Backpropagation in Artificial
Neural Networks

Backpropagation is a fundamental algorithm that enables the training of
artificial neural networks. It allows the network to learn from data and improve

its performance.
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Introduction to Neural Networks

What are Neural Networks? Types of Neural Networks

Artificial neural networks are inspired by the structure and There are various types of neural networks, including
function of the human brain. They consist of interconnected feedforward networks, recurrent networks, and convolutional
nodes, organized in layers, that process and transmit networks, each suited for different tasks.

information.
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What is Backpropagation?

Backpropagation is a supervised learning algorithm used to train neural
networks. It involves calculating the error between the network's output and
the actual target values and then adjusting the network's weights to minimize

this error.
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Advantages of Backpropagation

1 Efficient Learning

Backpropagation is an efficient
algorithm that can learn from large
datasets and improve the network's

accuracy over time.

Universal Approximator

Neural networks trained using
backpropagation can approximate
a wide range of functions, making
them applicable to various tasks.

Handles Complex Data

Backpropagation allows neural
networks to learn from complex,
non-linear relationships in data,
enabling them to solve challenging

problems.
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-« o c o The Backpropagation
Algorithm

’ 1 Initialization

The algorithm begins by initializing the weights and biases of
the neural network randomly.

[Zji Forward Propagation

Input data is fed through the network, layer by layer, and the
output is generated.

[337 Backpropagation

The error between the network's output and the target values

F g
is calculated and propagated back through the network, layer

by layer.

[4]7 \Weight Updates

Based on the calculated error, the weights and biases are
adjusted to minimize the error in the next iteration.

 Forward F
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Forward Propagation

Input Layer

1 The input data is fed into the input layer.

’

< 3 > Hidden Layers

? 2 The input data is processed by hidden layers, which perform
non-linear transformations on the data.

l Output Layer

3 The final layer produces the network's output, based on the
Gkl < Erl > Rl calculations performed in the hidden layers.
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Backpropagation Calculations

Error Calculation

1 The difference between the network's output and the target values is calculated.

Error Propagation

2 The error is propagated back through the network, layer by layer, using
chain rule differentiation.

Gradient Descent

3 Gradient descent is used to update the weights and biases in
the direction that minimizes the error.
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Updating the Weights

Weight Update Rule

1 The weight update rule determines how much the weights are adjusted based on the error and the learning
rate.

Learning Rate

2 The learning rate controls the step size of the weight updates. A smaller learning rate
results in slower but more accurate updates.

lteration

3 The backpropagation process is repeated for multiple
iterations until the network's performance converges.
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