Exploring Al
Architecture

Artificial intelligence is a complex field that is comprised of various
parts. Understanding the architecture of Al is essential to learning and

applying this technology.
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What is Al Architecture?

Definition

AT architecture is
essentially the design and
structure of an artificial
intelligence system. It
includes various
components such as
learning algorithms,
problem-solving
techniques, and

knowledge representation.

Importance

Al architecture is crucial
because it determines the
overall performance and
effectiveness of the
system. A solid
architecture is necessary
for an Al system to
perform well and provide
useful insights.

Main Components

Some of the key
components of Al
architecture include
perception, cognition, and
action. These are all critical
for an Al system to be
successful in completing a

given task.
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Types of Al Architecture

Hidden nodes layer

nodes layer

Neural Networks

Neural networks are a type of
AT architecture that is modeled
after the human brain. They
are used for pattern
recognition, classification, and
prediction.
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Genetic Algorithms

Genetic algorithms are inspired
by biological evolution. They
are used to optimize complex
systems, such as scheduling

problems and financial
forecasts.
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Fuzzy Logic

Fuzzy logic is a type of Al
architecture that is used to
handle uncertainty and
ambiguity. It is often used in
control systems and decision
making.
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Symbolic Reasoning System

1 2 3
Definition Examples Applications
A symbolic reasoning Some examples of Symbolic reasoning
system is a type of Al symbolic reasoning systems are often used in
architecture that uses systems include Prolog and expert systems, natural
symbols to represent LISP. These are language processing, and
knowledge. It uses logical programming languages automated planning and
inference to understand that are commonly used in scheduling.
the relationships between the development of Al
these symbols and draw systems.
conclusions.
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Rule-Based Systems

Definition

Rule-based systems are a
type of Al architecture
that uses a set of rules to
make decisions. These
rules are usually if-then
statements, which specify
what action to take based
on a given set of
conditions.

Examples

Some examples of rule-
based systems include
MYCIN (used to diagnose
bacterial infections) and
DENDRAL (used to identify
chemical compounds).

Applications

Rule-based systems are
commonly used in decision
support systems, medical
diagnosis systems, and

fraud detection systems.
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Knowledge Representation
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Ontology Semantic Networks Frames
Ontology is a way of Semantic networks are a Frames are a way of
representing knowledge by graphical way of representing representing knowledge using
defining concepts and their knowledge. They consist of a structured set of attributes

relationships. It can be used to nodes (representing concepts) and values. They are commonly
share knowledge between Al connected by edges used in natural language

systems and humans. (representing relationships).  processing and expert systems.
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Conclusion

Al Architectureis
Complex

Al architecture is a
complex topic that requires
a deep understanding of
various components and

how they work together.

Implications for the Future

Multiple Approaches

There are various
approaches to Al
architecture, each with its
own strengths and
weaknesses. Choosing the
right approach depends on
the specific task at hand.

Advances in Al architecture will impact a wide range of

industries and have significant implications for the future of

work.
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Al using neural
networks

Artificial Intelligence has revolutionized the technological
advancements in this century. One such system is the neural
network that is modelled after the human brain. Neural networks

have enabled Al to perform complex tasks with great accuracy.
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Structure and function of Neural Networks

Neural Networks consist of multiple layers of artificial neurons. Each neuron receives an input, processes it
and then sends an output signal to the next neuron. This process is repeated until the output is generated.
Neural Networks can be used for classification, prediction, and perception tasks by adjusting their

parameters.
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NEURON

A Simple Neural Network

Neurons Layers Activation Function

Neurons process inputs and Each layer processes the outputs  Non-linear functions applied to the
produce outputs that form basis for  of previous layers. The last layer neuron outputi.e sigmoid function
the output. produces the final output. that decides the output value.
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Training Neural Networks with datasets

Neural Networks improve their performance by adjusting parameters through training. Training involves
feeding the neural network with datasets to learn from. This process is known as backpropagation. It involves
computing the network's output and comparing it to the expected output. The system then adjusts its

parameters to minimize the difference between the actual and expected output.

Gradient Descent Loss Function

Algorithm that optimizes the training process by Quantify the difference between the predicted
finding the optimal parameters. output and actual output.

Stochastic Gradient Descent Batch Processing

Uses a single sample to update the parameters Uses a subset of the training set to adjust the

instead of the whole dataset. parameters. Improves learning efficiency and

avoids overfitting.
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Applications of Al and Neural Networks

One of the primary benefits of Neural networks is that they adapt to complex data and can learn from
experience. Some of the common applications include classification, speech recognition, image recognition,

predictive maintenance, controlling robots, and natural language processing.

Sentiment Analysis

Interpretation of emotions in a text through Al
and natural language processing. It has

considerable application in business, politics and

social media.
1 2 3
Image recognition Self Driving Cars
Analyze visual data and classify them into certain Neural Networks allow Cars to interpret the
categories. The most common example is facial environment and navigate the terrain.

recognition.
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Limitations of Al and Neural Networks

Although Neural Networks and Al have made significant strides in the recent years, they still have their own

limitations. One of the primary limitations is the "Black Box" problem, where the working of a system cannot be

clearly explained. Second, they require significant data for accurate predictions. Third, they can develop

biases based on the input datasets.
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Black Box Problem Data Requirements

Interpreting how neural networks Require significant data to form
work when trained is a challenging accurate decisions making them
problem. unsuitable for data scarce

applications.

Biases

Neural Networks can develop
biases based on the input data

leading to incorrect outputs.
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Ethical considerations in Al development

As Al becomes more ubiquitous, it is essential to examine the ethical implications of Al technology. While
Neural Networks have brought significant progress, they can also exacerbate social inequalities, pose a threat

to job security, and raise concerns of privacy and security.

Algorithms and bias

Algorithmic biases can
amplify existing social

inequalities, perpetrate
institutionalized

discrimination, and cause

unforeseen consequences.

Privacy and Security

Al generates massive
amounts of data, raising
concerns about privacy and

security breaches.

Al and Job
displacement

Al's rapid automation can
lead to job displacement

and economic inequality.
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Future of Al and Neural Networks

The future holds endless possibilities in Al and Neural Networks. Nanotechnology and advances in quantum

computing and biotechnology are poised to unleash the next wave of technological innovation. Al is likely to

become more human-like in reasoning and communication and will form the basis of future technologies.

Quantum Computing

Increasingly complex
computations are enabled by
quantum processing power
which can process vast amounts

of data quickly.

Neuroelectronics

Neuromorphic computing and
transistors power new ways for
Al to interact with the
environment and achieve

sensory perception.

Advances in Robotics

Neural Networks can allow for
robots to mimic human motor
systems and effortlessly interact

with the environment.
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Approaches to Artificial
Intelligence

In this article, we'll explore the various approaches to artificial intelligence and how they are shaping
modern technology. We'll look at the basic concepts and explain how they are used to create

intelligent systems that can learn, adapt, and perform tasks autonomously.

Q by Dr.R.Murugesan Ph.D

& Made with Gamma



https://gamma.app

Overview of Artificial Intelligence

Artificial intelligence refers to the ability of Al can be applied to various fields, including
machines to perform tasks that normally require robotics, healthcare, finance, and more. With the
human-like intelligence, such as learning, use of Al, we're able to develop machines that
problem solving, and decision making. The goal can mimic human behavior and perform tasks
of Al is to create systems that can learn from that were once considered impossible.

experience and improve their overall

performance without explicit programming.
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Supervised Learning

Definition

Examples

Supervised learning involves training an
algorithm on labeled data. The algorithm
learns to map inputs to outputs based on the

training examples.

An image classification algorithm trained to
recognize different species of flowers, given

labeled images of each species.
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Unsupervised Learning

Without labeled data, the algorithm tries to find
patterns and structures within the data on its
own. This type of learning can identify
similarities and differences in data points, which
can be useful in applications such as data

clustering and anomaly detection.

"Unsupervised learning is a type of machine learning algorithm used to draw inferences from

datasets consisting of input data without labeled responses.”

For example, unsupervised learning can be used
to detect fraudulent activities in financial
transactions by identifying outliers or anomalies

in the data.
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Reinforcement Learning

Definition

In reinforcement learning,
an agent learns to take

actions in an environment

to maximize a reward signal.

The agent explores the
environment and tries
different actions to learn

which action leads to the

maximum long-term reward.

Examples

Reinforcement learning has
been used to develop
autonomous robots that
can navigate through
unknown environments. An
agent can learn to perform
complex tasks, such as
playing chess or go, by
playing against itself and
updating its strategy based

on the game outcomes.

Ethical
Considerations

While reinforcement
learning has many exciting
applications, it raises
important ethical questions
around the actions and
incentives we implicitly give
to Al systems. We need to
ensure that the actions
performed by Al systems are
aligned with human values

and goals.
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Neural Networks
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Neural networks are a popular approach in deep Neural networks are capable of learning from

learning that attempt to mimic the architecture  large and complex datasets and can be applied to

and function of the human brain. They are a wide range of tasks, including image recognition,
composed of multiple interconnected layers of speech recognition, and natural language
artificial neurons that receive input signals, processing. They have revolutionized the field of
process them, and produce outputs. Al in recent years and made the development of

intelligent systems more accessible than ever

before.
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Expert Systems

1 Definition 2

An expert systemis a
type of Al system that
simulates the reasoning
and decision-making
ability of a human expert

in a particular domain.

Examples

Expert systems have
been used to diagnose
medical conditions,
provide financial advice,
and recommend products
to customers based on

their preferences.

Limitations

One of the limitations of
expert systems is that
they rely on explicit
knowledge
representation, which
can be time-consuming
and difficult to maintain.
They also lack the
flexibility and
adaptability of other
learning-based
approaches, such as
neural networks and

reinforcement learning.
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Applications and Ethical
Considerations

Applications Ethical Considerations

Self-driving cars Human bias in training data

Virtual assistants

Job displacement

Fraud detection

User privacy and data protection

Image and speech recognition Autonomous weapons
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Inside the Brain:
Understanding the
Structure of Neurons and
Neural Networks

Discover the basic building blocks of the human brain and how they

work together to process information.

@ by Dr.R.Murugesan Ph.D
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Meet the Neuron
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information from other generates electrical signals.  other neurons or target cells.
neurons.
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The Communication Process

Action Potential

An electrical impulse that
travels down the axon of

a neuron.

Synapse

The junction between two
neurons where
information is

transmitted.

Neurotransmitters

Chemicals released by the
presynaptic neuron that
activate or inhibit the

postsynaptic neuron.
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Overview of Neural Networks

Neurons work together in vast networks to carry out complex tasks like perception, movement,

and cognition.

Hidden nodes layer

nodes layer

Feedforward

Information flows in one
direction through layers of

neurons

Recurrent

Neurons can send signals to
themselves or previous
neurons, allowing for

feedback loops.

CONVOLUTION + RELU POOLING

Feature Learning

Convolutional

Specialized for image and
video processing, but can also
be applied to other types of
data.
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Synaptic Transmission

Involves the release of neurotransmitters into the synaptic cleft,

where they bind to receptors on the postsynaptic neuron.

1 Excitatory 2 Inhibitory
Neurotransmitters that Neurotransmitters that
increase the likelihood of decrease the likelihood of
an action potential. an action potential.

3 Modulatory

Neurotransmitters that modify the activity of other neurons.
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How Neurons Encode Information

Temporal Coding

Information is encoded by
the timing and duration of

action potentials.

Rate Coding

Information is encoded by
the frequency of action

potentials.

Population Coding

Information is encoded by
the activity of large

groups of neurons.
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Examples of Neural Network Functions

Sensory Processing =~ Motor Control Language

Translates raw sensory Coordinates muscle Processmg

input from different stimuli movements and balances Recognizes and produces
into meaningful information. the body during movement. speech, processing

grammar and meaning.
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In Conclusion

The Brain

The most complex organ in
the body. Composed of over
100 billion neurons
communicating in intricate

networks.

Neural Networks

The foundation of our
cognitive abilities. Consist of
billions of neurons working
together to process

information.

The Future

Robots and computers are
becoming more intelligent by
mimicking the brain's

functionality.
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Expert Systems for
Al

Expert systems are an innovative application of artificial intelligence to
solve complex problems. In this presentation, we'll explore the inner

workings of these systems and their potential for the future.

Q by Dr.R.Murugesan Ph.D
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What is an Expert System?

Definition

An expert system is a computer
program designed to provide
intelligent solutions to problems
that typically require human

expertise and experience.

Function

It uses a knowledge base of if-
then rules to reason about
information and arrive at a
conclusion or solution, just like a

human expert would.

Examples

Examples of expert systems
include medical diagnosis,
financial planning, and

engineering design.
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Components of an Expert System
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Knowledge Base Inference Engine

Contains the information and rules that the systemuses ~ Evaluates the information and rules to reach a conclusion

to reason and make decisions. or solution, similar to how a human expert would reason.

User Interface Domain Expert

The interface that allows the user to interact with the A human expert who determines which knowledge and

system and obtain information or solutions. rules are necessary for the system and validates its output.
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How Does an Expert System Work?

Knowledge Representation

The process of organizing and
structuring the knowledge in a logical

format for the system to use.

Knowledge Acquisition

The process of obtaining expert
knowledge and experience in the form of

rules and examples.

Explanation and Testing

The process of generating explanations
for the system's output and testing its

accuracy and reliability.

Inference Processing

The process of using the knowledge and
rules to reach a conclusion or solution to

a problem.
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Applications of Expert Systems

Medical Diagnosis Manufacturing
Expert systems can assist doctors in diagnosing complex Expert systems can optimize production processes,
medical conditions, analyzing test results, and monitor equipment performance, and predict failures to
recommending treatments. reduce downtime and increase efficiency.

Aerospace Robotics
Expert systems can assist in designing complex systems, Expert systems can program robots to perform complex
simulating scenarios, and analyzing data to improve safety tasks, adapt to changing conditions, and learn from
and performance. experience to improve efficiency.
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o\ ) Advantages and
WL Limitations of Expert
Systems

1 Advantages

Expert systems can provide consistent and reliable results, reduce
human error, and enhance the speed and accuracy of decision-

making processes.

2 Limitations

Expert systems are limited by their knowledge and rules, can't
make judgements based on context or experience, and require
domain experts for development and maintenance.

& Made with Gamma


https://gamma.app

Future Developments in Expert

Systems

Machine Learning

Integrating machine learning
algorithms into expert systems can
improve their ability to learn from
experience and adapt to changing

conditions.

Natural Language
Processing

Developing expert systems with
natural language processing
capabilities can enhance their
ability to interact with users and

interpret unstructured data.

Robotics
Integration

Integrating expert systems with
robotics can enable them to
perform complex tasks in dynamic

and unstructured environments.
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Conclusion

Summary

Expert systems are an innovative
application of artificial
intelligence that can provide
intelligent solutions to complex

problems in various domains.

Potential

Their potential for the future
lies in integrating machine
learning, natural language
processing, and robotics to
improve their performance and

broaden their applicability.

Impact

Expert systems have the
potential to change the way we
live and work by automating
complex decision-making
processes and augmenting
human expertise and

experience.
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Explaining Welight
Values and Activation
Functions in Neural
Networks

Neural networks are powerful tools that imitate brains and can be
trained to solve complex problems. Learn how weight values and

activation functions work in neural networks and how they impact the

tput.
@ by Dr.R.Murugesan Ph.D




Introduction to Neural Networks

Neural networks are networks of interconnected artificial neurons that process information through layers of nodes. They

can be used to detect patterns, make predictions or classify data.

The Neuron The Layer The Network

The neuron is the basic unit of The layer is a group of neurons The network is the entire system
the neural network. It receives that process the same type of of interconnected layers that
Inputs, processes them and information. Hidden layers are process the input.

produces output. used to extract features from the

input.



Weight Values in Neural Networks

Weights are values assigned to the connections between neurons. They determine the strength of the connection and

their importance in determining the output.
Training

Weights are adjusted using an optimization algorithm
such as backpropagation to minimize the loss function

and improve the accuracy of the network.

Random Initialization Bias Values

Weights are initialized randomly to avoid symmetry Bias values are added to the input of each neuron to



Activation Functions in Neural Networks

Activation functions determine the output of each neuron based on the weighted sum of the inputs. They introduce nonlinearity and help the

network learn complex functions.
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tanh Function

A popular activation function used in binary A popular activation function used in deep A popular activation function used in
classification problems. It maps the input to neural networks. It maps the input to a recurrent neural networks. It maps the input
a value between 0 and 1, which can be value between 0 and infinity and is to a value between -1 and 1, which makes it

interpreted as a probability. computationally efficient. symmetric around zero.



How Weight Values Are Assigned

There are various methods for initializing the weight values in neural networks. The choice of method can

have an impact on the performance of the network and how fast it learns.

1 Random Initialization

Weights are initialized randomly within a
certain range, such as between -0.5 and
0.5.

3 Uniform Initialization

Weights are initialized using a uniform
distribution, which can help the network

learn complex functions.

Xavier Initialization

Weights are initialized based on the
number of input and output connections to
the neuron to keep the variance of the

activations constant.
Normal Initialization
Weights are initialized using a normal

distribution, which can speed up the

learning process.



Importance of Weight Values

Weight values are crucial for the performance of the neural network. If they are too small, the network may not learn

anything. If they are too large, the network may overfit to the training data and not generalize well to new data.

Reqgularization Dropout
Regularization techniques such as L1 and L2 Dropout is a regularization technique that randomly
regularization can help prevent overfitting by adding a drops out some of the neurons during training to prevent

penalty term to the loss function them from co-adapting



Types of Activation Functions

There are various types of activation functions used in neural networks, each with its strengths and weaknesses.

Sigmoid RelLU tanh
Popular in binary classification, Fast and efficient, can be prone Popular in recurrent neural
tends to saturate in large values to dying RelLUs networks, can suffer from

vanishing gradients

Softmax

Used in multi-class classification, produces a probability distribution over the classes



Impact of Activation Functions on Output

Activation functions have a major impact on the network's output and how it processes the input. Choosing the right activation function can

lead to better performance and faster convergence.
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Hidden nodes layer

Exploring Neural
Networks

In this presentation, we will delve into the intricacies of biological and

artificial neural networks and compare their structures and capabilities.

@ by Dr.R.Murugesan Ph.D
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What is a Biological Neural
Network?

