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1. &% Anaconda 3.5

Anaconda—MATFRIZFITERPython R4ThR , X¥#FLinux, MacFWindow®R %t , IRt T TERE
SREEENIEE , TURSEHFRPythonHZ, ik, URENE=ZSBRENEE,

1.1 &

AT LAE#EM Anaconda® M & , EE N AnacondafIIRSR[EEIN , FIUATHEELRIE , XB
HEFRHBELNEGSKR TR, RBREEMRWRATE , HiXEikiEAnaconda3-5.1.0-Windows-
x86_64.exe

TH2E , REREET , SREORWOT -
O Anaconda3 5.3.1 (64-bit) Setup i (=] ]

P

Welcome to Anaconda3 5.3.1
(64-bit) Setup

Setup will quide you through the installation of Anaconda3
5.3.1 (64-bit).

ANACONDA.

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer. ]

Click Next to continue.

(] Coe )

= -} 4


https://www.continuum.io/downloads
https://mirrors.tuna.tsinghua.edu.cn/anaconda/archive/
https://mirrors.tuna.tsinghua.edu.cn/anaconda/archive/Anaconda3-5.1.0-Windows-x86_64.exe
https://mirrors.tuna.tsinghua.edu.cn/anaconda/archive/Anaconda3-5.1.0-Windows-x86_64.exe
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License Agreement
-) ANACONDA
’ (64-bit).

Please review the license terms before installing Anaconda3 5.3.1

Press Page Down to see the rest of the agreement.

Copyright 2015, Anaconda, Inc.
All rights reserved under the 3-clause BSD License:

Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

-

If you accept the terms of the agreement, click I Agree to continue. You must accept the
agreement to install Anaconda3 5.3.1 (64-bit).

Anaconda, Inc,

| <Back | 1Agree | [ cancel

]

P
O Anaconda3 5.3.1 (64-bit) Setup o=

Select Installation Type

Please select the type of installation you would like to perform for

_) ANACONDA
’ Anaconda3 5.3.1 (64-bit).

Install for:

() Just Me (recommended)

@ All Users (requires admin privileges)

Anaconda, Inc,

[ < Back ][@Nexb][ Cancel ]

=
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O Anaconda3 5.3.1 (64-bit) Setup ==

_) ANACONDA

Choose Install Location
Choose the folder in which to install Anaconda3 5.3.1 (64-bit).

Destination Folder

Setup will install Anaconda3 5.3. 1 (64-bit) in the following folder. To install in a different
folder, dick Browse and select another folder. Click Next to continue.

Space required: 2.9GB
Space available: 258.9GB

E:\software\Anaconda3.5\ I Browse... I

Anaconda, Inc,

<Back || FNext> | | cancel |

r
&) Anaconda3 5.3.1 (64-bit) Setup =

(o

_) ANACONDA

Advanced Installation Options
Customize how Anaconda integrates with Windows

Advanced Options

Add Anaconda to the system PATH environment variable

Not recommended. Instead, open Anaconda with the Windows Start
menu and select "Anaconda (64-bit)". This "add to PATH" option makes
Anaconda get found before previously installed software, but may
cause problems requiring you to uninstall and reinstall Anaconda.

' Register Anaconda as the system Python 3.7

This will allow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.7 on the system.

M Anaconda, Inc,

| <gack [ Symstal | | Cancel |

=
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,‘ Anaconda3 5.3.1 (64-bit) Setup l= | = Iﬂhl'
Installing

‘:.) ANACONDA Please wait while Anaconda3 5.3.1 (64-bit) is being installed.

Extract: python-3.7.0-hea74fb7_0.tar.bz2

M &naconda, Inc,

< Back H By Next > ] [ Cancel ]

i N
© Anaconda3 5.3.1 (64-bit) Setup i e

Anaconda3 5.3.1 (64-bit)
:.) ANACONDA Microsoft Visual Studio Code Installation

Anaconda has partnered with Microsoft to bring you Visual Studio Code. Visual Studio
Code is a free, open source, streamlined cross-platform code editor with excellent
support for Python code editing, IntelliSense, debuaging, linting, version control, and
more.

To install Visual Studio Code, you will need Administrator Privileges and Internet
connectivity.

Visual Studio Code License

| B Instal Microsoft VSCode |

< Back J[ﬂs@ ][ Cancel ]

=
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D Anaconda3 5.3.1 (64-bit) Setup =R X

Thanks for installing Anaconda3!
:°= > Anaconda is the most popular Python data science platform.
Share your notebooks, packages, projects and environments
ANACONDA on Anaconda Cloud!
Learn more about Anaconda Cloud
Learn how to get started with Anaconda
[ < Back ][@Fnsh ] ’ Cancel ‘
ZRTHE , #iTAnacondafIIMETEME , T A RFEHR>ERRERE-HRETE->RETE
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EEEm: Path
TEEW: AMATLAB\bin;E: \software‘Anaconda3. 9
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E8Em: Path
TBEW: E:\software‘Anaconda3. SiLibraryibid

| W= || BE |




=

© 2018 Tangramor 2. £%PyTorch & torchvision

EznzE N

TE8E M Path

TEBEWV): bin;E:\software\Anaconda3. S\Seriptd

| @E | BE |

Z it , Anaconda 3.5 windowsiRRZ KRB T , ITHERH E|Anaconda Navigator , B3I/E A
LES .

{0 ANACONDA NAVIGATOR

o -3 o -3 o -3
Environments .
s —_ L
Jupyter IPTy N
o
i Learning JupyterLab Notebook Qt Console Spyder Glueviz Orange 3
A 0348 A 560 A 440 334 0.133 3170
An extensible environment for interactive Web-based, interactive computing PYQE GUI that supports inline figures, Scientific Pthon Development Multidimensional data visualization across | Component based data mining framework.
and reproducible computing, based on the notebook environment. Edit and run proper multiline editing with syntax EnviRonment. Powerful Python IDE with Files. Explore relationships within and Data visualization and data analysis for
o ’ Jupyter Notebook and docs while describing the | highlighting, graphical calltips, and more. advanced editing, interactive testing, among related datasets. novice and expert. Interactive workflows
an Community data analysis. debugging and introspection features with 2 large toolbox.
] o
RStudio V5 Code
1.1.456 1334
Aset of integrated tools designed to help. Streamlined code editor with support for
'you be more productive with R. Includes R development operations like debugging,
essentials and notebooks. task running and version control.

Documentation

Developer Blog

Yy & 7 =
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condaF MR T REN S REBE


https://pytorch.org/
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(1)BEApip : windows+pip+python3.7+None

PyTorch Build

2revious vers

pip3 install https://download.pytoxrch.oxrg/whl/cpu/torch-1.0.1-cp37-cp37m-w
in_amdé4.whl
pip3 install toxchvision

B HNS T Ecmd FE1T

o SIES: C\Wind

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
168z |
MB 437kB/s
Installing

collected packages: torch
Successfully installed torch—-1.6.1

C:\Users\Administrator>pip3d install torchvision

ZERBRWERERBLEMKI , I Fpycharmiz4T—4N)rdemo :
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o] -

File Edit View Navigate Code Refactor Run Tools VCS Window Help
[ pytorch_demo = hello.py

13' Project v Q= & — i hello.py l
g\ E:\software\python\pytorch_demo
5 DPX::;:?::M — pythor\pytorch.d 1 from _ future  import print_function
M il External Libraries 2 import torch
"o Scratches and Consoles 3 xe= torch. rand (5 3)
4 print(x)
Run: hello
> C:\Users\Administrator\AppData\Local \Programs\Python\Python37\python. exe E:/software/python/pytorch_demo/hello. py
tensor ([[0.2273, 0.8268, 0.0241],

= [0. 8679, 0.4933, 0.0502],
g2 ; [0. 8033, 0.3228, 0.1603],
g
i 7 [0.5510, 0.4246, 0.2431],
* [0. 3603, 0.7380, 0.979711)
g
& Process finished with exit code 0

(2)fE A conda : windows+conda+python3.7+None

PyTorch Build Stable (1.0) Preview (Nightly)
Package Pip LibTorch Source

Language Python 2.7 Python 3.5 Python 3.6 Python 3.7 C+
Run this Command: conda install pytorch-cpu torchvision-cpu -c pytorch

BlLHBeSEcmd TET
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BES: C\Windows\system32\cmd.exe - conda install pytorch-cpu torchvision-cpu -c pyto... | = || & |[s3]
pycurl: 7.43.8.2-py37?h74h6da3_8a -—> 7.43.8.2-py37?h7aldbcl_0O2

gt: 5.9.6-vcl14hle%ab69_2 ——> 5.9.7-vc14h73c81de_80

sglite: 3.24.8-h7602738_08 ——> 3.28.8-he?7?74522_89

following packages will bhe DOWNGRADED:

mkl: 2019.6-118 -—> 2818.8.3-1

Proceed ([yl/n>? y

Downloading and Extracting Packages
ca—certificates—2019 158 KB
qt-5.9.7 22.3 MB

i VO R I I R i
i VO R I I R i
mk1-2018.0.3 1 178.1 MB | HUHHHHHHBHHHBHBHEHEREREREREREEHEHTHY
cryptography-2.6.1 i 561 KB VO R I I R i
sqlite—-3.28.08 i 945 KB VO R I I R i
mkl_fft-1.8.6 i 128 KB VO R I I R i
curl-7.64.1 i 128 KB VO R I I R i
libpng-1.6.37 i 598 KB VO R I I R i
i 59.6 MB i HHHHS ;

m

pytorch—cpu—-1.6.1

RETER , RIIRERERI , T AnacondalyJupyteri Zpython X 44 , i=1T7demo :
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@ s

-~ € 36058 — hao123_L B <ipython-i C Win10 228 Untitled Untitled PyTorch i s - ener torchvision.
J = P—
9 C O D ¥ @ locahost
GRS 3 hao123_ GitHub " FAMAE
Z Jupyter Qut || Logou
Files ~ Running  Clusters
Select items to perform actions on them. Upload | [New~] [ &
Notebook
o - m/ Name ¥ e
Python 3
O 0 AppData
Other:
O Contacts Text File
© Desktop Folder
3 Documents Terminal
O O Downloads 7RE
O Favorites 13 K80
0 Links 13 RAT
O O Music 13 KA1
O O Pictures 12 KA1
0 saved Games 13 %A
O searches 13 AT
O O uiDowner 11 A8
0 videos 13 RA
& untitied.ipynb Running 1RAT  3.81kB

= 102
1D o100 |

: Jupyter Untitled Last Checkpoint: BEF11:34 (autosaved)

File Edit View Insert Cell Kernel Widgets Help

B+ 5 & B 4 v MRun B C MW Code vi|e

In [1]: dimport torch
In [2]: import torchvision

In [3]: print(torch)

<module *torch’ from 'E:‘\\software\\dnaconda3.5\\lib\\site-packages\\torch\\__init_ .py’ >

In [5]: dimport toxch
x=torch. rand(5, 3)
print (x)

tensor ([[0. 1252, 0.0951, 0.5466],
[0.0013, 0.0651, 0.2604],
[0.0944, 0.5158, 0.6148],
[0. 4034, 0.6363, 0.9242],
[0.0277, 0.8325, 0.55565]])

~

HIIXNER | BBAKRENR , EkPyTorch1.0 & Anaconda3.5BR T K I,

A

Logout

| Python 3 C
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4= PyTorch?

