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1. PyTorch Documentation. CONV2D. 

https://pytorch.org/docs/stable/generated/torch.nn.Conv2d.html

2. Convolution arithmetic.                

https://github.com/vdumoulin/conv_arithmetic

3. Grace Zhang. What is the kernel trick? Why is it important?

4. PyTorch Tutorial. Training a Classifier. 

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html

5. Wikipedia. CUDA.                                          

https://en.wikipedia.org/wiki/CUDA
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• 3��o self.conv1 = nn.Conv2d(3, 6, 3, 1, 1)

32

32

import torch

torch.nn.Conv2d(in_channels, out_channels, kernel_size,

stride=1, padding=0, dilation=1, groups=1,

bias=True, padding_mode='zeros')
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•3��o�Ęß8À�ă�ı¹�{��Ę�tÀ�ı�o

•Ï¾Ûĝàøī�(8, 3, 32, 32) [b, c, h, w]

•Ï+Ûĝàøī�(8, 6, 32, 32)

•�od2ô: 3x3�stride=1�padding=1, bias=True

•S�o�ĎHÁ�Ñ	

self.conv1 = nn.Conv2d(3, 6, 3, 1, 1)
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•3��o�Ęß8À�ă�ı¹�{��Ę�tÀ�ı�o

•Ï¾Ûĝàøī�(8, 3, 32, 32) [b, c, h, w]

•Ï+Ûĝàøī�(8, 6, 32, 32)

•�od2ô: 3x3�stride=1�padding=1, bias=True

•S�o�ĎHÁ�Ñ	3x6x3x3 + 6

self.conv1 = nn.Conv2d(3, 6, 3, 1, 1)
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• UÎÿ�3XÄ�ē�ă��w�:·Ē2ô
• ċðUÎÿ:ćÔ�
• �od2ô�2�odk6Ĥ�Ñ`H�
• â�ÃF�ĖÃ:Ä�ēUÎÿĖ2
• Ĩ�þ� ��o...

• ê¡ā�ìäUÎÿ©��2
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• �B�o Dilated Convolution
• Ę�odĦ �
• ġ{�2UÎÿ

torch.nn.Conv2d(in_channels, out_channels, kernel_size,

stride=1, padding=0, dilation=2, groups=1,

bias=True, padding_mode='zeros')
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•Ćm§Þ
ĆmėÖěĢ�:     (1,1) à 1;       (0,0) à 1  

(1,0) à 0;       (0,1) à 0

ëJČ�o¤�ªf

1,10,1

0,0 1,0

	����
�� 1
�� 0
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•Ćm§Þ
ĆmėÖěĢ�:     (1,1) à 1;       (0,0) à 1  

(1,0) à 0;       (0,1) à 0

ëJČ�o¤�ªf

• Ä�â�:}�MJ�Ĉ¾OïúplaÑ攀ĉ��

1,10,1

0,0 1,0

	����
�� 1
�� 0
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Sigmoid

ReLU

Leaky ReLU

ELU

tanh
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Sigmoid

ReLU

Leaky ReLU

ELU

tanh

torch.nn.Sigmoid

torch.nn.Tanh

torch.nn.ReLU

torch.nn.LeakyReLU

torch.nn.ELU
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• H�Ä�ēį&Ä�ēâ�
• ©[ªfHħaÑ
• ØÆaÑ�1Ä�â�ý�:¥�
• ×nÜFízJ¶}\ď�Ñ:İčjéÞ
• Ló-�ÖJrÖH��Ñ:ÜF

Lecture 7
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H�Ä�ēâ�:ý�`(
• Ĭ�Ñ��,�& batch)
• rÖ²ó-�|_ (Feed-Forward)
• rÖØÆaÑ (Loss Function)
• Ló-� (Back-Propagation)
• ×nÜFíz (Stochastic Gradient Descent)
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import numpy as np
# N=batchsize, D_in=@�='
# H=G?%8;�+D�G?%@�='�, D_out=><@�='
N, D_in, H, D_out = 64, 100, 1000, 10

# 2�F06E
x = np.random.randn(N, D_in)
y = np.random.randn(N, D_out)

# F0�!�><�A1C
w1 = np.random.randn(D_in, H)
w2 = np.random.randn(H, D_out)

learning_rate = 1e-6

xi

…

…

…

100

1000

10

w1

w2

yi
i = 1, 2, ..., 64
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for t in range(500):

