

8.5 Keywords
•

Multitasking: Refers to the process of performing many tasks at the same time.
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Compiler: Refers to a translator program that translates a high-level language program into its equivalent machine
language program.
Interpreter: Refers to the translator software that is used to translate high-level language instructions into their
equivalent machine language instructions. It is also used to execute the instructions,
Centralized processing: Refers to a process of accessing centralized data from multiple terminals
Decentralized processing: Refers to the process in which information is stored in processing devices at various
locations
Distributed processing: Refers to the process in which various clients located in a network interact with each other
and spread the information throughout the network

8.6 Solved Questions
Q1. Name the various processing techniques.
Ans. The various processing techniques are as follows:
•
Batch Processing
•
On-Line Processing
•
Real-Time Processing (Transaction Processing)
•
Multiprogramming
•
Multitasking
•
Time Sharing
•
Virtual Memory
Q2. Distinguish between on-line and off-line processing.
Ans. In the batch processing, batch operations frequently process data that has been gathered in batches on punched
cards or magnetic tapes. This data is then transported to CPU for processing. This physical transportation of data
poses risk of loss of data and is also time consuming. In some instances, it is more efficient to use terminals at the
points where data is generated. These terminals are directly connected to the CPU. When the transactions are
made, data is recorded using the terminal. The data is then directly transmitted to the CPU by telephone lines or
cables. This process is known as an on-line process.
Therefore, an on-line operation uses devices that are directly connected to the CPU either for data entry or inquiry
purposes, such as status of some record or file that is stored by the computer.
The off-line processing refers to the processing of data that is not directly under the control of the CPU. A terminal
may be used for keying the data not directly into the CPU, but onto a small cassette tape or magnetic disk. The data
stored on a tape or disk can later be entered, at high speeds and in the batch mode, into the CPU. This key-to-tape
or key-to-disk operation is known as an off-line process. Minicomputers are frequently used to facilitate an off-line
processing. Numerous terminal devices may be linked onto a minicomputer and the data can be keyed onto the
tape or disk.
This validates the data to minimize errors and formats it so that it can be processed quickly. Then, the tape or disk
can be entered into the main computer system in the batch mode.
Q3. What is transaction processing?
Ans. Transaction processing is an on-line technique in which data is processed immediately and files are updated as
soon as a transaction is done. The on-line processing facilitates the use of interactive programs through which
users can communicate with the computer during a processing operation. When such interactive programs supply
the results of processing so that they can be used when needed to control or modify an operation or answer a
customer's inquiry, the procedure is referred to as real-time processing. The real-time processing technique is
shown in following figure:
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Airline reservation system is an example of real-time processing that requires immediate processing. Each time a
ticket is issued or cancelled, the data must be immediately updated in a computer. This updated helps an airline
agent to get the information about flights that fit the customer's schedule. When an available flight is found, the
computer immediately records the sale of the desired seat. This automatically reduces the number of seats
available on that flight. Since more than one terminal is used to make reservation for a flight, the ability to record a
transaction immediately prevents duplication of a sale that has already been made.
Real-time processing usually uses terminals linked to CPU through telecommunication lines. When an on-line
computer system operates quickly enough to facilitate the decision-making process in an organization, it is
referred to as a real-time system.
Q4. Write a short note on distributed processing.
Ans. Distributed processing is the one in which various clients located in a network interact with each other and spread
the information throughout the network. The main motive behind this processing is transparency, which means
that tasks must be visible to all the remote machines within the network. Examples of distributed processing
include various multiplayer games, such as counter strike, where the movement of one player affects the
movement of others also. Distributed processing is also useful to solve the computing problems by dividing the
problem and providing each system the task to find the solutions. The following figure shows the distributed
processing system:

Q5. Explain single user and multi-user multitasking.
Ans. Single user multitasking: These are the operating systems that enable a user to do many tasks simultaneously on a
single computer. They provide a bitmap-based graphical user interface (GUI) through which a user can see
multiple programs running simultaneously on a single screen. This way of depicting information on a screen allow
a user to perform various tasks at once.The following figure shows the single user multitasking:
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Multiuser multitasking: These are the operating systems that enable many users to do multiple tasks. It provides
connectivity between many computers, allows sharing of resources, and manages processes by different
users.The following figure shows the multiuser multitasking:

Q6. Name the three types of processing.
Ans. The three types of processing are: »
•
Centralized processing
•
Decentralized processing
•
Distributed processing
Q7. Write a short note on batch processing system.
Ans. Batch processing is a technique in which data is gathered for a specific duration in a group (or batch) before it is
entered into a computer system. Data is processed periodically at specified time intervals (weekly or monthly)
without user intervention. The batch processing technique is shown in the following figure:

Q8. Explain the concept of virtual memory.
Ans. A virtual storage system allows the use of a secondary storage device as an extension of primary storage. In the
virtual operating system, portions of a program are swapped between the secondary storage device and primary
storage, which gives an illusion of having the maximum amount of primary storage in the CPU available to the user.
Q9. Multi-user systems simplify the task as compared to single user systems. Justify the statement.
Ans. The statement is correct becausewhen a same task is accomplished by various users at different locations; it gets
completed in less time. A single user takes more time, and the output is also not up to the expectations. When
several users divide the same work and find the solutions then it becomes easier to handle the problem.
Q10. What do you mean by processing?
Ans. The term 'processing' refers to the way of transferring information from one client machine to another (situated at
a remote location). The machine located at the remote location is linked with a central server machine, which
keeps the updated information of all the remote machines.
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8.7 Review Questions
Ql.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q8.
Q9.
Q10.

Explain on-line processing.
Write a short note on batch processing systems.
What do you understand by multitasking? Explain its types.
What is virtual memory?
Compare parallel systems with centralized processing systems.
What is the difference between decentralized and distributed processing?
Explain real-time processing.
Give a real life example of distributed system.
Write a short note on modes of processing.
What do you mean by modes of processing?