PyTorch 2 —MNET Python HRIZFIHER , TEENVRERAE :

*NumPy Y& Cm , ATLARIA GPU MY RERATITHE
cREZFIMRFEREEBHREFENRE

FF %S
Tensors (K £)

Tensors 3X{2LF NumPy 8 ndarrays , [E&} Tensors ATBAEA GPU #1TiTE,

from __future__ import print_function

import torch

¥i& —N5x3%ERE , TR,

x = torch.empty(5, 3)
print(x)

i

tensor(1.00000e-04 *

[[-0.0000, ©0.0000, 1.5135],
[ 0.0000, ©0.0000, ©0.0000],
[ 0.0000, ©0.0000, 0.0000],
[ 0.0000, ©0.0000, ©0.0000],
[ 0.0000, ©.0000, ©0.0000]])

HiE — N BEALAD SR (L Y RE RS

x = torch.rand(5, 3)
print(x)

i
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tensor([[ ©.6291, ©.2581, 0.6414],
[ 0.9739, ©0.8243, 0.2276],
[ 0.4184, ©.1815, 0.5131],
[ 0.5533, ©.5440, 0.0718],
[ 0.2908, ©0.1850, 0.5297]1])

FE—NEEE£R 0, MEBKIEXRER long.

X = torch.zeros(5, 3, dtype=torch.long)

print(x)
L7l o
tensor([[ ©, @, 0],
[ 0, o, 0],
[ @, o, 0],
[ 0, o, 0],
[ 0, o, 0]])

WE—NKE , ERERRIE

x = torch.tensor([5.5, 3])
print(x)

Ll e

tensor([ 5.5000, 3.0000])

Bl — tensor E T EXFEM tensor,

X = x.new_ones(5, 3, dtype=torch.double)
# new_* methods take in sizes
print(x)

x = torch.randn_like(x, dtype=torch.float)
# override dtype!

print(x)

# result has the same size

i

=
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tensor([[ 1., 1., 1.],
[ 1., 1., 1.],
[ 1., 1., 1.1,
[ 1., 1., 1.],
[ 1., 1., 1.]], dtype=torch.float64)
tensor([[-0.2183, 0.4477, -0.4053],
[ 1.7353, -0.0048, 1.2177],
[-1.1111, 1.0878, ©0.9722],
[-8.7771, -0.2174, ©0.0412],
[-2.1750, 1.3609, -0.3322]1])
REMENEERFR:

print(x.size())

i

torch.Size([5, 3])

AR

torch.Size — Mt , FRAEXBFEGN TARE,
B®’¥E

EETROGFH , BIF2F R NERE,

hniE&: T

y = torch.rand(5, 3)
print(x + y)

i

tensor([[-0.1859, 1.3970, ©0.5236],
[ 2.3854, 0.0707, 2.1970],
[-0.3587, 1.2359, 1.8951],
[-0.1189, -0.1376, 0.4647],
[-1.8968, 2.0164, 0.1092]])

hnsE: A2

Tensors (3kE)

=
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print(torch.add(x, y))
Wi

tensor([[-0.1859, 1.3970, ©0.5236],
[ 2.3854, ©.0707, 2.1970],
[-6.3587, 1.2359, 1.8951],
[-6.1189, -0.1376, 0.4647],
[-1.8968, 2.0164, 0.1092]])

sk Rt — AN tensor tE RS

result = torch.empty(5, 3)
torch.add(x, y, out=result)

print(result)
i
tensor([[-0.1859, 1.3970, 0.5236],
[ 2.3854, ©.0707, 2.1970],
[-6.3587, 1.2359, 1.8951],
[-6.1189, -06.1376, 0.4647],
[-1.8968, 2.8164, 0.1092]])
BnsE: in-place
# adds x to y
y.add_(x)
print(y)
i
tensor([[-0.1859, 1.3970, 0.5236],
[ 2.3854, ©.0707, 2.1970],
[-6.3587, 1.2359, 1.8951],
[-6.1189, -06.1376, 0.4647],
[-1.8968, 2.8164, 0.1092]])

¥ ==
=

N4y

EAEKELRETCHNRERE —NER " A4 : x.copy(y), x._(), FHE x.

=
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YRA] LAfE FAARERY NumPy KLY R 51 4E
print(x[:, 1])
Ll
tensor([ ©.4477, -0.0048, 1.0878, -0.2174, 1.3609])

A K/ MRRAE R — tensor I RPEREFE AR |, YRATLLE A torch.view:

x = torch.randn(4, 4)

y = X.view(16)

z = x.view(-1, 8) # the size -1 is inferred from other dimensions
print(x.size(), y.size(), z.size())

B
torch.Size([4, 4]) torch.Size([16]) torch.Size([2, 8])
MRIRE—JTE tensor , £/ .item() FKIRFIX4 value ,

X = torch.randn(1)
print(x)
print(x.item())

tensor([ ©0.9422])
0.9422121644620081

PyTorch windows Z5&##2 : M{TBIBE PyTorch &%
http://pytorchchina.com/2018/12/11/pytorch-windows-install-1/
PyTorch Mac Z#&# 2
http://pytorchchina.com/2018/12/11/pytorch-mac-install/
PyTorch Linux 312
http://pytorchchina.com/2018/12/11/pytorch-linux-install/

PyTorch QQE


http://pytorchchina.com/2018/12/11/pytorch-windows-install-1/
http://pytorchchina.com/2018/12/11/pytorch-mac-install/
http://pytorchchina.com/2018/12/11/pytorch-linux-install/
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PyTorch B3 %

autograd @ = PyTorch AT HEZMEHN K L. BELBIMNEEHNBE , REBRIMNF2EINE
B E—NEHEM L, Z autograd B2 R Tensors EHFIERERHE B NS . ER—1H
BITEMNHER  XEREURBETAREN MRV EOEE , FASXEREITURE. &

M tensor # gradients &3¢ — L4 %,

1. TENSOR

torch.Tensor 2 BMR UK, MBFHEM requires_grad ®RE N True , M ST B IREREXT tensor
WATERE, TRITERE , BALAA backward) REFITEFEHE. ZKENBEEFRIE
.grad B,

EEZ I tensor TR IERKMIRER |, AL detach() , ERESTERLIEROE , HBHIEEER
WY 1T &4 BR ER o

BEEILREALIERER (NEARNE) |, BETLUABIRER with torch.no_grad(): B3R, &
WEEER | XRBAEA , ERERTISGM B ES requires_grad = True W AIYIGSEE FI T
B  BEIEMBRITEERE.

BB —NEXNT autograd SEHIEEEEHR 2 Function, Tensor F Function EAREZHE—
MNERHE , cREFEIMNTENITESIBRNALEE. BN KEHFE - grad_fn BHEREFSC
B TKEM Function W5|A , (WMRAFB28IEKE , Nigrad_fn & None )

MRARBITESE , {RATLLAA Tensorbackward()o 1% Tensor & ( BIE@E— 1M TEH
) WFREZEEEMSHbackward() , ERMRECEEZE , WEEIEE —gradient 3
RIEEKREMHIR.

import torch
BIE—/NKE | i%E requires_grad=True RBREECHXWITE

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

i
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tensor([[1., 1.1,
[1., 1.]], requires_grad=True)

EEXISKE M —MRIE

y =X+ 2
print(y)

i

tensor([[3., 3.1,
[3., 3.]1], grad_fn=<AddBackwarde>)

y FEABRENERWEIE , FTULE SR grad_fn
print(y.grad_fn)
Wi
<AddBackward@ object at 0x7feldb427470>
Hxty MEZHRE

Z:y*y*3
out = z.mean()

print(z, out)
Hid

tensor([[27., 27.],
[27., 27.]], grad_fn=<MulBackwardo>)
tensor(27., grad_fn=<MeanBackward0>)

requires_grad_( ... ) 2EKEH requires_grad ¥rid. M AMPRICERAIAR False , MR&HIR M
MRS,

a = torch.randn(2, 2)
a=((a*x3)/ (a-1))
print(a.requires_grad)
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a.requires_grad_(True)
print(a.requires_grad)
b= (a* a).sum()
print(b.grad_fn)

7l o

False
True
<SumBackward® object at 6x7feldb427dd8>

BWE

BN EFRMERE , EAHEEE T —1MRE |, outbackward() EEF

out.backward(torch.tensor(1.)),
out.backward()

FTENBEE d(out)/dx
print(x.grad)

M

tensor([[4.5000, 4.5000],
[4.5000, 4.5000]])

RIERERE
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You should have got a matrix of 4.5 . Let’s call the out Tensor “0”. We have that o = % ¥ z,2i = 3(x; +2)* and Zi|x'*1 = 27.
i=
9o _ 3y o, =2 _
Therefore, el 2(x, + 2), hence anil=1 =2 = 4.5.

Mathematically, if you have a vector valued function y = f(X), then the gradient of y with respect to X is a Jacobian matrix:

dy1 Nm

ox] ox]
J = . .

dxp Oxp

Generally speaking, torch.autograd isan engine for computing Jacobian-vector product. That is, given any vector

T . . - .
V= ( Vi Vo e Wy, ) , compute the product J - v. If v happens to be the gradient of a scalar function / = g (y), that is,
T -
V= ( %’1 % ) , then by the chain rule, the Jacobian-vector product would be the gradient of / with respect to x:
ym
o Dm\( 9L oL
ox] ox] oy1 ox]
J V= . . = .
m L | I R
oxp o Oxp m Oxp

This characteristic of Jacobian-vector product makes it very convenient to feed external gradients into a model that has non-scalar
output.

MAEULRMNE - LR BRI E T

x = torch.randn(3, requires_grad=True)
y:X*2
while y.data.norm() < 1000:
y=y*2
print(y)

i
tensor ([ -444.6791, 762.9810, -1690.0941], grad_fn=<MulBackwardo>)

MEEXERT , y TER —MRE, torch.autograd T e EZITERANKTL  ERURR
MNMRABEHTHLEER  LAFEMENEZIE@ELS backward fENSE.

v = torch.tensor([0.1, 1.0, ©.0001], dtype=torch.float)
y.backward(v)

print(x.grad)
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W
tensor ([1.0240e+02, 1.0240e+03, 1.0240e-01])

YRA] LB B 2 R 7 with torch.no_grad() , K{Z L33 MER BRI SE# #Y .requires_grad=True kY
KEBZRS

print(x.requires_grad)
print((x ** 2).requires_grad)

with torch.no_grad():
print((x ** 2).requires_grad)

7l o

True
True
False

6 J5 AT BAB L

autograd F Function B9 X#47E : https://pytorch.org/docs/autograd
T & Python JR{RES :

autograd_tutorial.py

T & Jupyter JRXHB :

autograd_tutorial.ipynb


https://pytorch.org/docs/autograd
http://pytorchchina.com/wp-content/uploads/2018/12/autograd_tutorial.py_.zip
http://pytorchchina.com/wp-content/uploads/2018/12/autograd_tutorial.ipynb_.zip

© 2018 Tangramor PyTorch fRZ2 M4 D1

PyTorch 142 M 4%

AR ML
1Z M 4% 8] LAUBE torch.nn B3REE,

MEXNT B E (autograd) B — £ T#E , EMEZRE T HIIBE (autograd)RE L —LEHER,
—“N nn.Module &= M —/N % forward(input) B3R El % H (output),

plan , E-THFEFIRBIHIME

C3:{. maps 16@10x10
INPUT C1: fg%ge maps S4: 1. maps 16@5x5
32x32 6@2 S2:f. maps
6@14x14

|
| Full conAection ’ Gaussian connections

Convolutions Subsampling Cornvolutions  Subsampling Full connection

XE-MEIRNBIRELMNE , CERAA , WA - MMEE-INEL LR , RS LE
o

=

—NARHHENKZFETRISEUATILR

1 EXL—NEEANEHS BB HE M %

2 LR EANE A

3BT HEA M ERLE 5 A

4 1T &5k (loss)

5. ] & 148 B 1 2 W K S8

6.EFMMEN S , BEMNA—NEENWEH 5L : weight = weight - learning_rate *gradient

TE X A4 R 4%
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import torch
import torch.nn as nn
import torch.nn.functional as F

class Net(nn.Module):
def __init__(self):

super(Net, self).__init__()
# 1 input image channel, 6 output channels, 5x5 square convolution

