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What is PyTorch?

e PyTorch

PYTHRCH

an open source machine learning library for Python.
It is primarily developed by Facebook's artificial-intelligence research group. Facebook Al Research

VS.
+ TensorFlow

i Google Al
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What is PyTorch?

 Deep Learning Framework

theano Caffe " torch

Written in : Python Written in ; C++ Written in : C, Lua
Nov. 2010 Interface : Python Dec. 2013 | Interface : Python, MATLAB, C++ Jul. 2014  Interface : C, Lua

Keras ™ F Tensor PYTORCH

Written in : Python Written in : C++, Python, CUDA Written in : Python, C, CUDA
Mar. 2015 Interface : Python, R Nov. 2015 Interface : Python, C/C++, Java, Go, R, Julia Oct. 2016 | Interface : Python

K\ Recommend to choose these framework

+ DL4J(Java)
W) Caﬂez Chainer(Python)
- MXNet(C++, Python, Julia, MATLAB, JavaScript, Go, R, Scala, Perl)
Written in : CNTK(Python, C++),
Apr. 2017 | Interface : Python, C++ TF Learn(Python) Cf.
'IE'It:C-Shm(Python) {“What is this? Gum? It's GAN.”, pp. 21-22
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Setup

e |nstall
https://www.anaconda.com/download/

Anaconda 5.2 For Windows Installer

Python 3.6 version - Python 2.7 version ’

& Download & Download

64-Bit Graphical Installer (631 MB) 64-Bit Graphical Installer (564 MB)
32-Bit Graphical Installer (506 MB) 32-Bit Graphical Installer (443 MB)
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https://www.anaconda.com/download/

Setup

e |nstall
https://pytorch.orq/

Select your preferences and run the install command. Please ensure that you are on the latest pip and
numpy packages. Anaconda is our recommended package manager. You can also install previous versions

of PyTorch. Note that LibTorch is only available for C++.

Language Python 2.7 Python 3.5 Python 3.6 Python 3.7 Ces C++ : Preview,

Linux only

conda install pytozrch -c pytozch

Run this Command: pip3 install torchvision
Image
System
5 Laboratory

Pip LibTorch Source

CUDA, 80


https://pytorch.org/

Setup

e |nstall

conda create -n PyTorch python=3.6
activate PyTorch

conda install pytorch cuda90 -c pytorch
pip install torchvision

o conda createc= 24 Mdst= FHO. PyTorch #2F OtL|2} Tensorflow €2 CHE Hield Z2d)IE
AESHCEALE o1 MO HT = ALESHOFSH= 4% =tZ 0t d-oi=H, C|H

HA[7}
o2|AE = condaenv listE Y =stH 29l Jts.
—

=
= c=2o =
7= B0 B 2 SHE 2 LR = HHO| = deactivate.

—

=
o PyTorch& AX|5t= H&H 0= condainstall pytorch cuda90 -c pytorch..

o torchvision= E2{d at50| BO| AFEE|= HIO|HA HER AR #&, O|0|X| #Hetnt 22 7|52 XNSotE=Z
AKXl A HE.
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Setup

* Development Tools

. Startup file
de Visual Studi
. Intellisense
: Management of python env.
: GitHub
~Altoolpackage

: Extension program

. Intellisense
: Cell based execution
: Management of python env.
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Setup

* Development Tools

Personal opinion : @

> »)-\/isual Studio




Setup

» Development Tools — Visual Studio

_ NET Framenerc 452 hilald =

Visual StudicZ Python =5 24 Python
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Setup

» Development Tools — Visual Studio

o Visual Studio

I Community 2015

=13
=

rin

7l

ar

= 27 X

Visual StudioZ Python =4

Python ZERE HE, L= S0 iz A EE FEHHE.

a2x || #uwal
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Setup

» Development Tools — Visual Studio

[NET Fram
-mPY

1 -PY

v b

Django

Flask Web

O
a
@
&
@
&

1 7
LZ o2

“1
—3

rlight Web Page

PythonApplication1

d:#hs_kang¥documentsivisual studio
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Setup