@ Definition @ Structure

Biological neural networks Consists of neurons,

are a collection of dendrites, and axons that
connected neurons that form complex pathways for
work together to process information exchange.

information and trigger

appropriate responses.

@ Information Processing

Can integrate and process information from the internal and

external environment to trigger responses that ensure survival and

& Made with Gamma
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Limitations of Biological Neural

Networks

Response Time Capacity and Plasticity

Reaction time can be hindered by Brain structure and size can limit
the speed of neurotransmission and the knowledge an organism can
synaptic delays, making them ill- store, and neural plasticity

suited for certain tasks. decreases with age.

Individual Variability

Each brain has unique connectivity
patterns, which can make them

susceptible to diseases or disorders.
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Definition of Artificial Neural Network

Definition

An artificial neural network is a collection of

~

computing nodes that use mathematical functions

to learn patterns and make predictions.

o

J

-

Structure

Consists of input/output layers, hidden layers,

weights, and biases that adjust the signal

strength.

N
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Structure of an Artificial Neural Network

Input Layer

Receives input data in a
structured format, such as an

image or audio signal.

Hidden Layer

Performs calculations on the
input data using weights and
biases to create features that
the output layer can use for

predictions.

Output Layer

Predicts the output for a given
input, such as classifying an

object or recognizing speech.
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Comparison between Biological and
Artificial Neural Networks

Stability vs. Adaptability Precision vs. Flexibility Capacity vs. Scalability

Biological neural networks are Artificial neural networks can be Artificial neural networks can
more adaptable and can handle more precise and consistent in their handle vast amounts of data and
changes better, while artificial output, while biological neural scale easily, while biological neural
neural networks are more stable networks are more flexible and can networks have limited storage
and easier to control. perform a variety of tasks. capacity and can't be easily scaled
up.
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Applications of Artificial
Neural Networks

@ Speech Recognition

Uses deep learning models to recognize and interpret spoken

language accurately.

@ Image and Video Recognition

Helps identify people, objects, and scenes in photographs and

videos.

@ Medical Diagnosis

Can detect and predict diseases using electronic health records and

medical imaging data.

@ Financial Prediction

Uses historical data to predict market trends and price fluctuations

in real-time.
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The Future of Neural Networks

Robots and Brain-Computer Personalization and
Automation Interfaces Adaptation

Al-powered robots will replace Neural networks will be used to Al models will be able to predict
humans in repetitive and develop more advanced and adapt to individual
dangerous tasks and prosthetics and devices that can preferences and needs, such as
revolutionize industries like read and interpret brain signals personalized medicine and
manufacturing and transportation. directly. education.
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Functional Comparison
Between Biological and
Artificial Neural Network

In this presentation, we will explore the similarities and differences between
biological and artificial neural networks. Join us on an exciting journey to

understand how humans and machines process information.

D' by Dr.R.Murugesan Ph.D
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Biological Neural Networks

Natural Biological Systems

Biological neural networks are found in living
organisms and are responsible for processing
sensory information and controlling motor

functions.

Limitations g

Overloading, fatigue, and mental illinesses are
just some of the limitations of biological neural

networks.

Complexity and Flexibility +

These networks are incredibly complex and can
adapt to new situations by creating new

connections or strengthening existing ones.

Creative Potential

Studying these networks can provide us with
insights into fundamental biological processes
and inspire new applications in fields such as

medicine and artificial intelligence.
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Artificial Neural Networks

input units pattern units summation units  output |

Denominator

S.i = ZBJ

_(x—x,)T{x—x,) =
207

Application Areas Accessibility

Artificial Neural Networks are widely used in many The Artificial Neural Networks can be created and
applications such as self-driving cars, fraud can learn from a very small initial dataset and can

detection, spam filtering, image recognition, etc. apply to real-time data.

Information Processing Limitations

The Artificial Neural Networks can learn complex Their decision-making often lacks transparency and
patterns and perform rule-based decision-making can lead to biases and ethical dilemmas. They are
similar to the way the human brain does. also not capable of creativity.
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Architecture Differences

1 Biological neural networks

The architecture of a biological neural network is the physical arrangement of neurons and

their connections through synapses.

2 Artificial neural networks

The architecture of an artificial neural network describes the number and organization of

artificial neurons, as well as the connections between them.

3 Limitations and Implications

Our understanding of the two types of neural network architectures can help us identify

their limitations and develop newer models that may combine traits of both.
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Computation Method

Differences

1 Biological neural
networks

Biological Neural Networks
process information using a
combination of electrical and
chemical signals that flow
through the neurons and

synapses.

Artificial neural
networks

Artificial Neural Networks
process information through a
series of mathematical
computations that convert
inputs into outputs using
complex algorithms and

models.
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Learning Capabilities

Biological neural networks

Biological neural networks are capable of creating
new neurons, breaking existing connections, and
creating new neural structures. They are highly
flexible and can adapt to new experiences and

change over time.

Artificial neural networks

Artificial Neural Networks learn from experience
through a process called training. During training,
the network adjusts its internal weights to improve
its performance on a given task. Neural networks
can also specialize in specific domains and

develop new behaviors through trial and error.
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Adaptability to New Situations

Biological neural
networks

Biological networks can
change their structure and
their connections to adapt to
new situations. This can lead
to the creation of new
behaviors or the
development of new

cognitive abilities.

Artificial neural
networks

Artificial Neural Networks
can be adapted for specific
tasks by adjusting their
internal weights. However,
they lack the flexibility of
biological neural networks
and may not be able to
generalize to new situations

as well.

Future Potential

As we continue to work on
developing more intelligent
and flexible artificial neural
networks, we may someday
create machines that have
adaptability that rivals

biological neural networks.

@ Made with Gamma


https://gamma.app

Future Implications and Possibilities

Enhancing Human
Capabilities

Artificial Neural Networks
can help us diagnose and
treat diseases, improve
human communication, and
even enhance our own

cognitive abilities.

Creating New
Applications

As artificial neural networks
become more powerful and
flexible, they can be
integrated into new domains
such as astrophysics,
transportation systems, and

environmental studies.

Exploring the
Unknown

As our knowledge of neural
networks grows, we may
discover new forms of
intelligence or even new
forms of life that we never

knew existed before.
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Neural systems are complex yet fascinating fields of study. They have
\», found applications in machine learning, artificial intelligence, and biology
alike. Let's explore the basic structures and compare the two systems to

Dendrite understand their strengths and limitations.
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Basic Structures of Biological Neural Systems

Synapses

The small gaps that exist between neurons, where

information is transferred using neurotrans mitters.

Central and peripheral nervous system

The central nervous system consists of the brain and
spinal cord, while the peripheral nervous system
includes the nerves that connect the CNS to the rest of

the body.

Neurons

The basic building blocks of the nervous system that

trans mit information between cells.

Brain regions

Discrete regions of the brain specialized for different

functions, connected by complex networks of neurons.



Basic Structures of Artiticial Neural Systems

Nodes

The basic functional units that
perform calculations and are

arranged in layers.

Backpropagation

Weights

The numerical values assigned to
the connections between nodes,

guiding the flow of information.

Activation functions

Functions that map the output from
one layer to the input of the next,

adding non-linearity to the system.

The learning algorithm that adjusts the weights of the connections based on the difference between predicted and actual

outputs.



Comparison of Biological and Artificial Neural

Systems

Neuroplasticity

Biological neural systems are highly
adaptable and can form new connections
and change their shape in response to

experience.

Speed

Artificial neural systems can perform
calculations much faster than biological
systems due to the speed of electrical

signals.

Capacity

Biological systems have an infinite
capacity for learning, while artificial
systems are limited by their architecture

and processing power.



Advantages and Disadvantages of Each System

1 Biological 2  Atrtificial
Advantages: Adaptability, flexibility, context-awareness. Advantages: S peed, reliability, scalability.
Disadvantages: Fragility, limited replicability and Disadvantages: Limited creativity, lack of emotional
control, ethical considerations related to animal intelligence, black box transparency:.

experimentation.



Applications of Biological and Artificial Neural
Systems

Biological Neural Systems Artificial Neural Systems

Brain-computer interfaces to enhance human capabilities. Image and speech recognition systems.

Studying and understanding brain disorders such as Natural language processing and machine translation.

AADEMESS G ECEDTS CIERREEs: - Anomaly detection in fraud prevention and cyber-security.

Designing and testing new drugs and treatments.



Conclusion

Neural systems hold great promise for solving complex problems and
capturing the essence of intelligence. By combining the strengths of

biological and artificial neural systems, we can unlock new frontiers of

creativity, innovation, and productivity.



The Fascinating
Connection Between
Intelligence and Human
Brain Functions

Intelligence is a complex concept that has fascinated humans for centuries.
Recent research has uncovered many exciting insights into the underlying brain

functions that contribute to our cognitive abilities.

@ by Dr.R.Murugesan Ph.D
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What is Intelligence?

Albert Einstein Jazz Musician Eastern Philosophy

Many people associateintelligence Intelligenceinvolves many areas of Some believeintelligenceis related

with exceptional mathematical or the brainandis not limited to toone's ability to copewith life's

scientific abilities, but intelligence challenges without losing a sense

academic pursuits. Musicians,

comprises multiple facets, artists, and writers exhibit various  of balance. From this perspective,

including creativity, critical forms of intelligence that are no spiritual practice, meditation, and

thinking, and problem-solving less valid or essential than math mindfulness may enhance one's

skills. and language abilities. intelligence quotient by increasing

resilience and emotional

regulation.
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The Brain's Role in
Intelligence

1 Frontal Lobe 2 Parietal Lobe
Thisregion of the brainis The parietal lobe processes
associated with executive spatial and sensory
functions, such as planning, information, and damage to
decision-making, and problem- this area can impair problem-
solving. solving abilities.

3 Temporal Lobe 4  Occipital Lobe
The temporal lobe handles Theoccipital lobeis
language comprehension, responsible for visual
long-term memory retention, processing, and damage to this
and visual object recognition. area can lead to difficulties
Injury to this area can affect recognizing objects or faces.

reading comprehension and
vocabulary.
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Cognitive Abilities and Brain Function

Language Problem-Solving

Language skills encompass reading, Problem-solving requires the
writing, and speaking abilities, and are application of logical reasoning, and
primarily located in the left different parts of the prefrontal
hemisphere of the brainin most cortex and parietal lobe contribute to

individuals. these abilities.

Attention Memory

Attentionis the ability to focus, Memory involves many different
sustain and shift attention between processes, including encoding,
stimuli, and the frontal, parietal, and storage, and retrieval. The

temporal lobes are critical to these hippocampus and amygdalain the
abilities. temporal lobe play crucial rolesin

these processes.
@ Made with Gamma
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Neuroplasticity and Intelligence

Whatis
Neuroplasticity?

Neuroplasticity refers to the
brain's ability to change and
adapt in response to different
experiences. This means that
intelligence can be improved
with specific training and

practice.

Neural Pathways

The neural pathways that
form as we learn new skills
become more efficient with
practice. For example, the
more we practice a language,
the more efficient the neural
pathways become, leading to
increased fluency and

comprehension.

Brain Stimulation

Thebrain thrives on
challenges, and activities that
stimulate themind, such as
crossword puzzles or learning
to play amusical instrument,
can improve cognitive
abilities and increase

neuroplasticity.
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The Impact of Genetics on Intelligence
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Genetic Factors

Genetics play aroleindetermining
our cognitive abilities, and
research shows that intelligenceis
influenced by a combination of

genetic and environmental factors.

Family Studies

Families with a history of
intellectual abilities are likely to
have offspring with higher
intelligence scores, indicating that
geneticfactors contributetoone's

cognitive abilities.

Environmental Factors

Although geneticsis acritical
factor, the environment can play a
crucial rolein shapingone's
intelligence, especiallyin
childhood. Positive social
interactions, quality education,
and access to resources are all

associated with better cognitive

outcomes.
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Nurture Vs Nature in Brain
Function and Intelligence

1 NaturePlays aRole 2 Nurtureis Crucial
Several studies have found Although genetics plays arole
that genetics accounts for up inintelligence, it's only one
to 50% of the variancein aspect of acomplex system.
intelligence scores. Environment, culture, and

experience also contribute to

cognitive abilities.

3 Nurture Can Modify Nature

Environmental factors can modify the expression of genetic traits. For
example, children born with genetic predispositions to low |IQ may

perform better if raised in an enriched and supportive environment.
@ Made with Gamma
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Implications for Education and Society

Equity

Improving access to quality education, resources,

and experiences can help close the achievement

gap between various groups and improve overall

cognitive outcomes for all individuals.

Differentiation

Intheclassroom, it is helpful to recognize that
students have different cognitive abilities.
Teachers can differentiate their instruction to
meet individual student needs and encourage

growth and development.

Neurodiversity

The concept of neurodiversity embraces the idea

that individuals with different cognitive abilities

all have unique strengths and talents that can be
valuable to society. We should value and

celebrate these differences.
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The Fascinating World
of Synapses

Join us as we dive into the intricate and important world of synapses, the

cellular connections in your brain.
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0 The Function of Synapses

Synapses are like tiny messengers, sending signals and information

between nerve cells in the brain, allowing us to think, move and feel.

1 The Types 2 Chemical
Transmission
There are two main types of
synapses: chemical and One nerve cell releases
electrical. neurotransmitters, which

travel across the synapse
and attach to receptors on

the next nerve cell.

3 Electrical Transmission

At electrical synapses, the electrical signal travels directly from one

cell to another.



How Neurotrans mitters Work

Neurotransmitters are like the keys that unlock the synapse to allow messages to travel from one neuron to another. Each neurotransmitter has a specific purpose and effect.
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Synaptic Plasticity: The Key to Learning and

Memory

Synaptic plasticity is the ability of synapses to change and adapt over time, which is essential for learning and memory.

LTP and LTD

Long-term potentiation (LTP)
strengthens synapses that are

used frequently, while long-term

depression (LTD) weakens them.

Hebb's Law

Frequently paired neurons grow
stronger and increase their
information storage capacity, a
process known as Hebbian

learning.

Cortical Plasticity

The ability of the cerebral cortex to
change in response to stimuli and
experience, forming the basis of
our ability to learn throughout our

lives.



Abnormalities and Conditions Related to Synapses

Disruptions in normal synaptic function can cause a variety of conditions and disorders.

Alzheimer's

The loss of synapses in the hippocampus, a brain region

responsible for memory, is a hallmark of Alzheimer's

disease.
1 2 3
Depression Synesthesia
Low levels of serotonin and other neurotransmitters have A rare phenomenon in which stimulation of one sense

been linked to depression. elicits a resnonse in another sense. such as "seeina"



Synaptic Drug Delivery

Given the crucial role of synapses in human brain function, targeting synapses with drugs is an area of active research and

development.

Drug Delivery Challenges Synapse-S pecific Drug Delivery

The challenge in delivering drugs to the synapse is making There are one particualr molecule found its way to the

sure they are targeted correctly, as well as accessing synapse and researchers are using that molecule as a path
crosses the blood-brain barrier where the brain is on the to develop treatments specific to synapse dysfunction.

other side.



Exploring the Future of Synaptic Research

Our increased knowledge of synapses offers exciting predictions on the future of research in neuroscience.

e
e
|
Emerging Technologies Brain Circuits Artificial Intelligence
Technologies such as nanotechnology Understanding the larger circuits of the The study of synapses can offer unique
and optogenetics offer unprecedented brain, and how they relate to synapse insights into how an artificial intelligence
insight and control over synapses and function, is a critical area of study for can learn from the human brain.

brain function. researchers.



The Role of Synapses in Consciousness

Although still a mystery, researchers suggest that synapses may play a role in our awareness of the world around us, and our

perception of that world.

Descartes

Proposed the famous quote "l think therefore | am", suggesting that our consciousness arises from the function of our brain

and therefore the synapses.

Integrated Information Theory

Suggesting that our awareness is a result of the complexity of information integrated by our brain through the synaptic

connection.

The Orchestrated Objective Reduction

theory

that proposes that consciousness arises when quantum processes in the brain reach a threshold, causing the collapse of

guantum waves and triaaering the function of the svnapse.



From humble beginnings to world-changing technology - explore the key
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of Artificial Neural

Networks

milestones in the development of ANN.
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The McCulloch-Pitts Neuron (1943)

‘CAL BIOPHYSICS
aE 5, 1943

somon Neuron Anatom

A LOGICAL CALCULUS OF THE
IDEAS IMMANENT IN NERVOUS ACTIVITY

WARREN S. MCCULLOCH AND WALTER PITTS

From THE UNIVERSITY OF ILLINOIS, COLLEGE OF MEDICINE,
1ENT OF PSYCHIATRY AT THE ILLINOIS NEUROPSYCHIATRIC IN

EMBODIMENTS OF MIND o T Uavensre oF Crioac

weause of the “all-or-none” characlter of nervous activity,
and the relations among them can be treated by means of
| logic. It is found that the behavior of every net can he de
e terms, with the addition of more complicated logical me:
mtaining circles; and that for any logical expression sat
conditions, one can find a net behaving in the fashion it de: soma
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Warren McCulloch Walter Pitts Mimicking the Human Brain

Mathematician and philosopher whose Physicist who co-authored the first The McCulloch-Pitts neuron was
work paved the way for the paper on the McCulloch-Pitts neuron. inspired by how biological neurons work
development of the first artificial neural with electrical and chemical signals to

network. transmit information.



The Perceptron (1957)

Frank Rosenblatt Limitations Impact

Created the perceptron, the first The perceptron could only handle The perceptron was a landmark
neural network able to learn from linearly separable problems, which achievement that laid the
experience. limited its practical applications. groundwork for later developments

in ANN.



Backpropagation Algorithm (1974)

1 Developers

Paul Werbos and David Rumelhart

2 Significance

Backpropagation improved the ability of neural networks to learn complex tasks by enabling them to adjust the

strength of connections between neurons based on their error rates.

3 Applications

Backpropagation helped pave the way for neural networks to be used in speech and image recognition, natural

language processing, and more.



Convolutional Neural Networks (1989)

. . |

Yann LeCun

Developed convolutional neural
networks, a type of ANN uniquely suited

for image and speech recognition.

Image Recognition

CNNs can detect patterns and features
in images, making them popular for
tasks like object recognition and image

classification.