# ���� y = ReLU(x·w1)·w2

h = x.dot(w1)

h_relu = np.maximum(h, 0)

y_pred = h_relu.dot(w2)

# ,)���! MSE

# �*$�"�� mean   sum

loss = np.square(y_pred - y).sum()

print(t, loss)
…

…

w2

yi

xi

…

…

w1

ReLU



·AIPKU· 8&?0KE

# ���*�4�����D53'&�"� grad_ ( 5�DB
grad_y_pred = 2.0 * (y_pred - y)

# y_pred = h_relu.dot(w2)
grad_w2 = h_relu.T.dot(grad_y_pred)
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c = i, b = j
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��	��
N

H

��H

D_out

���	��N

D_out

× =

H × D_out N × D_out

H × N
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# $9���� h_relu 53'
grad_h_relu = grad_y_pred.dot(w2.T)

# ReLU�	05A���3'
-0
grad_h = grad_h_relu.copy()
grad_h[h < 0] = 0

grad_w1 = x.T.dot(grad_h)

# .,1�
w1 -= learning_rate * grad_w1
w2 -= learning_rate * grad_w2
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Z�Hð�Â�ä�$ÿĘĎíÚü
• ĝÔ�/�3ĝÔCç�Ĩ#I��Ę¯ğ�ûü

• ³4�ÉJ×�3�Ę¤�iüĴ
• ğ Č��ŀ¶>6±�í��»�Ĩ#I��ÛAsÔ
XÈċãµ¶>
• ÛAsÔXÈİĚ®Č�)�]�6ÛA�ĨĎp�6
�Ï�Î&ĘY

• �ÁsGPUwÓaĽ?³4
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Caffe
(UC Berkeley)

Torch
(NYU / Facebook)

Theano
(U Montreal)

TensorFlow
(Google)

Caffe2
(Facebook)

PyTorch
(Facebook)

CNTK
(Microsoft)

MXNet
(Amazon)

Developed by U Washington,
CMU, MIT, Hong Kong U, etc
but main framework of choice
at AWS

And others...

Deeplearning4j
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Caffe
(UC Berkeley)
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Theano
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Caffe2
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PyTorch
(Facebook)

CNTK
(Microsoft)

MXNet
(Amazon)

Developed by U Washington,
CMU, MIT, Hong Kong U, etc
but main framework of choice
at AWS

And others...

Deeplearning4j
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import torch

dtype = torch.float # 32bit float

device = torch.device("cpu")

# device = torch.device("cuda:0") # ;�]eXC�J GPU

N, D_in, H, D_out = 64, 1000, 100, 10

# �numpy9$Q�, %D[>F

x = torch.randn(N, D_in, device=device, dtype=dtype)

y = torch.randn(N, D_out, device=device, dtype=dtype)
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# 7-requires_grad, pytorch�V�3O#`C,�G2

# Q��5�
�V0-	Kgrad_#`

w1 = torch.randn(D_in, H, device=device, dtype=dtype,

requires_grad=True)

w2 = torch.randn(H, D_out, device=device, dtype=dtype,

requires_grad=True)

learning_rate = 1e-6
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import numpy as np

# N=batchsize, D_in=\�T2
# H=cW/MR�=`�cW/\�T2�, D_out=US\�T2
N, D_in, H, D_out = 64, 100, 1000, 10

# E��bALa
x = np.random.randn(N, D_in)

y = np.random.randn(N, D_out)

# bA�+�US�^B_
w1 = np.random.randn(D_in, H)

w2 = np.random.randn(H, D_out)

learning_rate = 1e-6

xi

…

…

…

100

1000

10

w1

w2

yi
i = 1, 2, ..., 64
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for t in range(500):

# ���/, mm: matrix multiplication

# !�2@�7&
�NC%�L�e

y_pred = x.mm(w1).clamp(min=0).mm(w2)

# D>.$�0

# loss.item() A�loss�;3e0��?�1<M	

loss = (y_pred - y).pow(2).mean()

if t % 100 == 99:

print(t, loss.item())



·AIPKU· PyTorch<*E4UL

# @�7&�-4(%�P<M;grad')�+ �e	J

loss.backward()

