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PREFACE

It gives us immense pleasure to present this First Edition of “Computer Programming – I” to the
teachers and students of Bachelor of Commerce, Second Year, Third Semester. This book has been written
as per the syllabus prescribed by the University with effect from academic year 2017-18.

C is a remarkable language. Designed originally by one man, Dennis Ritchie, working at AT&T Bell
Laboratories in New Jersey, it has increased in use until now. It may well be one of the most widely-written
computer languages in the world. The success of C is due to a number of factors, none of them key, but all
of them important.

In the years since the first edition of C Programming: A Modern Approach was published, a host of
new C-based languages have sprung up—Java and C# foremost among them and related languages such as
C++ and PERL have achieved greater prominence. Still, C remains as popular as ever, plugging away in the
background, quietly powering much of the world's software. It remains the lingua franca of the computer
universe, as it was in 1996.

C is an interesting language, because you can't truly understand it without understanding exactly how
a computer works. To this end, I recommend this book as a Programmer's perspective point of view. This
book teaches C from the bottom up, starting with the processor and working its way up through
programming code to the C code that represents it.

Here in this book, the concept and theory of each topic is followed by the theoretical explanation,
error handling and all practical questions of C Programming with MCQ (Multiple Choice Questions)
according to University pattern are provided at the end of this book, and along with those steps of program
execution is provided. Efforts have been made to make the text easy to read and understand. In this book,
we have covered all types of programs expected by University of Mumbai in practical examination.

Chapter 1 describes about Hardware and Computer Architecture.
Chapter 2 describes about Software and Algorithm and Flowcharts.
Chapter 3 describes C Programming Basics, Conditional Statements and Looping Statements and

Strings.
The concept and theory of each topic is followed by the theoretical explanation, some self-assessment

questions and all practical solutions of C programs are provided.
I have tried our level best to give everything in this book in proper manner. Still few points from book

may be explained in better way than presently are there in the book. I hope that this edition will meet all the
requirements of S.Y.B.Com. students in their regular study and examination preparation.

Constructive suggestions and comments from the users will be sincerely appreciated. I would
appreciate hearing from you about any textual errors or omissions which you identify. If you would like to
suggest improvements or to contribute in any way, I would be glad to hear from you.

Please send correspondence to kiranrktcollege@gmail.com.
Last but not the least, I would like to give big lifetime thanks to Mr. S.K. Srivastava (Himalaya

Publishing House Pvt. Ltd.) for providing an environment which stimulates new thinking and innovations
and his support, motivation, guidance, cooperation and encouragement to write this book. I am very
grateful for his support and thank him for his true blessings.

Kiran Gurbani
(7769979964)
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1.1 EVOLUTION OF COMPUTERS

1.1.1 History and Computer Generations
Computers have wedged themselves into every facet of our lives-they are what we would use as

the symbolic representation of modern world.

MID 1800s-1930s: Early Mechanical Computers:
The first computers were designed by Charles Babbage in the mid 1800s and are sometimes

collectively known as Babbage Engine.

1960s: The micro processor and micro chip:
The integrated circuit or chip were introduced in this era. In 1972 the first processor were 4 bit

and 8 bit.

Sooner 16 bit model were introduced in 1973 and in 1980s 32 bit address microprocessor were
introduced and 64 bit were introduced in early 2000s.

1970s: Personal computers:
In early 1970s first personal computer was built that was based on small scale integrated circuits

and multi –chip. Cpu’s.

1980s-1990s :The early notebooks and laptops:
One notable development in 1980s was the advent of the

commercially portable computer.

The first Laptop with flip form format was produced in 1982.
By 198989, disp9lays had reached VGA resolution and by 133 they
had 256 color screens. From there resolutions and colors
progressed quickly. Other hardware features were introduced
during 19990s and early 2000s.

2000s: Mobile computing:
It is major milestone in history of computers. Many smartphones today have higher processor

speeds, more memory than desktop PC’s have 10 years ago.
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Generations of computer
A generation refers to state of improvement in the product development process. This term is also

used in different advancements of new computer technology with each new generations, the circuitry
has gotten smaller and more advanced than previous generations. As a result of the miniaturization,
speed, power and computer memory has proportionally increased.

As a result each generations of computers is characterized by major technological development
that fundamentally changed the way computers operate, resulting in increasingly smaller, cheaper,
more powerful and more efficient and reliable devices.

First Generations-1940-1956: Vaccum Tubes

The first generations computers used vacuum tubes for circuitry and magnetic drums for memory
and were often enormous, taking up entire rooms. They were very expensive to operate and in addition
to using a great deal of electricity, generated a lot of heat, which was often a cause of malfunctions.
First generations relied on machine language to perform operations and they could only solve one
problem at time.

Input was based on punch cards and paper and output was displayed on printouts.

UNIVAC and ENIAC are examples of first generations.

Advantages
 Vacuum tubes were the only electronic component available during those days.
 Vacuum tube technology made possible to make electronic digital computers.
 These computers could calculate data in millisecond.

Disadvantages
 The computers were very large in size.
 They consumed a large amount of energy.
 They heated very soon due to thousands of vacuum tubes.
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 They were not very reliable.
 Air conditioning was required.
 Constant maintenance was required.
 Non-portable.
 Costly commercial production.
 Limited commercial use.
 Very slow speed.
 Limited programming capabilities.
 Used machine language only.
 Used magnetic drums which provide very less data storage.
 Used punch cards for input.
 Not versatile and very faulty.