Speech sound waveform
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Speech Recognition

CNNs can also be used to process
speech waveforms, making them useful
for speech recognition and voice-based

applications.



Deep Learning (20006)

1 Architecture 2 Applications
Deep learning refers to Deep learning has
neural networks with many revolutionized image and
layers, allowing them to speech recognition, natural '
learn and model language processing, and
increasingly complex fields like autonomous
relationships in data. driving and health
diagnostics.

3  Limitations

However, deep learning also presents challenges in terms of data

requirements, interpretability, and generalization to new scenarios.




Conclusion and FRuture Directions

Looking Back Looking Forward

ANN has come a long way, from simple models inspired by The future of ANN likely involves continuing to develop
biological neurons to deep learning systems that can rival explainable, adaptable, and ethical systems that can support
human performance on some tasks. human decision-making and address critical societal

challenges.
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The Anatomy of a Neuron
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Neurons are the cells that make up the nervous system. They are
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Parts of a Neuron

Dendrites Soma Axon

Branch-like structures that receive The cell body of the neuron. It A long projection that carries

signals from other neurons. contains the nucleus, which signals away from the soma to
controls the functions of the cell. other cells.

Synapse

The space between the axon of one neuron and the dendrites of another, where information is transmitted.



Types of Neurons

Motor Neuron

Dendrite Muscle —
Soma Axur
i \
Myelin sheath \

Node of Ranvier

Neuromuscular
junction

Motor Neuron

Controls the movement of muscles and

other organs

Types of neurons

Sensory neuron Interneuron Motor neuron

Sensory Neuron

Responds to stimuli such as touch,

sound, or light

Interneuron

Connects neurons in the brain and

spinal cord



Neuron Function

Integration

The signals are processed and combined with other

information

Reception Transmission

Neurons receive signals from other cells The neuron sends signals to other cells, either through an

action potential or a graded potential



Neuron Communication

Electric Signal

Information is transmitted along the neuron as an electrical

signal.

Chemical Signal

At the synapse, the electrical signal is converted to a chemical
signal. Neurotransmitters are released and bind to receptors

on the next neuron's dendrites.



Action Potential

Threshold Depolarization
The neuron receives enough Sodium channels open and
stimulation to reach its threshold positively charged ions flow into the

neuron, causing a change in

charge.

Hyperpolarization

The neuron becomes more negatively charged than its resting state.

Repolarization

Potassium channels open and
positively charged ions flow out of
the neuron, causing the charge to

return to its resting state.



Synaptic Transmission

Neurotransmitter Release

Chemical neurotransmitters are released into the synaptic

cleft
1 2 3
Presynaptic Postsynaptic
An electrical signal travels down the neuron to the The neurotransmitters bind to receptors on the
synapse postsynaptic neuron, causing either an excitatory or

inhibitory effect



Neurotransmitters

Acetylcholine

Involved in learning and memory. Low
levels have been linked to Alzheimer's

disease

Dopamine

Involved in reward and pleasure. Low
levels have been linked to Parkinson's
disease, while high levels are

associated with addiction

Serotonin

Regulates mood, appetite, and sleep.
Low levels have been linked to

depression and anxiety



Hidden nodes layer

Explaining Layers In
ANN

Artificial Neural Networks (ANN) are an important subset of artificial
intelligence. One of the most crucial concepts in this field is the idea of

Layers. Let's explore what Layers mean and why they are significant to the
the functioning of ANN.

@ by Dr. R Murugesan




The Basics: Understanding
Layers in ANN

1 What are Layers in 2 Why are Layers
ANN’? Needed in ANN?
Layers are sets of virtual Without Layers, ANN would
neurons that process be unable to extract
information between the meaningful features from
input and output layers of a input data and provide
neural network. accurate outputs.

3 What is the Role of Activation Functions?

Activation functions are essential components of Layers that

determine whether a neuron should fire or not.



The Different Types of Layers in ANN

[MTidden TTidden Tidden
over here layer 0 layer 1 layer 2

put data has 2 features.

Image patch
{Local receptive field) (filter)

e
ST Sl

Convolutional Layer Pooling Layer Dropout Layer Softmax Layer
An essential Layer forimage recognition Reduces the dimensionality of the data by A Layer that randomly drops neurons during Used in classification tasks to provide a
tasks that applies convolution operations to summarizing it statistically. the training process to avoid overfitting. probability distribution of possible

input data. outcomes.



How do Layers Work in ANN?

Input Layer Hidden Layers
The first Layer in an ANN that takes Intermediate Layers that extract
iInput data and passes it on to the information from the input and pass

rest of the Layers. it to the output Layer.

Output Layer

The final Layer that provides the

output of the neural network.



he Importance of Layer Deep Learning

Deep learning is a subset of neural networks that utilizes multiple hidden Layers.
The use of Deep Learning leads to superior feature extraction and more accurate outputs.

However, building deep neural networks is a challenging task that requires expertise and significant computational resources.



Challenges in Building ANN with Multiple Layers

1 Overfitting

With more Layers, neural networks become more prone to overfitting of training data and less generalizable to unseen data.

2 Vanishing Gradient

During the training process, the gradient may become too small to be useful in Layers that are too deep, making it difficult to

train the network.

3 Computational Resources

The more Layers an ANN has, the more time and computational resources it requires, which limits the scalability.



Examples of ANN with Different Layer

Configurations

Shallow Neural Networks

One Layer is sufficient for simple

tasks such as pattern recognition.

Multi-Layer Perceptrons
(MLP)

Multiple Layers are utilized to learn
more complex representations of

data, such as in image classification.

Generative Adversarial
Networks (GAN)

A special type of neural network
composed of two competing networks
that can generate realistic images and

other data types.



Exploring Learning
Methods for Artificial
Neural Networks

Artificial neural networks are powerful tools in machine learning. Here,
we take a closer look at several different learning methods and explore

their applications.

° by Dr. R. Murugesan
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We begin with a brief introduction to
ANNSs and explore the concept of memory

adoption in the context of learning.

This rule is based on the idea that
neurons that fire together, wire together.
We examine how this principle applies to

the development of connection weights in
ANNS.
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We look at how this method can be used
to create a winner-takes-all mechanism in
neural networks, aiding in pattern

recognition.



Error Correction Learning for
ANN

Back Propagation

Backpropagation is one of the
most commonly used error
correction algorithms in
ANNSs. We discuss its
implementation and its

strengths and weaknesses.

Boltzmann Machines

We explore how this method
leverages the principles of
statistical mechanics to create
effective learning models in

ANNSs.

Differentiation Learning Methods

We examine how differentiation-based learning can improve the

performance of ANNs. Specifically, we investigate how memory adoption

can be applied to error correction.



Image Recognition

We explore how ANNs can be
trained to recognize faces and

other visual patterns, including

those found in the natural world.

Predictive Analytics

We take a closer look at how
ANNSs can be used to forecast
trends in everything from stock

prices to consumer behavior.

Self-driving Cars

Finally, we examine how ANNs
are making it possible to create
truly autonomous vehicles that
can learn and adapt to new

situations on the road.



Future Directions

We explore some exciting areas of research in neural

networks, including attention mechanisms and graph neural

Limitations

We examine some of the challenges facing neural networks,
including limited interpretability and the potential for

overfitting.

networks.

2

Open Problems

We take a critical look at some of the most pressing issues
facing ANNSs today, including generalization and bias. We
examine current efforts to address these problems and where

we need to go next.
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Hidden

Layer
Artificial neural networks are versatile and effective learning As technology advances and more powerful tools become
models that have numerous applications in a wide range of available, we can look forward to even more exciting

industries. applications of deep learning and neural networks in the future.
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How to Compute
Welight Values and
Layers In Artificial
Neural Networks

An introduction to artificial neural networks and how to compute

weight values and layers for your models.

@ by Dr. R. Murugesan



Single-Layer Perceptron
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What is a Perceptron? Binary Classification
A single-layer perceptron is a type of A single-layer perceptron can
neural network that can be used for separate data into two classes based
classification and prediction tasks. on a linear decision boundary.

Activation Function

An activation function is a non-linear
function that introduces non-linearity
to a neural network and enables it to

learn more complex patterns.



Multi-Layer Perceptron

1 Hidden Layers

Multi-layer perceptrons have one or more hidden layers between the input and output layers. Each hidden layer

has its own set of weights and biases.

P Universal Function Approximators

Multi-layer perceptrons can approximate any function to within a specific error threshold.

3 Feedforward Neural Network

A feedforward neural network is a multi-layer perceptron where the output of one layer is fed as input to the next layer.



Feedforward Neural Network

Applications

Feedforward neural networks
are used in a wide range of
applications including image
and speech recognition,
recommender systems, and

financial forecasting.

Activation Functions

Input Layer

The input layer receives the
input from the data and
passes it to the first hidden

layer.

Output Layer

The output layer produces the
final output of the network.

Activation functions are used in every layer except the input layer to introduce non-linearity to the network.



Backpropagation Algorithm

Gradient Descent

Backpropagation is an optimization
algorithm used to train deep neural
networks. It uses gradient descent to
minimize the error in the output of the

network.

Forward Pass

The forward pass is the process of
passing the input through the network to

produce the output.
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Backward Pass

The backward pass is the process of

updating the weights of the network

based on the error in the output.



Computing Weight Values

1 Random Initialization

The weights of a neural network are initialized randomly to break symmetry.

2 Training Data

The weights are updated through a process called training, where the network is fed with examples of input and desired outy

3 Optimization Algorithms

Optimization algorithms such as gradient descentand its variants are used to update the weights and minimize

the error in the network output.



Computing Layers

Number of Layers Deep Learning
The number of layers in a neural A deep neural network is a neural
network depends on the complexity of network with multiple hidden layers. It
the data and the task. A rule of thumb is can learn complex patterns from data
to start with a single hidden layer and and is used in a wide range of

add more layers only if needed. applications.

wtdatais pl'D&."HijE?C over nere

this case the input data has 2 features.

the final output o

after the input has

been processed by all the weights in 2
the layers

Reqgularization Techniques

Regularization techniques such as
dropout and weight decay are used to
prevent overfitting and improve the
generalization of the network to new

data.



Step-by-Step
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In this presentation, we will dive into the exciting world of unsupervised - Network
learning and explore how it works with artificial neural networks (ANN) to ed)

solve real-life problems. Join me on this journey of discovery!

@ by Dr. R. Murugesan




Introduction to Unsupervised Learning

1 What is Unsupervised Learning? 2  Why s it Important?
Unsupervised learning is a machine learning technique Unsupervised learning can uncover hidden patterns in
where the algorithm learns to identify patterns and large datasets, providing valuable insights for
relationships in data without the need for labeled businesses and researchers.

outcomes.



Artificial Neural Networks (ANN)

What are ANN? How are They Used?
Artificial neural networks are computer systems that are ANN are used for a variety of tasks such as image and
designed to work like the human brain. They consist of layers speech recognition, natural language processing, and

of interconnected nodes that process and analyze data. predictive analytics.



Differences Between Supervised and Unsupervised
Learning

Supervised Learning Unsupervised Learning

Requires labeled data Data is not labeled

Predictions are based on labeled outcomes Patterns and relationships are identified in data
Used for prediction and classification tasks Used for clustering and feature learning tasks

Examples: image classification, sentiment analysis Examples: market segmentation, anomaly detection



What is Clustering?

Grouping Data Coloring Data
Clustering is a technique for grouping data together based on Think of clustering like putting colored dots on a scatter plot.
similarities in their characteristics. It helps identify patterns in Data points that have the same color belong to the same

data. group.



Selecting Data

The first step in clustering is
selecting the data that you want to

group together.

Choosing Distance Metric

Next, you need to choose a
distance metric that will determine
how similar or dissimilar two data

points are.

ow Clustering Works in Unsupervised Learning

Assigning Data Points

The algorithm then assigns each
data pointto a cluster based on its
distance from the centroids of the

clusters.



Types of Clustering Algorithms

K-Means

One of the most widely used
clustering algorithms that partitions
data into k clusters based on their

distance from the centroid.

Hierarchical

This algorithm creates nested
clusters by recursively merging or

splitting existing clusters.

DBSCAN

A density-based clustering
algorithm that groups together data
points in areas of higher density
and separates areas of lower

density.



Examples of Using Unsupervised Learning in Real-

L ife Problems
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Drug Discovery

Unsupervised learning can be used to
identify patterns in the chemical structure
of molecules, helping pharmaceutical

companies discover new drugs.

Traffic Analysis

Clustering algorithms can be used to
analyze traffic flow patterns and optimize

traffic signals and routing.

Marketing Analytics

Marketers can use unsupervised learning
to group customers based on their
transactions and preferences, allowing for

targeted marketing campaigns.
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Artificial neural networks are an exciting and powerful tool in machine

learning, but training them can be complicated. Join me on a journey to

learn how to train an artificial neural network from scratch!

@ by Dr. R.Murugesan
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Preparing the Data

Collecting Data

Hrst, you need to collect enough
data to train your neural network.
This can involve scraping data from
websites, using APIs, or even

creating your own datasets.

Pre-Processing Data

Before feeding your data into the
neural network, you need to pre-
process it by performing tasks such
as scaling, normalizing, and

encoding categorical variables.

Splitting Data into Sets

To avoid overfitting, it's important to
split your data into training,

validation, and testing sets.



Designing the Network

Choosing Layers and Neurons

The number of layers and neurons will
depend on the complexity of your problem
and amount of available data. A good rule

of thumb is to start simple and gradually

increase complexity.

Selecting Activation Functions

Activation functions transform the output
of the previous layer into the input of the
next layer. Popular choices include

sigmoid, ReLU, and tanh.
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Training the Network

The backpropagation algorithmis used to
update the weights in the network based
on the error between the actual and
predicted outputs. Monitoring accuracy
and calculating loss are essential in this

phase.



Fine-Tuning the Network

1 Identifying Overfitting

Overfitting can occur when the model fits the training
data too closely and fails to generalize to new data.
Regularization techniques such as dropout can help

prevent overfitting.

Optimizing Hyperparameters

Hyperparameters such as learning rate and number of
epochs can have a significant impact on the
performance of the neural network. Tuning them is

crucial to achieving good results.



Conclusion

Common Mistakes

Common mistakes include using too little data,
overcomplicating the model, and not tuning

hyperparameters properly.

Overview Future Directions
Training an artificial neural network is a challenging task The field of neural networks is constantly evolving, and
that requires careful planning and execution. there's still much to be discovered. Exciting new

techniques such as reinforcement learning and GANSs are

emerging.



Importance of Training Artificial Neural

Networks

Real-World Applications

Artificial neural networks have
numerous real-world applications,
such as image recognition, speech
recognition, and natural language

processing.

Efficiency and Accuracy

Neural networks are highly efficient
and can perform complex tasks

with a high degree of accuracy.

Continuous Learning

Unlike traditional algorithms, neural
networks can continue to learn from
new data and improve their

performance over time.



Definition of Artificial Neural Network

Structure of a Neural Network

A neural network is organized into layers, with each layer
composed of multiple neurons that perform calculations

on the input data.

1 2 3
What Are Neural Networks? History of Neural Networks
A neural network is a complex system of interconnected Neural networks have a rich history dating back to the
processing nodes that can be trained to recognize 1940s and have experienced a surge in popularity in
patterns in data and make predictions. recent years due to advances in computational power and

availability of data.



Evaluating Model Performance

Predicted

Positive Negative

Positive True False
positive negative

Nsaghive False True
S positive negative
&L

Confusion Matrix

A confusion matrix is a visual way of

representing how well your model is

ROC Curve for nonSampling Training Data

ROC Curve

An ROC curve is another way of

evaluating the performance of a

PR curve
.00

PR AUC =0.90

0.25 0.50 0.75
Recall/True positive rate

Precision-Recall Curve

This curve is a useful tool for evaluating

the performance of a classification

predicting the different classes in your classification model, by plotting the true model, by showing the tradeoff between

data. positive rate vs the false positive rate for precision and recall at different

different threshold values. threshold values.



Hidden nodes layer

Supervised Learning
for ANNS

Supervised learning for Artificial Neural Networks involves training a
model to predict output from input data. This is a powerful tool for
data analysis, providing accurate and reliable results in a variety of

applications.

@ by Dr. R Murugesan




What is Supervised
Learning?

Supervised learning is a type of
machine learning where the
algorithm is trained on labeled
data to generalize to new,

unseen data.

How Does it Work?

The model is trained on a set of
inputs and outputs. It learns to
make accurate predictions by
adjusting its parameters to
minimize the error or loss

function.

Why is it Important?

Supervised learning can be
used in a wide range of
applications, from image
recognition to natural language

processing to fraud detection.




Data Preparation and Pre-processing

Remove or impute any missing data, and
transform data into a suitable format for Select the most relevant features to

analysis improve accuracy and training time

Data Collection

Collect training data that includes both Normalize the data to improve training

input and output values performance



Selecting an Appropriate Model Architecture

Types of Neural Networks

There are a variety of neural network
architectures, including feedforward,
recurrent, and convolutional

networks.

(b) 50 Degree Model on Training Data ¢ Dats
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we Model Function

Regularization techniques such as
dropout and weight decay can be
used to prevent overfitting and

improve model performance.
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Backpropagation and its variants are
commonly used for training neural

networks.



Training the Model with Labeled Data

Use the training set to train the model by

iteratively adjusting the weights and Use the test set to evaluate the
biases to minimize the loss function performance of the model on unseen
data

(1)

Splitting the Data

S plit the data into training, validation, and Use the validation set to fine-tune the

test sets parameters and prevent overfitting



Fine-tuning the Model to Improve Performance

Hyperparameter Tuning Data Augmentation
Adjust the learning rate, batch Apply regularization techniques Increase the amount of training
size, and other hyperparameters to prevent overfitting data by adding artificially

to improve performance generated data
\_ _/ \_ _/




Evaluation of the Model's Accuracy and
Performance

Confusion Matrix ROC Curve
A confusion matrix can be used to evaluate the The ROC curve can be used to evaluate the
performance of a classifier by showing the number of performance of a binary classifier by plotting the true

correctly and incorrectly classified instances. positive rate against the false positive rate.



