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Fundamentals of Neural Networks

Inspiration from the Brain:

» Neural networks are loosely inspired by the structure and function of the human brain.
The brain consists of billions of interconnected neurons that transmit signals and learn
from experience. Artificial neural networks mimic this structure with simpler artificial

neurons and connections.

Building Blocks:

« Artificial Neurons: These are the basic processing units of a neural network. They
receive input from other neurons, apply a mathematical function (activation function),
and generate an output.

* Layers: Artificial neurons are organized into layers. There are typically three main
types:

e Input layer: Receives raw data from the external world.

» Hidden layers: These layers perform most of the information processing and
feature extraction. A neural network can have one or more hidden layers, and
the number of hidden layers and neurons within them significantly impacts the
network’s capabilities.

e Output layer: Produces the final output of the network, such as a prediction or
classification.

e Connections and Weights: Neurons within layers are connected to each other. Each
connection has an associated weight that determines the strength or influence of the
signal transmitted from one neuron to another. These weights are adjusted during the
training process to improve the network’s performance.

Learning Process:
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» Neural networks learn through a process called training. The network is presented with
training data sets, and the weights of the connections are adjusted iteratively to
minimize the error between the network’s predictions and the desired outputs.
Imagine showing a child many pictures of cats and dogs. Over time, the child learns to
distinguish between the two. Neural networks follow a similar principle, but use
complex mathematical algorithms to learn from vast amounts of data.

« Activation Functions: These functions introduce non-linearity into the network, allowing
it to learn complex patterns. Common activation functions include sigmoid, ReLU
(Rectified Linear Unit), and tanh. These functions determine how the weighted sum of
inputs from other neurons affects the output of a particular neuron.

Types of Neural Networks:

» Feedforward Neural Networks (FNNs): The most basic type, where information flows in
one direction from the input layer to the output layer through the hidden layers. FNNs
are good for foundational learning about neural networks but can struggle with
complex tasks.

» Convolutional Neural Networks (CNNs): Specialized for image recognition tasks, able to
extract features from spatial data like images. CNNs have a specific architecture with
convolutional layers that are effective at identifying patterns in images.

e Recurrent Neural Networks (RNNs): Designed to handle sequential data like text,
where the output of a layer can be fed back as input to the same or subsequent layers.
This allows RNNs to learn from the context of sequential information.

Applications of Neural Networks:

Neural networks are used in a wide range of applications, including:
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Image and speech recognition: Powering features like facial recognition in
smartphones and virtual assistants.

Natural Language Processing (NLP): Tasks like machine translation and sentiment
analysis of text.

Recommendation systems: Suggesting products or content you might be interested in
on online platforms.

Predictive modeling: Forecasting sales trends, stock prices, or customer behavior.

By understanding these fundamentals, you’ll gain a solid foundation for exploring the exciting

world of neural networks and their applications in various fields.
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