Second generation:-1956-1963: Transistors:

It had gradually replaced vacuum tubes. It is device composed of semiconductor material that
amplifies a signal or opens or closes a circuit. Today’s latest microprocessor contains tens of million
of microscopic transistors.

Prior to invention of transistors, digital circuit were composed of vaccum tubes ,which had many
disadvantages mainly of heat. Due to heating effect, it were prone to many failures. It’s safe to say that
without the invention of transistors, computing as we know today would not be possible.

But still the heat generated by transistors subjected the computer to damage, no doubt it was vast
improvement over vacuum tubes it has punch cards as input and printouts for output.

Advantages
 Smaller in size as compared to the first generation computers.
 The 2nd generation Computers were more reliable
 Used less energy and were not heated.
 Wider commercial use
 Better portability as compared to the first generation computers.
 Better speed and could calculate data in microseconds



Hardware 5

 Used faster peripherals like tape drives, magnetic disks, printer etc.
 Used Assembly language instead of Machine language.
 Accuracy improved.

Disadvantages
 Cooling system was required
 Constant maintenance was required
 Commercial production was difficult
 Only used for specific purposes
 Costly and not versatile
 Punch cards were used for input.

Third Generation:-1964-1971: Integrated Circuits:

Transistors were tremendous breakthrough in advancing the computer. However, in today,s era
millions of transistors could be compacted in such a small space. The Integrated circuit, or as it is
sometimes referred to as semiconductor chip, packs huge number of transistors onto a single wafer of
silicon chip. However it increased the power of single computer and lowered its cost considerably.

Instead of punch cards and printouts, users interacted with third generation of computers through
keyboard and monitors and interfaced with operating system, which allowed the device to run many
different applications at one time with central program that monitored memory.

Advantages
 Smaller in size as compared to previous generations.
 More reliable.
 Used less energy
 Produced less heat as compared to the previous two generations of computers.
 Better speed and could calculate data in nanoseconds.
 Used fan for heat discharge to prevent damage.
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 Maintenance cost was low because hardware failure is reare.
 Totally general purpose
 Could be used for high-level languages.
 Good storage
 Versatile to an extent
 Less expensive
 Better accuracy
 Commercial production increased.
 Used mouse and keyboard for input.

Disadvantages
 Air conditioning was required.
 Highly sophisticated technology required for the manufacturing of IC chips.

Fourth generation: 1971-Present Microprocessors:
As thousands of integrated circuit we rebuild onto a single silicon

chip that contains a CPU. Microprocessor also control the logic of almost
all digital devices. The higher the value of microprocessor, the more
powerful the CPU (Central processing unit),CPU is brain of computer and
has two components ALU (Arithmetic and logical unit) and Control unit.
These small computers can be linked to networks and also saw the
development of GUI’s, the mouse and handheld device.

Advantages
 More powerful and reliable than previous generations
 Small in size
 Fast processing power with less power consumption
 Fan for heat discharging and thus to keep cold
 No air conditioning required
 Totally general purpose
 Commercial production
 Less need of repair
 Cheapest among all generations
 All types of High level languages can be used in this type of computers

Disadvantages
 The latest technology is required for manufacturing of Microprocessors.
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Fifth Generations computer:--Present and beyond : Artificial Intelligence:

These computers are based on artificial intelligence and are still in development. Artificial
Intelligence is branch of computer science concerned with making computers behave like humans.

Some examples includes Voice Recognition (System that can convert spoken sound in written
words), Games (Programming computer to play games such as chess and checkers), Expert Systems
(its example is that it help doctors diagnose disease based on symptoms), Neural networks (system that
simulate intelligence by attempting to reproduce the types of physical connection that occur in animal
brain), Robotics (programming computers to see and hear and feel and react to other sensory stimuli).

1.1.2 Types of Computers
Computers can be broadly classified by their speed and computing power.

Sr. No. Type Specifications

1 PC (Personal
Computer)

It is a single user computer system having moderately
powerful microprocessor

2 Workstation It is also a single user computer system, similar to personal
computer however has a more powerful microprocessor.

3 Mini Computer It is a multi-user computer system, capable of supporting
hundreds of users simultaneously.

4 Main Frame It is a multi-user computer system, capable of supporting
hundreds of users simultaneously. Software technology is
different from minicomputer.

5 Supercomputer It is an extremely fast computer, which can execute hundreds
of millions of instructions per second.

PC (Personal Computer)
A PC can be defined as a small, relatively inexpensive computer designed for an individual user.

PCs are based on the microprocessor technology that enables manufacturers to put an entire CPU on
one chip. Businesses use personal computers for word processing, accounting, desktop publishing, and
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for running spreadsheet and database management applications. At home, the most popular use for
personal computers is playing games and surfing the Internet.

Although personal computers are designed as single-user systems, these systems are normally
linked together to form a network. In terms of power, now-a-days high-end models of the Macintosh
and PC offer the same computing power and graphics capability as low-end workstations by Sun
Microsystems, Hewlett-Packard, and Dell.

Workstation

Workstation is a computer used for engineering applications (CAD/CAM), desktop publishing,
software development, and other such types of applications which require a moderate amount of
computing power and relatively high quality graphics capabilities.