Applications of Supervised Learning in ANNs

Medical Diagnosis

ANNSs can be used to diagnose
medical conditions from images, such
as identifying cancerous cells in X-

rays or CT scans.

ANNSs can be used to recognize
handwriting, enabling optical
character recognition and text-to-

speech applications.

Speech Recognition

ANNSs can be used to recognize
spoken words, enabling virtual
assistants and voice-activated

devices.



ART Network

Welcome to the world of the ART Network. This revolutionary technology is
changing the way we connect and communicate.

* by Murugesan Radhakrishnan
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What iIsthe ART Network?

TECHNOLOGY

Connects Devices

The ART Network is a system
that connects devices using fiber
optic cables, allowing for high-
speed communication.

Transmits Data

Data is transmitted in waves
through the cables, allowing for
real-time transfer and processing
of information.

Integrates Systems

The network can integrate
multiple systems within a
company or organization,
streamlining operations and
iIncreasing efficiency.

@ Made with Gamma
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Advantages of the ART Network

Speed

The ART Network can transfer data at
incredibly high speeds, allowing for real-time
communication and decision making.

Security

The network is highly secure, with encryption
and other features that protect data from
unauthorized access or thetft.

Reliability

The fiber optic cables used in the network are
highly reliable and not susceptible to
interference or signal loss.

Scalability

The ART Network can be scaled up or down
based on the needs of the organization, making
it highly flexible and adaptable.

@ Made with Gamma


https://gamma.app
https://gamma.app

How the ART Network Works

Signal Transmission

The ART Network transmits
data using pulses of light
that travel through fiber optic
cables.

Decoding Data

The pulses of light are
decoded into digital
information that can be used
by computers and other
devices.

Routing

The datais routed to its
destination within the
network, using switches and
routers that direct the flow of
information.
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Applications of the ART Network

Smart Homes & IoT

The ART Network can connect
smart home devices and 0T
sensors, allowing for seamless
integration and control.

Manufacturing

The ART Network can connect
machines and enable real-time
monitoring of production lines,
improving productivity and
reducing downtime.

Healthcare

The network can be used to
connect medical equipment
and enable remote patient
monitoring, improving
healthcare outcomes.

Transportation

The network can be used to
manage traffic flow and reduce
congestion, improving
transportation systems in cities.
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Future of the ART Network

1 BExpansion 2 5G Integration
The network is expected to The ART Network is
expand further, connecting expected to integrate with
more devices and enabling 5G networks, enabling new
new applications and use levels of speed and
cases. connectivity.

3 Al & Machine Learning

The network can be used to support Al and machine learning
applications, enabling new levels of automation and innovation.
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Conclusion

The ART Network

The ART Network is a
revolutionary technology thatis
changing the way we connect

and communicate.

Advantages

The network offers incredible
speed, reliability, security, and
scalability.

Future

The future of the ART Network
is bright, with new applications
and integration with 5G and Al

technologies.
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Hidden nodes layer

Associative Memories
Model ANN

In this presentation, we will dive into the world of Artificial Neural Networks

and explore their properties, architecture, and types, with a specific focus on
the powerful associative memories model.

* by Murugesan Radhakrishnan
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Introduction to Associative Memories

What are associative memories? Why are they important?

They are a type of memory organization that Because they allow for efficient and flexible
involves storing and retrieving information based on information retrieval, as well as pattern recognition
its content and context, rather than its specific and completion, which are crucial for many Al
location in memory. applications.
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The Need for Assoclative Memories in Al

The promise of ANN

ANN, on the other hand, offers a more

biologically-inspired approach to Al, where

learning and adaptation happen through

iterative processing of large amounts of data,

without the need for explicit programming.

Limitations of traditional Al

Traditional Al systems rely on explicit rules and
algorithms to solve problems, which can be
inflexible, unpredictable, and inefficient for
complex tasks such as natural language
processing and image recognition.

The role of associative memories

Associative memories are a key component of
ANN, as they enable the network to form and
retrieve associations between different inputs
and outputs, and to generalize from previously
learned patterns.
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Definition and Principles of Artificial
Neural Networks

What is ANN?

A set of interconnected
processing nodes, or
neurons, that operate
collectively to solve complex
problems and simulate

human intelligence.

How does it work?

It processes input data
through a series of weighted
connections between
neurons, where each
connection represents a
degree of influence that a
neuron has over another.

What are the
principles behind it?

ANN is based on the
principles of parallel
distributed processing, error-
driven learning, and self-
organization, which allow it
to learn and adapt to new
situations and optimize its
performance over time.
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Properties of ANN Associative Memories

Cell body
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What are the key properties?

Auto-association, hetero-association, content-
addressable storage, and error tolerance.

v,l.“"‘lv Il AN I EINW IR

Synaptic

Presynaptic neuron gap Postsynaptic neuron

Nerve impulse

What do they mean?

Auto-association refers to the ability of the network
to recognize and reproduce input patterns, while
hetero-association allows it to retrieve related
patterns based on partial input cues. Content-
addressable storage means that patterns are stored
and retrieved based on their content, rather than
their location. Error tolerance means that the
network can still function well even with partial or
NoIsy inputs.

@ Made with Gamma


https://gamma.app
https://gamma.app

Architecture and Runctioning of ANN
Associative Memories

Architecture Functioning

Single-layered or multi-layered Sequential or parallel processing
Dense or sparse connectivity Excitatory or inhibitory activity
Hebbian or anti-Hebbian plasticity Limited or unlimited capacity

The architecture and functioning of ANN associative memories can vary greatly depending on the specific
application and task at hand. However, some common features include the use of feedforward or feedback
connections, the presence of threshold or activation functions, and the ability to undergo learning and
adaptation through various algorithms and techniques.

@ Made with Gamma


https://gamma.app
https://gamma.app

Types of ANN Associative Memories

Hopfield Network Boltzmann Machine

A recurrent type of ANN that is used for auto- An extension of Hopfield Network that uses a
association and error correction tasks, and that probabilistic approach to learning and offersmore
employs a symmetrical weight matrix, a threshold flexibility and robustness in handling noisy or
function, and an energy function to minimize errors. incomplete inputs, but at the cost of increased

computational complexity.
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Pattern recognition

ANN associative memories are widely used
In image, speech, and natural language
processing, as well as in biometrics, robotics,
and cognitive science, to recognize and
classify patterns based on their features and
context.

Creativity and art

Applications of ANN Associative
Memories

Memory enhancement

By mimicking the mechanisms of human
memory, ANN associative memories can
help improve the performance of traditional
memory systems, such as databases, search
engines, and recommendation systems, by
enabling more personalized and adaptive
interactions with users.

Some artists and designers have experimented with ANN associative memories as a means of
generating novel and expressive forms of art, music, and literature, by exploring the space of possible

patterns and associations that emerge from the network.
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Construction and
Working of Adaline

Adaptive Linear Neuron, or Adaline, is a type of artificial neural network that
uses supervised learning to perform pattern recognition and classification

tasks. Let's explore how it works.

* by Murugesan Radhakrishnan
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Mathematical Model of Adaline

Adaline takes in multiple inputs and produces a single output based on a weighted sum of the inputs. It can be

represented using a linear equation: y =w0 +w1x1 +w2x2 + ... +wnxn

X

r Parent Function )
—
—

Linear Function

The output produced by Adaline
is a linear combination of input
values, which makes it capable of
producing a wide range of
outputs for different inputs.

cision
undaries

Weights Balance Decision Boundary
The weights of Adaline are Adaline uses a decision
adjusted during training to boundary to classify inputs.
achieve a balance, ensuring Inputs on one side of the
inputs are correctly classified. boundary are classified as one

thing, while inputs on the other
side are classified as something
else.
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Learning Rule of Adaline

Adaline uses a learning rule known as the Widrow-Hoff rule to adjust its weights during training. The rule
involves computing the error between the predicted output and the expected output, and then adjusting the
weights to reduce this error. This process is repeated until the desired level of accuracy is achieved.

Gradient Descent

The learning rule of Adaline
involves using a gradient
descent algorithm to adjust
the weights, moving towards
the minimum point of the
error function.

Batch Learning

Adaline uses batch learning
to adjust its weights. This
involves feeding it multiple
inputs at once and updating
the weights after computing
the error for all inputs.

Convergence

Adaline is guaranteed to
converge on a solution for
linearly separable inputs.
However, for non-linearly
separable inputs,
convergence is not
guaranteed.
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Comparison of Adaline with Perceptron

Adaline and Perceptron are both types of artificial neural networks that can perform classification tasks.

However, there are some key differences between them.

Activation Function
Decision Boundary
Learning Rule

Applications

Adaline

Linear
Continuous
Widrow-Hoff rule

Function approximation, noise
reduction

Perceptron

Step

Discrete
Rosenblatt's rule

Pattern recognition,
classification
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Advantages of Adaline

Adaline offers several advantages over traditional machine learning algorithms.

1 Non-Linear Classification

Adaline can classify non-linearly separable inputs effectively, which makesit useful for many
real-world problems.

2 Adaptive Learning

Adaline can adjust its weights and biasesin real-time based on new inputs, which makesit
adaptive to changing environments.

3 Function Approximation

Adaline can approximate arbitrary functions, making it useful for regression problems.
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Applications of Adaline

Adaline has found numerous applications in various fields.
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Weather Forecasting Medical Diagnosis Robotics

Adaline is used to predict Adaline can be used to analyze Adaline is used in robaotics for
weather patterns and analyze medical data and diagnose iImage recognition, object
meteorological data, helping diseases. It has been used for detection, and navigation. It
people prepare for natural detecting cancer and other helps robots perceive their
disasters and extreme weather medical conditions. environment and make
events. intelligent decisions.
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Conclusion

Adaline is a powerful machine learning algorithm that has found a variety of
applications in different fields. Its adaptive learning, non-linear classification,
and function approximation capabilities make it a versatile tool for data
analysis and decision making.

1  Future Scope

Adaline is an area of active research. There is ongoing work to improve
its performance and extend its capabilities, opening up new
possibilities for its application.

2 Impact

Adaline is a significant contribution to the field of artificial neural
networks. It has helped usher in new advancements in machine
learning and inspired researchers to explore new ideas and techniques.
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Construction and

Working of Perceptron

Perceptronis a type of neural network used in machine learning and artificial
intelligence. It's based on the concept of biological neurons found in our

brains.

* by Murugesan Radhakrishnan
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Introduction to Perceptron

Definition Objective Perceptron vs.
Multilayer Perceptron
Perceptroniis a single- The objective of the
layered neural network used perceptron is to classify input Perceptron has only one
for classification and pattern data points by drawing a line layer, while multilayer
recognition tasks. (or hyperplane) separating perceptron has multiple
the different classes. layers and can solve more

complex problems.
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History of Perceptron

Frank Rosenblatt

Rosenblatt invented the
perceptron algorithm in 1957
while working at the Cornell
Aeronautical Laboratory in New
York.

Early Success

Perceptron was initially
successful in solving simple
classification problems, but later
proved to have limitations.

Winters of Al

Perceptron's limitations and the
lack of computational power led
to the "winters of Al" and the
development of other neural
network models like
backpropagation.
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Construction of Perceptron: Neuron

Model

Inputs

The inputs are fed into the
neuron, each with an
assigned weight. The
weights can be adjusted
during training.

Activation Function

The activation function
determines whether the
neuron should fire based on
the weighted inputs.

Output

The output is the result of
the activation function and
determines which class the
input belongs to.
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Training Process of Perceptron

Epochs

The training process is repeated multiple
times, called epochs, until the error is
minimized or a maximum number of
epochs is reached.

Supervised Learning

The perceptron is trained using labeled
data, where the correct outputis known.
It adjusts the weights to minimize the
error between the predicted and correct
output

Perceptron Algorithm

The perceptron algorithm is the formula
used to adjust the weights and improve
the accuracy of the perceptron.
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Working of Perceptron: Decision-making
Process

Inputs Hyperplane Classification

The input features are fed into The perceptron draws a The inputis classified based on

the perceptron. hyperplane that separates the which side of the hyperplane it
different classes. falls on, predicting the

appropriate class.
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Applications of Perceptron

1  Image Recognition 2 TextClassification
Perceptron is used in facial Perceptronis used to
recognition, object detection, classify emails as spam or
and image classification. not spam, and to classify text

into different categories.

3  Medical Diagnosis

Perceptron is used to diagnose diseases like cancer and to analyze
medical images.
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Conclusion

Strengths Limitations Future of
Perceptron
« Simple and easy to use « Limitedto linearly
« Fastand efficientalgorithm separable data * Perceptronhas paved

- Effective for linearly » Canoverfitand perform the way for more

advanced neural

Not effective for . REWIFK MRSy

regression tasks certain applications,

particularly with linearly
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innovation and

separable data poorly on complex data

developmentin the field
of machine learning is
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Discovering the Magic
of Mcullopits Neuron
Learning Rules

Welcome to the world of Mcullopits neuron learning rules. Here, we will take
you on a journey to discover how these learning rules work and their potential
impact on the field of neural networks. Join us on this unique experience!

* by Murugesan Radhakrishnan
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Introduction to Mculloch-
Pitts Neurons

1 What Are Mculloch- 2 Structure and Function

Pitts Neurons?
Mculloch-Pitts neurons have

They are simple a set of weighted inputs and

computational models used a threshold activation

to smulate the behavior of function that determines

biological neurons. whether they should "fire" or
not.

3 Applications

Mculloch- Pitts neurons are useful in applications such as pattern
recognition, image processing, and speech recognition.
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Background on Neuron Learning Rules

Unsupervised Learning

Learn from data without labeled examples (e.g.,
Hebbian learning)

1 2 3
The Learning Problem Supervised Learning
How do we adjust connections between Learn from data with labeled examples (e.g.,
neurons to learn from data? backpropagation)
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Hebbian Learning and Its Application to
Mculloch-Pitts Neurons

What is Hebbian Learning?

If the output of a neuron consistently leads to the
activation of another neuron, then the connection
between the two neurons will be strengthened.

Original

Original Labels Labels

Back propagation
of Plastic layer
network

Transfer learning Target
Source Model using Plasticity / Model \ﬁ—j

A \

o,

\———-‘
‘——"‘
Source data
Target Data
E.g. Cifar 10 ‘ E.g.rgCifar 100 \

Hebbian Theory in Action

Hebbian Learning can help Mculloch-PFitts neurons
learn to recognize patterns in data by adjusting the
strengths of their input connections based on
correlations in the input.
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S pike-Timing-Dependent Plasticity (STDP)
and Its Role in Mculloch-Pitts Neuron

Learning

What is STDP?

STDP is a type of Hebbian
Learning where the
strengthening of connections
between neurons depends
on the timing of their spikes.

STDP and Mculloch-
Pitts Neurons

STDP can help Mculloch-
Pitts neurons learn to
recognize temporal patterns
in data by adjusting the
timing of their output spikes.

Real World
Applications

STDP is used to explain the
ability of the brain to adapt to
environmental stimuli and to
explain the emergence of
oscillations in certain neural

networks.
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Synaptic Scaling and Its Effects on
Neuron Learning

1 What is Synaptic Scaling?

Synaptic Scaling is a homeostatic mechanism that adjusts the overall strengths of all inputs to
a neuron so that their total input strengths are maintained.

2 Effects on Mculloch-Pitts Neurons

Synaptic Scaling can influence the stability and learning of Mculloch-Pitts neurons by adjusting
their sensitivity to inputs and regulating plasticity.

3 Significance

Synaptic Scaling is crucial for maintaining the balance between learning and stability in neural
networks and ensuring that the neural activity is coherent.
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Limitations and Challenges in Mculloch-
Pitts Neuron Learning

N

\
Underfitting Overfitting
Architectural Limitations Overfitting
Mculloch-Pitts neurons are limited by their smple Mculloch- Pitts neurons may overfit to the training
architecture and cannot represent complex data and fail to generalize to new data.
functions.
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Future Directions and Potential
Applications of Mculloch-Pitts Neuron

Learning Rules

New Algorithms

Developing improved
learning algorithms based
on Mculloch-Pitts neurons to
enhance their performance
in various applications.

Hybrid Models

Exploring hybrid models that
combine Mculloch-Pitts
neurons with other types of
neurons to enhance their
representation power.

Neuromorphic
Computing

Designing neuromorphic
computing systems based
on Mculloch-Pitts neurons
that can potentially
outperform traditional
computing systems in
various tasks.
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Madaline Operation

In this presentation, we will dive into the world of Madaline and explore the
capabilities and advantages of this neural network architecture.

* by Murugesan Radhakrishnan
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Introduction to Madaline

History

Madaline, or Many-Adaline, was developed by
Bernard Widrow and Ted Hoff in the late 1950s
as an extension of the Adaline algorithm.

Layers

The first layer of Madaline is called the input
layer, the middle layers are called the hidden
layers, and the final layer is called the output
layer.

Function

Madaline is a feedforward artificial neural
network that consists of multiple Adaline layers
connected in a series.

Features

Madaline is capable of pattern recognition,
noise reduction, and nonlinear mapping, all

while optimizing its own weights during training.

@ Made with Gamma


https://gamma.app
https://gamma.app

Perceptron and its Limitations

4 J
Binary Decision Boundary  Single-Layer Networks Noise Sengitivity
The perceptron algorithm The perceptron algorithm was The perceptron algorithm was
produced only linear decision limited to single-layer networks, highly sensitive to noisy input
boundaries and could not handle which severely limited its power. signals, which could disrupt its
non-linear problems. decision-making ability.
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Introduction to Madaline Training
Algorithm

Backpropagation

Backpropagation is another widely used
technique where the network adjusts the
weights by propagating the errors through the

network.
1 2 3
Delta Rule Convergence
The Delta Rule is a form of supervised learning The Madaline learning algorithm is iterative and
used in Madaline training, where the network will continue to adjust its weights until the error
adjusts its weights in response to correct rate converges to an acceptable level.

inferences.
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Architecture and Structure of Madaline

Adaline Units Connections Weight Updating

Each layer of Madaline is The Adaline units in each The weights between the
composed of a series of layer are connected to the Adaline units and the biases
Adaline units, which Adaline units in the next are updated according to the
calculate a weighted sum of layer, and the process Madaline training algorithm.
the inputs and a bias to continues until the output

produce an output. layer is reached.
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Advantages of Madaline

DeNoise Al Lightroom Neat Image

Nonlinear Problem
Solving

Madaline can handle nonlinear
patterns and is able to learn
complex tasks that are beyond
the capability of single-
perceptron networks.