8.8 Further Readings
•
•

Management Information System, Kogent Learning Solution, ISBN: 978-93-5004-305-9
Introduction to Computer and Data Processing, Kogent Learning Solutions, ISBN: 978-93-5004-047-8
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9.0 Objectives
After studying this chapter, you will be able to:
•
Understand software
•
Learn about categories of software, such as system software, application software, and firmware
•
Learn about the components of Information System
•
Understand types of information System

9.1 Introduction
Software is the set of machine-readable instructions or programs that instructs the CPU to perform specific operations.
Software is just opposite to hardware which is related to the things we can touch and see. Both hardware and software
are complementary to each other hardware is unable to carry out any operation without software and software needs
the platform provided by hardware components to run.
An information system is a mechanism that helps people to collect, store, organize and use information, because there
are so many types of information and use of it.
In this chapter, you will learn about the concept of software. Further, you learn about system software and its categories,
such as operating systems, device drivers, and system utilities. Then, you learn about application software and its
categories, such as word processors, spreadsheets, DBMS, and accounting programs. Lastly, you learn about firmware.
Now, let's learn the concept of software.

9.2 Software Categories
As we have discussed in the preceding section, software is a set of programs and data that gives instructions to a
computer about what to do and how to do. The software is broadly divided into two main categories: system software
and application software. Let us discuss them in detail in the next section.

9.2.1 System Software
The system software consists of programs, languages, and documentation supplied to the end user by the manufacturer
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of the computer. This type of software is required to use the computer efficiently and conveniently. It allows the
application developers to write and develop their own programs. Some common examples of the system software
areoperating systems (Windows 2000, Windows XP, Windows 7, and Windows Vista) and drivers (sound card driver,
display driver). The various types of system software are as follows:
•
Operating System: The software that controls and manages the hardware is known as the operating system (OS).
In other words, we can say that an OS enables a user to conveniently handle a computer and make the best use of
its hardware. A user simply gives a command to an OS, that is, the user specifies what should be done, and the OS
decides itself how and when the tasks should be done. Consider a situation where you visit a restaurant and place
an order for dinner. In this situation, the following activities are likely to take place:
o
Your order will be taken by the waiter
o
Your order will be processed by the cook,
o
Your order will be served by the waiter,
o
The bill will be generated by the manager.
However, all these activities will be controlled, managed, and executed by the manager of the restaurant. He is
responsible for the following:
o
How the order will be taken by the waiter?
o
How the order will be processed by the cook?
•
Device Drivers: A number of peripheral devices, such as printer, modem, mouse, and keyboard, are usually
attached to a computer. The OS gives commands to manage and control the devices attached to a computer. These
commands are implemented and executed by devices with a help of software called device driver. Figure 1 displays
a device driver:

