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Outline
Lecture 1 : Automatic differentiation and neural networks

Lecture 2 : Physics informed neural networks

 

Lecture 3: Distillation of neural networks with symbolic regression 



The derivative



Analytical x numerical differentiation



The calculation graph



Automatic differentiation



Another example



Another example



The need for topological ordering



Our stack



Approximating analytical functions
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Approximating analytical functions

We must minimize the loss!



Approximating analytical functions

With gradient descent:



Approximating analytical functions



The neuron



The perceptron
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Activation functions
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Neural networks
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The layer
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Machine learning

predict(Features)

Predictions

Loss(prediction,target)



Machine learning

Data

Training 
process

A B C

We need A,B,C (weights) that minimize some loss function



Gradient descent



Gradient descent



Gradient descent



Full training loop
Weights are randomly initialized.

The dataset is divided into batches, for example, with a size of 32. Whenever the entire 
dataset is processed, an epoch is completed.

For each batch:

● Forward pass: Each input is processed by the network, producing outputs that may be far 
from the expected values. All intermediate values for the batch are stored.

● The batch error is measured using the desired loss function.
● Backpropagation is used to calculate how much each edge (weight) contributes to the error.
● A gradient descent step is performed: all weights are updated using the calculated gradient.



The approximation theorem



Approximating analytical functions
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Exercises
1. Produce a neural network to fit the function:

  How does this work outside the training interval?

2. Produce a neural network to fit XOR (how many layers did you need?)
3. Produce a neural network to predict housing prices.

House Price Regression Dataset

https://www.kaggle.com/datasets/prokshitha/home-value-insights
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