» Development Tools — Visual Studio

S9C@) COHIo =M  Nsight =-4T) EI=

Debug - Any CPU - pAER.- o @- @--
| e e ythonApplication1.py
1
v

l Python 3 =7H/HA X
(] H=
+P¥ PythonAppli
¥ ythen =3 271(W) e , 64-bit)
_ ot ool = Python 3.6 (64-bit)
g =y (M) PyTorch (3.6, 64-bit)

64-bit)
flow (3.6, B4-bit)
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Setup

» Development Tools — Visual Studio

seminar2.py seminar.py

1
A\

1.5]1)

% / i = = T Ctrl+Shift+A
: MuGet T§7| X| . ) Shift=Alt=A
A 3

ClH

»

v — =27Im

] 5

0IZ HIRII(M)

N ython &9 HIZE
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Setup

» Development Tools — Visual Studio

lab01 py ® > seminar? py seminar.py lab02 py GAN_Concept.py regression.py

jﬂfEh

a
b

Dfiﬁti'*.: , a)
print(“size of :

print("E .,
v print("size of

X = a.new_ones(5,3,dtype=torch.double)
print("x = ", x)

x = tor ﬁ:randn_likeix; dtype=torch.float)
print(“print - ", x)

c = torch.rand(2,2)
c.add_(b)
print(c)

Image
System
Laboratory




Setup

 Development Tools — Visual Studio

B C:wWINDOWSHsystem32#tcmd.exe
te 1, 4.0

System
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Setup

» Development Tools — PyCharm

PyCharm Coming in 2 ] What's New Features Docs & Demos Buy Download

b
0 Tick

 @PyCharm

~ Python IDE
~ for Professional Developers
q

i
b DOWMNLOAD HOW
A

Full-Nigdged Protessional or Fr

WHY
PYCHARM
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Setup

» Development Tools — PyCharm

@ PyCharm Coming in _ : What's New Features Docs & Demos Buy _. Download

Download PyCharm

Windows macOSs Lirux
Professional Community
e Full-featured IDE Lightweight IDE
e for Python & Web for Python & Scientific
Released: May 31, 2018 development development
nstallation Instructions Cllck
Frae trial Fres, open-source

Get the ToolBox App to download PyCharm
and its future updates with ease

Image
System
Laboratory
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Setup

» Development Tools — PyCharm

PC PyCharm Community Edition Setup — 4 PC PyCharm Community Edition Setup

i Chooze Install Location
we_l':_:ome to PyChann Eummumty @ Choose the folder in which to install PyCharm Community Edition.
Edition Setup
Setup will guide you through the installation of PyCharm Setup will install PyCharm Community Edition in the following folder. To install in a different
Community Edition. folder, ciick Browse and select another folder. Click Mext to continue.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot yvour
computer,

Click Mext to continue,
Destination Folder

Space required: 502.6 MB
Cllﬂk Space available: 32.7 GB Clle

| tlext> 4 Cancel <( §w|w |
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Setup

» Development Tools — PyCharm

Pc PyCharm Community Edition Setup

Pc PyCharm Community Edition Setup
Installation Options Installing
Configure your PyCharm Community Edition installation Please wait while PyCharm Community Edition is being installed.
Extract: pycharm.jar... 40%
Create Deskiop Shortout [-
[CIB2bitlauncher]  []64-bitlauncher
Create Assodations
(.py
[JDownload and install JRE x86 by JetBrains Click
< I mext> | | cancel | <Back Next > Cancel
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Setup

» Development Tools — PyCharm
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Setup

» Development Tools — PyCharm

_ P_c e FIrI:_jE.Et

Create
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Setup

» Development Tools — PyCharm

| Blog [D-wDeepwPyCharmWBlog] - PyCharm

import numpy as

]

o

o

o
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Setup

» Development Tools — PyCharm

Ort numpy as np

rray( (|

: Ctrl+F5

> finished with exit code O

“Too easy, but important things”, pp. 42-43

|' Cf. TODO
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System
23 Laboratory



