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Abstract

The manipulation and processing of data in a computer or electronic system utilising binary
numbers, also known as bits, which can only take on the values 0 or 1, is referred to as digital
operation, also known as binary operation. These bits are used to process and represent
information in a variety of formats, such as text, numbers, graphics, and audio. One of the first
and most important uses of digital technology was the creation of the digital computer, which
employed binary digits to conduct mathematical calculations and process information. This
application was one of the most significant applications of digital technology (David Money
Harris and Sarah L. Harris 2012). Since that time, digital technology has been implemented in
a diverse set of domains, including but not limited to the fields of telecommunications, media,
healthcare, and finance. In addition to the realm of computers, many other aspects of life, such
as entertainment, education, and communication, have been revolutionised as a result of the
rise of digital technology. For instance, people's access to and consumption of media has been
fundamentally altered by the advent of digital music and movies, whilst the proliferation of

online learning platforms has made education more readily available and adaptable.

Keywords: Binary tree, Demultiplexer, Microcontroller, Digital input/output (I/O), Binary

arithmetic

Introduction

In our day and age, when computers and other forms of technology play an increasingly
important role in our lives, digital or binary operation has emerged as an essential component
of many different kinds of electronic systems. The advent of digital technology has brought
about profound changes in the ways in which we communicate, do our jobs, and engage with

one another. Additionally, it has changed a variety of sectors, including the medical field, the
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financial sector, the entertainment industry, and the media. A digital operation, also known as
a binary operation, refers to the manipulation and processing of data via the use of binary digits,
also known as bits, which can only take on the values 0 or 1. These bits are used to process and
represent information in a variety of formats, such as text, numbers, graphics, and audio. This
method of processing data is distinct from analogue operation, which makes use of continuous
signals to represent information and is hence distinguishable from that method. One of the first
and most important uses of digital technology was the creation of the digital computer, which
employed binary digits to conduct mathematical calculations and process information. This
application was one of the most significant applications of digital technology. Since then,
digital technology has found usage in a broad variety of domains, including
telecommunications, the storage and analysis of data, and data storage. “Entertainment,
education, and communication are just few of the many facets of life that have been
significantly altered as a result of the proliferation of digital technology. published in 1996 by
John G. Proakis and Dimitris G. Manolakis For instance, people's access to and consumption
of media has been fundamentally altered by the advent of digital music and movies, whilst the
proliferation of online learning platforms has made education more readily available and
adaptable. However, the extensive use of digital technology has also given rise to concerns
over issues of privacy and security, in addition to worries about the effect that technology has
on society. The usage of digital technology has both social and ethical repercussions, which

must be taken into consideration as the technology continues to advance.

The advent of digital technology has resulted in the introduction of several modifications to the
manner in which we engage with the physical environment. The notion of digital operation,
sometimes known as binary operation, has developed into a basic concept that sits at the heart
of many different electronic systems, including but not limited to computers, smartphones,
digital cameras, and other smart home gadgets. New methods of media and communication
have emerged as a direct result of the proliferation of digital technology, such as instant
messaging, video conferencing, and social media platforms. It has also changed the way we
acquire and consume information since digital platforms now provide quick access to large
amounts of data. This change has been brought about by the internet. Numerous sectors have

been profoundly altered by the introduction of digital technology, including the medical and
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financial sectors as well as the entertainment and media industries. For example, digital health

technologies have increased the efficiency and efficacy of healthcare services, whilst digital

payment systems have made financial transactions quicker and more convenient. Both of these

developments are the result of the widespread use of digital technology. (2013) David A.

Patterson and John L. Hennessy Despite the many advantages that digital technology has to

offer, its widespread usage has given rise to a number of worries about issues of privacy and

security, as well as the effect that it has on social and economic disparities. The development

of digital technology has resulted in the capture and storing of enormous quantities of personal

data, which leaves such databases open to the possibility of being breached or attacked by

malicious software. In addition, there are fears that the use of digital technology may make

preexisting inequalities, such as access to digital resources and the digital divide, even worse.

e Digital systems use a fixed number of bits to represent data, typically 8, 16, 32, or 64 bits.
The number of bits determines the range of values that can be represented and the precision
of the data.