# �: no_grad 9"
!�,��*EGc�F>�B7&

with torch.no_grad():

w1 -= learning_rate * w1.grad

w2 -= learning_rate * w2.grad

# 8=�<M;grad+ �e
�#�57&

w1.grad.zero_()

w2.grad.zero_()
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N, D_in, H, D_out = 64, 1000, 100, 10

x = torch.randn(N, D_in)

y = torch.randn(N, D_out)

# La�H → Linear /

# )/ → Sequential model

model = torch.nn.Sequential(

torch.nn.Linear(D_in, H),

torch.nn.ReLU(),

torch.nn.Linear(H, D_out),

)
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loss_fn = torch.nn.MSELoss(reduction='mean')

learning_rate = 1e-4

# �J SGD ��(

optimizer = torch.optim.SGD(model.parameters(),

lr=learning_rate)
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for t in range(500):

y_pred = model(x) # �'�:

loss = loss_fn(y_pred, y) # YP8*�=

if t % 100 == 99:

print(t, loss.item())

optimizer.zero_grad() # IN
�&�#`K grad

loss.backward() # "'�:

optimizer.step() # @? =
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• ļ�Ï�
• >Đ¤úaĖi¬
• Ăj=1
• ®÷)�
• sÔÕÄ_Ï
• °�ÛA
• K÷)�
• UøÛA
• �Ā�.ĒÕÄ_Ïį
• -'¤ú
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•CIFAR 10�y2áöP�¹ì�10��P�� 32x32
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• PyTorch Dataset�

• �HĦ�u% Dataset�ÆðĽr6Ï�wĞ¬
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import torch
import torchvision
import torchvision.transforms as transforms
import numpy as np

class CIFAR10Dataset(torch.utils.data.Dataset):
def __init__(self, transform, data, label):
super(CIFAR10Dataset, self).__init__()
self.transform = transform
self.images = data
self.labels = label

def __getitem__(self, idx):
img = self.images[idx]
img = self.transform(img)
label = self.labels[idx]
return img, label

def __len__(self):
return len(self.images)
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class CIFAR10Dataset(torch.utils.data.Dataset):

def __init__(self, transform, data, label):

super(CIFAR10Dataset, self).__init__() # "�����%��

self.transform = transform # !��#�� transform

self.images = data # �!data�shape� (
��, 32, 32, 3)

# �!data������ np.float32�� [0,1]

self.labels = label # �!label�shape� (
��, )

# PyTorch �� ��	&�

# ��$� one-hot ��



·AIPKU· [�@+

class CIFAR10Dataset(torch.utils.data.Dataset):

……

def __getitem__(self, idx):

img = self.images[idx]

img = self.transform(img)

label = self.labels[idx]

return img, label

# ]%À�¯���]¨�L)� len(obj) |�J¸d

def __len__(self):

return len(self.images)
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# [! transform�Co��¼c�¿
# 1 nnumpyv�©D pytorchg·
# 2 hÀD> [-0.5, 0.5]�{=% ReLU
transform = transforms.Compose(

[transforms.ToTensor(),
transforms.Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))]
)

# M§j*nvp¶NW$
train_data = np.load('train_data.npy')
train_label = np.load('train_label.npy')
test_data = np.load('test_data.npy')
test_label = np.load('test_label.npy')
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# trainset yÀ� CIFAR10Dataset \0�L)����f
# ���fEPÀ� sample � data i label
trainset = CIFAR10Dataset(transform=transform,

data=train_data, label=train_label)

# PyTorch s1� dataloader L)xLnr? batchsize i shuffle
# )Hs1$e�qeÁX~T�e�¹¾�§�num_workers=0
trainloader = torch.utils.data.DataLoader(trainset,

batch_size=4, shuffle=True, num_workers=2)
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# �Gn}³testset
testset = CIFAR10Dataset(transform=transform,

data=test_data, label=test_label)
testloader = torch.utils.data.DataLoader(testset,

batch_size=4, shuffle=False, num_workers=2)

classes = ('plane', 'car', 'bird', 'cat',
'deer', 'dog', 'frog', 'horse', 'ship', 'truck')
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for epoch in range(10):

for i, data in enumerate(trainloader, 0):