Workstations generally come with a large, high-resolution graphics screen, large amount of RAM,
inbuilt network support, and a graphical user interface. Most workstations also have mass storage
device such as a disk drive, but a special type of workstation, called diskless workstation, comes
without a disk drive.

Common operating systems for workstations are UNIX and Windows NT. Like PC, workstations
are also single-user computers like PC but are typically linked together to form a local-area network,
although they can also be used as stand-alone systems.
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Minicomputer
It is a midsize multi-processing system capable of supporting up to 250 users simultaneously.

Mainframe
Mainframe is very large in size and is an expensive computer capable of supporting hundreds or

even thousands of users simultaneously. Mainframe executes many programs concurrently and
supports many simultaneous execution of programs.

Supercomputer
Supercomputers are one of the fastest computers currently available. Supercomputers are very

expensive and are employed for specialized applications that require immense amount of mathematical
calculations (number crunching).
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For example, weather forecasting, scientific simulations, (animated) graphics, fluid dynamic
calculations, nuclear energy research, electronic design, and analysis of geological data (e.g. in
petrochemical prospecting).

1.1.3 Computer System
A computer system is a collection of hardware and software components designed to provide an

effective tool for computation. Computer system are used in every walk of life to assist us in the
various tasks we perform. The wide availability of the internet has enhance the use of computer for
information sharing and communication. Computer system allows us to store, process, display and
communicate information. In any modern computer system even a simple one, in general needs
several different programs in order to accomplish its various functions.

1.1.4 Characteristics
The Characteristics of Computers

Much of the world runs on computers and computers profoundly changed human life mostly for
better. What is the characteristics for computer:

 Speed: A computer is a very fast device. It can carry out instructions at a very high speed
obediently, uncritically and without exhibiting any emotions. It can perform in a few seconds
the amount of work that a human being can do in an entire year – if he work day and night
and is nothing else.
Some calculation that would have taken hours and days to complete otherwise, can be
completed in a few seconds using the computer. The speed of computer is calculated in MHz,
that is one million instructions per second.

 Accuracy: Accuracy of a computer is consistently high and the degree of accuracy of a
particular computer depends on the instructions and the type of processor. But for a particular
computer, each and every calculation is performed. For example, the computer accurately
give the result of division of any number up to 10 decimal points.

 Versatility: Versatility is one of the most wonderful things about computer. Multi-processing
features of computer makes it quiet versatile in nature. One moment, it is preparing the results
of particular examination, the next moment it is busy preparing electricity bills, and in
between it may be helping an office secretary to trace an important letter in seconds.
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It can perform different types of tasks with same ease. All that is required to change its talent
is to slip in a new program into it. Briefly, a computer is capable of performing almost any
task provided that the task can be reduced to a series of logical steps.

 Reliability: Computer provide very high speed accompanied by an equality high level for
reliability. Thus computers never make mistakes of their own accord.

 Power of Remembering: A computer can store and recall any amount of information
because of its secondary storage capability. Every piece of information can be retain as long
as desired by the user and it can be recalled information almost instantaneously. Even after
several years, the information recalled will be as accurate as on the day when it was fed to the
computer.

 No I.Q: A computer is a magical device. It can only perform tasks that a human being can.
The difference is that it performs these tasks with unthinkable speed and accuracy.
It posses no intelligence of its own. Its I.Q is zero at least till today. It can only perform what
is programmed to do. Hence, only the user can determine what tasks a computer will perform.
Computers have no sense of meaning, cannot perceive and are only able to make simple
robotic decision about the data they receive.

 Common Data Used: One item can be involved in several different procedures or accessed,
update and inspected by a number of different users. This can hinder the work of those who
need access to data. As the time is changing, more and more facilities are being added to the
computers they can perform but in practical life many tasks are limited to these basic
operations.

 Diligence: The computer is a machine, does not suffer from the human traits of tiredness. Nor
does it loses concentration even after working continuously for a long time.
This characteristics is especially useful for those jobs where same tasks is done again and
again. It can perform long and complex calculations with same speed and accuracy from the
start till the end.

 Storage: The computers have a lot of a storage devices which can store a tremendous amount
of data. Data storage is essential function of the computer. Second storage devices like floppy
disk can store a large amount of data permanently.

1.2 BASIC COMPONENTS OF A DIGITAL COMPUTER
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In order to carry out the operations mentioned in the previous section the computer allocates the
task between its various functional units. The computer system is divided into three separate units for
its operation. They are

(1) arithmetic logical unit
(2) control unit.
(3) central processing unit.

Central Processing Unit (CPU)
The ALU and the CU of a computer system are jointly known as the central processing unit. You

may call CPU as the brain of any computer system. It is just like brain that takes all major decisions,
makes all sorts of calculations and directs different parts of the computer functions by activating and
controlling the operations.

1.2.1 Control Unit
Control Unit (CU)

The next component of computer is the Control Unit, which acts like the supervisor seeing that
things are done in proper fashion. Control Unit is responsible for coordinating various operations
using time signal. The control unit determines the sequence in which computer programs and
instructions are executed. Things like processing of programs stored in the main memory,
interpretation of the instructions and issuing of signals for other units of the computer to execute them.
It also acts as a switch board operator when several users access the computer simultaneously.
Thereby it coordinates the activities of computer’s peripheral equipment as they perform the input and
output.