# kernel
self.convl = nn.Conv2d(1, 6, 5)
self.conv2 = nn.Conv2d(6, 16, 5)

# an affine operation: y = Wx + b
self.fc1 = nn.Linear(16 * 5 * 5, 120)
self.fc2 = nn.Linear (120, 84)
self.fc3 = nn.Linear (84, 10)

def forward(self, x):

# Max pooling over a (2, 2) window

x = F.max_pool2d(F.relu(self.convi(x)), (2, 2))

# If the size is a square you can only specify a single number
x = F.max_pool2d(F.relu(self.conv2(x)), 2)

x = x.view(-1, self.num_flat_features(x))

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

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

x = self.fc3(x)

return x

def num_flat_features(self, x):
size = x.size()[1:] # all dimensions except the batch dimension
num_features = 1
for s in size:
num_features *= s
return num_features

net = Net()

print(net)
Hid

Net(

(conv1): Conv2d(1, 6, kernel_size=(5, 5), stride=(1, 1))
(conv2): Conv2d(6, 16, kernel_size=(5, 5), stride=(1, 1))
(fc1): Linear(in_features=400, out_features=120, bias=True)
(fc2): Linear(in_features=120, out_features=84, bias=True)

=
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(fc3): Linear(in_features=84, out_features=10, bias=True)

)

REUIEX T — M EREE , AR EEABEBWEET autograd EX T . fRATEREMKE
BREEMBREE L,

— MNEHAYEHN ST LUET A net.parameters() IR [E :

params = list(net.parameters())
print(len(params))
print(params[0].size()) # convl's .weight

i

10
torch.Size([6, 1, 5, 5])

UERNZHABEINER - 32x32 VA, 5 : HENMALER 32x32 ., N THEAXIMMEE
MNIST ##E R £ | (REZIEBIREFHIER FEEBE RN 32x32,

input = torch.randn(1, 1, 32, 32)
out = net(input)
print(out)

i

tensor([[-0.0233, ©0.0159, -0.0249, 0.1413, 0.0663, 0.0297, -0.0940, -0.0135,
0.1003, -0.0559]], grad_fn=<AddmmBackward>)

EFrEZBBEEEFHRET , ABNNBEERR OEE

net.zero_grad()
out.backward(torch.randn(1, 10))

H#S o, URMNEI -TAELIAR,

torch.Tensor - A multi-dimensional array with support for autograd operations like backwardy).
Also holds the gradient w.r.t. the tensor.

nn.Module - Neural network module. Convenient way of encapsulating parameters, with helpers
for moving them to GPU, exporting, loading, etc.
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nn.Parameter - A kind of Tensor, that is automatically registered as a parameter when assigned
as an attribute to a Module.

autograd.Function - Implements forward and backward definitions of an autograd operation.
Every Tensor operation, creates at least a single Function node, that connects to functions that
created a Tensor and encodes its history.

L, BANZEKT -

1TEX—MEME

2. 805 A LUK R e e 4% 1

ERT

1TIEBRARE

2EHMERHNE

KB
—MRIKEBFE-—XNRA  REREMBR , ARUTE - MEXRIT A HEESBIRE ST,

B-ETENMAEBE nn BH, —MIENRREBHE nn.MSELoss , XITE THHIRE.

filgn -
output = net(input)
target = torch.randn(16) # a dummy target, for example
target = target.view(1, -1) # make it the same shape as output

criterion = nn.MSELoss()

loss = criterion(output, target)
print(loss)

i
tensor(1.3389, grad_fn=<MselLossBackward>)

ME , MRRBRERKBREEBRE , TEATCH grad_fn BYE , IRESFE —DNXEMIT
52H
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=

input -> conv2d -> relu -> maxpool2d -> conv2d -> relu -> maxpool2d
-> view -> linear -> relu -> linear -> relu -> linear
-> MSELoss
-> loss

A, HEAAA loss.backward() , BNMNE#H LML , mERENEESHrequires_grad=True
Kok ER S 1418 grad KERITBE,

NTER , BITRFREAT SRR R EMERE,

print(loss.grad_fn) # MSELoss
print(loss.grad_fn.next_functions[0][0]) # Linear
print(loss.grad_fn.next_functions[0][0].next_functions[0][0B]) # RelU

i

<MselLossBackward object at 6x7fab77615278>
<AddmmBackward object at 0x7fab77615940>
<AccumulateGrad object at 6x7fab77615940>

[ 1% &

NTRUREEBRK , BIIAEFEEMNSEBNNEEA loss.backward(), REZFEIEFH
BE , ETRAFHHNAFHEERITE -,

MERANBA loss.backward() , ARFEE—T con1 MRERNER EEE Mz FHE,

net.zero_grad() # zeroes the gradient buffers of all parameters

print('conv1.bias.grad before backward')
print(net.conv1.bias.grad)

loss.backward()

print('convi1.bias.grad after backward')
print(net.conv1.bias.grad)

i

convl.bias.grad before backward
tensor([0., 6., 0., 0., 0., 0.])
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=

convl.bias.grad after backward
tensor([-0.0054, ©.0011, ©0.0012, 0.0148, -0.0186, 0.0087])

MERMNBRT , WAFEARKELR,
HE—RTHEERREMNGELENENS
BEHBEMZS]
B 8] 22 09 SE S A U 58 2 BE ATL A6 B T B

weight = weight - learning_rate * gradient
FATTLUERA python SREILXAHN

learning_rate = 0.01
for f in net.parameters():
f.data.sub_(f.grad.data * learning_rate)

REW , MRRRAGENSE , (RIEEATRNEFHMM , 24LLTF SGD, Nesterov-SGD, Adam,
RMSProp, &, 7 T1ibXH4T , BAVEBIL T —NMNE : torch.optim SR TARBEMN FE. EATHEE
T

import torch.optim as optim

# create your optimizer
optimizer = optim.SGD(net.parameters(), 1lr=0.01)

# in your training loop:

optimizer.zero_grad() # zero the gradient buffers
output = net(input)

loss = criterion(output, target)

loss.backward()

optimizer.step() # Does the update

T & Python JR{RES :
neural_networks_tutorial.py
T & Jupyter JRXHEB :

neural_networks_tutorial.ipynb


http://pytorchchina.com/wp-content/uploads/2018/12/neural_networks_tutorial.py_.zip
http://pytorchchina.com/wp-content/uploads/2018/12/neural_networks_tutorial.ipynb_.zip

© 2018 Tangramor PyTorch Bl n3E2% i

S 3¢ oo
PyTorch B &7 2588
REZTHTUMENLBENE , ITERAXBENNEENENEH,

MAEMRETF BN IZE LS ERE ?

BEXRE , SRGEESG , XA, BEHEWMBIEN , RASAERAFRE python S5 BU3E M0 R
numpy FAKN | RERXANEE IR torch. *Tensor

X FE% , ATLLA Pillow , OpenCV

* X FIEF , AIBAA scipy , librosa

*FF XA, ATLAE#EEA Python 2 Cython EREEBIE INEAE SR | =& A NLTK 1 SpaCy
BARN TN  RINESLEE T — N UHg totchvision WA |, ZE8EE XiEMEELlimagenet ,

CIFAR10 , MNIST &\ H BB E BB M E R torchvision.datasets FlZiE ik B G EHIEHIER
#uiE R torch.utils.data.DataLoader.

XERETIRANER , FRBR T RE HRAD"

FNFAHE , BIFERACIFARTOBIESE , ©8E 1135 : ‘airplane’, ‘automobile’, ‘bird’, ‘cat’,
‘deer’, ‘dog’, ‘frog’, ‘horse’, ‘ship’, ‘truck’s CIFAR-10 FHIEBR I 73*32*32 , L FE2RGBHIEH &
BE K SREBEENHN R N32*32,
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airplane %% V..=&;
automobile EE““‘
ol WS B

«  HESHSEEEs P
» 4 ) " el * =

RIS s EEMNE T e’ ¢
- IS NS

w eSO R
v EEERES N E
e 8 3 3 9 1
==
o< 2 D

k- BGDReR
BITPRBRFENTILE

1. f£ Atorchvision N HIH —{LCIFART0RI YIZR A A Eidz 5
2. EX—NBRHZ ML

3. BN —MRAKEEK

4. FEIGREARBARE B ISR

5. FE M IR AN B0 AR s P 4%

fn&k 3 —1t CIFAR10 {E torchvision , A E XNk CIFAR10 ZhiEIEEF#,

import torch
import torchvision
import torchvision.transforms as transforms

torchvision IR ER H H 2B E 1E[0,1] 2B K PlLimage , RIS 18E 8 RIA —(LSBEER[1,1]2

Bl MY 5K & Tensors,

transform = transforms.Compose(
[transforms.ToTensor(),
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transforms.Normalize((©.5, 6.5, ©.5), (0.5, 6.5, 8.5))])

trainset = torchvision.datasets.CIFAR1@(root='./data', train=True,
download=True, transform=transform)
trainloader = torch.utils.data.Dataloader(trainset, batch_size=4,
shuffle=True, num_workers=2)

testset = torchvision.datasets.CIFAR10O(root='./data', train=False,
download=True, transform=transform)
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')

i

Downloading https://www.cs.toronto.edu/~kriz/cifar-16-python.tar.gz to ./data/
cifar-10-python.tar.gz
Files already downloaded and verified

ERMNRKREREFH—LIGEH

import matplotlib.pyplot as plt
import numpy as np

# functions to show an image

def imshow(img):
img = img / 2 + 0.5 # unnormalize
npimg = img.numpy()
plt.imshow(np.transpose(npimg, (1, 2, 0)))
plt.show()

# get some random training images
dataiter = iter(trainloader)
images, labels = dataiter.next()

# show images

imshow(torchvision.utils.make_grid(images))

# print labels

print(' '.join('%5s' % classes[labels[j]] for j in range(4)))

L7l o

=



=
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cat plane ship frog

— N BRUBEME EX AL NEEMBET EFHEME  FMERTHIBERNEF (EL
ZBERENNT1EE)

import torch.nn as nn
import torch.nn.functional as F

class Net(nn.Module):
def __init__(self):

super(Net, self).__init__()
self.convl = nn.Conv2d(3, 6, 5)
self.pool = nn.MaxPool2d(2, 2)
self.conv2 = nn.Conv2d(6, 16, 5)
self.fc1 = nn.Linear(16 * 5 * 5, 120)
self.fc2 = nn.Linear (120, 84)
self.fc3 = nn.Linear (84, 10)

def forward(self, x):

= self.pool(F.relu(self.convi(x)))
self.pool(F.relu(self.conv2(x)))
x.view(-1, 16 * 5 x 5)
F.relu(self.fc1(x))
F.relu(self.fc2(x))

self.fc3(x)

return x

X X X X X X
1

net = Net()

—MAKBERBFEACET LEBRATE A 23X X fCross-Entropy EH K BEKER , B ESGDIL(L
2,

import torch.optim as optim

criterion = nn.CrossEntropylLoss()

optimizer = optim.SGD(net.parameters(), 1lr=0.0601, momentum=0.9)
pllE X AEBER , RINATEERREEANSF LBEBAMEEME AR WA
Lo

for epoch in range(2): # loop over the dataset multiple times



=
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/\

running_loss = 0.0

for i, data in enumerate(trainloader, 0):
# get the inputs
inputs, labels = data

# zero the parameter gradients
optimizer.zero_grad()

# forward + backward + optimize
outputs = net(inputs)

loss = criterion(outputs, labels)
loss.backward()

optimizer.step()

# print statistics
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

print('Finished Training')

L7l e
[1, 2000] loss: 2.187
[1, 4000] loss: 1.852
[1, 6000] loss: 1.672
[1, 8000] loss: 1.566
[1, 10000] loss: 1.490
[1, 12000] loss: 1.461
[2, 2000] loss: 1.389
[2, 4000] loss: 1.364
[2, 6000] loss: 1.343
[2, 8000] loss: 1.318
[2, 10000] loss: 1.282
[2, 12000] loss: 1.286