L
Example

e Tensor
. a pu b
o NumPy PYTORCH
array Tensor
reshape view(reshape)
from_numpy
. > .
linspace linspace
numpy
ones, zeros ones, zeros
random.randn, random.rand randn, rand

to, cuda

Image
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Example

e Tensor

Tensor a:
tensor([ 2.5000, 4.0000])
Size of a: torch.Size([2])

import torch as tc

#Tensor ——3 Tensor b :
a = tc.Tensor([2.5, 4]) tensor([[ 1.0000, 2.5000],
B [ 2.5000, 6.0000]])
b = tc.Tensor([[1, 2.5], [2.5, 6]]) Size of b : torch.Size([2, 2))
Tensor c :
#reshape St?nsofr([[- ].t.OO(r)]Oé.ZE(;OCA): 2.5000, 6.0000]])
c = b.reshape(1, 4) — T;\E;grg: oreh.Size((1, 4)
d = b.reshape(1, -1) tensor([[ 1.0000, 2.5000, 2.5000, 6.0000]])

Size of d : torch.Size([1, 4])

Image
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Example

e Tensor

Tensor X :

; tensor([-1.0000, -0.7500, -0.5000,
#lTSpé}CG ——>/-0.2500, 0.0000, 0.2500, 0.5000, D
x = tc.linspace(-1, 1, 9) 0.7500, 1.0000])

Size of x : torch.Size([9])

[

Start ' ' ' ) ) ) End

Tensor real :
tensor([[ 1., 1.],

[1., 1.]])

#ones, zeros | |
’ Size of real : torch.Size([2, 2
real = tc.ones(2, 2) —> Tensor fake (12, 2))

fake = tc.zeros(2, 2) tensor([[ 0., 0.],

[ 0., 0.1
Size of fake : torch.Size([2, 2])

Image
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Example

April 9, 2019

 Tensor

Tensor z1 :

tensor([[-0.0750, -1.0555, -0.0706], fe— .
firandn, rand Size ([:-foéi%?ér-grfs\%iii([_zo'?312)38]])
z1 = tc.randn(2, 3) — Tensor 22'. ' ’ 0
z2 = tc.rand(2, 3) tensor([[ 0.8204, 0.3505, 0.1034],

[ 0.5318, 0.9543, 0.8781]])
Size of z2 : torch.Size([2, 3])
0 1

#to, cuda
z cuda = zl.cuda()

device = tc.device('cuda’ if tc.cuda.is_available() else 'cpu’)
z_device = z1.to(device)

27

Tensor z_cuda :
tensor([[-0.0750, -1.0555, -0.0706],
[-0.1946, -0.8593, -0.2238]], device='cuda:0)
Tensor z_device :
tensor([[-0.0750, -1.0555, -0.0706],
[-0.1946, -0.8593, -0.2238]], device='cuda:0)
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Example

e Tensor
#from_numpy, numpy array a:
import numpy as np [3.54.]
. Tensor b :
a = np.array([3.5, 4]) tensor([ 3.5000, 4.0000], dtype=torch.float64)
b = tc.from_numpy(a) array C .
c = b.numpy() [3.54.]
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Example

e Datasets

The following datasets are available:

VvV MNIST
V' Fashion-MNIST

V : HIZ A8 7ts.
LSUN CFIMHol aPd He.

ImageFolder .
V/ Imag \/ : Custom dataset0f Z&.

v/ CIFAR
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Example

e Datasets — MNIST

import torch as tc
import torchvision as tv
import torchvision.transforms as transforms

@ | trans = transforms.Compose([transforms.ToTensor(), transforms.Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))])
datasets = tv.datasets.MNIST(root="/MNIST", train=True, download=True, transform=trans)
dataloader = tc.utils.data.DatalLoader(datasets=datasets, batch_size=100, shuffle=True)

trans

. Compose()is used when there are multiple transform options. Here, ToTensor() and Normalize(mean, std) are used.
. ToTensor () changes the PIL Image to a tensor. torchvision dataset The default type is PIL Image.