¢ Digital systems can be designed to operate in parallel, allowing for faster processing of large
amounts of data. This is in contrast to analog systems, which typically process signals
sequentially.

e Digital signals can be transmitted over long distances without degradation or interference,
as long as the signal is properly encoded and decoded at each end.

e Digital systems are generally more immune to noise and interference than analog systems,
as noise and interference can be filtered out using digital signal processing techniques.

e The use of binary code in digital systems allows for easy storage and retrieval of data using
digital memory devices such as hard drives and solid-state drives.

¢ Digital systems can be programmed to perform a wide range of tasks, from simple arithmetic
operations to complex data analysis and decision-making.

e Digital systems can be easily replicated and scaled up, allowing for mass production of

digital devices and systems at a relatively low cost.

An operation known as binary needs two inputs in order to be performed. These parameters are

referred to as operands. Each of the four operations that make up binary computation—
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addition, multiplication, and subtraction—is performed on two operands. Even when we add
any three binary values, we will first add up the results of adding the first two numbers, and
then we will add the third number to the sum of the first two numbers. As a consequence of
this, the mathematical operations that are performed with the two integers are referred to as
binary operations.

Binary Operation?

Any two components of a set may be joined together using the binary operation. The outcomes
of performing operations on binary integers are always part of the same set. Let's call the set
of numbers that will be used to execute binary operations X. The operations will be performed
on these numbers. We will now carry out binary operations such as addition, subtraction,
multiplication, and division on two sets (a and b) derived from the set X”. These operations
will be performed using the set X as the base ( Ronald Tocci, Neal Widmer, and Greg Moss
2007). The other element that will be a part of the set X will be the product of the operation (a
and b), which will provide that outcome. In light of this, the binary operation is described as
an operation that is carried out on set X. This function may be obtained by multiplying A by A
twice. As a result, the binary operation * “that is carried out on the operands a and b is denoted
by the symbol a*b.

Binary Operation Examples

Input A Input B Subtract Borrow (B)
(S)
A-B
0] 0 0 0
0] 1 1 1
1 0 1 0
1 1 0 0

Let's get a grasp on how the addition of binary digits works with natural and real numbers. If
we add two operands that are natural numbers like x and y, the outcome of this operation will
also be a natural number. This is because the result of adding natural numbers is the same as
the operands. The same logic applies to actual numerical values as well.

+:R+R — Risderived by (x,y) > x+y
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+: N+ N — Nis derived by (X,y) > x+y
Let's get a grasp on binary multiplication as it relates to natural and real numbers. The product
of an operation in which both operands are natural numbers, such as x and y, will likewise be
a natural number if the operation is performed using those operands. The same logic applies to
actual numerical values as well.

+: R xR — Ris derived by (x,y) = x Xy

+: N x N — Nis derived by (X, y) > x Xy
Let's have a better understanding of the binary subtraction operation applied to natural numbers
and real numbers. If we subtract two operands that are real numbers like x and y, the output of
this operation will also be a natural number. These operands may be thought of as natural
numbers. The same rule does not apply to natural numbers because if we take two numbers
such as x and y and conduct binary subtraction on it, then the result will not be in real numbers.
This is because the result will not be in real numbers if we do binary subtraction on it.
As an example, = 3-4 = -1 (-1 is not a real number)
Hence,

--R-R — Risderived by (x,y) = x-VY
Let's have a better understanding of the binary subtraction operation applied to natural numbers
and real numbers. If we subtract two operands that are real numbers like x and y, the output of
this operation will also be a natural number. These operands may be thought of as natural
numbers. The same rule does not apply to natural numbers because if we take two numbers
such as x and y and conduct binary subtraction on it, then the result will not be in real numbers.
This is because the result will not be in real numbers if we do binary subtraction on it.
As an example, = 3-4 = -1 (-1 is not a real number)
For example: 1 + 0 =0 (0 is not a real number)

Hence, +: R+ R — Risderived by (x,y) > x+y

Binary Operation Types

Calculating binary operations such as binary addition, binary subtraction, binary
multiplication, and binary division is accomplished in a manner that is analogous to the manner
in which numeric arithmetic operations are accomplished. The following are the four distinct

kinds of binary operations:
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« Binary Addition
e Binary Subtraction

e Binary Division.