Figure 1

•

•

A device driver is a specially written program that converts the command given by the OS to a format that is easily
understandable by peripheral devices. Every single piece of hardware, such as monitor, printer, keyboard, and
modem has its corresponding driver. Devices manufactured by different manufacturers need different drivers to
run. For example, a scanner manufactured by Canon will not support the driver manufactured by HP. Therefore, if
you use a printer without the correct driver, it may not function properly.
System Utilities: Utilities are software that helps a computer perform various functions, such as analyzing and
configuring data, optimizing and maintaining resources. For example, the backing up data utility ensures
availability of data; the scanning utility facilitates removal of obsolete files and folders or recovery of data that has
been deleted by mistake; and the virus cleaning utility ensures that the computer is not likely to be affected by the
malicious code or viruses. Utilities are also referred as service programs, service routines, service tools, or utility
routines. Now, let's discuss some of the most common utility software: Text Editor, Backup Utility, Compression,
Disk Defragmenter, and Anti-virus Software.
Text Editor: Text editor is a utility that assists you to create an editable text file. You can type any textual content in
the languages provided by the text editor, such as Hindi, English, French, and German. The text once written in the
text editor can be saved for future use. Further, the text can be retrieved and edited later on, as and when needed.
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Backup Utility: Backup utility helps to secure data. In general, backup signifies duplicating the data stored in the
permanent storage disk so that it can be used in case of disk failure or when your original files and folders get
damaged. You can use this utility to backup not only files or folders but also drivers. The main advantage of this
utility is that the backed up data can be restored, if the original files get damaged or lost.
Compression Utility: Compression utility facilitates compression of files. It reduces the size of data by reducing the
number of bits and bytes used to store data. This saves space and transmission time while transmitting files from
one location to another. Compressed files are stored in a special format that requires less space. The applications,
such as Archive Manager, WinZip, and recompression utility help in compressing files. Compressed files have
following extensions: .rar, .zip, and .tar.
Disk Defragmenter: Disk defragmentation is a utility program that tries to minimize the fragmentation on the disk.
The OS fragments a file when it becomes too large to be stored at a single location. The OS splits the file in pieces
and stores these pieces at different locations on the disk. As a result, the fragmented file takes considerably longer
time to be accessed. The disk defragmenter locates the fragmented files and folders on local volumes, rearranges
the files, and frees the space on the disk. The disk defragmentation process helps store files in cohesive units and
free space in one cohesive block.
Backup: Backup memory is used to store the duplicate copy of various important programs, such as operating
systems and compilers. They are available in secondary memory but their copies are also kept in the backup
memory so that they can be reloaded into the secondary memory in case programs are lost. Floppy disk, magnetic
tapes are used as backup storage.
Data Recovery: Data recovery is the process of recollecting data from damaged, failed, corrupted, or inaccessible
secondary storage, such as internal or external hard disk drives, solid-state drives (SSD), USB flash drive, storage
tapes, CDs, DVDs, and other electronic devices. Recovery is necessary due to damage of important data that may
be physical or logical.
Virus Protection: A computer virus is a malicious program, which is designed to harm thecomputer (especially
ha*d disk) and the data stored in it. Viruses can reach your computer through Internet emails, nasty websites, or
accidental mouse clicks on some unsolicited hyperlink. To encounter this problem, various software companies
around the world develop antivirus programs. The sole purpose of this program is to protect thecomputer against
virus attack. Few examples of anti-software program are Norton, McAfee, and Quick Heal.
The following are some common characteristics of anti-virus programs:
o
Live protection: Starts protecting your computer as soon as you log in.
o
Update: Downloads updates (virus definitions) from vendor's website so that your computer remains safe
from any latest virus,
o
Reports: Provides different kind of reports, which you can use to refer date and time of actions taken by the
anti-virus program against virus threats.
o
Scheduler: Allows you to set date and time to scan your computer. The anti-virus program runs
automatically on specified date and time, and check the computer for any possible virus threat.
o
Customize Scan: Allows you to scan only the selected file, folder, or drive, instead of scanning the entire
computer. You can assign name, date, and time to run the customize scan and repeat it on daily or weekly
basis.
o
Quarantine Zone: Keeps suspicious files and viruses under check and prevents them from spreading on the
computer.
Disk Management: Disk management utility allows you to increase and decrease partitions in a hard disk. You can
select whether to create a basic, spanned, or striped partition. The disk management utility enables you to change
the type and partition style of the disks.
Programming Languages: A programming language is used to communicate with the computer through a set of
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instructions sent to it. There are various programming languages, such as C, C ++, and Java. To translate the
programming language into machine language, translators are required. These translators are also written in a
particular programming language. Let us talk about the language translators, such as linker and loader, which are
used in computer languages.
Linker: Basically, linkers are link editors. During the last step of compilation of an object file, compiler
automatically invokes the linker. When program contains more than one object files, then the linker combines
those files into a single executed file. Linker takes the object from the library, which contains the predefined C + +
functions that are used to simplify a programmer's task. A library function is implemented by writing the function
name witha list of arguments that depict the information being passed to a function. For example, if the
programmer wants to create a program to calculate the length of a string (in C), the programmer needs to write the
code. On the other hand, the programmer can use the strlen() function in C + + , which is a library function used to
calculate the length of the specified string. Using library functions in C++ programs simplifies the work and reduces
the possibility of errors. In C + + , library functions are stored in various files that need to be included in a C + +
program. For example, to use the cout object, you need to include the iostream.h header file in the C + + program.
Now, link this file with the source code to produce an executable file. Linkers perform the process of linking the
header file with the source code. Compilers that are used to generate executable files from the source code also
have linkers, which link the source code with the header files.
Loader: A loader is a part of operating system that loads the program into memory. There are generally four types
of operating-system programs: the initial program loader (IPL), supervisor, job-control program, and input/output
(I/O) control program. In mainframe computers, the bootstrap program is known as the initial program loader. Its
purpose is to start operations. It performs the startup function by reading the resident portion of the supervisor
from secondary storage and loading it in primary storage. Since the operating system is constantly supervising and
monitoring the computer, a frequently used portion of the operating system, called the resident supervisor, is
stored in primary storage while the computer is operating. Other parts of the supervisor are used less frequently.
They are stored only temporarily in the supervisor transient area of primary storage. When the resident portion of
the supervisor is loaded into primary storage, control is passed to the supervisor and the operation of the
computer begins. The supervisor programs (often called monitor or executive programs) are the principal
managers in an operating system. They organize and control the flow of work by initiating and controlling the
execution of other computer programs.
As operating system software replaced human operators to control the mainframe computers, new programming
languages were developed to enable users and programmers to communicate with the operating system. A jobcontrol language (JCL) requires that the user include several job-control statements along with a program. The
statements identify the job and its steps, and specify the system resources to be used (for example, expected run
time, input/output device to be used, and memory space required). Job-control language also describes the data
sets or files that are to be used in various job steps. JCL is used with batch processing on mainframe computers to
communicate information about programs and their requirements for system resources to the operating system.
JCL statements must occur before and after each program. Job-control languages are used primarily with the large
multiuser computer systems. JCL is not used with personal computers since they are usually single-user systems.
The information provided through JCL can be furnished to a personal computer in an interactive format or in
default standard.
The supervisor and job-control programs act together and issue many instructions to the human operator.
Examples of these include instructions to mount or dismount a tape or load or unload a disk pack. If special forms
are needed for printing the output, the programmet specifies these forms through the JCL statements. When the
job is ready to be printed, the computer sends a message to the operator to mount the special forms on the printer.
A large percentage of the work that a computer operator performs is in response to the instructions from the
operating system. These instructions originate from JCL that the programmer includes with his program.
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Input/output control programs manage the movement of data between primary storage and peripheral devices,
such as disk and tape drives. The programs can also check for errors. For example, if an error is detected while a
program is being read from a disk, the I/O control program reads the data several times in an attempt to obtain
error-free data. If the error continues to occur, then an appropriate error message is displayed or printed.