Finished Training

ENHE ENEME RMNELBINGHBEENMEHRITT2RIIZ , ERRNEBZRENER
ELFH T RAE,

BAVH A2 M E fa AR TN R RARRE EM BTN MEE | AN ERIIRRR, M
N R IEWE , BATEEARRINE EBTNE5IRE,
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HH, B—F , URMNMNNIREPER-KEERRAEE

0 20 40 60 80 100 120

i

GroundTruth: cat ship ship plane

DELRMNEE #EMZ AN XEFRRZTNRATA

outputs = net(images)

REHRMMNE+NEKNENERE , BEE- M ENELUEERS , MERBUANBEGRETX—%
Ao PRLALE AT EDE AP AR ISR BISRAR ¢
_, predicted = torch.max(outputs, 1)

print('Predicted: ', ' '.join('%5s' % classes[predicted[j]]
for j in range(4)))

i
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/\

Predicted: cat ship car ship
ZREBTFRLG , URNBENSEBIMNBEE LRI

correct = 0

total =

with torch.no_grad():

for data in testloader:

images, labels = data
outputs = net(images)
_, predicted = torch.max(outputs.data, 1)
total += labels.size(9)
correct += (predicted == labels).sum().item()

print('Accuracy of the network on the 10000 test images: %d %%' % (
100 * correct / total))

i
Accuracy of the network on the 10000 test images: 54 %

XERRLRENTNES , BTN A EFERFT10% ( BEALTUN 59103 A Y T
BB TR,

class_correct = list(0. for i in range(10))
class_total = list(@. for i in range(10))
with torch.no_grad():
for data in testloader:
images, labels = data
outputs = net(images)
_, predicted = torch.max(outputs, 1)
= (predicted == labels).squeeze()
for i in range(4):
label = labels[i]
class_correct[label] += c[i].item()
class_total[label] += 1

for i in range(10):
print('Accuracy of %5s : %2d %%' % (
classes[i], 100 * class_correct[i] / class_total[i]))

i

=

—X ). BKXRKN
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Accuracy of plane : 57 %
Accuracy of car : 73 %
Accuracy of bird : 49 %
Accuracy of cat : 54 %
Accuracy of deer : 18 %
Accuracy of dog : 20 %
Accuracy of frog : 58 %
Accuracy of horse : 74 %
Accuracy of ship : 70 %
Accuracy of truck : 66 %

FTEABE T 3RIE ?
RIMEAZEGPULMIXLEHZRMLE ?

FEGPULIZ BERELR— N KEHBIIGPUL—# |, (REFGHZMEZHEIIGPUL, HIMECUDA
AR, UERIMNEEENLTHRIVEZRNE NPT LB cudai®F,

device = torch.device("cuda:8" if torch.cuda.is_available() else "cpu")

# Assume that we are on a CUDA machine, then this should print a CUDA device:

print(device)

AHRRBH HBLXBERE R 2B CUDARE,
BEEXLERERXBREAMEER , FHEINSHANE H R CUDAKE,
net.to(device)

BEREMAES—NSREGPURER AN B R

inputs, labels = inputs.to(device), labels.to(device)

N LRBEEEF ECPUMLEE RBYINE ? RN IREIMEZIERE N,

%Y ZREMRHMETRE ( B nn.Conv2d SERER 2 , F="nn.Conv2dSHIREN1-
CIFEEHRNANR ) , EEABIAELNEERHA,
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B#R :

REIRE T PyTorchfy 5K 2 M4 W 4%
YK T — NP BER E KD KB B

EZAMGPULILZR

MERBERFIANEIR , FARWFIEGPU , BEF : BUEHITH ( https:/pytorch.org/
tutorials/beginner/blitz/data_parallel_tutorial.html ) o PyTorch 60 Z4# A 132 : IR H T E

http://pytorchchina.com/2018/12/11/optional-data-parallelism/
T & Python JR{RES :

cifar10_tutorial.py

T & Jupyter R :

cifar10_tutorial.ipynb


https://pytorch.org/tutorials/beginner/blitz/data_parallel_tutorial.html
https://pytorch.org/tutorials/beginner/blitz/data_parallel_tutorial.html
http://pytorchchina.com/2018/12/11/optional-data-parallelism/
http://pytorchchina.com/wp-content/uploads/2018/12/cifar10_tutorial.py_.zip
http://pytorchchina.com/wp-content/uploads/2018/12/cifar10_tutorial.ipynb_.zip

W
SES
=
/
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ALER  BIEHITAE ( CRETERBTEH ) EF : Sung Kim F Jenny Kang

EXMNRES |, BAPEZES A A DataParallel kfEH % GPU, &3 PyTorch A %4 GPU &
B8, RASUFERKE— GPU :

device = torch.device('"cuda:0")
model.to(device)

R, MU EFIFMENKESR GPU .
mytensor = my_tensor.to(device)

EEE , 21 A my_tensor.to(device) iR [E —4 my_tensor fIWEFEGPUL , MAREE
my_tensor, IREESELAM— MWK EH BH7E GPU LFERAIXNKE,

£% GPU RIITHIR , BRIRIERIIEEB RN, REWML |, PyTorch RIAR&EA—1 GPU, B
I £ A DataParallel LRIV B H1TIE1T , IR URABZWEZ GPU Lz 1TIRIVIRE,

model = nn.DataParallel(model)
XREMENRKD , RNETRE2FAHE. SIANSHE

5| A PyTorch #E3RF1E LS

import torch
import torch.nn as nn
from torch.utils.data import Dataset, Dataloader

W

input_size = 5
output_size = 2

batch_size = 30
data_size = 100

RE



W
%
=
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device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu")

XE (A ) R

ER—NIMERE, RIRAFELI getitem.

class RandomDataset(Dataset):

def __init__(self, size, length):
self.len = length
self.data = torch.randn(length, size)

def __getitem__(self, index):
return self.data[index]

def __len__(self):

return self.len

rand_loader = Dataloader(dataset=RandomDataset(input_size,
data_size),batch_size=batch_size, shuffle=True)

fa] AR A

AT H—N)demo , BATERRIARREB—NEA , IT—NEMRE , RRE—MadH. RE
mit , {RAJLAEA DataParallel FEE{T#EE(CNN, RNN, Capsule Net &2.)

BAVHRE T — M H = BAE AR B SRAQ T He A B ASK BB K/ 7 FFE batch rank 0 FREY
Ho

class Model(nn.Module):
# Our model

def __init__(self, input_size, output_size):
super(Model, self).__init__()
self.fc = nn.Linear(input_size, output_size)

def forward(self, input):
output = self.fc(input)
print("\tIn Model: input size", input.size(),

"output size", output.size())

return output

SIEERF BHEHITLE
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XRENMNENRZ L. BEBNFE-—NMEENXES , ARRIERINREEZA GPU, MREA]
BZA GPU , HAIAILAA nn.DataParallel 5k SR BAIWER, RFEAIEA model.to(device)
EER K EIZ GPU H,

model = Model(input_size, output_size)

if torch.cuda.device_count() > 1:
print("Let's use", torch.cuda.device_count(), "GPUs!")
# dim = @ [30, xxx] -> [10, ...], [10, ...], [10, ...] on 3 GPUs
model = nn.DataParallel(model)

model.to(device)

i

Let's use 2 GPUs!

THEE . PMAERMNATUEIWMANGHKENKNT .

]

for data in rand_loader:
input = data.to(device)
output = model(input)
print("Outside: input size", input.size(),
"output_size", output.size())

i

In Model: input size torch.Size([15, 5]) output size torch.Size([15, 2])

In Model: input size torch.Size([15, 5]) output size torch.Size([15, 2])
Outside: input size torch.Size([30, 5]) output_size torch.Size([30, 2])

In Model: input size torch.Size([15, 5]) output size torch.Size([15, 2])

In Model: input size torch.Size([15, 5]) output size torch.Size([15, 2])
Outside: input size torch.Size([30, 5]) output_size torch.Size([30, 2])

In Model: input size torch.Size([15, 5]) output size torch.Size([15, 2])

In Model: input size torch.Size([15, 5]) output size torch.Size([15, 2])
Outside: input size torch.Size([30, 5]) output_size torch.Size([30, 2])

In Model: input size torch.Size([5, 5]) output size torch.Size([5, 2])

In Model: input size torch.Size([5, 5]) output size torch.Size([5, 2])
Outside: input size torch.Size([10, 5]) output_size torch.Size([10, 2])

©g8R .

WMRREE GPUREBERE — GPU , HEAIRE 30 Na AR 30 Nar |, EEGHIEIRE 30
WA 30 NadH. BERMEREZAN GPU |, IRERBIXEFENLE R,
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% GPU

W
%

WMRRE 2 1NGPU , fREEEH .

# on 2 GPUs
Let's use 2 GPUs!

In
In

Model: input
Model: input

Outside: input size

In
In

Model: input
Model: input

Outside: input size

In
In

Model: input
Model: input

Outside: input size

In
In

Model: input
Model: input

Outside: input size

size torch.Size([15, 5]) output
size torch.Size([15, 5]) output
torch.Size([30, 5]) output_size
size torch.Size([15, 5]) output
size torch.Size([15, 5]) output
torch.Size([30, 5]) output_size
size torch.Size([15, 5]) output
size torch.Size([15, 5]) output
torch.Size([30, 5]) output_size

size torch.Size([15
size torch.Size([15
torch.Size([30, 2])
size torch.Size([15
size torch.Size([15
torch.Size([30, 2])
size torch.Size([15
size torch.Size([15
torch.Size([30, 2])

]

2
. 2])

. 2])
2

]

]

2
» 2])

size torch.Size([5, 5]) output size torch.Size([5, 2])
size torch.Size([5, 5]) output size torch.Size([5, 2])

torch.Size([10, 5]) output_size

WMRRE 3PGPU , IREFH

Let‘s use 3 GPUs!

In
In
In

Model: input
Model: input
Model: input

Outside: input size

In
In
In

Model: input
Model: input
Model: input

Outside: input size

In
In
In

Model: input
Model: input
Model: input

Outside: input size

In
In
In

Model: input
Model: input
Model: input

Outside: input size

WMRRE 81NGPU , IREFH

Let's use 8 GPUs!

