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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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* HELI self.convl = nn.Conv2d(3, 6, 3, 1, 1)

activation maps

Convolution Layer

import torch
torch.nn.Conv2d(in_channels, out_channels, kernel size,
stride=1, padding=0, dilation=1, groups=1,

bias= , padding mode='zeros')

27
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*HEEM: ElE L EEEERE, E2H EEEEN

activation maps

g

28

Convolution Layer

32 28

3

self.convl

nn.Conv2d(3, 6, 3, 1, 1)

*EyNFFEEIEAR: (8, 3, 32, 32) [b, ¢, h, w]
& RHEEIEAR: (8, 6, 32, 32)

o L% K /h: 3x3, stride=1, padding=1, bias=True
*GERERZ/VSHT
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*HEEM: ElE L EEEERE, E2H EEEEN

activation maps

g

28

Convolution Layer

32 28

3

self.convl

nn.Conv2d(3, 6, 3, 1, 1)

*EyNFFEEIEAR: (8, 3, 32, 32) [b, ¢, h, w]
& RHEEIEAR: (8, 6, 32, 32)

o L% K /h: 3x3, stride=1, padding=1, bias=True
*GEMEAZ/ VST 3x6x3x3 + 6
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* XHFE M Dilated Convolution

* fEERZh A
* HIZY Kz H

torch.nn.Conv2d(in_channels, out channels, kernel size,

——————————

bias= , padding mode='zeros )
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Decision surface
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=[Pk ERGCLTEIER:
Sigmoid 1 Leaky RelLU .
max(0.1z., x
o(x) = L+i—$ __‘///’__ ( @)
- 0 T — Lo——] 10

tanh
tanh(x)

RelU ELU
T x>0
maX(O’ .CE) U {oz(e‘” —1) <0 _ _ T
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10,

Sigmoid 1 Leaky RelL U

torch.nn.Sigmoid torch.nn.LeakyRelLU

tanh 1(
torch.nn.Tanh /

10 10,

RelLU ELU

torch.nn.RelLU torch.nn.ELU 4 o

-10 = 10 2
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% 2 T M 45 i)l R A
* HEFHIE (AP batch)
* VAR RS S (Feed-Forward)
* A S A% (Loss Function)
* I {&#5 (Back-Propagation)
* BEALEREE R4 (Stochastic Gradient Descent)

regularization loss

score function> u = 0 l
s f(xi, W) ” LI

input layer
hidden layer 1 hidden layer 2
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import numpy as np
# N=batchsize, D in=BINZEE
AN\

# H=[SIEMZTHE ([EREH LR ) , D_out=MKREHLERE
N, D in, H, D out = 64, 100, 1000, 10
X

# 1)« PEtLAERE

= np.random.randn(N, D _in)

X
y = np.random.randn(N, D out)

# BEFHIIRCMZE BRI E

wl = np.random.randn(D _in, H)

w2 = np.random.randn(H, D out) A

learning rate = le-6



CAIPKU-|= R 0 4% i Y

for t in range(500):
# FUEMERE y = ReLU(x-wl)-w2
h = x.dot(wl)
h_relu = np.maximum(h, )
y pred = h_relu.dot(w2)

# TTEIRSKEAZN MSE

# NIGEKSHE, mean EJI sum
loss = np.square(y pred - y).sum()
print(t, loss)

RelLU

w2

Yi
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d loss 0 Za,b (y_pred,, — )’a,b)2 5 d (y_pr edi,j — yi,j)2
0 y_pred, - d y_pred;; - d y_pred; ;

= 2(y_pred; ;- ;)

# REERE  RRXTINREMNBEFEFE] grad_ FLRIZEE

grad y pred = 2.0 * (y _pred - y)