9.2.2 Application Software
As compared to system software, which controls the working of the hardware components of a computer, application
software mainly focuses on executing a particular set of functions or instructions provided by the user. Consider a
scenario where you need to maintain the records of employees of an organization. Now depending upon your
requirements and the format in which you want to present data, you can prepare this record by using various application
programs, such as word processing or a spreadsheet program. The various types of application software are as follows:
•
Word Processors: Word processing software, also known as document preparation software, is used to create,
edit, store, and print documents with any kind of printable content such as text, graphs, and images. It can also
count words typed in a document and check spellings. Some popular word processing programs are Microsoft
Word and WordPad. Figure 2 shows a screen of MS Word 2007:

•

Figure 2
Spreadsheets: Spreadsheets are made up of cells arranged in a grid. Each cell can contain a numeral value, text, or
formula. A spreadsheet can include charting tools that allow you to plot the values stored in the rows and columns
of a sheet as a graph or a chart. Spreadsheets are used for doing various tasks, such as performing calculations,
creating reports, and analyzing data.
Figure 3 shows a window of MS Excel 2007, the most popular spreadsheet program

Figure 3
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Database Management System: A DBMS can be defined as a software package that is used to store, manipulate,
and retrieve data from a database, which is an organized collection of different types of data. A DBMS receives
requests for data from an application program, processes those requests, and returns the required data to the
application program. The data in a DBMS is stored in tables. This structure enables a user to sort, index, update,
and organize a large number of records and retrieve the desired data quickly. This is particularly useful while
preparing complex reports and other documents requiring data of various types. Nowadays, the most widely used
database program is MS Access, which is shown in Figure 4:

Figure 4
•

•

•

•

Accounting Programs: Accounting programs are used to record and manage accounting transactions that are
included in the functional modules, such as accounts and payroll. These programs can be developed in-house by
the organization that uses them, or may be bought from a third party.
Presentation Tools: Presentation tools enable you to represent information in a number of attractive formats.
These programs help you to prepare reports and presentations for personal as well as commercial purposes.
Figure 5 shows the most commonly used presentation program, that is, MS PowerPoint 2007:

Figure 5
Desktop Publishing (DTP): DTP software package allows you to create graphically rich and visually appealing text
documents, such as greeting cards, brochures, banners, calendars, and projects. It allows you to design both paper
as well as electronic documents (the pages distributed through World Wide Web).
Multimedia Applications: Multimedia applications allow you to create and modify animations. Some examples of
multimedia programs are Flash, Maya, Macromedia Director, and Sound Forge.
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Telecommunications Software: Telecommunications software helps in the process of electronic communication,
especially when there is a need to transfer audio data. Depending on the need of this software, it may be used to
handle the functioning of both wired and wireless devices. The telecommunications software are designed to
synchronize the receiving and sending of signals. This software, first, helps in establishing the connection and
maintains the strength of the connection by handling the noises in the network to avoid any disconnection. The
electronic transfer of information from one device to the other over distances is known as telecommunication.
Web Browser Software: Web browser software allows you to view Web pages. The two most popular browsers
are Netscape Navigator and MS Internet Explorer. Both are graphical browsers, which mean that they can display
graphics as well as text. In addition, most modern browsers can present multimedia information, such as sound
and video, though they require plug-ins for some formats. Figure 6 shows a window of the Internet Explorer:

Figure 6

9.2.3 Firmware
Firmware is the combination of software and hardware. Mobile phones, digital camera, and embedded system are some
examples of firmware.
The firmware provides the control program to these devices. It is situated in non- volatile memory, such as ROM, flash
memory, and floppy disk. Some firmware memory devices are permanently installed and cannot be removed or changed
after execution. It is contained in the devices and provides all the functions to the devices. Figure 7 shows the firmware
controlled device:

Figure 7

ACTIVITY
Ql. What is firmware?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
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ACTIVITY
Q2. Explain the types of software.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's learn about the components of information system.

9.3 Components of Information System
Information system consists of three basic components:
•
Physical means for storing the information such as a file cabinet or hard disk.
•
The procedure for handling the information that ensures its integration.
•
The rules regarding information: use and distribution.

ACTIVITY
Q3. Write about component of information system.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Let's now discuss the types of information system.

9.4 Types of Information System
There are four types of information Systems,, which are described as follows:
•
Office Automation System: An office automation system uses computer or networks to carryout various
operations such as word processing, accounting, document management or communication. The purposes of
office automation system are to manage information and importantly to help users to handle certain office
information related task more efficiently. For example: word processing.
•
Transaction Processing System: A transaction is a complete event, which may occur as a series of steps, such as
taking an order from customers. We conduct business transaction all the time but may have never consider steps
that make up a typical transaction that is all of which can be processed through an information system. A system
that handles the processing and tracking the transaction is called transaction processing system.
•
Decision Support System: This system is a specialized application used to collect and report certain type of
business data, which can be used to aid managers in decision making process. Business managers frequently use
decision support system to access the data in company transaction processing system.
•
Management Information System: A management information system is a set of software tools that enables
managers to gather, organize and evaluate information about a workgroup department or an entire organization.
Efficient management information system summarizes vast amount of data into information that is useful to each
type of managers.
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ACTIVITY
Q4. Explain about different information system.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Now, let's summarize the main topics of this chapter.

9.5 Summary
In this chapter, you have learned about:
•
Software
•
Types of software, such as, system, application, and firmware
•
Components of Information System
•
Types of information System

9.6 Keywords
•
•
•

Software: It is the set of machine-readable instructions or programs that instructs the CPU to perform specific
operations.
Firmware: It is the combination of software and hardware. It provides control program to the electronic devices,
such as digital watches.
Operating System: The software that controls and manages the hardware is known as an operating system.