In
In
In
In

Model: input
Model: input
Model: input
Model: input

size torch.Size([10, 5]) output
size torch.Size([10, 5]) output
size torch.Size([10, 5]) output
torch.Size([30, 5]) output_size
size torch.Size([10, 5]) output
size torch.Size([10, 5]) output
size torch.Size([10, 5]) output
torch.Size([30, 5]) output_size
size torch.Size([10, 5]) output
size torch.Size([10, 5]) output
size torch.Size([10, 5]) output
torch.Size([30, 5]) output_size

torch.Size([10, 2])

size torch.Size([10
size torch.Size([10
size torch.Size([10
torch.Size([30, 2])
size torch.Size([10
size torch.Size([10
size torch.Size([10
torch.Size([30, 2])
size torch.Size([10
size torch.Size([10
size torch.Size([10
torch.Size([30, 2])

» 21)
, 21)
» 21)

. 21)
, 21)
. 21)

» 21)
, 21)
» 21)

size torch.Size([4, 5]) output size torch.Size([4, 2])
size torch.Size([4, 5]) output size torch.Size([4, 2])
size torch.Size([2, 5]) output size torch.Size([2, 2])

torch.Size([10, 5]) output_size

size torch.Size([4, 5]) output
size torch.Size([4, 5]) output
size torch.Size([2, 5]) output
size torch.Size([4, 5]) output

torch.Size([10, 2])

size torch.Size([4,
size torch.Size([4,
size torch.Size([2,
size torch.Size([4,

=



=
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In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
Outside: input size torch.Size([30, 5]) output_size torch.Size([30, 2])
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([2, 5]) output size torch.Size([2, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
Outside: input size torch.Size([30, 5]) output_size torch.Size([30, 2])
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([4, 5]) output size torch.Size([4, 2]
In Model: input size torch.Size([2, 5]) output size torch.Size([2, 2]
Outside: input size torch.Size([30, 5]) output_size torch.Size([30, 2])
In Model: input size torch.Size([2, 5]) output size torch.Size([2, 2])
In Model: input size torch.Size([2, 5]) output size torch.Size([2, 2])
In Model: input size torch.Size([2, 5]) output size torch.Size([2, 2])
In Model: input size torch.Size([2, 5]) output size torch.Size([2, 2])
In Model: input size torch.Size([2, 5]) output size torch.Size([2, 2])
Outside: input size torch.Size([10, 5]) output_size torch.Size([10, 2])

B 4

LN =H1

BEHATEIFRD TROBEHBSESELETZ/NGPU L, 35— IMEREFETHECHES
Zfa , DataParallel WEHBEHIXELER  ARBIRESIR,

EZ{ER |, iB1HE : https://pytorch.org/tutorials/beginner/former_torchies/
parallelism_tutorial.html

T & Python \RASTTEAH :
data_parallel_tutorial.py

T & jupyter notebook AR AREEAR :


https://pytorch.org/tutorials/beginner/former_torchies/parallelism_tutorial.html
https://pytorch.org/tutorials/beginner/former_torchies/parallelism_tutorial.html
http://pytorchchina.com/wp-content/uploads/2018/12/data_parallel_tutorial.py_.zip

© 2018 Tangramor S

data_parallel_tutorial.ipynb

oA PyTorch 3335% QQ & -

-

"

PyTorch,Torch, {128 %>
FHA—H 488, INAEFE



http://pytorchchina.com/wp-content/uploads/2018/12/data_parallel_tutorial.ipynb_.zip

© 2018 Tangramor
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PyTorchZ ¥ 4& ingk F 4L 1

PyTorchi2 £ 7 ¥ Z TERML MBEHFE M , E£RBEETRM,

1.TEHRES
- scikit-image : A TE&MIOMEIR
*pandas : ATER S i TcsviEN

from __future__ import print_function, division

import os
import torch
import pandas as pd #HA T B3 A it Tesvigin

from skimage import io, transform #B T B %910 K1
import numpy as np

import matplotlib.pyplot as plt

from torch.utils.data import Dataset, Dataloader

from torchvision import transforms, utils

# DRES
import warnings
warnings.filterwarnings("ignore")

plt.ion() # interactive mode

2. THEESE

MILAE TEBIESE | BIEF T data / faces /"B EH R, XMNEIEEREFR L Rimagenet$iE £+
E R faceBIB F HH7E dlib EEPAM (dlib’s pose estimation) RIMEBHFHE . RINBLENZE—


https://download.pytorch.org/tutorial/faces.zip

© 2018 Tangramor SIEEE RS D1:

NEMESHBIESE, BRI T HRAIRERAR:

2.1 BIEEERE
BIEE 2RO TANIT IHEIcsv X H:

image_name, part_0_x,part_0O_y,part_1_x,part_1_y,part_2_x, ... ,part_67_x,part_67_y
0805personalibl1.jpg,27,83,27,98, ... 84,134
1084239450_e76e00b7e7.jpg,70,236,71,257, ... ,128,312

JIEEBMIESE

SosvR AT RBIBEA (N, 2) AS | EANRBIEANEE, BRARRBAT :



A\~
ZN
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landmarks_frame = pd.read_csv('data/faces/face_landmarks.csv')

n = 65

img_name = landmarks_frame.iloc[n, 0]

landmarks = landmarks_frame.iloc[n, 1:].as_matrix()
landmarks = landmarks.astype('float').reshape(-1, 2)

print('Image name: {}'.format(img_name))
print('Landmarks shape: {}'.format(landmarks.shape))
print('First 4 Landmarks: {}'.format(landmarks[:4]))

I HELR
W

Image name: person-7.jpg
Landmarks shape: (68, 2)
First 4 Landmarks: [[32. 65.]

[33. 76.]
[34. 86.]
[34. 97.]]

A REEH
E—1MUENEEBCRE T —KB TN NHRERMENFF.

def show_landmarks(image, landmarks):

T EARHARREE""

plt.imshow(image)

plt.scatter(landmarks[:, 0], landmarks[:, 1], s=10, marker=".

plt.pause(0.0601) # pause a bit so that plots are updated

plt.figure()

show_landmarks(io.imread(os.path.join('data/faces/', img_name)),
landmarks)

plt.show()

=
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HBRRE RO TEAR:

5 IEEESR

torch.utils.data.Dataset RRINHIBEENMRE | At BENBHIEEN B EDataset HBE LT
FiE* __len__ EH len(dataset) REBIBEMR T, * __getitem__ FARIREN—L3FKF|EK
& , B0 dataset[i] FHI()o

5.1 BUMIEMEE

NEDBHFEECGE - MIREER, BRIFE __init__ PIEECsVINHAR , £ __getitem__ H
BRER, SAMBRATHEREF Z2H. AEEFEAIE ARSI EMEMAE—FTHHRE
BB FERNEFE,

ROV BB ARG IRIXE—NFEH {image' : image, 'landmarks': landmarks} A48, FAIHIEK
BEXRGEARM—NIESE transform AHEXNERFITLLIE, T—HBINSBEHARREE
ERE transformSW, __init__ FEWTER :



p=

© 2018 Tangramor 6.4 I {1k

class FacelLandmarksDataset(Dataset):

CUUEBPRCEIESR .

def __init__(self, csv_file, root_dir, transform=None):

csv_file (string) : #FEBIcsVIHRKR,

root_dir (string) : ®@&AMAEGNER.

transform (callable, optional) : —{#4A EBIe[RAN[ET R
self.landmarks_frame = pd.read_csv(csv_file)
self.root_dir = root_dir

self.transform = transform

def __len__(self):
return len(self.landmarks_frame)

def __getitem__(self, idx):

img_name = os.path.join(self.root_dir,
self.landmarks_frame.iloc[idx, ©])

image = io.imread(img_name)
landmarks self.landmarks_frame.iloc[idx, 1:]
landmarks = np.array([landmarks])
landmarks = landmarks.astype('float').reshape(-1, 2)
sample = {'image': image, 'landmarks': landmarks}

if self.transform:
sample = self.transform(sample)

return sample

6.2 HE AT AL
SHUCXANEHABIBEER, BITNSITOHITOMNMIFRR T HERIOEINESTER. KRB0
TR :

face_dataset = FacelLandmarksDataset(csv_file='data/faces/face_landmarks.csv',
root_dir="'data/faces/")

fig = plt.figure()

for i in range(len(face_dataset)):
sample = face_dataset[i]

print(i, sample['image'].shape, sample['landmarks'].shape)
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ax = plt.subplot(1, 4, i + 1)
plt.tight_layout()
ax.set_title('Sample #{}'.format(i))
ax.axis('off")
show_landmarks(**sample)

if i ==

plt.show()
break

BiEE

6.1 BIEBTRER

Sample #0 Sample #1 S
Sample #2 5
e

ample #3

6.2 B AWMEHER:

0 (324, 215, 3) (68, 2)
1 (500, 333, 3) (68, 2)
2 (250, 258, 3) (68, 2)
3 (434, 290, 3) (68, 2)
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7 BRI

B LENGFENZAIAEBRFATREENR Y, E@ASHHBLNEZHBRERBAHRTHEE,
HBAMNEEM—LEMOE, LRI BEB=NEHR: * Rescale : ZAHHEF * RandomCrop : XNE A
BHITREN AR BT, X2 —FEIRERIZIE * ToTensor : Enumpy BB Ntorchi&EXEH (FA
FEHRALIREH).

BN eNEXTHAANENERAMTARELNEE , IERTEESX AR ERE —ES
o BAIREEXI __call__ FiE , & EWIMESSE __init__ FiE. RAVITLUXB A IX L5
¥

tsfm = Transform(params)
transformed_sample = tsfm(sample)

ME T EIX LR 2 A R A B &R /Y,

class Rescale(object):

CRHA AR BERBHEIGEAD . -

Args:
output_size (tupleskint) :PATHRMNBWELARN. WEER7TA, MWwEA
Soutput_sizeltid, WERiInt, NCERRNNEGROGEoutput_sizefREGHY LR

def __init__(self, output_size):
assert isinstance(output_size, (int, tuple))
self.output_size = output_size

def __call__(self, sample):
image, landmarks = sample['image'], sample['landmarks']

h, w = image.shape[:2]
if isinstance(self.output_size, int):
if h > w:
new_h, new_w = self.output_size * h / w, self.output_size
else:
new_h, new_w

self.output_size, self.output_size * w / h
else:
new_h, new_w = self.output_size

new_h, new_w = int(new_h), int(new_w)

img = transform.resize(image, (new_h, new_w))
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# h and w are swapped for landmarks because for images,
# x and y axes are axis 1 and 0 respectively
landmarks = landmarks * [new_w / w, new_h / h]

return {'image': img, 'landmarks': landmarks}

class RandomCrop(object):

"B AP HA P RE G

Args:

def

def

output_size (tuplezfint) :FIREABHAN. MWBEint, FEHHE.

__init__(self, output_size):
assert isinstance(output_size, (int, tuple))
if isinstance(output_size, int):
self.output_size = (output_size, output_size)
else:
assert len(output_size) ==
self.output_size = output_size

__call__(self, sample):
image, landmarks = sample['image'], sample['landmarks’]

h, w = image.shape[:2]
new_h, new_w = self.output_size

top = np.random.randint(@, h - new_h)
left = np.random.randint(@, w - new_w)

image = image[top: top + new_h,
left: left + new_w]

landmarks = landmarks - [left, top]

return {'image': image, 'landmarks': landmarks}

class ToTensor(object):

"tMgEA DS ndarraysi# A Tensors. """

def

__call__(self, sample):
image, landmarks = sample['image'], sample['landmarks']

# ZIREEHEAA
# numpy@BQEIRZ: H * W * C
# torch@BIBEEZ: C * H x W

=
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=

image = image.transpose((2, 0, 1))
return {'image': torch.from_numpy(image),
'landmarks': torch.from_numpy(landmarks)}

8.4 A ¥k
BETRENMEXERRFAT—MIF L

RIMNEEIEEGHNE D AERN256 , RAEHEHLEB (randomcrop) N224 K/PWIEF ., tLEENR |
BEAVTEH S —/ Rescale M RandomCrop BIZE#r, FEATAILAER —/ M HEERSE
torchvision.transforms.Compose REIX —#B/E, EAXIUTHE :

scale = Rescale(256)

crop = RandomCrop(128)

composed = transforms.Compose([Rescale(256),
RandomCrop(224)1])

# EA LR EANE TR,

fig = plt.figure()

sample = face_dataset[65]

for i, tsfrm in enumerate([scale, crop, composed]):
transformed_sample = tsfrm(sample)

ax = plt.subplot(1, 3, i + 1)
plt.tight_layout()
ax.set_title(type(tsfrm).__name__)
show_landmarks (**transformed_sample)

plt.show()

* MR



© 2018 Tangramor Q. &R EIESE pi: 10

Rescale RandomCrop o Compose

50

100

150
200

0 100 200

LIERBIES

UERMNEXLERESERUBIE - NFHSRBNBES. 84T , BAXMNRBEEBEER: *
et MR ENE A * WIREE A AR BT HEAP - SRIELFENH (randomcrop) , #
EiRigET

BRI BB BEEERA for i in range AR RN AT A QIZNBIRERNITEFNVIRE,

transformed_dataset = FacelLandmarksDataset(csv_file='data/faces/
face_landmarks.csv',
root_dir='data/faces/',
transform=transforms.Compose([
Rescale(256),
RandomCrop(224),
ToTensor ()

