
Automatic differentiation
Code & Cake

Fran Bartolić

1

fbartolic



2

Differentiable programming



3

●

○

○

●

○

Three kinds of automated differentiation

●

○

○



4

What is Automatic Differentiation?
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Forward mode Automatic Differentiation

See Ian Murray’s MLPR course notes for more details
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Reverse mode Automatic differentiation (Backpropagation)
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Forward vs. reverse mode Automatic Differentiation
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Autodiff in Python: Autograd module
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Autodiff in Python: Autograd module

>>> import autograd.numpy as np  # Thinly-wrapped numpy

>>> from autograd import grad    # The only autograd function you may ever need

>>>

>>> def tanh(x):                 # Define a function

...     y = np.exp(-2.0 * x)

...     return (1.0 - y) / (1.0 + y)

...

>>> grad_tanh = grad(tanh)       # Obtain its gradient function

>>> grad_tanh(1.0)               # Evaluate the gradient at x = 1.0

0.41997434161402603

>>> (tanh(1.0001) - tanh(0.9999)) / 0.0002  # Compare to finite differences

0.41997434264973155
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Autodiff in Python: Autograd module

>>> from autograd import elementwise_grad as egrad  # for functions that vectorize over inputs

>>> import matplotlib.pyplot as plt

>>> x = np.linspace(-7, 7, 200)

>>> plt.plot(x, tanh(x),

...          x, egrad(tanh)(x),                                     # first  derivative

...          x, egrad(egrad(tanh))(x),                              # second derivative

...          x, egrad(egrad(egrad(tanh)))(x),                       # third  derivative

...          x, egrad(egrad(egrad(egrad(tanh))))(x),                # fourth derivative

...          x, egrad(egrad(egrad(egrad(egrad(tanh)))))(x),         # fifth  derivative

...          x, egrad(egrad(egrad(egrad(egrad(egrad(tanh))))))(x))  # sixth  derivative

>>> plt.show()
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Autodiff in Python: PyTorch

import torch

x = torch.ones(2, 2, requires_grad=True)

print(x)

Out:

tensor([[1., 1.],

        [1., 1.]], requires_grad=True)

y = x + 2

z = y * y * 3

out = z.mean()

print(z, out)

Out:

tensor([[27., 27.],

        [27., 27.]], grad_fn=<MulBackward0>) tensor(27., grad_fn=<MeanBackward1>)

out.backward()

Out:

tensor([[4.5000, 4.5000],

        [4.5000, 4.5000]])
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Backpropagating through a fluid simulation
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Applications of autodiff
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Hamiltonian Monte Carlo 



27

Hamiltonian Monte Carlo 
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Hamiltonian Monte Carlo 
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Further reading
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http://www.inf.ed.ac.uk/teaching/courses/mlpr/2018/notes/
https://bids.berkeley.edu/news/automatic-differentiation-and-cosmology-simulation
https://bids.berkeley.edu/news/automatic-differentiation-and-cosmology-simulation
http://www.autodiff.org/