9.7 Solved Questions
Q1. List various types of software.
Ans. Software can be divided into three main categories:
1.
System software
2.
Application software
3.
Firmware
Q2. Define software.
Ans. Software is aset of machine-readable instructions or programs that instructs the CPU to perform specific
operations. Software is just the opposite to hardware which is related to the things we can touch and see.
Q3. Name any five types of system software.
Ans. The five types of system software are:
a.
Operating system
b.
Device drivers
c.
Virus protection
d.
Disk management
e.
Backup Utility
Q4. Name any five types of application software.
Ans. The five types of application software are as follows:
a.
Spreadsheets
b.
DBMS
c.
Web browser software
d.
Presentation tools
e.
Word processors
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Q5. What are spreadsheets?
Ans. Spreadsheets are made up of cells arranged in a grid. Each cell can contain a numeral value, text, or formula. A
spreadsheet can include charting tools that allow you to plot the values stored in the rows and columns of a sheet
as a graph or a chart. Spreadsheets are used for doing various tasks, such as performing calculations, creating
reports, and analyzing data.
The following figure shows a window of MS Excel 2007, the most popular spreadsheet program:

Q6. Define firmware
Ans. Firmware is the combination of software and hardware. It provides control program to the electronic devices, such
as digital watches and traffic lights. They are embedded into the devices at the time of designing only and the
firmware need not be changed for long span of time.
Q7. Write a short note on word processors.
Ans. Word processing software, also known as document preparation software, is used to create, edit, store, and print
documents with any kind of printable content such as text, graphs, and images. It can also count words typed in a
document and check spellings. Some popular word processing programs are Microsoft Word and WordPad. The
following figure shows a screen of MS Word 2007:
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Q8. Explain the concept of device drivers.
Ans. A number of peripheral devices, such as printer, modem, 'mouse, and keyboard, are usually attached to a
computer. The OS gives commands to manage and control the devices attached to a computer. These commands
are implemented and executed by devices with a help of software called device driver. The following figure
displays a device driver:

A device driver is a specially written program that converts the command given by the OS to a format that is easily
understandable by peripheral devices. Every single piece of hardware, such as monitor, printer, keyboard, and
modem has its corresponding driver. Devices manufactured by different manufacturers need different drivers to
ruq. For example, a scanner manufactured by Canon will not support the driver manufactured by HP. Therefore, if
you use a printer without the correct driver, it may not function properly.
Q9. Write a short note on DTP.
Ans. DTP software package allows you to create graphically rich and visually appealing text documents, such as greeting
cards, brochures, banners, calendars, and projects. It allows you to design both paper as well as electronic
documents (the pages distributed through World Wide Web).
Ql 0. What do you mean by text editor?
Ans. Text editor is a utility that assists you to create an editable text file. You can type any textual content in the
languages provided by the text editor, such as Hindi, English, French, and German. The text once written in the text
editor can be saved for future use. Further, the text can be- retrieved and edited later on, as and when needed.

9.8 Review Questions
Ql.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q8.
Q9.
Q10.

Define software.
Differentiate between software with firmware.
What do you understand by linker?
Distinguish between linker and loader.
What is firmware?
What do you mean by virus? How canyou protect your system from viruses?
What are presentation tools?
Give a live example of telecommunications software.
Write a short note on utility software.
Explain the concept of DBMS. Give example.

9.9 Further Readings
•
•

Management Information System, Kogent Learning Solution, ISBN: 978-93-5004-305-9
Introduction to Computer and Data Processing, Kogent Learning Solutions, ISBN: 978-93-5004-047-8
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10.0 Objectives
After studying this chapter, you will be able to:
•
Define program, code, source code and object code
•
Understand what is coding
•
Learn the characteristics of a good program and the programming paradigms
•
Understand errors
•
Learn the tools for program design

10.1 Introduction
In computer programming, problem solving is a systematic approach to find and implement a solution to a problem. For
this, the basic model of computation is used. This model consists of six different phases, which help in developing the
best solution for a problem in less time. Generally, it is observed that programmers start the coding of a program without
following the basic model of programming. Such a practice often leads to lengthy coding procedures that contain a lot of
errors and are difficult to understand. Different techniques, including algorithms and flowcharts, are used to plan a
solution for a problem. An algorithm is a simple and step-by-stcp description of a problem along with its solution. On the
other hand, a flowchart is a symbolic representation of a problem along with its solution. A flowchart indicates the path
to the solution along with all possible alternatives by using arrow-heads.
The chapter discusses the definition of a program, code, object code, source code, and coding. Next, you learn about the
characteristics of a good program. Further, you learn about the programming paradigms. The chapter then explains
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about the types of errors in a program. Toward the end, you learn about tools for program design. Let's begin by
understanding the definition of a program.

10.2 Program
A program is a collection of instructions that is used to perform specific tasks. A program can be written in different
programming languages, such as C, C + + , and .NET. Programming languages are the specifications of a computation or
algorithms that control the behavior of a machine.

ACTIVITY
Q1. Define program.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.3 Code
A code is a systematic set of rules, which is used to perform some specific tasks. For programming languages, it is a logic
that is used to develop any application. A code is written in English language, which is later compiled to form the byte
code that is understandable by the machine.

ACTIVITY
Q2. Define code.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.4 Source Code
Source code is the actual code written in human understandable language that needs to be compiled to convert it into
machine language, which is easily understood by a computer. This machine code is then used at run time.

ACTIVITY
Q3. What do you mean by source code?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.5 Object Code
Object code refers to the code that is received after the compiler compiles the source code and is machine
understandable. Object code is a sequence of instructions in a computer language (or machine language) in the form of
0's and l's.
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ACTIVITY
Q4. Which code is machine readable? Object or source code?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.6 Coding
Coding is a phase in which a programmer needs to write a program for a problem with the help of coding. However,
before coding a program, you must develop its logic by using program development tools, such as algorithms and
flowcharts. You can also divide a program into smaller sub programs for easier programming. This procedure is called
refinement of the original problem. You can define the data items, variables, and constants in a program while writing
the code for a program.

ACTIVITY
Q5. What do you mean by coding?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q6. What do you understand by refinement of a problem?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.7 Characteristics of a Good Program
As you already know that, a program is collection of instructions that control the behavior of a computer system. A
program is a good program if it functions properly according to the requirements of a programmer.