1.2.2 ALU
Arithmetic Logical Unit (ALU) Logical Unit

Logical Unit: After you enter data through the input device it is stored in the primary storage
unit. The actual processing of the data and instruction are performed by Arithmetic Logical Unit. The
major operations performed by the ALU are addition, subtraction, multiplication, division, logic and
comparison. Data is transferred to ALU from storage unit when required. After processing the output
is returned back to storage unit for further processing or getting stored.

1.2.3 Input/Output, Functions and Memory
Arithmetic Logical Unit (ALU) Logical Unit

1. Logical Unit: After you enter data through the input device it is stored in the primary storage
unit. The actual processing of the data and instruction are performed by Arithmetic Logical Unit. The
major operations performed by the ALU are addition, subtraction, multiplication, division, logic and
comparison. Data is transferred to ALU from storage unit when required. After processing the output
is returned back to storage unit for further processing or getting stored.

2. Storage: The process of saving data and instructions permanently is known as storage. Data
has to be fed into the system before the actual processing starts. It is because the processing speed of
Central Processing Unit (CPU) is so fast that the data has to be provided to CPU with the same speed.
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Therefore the data is first stored in the storage unit for faster access and processing. This storage unit
or the primary storage of the computer system is designed to do the above functionality. It provides
space for storing data and instructions.

The storage unit performs the following major functions:
 All data and instructions are stored here before and after processing.
 Intermediate results of processing are also stored here.

3. Processing: The task of performing operations like arithmetic and logical operations is called
processing. The Central Processing Unit (CPU) takes data and instructions from the storage unit and
makes all sorts of calculations based on the instructions given and the type of data provided. It is then
sent back to the storage unit.

4. Output: This is the process of producing results from the data for getting useful information.
Similarly the output produced by the computer after processing must also be kept somewhere inside
the computer before being given to you in human readable form. Again the output is also stored inside
the computer for further processing.

5. Control: The manner how instructions are executed and the above operations are performed.
Controlling of all operations like input, processing and output are performed by control unit. It takes
care of step by step processing of all operations inside the computer.

1.2.4 Memory Addressing Capability of a CPU
In computing, memory address is a data concept used at various levels by software and hardware to

access the computer's primary storage memory. Memory addresses are fixed-length sequences
of digits conventionally displayed and manipulated as unsigned integers. Such numerical semantic
bases itself upon features of CPU (such as the instruction pointer and incremental address registers), as
well upon use of the memory like an array endorsed by various programming languages.

Types of Memory Addresses
Physical addresses

A digital computer’s memory, more specifically main memory, consists of many memory
locations, each having a physical address, a code, which the CPU (or other device) can use to
access it.

Logical addresses
A computer program uses memory addresses to execute machine code, store and retrieve data.

Address space in application programming
In modern multitasking environment, an application process usually has in its address space (or

spaces) chunks of memory of following types:
 Machine code, including:

 program's own code (historically known as code segment or text segment);
shared libraries.

 Data, including:
 initialized data (data segment);
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 uninitialized (but allocated) variables;
 run-time stack;
 heap;

 shared memory and memory mapped files.

The intel 8085 of microprocessors is a 8 bit architecture.

The Intel 8086/8088 family of microprocessors is a 16 bit architecture on a 16 bit (8086) or an 8
bit (8088) bus. The 8088 was the processor in the original IBM PC, and has evolved into the most
popular processor used today in PC's and servers.

1.2.5 Numbering System
The Modern Computer System Do Not Process Decimal Numbers. The Computer System Work

With Binary Numbers Which Use Only Digits 0 And 1. Some Time Working With Binary Numbers
Creates Problem When They Are Representing Larger Decimal Quantities. Therefore, Octal And
Hexadecimal Numbers Are Now Widely Used To Compress Long String Of Binary Numbers. The
Following Four Number Systems Are Described.

Sr. No. Number System Base Digits used

1 Decimal Number System 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

2 Binary Number System 2 0, 1

3 Octal Number System 8 0, 1, 2, 3, 4, 5, 6, 7

4 Hexadecimal Number System 16 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F

The base of the number is defined as the total number of digits available in the number system.

1.2.5.1 Decimal number system
The number system that we use in our day to day life is the decimal number system. Decimal

number system has base 10 as it uses 10 digits from 0 to 9. In decimal number system, the successive
positions to the left of the decimal point represents units, tens, hundreds, thousands and so on. For
example, the decimal number 2345 consists of the digit 5 in the units position, 4 in the tens position, 3
in the hundreds position, and 2 in the thousands position, and its value can be written as

2345 = 2 × 1000 + 3 × 100 + 4 × 10 + 5 × 1

= 2 × 103 + 3 × 102 + 4 × 101 + 5 × 100

= 2000 + 300 + 40 + 5

= 2345

1.2.5.2 Binary number system
The number system with base two is known as the ‘binary number system’. Only 0 and 1 are

used as symbols in this number system. 0 and 1 are called as binary digits or bits.

In binary number system

4 bits = 1 nibble
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8 bits = 1 byte

1024 bytes = 1 kilo byte (KB)

1024 kilo bytes = 1 mega byte (MB)

1024 mega bytes = 1 giga byte (GB)

Characteristics
 Uses two digits, 0 and 1.
 Also called base 2 number system.
 Each position in a binary number represents a number power of the base 2. Example: 20, 21,

22, -----

The decimal, binary and octal equivalent numbers are shown below.

