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Introduction to Backpropagation

» Definition: Backpropagation is a crucial algorithm used to train neural networks
by optimizing their weights through iterative error minimization.

- Components:

 Forward pass: Inputs are propagated through the network to generate
predictions.

- Backward pass: Errors are calculated, and gradients are computed to adjust
weights.
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Forward Pass In Backpropagation

Process:
* Input data is fed into the network.
* Sequentially, each layer applies its activation function to generate outputs.

- Outputs are computed until the final layer, producing predictions
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Backward Pass In Backpropagation

Process:

* Error is calculated by comparing predicted outputs with actual targets (e.g.,
using loss functions like Mean Squared Error).

- Gradients of the loss function with respect to the network parameters are
computed using chain rule.

- Weights are adjusted in the direction that minimizes the error, using optimization
techniques like Gradient Descent.
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Challenges with Backpropagation

Vanishing and Exploding Gradients:

» Issue: In deep networks, gradients can become extremely small (vanishing) or
large (exploding) during backpropagation, leading to slow or unstable training.

- Solution: Techniques like weight initialization, batch normalization, and gradient
clipping mitigate these problems.
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Introduction to Regularization

- Definition: Regularization is a set of techniques employed to prevent overfitting,
a common problem where models memorize training data but fail to generalize
well to unseen data.

- Objective: Balance between fitting the training data well and maintaining
generalization ability.

BACK PROPAGATION AND REGULARIZATION/ G L. KARTHIK,AP/BME 6



Types of Regularization

L1 and L2 Regularization:
+ Penalty terms added to the loss function to discourage large weights.

« L1 regularization (Lasso): Encourages sparsity by penalizing the absolute values of weights.
» L2 regularization (Ridge): Penalizes the squared magnitudes of weights.

Dropout:
» Randomly "drops out" (sets to zero) a fraction of neurons during training to prevent co-adaptation.

* Forces the network to learn more robust features.

Early Stopping:
 Halts training when performance on a validation set starts to degrade, preventing overfitting.

Data Augmentation:
 Introducing variations in training data (e.g., rotation, scaling) to increase dataset size and diversity.
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Importance of Regularization

Prevents Overfitting:

* Regularization techniques help in controlling model complexity, reducing
the risk of overfitting.

Improves Generalization:

By encouraging simpler models or enforcing robustness, regularization
enhances a model's ability to generalize to unseen data.
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Balancing Act: Backpropagation and
Regularization

Integration:

- Backpropagation optimizes weights to minimize errors, while regularization
techniques control model complexity to prevent overfitting.

Trade-offs:

- Striking the right balance between fitting the training data well and
maintaining generalization capability is crucial for effective deep learning.

BACK PROPAGATION AND REGULARIZATION/ G L. KARTHIK,AP/BME 9



Case Study

A tech company Is developing a deep learning model for image classification

tasks, such as identifying objects in photographs. The dataset contains thousands
of labeled images, but the model's performance suffers from overfitting and slow

convergence during training.
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Conclusion

Recap:
- Backpropagation is fundamental for optimizing neural network weights by
minimizing errors.

- Regularization techniques prevent overfitting, enhancing a model's
generalization ability.

Key Takeaways:

+ Understanding and mastering backpropagation and regularization are
essential for successful deep learning model training.

- Continual exploration and experimentation with these techniques are
necessary to achieve optimal performance in various applications.
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