1)

for i in range(len(transformed_dataset)):
sample = transformed_dataset[i]
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=

print(i, sample['image'].size(), sample['landmarks'].size())

if 1 ==
break

*EHER

@ torch.Size([3, 224, 224]) torch.Size([68, 2])
1 torch.Size([3, 224, 224]) torch.Size([68, 2])
2 torch.Size([3, 224, 224]) torch.Size([68, 2])
3 torch.Size([3, 224, 224]) torch.Size([68, 2])

BR , NAEHRRBEMLENFER for BMER TITFZTIE , LEHR: *HELBEIE * FTELHIE *
EFA 2L FE multiprocessingworker FITHIE TR,

torch.utils.data.Dataloader B — MR LA EXLINEENIENREE. TEFERANSHLA R
BEN, —MEABKIEINSHE collate_fn, AIAER ERRE MM EIFEH THAE, EEY
REBBERTERINEREZITEH,

dataloader = Dataloader(transformed_dataset, batch_size=4,
shuffle=True, num_workers=4)

# WBENINGE - ERHER
def show_landmarks_batch(sample_batched):
"""Show image with landmarks for a batch of samples.
images_batch, landmarks_batch = \
sample_batched[ 'image'], sample_batched['landmarks"']
batch_size = len(images_batch)
im_size = images_batch.size(2)
grid_border_size = 2

grid = utils.make_grid(images_batch)
plt.imshow(grid.numpy().transpose((1, 2, 0)))

for i in range(batch_size):
plt.scatter(landmarks_batch[i, :, ©].numpy() + i * im_size + (i + 1) *
grid_border_size,
landmarks_batch[i, :, 1].numpy() + grid_border_size,
s=10, marker='."', c='r")

plt.title('Batch from dataloader')

for i_batch, sample_batched in enumerate(dataloader):
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print(i_batch, sample_batched['image'].size(),
sample_batched[ 'landmarks'].size())

# MBRFARCRIFF L.

if i_batch == 3:
plt.figure()
show_landmarks_batch(sample_batched)
plt.axis('off")
plt.ioff()
plt.show()
break

Hi

@ torch.Size([4,

3, 224, 224]) torch.Size([4, 68,
1 torch.Size([4, 3, 224, 224]) torch.Size([4, 68,
8
3

2 torch.Size([4,
3 torch.Size([4,

, 224, 224]) torch.Size([4, 68,
, 224, 224]) torch.Size([4, 68,

2])
2])
21)
2])

=

12
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10./512 : torchvision

EXBHBEPRNFET T A H9&E F 6 A EBHE &£ 2 (datasets), F i (transforms) T EUHE &k 28
(dataloader), torchvision ‘@Bt T F AN EIELE XK (datasets) MFx R (transforms), YRABET T
EHCHMEXESR, torchvision FIEE —NEEAWEKIEER InageFolder » BRETHIEE
UM T AXEEN:

root/ants/xxx.png
root/ants/xxy.jpeg
root/ants/xxz.png

root/bees/123.jpg
root/bees/nsdf3.png
root/bees/asd932_.png

Hi'ants' beesER 2 FEIFE, £ PIL.Image ¥Rt AT LAfE A S LAY #5482 (transforms) 45 70
RandomHorizontalFlip, Scale o #l FIXLE/RAI LRI T RY 75 = 0122 — N E hn#i 88 (dataloader)

import torch
from torchvision import transforms, datasets

data_transform = transforms.Compose([
transforms.RandomSizedCrop(224),
transforms.RandomHorizontalFlip(),
transforms.ToTensor (),
transforms.Normalize(mean=[0.485, 0.456, 0.406],
std=[0.229, 0.224, 0.225])
1)
hymenoptera_dataset = datasets.ImageFolder(root='hymenoptera_data/train’,
transform=data_transform)
dataset_loader = torch.utils.data.Dataloader (hymenoptera_dataset,
batch_size=4, shuffle=True,
num_workers=4)



© 2018 Tangramor PyTorchz/\ift4-7] Dl:

PyTorchz /M= 4T

1 PyTorch®9#&% /02 AN £ B4 -

s —An4EKE | EELFnumpy , BRILEGPULIETT
< BRI SR L WL aT#Y B zh i/ RS 415

RETRITHEALEZNRLUMZENZT RO, ZMEFE—NE—NREZE , FRERAL
ETERIIZ  BIds/MLMEHmEMEE SROMR/LESER , RIUSENERNEE,

2.5KE

2.1 #5: Numpy

ENBPyTorchZ 8l , AEHFEH EFEAnumpySEIMME, NumpyiRE 7T — MngEHEAXNR , UK
HLZATEREXLEHAN B Numpy2ATRIZITENERAER EXNITER. REFINHE
— T, R, RITATUERZ#EANuMPyY , FHSETMER s MR EEE | KEAHE
BIE -

# -x- coding: utf-8 -*-
import numpy as np

# NEHtE2 KN, DLIinZBINEE;
# 49/5000 HEP2EBIEE ; D_out2BHmELEE.,
N, D_in, H, D_out = 64, 1000, 100, 10

# QIZREA S NFD I H AR

X = np.random.randn(N, D_in)

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

w1l = np.random.randn(D_in, H)
w2 = np.random.randn(H, D_out)

learning_rate = 1e-6
for t in range(500):
# AImfEE - it EMNEY
h = x.dot(w1)
h_relu = np.maximum(h, ©)
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y_pred = h_relu.dot(w2)

# T EFTENI K Loss
loss = np.square(y_pred - y).sum()
print(t, loss)

# REIEHE, TEWIFIW23T lossB#F E
grad_y_pred = 2.0 * (y_pred - y)
grad_w2 = h_relu.T.dot(grad_y_pred)
grad_h_relu = grad_y_pred.dot(w2.T)
grad_h = grad_h_relu.copy()
grad_h[h < 8] = 90

grad_wl = x.T.dot(grad_h)

# BHINE
wl -= learning_rate * grad_w1
w2 -= learning_rate * grad_w2

2.2 PyTorch : ik

Numpy 2 —MRENELR , BEFEMNAGPURMEEKEITE. X TIAREHELMLE , GPU
BERMSOBEHEESHIE , FTEL , numpyFEERE HRREZINER,

EXE , ANABRZRERBIPyTorch#i=: :

ik ( Tensor ) : PyTorchitensorfE#t:2 L 5numpy#arrayt8fE : tensor@— M n4EEh4
PyTorchiZ2#t T F LA TiREX LR E, FAHEMFLANUMPYHRITHITE ] U{EFAPyTorch
ftensork5ER , TN AEMRMZEITENEAIE,

SNumpy@E , PyTorchf] LARIFAGPUINIERE KEITE, EEGPULIE{TTensorEiE5K £
device S {BtensorE I EGPU L,

EXE , AEMEAtensorsHEHE LES—IMFAEHN ML, METENumPyF] 7L, RAE
FPyTorch#ytensor , F 3 #£ M 4% e SK I w1 [0 15 #E M f [6]4% %

# -x- coding: utf-8 -*-

import torch

dtype = torch.float

device = torch.device("cpu")
# device = torch.device (“cuda: 0”) #HUEFTEL1EGPULBTT
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=

# NZHEKRND, D_inZHNEE
# HEREBIERE ; D_outZHHAER.
N, D_in, H, D_out = 64, 1008, 100, 10

#OI 2 PE A 5 N\ A0 %0 2R
x = torch.randn(N, D_in, device=device, dtype=dtype)
y = torch.randn(N, D_out, device=device, dtype=dtype)

# PEHlAa N E
wi torch.randn(D_in, H, device=device, dtype=dtype)
w2 = torch.randn(H, D_out, device=device, dtype=dtype)

learning_rate = 1e-6
for t in range(500):
# AimfEE - tEMNy
h = x.mm(w1)
h_relu = h.clamp(min=0)
y_pred = h_relu.mm(w2)

# HERITEHRA
loss = (y_pred - y).pow(2).sum().item()
print(t, loss)

# Backpropit Ew1FIw24B3t T HEH E
grad_y_pred = 2.0 * (y_pred - y)
grad_w2 = h_relu.t().mm(grad_y_pred)
grad_h_relu = grad_y_pred.mm(w2.t())
grad_h = grad_h_relu.clone()
grad_h[h < 8] = 0

grad_wl = x.t().mm(grad_h)

# ERBETRERNE

wl -= learning_rate * grad_w1
w2 -= learning_rate * grad_w2
3.8z3KRE

3.1 PyTorch : skRABZIRS

EEEWGFH , FEEFHXUGLENEZNARMEE FiE. FHARIAREEENTPHEREM
FRUHTRAAKE B, BN TAREEMERFERRESTEIFFEDN,

BRANUCEABH M KRB ITERENERWGMEEE, PyTorchd# autograd BIRM 7ixA
IheE. ZfEMAautogradhy , MERIAEBFHEL —NMTER ; BHHT S 2tensor , W 2EHE ,
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IX LB B2 S i tensor B 5 AtensorfVBREY, XKITERFEBSENEPREEEBENEENITE T2
Rl

XTERMRER , ARERPEALCRIEERE, MRBNBUHERELHNtensortIBE , RMNRFE
BERM X MensorBT AKX A —4 : requires_grad=True o iX“Mensor EHI{E{AIPyTorch#yig4E
HREE-—NMTER , \AFRNBEERPRITREERE, WRZXAD tensor x BY
requires_grad=True , BAREEBZE x.grad FERZ—IMKE , HAxXKTENMIEENH
E.

B AT BEH EPH IEPyTorchfE requires_grad=True Kk ERITELERERNWEITER ; flWn |, &
YEBENEZR , BIMNBETHFLEBEINEETEHSRETRAMEE, EXMERT , BITLUE
H torch.no_grad() E FXEERKIEHWEITER,

TEZEAEAPyTorch#TensorsMautograd REMBATN R ENBRENLE ; BINNTBFEF i
TREN R E%EHE -

# -*x- coding: utf-8 -*-
import torch

dtype = torch.float
device = torch.device("cpu")
# device = torch.device (“cuda: 0") #HUHTELTEGPULETT

# NBH#HtEK); D_Lin2RNEE;
# HEPEEHNYEE ; D_outZHLHEE.,
N, D_in, H, D_out = 64, 1000, 100, 10

# ARt TensorsUUREZFM A% Ho

# 1XE&requires_grad = FalseRRKMNTRBUENE

# 1Eo1 5 R EER BT TX L Tensors,

x = torch.randn(N, D_in, device=device, dtype=dtype)
y = torch.randn(N, D_out, device=device, dtype=dtype)
# ANEQZEPEH Tensors,

# % Erequires_grad = TrueRRHKMNBETEHRET

# TElo)fa R EKHA (B & B X Lok k.

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
for t in range(500):
# A fEHE - @A tensors EREEMETTEMNAY S
# BTwifiw2Arequires_grad=True, FRX LK BHMEMEIFILPyTorchigZ it HE,
# MR T BattEHE. BTRNTBFLENREEE, PIUTRERE PRIERNSIR.
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y_pred = x.mm(w1).clamp(min=0) .mm(w2)

# fEATensors LR IEITEAITENE Ko

# lossZ— KA ()BIKE

# loss.item() TRE(ZXPaKEF KZAIpythonii
loss = (y_pred - y).pow(2).sum()
print(t, loss.item())

# {fAautograditERE%#HE. XPDEREITElossxBiArequires_grad=Truefqtensorfs

i

# XRBABG, wl.gradfiw2.gradig 5 B2 lossxtwlFiw2pidEEk s,
loss.backward()

# FRBETRERERNE. MTX—%, KNIREXMWIAW2HERTRMNE ; TEABMMEGZE
THA,
# PRULEKANERtorch.no_grad() E X & & PALLPyTorchA B2 it HE
with torch.no_grad():
wl -= learning_rate * wl.grad
w2 -= learning_rate * w2.grad