Pattern Recognition

Madaline is highly efficient at
recognizing visual patterns and
can be trained to spot objects,
faces, and even handwriting.

Noise Reduction

Madaline is remarkably resistant
to noise and can perform well
even when the input data
contains significant interference.
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Applications and Uses of Madaline

Medical Diagnosis

Madaline can be trained to recognize
patterns in medical data and can assist
in the diagnosis of certain diseases.

Autonomous Vehicles

Madaline can help automate driving
tasks and enable vehicles to recognize
and respond to visual cues.

Speech Recognition

Madaline has been used in speech
recognition to identify audio patterns and
convert sound into text.

Hnancial Modeling

Madaline can be used to model financial
data and make predictions about future
trends and market behavior.
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Conclusion and Future Trends

Limitations

While Madaline is an
efficient neural network
architecture, it does have
limitations and is not a
universal solution for all
problems.

Future Developments

Researchers are exploring
ways to improve Madaline's
performance and
adaptability, especially in
applications where real-time
decision-making is required.

Promise

Despite its limitations,
Madaline remains a powerful
and promising tool for
artificial intelligence and
machine learning research.
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icial Neural Nety

Exploring the Working
Principle of Artificial

(\rj — Welcome to this presentation where we will dive into the history,
‘ mathematical functions, working principles, and applications of artificial
Nl neurons, specifically the McCulloch-Pitts neuron model.

* by Murugesan Radhakrishnan
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History of Artificial Neurons

The Beginnings Evolution and Real-world
Advancements Applications
The concept of artificial
neurons dates back to the From the early stages of Artificial neurons have been
1940s when Warren artificial neurons to current used to solve a wide range
McCulloch and Walter Pitts times, great strides have of problems, including
attempted to model the been made, including the speech recognition, image
functioning of the human development of deep processing, and natural
brain through mathematical learning, neural networks, language processing.
theories. and machine learning
algorithms.
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Overview of McCulloch-Pitts Neuron

Model

The Model

The McCulloch-Pitts neuron model is a simplified
model of the neurons in the brain that can receive
and process signals from other neurons and
produce an output.

The Structure

The model consists of several input pathways
connected to a node or processing unit that
summates the inputs and applies a threshold
function to produce an output.
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Mathematical Equations and Functions of
MCP Neuron
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Input computation Threshold function

The input to the McCulloch-Pitts neuron is the The combination of inputs is sentto a threshold
weighted sum of its inputs represented by: function modeled by:
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Working Principle of MCP Neuron

Input Processing

Each input pathway has an
associated weight that
determines its impact on the
neuron. The input processing
follows the input computation
equation.

Activation Function

The threshold function
applies a step function to the
sum of weighted inputs,
which determines the output.

Interconnection

MCP neurons can be inter-
connected to form complex
networks that can perform
various functions and
information processing
tasks. In turn, artificial neural
networks can learn from
various types of data.
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Applications of MCP Neuron
IN Artificial Neural Networks

1 Data Mining 2  Predictive Modeling
MCP neurons are used in MCP neurons can be used
advanced data mining to create accurate predictive
applications to analyze and models for weather
categorize data. forecasting, stock market

predictions and more.

3 Robotics

MCP neurons can be incorporated into the design of robots to better
control and navigate their movements.
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Advantages and Limitations of MCP
Neuron

Advantages Limitations
« Easy tounderstand and implement. « Restricted to solving linearly separable
problems.

« Robust performance in many applications.
«  Transparent analysis ofthe model's « Threshold function can cause discontinuity
input/output behavior. in the outputs.

« Not efficient in handling continuous

information.
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Future Developments in Artificial Neuron

Research

lower blood pressure and improved cholesterol levels; however, some doctors believe these
diets carry potential long-term health risks. A review of the avallable research literature
indicates that low-carbohydrate diets are highly effective for short-term weight loss but that
their long-term effectiveness is not significantly greater than other common diet plans. Their
long-term effects on cholesterol levels and blood pressure are unknown; research literature
suggests some potential for negative health outcomes associated with increased consumption
of saturated fat. This conclusion points to the importance of following a balanced, moderate

diet appropriate for the individual, as well as the need for further research.

New Research

Continuing research in the field of artificial neurons is
paving the way for sophisticated and more efficient
models that represent the actual behavior of
biological neurons.

Brain-Machine Interfaces

The development of brain-machine interfaces has
become possible through the rapid advancements
in artificial neuron research. This could lead to major
breakthroughs in the field of medical engineering.
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Self Organisation Maps
of ANN

Welcome to a journey of self-organisation maps (SOMs) in Artificial Neural
Networks. Explore the remarkable capabilities of SOMs for efficient data

analysis and visualization.

* by Murugesan Radhakrishnan
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Architecture of SOMs

SOMs consist of a two-dimensional grid of interconnected nodes. Each node aggregatesthe inputsit receives
and computesits activation. The activated nodes form topographic maps for clustering and segmentation.

l A y
BP Neural Network
K, k, Ky
:\ @1y Incremental PID oM DC Mot
Encoder [«
Topology Weights
The topology of the grid can Each node has a weight vector
range from 1D to 3D, with that represents a feature or
rectangular, hexagonal, or other pattern of the input data.

shapes.

Interconnections

The nodes are connected
laterally and trained to compete
and cooperate to map the input
space.
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Mechanism of Learning in SOMs

SOMs use unsupervised learning to adapt their weightsto the input data. The algorithm is based on a
competitive process where the most similar node to the input is selected and updatesits weight, along with the
neighboring nodes. The learning rate and neighborhood size decrease over time, ensuring convergence.

Topographic
Preservation

The SOM algorithmis
designed to preserve the
topographic relationships of
the input data, which means
that nearby inputslead to
nearby activationsin the
SOM map.

Convergence

The iterative nature of the
algorithm ensuresthat the
weights of the nodes
converge to a stable map of
the input space.

Unsupervised
Learning

The SOM algorithm does not
require labeled data or a
priori knowledge of the input
space, making it applicable
to a wide range of
applications.
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Applications of SOMs in Data Analysis
and Visualization

SOMs are versatile tools for exploratory data analysis and visualization, providing a high-level representation of
complex data sets. Some of the applications of SOMs are:

« Cluster analysis and segmentation: grouping similar data points into clusters, which can be used for

pattern recognition, anomaly detection, and customer segmentation.

« Dimensionality reduction: projecting high-dimensional data onto a low-dimensional space without

significant loss of information, which enables data mining and pattern discovery.

« Feature extraction: selecting relevant features or patterns from the input data, which can be used for

classification, prediction, and decision making.
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Advantages of Using SOMs for Clustering

and Dimensionality Reduction

SOMs have several advantages over other clustering and dimensionality reduction techniques, such as:

Topological
Ordering

SOMs have a built-in
topological structure that
preserves the relationships of
the input data, providing a
meaningful representation of
the data space.

Interpretability

The SOM map can be easily
visualized and interpreted,
allowing users to gain insights
into the data and form
hypotheses.

S calability

SOMs can handle large and
complex data sets, as well as
incremental learning, which
makes them suitable for real-
time applications and big data
analytics.
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Challenges In Training SOMs and
Potential Solutions

Although SOMs have many advantages, they also face several challengesthat require
careful tuning and optimization, such as:

» Choice of hyperparameters: the SOM algorithm has several hyperparameters,
such asthe learning rate, neighborhood size, grid size, and initialization, that need

to be carefully chosen to achieve optimal performance.

«  Sensitivity to noise and outliers: the SOM algorithm assumes uniformity and
continuity of the input space, which may not hold for noisy or outlier data. Several
solutions, such as data preprocessing, robust training, and outlier detection, can

be used to mitigate this issue.

» Interpretation and Validation: the SOM map can be difficult to interpret and
validate, especially for high-dimensional data or complex nonlinear relationships.
Several techniques, such as prototype analysis, clustering validation, and

visualization, can be used to enhance the interpretability and reliability of the SOM

map.
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Future Scope and Concluding
Remarks

The field of self-organizing maps is continuously evolving, offering new opportunities and
challenges for researchers and practitioners. Some of the future directions of SOMs include:

« Integration with other machine learning techniques, such as deep learning,
reinforcement learning, and online learning, to enhance their capabilities and
applicability.

«  Extension to non-spatial data, such as text, music, and graph data, to enable new types

of analysis and visualization.

« Integration with domain knowledge, such as physics, biology, and economics, to

enhance the interpretability and generality of the SOM map.

Overall, self-organisation maps are powerful and versatile tools for exploratory data analysis
and visualization, with many applications in different fields. Their ability to capture the
topological structure of the input data and their interpretability make them valuable assets for
data-driven decision making and scientific discovery.
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Hidden nodes layer

The Power and
Possibilities of the
Hopfield Network

Welcome to the world of Hopfield networks. In this presentation, we will

explore what they are, how they work, and their many applications.

* by Murugesan Radhakrishnan
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What is a Hopfield Network?

The Hopfield network is a type of recurrent artificial neural network that serves as a content-addressable
memory system. It can store and retrieve binary patterns from memory through a process called associative
memory, with the ability to recognize and recreate an entire pattern when only given a portion of it.

Introduced by Based on Operates by
John Hopfield in 1982. The study of spin glasses in Minimizing energy functions.
physics.
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How Does a Hopfield Network Work?

A Hopfield network consists of a set of interconnected neurons that are arranged in a feedback loop. Each

neuron outputs a value of either -1 or 1, which is determined by the weighted sum of the inputs received from

other neurons and any external input. The neurons adjust their output values iteratively in response to the

inputs until the network reaches a stable state, in which the energy function is minimized and the desired

output is obtained.
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Applications of Hopfield Networks

One of the main applications of Hopfield networks is in image recognition and restoration. They can also be
used in optimization problems, pattern recognition, content-addressable memory, and even in the modelling
and prediction of biological phenomena, such as gene expression and protein structure.

1

Content-
addressable
memory

Can retrieve entire
patterns based on
partial inputs.

2

Pattern
recognition

Can recognize and
classify binary
patterns.

3

Optimization
problems

Can find a global
minimum value of

an energy function.

Biological
modelling

Can model and
predict biological
phenomena.
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Advantages of Hopfield Networks

Some of the advantages of Hopfield networks include their ability to store and retrieve patterns from memory
without explicitly mapping them to specific addresses, their fault-tolerant nature, and their computational
efficiency. They also require relatively little training and can generalize well to inputs that differ from those

used during training.

Memory Storage Computational Efficiency Fault Tolerance

Can store patterns without Require relatively little Can still recognize patterns that
explicit mapping to specific computation time and resources. are noisy or partially corrupted.
addresses.
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Limitations of Hopfield Networks

Despite their many advantages, Hopfield networks also have some limitations. They can only store a limited
number of patterns, due to the possibility of spurious states, and are constrained by the size and connectivity
of the network. They can also be sensitive to noise and are not well-suited for problems involving continuous-

valued inputs.

1  Capacity

Canonly store a limited
number of patterns
reliably without s purious
states.

Connectivity 3  Noise

The size and connectivity Can be sensitive to noise
of the network can be a and errors.

limitation.
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Hopfield Networks vs Other Neural
Networks

While Hopfield networks are similar to other types of artificial neural networks, such as feedforward networks
and recurrent networks, they differ in their focus on associative memory and their use of a feedback loop.

Compared to feedforward networks, Hopfield networks have the ability to perform pattern recognition without
labels, while recurrent networks can capture temporal dynamics.

Hopfield Networks Feedforward Recurrent Networks
Networks
« Content-addressable « Connections between
memory «  Forward flow of information neurons loop back
» Feedback loop « Commonly usedin « Can capture temporal
supervised learning dynamics
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Conclusion

Hopfield networks are a powerful and versatile type of artificial neural network that can be used for a wide
range of applications, including image recognition, optimization, and biological modelling. While they have
some limitations and may not be the best choice for all problems, they offer a unique and useful approach to

associative memory and pattern recognition.
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Hidden nodes layer

The Power and
Possibilities of the
Hopfield Network

Welcome to the world of Hopfield networks. In this presentation, we will

explore what they are, how they work, and their many applications.

* by Murugesan Radhakrishnan
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What is a Hopfield Network?

The Hopfield network is a type of recurrent artificial neural network that serves as a content-addressable
memory system. It can store and retrieve binary patterns from memory through a process called associative
memory, with the ability to recognize and recreate an entire pattern when only given a portion of it.

Introduced by Based on Operates by
John Hopfield in 1982. The study of spin glasses in Minimizing energy functions.
physics.
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How Does a Hopfield Network Work?

A Hopfield network consists of a set of interconnected neurons that are arranged in a feedback loop. Each

neuron outputs a value of either -1 or 1, which is determined by the weighted sum of the inputs received from

other neurons and any external input. The neurons adjust their output values iteratively in response to the

inputs until the network reaches a stable state, in which the energy function is minimized and the desired

output is obtained.
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Applications of Hopfield Networks

One of the main applications of Hopfield networks is in image recognition and restoration. They can also be
used in optimization problems, pattern recognition, content-addressable memory, and even in the modelling
and prediction of biological phenomena, such as gene expression and protein structure.

1

Content-
addressable
memory

Can retrieve entire
patterns based on
partial inputs.

2

Pattern
recognition

Can recognize and
classify binary
patterns.

3

Optimization
problems

Can find a global
minimum value of

an energy function.

Biological
modelling

Can model and
predict biological
phenomena.
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Advantages of Hopfield Networks

Some of the advantages of Hopfield networks include their ability to store and retrieve patterns from memory
without explicitly mapping them to specific addresses, their fault-tolerant nature, and their computational
efficiency. They also require relatively little training and can generalize well to inputs that differ from those

used during training.

Memory Storage Computational Efficiency Fault Tolerance

Can store patterns without Require relatively little Can still recognize patterns that
explicit mapping to specific computation time and resources. are noisy or partially corrupted.
addresses.
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Limitations of Hopfield Networks

Despite their many advantages, Hopfield networks also have some limitations. They can only store a limited
number of patterns, due to the possibility of spurious states, and are constrained by the size and connectivity
of the network. They can also be sensitive to noise and are not well-suited for problems involving continuous-

valued inputs.

1  Capacity

Canonly store a limited
number of patterns
reliably without s purious
states.

Connectivity 3  Noise

The size and connectivity Can be sensitive to noise
of the network can be a and errors.

limitation.
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Hopfield Networks vs Other Neural
Networks

While Hopfield networks are similar to other types of artificial neural networks, such as feedforward networks
and recurrent networks, they differ in their focus on associative memory and their use of a feedback loop.

Compared to feedforward networks, Hopfield networks have the ability to perform pattern recognition without
labels, while recurrent networks can capture temporal dynamics.

Hopfield Networks Feedforward Recurrent Networks
Networks
« Content-addressable « Connections between
memory «  Forward flow of information neurons loop back
» Feedback loop « Commonly usedin « Can capture temporal
supervised learning dynamics
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Conclusion

Hopfield networks are a powerful and versatile type of artificial neural network that can be used for a wide
range of applications, including image recognition, optimization, and biological modelling. While they have
some limitations and may not be the best choice for all problems, they offer a unique and useful approach to

associative memory and pattern recognition.
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Working of Back
Propagation Neural
Model

Neural networks have revolutionized machine learning. Back Propagation

Neural Model is one such type. In this presentation, we will explore the
working of this model.

* by Murugesan Radhakrishnan
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Introduction to Neural Networks

What are Neural
Networks?

Neural Networks are
computing systems that
work like human brains,
allowing computers to
"learn" from data and find
patterns in complex
datasets. They are made up
of interconnected processing
nodes that work together to
create a complex network of
data connections.

How Do They Work?

Neural Networks work by
taking in data inputs and
processing them through the
interconnected nodes. The
outputs from each node are
then combined to create the
final output. This process
allows Neural Networks to
recognize patterns in data
that would be difficult or
impossible for humans to

See.

Applications of Neural
Networks

Neural Networks have
numerous applications in
fields like image recognition,
speech recognition, natural
language processing, and
autonomous vehicles. They
are also used in finance,
marketing, and

recommendations systems.

@ Made with Gamma


https://gamma.app
https://gamma.app

What is Back Propagation?
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Neuron Connections

Backpropagation is a method
used to train Neural Networks. It
involves the forward and
backward propagation of signals
through the network, allowing it
to adjust the weights of the
connections between the
neurons to minimize the
difference between the
predicted and actual outputs.
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Machine Learning

Backpropagation is a supervised
learning technigue that requires
a labeled dataset to train the
network. It is one of the most
popular neural network training
algorithms used in machine
learning.
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Training Process

The training process involves
multiple iterations of forward and
backward propagation of the
signals. During each iteration,
the weights of the connections
between the neurons are
adjusted based on the
difference between predicted
and actual outputs. This process
continues until the network
starts making accurate
predictions on the input data.

If not
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Understanding the Feedforward Process

Activation Function

An activation function is applied to the
outputs of the neurons in the hidden
layer to introduce non-linearities in the
network and allow it to model complex
functions.

Gradient Descent

Gradient descent is used to update the
weights of the connections between the
neurons during training. It involves
calculating the gradient of the loss
function with respect to the weights and
adjusting the weights in the opposite
direction of the gradient to minimize the
loss function.

Feed Forward

The feedforward process involves the
input layer, hidden layers, and the
output layer. The input layer receives
the input data, the hidden layers
perform calculations on the input data,
and the output layer produces the final
output.

Loss Function

The loss function is a measure of how
well the network is predicting the output.
During training, the weights of the
connections between the neurons are
adjusted to minimize the loss function.

@ Made with Gamma


https://gamma.app
https://gamma.app

Chain Rule

The chain rule is used to calculate
the gradients of the loss function
with respect to the weights of the
connections between the layers. It
is used in the backward
propagation of signals through the
network during training.

Overfitting

Mathematics of Back Propagation

Weight Initialization

The weights of the connections
between the neurons are initialized
randomly at the start of training.
Different weight initialization
methods can be used to improve
the performance of the network.