. Normalize (mean, std) transforms the range of the image. Here, the value of [0, 1] is adjusted to [-1, 1]. ((value-mean) / std)
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Example

e Datasets — MNIST

import torch as tc
import torchvision as tv
import torchvision.transforms as transforms

trans = transforms.Compose([transforms.ToTensor(), transforms.Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))])
@ | datasets = tv.datasets.MNIST(root="./MNIST', train=True, download=True, transform=trans)
dataloader = tc.utils.data.DatalLoader(datasets=datasets, batch_size=100, shuffle=True)

dataset

. root: This is the path to store (MNIST data). Folders are automatically created with the specified name.
. train : Set the data to be used for the train.

. transform : Transform the data according to the transform option set previously.

. download : Download (MINST data). (If you downloaded it once, it will not do it again.)

Image
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Example

e Datasets — MNIST

import torch as tc
import torchvision as tv
import torchvision.transforms as transforms

trans = transforms.Compose([transforms.ToTensor(), transforms.Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))])
datasets = tv.datasets.MNIST(root="/MNIST", train=True, download=True, transform=trans)
@ | dataloader = tc.utils.data.Datal. oader(datasets=datasets, batch _size=100, shuffle=True)

dataloader
. dataset : Set the dataset to load.
. batch_size : Set the batch size.

. shuffle ;: Shuffle the data and load it.
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Example

e Datasets — LSUN
https://qgithub.com/fyu/lsun

L fyu / Isun @ Watch~ 12 HStar 144 YFork 66
¢> Code lssues 11 Pull requests 4 Projects 0 Wiki Insights

LSUM Dataset Documentation and Demo Code

D 22 commits ¥ 1 branch T3 0 releases 22 1 contributor

ey |

Branch: master = Mew pull request Create new file | Upload files | Find file :I

” fyu Merge branch 'master’ of github.com:fyu/lsun_toolkit Latest commit 7264941 on 4 Jul 2016

[E] README.md Update README.md 2 years ago

] category_indices.txt add submission details 3 years ago

] data.py support flat export directory 2 years ago

E| download.py add downloading category 3 years ago

Image
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https://github.com/fyu/lsun

Example

 Datasets — LSUN bridge 1
church_outdoor 2

Run download.py download.py -c bedroom < gf‘ﬁ;ﬂ"e‘r’{;‘jrmm
dining_room 5
kitchen 6
living_room 7
restaurant 8

\. tower 9

If you are using Python 3.0 or later, modify the code from urllib2.urlopen (url) to urlopen (url).

def list_categories(tag):

url = 'http://Isun.cs.princeton.edu/htbin/list.cgi?tag=" + tag
@ f = urlopen(url)

return json.loads(f.read())

Image
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Example

e Datasets — LSUN

trans = transforms.Compose([transforms.Resize((64,64)) ,transforms.ToTensor(), transforms.Normalize((0.5, 0.5, 0.5),
(0.5, 0.5, 0.5))])

datasets = tv.datasets._LSUN(".", classes=['bedroom_train‘], transform=trans)

dataloader = tc.utils.data.DataLoader(datasets=datasets, batch_size=100, shuffle=True)

trans

. Resize() is used to resize the image.

datasets
. root : Root directory for the database files.

. classes: One of {‘train’, ‘val’, ‘test’} or a list of categories to load. e,g. ['bedroom_train’, ‘church_train’].
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Example

» Datasets — ImageFolder(CelebA)
http://mmlab.ie.cuhk.edu.hk/projects/CelebA.html

News
2016-07-29 If DropBox are not accessable, please download the dataset usind Google Drive or Baidu Drivel

Details

CelebFaces Attributes Dataset (CelebA) is a large-scale face attnbutes dataset with more than 200K celebrity images, each with 40
attribute annotations. The images in this dataset cover large pose vanations and background clutter. CelebA has large diversities, large
quantities, and rich annotations, including

® 10,177 number of identities,
* 202,599 number of face images, and
* 5 landmark locations, 40 binary attributes annotations per image.

