The Fundamentals of Modern Deep Learning
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2. Understanding the PyTorch API (9:30 - 10:15 am)
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What is PyTorch?

2Vilelgea Is free and open-source software

https://pytorch.org/
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PyTorch is widely used
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What are tensors?

What is PyTorch?

5 Automatic
= differentiation engine

Deep learning
library
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Mathematically: a generalization of vectors, matrices, etc.

Computationally: a data container
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Matrix
(rank-2 tensor)

a 2 torch.tensor(||l., 2«.; 3],
2., 3., 4.]])
a.shape

torch.Size([2, 3])
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Tensor library == array library
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torch.tensor & numpy.array

+ GPU support

+ automatic differentiation support



What is Py Torch?

Deep learning
library
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A linear classifier

(e.g., Logistic regression)

‘ A A - Examples of another class

Examples of one class
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Logistic regression under the hood

a = “activation”

Wi

.Wz/' Predicted class labels

X = Inputs
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Cm_m:?utatlon gl_'aph representation of bata-dependent value
logistic regression \
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Data-dependent value
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By tweaking the model y = 1

parameters
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How do we minimize the loss?
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Chalin rule:
Calculate partial derivatives (gradients) to tweak model parameters)
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Chain Rule
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from torch.autograd import grad

grad_L_wl = grad(1l, w_1, retain_graph=True)
print(grad_L_wl)

(tensor([-0.4987]1),)

grad_L_b = grad(l, b, retain_graph=True)
print(grad_L_b)

(tensor([-0.4054]),)
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Chain rule:

R (Sl /- v

ou da
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aWI dZ

from torch.autograd import grad

grad_L_wl = grad(1l, w_1, retain_graph=True)
print(grad_L_wl)

(tensor([-0.4987]),)
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from torch.autograd import grad

grad_L_wl = grad(l, w_1, retain_graph=True)
print(grad_L_wl)

(tensor([-0.4987]),)

Or even easier: use .backward()

l.backward()

w_1l.grad

tensor([-0.4987])

PyCon 2024
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Automatic

1 lensor library differentiation engine

What is Py Torch?
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1) Define the Model

Inherit many convenience features

import torch

class MyClassifier(torch.nn.Module):

P

def __init__ (self):

def forward(self, x):

return outputs

PyCon 2024
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2) Train the Model

00

model = MyClassifier()
optimizer = torch.optim.SGD(...)

for epoch in range(num_epochs):
for X, y in train_dataloader:

&4 g e T ol
7!)" ! U i ‘r.‘./(: ‘ Q |l.) i b b

outputs = model(x)
loss = loss_fn(outputs, y)

'8 Ly = 1, . - - - b ! b a2 o e
# ackward nass (| rnrananatian
# DACKWdAl'Qd pPassS (DACKPropadatlol )

optimizer.zero_grad()
loss.backward()

’d ] - )
T "N TLAE TIFYTM D
¥ upaaf mode |

optimizer.step()
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Instantiate the
classifier and
optimizer
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2) Train the Model

00

model = MyClassifier()
optimizer = torch.optim.SGD(...)

for epoch in range(num_epochs):
for x, y in train_dataloader:

# forward pass
outputs = model(x)
loss = loss_fn(outputs, y)

~ P

# backward
optimizer.zero_grad()
loss.backward()

|

A : 3 :
it niatoe mnro l '
#+ UDPdalLe MoaeL |

optimizer.step()

e e R sl mARARAETA
pass (backpropagati
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2) Train the Model

00

model = MyClassifier()
optimizer = torch.optim.SGD(...)

for epoch in range(num_epochs):
for x, y in train_dataloader:

# forward pass
outputs = model(x)
loss = loss_fn(outputs, y)

b . . sl ranasmat s an
pass (backpropagation)

1

# backward
optimizer.zero_grad()
loss.backward()

A : 3 :
it niatoe mnro l '
#+ UDPdalLe MoaeL |

optimizer.step()

Iterate over the
training dataset
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Predict outputs and

compute the loss
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2) Train the Model

00

model = MyClassifier()
optimizer = torch.optim.SGD(...)

for epoch in range(num_epochs):
for x, y in train_dataloader:

# forward pass
outputs = model(x)
loss = loss_fn(outputs, y)

b . . sl ranasmat s an
pass (backpropagation)

1

# backward
optimizer.zero_grad()
loss.backward()

A : 3 :
it niatoe mnro l '
#+ UDPdalLe MoaeL |

optimizer.step()
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2) Train the Model

00

model = MyClassifier()
optimizer = torch.optim.SGD(...)

for epoch in range(num_epochs):
for x, y in train_dataloader:

# forward pass
outputs = model(x)
loss = loss_fn(outputs, y)

e e I o o A P A e s 1 2 B
pass (backpropagation)

s

# backward
optimizer.zero_grad()
loss.backward()

A : 3 :
' alab~ha~ itatal= l
+#+ UpPdalLe Moae

optimizer.step()

Reset and calculate

gradients
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Update model
parameters
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00

2) Train the Model

model = MyClassifier()
optimizer =

torch.optim.SGD(...)

for epoch in range(num_epochs):
for x, y in train_dataloader:

4 fAarviard naece
H#+ 10If'ward DdS5S

outputs = model(x)

loss = loss_fn(outputs, y)

14 | ] | i 3
# backward nass (backoroonaaai
# DACKWAl'd pPasSSsS (DACKPropagce

. ; ation)
optimizer.zero_grad()
loss.backward()

44 . 2 v o= on s % N
+#+ UpPdalLe Moae L

2 N

optimizer.step()

PyCon 2024

29



Exercise

Implementing a logistic regression classifier in PyTorch
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¥ ©) The training loop

import torch.nn.functional as F

torch.manual_seed(1)
model = LogisticRegression(num_features=2, num_classes=2)
optimizer = torch.optim.SGD(model.parameters(), 1r=0.5)

num_epochs = 20
for epoch in range(num_epochs):

model = model.train()
for batch_idx, (features, class_labels) in enumerate(train_loader):

HEH UGG ERGEFE DL GREF LR T UG IR L7 L
### Complete the training loop
#HEH

### Your code below

FEHERF LR UGB B LG EF LA NG ER UL

outputs = # 77777
loss = F.cross_entropy(outputs, class_labels)

# 72727
# 72727
# Te717

AR R R R R i i
## No changes necessary below
AR R R R R i i

### LOGGING

print(f'Epoch: {epoch+1:@3d}/{num_epochs:@3d}'
f* | Batch {batch_idx:@3d}/{len(train_loader):03d}’
f* | Loss: {loss:.2f}"')
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