Decimal Binary Octal

0 000 0

1 001 1

2 010 2

3 011 3

4 100 4

5 101 5

6 110 6

7 111 7

1.2.5.4 Hexadecimal number system
Characteristics
 Uses 10 digits and 6 letters. They are 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F.
 Each letters represents numbers. A = 10, B = 11, C = 12, D = 13, E = 14, F = 15.
 It is also called base 16 number system.

The decimal, binary and hexadecimal equivalent numbers are shown below.

Decimal Binary Hexadecimal
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
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7 0111 7
8 1000 8
9 1001 9

10 1010 A
11 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1111 F

1.2.6 Binary Addition (1’s Complement, 2’s Complement)
In binary addition using 1’s complement;

A. Addition of a positive and a negative binary number

Case I: When the positive number has greater magnitude.

In this case addition of numbers is performed after taking 1’s complement of the negative number
and the end-around carry of the sum is added to the least significant bit.

The following examples will illustrate this method in binary addition using 1’s complement:

1. Find the sum of the following binary numbers:

(i) + 1110 and – 1101

Solution:

+ 1 1 1 0  0 1 1 1 0

– 1 1 0 1  1 0 0 1 0 (taking 1’s complement)

0 0 0 0 0

1 carry

0 0 0 0 1

Hence the required sum is + 0001.

(ii) + 1101 and – 1011

(Assume that the representation is in a signed 5-bit register).

Solution:

+ 1 1 0 1  0 1 1 0 1

– 1 0 1 1  1 0 1 0 0 (taking 1’s complement)

0 0 0 0 1

1 carry

0 0 0 1 0
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Hence the required sum is + 0010.

Case II: When the negative number has greater magnitude.

In this case the addition is carried in the same way as in case 1 but there will be non end-around
carry. The sum is obtained by taking 1’s complement of the magnitude bits of the result and it will be
negative.

The following examples will illustrate this method in binary addition using 1’s complement:

Find the sum of the following binary numbers represented in a sign-plus-magnitude 5-bit register:

(i) + 1010 and – 1100

Solution:

+ 1 0 1 0  0 1 0 1 0

- 1 1 0 0  1 0 0 1 1 (1’s complement)

1 1 1 0 1

Hence the required sum is – 0010.

When negative numbers are expressed in binary addition using 2’s complement the addition of
binary numbers becomes easier. This operation is almost similar to that in 1’s complement system and
is explained with examples given below:

A. Addition of a positive number and a negative number.

We consider the following cases.

Case I: When the positive number has a greater magnitude

In this case the carry which will be generated is discarded and the final result is the result of
addition.

The following examples will illustrate this method in binary addition using 2’s complement:

In a 5-bit register find the sum of the following by using 2’s complement:

(i) –1011 and –0101

Solution:

+ 1 0 1 1  0 1 0 1 1

– 0 1 0 1  1 1 0 1 1 (2’s complement)

(Carry 1 discarded) 0 0 1 1 0

Hence the sum is + 0110.

(ii) + 0111 and – 0011.

Solution:

+ 0 1 1 1  0 0 1 1 1

– 0 0 1 1  1 1 1 0 1

(Carry 1 discarded) 0 0 1 0 0
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Hence the sum is + 0100.

Case II: When the negative number is greater.

When the negative numbers is greater no carry will be generated in the sign bit. The result of
addition will be negative and the final result is obtained by taking 2’s complement of the magnitude
bits of the result.

The following examples will illustrate this method in binary addition using 2’s complement:

In a 5-bit register find the sum of the following by using 2’s complement:

(i) + 0 0 1 1 and – 0 1 0 1

Solution:

+ 0 0 1 1 ⇒ 0 0 0 1 1

– 0 1 0 1 ⇒ 1 1 0 1 1 (2’s complement)

1 1 1 1 0

2’s complement of 1110 is (0001 + 0001) or 0010.

Hence the required sum is – 0010.

(ii) + 0 1 0 0 and – 0 1 1 1

Solution:

+ 0 1 0 0 ⇒ 0 0 1 0 0

– 0 1 1 1 ⇒ 1 1 0 0 1 (2’s complement)

1 1 1 0 1

2’s complement of 1101 is 0011.

Hence the required sum is – 0011.

B. When the numbers are negative.

When two negative numbers are added a carry will be generated from the sign bit which will be
discarded. 2’s complement of the magnitude bits of the operation will be the final sum.

The following examples will illustrate this method in binary addition using 2’s complement:

In a 5-bit register find the sum of the following by using 2’s complement:

(i) – 0011 and – 0101

Solution:

– 0 0 1 1 ⇒ 1 1 1 0 1 (2’s complement)

– 0 1 0 1 ⇒ 1 1 0 1 1 (2’s complement)

(Carry 1 discarded) 1 1 0 0 0

2’s complement of 1000 is (0111 + 0001) or 1000.
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Hence the required sum is – 1000.

(ii) –0111 and – 0010.

Solution:

– 0 1 1 1 ⇒ 1 1 0 0 1 (2’s complement)

– 0 0 1 0 ⇒ 1 1 1 1 0 (2’s complement)

(Carry 1 discarded) 1 0 1 1 1

2’s complement of 0111 is 1001.

Hence the required sum is – 1001.