The dataset can be employed as the training and test sets for the following computer vision tasks: face attribute recognition, face detection,
and landmark (or facial part) localization,

Sample Images

Wearing

Eveglasses
yeg Hat
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April 9, 2019

Example

» Datasets — ImageFolder(CelebA)
http://mmlab.ie.cuhk.edu.hk/projects/CelebA.html

000003.jpg

000013 .jpg 000014.jpg 000018.jpg

-

000021.jpg 000022 jpg 000023 .jpg 000024.jpg 000026.jpg 000027 .jpg

HEf 2 ot U So| MFE NS =l + AS.
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http://mmlab.ie.cuhk.edu.hk/projects/CelebA.html
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Example

» Datasets — ImageFolder(CelebA)

trans = transforms.Compose([transforms.Resize((64,64)) ,transforms.ToTensor(), transforms.Normalize((0.5, 0.5, 0.5),
(0.5, 0.5, 0.5))])

datasets = tv.datasets.ImageFolder('./img_align_celeba’, trans)
dataloader = tc.utils.data.DataLoader(datasets=datasets, batch_size=100, shuffle=True)

datasets
. root : Root directory for the database files.

. transform : Transform the data according to the transform option set previously.
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Example

 Neural Nets

Class base Sequence base
class Model(tc.nn.Module): model = tc.nn.Sequential(
def _init_ (self): tc.nn.Linear(D_in, H), |
super(Model, self).__init__ () tc.nn.ReLU(), > |
self.linearl = tc.nn.Linear(D in, H), tc.nn.Linear(H, D_out), |
self.linear2 = tc.nn.Linear(H, D_out) tc.nn.Sigmoid()
)

def forward(self, input):
X = tc.nn.functional.relu(self.linearl(input))
X = tc.nn.functional.sigmoid(self.linear2(x))

D_in H D_out

return x

X\ Data manipulation
Image
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- Cf. Diamond problem

Example :
R Class D __init_ ()
Class B __init_ ()
* Neural Nets B C Class A __init_()
Class C _init_ ()
; ; ClassA_init_ ()

Class base D

class Model(tc.nn.Module):

def _init_ (self): > X} tc.nn.Module
super(Model, self).__init__ () 2o ZajA x7|3}
self.linearl = tc.nn.Linear(D in, H), .
functions

self.linear2 = tc.nn.Linear(H, D_out)

-~

v

def forward(self, input): Propagation
X = tc.nn.functional.relu(self.linearl(input))

X = tc.nn.functional.sigmoid(self.linear2(x))

Model

functions

return x
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Example

e Learning

loss_func = tc.nn.MSEL0ss()
opt = tc.optim.Adam(model.parameters(), Ir=0.01)

for ep in range(epoch_sz):
for step, (images, labels) in enumerate(dataloader):
opt.zero_grad()
Images = images.to(device)
labels = labels.to(device)

output = model(images)
Back loss = loss_func(output)

Propagation loss.backward()
(Learning) opt.step()

Image
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Example

trans = transforms.Compose([transforms.ToTensor(), transforms.Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))])
datasets = tv.datasets.MNIST(root="./MNIST", train=True, download=True, transform=trans)
e Learnin g dataloader = tc.utils.data.DataLoader(datasets=datasets, batch_size=100, shuffle=True)

v

Loss M
Optimizer ¢4 (B HIO| E 3t2{= parameter)

loss_func = tc.nn.MSEL0ss()
opt = tc.optim.Adam(model.parameters(), Ir=0.01 )

v

for ep in range(epoch_sz): M8l Tl epoch 2HE =
for step, (images, labels) in enumerate(dataloader): ———— 2tA A St dataloaderdi 2} image(data) 2t label( ) 22
opt.zero_grad() Gradient 7|3},
images = images.to(device)
labels = labels.to(device)

v

v

output = model(images)

loss = loss_func(output)
loss.backward()

opt.step()

v

Loss T-&
Back propagation(Gradient 7+ &})
5T optimizerOf| 2} parameter & 0| E

v

v
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Example

e Learning
Loss Optimizer
e LlLoss * SmoothL1Loss * Adadelta
» MSELoss » SoftMarginLoss * Adagrad
 CrossEntropyLoss e MultiLabelSoftMarginLoss « Adam
* NLLLoss * CosineEmbeddingLoss * SparseAdam
* PoissonNLLLoss * MultiMarginLoss * Adamax
» KLDivLoss * TripleMarginLoss « ASGD
« BCELoss » LBFGS
 BCEWithLogitsLoss * RMSprop
* MarginRankingLoss * Rprop
* HingeEmbeddingLoss « SGD