Overfitting is a common problem in Neural Networks. It occurs when the network

performs well on the training data but poorly on the test data. Techniques like

regularization, dropout, and early stopping can be used to prevent overfitting.
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Backpropagation Algorithm in Action

Training Data

The first step in training a
Neural Network using
Backpropagation is to prepare
the training data. The data is
usually split into training and
validation datasets.

Forward
Propagation

During the forward propagation
of signals, the input data is fed
into the network, and the
outputis produced. The output
is then compared with the
expected output to calculate
the loss function.

Backward
Propagation

The gradients of the loss
function with respect to the
weights are calculated using
the chain rule during the
backward propagation of
signals. The weights are then
adjusted using gradient
descent.
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Training A Neural Network

backpropagation

Types of Data

Neural Networks can be trained
on different types of data like
text, audio, image, and video
data. The preprocessing steps
foreach type of data are
different.

Architecture Design

The architecture of the Neural

Network affects its performance.

The number of layers, the
number of neurons in each
layer, and the activation
functions used can be
customized based on the
problem being solved.

A typical Convolutional Neural Network
Architecture
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Pooling

Transfer Learning

Transfer Learning is a technique
used to reuse the pre-trained
weights of a Neural Network for
a new task. It helps to improve
the performance of the network
and reduce the amount of
training data required.
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Applications of Back Propagation

Natural Language

Processing
Finance
Backpropagation is used in Natural
Language Processing tasks like Backpropagation is used in finance
machine translation, question- for tasks like fraud detection, risk
answering, and sentiment analysis. assessment, and algorithmic
trading.

1 2 3 4

Image Classification Speech Recognition
Backpropagation is used extensively Backpropagation is used in speech
in image classification tasks like recognition systems like Siri and
object detection, face recognition, Google Assistant to recognize

and autonomous driving. spoken commands and generate

appropriate responses.

@ Made with Gamma


https://gamma.app
https://gamma.app

Classical Sets of Set
Theory

Welcome to an introduction to set theory, where we will explore the
fundamentals of classical sets and their properties.

0 by AITSHODEEE TIRUPATI
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What is a Set?

"-qur DR S G e
Definition Notation
A set is an unordered collection of distinct objects, Sets are typically represented by capital letters
known as elements or members. and their elements are listed within curly braces

or using set-builder notation.
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The Empty Set and Universal Set

Universal Set

The universal set, denoted by U, is the set
that contains all possible elements within a
specific context.

1 2 3
Empty Set Examples
The empty set, denoted by @ or {}, is the set For instance, the set of even numbers
with no elements. represent a subset of the universal set of
integers.
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Subset and Superset

Subset Proper Subset

A set Ais a subset of a set B if every element If Ais a subset of B but not equal to B, then A

of Ais also an element of B. Is a proper subset of B, denoted by A c B.

Superset Proper Superset

Conversely, a set B is a superset of Aif every If B is a superset of A but not equal to A, then

element in Ais also an element of B. B is a proper superset of A, denoted by B ©
A.
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Intersection and Union of Sets

>

Pk

Intersection

The intersection of two sets A
and B, denoted by A N B, is
the set that contains all
elements that are in both A and
B.

Union

The union of two sets A and B,
denoted by A U B, is the set
that contains all elements that
are in either A or B or both.

4 b et == T3
equality inequality opprosimotely  plus or minus
equol
is less thon islessthonor  is greaterthon is greoter thon or
equol to equol to

o0 ! %) %

infinity foctoriol empty set percent

T >

pi therefore becouse sum of

Properties

These operations have
commutative, associative, and

distributive properties.
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Complement and Difference of Sets

Difference

The difference of two sets A and B, denoted
by A - B or AMB, is the set that contains all
elements of A that are notin B.

1 2 3
Complement Venn Diagrams
The complement of a set A with respect to a These operations can be visualized using
universal set U, denoted by A, is the set that Venn diagrams.

contains all elements of U that are notin A.
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Applications of Set Theory

Mathematics

Set theory is a foundational
area of mathematics that
underpins many other
branches such as
geometry, topology, and
logic.

Computer Science

Set theory plays a crucial
role in the design of
programming languages,
databases, and algorithms.

Philosophy

The study of sets has
philosophical implications
for the nature of abstract
objects and the relation
between language and
reality.
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The Future of Set Theory

;& Fw. ¥ )

Challenges

New discoveries and
applications raise new
challenges such as the
continuum hypothesis, large
cardinal properties, and
category theory.

Progress

Advances in computing,
artificial intelligence, and
experimental mathematics are
opening up new avenues for
research and collaboration.

Implications

The beauty and elegance of
set theory have profound
implications for our
understanding of the world and
our place in it.
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Exploring Fuzzy Rule
Based Systems

Discover the power of fuzzy logic and learn how fuzzy rule based systems
can overcome the limitations of traditional one-size-fits-all approaches.

by Dr. R. Murugesan
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Membership Functions and
Fuzzy Sets

Fuzzy Membership

Assigning membership values to set elements using membership functions.

Shape of Fuzzy Sets

The shapes of fuzzy sets play a crucial role in fuzzy inference systems.

Membership Function Types

Classical, sigmoidal and Gaussian membership functions and their respective properties.

Fuzzy Set Operations

Crisp and fuzzy set operations, including union, intersection, and complement, and
their applications.
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Fuzzy Inference Systems

1
Mamdani Fuzzy Inference 2
The Mamdani algorithm is a popular
method for fuzzy inference engine that
uses fuzzy rules. 3

Fuzzy Inference Engine

The core of a fuzzy inference system; it
computes the output based on the
input and the rule set.

Takagi-Sugeno Fuzzy Inference

A fuzzy inference system that uses if-
then rules to create a linear output.
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Rule Base Construction

Ol@.

TiPS {9» Tmc&s
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The Rule Base Rule Composition Rule Base Strategy
Components

Dividing complex problems into How strategies for fuzzy
Examines the essential simple rules that can be easily systems differ from those for
components required to translated into the rule base. traditional systems.

construct a fuzzy rule-based
system.
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Deftuzzification Methods

1  Height method 2

Defuzzification based on the center of area
of membership function.

3  Weighted Average method 4

Defuzzification based on center of gravity
of membership function.

Bisector method

Defuzzification based on the point equally
distant from the two highest points.

Centroid method

Defuzzification based on the center of
mass of membership function.
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Applications of Fuzzy Rule Based Systems

Automotive Industry

Fuzzy control is widely used

In automotive devices such as
automatic transmissions, anti-
lock brakes, and steering
systems.

Process Control

Fuzzy logic can be used to
optimize processes in
industries such as cement
production and wastewater
treatment.

Medical Diagnosis

Fuzzy systems are
increasingly being used for
diagnosis and decision
support for uncertainty
management in medical
applications.
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Conclusion and Future Directions

Efficiency and Accuracy Future of Fuzzy Logic

Fuzzy systems are able to manage We look towards a future where fuzzy
uncertainty, which other rule-based systems systems work alongside other Al systems in a
can't. Interestingly, they still achieve good cooperative and understandable manner.

results efficiently when dealing with
incomplete or inaccurate data.
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Exploring Fuzzy Logic
Control Systems

Join me on a journey to discover the fascinating world of fuzzy logic
control systems and learn how to design them.

by Dr. R. Murugesan
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Introduction to Fuzzy Logic Control

What is Fuzzy Logic
Control?

Fuzzy logic control is a method
of controlling complex systems
using linguistic variables. It's
based on fuzzy settheory and
allows for less precise but
more nuanced control.

Why Use Fuzzy Logic
Control?

Conventional control systems
are often too rigid and unable
to handle complex and
changing environments. Fuzzy
logic control allows for more
flexibility and adapts to
changes in a system.

Where is it Used?

Fuzzy logic control has
applications in a wide range of
fields, including manufacturing,
automotive systems, robotics,
and environmental control.

@ Made with Gamma


https://gamma.app
https://gamma.app

Membership Functions

Types of Membership Functions

Common types of membership functions
include triangular, trapezoidal, and Gaussian.
They're chosen based on the needs of the
system being controlled.

1 2 3
What is a Membership Function? Membership Function Example
A membership function is a mathematical For example, a membership function for
representation of a fuzzy set. It describes how "temperature” might include linguistic terms
a variable is related to a set of linguistic like "cold", "warm", and "hot", with specific
terms. ranges associated with each term.
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Fuzzy Rules

What are Fuzzy Rules?

Fuzzy rules are a set of
conditional statements that
describe how input
variables relate to output
variables.

Structure of Fuzzy
Rules

A typical fuzzy rule has an
"If-then" structure, with
conditions based on
membership functions and
linguistic terms. For
example, "if temperature is
warm, then decrease fan
Speed".

Fuzzy Rule Example

A fuzzy rule for a washing
machine might say "if the
load is heavy and the
clothes are very dirty, then
iIncrease the wash cycle
time".
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Fuzzy Inference System

1 What is a Fuzzy Inference
System?
. A fuzzy inference system combines

Steps in the Fuzzy Inference ) / / , ,

fuzzy rules and membership functions
Process .
to generate output based on input
The fuzzy inference process involves variables.

fuzzification, rule evaluation, and
defuzzification. Fuzzification converts

input variables into fuzzy sets, rule

| . 3 Example of a Fuzzy Inference
evaluation combines fuzzy rules to
. . System
generate intermediate sets, and
defuzzification converts intermediate A simple fuzzy inference system might
sets into crisp outputs. control the water level in a tank based

on the inflow and outflow rates by
increasing or decreasing the valve
opening based on fuzzy rules.
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Defuzzification
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What is Defuzzification?

Defuzzification is the process
of converting intermediate
fuzzy sets into crisp outputs.

i S
0 01 02 03 04 05 06

CoS

Methods of
Defuzzification

Common methods of
defuzzification include centroid
and mean of maximum, which
take the center of gravity of the
output set or the maximum
value of the output set,
respectively.

. -

Defuzzification Example

For example, if the intermediate
fuzzy set for water level is "low"
with a membership value of 0.6
and "medium" with a
membership value of 0.4, the
centroid method would output a
crisp value that's a weighted
average of the two.
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Designing a Fuzzy Logic Control System

Step 1: Define
Input and
Output
Variables

|dentify the variables
that need to be
controlled and how
they're related.

Step 2:
Determine
Membership
Functions

Choose the types of
membership
functions that best
describe the
variables and their
fuzzy sets.

Step 3:
Create Fuzzy

Rules
Write the fuzzy rules

that describe how
input variables
relate to output
variables.

Step 4:
Implement
the Fuzzy
Inference
System

Create the fuzzy
inference system by
combining
membership
functions and fuzzy
rules and applying
the defuzzification
method.
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Examples of Fuzzy Logic Control

Applications

Fuzzy Logic in Autonomous
Vehicles

Fuzzy logic is used in self-driving cars
to control steering, braking, and
acceleration based on sensor data and
driving conditions.

Fuzzy Logic in HVAC Systems

Fuzzy logic is used in heating,
ventilation, and air conditioning
systems to control temperature and
humidity levels based on input
variables like occupancy and outdoor
temperature.

Fuzzy Logic in Industrial
Control

Fuzzy logic is used in manufacturing
processes to control variables like
temperature and pressure based on
production goals and input variables
like raw material quality and machine
performance.
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Fuzzy operations for
ANN

Artificial neural networks can be enhanced with fuzzy logic to allow for
more flexible and adaptable systems. Let's explore how fuzzy sets and
operations can be integrated.

by Dr. R. Murugesan
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Fuzzy Sets

Definition

A fuzzy setis a collection of objects with
degrees of membership ranging from 0 to 1,
representing the degree to which each
element belongs to the set.

Applications

Fuzzy sets can be used in rule-based
systems, decision-making processes, and
image recognition to improve accuracy and
flexibility.

Operations

Fuzzy set operations include Union,
Intersection, and Complement, each allowing

for more nuanced set inclusion and exclusion.

Examples

Examples of fuzzy sets include "tall person”,
"warm day", and "spicy food".
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Fuzzy Logic and Neural Networks

Hidden nodes layer

Input x2 l

Input x3 ;
Definition Integration
Fuzzy logic is a mathematical Fuzzy logic can be integrated
framework that allows for into neural networks to improve
reasoning with uncertain, learning and decision-making
ambiguous, and contradictory processes, allowing for more
information, unlike traditional complex and adaptive systems.

Boolean logic.

Applications

Fuzzy logic is used in traffic
control systems, robotics, and
smart cities to improve safety,
efficiency, and sustainability.
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Overview of Artificial Neural Networks

1  Definition 2  Architecture 3  Applications
An artificial neural A neural network Neural networks are
network is a machine consists of input, output, used in image
learning model inspired and hidden layers of recognition, natural
by the structure and interconnected nodes, language processing,
function of the human each performing simple and predictive analytics,
brain. computations to among other fields.

transform the input into
the output.
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Fuzzy Membership Functions in ANN

Types

Fuzzy membership functions can take many
forms, including triangular, trapezoidal,
Gaussian, and sigmoidal.

1 2 3
Definition Applications
A membership function is a mathematical Fuzzy membership functions are used to
function that maps an input value to a degree quantify and represent uncertain or
of membership in a fuzzy set. ambiguous information in artificial neural
networks.
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Fuzzy Inference System in ANN

Operation

Fuzzy inference is the process
of using fuzzy logic to make
decisions or predictions in
uncertain or complex
environments.

Applications

Fuzzy inference systems are
used in robaotics, intelligent
control systems, and financial

forecasting, among other fields.
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Example

A fuzzy inference system could
be used to predict stock prices
based on multiple uncertain
variables such as company
performance, market trends,
and global events.
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Fuzzy Clustering in ANN

Definition

Fuzzy clustering is a
method of unsupervised
learning that groups data
points based on their
similarity to each other and
their degree of membership

in multiple clusters.

Algorithms

Fuzzy c-means and
Gustafson-Kessel are
common algorithms used

for fuzzy clustering.

Applications

Fuzzy clustering can be
used in image
segmentation, pattern
recognition, and anomaly

detection, among other
fields.
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Fuzzy Systems and ANN Integration

Benefits

The integration of fuzzy systems and
ANN can result in higher accuracy,
interpretability, and adaptability than
either system alone.

Types

There are two main types of fuzzy
systems in integration with ANN: fuzzy-
neural networks and neuro-fuzzy
systems.

Applications

The integration of fuzzy systems and
ANN is used in medical diagnosis,
predictive maintenance, and vehicle
safety, among other fields.
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How to Design a Fuzzy

Logic Controller

Welcome to this comprehensive guide on designing a fuzzy logic

controller. This presentation will provide you with an in-depth

understanding of the fuzzy control system and guide you on the journey

from concept to implementation.

by Dr. R. Murugesan
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Fuzzy Logic Controller: A Brief Overview

What is Fuzzy Logic?

Fuzzy logic is a decision-
making methodology that
can handle complex and
uncertain information.
Instead of crisp values, it
uses fuzzy sets to manage
ambiguous data and find
optimal solutions.

What is a Fuzzy Logic
Controller?

A fuzzy logic controller is a
rule-based control system
that uses fuzzy sets and
operations to manage a
process or machine. It
mimics human reasoning
and decision-making and
can handle nonlinear and
dynamic systems
effectively.

Why Use Fuzzy Logic?

Fuzzy logic controllers are
easy to design and
implement, require less
computational resources,
and can tackle problems
where traditional controllers
struggle. They are widely
used in process control,
robotics, and automation
systems.
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Fuzzy Sets and Fuzzy Logic
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What are Fuzzy Sets? How Does Fuzzy Logic Work?

Fuzzy sets are a mathematical concept that Fuzzy logic uses linguistic variables, fuzzy rules,

allows for partial membership. Instead of being and fuzzy inference to make decisions based on

binary, they can represent degrees of truth or uncertain data. The membership functions

membership in a set. Fuzzy sets are the building transform input values into fuzzy sets, which are

blocks of a fuzzy control system. then combined using logical operators to reach a
conclusion.
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Designing the Membership Functions

Creating Membership Functions

Create your membership functions using a

shape that accurately reflects the degree of

membership of the input variable. The shape

can be triangular, trapezoidal, or Gaussian,

depending on your needs.

Selecting Inputs

Determine the input variables for your fuzzy

system and determine the range of possible

input values. These variables will be used to
create your membership functions.

Assigning Weights

Assign weights to your membership functions,
based on their importance for the output
variable. The weights should be normalized
to a value between 0 and 1 This will ensure
that the fuzzy system provides accurate and
reliable control.
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Rule Creation and Implementation

1 Rule Definition

Create fuzzy inference
rules by combining your
input and output
variables. These rules
should be based on
expert knowledge or
empirical data.

Rule Combination

Combine your individual
rules into a set of rules
using logical operators.
These rules should
cover all possible
combinations of input
variables and be
comprehensive.

Rule
Implementation

Implement your fuzzy
logic system using a
programming language
or a dedicated software
tool. Test your system
and fine-tune your
membership functions
and rules until you
achieve the desired

performance.
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Deftuzzification Methods

Center of Gravity
Method

The center of gravity method
calculates the center of the
output membership function
and uses it as the crisp output
value. Itis a simple and
effective method but can be
affected by noise or outliers.

Mean of Maximum

The mean of maximum
method calculates the output
value that corresponds to the
maximum membership
degree of the output variable.
Itis a robust method that can
handle noisy data but can
lead to coarse results.

Bisector of the Area

The bisector of the area
method finds the output value
that splits the output
membership function's area
into equal parts above and
below it. Itis a moderate
method that provides
balanced results but can be

time-consuming to calculate.
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System Testing and Fine-Tuning

Rule Base

v

v

Inference
Engine

Test Your System

Test your fuzzy system under various conditions
and evaluate its performance. Measure its input-
output behavior, response time, and stability.
Adjust your membership functions and rules if

necessary.
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Fine-Tune Your System

Fine-tune your fuzzy system by adjusting its
parameters and weights until you achieve the
desired performance. Use empirical data or
expert knowledge to improve your system's
accuracy and efficiency.
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Applications and Advantages of Fuzzy

Logic Controllers

Robotics and Automation

Fuzzy logic controllers are also used in
robotics and automation systems,
where they can work with sensor data
and provide precise and intelligent
control. They are used in
manufacturing, logistics, and
transportation industries.

Process Control

Fuzzy logic controllers are widely used
in process control applications, where
they can handle nonlinearities,
uncertainties, and disturbances
effectively. They are used in chemical,
petrochemical, and food processing
industries.

