Backpropagation

Backpropagation is a specific algorithm used for gradient-based learning in deep
learning. It plays a crucial role in training complex neural networks by efficiently
calculating the gradients needed to update the network's weights and biases. Here's
a closer look at how it works:

Core ldea:

Imagine a deep neural network with multiple layers. Each layer takes input from the
previous layer, performs some calculations, and generates an output. When the final
output doesn't match the desired outcome (ground truth), backpropagation helps us
propagate the error backwards through the network, layer by layer.

Steps:

1. Forward Pass:

o Input data is fed through the network.

o [Each neuron in each layer performs calculations using its weights and
biases, generating an output.

o The final output is compared to the desired output, calculating the error
(e.g., using mean squared error).

2. Backward Pass:

o The error is propagated backward, starting from the output layer.

o Using the chain rule (calculus), the gradient of the error with respect to
each weight and bias in the output layer is calculated.

o This process continues, propagating the gradients layer by
layer, considering how each neuron's output contributed to the overall
error.

3. Parameter Update:

o Using an optimization algorithm (e.g., gradient descent), the weights and

biases are adjusted in the direction opposite to their respective

gradients.
o This aims to minimize the error in the next forward pass.
4. Repeat:

o Steps 1-3 are repeated for multiple training examples, iteratively
improving the network's performance.

Benefits:
« Efficiently calculates gradients for complex networks.
o Enables training deep learning models with multiple layers and hidden neurons.
« Contributes to the remarkable success of deep learning in various domains.
Limitations:
« Can be computationally expensive, especially for large networks.

« Sensitive to initial weights and learning rate settings.
e May converge to local minima, not reaching the optimal solution.