# REGEEFNBEHEREAS
w1l.grad.zero_()
w2.grad.zero_()

3.2 PyTorch : B FH EEIRSEHK

EEER , 8—"1MNEBHWEIRSZEXERERFENMETensor i THIERE. HAH |, forward B
1T E M ATensors3R 81 % HTensors, T backward BI#EZW H Tensors T HE AR EE /B
E , ABRitEH ATensorstEX FiZtHEREENBEE.,

EPyTorchf , A ATLARE Z B E X torch.autograd.Function B FRHZI forward H
backwardBE % , kKEX HEWBENRSEZE. 2REIMNBANEARXNTHNEIBHEEZER T,
RiE , BNAUBIME—MRFAHGRARE— , EASEHABENtensorBAE |, XHEX
FERAMNBENRSEZE,

EXAEFH, BRINBEL—MEIRSFEBRE TFReLURNEL M, FRERARINHPAEME

import torch
class MyRelLU(torch.autograd.Function):

FelbL@Ed 3 L torech. autogradi 7 3k 2 3 1B & X Bhautograd g £%,
F 72 Ak 3 2 B 1E [ F0 K2 @) 15 #E o
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@staticmethod
def forward(ctx, x):

FiEEIEED, KNEWRR—TLETFXHRAD—TE 8% AGK
KNeeE—1Taa%m K E,
HFAKRMIIUERET XM ERREEFNR, URERMREREPER,

’

o

ctx.save_for_backward(x)
return x.clamp(min=0)

@staticmethod
def backward(ctx, grad_output):

EREEED, RKNBEWRETXHERN—1TKE,
HBETHEM T EmERIE D™ Er0E HBMANEE,
HMPTUM E X R P IEREFRIHEE,
HAPIEHRES EREENANERNRANEE.

X, = ctx.saved_tensors
grad_x = grad_output.clone()
grad_x[x < 0] = 0

return grad_x

device = torch.device('cuda’ if torch.cuda.is_available() else 'cpu')

# NEH AN ; D_in BENEE ;
#H ZIRERBHE ; D_out BRHIHHER
N, D_in, H, D_out = 64, 1008, 100, 10

# T EBANF LR E
x = torch.randn(N, D_in, device=device)
y = torch.randn(N, D_out, device=device)

# P EREHINENKE
w1l = torch.randn(D_in, H, device=device, requires_grad=True)
w2 = torch.randn(H, D_out, device=device, requires_grad=True)

learning_rate = 1e-6

for t in range(500):
# [EmfEHs - [EAKE ERRERITES HEY
# (@3 WA MyReLU.apply ECKER B E X BIReLU
y_pred = MyReLU.apply(x.mm(w1)).mm(w2)

# tEHH L loss
loss = (y_pred - y).pow(2).sum()
print(t, loss.item())

=
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# {EFautogradit &R M % &L 2.
loss.backward()

with torch.no_grad():
# ARETRENRINE

wl -= learning_rate * wl.grad
w2 -= learning_rate * w2.grad

# EREGEEBZEFNEZHE
wl.grad.zero_()
w2.grad.zero_()

3.3 TensorFlow : B&HE

PyTorchBz1 3RS FEKIEFE KTensorFlow : XHMERF , RINBENITER , FEREB M K
THEHE, MEZRANTRMETensorFlowl it EE 255K , MPyTorchEAZISHITER,

fETensorFlowd , RIMNENITER —X , AREERTXNMERNE |, ATsE SR HT R ALK
&, MIEPyTorch® , B—NeEIEEEE L — MW ITEE,

BSEMVEFAE TRAIUMENBRTMRL. Hln, —MERTRERS —LERNESEREAN
R, REFE-PRBEREEDHESNGPUSNR L. IRESFAMEENE , BLEEESE
TE-1TER, | IRBRENRKNS RN LR ERR WD HIT,

BARNDSEN - MBI REZEHR. X T -LEEH | BOIFENSIMEELITTIENITE.
plan , —MNEIFHENE AN TENMMER/SFTAIENNRELSE , XMEF (unrolling ) ATEAE
A—NMERRKI, XTI HSE , BHREHEENEN -2, Hit , TensorFlowiz# 71z
B (P tf . scan ) RIEBHRRAZIE LR, WTHBEKRE , BREMEE : BERRNA ST
N FER BIEZE , RNATUERAZBEN G T RNEFHRRN BN HARTAIENIUTE,

AT EEENPyTorchBaEI #E SRS EE | FATE A TensorFlow R & — MR R 2E ML

import tensorflow as tf
import numpy as np

# BAEKMNBIITER (computational graph)
# NZHAR N ; DREAMNEE ;

# HERBEHEE ; D_outZHi HEE,

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

# AN B iREHEC(ZEplaceholder ;

# SHTITEEN, I EREZHNEEERER
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X
y

tf.placeholder(tf.float32, shape=(None, D_in))
tf.placeholder(tf.float32, shape=(None, D_out))

# ANXE @ Variablef FRBEHI LB A TE

# TensorFlowfVariablefT HIfTiItEBMNAENE

w1l = tf.Variable(tf.random_normal((D_in, H)))
w2 = tf.Variable(tf.random_normal((H, D_out)))

Al L4 - A TensorFlowlak & aE it EMNEY.
FEXEREERER EFHITERNESE
TREZYTXKNBESEEHITINTER,
= tf.matmul(x, wl)

relu = tf.maximum(h, tf.zeros(1))

y_pred = tf.matmul(h_relu, w2)

#
#
#
h
h_

# @R TensorFlowl sk &z E % (loss)
loss = tf.reduce_sum((y - y_pred) ** 2.0)

# TElossxt FwlFIw2e) &1
grad_w1l, grad_w2 = tf.gradients(loss, [w1, w2])

# ERARETREMNE. A7 XREMNE, Wﬂaﬁ%‘-fﬁlﬁﬁ 3 BB 1T B new_wlflnew_w2,
# X%, TETensorFlowd, BEINBEMNTAZTEERN—3N

# {B1EPyTorchtp, X &EFEITHER 29t

learning_rate = le-6

new_wl = wl.assign(wl - learning_rate * grad_w1)

new_w2 = w2.assign(w2 - learning_rate * grad_w2)

# MEKRNBERGF THEE, FRUEKNFE— 1 TensorFlowt) 21 (session) REFrHTIHEE.
with tf.Session() as sess:

# T RitEBERAatVariable wi1Fiw2
sess.run(tf.global_variables_initializer())

# QIZnumpy£y A R 17 fil i A xA0 B iRy B SE PR EL G
x_value = np.random.randn(N, D_in)
y_value = np.random.randn(N, D_out)

for _ in range(500):

%RaTitEE. 8T, FKiEBMAfeed_dict&4],

&x_valueBZEE(x, ffy_valuefpEZly,

# FRMTEIERKNEBEITERE. new_wiflnew_w2 ;

# XK 2RIE L numpy £ HBIRZ KR [E)

loss_value, _, _ = sess.run([loss, new_wl, new_w2],
feed_dict={x: x_value, y: y_value})

H OH I

print(loss_value)

=
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4 nniE R
4.1 PyTorch : nn

TEE Mautograd@ + 0B AN TE |, IENLEXRNEEHBEIRS | ATN T AR
& , autograd A TIRE. EHWEHEMEN , RNEEZRFUERHERE K HP-LEAT
FINSH , el FEFIIRPRITRL,

TensorFlowE® |, 3 {tlKeras , TensorFlow-SIimAMTFLearniX & T REITERN S EHRNIE
A, XESHEME+9HE,

EPyTorch™ , @ nn TR T BN TIEE. "nBPRENL—HABENTEWER, —MEREZ W
ABtesnor , itE%#m i Wtensor , MA B RET —L£RNIPRSLENEEZ I WiensorfISHE. nn
SBFEENT —HBRKEE (loss functions ) , ARINGHE ML,

XANGFH, BOANSEAHEHME

# -*- coding: utf-8 -*-
import torch

# NZHA D s DRBMINGER
# HERERBYHE ; D_outZHWHAER
N, D_in, H, D_out = 64, 1008, 100, 10

#OI BN H A K =
x = torch.randn(N, D_in)
y = torch.randn(N, D_out)

# ERMEEKRMNNERZEXA—RIINE,
# nn.Sequential 2B & HtEREVEIR, FHIZINFR AR ERRET EHBI .
# BTEHUBEREASURBMBNTEG D, FREENBHNNENREKRE,
# EHEHREE2E, KNER.to()AFBREBNBIFTRNEE.
model = torch.nn.Sequential(

torch.nn.Linear(D_in, H),

torch.nn.ReLU(),

torch.nn.Linear(H, D_out),

)

# 2R ANMARENEX ;

# EXMERT, KIVEERTFHFARE (MSE)EAKNNBREA R

# 1% Breduction="sum’', RRKMNTENZFAREN"R", MIAZFHE;

# ZZAT SaEKMNF LT ERKNGFREFE—H

# BREREP, @diEreduction="elementwise_mean' RERNAIREMFAMKEAT N
loss_fn = torch.nn.MSELoss(reduction="sum")
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learning_rate = 1e-4
for t in range(500):

# AR - @dEEREAXTTERMBY.

# ERMREHT __call__gBF, LU BREBEBRREN.
# FaMBEETRBERENT —1TKE, REERET —THdKS.
y_pred = model(x)

# TEHFATER K,

# @A YRMNEBEMNERENKE, MARHERRESHANKE.
loss = loss_fn(y_pred, y)

print(t, loss.item())

# REOEEACEZRHE

model.zero_grad()

# REfEHE  TERENRAMAAIZIISHNFH BE) .
# EAE, BTERNSHEMEErequires_grad=Truelsk &+,
# AEEX T ERF T ERE PR 2 S HEE,

loss.backward()

# ERBETREMRNE,
# §OAWEBEKE, PrCERM el BRI MU AT R RIE NI ENEE
with torch.no_grad():
for param in model.parameters():
param -= learning_rate * param.grad

4.2 PyTorch : optim

FEEAL , RINELBEIFHIATBETEISHNKEREHNERHNE, N THIHEET
f#(SGD/stochastic gradient descent) EE £ WAL EERKER , XFR—MRAWAE |, BEEXREK
F, BINKLEEHAdaGrad, RMSProp, AdamZEE & =ML RIS BE ML,

import torch

Z H# =

X

#

N
H

AN DREINEE
ZRBEHE ; D_outZH L %E

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

= EREH AT HaK 2

torch.randn(N, D_in)
torch.randn(N, D_out)

ERANNEE X AR TR A R
model = torch.nn.Sequential(

torch.nn.Linear(D_in, H),

10



© 2018 Tangramor 4. NniER 11

torch.nn.RelLU(),
torch.nn.Linear(H, D_out),

)

loss_fn = torch.nn.MSELoss(reduction="sum")

# {EFRoptimBE X M a (Optimizer) . Optimizeri§Z AN E AR BINE.
# XBEXMNERAdanL A% 5 optim@ZEBE T F 2 AINTMEE L.

# Adamt EREBNBE— T EHESRM B R ZBEFMPBLK S,

learning_rate = le-4

optimizer = torch.optim.Adam(model.parameters(), lr=learning_rate)

for t in range(500):

&)

# AR R - Al BER R AT EMNEY
y_pred = model(x)

# tEH4TENloss
loss = loss_fn(y_pred, y)
print(t, loss.item())

Z R F )RR

B

# EREEEZE, ERoptimizer@TEEMBIAMAKENREEFS (X LK
optimizer.zero_grad()

# REIEHE  RIBEBNSIHTE LossiigE

loss.backward()