ACTIVITY
Q7. What are the characteristics of a good program?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.8 Programming Paradigms
Programming paradigms are the basic styles of writing various programs in various languages. The different styles are
significant in their own manner. There are various types of programming paradigms: structured, unstructured, objectBasic of Computer Fundamentals and Programming / 143
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oriented, procedural, and modular. Each of them has its own style of writing. Let's now learn about these programming
paradigms.

10.8.1 Unstructured Programming
Unstructured programming is the programming in which there is no defined structure of the code. In this programming,
entire logic of a program is written as a single contiguous block. Therefore, it is not acceptable for producing code since
the code is difficult to read, and it is referred as a bad approach for creating major projects. But its advantage is that it
provides freedom to the programmers in doing the work. An example of unstructured programming is COBOL.
Unstructured Programming is straightforward programming. Here everything is in a sequential manner. It does not
involve any decision-making or transfer of execution of instructions.
The general model of this linear program is:
i.
Read a data value.
ii.
Compute an intermediate result.
iii.
Use the intermediate result to compute the desired result.
iv.
Print the result.
v.
Stop.

10.8.2 Structured Programming
Structured programming is a programming that is preferred mostly for all the computer languages because it improves
the clarity, quality, and development time of a computer program. This programming makes use of various types of block
structures and loops, inspite of using goto statement. An example of structured programming is C Language.
The characteristics of structured programs are given as follows:
i.
Two-way decision statement is based on IF-THEN-ELSE or nested IF-ELSE statements.
ii.
The modules should not be more than one half page long. If they are longer than this, they should preferable to
split into two or more sub-modules.
iii.
Loops are used using WHILE-WEND and FOR-NEXT.
iv.
Every module has only one entry point and one exit point.

10.8.3 Procedural Programming
Procedural programming, also known as traditional or structured programming, divides a program into smaller parts
that are known as procedures, functions, or subprograms. It follows a top-down approach in which a program is viewed
as a collection of subprograms that are executed in a fixed sequence to meet the objective for which the program is
written. Each of these subprograms is designed to accomplish some particular task, and has its own data and logic to
perform that task. The structure of the main program containing subprograms is shown in Figure 1:

In Procedural Programming, separate functions need to be defined in the main program for every subprogram. Creating
all these subprograms and functions in the main program work well in case of small programs that follow specific steps in
a specific order. However, developing large programs in Procedural Programming is found to be expensive in terms of
both time and cost. The code of a subprogram generated in Procedural Programming is often very lengthy and
interdependent upon other subprograms. Therefore, the most popular and widely used programming approach called
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Procedural Programming proves to be a bad choice for creating error-free reusable programs. Some of the most
common problems encountered while developing or reusing subprograms created using the Procedural Programming
approach are as follows:
1.
Interconnectedness: Subprograms do not act as independent entities, instead they are connected with other
parts of a program. This causes problems in three ways—it is difficult to track down problems (known as bugs),
subprograms are prevented from being reused easily in other projects, and it is difficult to introduce any
changes or updates in a program. This is because any change made in a subprogram may disrupt the functioning
of the programs related to it. It means that to implement any changes in a Procedural Programming-based
program, the programmer often needs to make large-scale changes in the entire code of the program which is a
time-consuming and costly process.
2.
Task-Orientation: Subprograms focus on solving one specific task. Trying to understand how a task fits into the
overall design of a larger program often proves to be quite confusing for programmers. It is like trying to
understand how a car works by studying a single gear. In other words, it is often difficult to say how a subprogram
works with the rest of the program, and it is equally difficult to predict how changing a subprogram might
unintentionally affect other parts of a program.
3.
Reusability: Subprograms can be taken out and reused (theoretically) in other programs to perform a similar
task. For this, you need to make copies of that subprogram to be used in other programs. If you find any problem
in the original subprogram, you need to fix that same problem in all the copies you made of that subprogram.
This often results in mismatch and discrepancies among the copies of the same subprogram leading to further
complexities.

10.8.4 Modular Programming
Modular programming (also called "top-down design" and "stepwise refinement") is the technique used in software
designing that focuses on dividing the functionalities of a program into independent, interchangeable modules
(sections) such that each module has its own functionality.
Modules represent boundaries between the components and provide better functionality.

10.8.5 Object Oriented Programming
Like procedural programming, OOP encourages you to break a large program into smaller parts called objects. In fact, the
entire concept of OOP is based upon real-world objects and how they interact with each other.
An object in a programming language does not mean a tangible or visible thing. An object may contain its own behavior
(also called functions or methods) and properties (also called attributes).
For example, Figure 2 shows an object named Mobile along with its attributes and functions:

In Figure 2, you can see that the Mobile object has attributes, such as color of body, mode of input, resolution of camera,
and size of screen. These attributes may have individual values. For example, the value of the color of body attribute may
be black, white, or silver; the mode of input may be touchscreen or keypad; the resolution of camera may be 2 or 5
megapixels; and the size of screen may be 3 or 4 inches.
Apart from having attributes, an object also performs certain functions that describe its behavior and differentiateVit
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from other objects. For example, the Mobile object can be used to make and receive calls, send and receive messages,
take photographs, and perform mathematical calculations. The features of OOP are given as follows:
•
Objects: Refers to the major run-time entitiesjn OOPs.
•
Class: Refers to the grouping of objects having identical properties, common behavior, and shared relationship.
•
Method: Refers to an operation required for an object or entity when coded in a class is called a method.
•
Data Abstraction: Refers to representing the necessary features excluding the background details.
•
Encapsulation: Refers to the wrapping of functions and data into a single component.
•
Inheritance: Refers to the method by which objects of one class get the properties of objects of another class.
•
Polymorphism: Allows the same functions to act differently in different classes.
•
Dynamic Binding: Refers to connecting one program to another program that is to be executed in reply to
the call.
•
Reusability: Allows the classes to be reused by extending them to other classes using inheritance.