1.2.7 Binary to Decimal
Follow the given procedure to convert a binary number into decimal number

Step 1 - Write the given binary number

Step 2 - Directly under the bits write the base raise to the power i.e. 20, 21, 22,... from right to left
before decimal point and 2–1, 2–2,... from left to right after decimal point.

Step 3 - Convert binary weightage in decimal value

Decimal Point

Binary
Weightage

25 24 23 22 21 20 2–1 2–2 2–3

Decimal value 32 16 8 4 2 1 0.5 0.25 0.125

Step 4 - Cancel the weightage, which is placed below zero because any number multiplied by
zero is zero.

Step 5 - Add the remaining numbers.
Example 1: Convert 11012 to decimal numbers.
Solution: Calculating decimal equivalent numbers
11012 = (1 × 23) + (1 × 22) + (0 × 21) + (1 × 20)

= 8 + 4 + 0 + 1
= 1310

Therefore 11012 = 1310

Example 2: Convert binary number 1001 to decimal number.
Solution: Calculating decimal equivalent numbers
10012 = 1 × 23 + 0 × 22 + 0 × 21 + 1 × 20

= 1 × 8 + 0 × 4 + 0 × 2 + 1 × 1
= 8 + 0 + 0 + 1

= 910
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Therefore10012 = 910

Example 3: Convert binary number 1011.101 to decimal number.

Solution: Calculating decimal equivalent

1011.1012 = 1 × 23 + 0 × 22 + 1 × 21 + 1 × 20 + 1 × 2–1 + 0 × 2–2 +1 × 2–3

= 1 × 8 + 0 × 4 + 1 × 2 + 1 × 1 + 1 × 0.5 + 0 × 0.25 + 1 × 0.125

= 8 + 0 + 2 + 1 + 0.5 + 0.25 + 0.125

= 13.87510

Therefore 1011.1012 = 13.87510

1.2.8 Decimal to Binary Conversion
This method is known as double dabble method. Follow the given procedure to convert a

decimal number into binary number

 For integer numbers

Step 1 - Divide the given decimal number successively by 2.

Step 2 - Write down each quotient and its remainder

Step 3 - Continue the process till the quotient is 0.

Step 4 - Take the remainders in reverse order to get the binary number

 For Fractional numbers

Step 1 - Multiply the given decimal number after the decimal point by 2.

Step 2 - Write down the product and record the number in integer position.

Repeat step 1 and 2 for few iterations.

Step 3 - Take the integers in forward order to get the binary equivalent

Note - When a fractional decimal number is converted to binary we get an approximate answer.
For more accuracy continue multiplying by 2 until you have as many digits as required by the
application

Example 1: Convert the decimal number 1310 to binary numbers.

Solution: Divide 1310 by the system radix 2, which converting to binary.

Therefore 1310 = 11012

Example 2: Convert decimal number 29 to binary number.

Solution: Calculating binary equivalent numbers.
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Operation Result Remainder

29 / 2 14 1

14 / 2 7 0

7 / 2 3 1

3 / 2 1 1

1 / 2 0 1

The remainders have to be arranged in the reverse order so that the first remainder becomes the
Least Significant Digit (LSD) and the last remainder becomes the Most Significant Digit (MSD).

Therefore 2910 = 111012.

Example 3: Convert decimal number 21 to binary number.

Solution: Calculating binary equivalent numbers

Operation Result Remainder

21 / 2 10 1

10 / 2 5 0

5 / 2 2 1

2 / 2 1 0

1 / 2 0 1

Therefore 2110 = 101012

Fractions: In fraction numbers are multiply by 2 and record a carry in the integer position. The
carries read downward are binary fraction. Stop the conversion process after getting six binary digits.

Example 4: Convert decimal number 0.85 to binary number.

Solution: Calculating binary equivalent numbers

0.85 × 2 = 1.7 = 0.7 with a carry of 1

0.7 × 2 = 1.4 = 0.4 with a carry of 1

0.4 × 2 = 0.8 = 0.8 with a carry of 0

0.8 × 2 = 1.6 = 0.6 with a carry of 1

0.6 × 2 = 1.2 = 0.2 with a carry of 1

0.2 × 2 = 0.4 = 0.4 with a carry of 0

Read down, therefore binary fraction is 0.110110
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Examples

1) Convert (43)10 to binary
Quotient Remainder

2 43

21 1 LSB

10 1

5 0

2 1

1 0

0 1 MSB
(43)10 = (101011)2

2) Convert (0.85)10 to binary
Fraction Integer

0.85 × 2 = 1.7 0.7 1 MSB

0.7 × 2 = 1.4 0.4 1

0.4 × 2 = 0.8 0.8 0

0.8 × 2 = 1.6 0.6 1

0.6 × 2 = 1.2 0.2 1

0.2 × 2 = 0.4 0.4 0 LSB

(0.85)10 = (0.110110)2

1.2.9 Octal TO Decimal Conversion
Follow the given procedure to convert a octal number into decimal number

Step 1 - Write the given octal number

Step 2 - Directly under the digits write the base raise to the power i.e. 80, 81, 82,... from right to
left before decimal point and 8–1, 8–2,... from left to right after decimal point.

Step 3 - Convert octal weightage in decimal value

Decimal Point

Octal
Weightage

84 83 82 81 80 8–1 8–2

Decimal value 4096 512 64 8 1 0.125 0.015625

Step 4 - Multiply the octal digit and the decimal value written below it.