0 loss — (h_re lu)T- 0 loss
0 w2 0 y_pred

# y pred = h relu.dot(w2)
grad w2 = h relu.T.dot(grad y pred)

[1L
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0 loss _ (h_relu)’- 9 loss
0 w2 0 y_pred

j&% : y_predw. — Z h_relui’k . wsz
k

0 loss B Z 0loss OYy_pr eda,b
a,b

0loss O X h_relu, -w2,

ab 0 y—preda,b 0 W2i’j

0 loss O h_relu,;-w2,;
B Za: 0 y_pred,; 0 w2,

= Z grad_y_pred, ;- h_relu,;
a

c=i,b=j
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0 loss

0 w2

— (h_relu)! -

H x D out \l,

H x N

D out

y pred

0 loss

0 y_pred

N x D out
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# XIFRE , KT h_relu BYEEE
grad h relu = grad y pred.dot(w2.T)

# ReLUFH0HIERD , HiFE D0
grad h = grad h _relu.copy()

grad h[h < 0] = ©

grad wl = x.T.dot(grad h)

# BEFME
wl -= learning rate * grad wl
w2 -= learning rate * grad w2



[HIE T & MR, A

SO CHER 28 X 2% Jii 7

WL, Pt L4 RE 71
* BHEX,

SRSk S s

N

4
L_w"p'

* KSFAEHI, {HH
* R —EEEME
AN SE 2T E

* BT
BH

AR
i %

SRCHAL P R
PIEOLT  (BlandEfeskid) , HEHE

HI— JE AR 3 R AR 08 JRE A e DA 2 A I Y

* N[ FGPUNNEFI H 3K &



=(AIPKU-|E EREIERE )i

Caffe Caffe2
» (Facebook
(UC Berkeley) ( ) MXNet
(Amazon) C NTK
Developed by Weehzgon (Microsoft)
To rc h PyTo rc h l;rz{’nvgin framework of choice

(NYU /Facebook) ___,  (Facebook)

Deeplearning4j

Theano TensorFlow
(U Montreal) > (Google)

And others...
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2

Caffe Caffe

(UC Berkeley) » (Facebook) MXNet

(Amazon) CNTK
r ----------------- : Developed by U Washington, (MicrOSOft)
| | but main framework of chocs
Torch . PyTorch |

(NYU / Facebook) _>i (Facebook) i
I I ] ]
i i Deeplearning4j

Theano " TensorFlow !

(U Montreal) > i (Google) i
! |
! |
! |

_______ And others...
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mPKu = PyTorch 4 i 4% J5i

import torch
dtype = torch.float # 32bit float
device = torch.device("cpu")

# device = torch.device("cuda:0") # N J9IX—{THR{ERH GPU

N, D in, H, D out = 64, 1000, 100, 10

# Snumpyiz[OZLLl, AIERNAE

X = torch.randn(N, D in, device=device, dtype=dtype)

y = torch.randn(N, D out, device=device, dtype=dtype)



mPKu = PyTorch 4 i 4% J5i

||u-|J

L ERKFEHE

# IgErequires grad, pytorch&=BzhzEE ]
# FUTFENaIESEX ANgrad_T=
wl = 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 = le-6
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import numpy as np
# N=batchsize, D in=BINZEE
AN\

# H=[SIEMZTHE ([EREH LR ) , D_out=MKREHLERE
N, D in, H, D out = 64, 100, 1000, 10
X

# 1)« PEtLAERE

= np.random.randn(N, D _in)

X
y = np.random.randn(N, D out)

# BEFHIIRCMZE BRI E

wl = np.random.randn(D_in, H)

w2 = np.random.randn(H, D out) A

learning rate = le-6
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for t in range(500):

# BUENERE, mm: matrix multiplication
# EAEEIIKS | AFEFTEEZE
y pred = x.mm(wl).clamp(min=0).mm(w2)

# TTEHRFREZN
# loss.item() ¥RENlossHHVir=
loss = (y pred - y).pow(2).me

if t % 100 == 99:
print(t, loss.item())

HUE ( MAZRERE )
an()



mPKu = PyTorch 4 i 4% J5i

[T

# BiIkSSEREFIE N EMENgradEE ( RREE ) E
loss.backward()

# (R no_grad IR , AARKIIANVEILXE DIz B HENRS
with torch.no grad():

wl -= learning rate * wl.grad

w2 -

learning rate * w2.grad

# BEE T HEENgradflREE , LIF TAKS

wl.grad.zero ()

w2.grad.zero ()
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N, D in, H, D out = 64, 1000, 100, 10

jﬂf_é

5

N
P

x = torch.randn(N, D _in)

y = torch.randn(N, D out)

# FBEfEE > Linear =

# ZJ= - Sequential model

model = torch.nn.Sequential(

torc

torc

1.