# �0��ZT�trainloader lh��p£��|

# �C] Dataset �6r data 5 label

inputs, labels = data

# 7	q DataLoader )��7j PyTorch ��(F|M batch

# data.shape: (batchsize, 3, 32, 32)

# label.shape: (batchsize, 10)

# =b�qGPU���� inputs = inputs.cuda() RZTY$GPU�

# 4dr�� labels = labels.cuda()
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• GPU: Graphic Processing Unit

• GPU Hńzùv¦ô�\ĚîĶťũŁŀ�J�î+§7Ŋ

• CPU Lö�'ĩ�9 GPU

• CPU Löó�9 GPU

• GPU Şĥzù

• CPU 　 GPU Ñr�c

• CPU +§�c�Ėí�řk�

• Ľ. GPU ;@Ł�îŮÔJÔ;



·AIPKU· GPU & CUDA

• GPU: Graphic Processing Unit
• GPU is a specialized computer processor

• CUDA: Compute Unified Device Architecture
• CUDA is a parallel computing platform and programming 

model created by NVIDIA.
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• »ģêªnŜl�ëŁ net = net.cuda() P9 GPU ß

• ó�0 loaderÑ(¦Ŝl�ëŁ x = x.cuda() P9 GPU ß

• Ęĳ� PyTorchzù�cŪrnumpyóű�@Ł y.cpu().numpy()
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for epoch in range(10):

for i, data in enumerate(trainloader, 0):

# �0��ZT
inputs, labels = data

optimizer.zero_grad()

# &�
outputs = net(inputs)

# �x loss

loss = criterion(outputs, labels)

# /�
loss.backward()

# ^[
optimizer.step()
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import torch.nn as nn

import torch.nn.functional as F

# �Q£�nn.Module�Aoa�!Z5forward\m�C]£��~g:
class Net(nn.Module):

def __init__(self):

super(Net, self).__init__()

# 2�,t����×3�� �×6�,te;B5x5

# �`�?-Z2��� (stride, padding)

self.conv1 = nn.Conv2d(3, 6, 5)

self.pool = nn.MaxPool2d(2, 2)

self.conv2 = nn.Conv2d(6, 16, 5)

# fc fully connected���UD
self.fc1 = nn.Linear(16 * 5 * 5, 120)

self.fc2 = nn.Linear(120, 84)

self.fc3 = nn.Linear(84, 10)
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def forward(self, x):

x = self.pool(F.relu(self.conv1(x)))

x = self.pool(F.relu(self.conv2(x)))

x = x.reshape(-1, 16 * 5 * 5)

x = F.relu(self.fc1(x))

x = F.relu(self.fc2(x))

x = self.fc3(x)

return x
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# *��i	KI

net = Net()

# net = Net().cuda() 62[	3KI7�GPU�

import torch.optim as optim

# �k�PyTorch hTO- SoftMax

criterion = nn.CrossEntropyLoss()

# Stochastic Gradient Descent

optimizer = optim.SGD(net.parameters(),

lr=0.001, momentum=0.9)
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for epoch in range(10):

for i, data in enumerate(trainloader, 0):

# �0��ZT
inputs, labels = data

optimizer.zero_grad()

# &�
outputs = net(inputs)

# �x loss

loss = criterion(outputs, labels)

# /�
loss.backward()

# ^[
optimizer.step()
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for epoch in range(10):

for i, data in enumerate(trainloader, 0):

……

# �� training loss

running_loss += loss.item()

if i % 2000 == 1999: # print every 2000 mini-batches

print('[%d, %5d] loss: %.3f' %

(epoch + 1, i + 1, running_loss / 2000))

running_loss = 0.0

# >g:

PATH = './cifar_net.pth'

torch.save(net.state_dict(), PATH))
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net = Net()
# '��&�<rg:-Z
net.load_state_dict(torch.load(PATH))
cnt, correct = 0, 0

# ��"��/�
with torch.no_grad():

for data in testloader:
images, labels = data
outputs = net(images)
_, predicted = torch.max(outputs, 1)
c = (predicted == labels).sum()
correct += c
cnt += data.shape[0]

acc = correct / cnt
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with torch.no_grad():

for data in testloader:

images, labels = data

outputs = net(images)

# torch.max O�8outputsr�H1�
# lh�� ���+max5argmax

_, predicted = torch.max(outputs, 1)

# £�w�r\mc isr n
c = (predicted == labels).sum()

correct += c

cnt += data.shape[0]

acc = correct / cnt