Step 5 - Add the contents of step 4 to get final value.
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The system radix of octal is 8, since any of the 8 values from 0 to 7 can be written as a single
digit.

Example 1: Convert 1268 to decimal numbers.

Solution: Using the values of each column, (which in an octal integer are powers of 8) the octal
value 1268 can also be written as:

1268 = (1 × 82) + (2 × 81) + (6 × 80)

= 1 × 64 + 2 × 8 + 6 × 1

= 64 + 16 + 6

= 86

Therefore 1268 = 8610.

Example 2: Convert Octal Number 12570 to decimal number.

Solution: Calculating decimal equivalent numbers

Octal Number Decimal Number

125708 ((1 × 84) + (2 × 83) + (5 × 82) + (7 × 81) + (0 × 80))10

125708 (4096 + 1024 + 320 + 56 + 0)10

125708 549610

Therefore 125708 = 549610

Example 3: Convert Octal Number 10.12 to decimal number.

Solution: Calculating decimal equivalent numbers

160.128 = 1 × 82 + 6 × 81 + 0 × 80 + 1 × 8–1 + 2 × 8–2

= 1 × 64 + 6 × 8 + 0 × 1 + 1 × 0.125 + 2 × 0.015625

= 64 + 48 + 0 + 0.125 + 0.03125

= 112.1562510

Therefore 125708 = 549610

1.2.10 Decimal to Octal Conversion
Follow the given procedure to convert a decimal number into octal number

 For integer numbers

Step 1 - Divide the given decimal number successively by 8. Treat the division as an integer
division

Step 2 - Write down each quotient and its remainder

Step 3 - Continue the process till the quotient is 0.

Step 4 - Take the remainders in reverse order to get the octal equivalent of given decimal number
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 For Fractional numbers

Step 1 - Multiply the given decimal number after the decimal point by 8.

Step 2 - Write down the product and record the number in integer position.

Repeat step 1 and 2 for few iterations.

Step 3 - Take the integers in forward order to get the octal equivalent of given fractional decimal
number

Note - When a fractional decimal number is converted to octal we get an approximate answer.
For more accuracy continue multiplying by 8 until you have as many digits as required by the
application

Example 1:

1) Convert (2980)10 to octal
Quotient Remainder

8 2980

372 4 LSB

46 4

5 6

0 5 MSB

(2980)10 = (5644)8

(2980)10 = (5644)8

Example 2: Convert the decimal number 8610 to octal numbers.

Solution: Divide 8610 by the system radix, which when converting to octal is 8. This gives the
answer 10, with a remainder of 6. Continue dividing the answer by 8 and writing down the remainder
until the answer is 0

Therefore 8610 = 1268

Example 3: Convert decimal number 25 to octal number.

Solution: Calculating decimal equivalent numbers.

Operation Result Remainder

25 / 8 3 1

3 / 8 0 3

Therefore equivalent number is 2510 = 318
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Example 4: Convert decimal number 337 to octal number.

Solution: Calculating decimal equivalent numbers

Operation Result Remainder

337 / 8 42 1

42 / 8 5 2

5 / 8 0 5

Therefore equivalent number is 33710 = 5218

Example 5: Convert decimal number 0.23 to octal number.

Solution: Calculating decimal equivalent numbers.

0.23 × 8 = 1.7 = 1.84 with a carry of 1

0.84 × 8 = 6.72 = 0.72 with a carry of 6

0.72 × 8 = 5.76 = 0.76 with a carry of 5

Read down, therefore equivalent number is 0.2310 = 0.1658

1.2.11 Hexadecimal to Decimal Conversion
Follow the given procedure to convert a hexadecimal number into decimal number

Step 1 - Write the given hexadecimal number

Step 2 - Convert each hex digit to its decimal equivalent

Step 3 - Directly under the digits write the base raise to the power i.e. 160, 161, 162,... from right
to left before decimal point and 16–1, 16–2,... from left to right after decimal point.

Step 4 - Convert hexadecimal weightage in decimal value

Decimal Point

Hexadecimal
Weightage

163 162 161 160 16–1 16–2

Decimal value 4096 256 16 1 0.0625 0.00390625

Step 5 - Multiply the decimal digit and the decimal value written below it i.e. multiply step 2 and 4

Step 6 - Add the contents of step 5 to get the decimal equivalent of given hexadecimal number.

Example 1: Convert B2D16 to decimal numbers.

Solution: Calculating decimal equivalent numbers

B2D16 = (B ×162) + (2 × 161) + (D × 160)

= (11 × 162) + (2 × 161) + (13 × 160)

= 2816 + 32 + 13

= 286110
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Therefore B2D16 = 286110.

Example 2: Convert hexadecimal number 19FDE to decimal number.

Solution: Calculating decimal equivalent numbers

Hexadecimal Number Decimal Number

19FDE16 ((1 × 164) + (9 × 163) + (F × 162) + (D × 161) + (E × 160))10

19FDE16 ((1 × 164) + (9 × 163) + (15 × 162) + (13 × 161) + (14 × 160))10

19FDE16 (65536 + 36864 + 3840 + 208 + 14)10

19FDE16 10646210

Therefore19FDE16 = 10646210

Example 3: Convert hexadecimal number 3A2 to decimal number.