ACTIVITY
Q8. What is modular programming?
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q9. Differentiate between structured and unstructured programming.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.9 Errors
A program error could be anything in a program that prevents it from compiling and running correctly. A program error is
also referred to as a bug. Some bugs can have catastrophic effects on a program, while some can be too mild in their
adverse effects to be noticeable in a program. The following are three types of errors that can occur in a program: syntax
error, logical error, and run-time error.
In a program, a syntax error occurs when some rule or guideline of a programming language is violated. For example, any
mistake in grammar or punctuation while coding in C + + causes a syntax error. Whenever any syntax error occurs in a
program, you need to remove that error and compile the source file again. It causes unnecessary wastage of time.
Therefore, always follow the syntax rules of a programming language to avoid unnecessary debugging.
Suppose you have developed a program, which does not report any error during compile time or run-time. But still you
do not get the desired result or output from the program. This may happen because of the errors in the logical concepts
of the program. For example, the algorithm devised for problem solution may be incorrect or wrong parameters are
passed to functions. The errors related to logical concepts of a program are called logical errors. Logical errors may occur
due to some mistake in analyzing the problem properly by the developers.
An error detected by the C + + compiler during run-time or execution of a program is called the run-time error. You can
easily identify a run-time error because whenever it occurs, the program stops executing and is not processed further
until the error is rectified. For example, in a loop condition, if you provide an input value other than the expected, the
program will go into the infinite loop and produce an abnormal result. Generally, all programming languages, including C
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+ + have provisions to detect run-time errors. In case of C++, the execution of a program terminates whenever any runtime error occurs. Hence, a C + + program should be robust to recover from run-time errors so as not to get terminated
frequently due to run-time errors.
There are basically three types of errors, which are described as follows:
•
Syntax Errors: Refers to a set of rules that govern the relationship between words, phrases and symbols in a
language statement. Syntax error generally occurs when the command entered is not understood by the
program.
•
Logical Errors: Refers to a series of operations performed by a program or software and the hardware. Software
logic or program logic is the sequence of instructions in a program. Logical errors are the mistakes made by the
programmer. Though the programs that have logical errors in them run perfectly but do not provide the exact
output.
•
Run-Time Errors: Refers to the errors that occur when a program is run on the computer and result is not
achieved and sometimes running program is stopped due to some miss-interruption of a particular instruction.
It could be like dividing a number by zero.

ACTIVITY
Q10. List the types of errors that can occur in a program.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q11. Give an example of logical error.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.10 Tools for Program Design
After defining and analyzing the problem of a program, the designing phase arrives. In this phase, you select a solution
depending on the amount and nature of data to be stored. An algorithm provides a way to solve a problem.
Another way to design a solution for a problem is to use the top-down design approach. In this approach, the problem is
divided into a hierarchical structure of modules. A separate sub program may be designed for each module. The topdown approach provides a method to handle the inherent logical complexity of the problem. This allows a programmer
to build a solution in a step-by-step manner. A flowchart is a good example for the top-down design approach. Let's now
discuss about algorithm and flowchart in detail.

10.10.1 Algorithm
Algorithm is a step-by-step description of the programming logic where each step is numbered in a hierarchical order. In
algorithm, the number of steps must be finite, and every step must be complete and error-free. The steps must specify
the input and output as per the requirement of the user.
Following is an example of algorithm:
Example: Calculating the sum of numbers 1, 2, .., 50:
1.
Declare variables sum and s
2.
Initialize the sum, s=0
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3.
4.

Set counter, c= 1
While c is less than or equal to 50, the following statements are performed repeatedly:
a. calculate sum as
b. current sum = recent sum + c
c. increment c by 1
5.
Write out the sum s
Example: Input three numbers and print the average.
1.
Start
2.
Input 3 numbers in variable A,B,C
3.
Calculate average of A,B,C and store it in a variable avg
4.
Print the value of avg
5.
Stop
Example: Print the sum of 1, 2, 3.....N.
1.
Start
2.
Initialize SUM to zero
3.
Initialize a variable I to 1
4.
Input the value for N
5.
While I is less than or equal to N do the following steps:
i. SUM = SUM + I
ii. 1 = 1 + 1
6.
Print the value of SUM
7.
Stop

10.10.2 Flow Charts
A flowchart graphically represents the algorithms. Generally, graphics are more understandable than text. We can
memorize the graphical form more easily and can retrieve it quickly. The logic in a flowchart is developed by using data
items, mathematical expressions, equations, and conditions; some predefined symbols are also used for each step. A
flowchart follows a two-dimensional approach, where the logic flows from the top to the bottom. A flowchart is not
specific to any language and can be created in any language. With a flowchart, you can easily understand the data and the
control flow of the algorithm. Flowcharts also help in debugging and error-correction. Developing the logic for a program
becomes very easy in flowcharts with the help of symbols. .
Let's now discuss the symbols used in a flowchart and an example to illustrate * the use of flowcharts.
Basic Flowchart Symbols
In a flowchart, symbols are used to represent a sequence of operations, the flow of data, and the resources required to
complete a task. The flow is normally from top to bottom and left to right. Table 1 shows the commonly used symbols of a
flowchart:
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Example: Draw a flowchart to find out the sum of two numbers.
Solution: Figure 3 shows the flowchart to add two numbers:

Figure 3
In the preceding flowchart, the logic contains no decision. Therefore, the control flows simply from top to bottom. Every
statement executes in order and produces the result. When we have to add two variables, we need to initialize these
variables. Input the values of these two variables and then calculate the sum in the process box.
Example: Draw a flowchart for greatest number among three numbers.
Figure 4 shows the flowchart for greatest number among three numbers:
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Figure 4
Example: Flowchart for calculating sum of 1, 2, 3... N numbers.
Figure 5 shows the flowchart for calculating sum of 1, 2, 3... N numbers.