1.

nn.

nn.

_inear(D_in, H),

RelLU(),

torch.nn.Linear(H, D out),
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loss fn = torch.nn.MSELoss(reduction="mean")

learning rate = le-4

# (£ SGD {iL{4aE
torch.optim.SGD(model.parameters(),

optimizer

lr=1earning rate)
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for t in range(500):
y pred = model(x)

loss = loss fn(y pred, y)
if t % 100 == 99:
print(t, loss.item())

optimizer.zero _grad()
loss.backward()

optimizer.step()

# BIEMER

LU/

# B ZAIRITEER grad
# 2 [AUER
# BTSN

.I.IJ/N
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SETTCAEd il +: CIFAR10

*CIFAR 10, fitaBME A5, 1023k, 4p38% 32x32
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deer 13, -R.i&’%ng
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import torch
import torchvision
import torchvision.transforms as transforms
import numpy as np

class CIFARl@Dataset(torch.utils.data.Dataset):
def init (self, transform, data, label):
super(CIFAR1@ODataset, 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 CIFARl1@Dataset(torch.utils.data.Dataset):
def init_ (self, transform, data, label):

super(CIFAR1@Dataset, self). init () # REBAREHIMEIERRAZN
self.transform = transform # IRENREY transform

data # {RiZdataflUshapes (BF%L, 32, 32, 3)
# {RixdatafYEHESREZE np.float32 , {HIE [0,1]

self.images

self.labels = label # {Ri%labelBdshapes (EFZY, )
# PyTorch &SEITERIZXNEHY

# Ho4% /9 one-hot ZmhL
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def  getitem (self, idx):
img = self.images[idx]
img = self.transform(img)
label = self.labels[idx]

return img, label

# WF—PIXPRAIEER |, AL

def _len_ (self):

return len(self.images)

len(obj) ERENKE




CAIPKUE HER SR

# TEX transform : BIEFNINFSER
# 1 BnumpyEHEE{L /IpytorchskeE
# 2 I9—{k%) [-0.5, 0.5], BFJF ReLU

transform = transforms.Compose(

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

)

# (Rl I ESEERMT 1

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 2—/ CIFAR1@Dataset SCffl| , AL ’4rZ=5|

# ™irz=sg|SIRE[— sample HY data F0 label

trainset = CIFARl1@Dataset(transform=transform,
data=train_data, label=train_label)

# PyTorch IEfHHY dataloader BJLA5{EMMIFRE] batchsize F shuffle
# DIREBHTERLSEN., IRHEMELRA , i8num_workers=0

trainloader = torch.utils.data.Dataloader(trainset,

batch size=4, shuffle=True, num_workers=2)
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# P fiEtestset
testset = CIFAR1@Dataset(transform=transform,

data=test data, label=test label)
testloader = torch.utils.data.DatalLoader(testset,

batch _size=4, shuffle=False, num workers=2)

classes = ('plane', ‘car', 'bird', 'cat',
‘deer', 'dog', 'frog', 'horse', 'ship', 'truck')
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BRI 2R

for epoch in range(190):

for i1, data in enumerate(trainloader, 0):

# SREVEIANZUE |, trainloader BIRESFE—1JoH

# tBETE Dataset IR[B
labels = data
Dataloader B2 7 , AUt PyTorch £Bzmi#E52HAL batch

in

H

A

outs,

N
N\
=

HY data #0 label

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

# label.shape: (batchsize, 10)

# 4
# [El%

L

%

R{EAHGPU , @Y

Bt E labels =

inputs = inputs.cuda() EBHIENZEIGPUL
labels.cuda()



SEae GPU

®* GPU: Graphic Processing Unit
* GPU XTIt BEALRGE, BARE R FEEAF A &AL BE BT
* CPU %% “f)%” 3 GPU
* CPU R34 5] GPU
* GPU 741
* CPU GPU Hum#5 5
* CPU AbHAR (B, #5)
* it GPU By A2 B 2R 148 )




=0 (lER GPU F1 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.