« Binary Multiplication
Ex:
Children of 1: (2,3)

@ Root
Depth of 5: 2 (1->2; 2-> 5)
@ Ht. of 3: 2 (3->7; 7->11)

Siblings Cousins

L (458 (67)
(7.8)
(9,10)
Leaf Nodes: 4,9,10,6,11,8

I Internal Nodes: 1,2,3,5,7

Logic Circuits
In order to do their tasks in an expedient and cost-effective manner, digital computers,
telephones, and industrial electronic control systems all make use of intricate switching

circuits.

A
B__

(AB+C)D

o

Considering a single switch, it has an off state and an on the state.
The creation of complex digital systems that are controlled by logical instructions may be

accomplished by combining several switches in various configurations. Because of these
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systems, we are able to turn on a certain switch only after satisfying a predetermined set of
requirements. According to John F. Wakerly (2010), these systems are often very intricate,
making it impossible to organise, design, or build them based just on observation or intuition.
In order to design and assemble these systems, a methodical research that takes into account
certain logical principles is required. This is due to the fact that multiple logical requirements
must regulate switching. The Boolean algebra, which was named after the English logician and
mathematician George Boole who developed it, is the most effective instrument for designing
efficient switching systems and analysing the operating characteristics of such systems.

Boolean algebra is the theoretical underpinning of how computers work. The study of variables
that can only take on one of two possible values—either one or zero—is the focus of Boolean
algebra. The on and off states of an electrical or electronic circuit are correspondingly
represented by these values. Various logic graphs and diagrams augment Boolean algebra
(Jean-Pierre Deschamps, Gustavo D. Sutter, and Enrique Cant6 (2017). The Karnaugh
diagrams and the Venn diagrams are two examples of these kinds of diagrams. They provide a
graphical depiction of various switching states and are of tremendous help in the design of

efficient switching systems.

Understanding Digital (Binary) Operation

e The amplitude of analogue signals changes as a function of time, taking on any value
within the range of two predicted extremes (the maximum and the lowest).

e Digital signals are limited to accepting just a set of predetermined discrete values.

e The decimal number system uses radix 10, which consists of ten distinct digits or symbols
to represent numbers.

e Binary is the representation system used in digital electronics.

e (and 1 are the only two digits that are used in the binary number system, which is a radix-
2 system. The representation of binary integers is done using the digits 0 and 1.

e The binary variables may either be in the logic 1 state or the logic 0 state, which can be
represented by two different levels of voltage or two different amounts of current.

e The voltage or current level that is more positive in a system that uses positive logic

indicates a logic 1, whereas the level that is less positive represents a logic 0 in that system.
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e In a system that uses negative logic, the voltage or current level that is more positively
charged indicates a logic 0, whereas the level that is less positively charged represents a
logic 1.

e The mathematics of logic was first developed by George Boole, who also reduced it to a
binary notation consisting of the numbers 0 and 1. This laid the groundwork for the

functioning of current digital computers..

Conclusion

The binary system is the basis of contemporary computing because it enables data to be
represented, stored, and processed in an effective manner. The manipulation of binary signals
by means of logic gates is required for the operation of digital circuits, which are controlled
via Boolean logic. Combining digital circuits together enables the creation of increasingly
complicated circuits, such as those found in processors, memory units, and communication
interfaces. (Jan M. Rabaey, Anantha P. Chandrakasan, and Borivoje Nikolic 2002) Software is
a collection of instructions that specifies the actions that are to be done on binary data. Digital
circuits may be controlled using software, and software is defined as the aforementioned
definition”. Digital circuits are used in a diverse selection of fields and applications, including
but not limited to consumer electronics, transportation, healthcare, and telecommunications. In
the discipline of digital signal processing, the manipulation and analysis of digital signals
including audio, video, and pictures is accomplished by the use of mathematical algorithms.
The advent of digital technology has had a profound impact on many facets of contemporary
life, including the speed of communication, the ability to automate chores, and the availability

of large quantities of information.
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