* BO|dX'||E ZIEE AI"g'_é_l'f g"‘f‘%. Image
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Example

» Applications —Vanilla GAN

Cf.
{“What is this? Gum? It's GAN.”

https://github.com/messy-snail/GAN PyTorch
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https://github.com/messy-snail/GAN_PyTorch

Example

» Applications —Vanilla GAN

Neural Nets

|
! !

Sequence base
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Example

» Applications —Vanilla GAN

loss func = tc.nn.BCELoss()
d opt = tc.optim.Adam(D.parameters(), lr=1r)
g opt = tc.optim.Adam(G.parameters(), lr=1r)

Image
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Example

» Applications —Vanilla GAN

for _ep in range(nEpoch):
for ste images in enumerate({dataloader):
images images.reshape(batch sz, -1).to(device)

I z - tc.randn{batch sz, noisc 5:}.to{dcvicc}|

real label
fake label

tc.ones(batch sz, 1).to(device)
tc.zeros({batch sz, 1).to(device)

loss func({D(images), real label)
loss func(D{G(z)), fake label)

loss real
loss fake

d loss = loss _real + loss fake

d opt.zero grad()
d loss.backward()
d_opt.step()

Reshape(28*28*1->784)
Images(batch=100)

28
e | | [ [ [ [ ] /\
HEEEEEEN 2|7 v
[ | [ [ [ [ []] sls 8
: 100 44 e 4
S~/ 100 _—
Noise(z
(2) Label
1
0
0

Real Fake Image
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Example

 Applications —Vanilla GAN Reshape(28+28+1->784)

Label
for ep in range(nEpoch):
for step, (images, ) in enumerate(dataloader):
images = images.reshape(batch sz, -1).to(device)
z = tc.randn({batch_sz, noisc_sz).to(device)
real label = tc.ones(batch sz, 1).to(device)
fake label = tc.zeros(batch sz, 1).to(device)
loss real = loss func(D{images), real label)
loss fake = loss func(D(G(z)), fake label) Real Fake
d loss = loss _real + loss fake NOiSG(Z)
Discriminate Loss
d opt.zero grad() Generate
d loss.backward()
d_opt.step() S
-
D(Images) — Loss
1 Real
— 0 G (2)
0

Loss
D(Fakes) \/ Fake
H Image
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Example

» Applications —Vanilla GAN

for ep in range(nEpoch):
for step, (images, ) in enumerate(dataloader):
images = images.reshape(batch sz, -1).to(device)
z = tc.randn({batch_sz, noisc_sz).to(device)

, Discriminate Loss

real label = tc.ones(batch sz, 1).to(device)
fake label = tc.zeros(batch sz, 1).to(device)

- - Loss
loss real = loss func(D{images), real label) D(Images)
loss fake = loss func(D(G(z)), faks label) Real
d loss = loss _real + loss fake
d_opt.zero_grad() D(Fakes) :;Zi:
d loss.backward()
d opt.step()

Update

Image
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Example

» Applications —Vanilla GAN

fake_images = G(z)
g loss = loss func({D(fake images), real label)

g opt.zero grad()
g loss.backward()

g opt.step()

Noise(z) Label
Generate Discriminate
Loss
‘A—> (1)/\1 G(z) ~——__, D(Fakes) '-ZSS .
0
Real
Update
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Future Work

Paper Review Proposed Model Tools Mathematical Study Others

\/ | SpyGAN M || Linear algebra M

\/ M || Probability and statistics | | Ice Propagation
InNfoGAN M || Information theory
Unrolled GAN || Python executable & Ul

Wasserstein GAN

|| | LSGAN
| BEGAN ‘W\Maybe next seminar?

] Cycle GAN
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