Solution: Calculating decimal equivalent numbers

3A216 = 3 × 162 + A × 161 + 2 × 160

= 3 × 256 + 10 × 16 + 2 × 1

= 768 + 160 + 2

= 93010

Therefore3A216 = 93010

1.2.12 Decimal to Hexadecimal Numbers
This method is known as hex dabble method. Follow the given procedure to convert a decimal

number into hexadecimal number

 For integer numbers

Step 1 - Divide the given decimal number successively by 16. Treat the division as an integer
division

Step 2 - Write down each quotient and its remainder

Step 3 - Continue the process till the quotient is 0.

Step 4 - The remainders are in decimal form. Convert them in hexadecimal.

Step 4 - Take the remainders in reverse order to get the hexadecimal equivalent of the given
decimal number.

 For Fractional numbers

Step 1 - Multiply the given decimal number after the decimal point by 16.

Step 2 - Write down the product and record the number in integer position. Convert the decimal
integers above 9 to hexadecimal

Repeat step 1 and 2 for few iterations.

Step 3 - Take the integers in forward order to get the hexadecimal equivalent.
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Note - When a fractional decimal number is converted to hexadecimal we get an approximate
answer. For more accuracy continue multiplying by 16 until you have as many digits as required by
the application

Examples
Example 1: Convert (2478)10 to hexadecimal

Quotient Remainder

16 2478

154 14 E LSB

9 10 A

0 9 9 MSB

(2478)10 = (9AE)16

Example 2: Convert decimal numbers 286110 to hexadecimal numbers.

Solution: Divide 286110by the system radix 16. As some of the remainders may be greater than 9
and so require their alphabetic replacement and then convert them to Hexadecimal.

Therefore 286110 = B2D16

Example 3: Convert decimal number 2479 to hexadecimal number.

Solution: Calculating decimal equivalent numbers.

Operation Result Remainder Equivalent
Remainder

2479 / 16 154 15 F

154 / 16 9 10 A

9 / 16 0 9 9

Read down to up, therefore equivalent number is 247910 = 9AF16

1.2.13 Word length of a computer
First, let’s define “word” in computer architecture. It’s a piece of data, a fixed size, handled as a

unit. It is composed of “bits” (binary digits). Like in language, you combine ‘letters’ to create a
‘word’.
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Now, when we talk about “word length”(a.k.a word size or word width), it refers to the number
of bits processed by the CPU in one go. With modern general purpose computers, word size can be 32
bits or 64 bits.

So word size could be as low as 4 bits or as high as 64 bits, depending on what a particular
processor can handle.

Word size is used for a number of concepts, all relating to processing. It is used in any of the
following:

 Addresses — The address must be able to represent the full range possible, so it uses a full
word or a multiple of it.

 Fixed-point numbers — Integers are available in different sizes, but usually it takes the size
of the full word supported by the processor.

 Floating-point numbers — Holders for floating-point numbers typically use the full word
size length or multiples of it.

 Registers — The size of the register depends on the kind of register and what its purpose is,
but a general-purpose register usually uses the maximum word size capability of the processor.

 Instructions — Instruction sets for processors are often coded in full word size.

1.2.14 Processing speed of a computer
In computer language, there are what are known as cycles. Cycles are groupings of information--

a cycle is “completed” when all of the instructions in the group have been processed. Processor speed
is the number of cycles per second at which the central processing unit of a computer operates and is
able to process information. Processor speed is measured in megahertz and is essential to the ability to
run applications. Faster processor speeds are desired.

Specifically, MIPS is a method of measuring the raw speed of a computer's processor and is
defined as the number of machine instructions (in millions) that a processor can execute in one
second. ... However, the MIPS measurement has been used by many computer manufacturers like
IBM to measure the “cost of computing.”

Why it Matters
The more cycles that a computer’s central processing unit is able to complete per second, the

faster data is able to be processed. The faster data can be processed, the faster the computer can
complete a task. This means that a computer with a fast processor speed can complete more tasks in
the same amount of time than a computer with a slow processor, and that more applications can be
running at the same time. Some applications are processor-intensive, which means that they require a
great deal of data to be processed in order to operate.

Multiple Processors
Some computers improve the speed of data processing by having multiple processors—it is

similar to asking two workers to do the same workload as one worker, so both workers (processors)
can handle more in the long run. Some programmers are writing code that is specifically written to be
handled by such a processor setup.
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Questions
1. Define evolution of computers.
2. Explain history and computer generations in detail.
3. Explain different types of computers.
4. Explain what is computer system.
5. Explain characteristics of computers.
6. Explain basic components of a digital computer.
7. Explain control unit, ALU, Input/Output, functions and memory.
8. Explain numbering system.
9. Explain decimal number system with suitable example.

10. Explain binary number system with suitable example.
11. Explain octal number system with suitable example.
12. Explain hexadecimal number system with suitable example.
13. Explain binary addition (1’s complement, 2’s complement).
14. Explain step wise procedure to convert binary to decimal number with suitable example.
15. Explain step wise procedure to convert decimal to binary number with suitable example.
16. Explain step wise procedure to convert octal to decimal number with suitable example.
17. Explain step wise procedure to convert decimal to octal number with suitable example.
18. Explain step wise procedure to convert decimal to hexadecimal number with suitable example.
19. Explain step wise procedure to convert hexadecimal to decimal number with suitable example.
20. What is word length of a computer?
21. What is processing speed of a computer?
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