Memory
for GPU

<ANVIDIA.

-~
Execute parallel
in each core

3

GPU
(GeForce 8800)

CUDA.

Processing flow
on CUDA
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" RS

* JHZHE PyTorch 545 FL44 T

L2 Ja,
® M loader Hit

PyTorch GPU if§H

net = net.cuda() (2| GPU I

RZ)E, R

numpyZi2H

, W

x = x.cuda() 5tz GPU L

1 y.cpu().numpy()
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for epoch in range(190):
for i, data in enumerate(trainloader, 0):
# IREGMANZE
inputs, labels = data

optimizer.zero _grad()

# HIE

outputs = net(inputs)

# T2 loss

loss = criterion(outputs, labels)

# RIT

loss.backward()

# BT
optimizer.step()
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import torch.nn as nn

import torch.nn.functional as F
# #FE—1nn.Module , SCI T HISRAE F I forward/ais |, B MZBIRE
class Net(nn.Module):
def init (self):
super(Net, self). 1init
# 245, WIAIEIES , MHIEE6 , TRUZA/N5XS5
# ABEESHEILIZE (stride, padding)
self.convl = nn.Conv2d(3, 6, 5)
self.pool = nn.MaxPool2d(2, 2)
self.conv2 = nn.Conv2d(6, 16, 5)
# fc fully connected , £1&&E=
self.fcl = nn.Linear(16 * 5 * 5, 120)
self.fc2 = nn.Linear(120, 84)

self.fc3 = nn.Linear(84, 10)

ITlE
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def forward(self, x):

X

X

X

X

X

X

self.pool(F.relu(self.convl(x)))
self.pool(F.relu(self.conv2(x)))
X.reshape(-1, 16 * 5 * 5)
F.relu(self.fcl(x))
F.relu(self.fc2(x))

self.fc3(x)

return X
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# SEHHE— RIS
net = Net()
# net = Net().cuda() BUXTHEMEHEIGPUL

import torch.optim as optim

# NI , PyTorch BXOABT SoftMax

criterion = nn.CrossEntropylLoss()

# Stochastic Gradient Descent
optimizer = optim.SGD(net.parameters(),

1r=0.001, momentum=0.9)
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for epoch in range(190):
for i, data in enumerate(trainloader, 0):
# IREGMANZE
inputs, labels = data

optimizer.zero _grad()

# HIE

outputs = net(inputs)

# T2 loss

loss = criterion(outputs, labels)

# RIT

loss.backward()

# BT
optimizer.step()
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# %51t training loss
running loss += loss.item()
if 1 % 2000 == 1999: # print every 2000 mini-batches
print('[%d, %5d] loss: %.3f' %
(epoch + 1, i + 1, running loss / 2000))

running loss = 0.0

# FERE

PATH = './cifar net.pth’
torch.save(net.state dict(), PATH))
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net = Net()

# INE< BII[FRIREL S
net.load state dict(torch.load(PATH))
cnt, correct = 0, ©

# XEPDAERIE
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[9]

acc = correct / cnt
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with torch.no grad():
for data in testloader:
images, labels = data

outputs = net(images)

# torch.max H{T{EoutputsBV4EE1 L
# BRSHIHMIT , Blmaxfargmax
_, predicted = torch.max(outputs, 1)

# —NMBEERYIT AR ERRRIFGN

c = (predicted == labels).sum()
correct += C

cnt += data.shape[0]

acc = correct / cnt