Figure 5
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ACTIVITY
Q12. What is a flowchart? Explain some commonly used symbols of a flowchart.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
Q13. Draw a flowchart that compares two numbers and find the smallest number.
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................
..........................................................................................................................................................................................................................

10.11 Summary
In this chapter, you have learned about:'
•
Program, code, source code and object code
•
Coding
•
Characteristics of a good program and the programming paradigms
•
Errors
•
Tools for program design

10.12 Keywords
•
•
•
•
•
•
•

Program: Refers to a collection of instructions that is used to perform specific tasks.
Programming paradigms: Refers to the basic styles of writing various programs in various languages.
Unstructured programming: Refers to the programming in which there is no defined structure of the code.
Structured programming: Refers to the programming that is preferred mostly for all the computer languages
because it improves the clarity, quality, and development time of a computer program.
Procedural programming: Refers to the programming that follows a top-down approach in which a program is
viewed as a collection of subprograms.
Object Oriented Programming: Refers to the programming that encourages breaking a large program into
smaller parts called objects.
Error: Refers to anything in a program that prevents it from compiling and running correctly.

10.13 Solved Questions
Q1.
Ans.

Q2.
Ans.

Q3.
Ans.

Define program.
A program is a collection of instructions that is used to perform specific tasks. A program *can be written in
different programming languages, such as C, C + + , and .NET. Programming languages are the specifications of a
computation or algorithms that control the behavior of a machine.
Differentiate between source code and object code.
Source code is the actual code written in human understandable language that needs to be compiled to convert
it into machine language. On the other hand, object code is the code received after the compiler compiles the
source code and this object code is machine understandable.
What is coding?
Coding is a phase in which a programmer needs to write a program for a problem with the help of coding.
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Q4.
Ans.

Q5.
Ans.

Q6.
Ans.

However, before coding a program, you must develop its logic by using program development tools, such as
algorithms and flowcharts. You can also divide a program into smaller sub programs for easier programming.
This procedure is called refinement of the original problem. You can define the data items, variables, and
constants in a program while writing the code for a program.
Write the characteristics of a program.
The characteristics of a program are:
• A program must be flexible so that it can be used for multiple tasks
• A program must be efficient in providing the best output in least time and cost
• A program must be portable so that the programmer can use the program anywhere or on multiple
platforms
• A program must be user friendly so that the users can easily use the program
• A program must be reliable and provide the accurate output
Name all the types of programming paradigms.
The various programming paradigms are as follows:
1. Unstructured programming
2. Structured programming
3. Procedural programming
4. Object oriented programming
5. Modular programming
How do you break a program in procedural programming? Compare it with object oriented programming.
Consider an airline ticket reservation program used by an online flight reservation website to book airplane
tickets. Dividing this problem into tasks, as done in the procedural programming, might create the following
subprogram structure:
• Subprogram #1: SeatAvailable (checks if a seat is available)
• Subprogram #2: SeatType (checks if the seat is window or middle)
• Subprogram #3: SeatClass (checks if it is a business class or economy class seat)
• Subprogram #4: SeatFare (checks the fare)
Whereas, in OOP, this problem can be divided into the following objects:
• Object # 1: Traveller
• Object #2: Airline Reservation Website
• Object #3: Airplane Seat
The following figure shows the breaking of a complex program in case of procedural programming:

On comparing it with object-oriented programming, the program is divided in the following manner:
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Write an algorithm tracing the terms (>2) of the Fibonacci sequence.
The algorithm is as follows:
1. Prompt and read in n, numbers of terms (n>2)
2. Assign 1 to first two terms fl and f2
3. Initialize the counter c = 1
4. Write out first two terms
5. While c less than or equal to n, the following statements are performed repeatedly:
a. Calculate next term f3, as addition of first two terms, fl and f2
b. For next calculation, consider current fl as recent f2 and current f2 as recent f3
c. Increment c by 1
Draw a flowchart to input three numbers, and print the greatest of the three numbers (if A, B, C are three
numbers, A *B # C).
Following figure shows the flowchart to print the greatest of the three numbers:
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In the preceding flowchart, we input three variables (say A, B, and C) and then A is compared with B; if A is
greater, then A is compared with C. If A is again greater, then A is the greatest of the three variables.
If A is not greater than B, it means that B is greater than A; B is then compared with C. If B is greater than C, then B
is the greatest of the three variables; otherwise, C is the greatest.
If the conditions are false in the second and third decision boxes, the output remains the same and is combined
by using a connector.
Write an algorithm to calculate factorial of a number.
The algorithm is as follows:
1. Declare and Initialize product, p= 1 as special case (0! = 1)
2. Prompt and read in n, number whose factorial is to be calculated
3. Set counter, c=l
4. While c is less than or equal to n, the following statements are performed repeatedly:
a. Calculate the product as current product = recent product * c
b. Increment c by 1
5. Write out the product p, as factorial of n
List the types of errors in a program. Which one of them is found by the compiler?
Errors can be categorized into three types: syntax error, logical error, and run-time error. Of these, syntax error is
detected by the compiler.

10.14 Review Questions
Q1.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q8.
Q9.
Q10.

Explain code.
What is a program?
What do you understand by object code?
Quote an example where the program shows a run-time error.
What is a flowchart?
What do you mean by modular programming?
What are the commonly used symbols of a flowchart?
What are the characteristics of structured programming?
Write a short note on predefined process.
List the tools required for program design.

10.15 Further Readings
•
•

Introduction to Programming Concepts and Design, Wiley India, ISBN: 9788177221589
Hello World! Computer Programming for Kids and Other Beginners, Wiley India, ISBN: 9788177229097
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