Advantages of Fuzzy Logic
Controllers

Fuzzy logic controllers have several
advantages over traditional controllers,
including better performance,
robustness, and flexibility. They can
handle complex and uncertain
systems efficiently and reduce the
need for expert knowledge.
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SOR WOLF - FU:

Mathematical Properties
of Fuzzy Sets

An introduction to the world of fuzzy sets and their properties, exploring
degrees of membership and operations on these sets.

by Dr. R. Murugesan
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Detfining Fuzzy Sets and
Their Properties

1 What are Fuzzy Sets? 2  Properties of Fuzzy

[] Sets

Fuzzy sets are sets that Fuzzy sets are a form of
admit members with a extension of classical sets,
degree of membership that and feature complement
lies between 0 and 1. and union operations.

3  Discrete vs. Continuous Fuzzy Sets [

There are two types of fuzzy sets -- discrete and continuous --
and each has its own way of expressing degrees of membership.
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Membership Functions and Degrees of
Membership

Degrees of Membership

Degrees of membership quantify the degree
to which an element belongs to the universe

of discourse.

1 2 3
What is a Membership Function? [] Types of Membership Functions [
A membership function maps an element Common membership functions include
from the universe of discourse to a degree of triangular, trapezoidal, gaussian, and
membership in the corresponding fuzzy set. sigmoidal.
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Operations on Fuzzy Sets

Complement Intersection

Produces the degree of non- Produces the smallest set

membership of a fuzzy set, or thatis a member of both sets

"notA." under consideration, or "A
and B."

Union

Produces the largest set that

is a member of at least one of

the two sets, or "Aor B."
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Applications of Fuzzy Sets in Mathematics

and Beyond

AnaPPfoach bl
processing that allows for

P e e 0

Artificial Intelligence

Fuzzy rules and sets are used
In expert systems, image
processing, and machine
intelligence.

through the same variable.

Operations Research ¥

Fuzzy sets can help optimize
scheduling, inventory
management, and dynamic

decision-making processes.

Meteorology and
Environmental Science

Fuzzy logic is used to model
and predict the outcomes of
complex natural systems.

/div>
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Advantages and Disadvantages of Using

Fuzzy Sets

Advantages v

Fuzzy sets offer a more flexible way to model
uncertainty and complex systems, and can be
applied to a variety of fields beyond
mathematics.

Disadvantages X

Implementing fuzzy models can be more
challenging and computationally intensive,
and they may not always be the bestway to
represent data.
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Conclusion and Future
Directions

"Fuzzy sets offer the potential to more accurately capture the
complexities of our world, but their implementation remains a
challenge. Future research will continue to explore ways in which they
can be integrated into computational systems, while balancing their
advantages and disadvantages."
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Discover How Different
nstruments and Sensors
Must Be Integrated Into the
Aircraft Landing System
Design

The aircraft landing system is critical to a safe landing and requires a complex array of
ors and instruments to function properly. In this presentation, we delve into the
intricacies and challenges of integrating these components.

by Dr. R. Murugesan
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The Importance of a Reliable Aircraft

Landing System

1  Safety First @ 2

Aircraft landing systems
must be accurate and
reliable to avoid
disastrous outcomes.
The consequences of a
faulty landing system
can be catastrophic.

Legal Compliance

The Federal Aviation
Administration sets
detailed standards and
requirements for aircraft
landing systems. Failure
to comply can resultin
serious legal
repercussions.

3

Passenger Comfort

[

A reliable landing
system also ensures a
smooth and comfortable
passenger experience.
Bumpy landing? No
thank you.
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Types of Instruments and Sensors used
In Aircraft Landing Systems

Altimeter Radar Sensor

Determines an aircraft's altitude above sea level Measures the distance between the aircraft and

or ground level. the ground to assistin the calculation of altitude.
8 4

Gyroscope
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Integration Challenges and

Considerations

Compatibility ¥

The various instruments and sensors used in
aircraft landing systems must be able to work
together seamlessly to create a cohesive
design.

E nvironmental Factors 0O

Changes in weather conditions can affect the
accuracy and reliability of the system, which

must remain operable, rain or shine.

Noise Reduction O

Sensors can produce noise, which can
interfere with the accuracy of the system.
Careful consideration must be taken to reduce
noise and ensure clear communication
between components.

E rror Detection

Inevitably, errors occur. Reliable landing
systems need to be able to identify these
errors and correct them automatically or alert

pilots to take corrective action.
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Case Studies of Successful Integration

Boeing 787
Dreamliner

The 787 Dreamliner
features advanced landing
instrumentation, including a

high-quality altimeter

system and a precision
radar altimeter, which work
together seamlessly to
ensure the pilot has
accurate and reliable

information.

Airbus A320

The A320 is equipped with
an advanced inertial
reference system, which
provides accurate and
reliable orientation
information to the cockpit.
The system is designed to
withstand even the most
challenging turbulence and
weather conditions.

Bombardier CRJ

The CRJ features a dual-
energy X-ray
absorptiometry system,
which provides accurate
and reliable information on
the aircraft's weightand
balance to the flight deck.
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Future Advancements in Aircraft Landing

System Design

1

Automated Landing
Systems [

Advancements in Al
technology have led to
the development of
automated landing
systems. These systems
use cutting-edge
sensors and software to
land aircraft with greater
precision and efficiency:.

Improved
Instrumentation @

New instruments and
sensors will continue to
be developed and
refined, providing pilots
with even more accurate
and reliable information
during the landing
approach.

Data Analytics MMl

The use of data
analytics will enable
aircraft landing systems
to become even more
efficient and reliable, as
data is used to
continuously improve
system accuracy and
performance.
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Conclusion and Key Takeaways

Aircraft landing
systems are critical

To the safety and comfort of
everyone onboard. A reliable
system is vital to a successful
landing.

Integration
challenges can be
overcome

By carefully considering

compatibility, noise reduction,

environmental factors, and
error detection.

Future
advancements will
continue to improve

Landing system design and
improve safety, accuracy, and
efficiency.
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E xplaining Fuzzy Logic
for Statistical Process
An approac S afololege)

processing

multiple po
values to be
thrOUgh the () by Dr. RMurugesan

In this presentation, we will explore the implementation of fuzzy logic in
statistical process control. We will discuss its advantages, applications,
and potential future research directions.

z InveStOpediG % Made with Gamma


https://gamma.app
https://gamma.app

Fuzzy Set Theory

Members hip Functions Fuzzy Rules

Fuzzy logic defines membership Fuzzy rules are used in place of
functions that translate continuous traditional control rules to give more
inputs into values that range from 0 to fine-grained control and adaptability.

1, allowing for partial memberships and
improved accuracy.

Applications

Fuzzy set theory can be applied in a variety of fields, including finance, control, and

decision analysis.
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Implementation of Fuzzy Logic for SPC

Fuzzy Inference System

A fuzzy inference system maps input

variables to output variables, allowing

for better adaptability than traditional
methods.

Fuzzy Control Chart Integration Into Existing Systems
A fuzzy control chart utilizes Fuzzy logic can be easily integrated into
membership functions to help detect existing statistical process control
shifts in process mean or variance and systems without the need for significant
reduce the likelihood of false alarms. retooling.
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Advantages of Fuzzy Logic in SPC

Improved Accuracy Robustness

The use of partial memberships allows for Fuzzy logic is more adaptable to changes
a finer-grained control, giving more in the environment, resulting in a more
accurate results. robust control system.

Real-Time Control

The use of fuzzy logic allows for more

efficient and accurate real-time monitoring @ Madowith Gamma

of process control systems.
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Manufacturing
Quality Control

Fuzzy logic has significant
applications in
manufacturing processes,
such as automotive or
electronics, where fine-
tuned control is essential
for quality.

Hnancial Analysis

Applications of Fuzzy Logic
In SPC

Service Industries

Service industries can also
leverage fuzzy logic for
more fine-grained control
of processes, such as
customer service or
logistics.

Fuzzy logic is being explored as a tool for financial analysis, such

as credit scoring and fraud detection.
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Conclusion and Future Research

Directions

Overall Benefits

The use of fuzzy logic in statistical
process control presents significant
advantages, including improved
accuracy, robustness, and real-time

control.

Future Research

The next steps include the development
of more complex fuzzy models that can
adapt to changing environments, and
the integration of fuzzy logic into
machine learning systems.
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FExploring Fuzzy
Logic for Improved
Possibility and
Necessity Measures

Discover how leveraging fuzzy logic can improve the accuracy of
possibility and necessity measures. Join us for this in-depth exploration.

by Dr. R. Murugesan
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Possibility Measures: A Deeper
Understanding
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Necessity Measures: An Uncommon

Approach

Definition Examples Fuzzy Logic
Improvements
Understand what necessity Learn about some unique
measures are, a measurement examples of necessity See how fuzzy logic can help
of how necessary an eventis. measures, such as assessing improve necessity measures,
Explore the benefits of using the risk of a cyber attack or enabling better modeling and
necessity measures over more determining the impact of measurement of complex
traditional approaches. climate change. systems and scenarios.
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Adding Fuzzy Logic to
Improve Decilision
M@z-ykgleagon Trees

Discover how fuzzy decision trees can help organizations make better
decisions with complex and uncertain data.

Fuzzy Querying

Explore how fuzzy querying can improve search accuracy and help
identify relevant information faster.

Fuzzy Grouping

Learn about the power of fuzzy grouping for tasks like customer
segmentation, fraud detection, and more.
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Fuzzy Logic Case Studies

Finance Sector

Explore how banks and financial institutions

are using fuzzy logic to detect fraud, model

risk, and make better investment decisions.

Automotive Industry

See how the automotive industry is leveraging
fuzzy logic to create more efficientengines,
improve safety, and enhance overall

performance.

Medical Field

Discover how fuzzy logic is enabling more
accurate and personalized diagnoses, more
effective treatments, and better outcomes for

patients.
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The Future

Automating
Complex Tasks

As Al and machine learning
continue to mature, fuzzy
logic will become an even
more important tool for
automating complex tasks
In every industry.

Advancing Robotics

of Fuzzy Logilc

Improving
Predictive

Analytics
With the help of fuzzy logic,

predictive analytics will
become more accurate and
reliable, enabling
organizations to make
better decisions and
achieve better outcomes.

Fuzzy logic will play an increasingly important role in advancing

robotics and automation, making machines more adaptable and

intelligent than ever before.
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The Benefits of Fuzzy Logic

Greater Precision

By enabling more nuanced
and sophisticated evaluations,
fuzzy logic can produce more
precise results and insights.

Enhanced
Efficiency

With the power to automate
complex tasks, fuzzy logic can
deliver dramatic
improvements in efficiency
and productivity.

Better
Decision

Makin
Fuzzy %ogigprovides a more

comprehensive and
sophisticated approach to
decision making, enabling
better outcomes and a
competitive advantage.
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Exploring Fuzzy Logic
and Cognitive Mapping

Join us on a journey to discover how fuzzy logic is applied to cognitive
mapping, and explore the benefits and challenges of this fascinating field.

by Dr. R Murugesan
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Introduction to Fuzzy Logic

1 Whatis Fuzzy Logic? 2  Why s Fuzzy Logic important?
Fuzzy Logic is a form of multivalued logic Fuzzy Logic helps to fill the gap between
that allows for reasoning that is theory and real-world systems by providing
approximate rather than exact. a way to represent and reason with

imprecise or uncertain information.
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Whatis Cognitive Mapping?

Cognitive Mapping is a method of representing
and visualizing complex systems or concepts,

including human decision-making processes.

Data Visualization

What tools are used for Cognitive
Mapping?

L O N A e N | P I . S TR

Mapping

Why Use Cognitive Mapping?

Cognitive Mapping can help to simplify and
clarify complex relationships and interactions,
making it easier to understand and analyze real-
world systems
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Overview of Fuzzy Logic In
Cognitive Mapping

1 How does Fuzzy Logic Help in Cognitive Mapping?

Fuzzy Logic can help to represent and reason with imprecise or
uncertain data, making it a useful tool in complex systems such as
Cognitive Mapping.

2 What are the Advantages of Fuzzy Logic in Cognitive
Mapping?

Fuzzy Logic can help to identify and understand complex
relationships and interactions, even when information is limited or

uncertain.
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Exam
Mapping

Smart Traffic Management

Fuzzy Logic is used to optimize traffic
flow and reduce congestion by
analyzing real-time traffic data and
adjusting traffic lights accordingly.

ples of Fuzzy Logic in Cognitive

Smart Agriculture

Fuzzy Logic is used to analyze and
manage crop yields based on
imprecise and uncertain data, such as
weather patterns and soil quality.

Stock Market Analysis

Fuzzy Logic is used to analyze and
predict stock market trends based on
imprecise and uncertain data, such as
economic indicators and investor
sentiment.
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Advantages of Fuzzy Logic applied to
Cognitive Mapping

Improved Analysis

Fuzzy Logic can help to
identify and understand
complex relationships and
interactions, even when the
data is imprecise or
uncertain.

Increased Flexibility

Fuzzy Logic can be used
with a variety of tools and
methods, making it a
versatile and adaptable tool
for Cognitive Mapping.

Better Decision
Making

Fuzzy Logic provides a way
to represent and reason
with incomplete or
uncertain information,
helping to improve decision
making in complex
systems.
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Challenges and Limitations of Fuzzy Logic
In Cognitive Mapping

1 Data Quality

Fuzzy Logic requires high-quality data
o . in order to provide accurate and
Limited Interpretability 2 g

meaningful results.

Fuzzy Logic can be difficult to interpret,
making it challenging to communicate
results to stakeholders and decision 3 Complexity

makers.
Fuzzy Logic requires significant

expertise and resources to implement,
making it challenging for some
organizations to adopt.
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Conclusion and Future Scope

The Future of Fuzzy Logic in Cognitive Challenges Ahead
Mapping

To fully realize the potential of Fuzzy Logic in
As data becomes increasingly complex and Cognitive Mapping, organizations will need to
varied, Fuzzy Logic is likely to play an increasingly investin high-quality data, expertise, and
important role in Cognitive Mapping and other resources.

complex systems.
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Exploring Fuzzy Logic
for Probability and
Mes  Necessity Measures

processing
multiple po
ValU €S tO b 5 better understand Probability and Necessity Measures.

through the () by Dr. RMurugesan

Fuzzy Logic is a math-based concept that controls imprecise or vague
information. In this presentation, we explore how Fuzzy Logic can help us
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The Definition of Fuzzy Logic

What is Fuzzy Logic?

Fuzzy Logic allows us to work with
concepts that can't be expressed in terms
of true and false. It offers rich concepts and
expressive power in various domains.

Applications of Fuzzy Logic

Fuzzy Logic has a lot of applications such
as controlling systems in the automobile

and manufacturing industries, image and

signal processing, and artificial intelligence.
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Understanding Probability Measures

Traditional Probability

Traditional Probability is a mathematical
concept that’s only true or false. It's a
real number between 0 and 1 that
represents the likelihood of an event
occurring.

Fuzzy Probability

Fuzzy Probability combines the two
concepts of probability and possibility.
Fuzzy Probability takes into account
factors such as uncertainty and
vagueness.
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Necessity Measures

Traditional Necessity

In traditional necessity, we look at what
conditions are necessary for an outcome to
occur. Itis a mathematical conceptand can
be modeled with logic formulas.

Fuzzy Necessity

Fuzzy Necessity is the measure of how
needed an action is, and it takes into
account the degree of membership in the
set of necessary conditions. Itis used in
decision-making processes.
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Fuzzy Logic for Probability Measures

Examples and Applications

Fuzzy Logic is used in decision-making

processes, especially in situations

where the available data is incomplete

or inaccurate.

Definitions and Formulas

Fuzzy sets are used to represent
uncertainty and vagueness in
probability measures. The extension
principle is used to compute the fuzzy
probability of events.

Future Research

There is still much research to be done
in this field, particularly in the
development and implementation of
more advanced fuzzy logic algorithms.
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Fuzzy Logic for Necessity
Measures

1 Definitions and Formulas

In fuzzy necessity, we use fuzzy sets to represent the degree of
necessity for a set of conditions. The Calculus of Fuzzy if-then
rules is used to compute the fuzzy necessity of actions.

2 BExamples and Applications

Fuzzy Logic is used in the field of artificial intelligence, especially
in the development of expert systems used in areas such as
diagnosis, decision-making, and control systems.
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Conclusion

In conclusion, Fuzzy Logic has provided a rich variety of concepts and expressive power
In various domains.

Fuzzy Probability and Fuzzy Necessity are two important extensions of fuzzy sets that
allow us to work with uncertain and vague information more effectively.

We expect more research in this field that would help bring more advanced algorithms
and application areas that benefit from Fuzzy Logic.
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Exploring Fuzzy Logic
for Probability
Measures

In this presentation, we delve into the fascinating world of fuzzy logic and
probability measures. Join us on this journey of exploration and discovery.

by Dr. R Murugesan
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The Basics of Fuzzy Logic

What is Fuzzy Logic? Applications of Fuzzy Logic

A type of logic that recognizes more than Used in various fields like control systems,
simple true or false values, handling Al, data science, and decision-making
degrees of truth between 0 and 1. processes.

Fuzzy Inference Systems

Consist of fuzzification, inference, and defuzzification steps.
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Probability Measures

{1,2,3}\
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Gaussian Distribution Definition
A continuous probability distribution that is often A function that assigns probabilities to a given
used to describe real-valued random variables. set of events or values.

Examples

Bernoulli, binomial, Poisson, and normal

distributions, among others. R
7 @ Made with Gamma


https://gamma.app
https://gamma.app

Fuzzy Logic and Uncertainty

Examples

Membership Functions
Application in creditrisk analysis,

Used to determine the degree of medical diagnosis, and marketing
membership of an elementin a research.
set
1 2 3 4
Crisp Sets vs. Fuzzy Sets Fuzzy Inference Systems

for Probability Measures
Fuzzy sets are more adept at

handling uncertainty and Composes of input fuzzification,
vagueness than crisp sets. rule evaluation, and
defuzzification.
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Benefits of Fuzzy Logic for
Probability Measures

1  Flexibility & 2  Tolerance to Noise #4
Ability to handle complex Less affected by noisy data
and varied data sets, and outliers.

reducing the risk of false
results.

3  Ease of Interpretation O

Results can be easily understood and explained, even for non-experts.
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Challenges of Implementing Fuzzy Logic

Subjectivity Q

Membership functions and

rule bases can be arbitrarily
selected and lack objective

guidelines.

Computational
Complexity &2

Deals with large amounts of
data that require high
computational power.

Integration with
Other Techniques
]

Merging numerical and fuzzy
logic techniques can be
troublesome.
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Conclusion and Future Research

Wrap Up Potential Areas for Future Research
Fuzzy logic provides a useful decision-making Fuzzy logic can be extended to handle more
tool for handling uncertainty in probability complex problems and integrated with other Al
measures. techniques.

Continued Innovation

Whether applied to finance, technology, or
medicine, the potential to improve our world

S S & T
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Fuzzy Excitation Control
Systems In Automatic

Voltage Regulator

Automatic voltage regulator maintains the constant voltage of the
generators for the reliable operation of power systems. Excitation control
regulates the generator's terminal voltage.

Q by Dr.RMurugesan Ph.D
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Basics

A brief about excitation control systems and
its types.

Fuzzy Logic Control

The FECS control systems, their applications,
and the advantages in comparison to
conventional systems are discussed.

ypes of Excitation Control Systems

Conventional Systems

The conventional excitation control systems
are explained with diagrams and advantages
and disadvantages are provided.

Modern Control Systems

The modern control systems apart from the
fuzzy logic control are described and their
comparison analysis is depicted.
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Designing and Implementing FECS

Challenges

The challenges and solutions in implementing

the FE CS control systems are emphasized.

Analysis of robustness tests and sensitivity

tests are conducted.

Design process

The design process is made simpler with a
brief flow of steps, and a sample calculation

of control parameters are shown.

Simulation and Testing

The simulation of transient stability and
automatic voltage control is conducted using
the FE CS control system. Efficiency and

effectiveness analysis is shown.
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Advantages of FECS

« FECSis simple and provides responsive results even in the presence of noise or interference.
« FECS s robust and stable, providing efficient results irrespective of bandwidth limits.
« FECS provides high adaptability to change and also is less sensitive to input changes.

« FECS also provides improved performance and accuracy in comparison to the conventional system.
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Conclusion

Applications

FECSsystems are highly
effective in power plants,
particularly in renewable
energy sources.

Future S cope

The future scope of FECS
includes integrating it into the
smart grid for greater efficiency
and speed.

Research Opportunities

The FECS systems have
immense research
opportunities in improving its
control system in complex grid
systems.
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Fuzzy Logic
|mplementation for

Induction Motor Control

Induction motors are widely used in industry due to their reliability,

efficiency, and low cost. Fuzzy logic control can optimize their

performance in real-time, making them even more valuable in a

competitive market.

by Dr. R. Murugesan
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Introduction to Induction Motors

Types of Motors

Induction motors come in several types:
single-phase, three-phase, squirrel-cage,
and wound rotor. Each has different

applications and performance

characTristics.
1 2 3
Principles of Operation Advantages and Disadvantages

Induction motors use electromagnetic Induction motors are robust, low-

induction to create rotational motion, maintenance, and efficient, but they can
making them ideal for many applications. also have low power factor and poor
They require a stator winding and a rotor starting torque. Fuzzy logic control can
that is often made of aluminum or copper. mitigate these issues.
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Principles of Fuzzy Logic
Contro

1 Comprehensibility 2 Tolerant to
Uncertainty
Fuzzy logic uses linguistic
variables to describe inputs Fuzzy logic can handle
and outputs in a way that is imprecision and uncertainty
intuitive for humans to in input values and can
understand. make decisions without

requiring precise
mathematical models of the
system.

3 Nonlinear

Fuzzy systems can handle nonlinear inputs and outputs and adapt
to changing conditions in real-time.
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Components of Fuzzy Logic Control
System

Fuzzy Inference System Rule Base

The FIS processes input variables using The rule base is a set of if-then statements
fuzzy logic algorithms to produce crisp that relate input variables to output

output variables. variables.

Membership Functions

Membership functions transform input variables into fuzzy sets, allowing them to be

manipulated using fuzzy rules.
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Fuzzy Logic Implementation for
Induction Motor Control

VED Panels

Variable frequency drives (VFDs) can be used
to control the speed of induction motors by
changing their operating frequency. Fuzzy
logic can optimize the VFD parameters in
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Fuzzy Control System

The fuzzy control system takes input
variables, applies fuzzy logic algorithms, and
produces crisp output variables that are used
to control the VFD.
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Simulation and Results

Performance Metrics

Multiple performance metrics were
used to evaluate the control system,
including efficiency, speed, torque,
and power factor.

|
1
2

Simulation Environment

A simulation environment was
developed to test the fuzzy logic
control system using various input
values and load conditions.

Results

The simulation showed that fuzzy
logic control can improve the
performance of induction motors in
real-time, producing significant
energy savings and performance
gains.
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Advantages and Limitations of Fuzzy
Logic Control

Advantages Limitations
Simplicity « Heterogeneous rule base
Real-time operation » Accurate modeling of the system required
Tolerance to uncertainty « Computationally intensive
Adaptability to changing conditions « Challenging to tune

High performance gains
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Conclusion and Future
Directions

1 Summary

Fuzzy logic control can improve the performance of induction
motors, making them more reliable, efficient, and adaptable to
changing conditions.

2  Future Research

Future research should focus on developing more efficient and
accurate algorithms for fuzzy logic control and on finding ways to
integrate it with other control systems to produce even greater
performance gains.
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Fuzzy Logic
|mplementation for
SWITCHED
RELUCTANCE Motor

Control

Power your curiosity and learn more about the exciting topic of switched

reluctance motor control using fuzzy logic.

by Dr. R. Murugesan
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Introduction to Switched
Reluctance Motor

Atype of electric motor with simplicity and durability, the switched
reluctance motor has become more popular in industry since the advent
of power electronics. Its unique construction results in a higher torque-to-
inertia ratio, allowing it to achieve higher speeds than other motor types.
The switched reluctance motor has found its niche in many applications,
such as electric and hybrid vehicles, as well as industrial motion control.
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How Switched Reluctance Motor Works

The switched reluctance motor works by using the principle of magnetic reluctance. As the rotor
turns, the stator poles produce a magnetic field that creates a torque on the rotor. By arranging the

poles in a pattern and controlling the excitation of the stator windings, the motor can be made to
rotate in a controlled manner.
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Requirements of Motor Control

S peed Control Power Management

The motor must be controlled to turn at an The power sent to the motor must be
appropriate speed, which may vary managed to ensure it does not exceed the
dynamically depending on the task at hand. motor's capability and lead to its failure.

Heat Dissipation

The motor must be kept at a safe operating G Mad ith G
ade wi amma

temperature to prevent overheating and
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Introduction to Fuzzy Logic

Fuzzy logic is a methodology that deals with reasoning with information
that is not black and white. It allows for degrees of truth, rather than a
strict true or false statement. With fuzzy logic, we can make more
informed decisions when dealing with uncertain or incomplete data.
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Fuzzy Logic Implementation in
Switched R eluctance Motor Control

Variable Voltage / Frequency Current Control

Using fuzzy logic, the voltage and The current sent to the motor is controlled
frequency can be adjusted according to through feedback from the motor's position
the motor's need. and velocity using fuzzy logic.

Torque Ripple Reduction S elf-Adjusting

A fuzzy logic controller can improve the Fuzzy logic can allow motor control to self-
switching angle between phases, adjust to environmental factors, such as
minimizing torque fluctuations during temperature or load.

operation.
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Advantages of Fuzzy Logic Control
over Traditional Control Methods

Improved Efficiency

Because fuzzy logic allows for precision
control of the motor, it can improve energy
efficiency and reduce wasted energy.

1 2 3
Robustness More Accurate Control
Fuzzy logic is more adaptable to different Fuzzy logic enables more accurate control
conditions than traditional controls, making of the motor, leading to improved
it a better fit for real-world applications. performance overall.
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Conclusion and Future Work

Further Research Exciting Possibilities

With advances in technology, fuzzy logic Using fuzzy logic, we can unlock exciting
implementation can lead to further possibilities in the areas of energy efficiency
innovations in the field of motor control. and sustainability, among others.

Innovation

Let's embrace innovation and explore the :
o . . @ Made with Gamma
endless possibilities of fuzzy logic, leading to
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« Landing System
Implemented Using

Fuzzy Logic Controller

Welcome to a comprehensive guide on how fuzzy logic controller is used to
implement aircraft landing systems. Learn about fuzzy logic controllersand the

=~

advantages of using them in aircraft landing systems.

by Dr. R. Murugesan

@ Made with Gamma


https://gamma.app
https://gamma.app

Introduction to Aircraft Landing System

Instruments

Learn about the key instruments
used in aircraft landing systems
to ensure the safe landing of
aircraft.

Cockpit Controls

Discover how pilots use cockpit
controls during landing to
maintain safe speed, altitude, and
direction.

Traffic Control

Explore how air traffic controllers
manage aircraft landing systems
to prevent collisions and ensure
safety.
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Overview of Fuzzy Logic
Controller

1  Whatis Fuzzy Logic? 2  How does Fuzzy
Logic Controller

Understand the basic Work?

concept of fuzzy logic, a type Discover how fuzzy logic

of mathematical logic that controller uses fuzzy logic

deals with uncertain or rules and membership

vague input. functions to control complex
systems.

3  Applications of Fuzzy Logic Controller

Learn about the use of fuzzy logic controller in various applications,
including aircraft landing systems.
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Advantages of Using Fuzzy Logic
Controller in Aircraft Landing System

Increased Safety Improved Efficiency Reduced

| | Maintenance Cost
Fuzzy logic controller can help Fuzzy logic controller can
increase landing safety by improve aircraft efficiency by Fuzzy logic controller can
preventing runway overruns controlling the landing angle reduce maintenance costs by
and undershoots. and aircraft velocity. optimizing aircraft landing gear

usage.
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Implementation of Fuzzy Logic Controller
in Aircraft Landing System

Rule Development Controller Development
Develop fuzzy logic rules that Build and simulate the fuzzy logic
determine the aircraft landing angle controller to evaluate the
and velocity based on input data performance of the aircraft landing
from instruments and sensors. system.

System Design Membership Functions
Design the aircraft landing system Define membership functions that
based on environmental conditions, map input data to fuzzy sets and
flight data, runway information, and determine the degree of
aircraft parameters. membership in each set.
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Design Considerations for Alrcraft
Landing System Using Fuzzy Logic

Controller

Environmental Factors

Learn about the various
environmental factors that must
be accounted for in designing an
aircraft landing system using
fuzzy logic controller,

Aircraft Parameters

Understand how aircraft
parameters such as weight, size,
and wing configuration affect the
landing process and must be
accounted for in the design.

Instrumentation and
Sensors

Discover how different
instruments and sensors must be
integrated into the aircraft
landing system design to provide
relevant data to the fuzzy logic
controller.
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Performance Evaluation of Aircraft
Landing System Using Fuzzy Logic

Controller

Accuracy

Evaluate the accuracy of the
fuzzy logic controller by
comparing it to traditional
landing systems in different
weather conditions and pilot
error scenarios.

Robustness

Test the robustness of the
aircraft landing system using
fuzzy logic controller by
evaluating its performance
under varying load
conditions and aircraft
configurations.

Ease of Use

Determine the ease of use of
the aircraft landing system
using fuzzy logic controller
by conducting user tests on
pilots of different experience
levels and comparing results.
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Conclusion and Future
Directions

1  Key Takeaways 2  Potential Future
Applications
Recap the key learnings from
the presentation, including Explore the potential future
the benefits of using fuzzy applications of fuzzy logic
logic controller in aircraft controller in aircraft landing
landing systems. systems, including

autonomous landing systems
and drones.

3 Further Research Needed

Highlight areas that require further research, including the use of
multiple fuzzy logic controllers and the integration of artificial

intelligence into the aircraft landing system.
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Pattern Recognition G e
System and Fuzzy ‘ “
Logic Controller

Welcome to this presentation on pattern recognition system and its

application of fuzzy logic controller. In this presentation, we will explore the
components and working of a pattern recognition system and how fuzzy logic

controller can be used to make it more efficient.

by Dr. R. Murugesan

Pattern 3 Standby mode
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Introduction to Pattern Recognition

System

What is a Pattern
Recognition System?

A pattern recognition system
is an artificial intelligence
system that identifies
patterns in input data and
classifies them into
predefined categories.

How does it work?

The system is trained on a
set of data to recognize
predetermined patterns,
which it can then identify in
new data and sort them into
those categories.

Applications

Pattern recognition systems
are used in a wide range of
fields, including image
analysis, speech recognition,
and fraud detection.
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Components and Working of Pattern
Recognition System

1 Sensor

The sensor captures the input data, which could be in the form of images, video, audio, or
other types of data.

2 Preprocessing

The data is preprocessed to remove noise, reduce the dimensionality of data, or enhance the
features for better pattern recognition.

3 Feature Extraction

The system identifies the features that are relevant to the patterns and extracts them for
classification.

4 Classification

The system assigns the new data to predefined categories based on the extracted features.
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Need for Fuzzy Logic Controller in
Pattern Recognition System

*Crisp (input) terms are
uzzification transformed in fuzzy
sets
eDetermine the output
Inference rules . .
information
f
*Conversion o
Defuzzification the fuzzy out
into crisp dat

Traditional pattern recognition systems use crisp
logic, which may not be able to handle imprecise or

Crisp Logic

uncertain data.

Fuzzy Logic

Fuzzy logic can handle such data by assigning
degrees of membership to each category rather
than a binary true or false value.
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Overview of Fuzzy Logic Controller

Whatis Fuzzy Logic
Controller (FLC)?

An FLC is a control system
that uses fuzzy logic to make
decisions based on
Imprecise or uncertain input
data.

Components of FLC

An FLC comprises a
fuzzifier, rules, inference
engine, and defuzzifier to
process and output the
control signals.

Applications

FLCs are used in industrial
process control, robotics,
and automobile control

systems, among others.
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How Fuzzy Logic Controller is Used In
Pattern Recognition System

Prompting
Decision txx: —  [fA3Nd B thanC e l_‘. - @
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Fuzzy Pattern Recognition Fuzzy Neural Networks

Fuzzy logic can be used to recognize patterns in Fuzzy logic can also be combined with neural
data that are imprecise or indeterminate, such as networks to improve their pattern recognition
handwritten characters. capabilities.
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Examples of Pattern
Recognition System Using
Fuzzy Logic Controller

1 Handwriting 2  Speech Recognition
Recoghnition
FLCs can help recognize
A pattern recognition system speech in noisy
using FLCs can recognize environments.

handwriting accurately.

3 Medical Image Analysis

FLCs can help identify abnormalities in medical images more
accurately.
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Conclusion and Future Scope

Conclusion Future Scope

The combination of pattern recognition system and The use of machine learning and deep learning
fuzzy logic controller has shown promising results algorithms can further enhance the performance of
in various applications. pattern recognition systems using FLCs.
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Statistical Process
Control: Possibility
and Necessity
MeEaSLLERS < neword of sutisical Process conto

(SPC) and how Possibility and Necessity measures work together to
maintain high-quality standards.

by Dr. R. Murugesan
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Introduction to Statistical Process

Control

Construction of Control Charts

Statistically calculated Li

Control Limit

/\ /\ /\ Data Average as Centra
\>~ = Simple Line Chart of Prc

Statistically calculated Li

Control Limit

The Basics of SPC

SPC is a method of quality
control that uses statistical
tools to monitor and manage a
process. It helps identify when
a process is in control and
when it's not.

The Importance of SPC

SPC can help reduce variation,
Improve processes and
products, and increase
customer satisfaction. It's key
to staying competitive in
today's market.

SPC in Different
Industries

SPC is used in manufacturing,

healthcare, finance, and other

industries where quality control
IS critical.
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The Two Measures of SPC: Possibility

and Necessity

Possibility Measures

Possibility measures look at
the probability that a
process is in control. They
use statistical tools like
control charts and
histograms to track
variation over time.

Necessity Measures

Necessity measures
determine the minimum
requirements that a
process must meet to be
considered in control. They
help identify when a
process is out of control
and in need of corrective
action.

The Power of
Working Together

Possibility and Necessity
measures complement
each other, providing a
complete picture of a
process's performance and
ensuring quality control.
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Possibility Measures in SPC
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Control Charts

Control charts plot process
data over time and help identify
when a process is out of
control. They use upper and
lower control limits to define
when a process is stable or
not.

Histograms

Histograms show how process
data is distributed. They can
help identify whether a process
follows a normal distribution,
and they're used to calculate
process capability.
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Scatter Plots

Scatter plots help identify
relationships between two
variables. They can show how
changes in one variable affect
another and help identify
patterns that point to issues in
a process.
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Necessity Measures in SPC

1  Process Capability 2  Control Plan

Analysis

A control plan is a document
Process capability analysis that outlines the steps needed
determines whether a process to maintain a process's
Is capable of meeting performance. It identifies the
customer requirements. It process steps, control
compares process data to methods, and who's
specification limits and responsible for each step.

calculates indices like Cp,
Cpk, and Pp.

3 RootCause Analysis

Root cause analysis identifies the underlying reasons for process
issues. It helps determine what caused the issue and how to prevent it
from happening again.
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Applications of SPC in Different
Industries

1 Manufacturing

SPC is widely used in manufacturing to maintain product quality, reduce variation, and
reduce costs. It helps ensure products meet specifications and customer requirements.

P Healthcare

SPC is used in healthcare to monitor processes like patient care, laboratory testing, and
billing. It helps identify issues early and improve patient outcomes.

3 Finance

SPC is used in finance to manage processes like loan approvals, fraud detection, and

risk management. It helps ensure accuracy, efficiency, and compliance.
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In Conclusion

What are 4 types of quality
control inspections?

High-Quality Standards Statistical Tools

SPC is a powerful tool for Possibility and Necessity
maintaining high-quality measures work together with
standards and staying statistical tools like control
competitive in today's market. charts, histograms, and scatter

plots to provide a complete
picture of a process's
performance.

Multiple Applications

SPC is used in manufacturing,

healthcare, finance, and other

industries where quality control
is critical.
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