# WFAOptimizerfstep@R IIEEPIA SN B
optimizer.step()

4.3 PyTorch : HTEX nn 3R

EMMEREERETLNEERFIESEXRNER N TFXEER , ATABE LA nn.Module HENX
forward BRER , IX/ forward BRERAT LA R DB & HM Ba kS EREWE A
tensor , F= 4 % Htensor,

NMalF e, BAABE X Modulely FRTEMEM L

x4

import torch

class TwolayerNet(torch.nn.Module):

def __init__(self, D_in, H, D_out):
ERERE P, KMNEFIETRAR DN LinearfEiR, HEEMNEAKRRE,

super (TwoLayerNet, self).__init__()
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self.linear1 = torch.nn.Linear(D_in, H)
self.linear2 = torch.nn.Linear(H, D_out)

def forward(self, x):

FRIEIEENREP, KMNFEW—TRARNKE, thPaRE—THEHKE,
HMeTERIER IR P E XNRRNURKE LTSN (FT-MAN) #7EF.

h_relu = self.linear1(x).clamp(min=0)
y_pred = self.linear2(h_relu)
return y_pred

# NZHAD 5 D_in BHENERE ;
#H ZIREBEBHE ; D_out BRMIHHER
N, D_in, H, D_out = 64, 1000, 100, 10

# T EBNF L BPEGK 2
torch.randn(N, D_in)
torch.randn(N, D_out)

x
]

y

# @I XBlt EmE XBIERAZERNBER,
model = TwolLayerNet(D_in, H, D_out)

# HEMARREAM LR
# SGD#4)& F L 3tmodel . parameters()BER,
# BREaRMN—7n, A TNn.LinearfEiRAGe[ S S5,
loss_fn = torch.nn.MSELoss(reduction="'sum")
optimizer = torch.optim.SGD(model.parameters(), lr=1e-4)
for t in range(500):

# AlE s - ABdmEREE T EMNEY

y_pred = model(x)

#tE#H 5 dHloss
loss = loss_fn(y_pred, y)
print(t, loss.item())

# EARGE, RMEE BHNE
optimizer.zero_grad()
loss.backward()
optimizer.step()

4.4 PyTorch : #4$IRANERE

FEANDSENRNERZN—MIF , BRIKAT P EETENER | — P 2EEBReLUM S
EE-RuaEREN , EHNREENEHNEN1Z42BNE , XHERTUZREARRHRER
&,
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RIXAME R A LUE A EH B A Python AR FISRK BB , A ERMNAINELEELFKRNZRE
AE—MERRKAEANRE ZEHNERE,

EMNFAMudulety FEBAERZRIXMER

import random
import torch

class DynamicNet(torch.nn.Module):
def __init__(self, D_in, H, D_out):

EHERE P, HMNET = nn.Linearefil, Efi14F7E Al fZHE R ER,

super(DynamicNet, self).__init__()
self.input_linear = torch.nn.Linear(D_in, H)
self.middle_linear = torch.nn.Linear(H, H)
self.output_linear = torch.nn.Linear(H, D_out)

def forward(self, x):

T ERR IR R, KOPEEEFEe. 1. 2, 3,

HERT 2 TEEEERNNiddle_linearfgif,

BT & AR EHENE-— TR ITER,

FMeI U EE YRR E R SR ER T AIPythoni2FSRcER, WBIFkEHE,
X8, KMZLE2, EEXTEEENZ2XERRE—TEREZEZLEN.
X&lLua TorchfQ—ARex#, E7ALua Torchep B ERREEFR— R,

h_relu = self.input_linear(x).clamp(min=0)
for _ in range(random.randint(@, 3)):

h_relu = self.middle_linear(h_relu).clamp(min=0)
y_pred = self.output_linear(h_relu)

return y_pred

# NEH RN DREBMNGEE
# HEREEHER s DoutZHHAER
N, D_in, H, D_out = 64, 1000, 100, 10

# T EBANFR PR E
x = torch.randn(N, D_in)
y = torch.randn(N, D_out)

# it EmE XRIEREKMNBER
model = DynamicNet(D_in, H, D_out)

# SRR E&ZE (loss function) FfAftEE (Optimizer) .
# BATFARPEHAE TRIIGE T SFERINER ZFEMRN, BrCEKM@ER T momentum? i,

13
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criterion = torch.nn.MSELoss(reduction="'sum")
optimizer = torch.optim.SGD(model.parameters(), lr=1e-4, momentum=0.9)
for t in range(500):

# AlEfEHs - B REREAXTTETRNY.
y_pred = model(x)

# TEHATERE
loss = criterion(y_pred, y)
print(t, loss.item())

FERRE, REEHE BHINE
optimizer.zero_grad()
loss.backward()
optimizer.step()

=

14
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PyTorchz IE#B %

KERA , BERRBACNETE (REIAEL ) WE—PEZHBRME , RAENTME , R
S -IMEBANBEENERR FEEBAREE]. BEENMERE-—MANEESL
BATM YIS BB MK ConvNet, RF XN ConvNettI S BEN B IR ES NN BILS B EE

EXLESH,

HRBFINHIEEGR

* fiA**Convnett* ; EATRIIZRHY M L& (ANFE imagenet 1000 EYIZRTIRAI ML) K{K{LESD
MM, A 2ENDRL. HENNIELTRFE,

< }f**Convnet** & B [E 7E FV 4L IRENES B St E EConvNetbR T R B £ EEE NN EH A
B. RENEEEERBHRK —INIHNEN BRILHNE  REXIMNTNESBINEA(REXE
SHATER &7 ]

THRMAPyTorch#TEBF ISR , ZFRRAVEBRR G —MREERXI DM ZRHAT DR

1S AMEXHNE

# License: BSD
# Author: Sasank Chilamkurthy

from __future__ import print_function, division
import torch

import torch.nn as nn

import torch.optim as optim

from torch.optim import lr_scheduler

import numpy as np

import torchvision

from torchvision import datasets, models, transforms
import matplotlib.pyplot as plt

import time

import os

import copy

plt.ion() # interactive mode
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2. InEESE

SREFRPOE BRI —MER R D EK B antsF ZEbees, antsFlbeesHH L1205 114k E
Fo BNEB7SRRIEBR. NBFRE N/ MIBIEE LHTIIGEERBREZLH. BTRK
MNERAEBEY  BENZLEISHEIEY., ZBUIEERimagenetty —NEE/ NN FE., Mitkak
TERHE , HUHEBRERT 6B %,

#UGELET =AA—1t
HEREEENFEEA—1
data_transforms = {
"train': transforms.Compose([
transforms.RandomResizedCrop(224), #Ra#lEs —areasifzBresize
transforms.RandomHorizontalFlip(), #Ra#1/KFEN%E
transforms.ToTensor (),
transforms.Normalize([0.485, ©0.456, 0.406], [0.229, 0.224, 0.225])
D,
'val': transforms.Compose( [
transforms.Resize(256),
transforms.CenterCrop(224),
transforms.ToTensor (),
transforms.Normalize([0.485, 0.456, 0.406], [0.229, ©0.224, 0.225])

1,
}

data_dir = 'data/hymenoptera_data’
image_datasets = {x: datasets.ImageFolder(os.path.join(data_dir, x),
data_transforms[x])
for x in ['train', 'val'l}
dataloaders = {x: torch.utils.data.DatalLoader(image_datasets[x], batch_size=4,
shuffle=True, num_workers=4)
for x in ['train', 'val']}
dataset_sizes = {x: len(image_datasets[x]) for x in ['train', 'val'l]}
class_names = image_datasets['train'].classes

device = torch.device('"cuda:0" if torch.cuda.is_available() else "cpu")

3. A L& B R HE
TICE VKRG, SUE T RBIES %o

def imshow(inp, title=None):
"""Imshow for Tensor."""
inp = inp.numpy().transpose((1, 2, 0))


https://download.pytorch.org/tutorial/hymenoptera_data.zip
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ZRIRTY

mean = np.array([0.485, 0.456, 0.406])

std = np.array([0.229, 0.224, 0.225])
inp = std *# inp + mean
inp = np.clip(inp, 0, 1)

plt.imshow(inp)
if title is not None:
plt.title(title)
plt.pause(0.001) # pause a bit so that plots are updated

# FREN—HEUIG IR
inputs, classes = next(iter(dataloaders['train']))

# HEEFIE M

out = torchvision.utils.make_grid(inputs)

imshow(out, title=[class_names[x] for x in classes])

4.1)

ism
WE—TBERARSRIGEE, TEHHERA  * ARZIER * RERFNER

T EHSEscheduler2—“NKB torch.optim.lr_scheduler FVZ I REBFHERXPITR(LR
scheduler object).

def train_model(model, criterion, optimizer, scheduler, num_epochs=25):
since = time.time()

best_model_wts = copy.deepcopy(model.state_dict())
best_acc = 0.0

=
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ZRIRTY

for epoch in range(num_epochs):
print('Epoch {}/{}'.format(epoch, num_epochs - 1))
print('-' * 10)

# B Tepoch#BBE— 1% FNILUEPN ER
for phase in ['train', ‘'val'l]:
if phase == 'train':
scheduler.step()
model.train() # Set model to training mode
else:
model.eval() # Set model to evaluate mode

running_loss = 0.0
running_corrects = 0

# EREGE .

for inputs, labels in dataloaders[phase]:
inputs = inputs.to(device)
labels = labels.to(device)

# REHBE
optimizer.zero_grad()

# Bil@)
# track history if only in train
with torch.set_grad_enabled(phase == 'train'):

outputs = model(inputs)
_, preds = torch.max(outputs, 1)
loss = criterion(outputs, labels)

# BR+HRIEUIGM B EIT Tt

if phase == 'train':
loss.backward()
optimizer.step()

# gt
running_loss += loss.item() * inputs.size(0)
running_corrects += torch.sum(preds == labels.data)

epoch_loss = running_loss / dataset_sizes[phase]
epoch_acc = running_corrects.double() / dataset_sizes[phase]

print('{} Loss: {:.4f} Acc: {:.4f}'.format(
phase, epoch_loss, epoch_acc))

# RE S Hlmo
if phase == 'val' and epoch_acc > best_acc:

=
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best_acc = epoch_acc
best_model_wts = copy.deepcopy(model.state_dict())

print()

time_elapsed = time.time() - since

print('Training complete in {:.0f}m {:.0f}s'.format(
time_elapsed // 60, time_elapsed % 60))

print('Best val Acc: {:4f}'.format(best_acc))

# MEREREENE
model.load_state_dict(best_model_wts)
return model

5. A[ LR B R UM 45 2R

#—TEANRRD 2 N E R BR@&E

def visualize_model(model, num_images=6):
was_training = model.training
model.eval()
images_so_far = 0@
fig = plt.figure()

with torch.no_grad():
for i, (inputs, labels) in enumerate(dataloaders['val']):
inputs = inputs.to(device)
labels = labels.to(device)

outputs = model(inputs)
_, preds = torch.max(outputs, 1)

for j in range(inputs.size()[9]):
images_so_far += 1
ax = plt.subplot(num_images//2, 2, images_so_far)
ax.axis('off")
ax.set_title('predicted: {}'.format(class_names[preds[j]]))
imshow(inputs.cpu().datal[j])

if images_so_far == num_images:
model.train(mode=was_training)
return

model.train(mode=was_training)

=
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6.37=1 : #iAConvNet

MBFFVNHEEABEERATEEZNER.

model_ft = models.resnet18(pretrained=True)
num_ftrs = model_ft.fc.in_features
model_ft.fc = nn.Linear(num_ftrs, 2)

model_ft = model_ft.to(device)

criterion = nn.CrossEntropylLoss()

# MEAASHEEEM T
optimizer_ft = optim.SGD(model_ft.parameters(), 1r=0.001, momentum=0.9)

# §717epochsZ FHLRE 1% Egamma=0.1
exp_lr_scheduler = 1lr_scheduler.StepLR(optimizer_ft, step_size=7, gamma=0.1)

ISR PPAE R

(1) NEHEE ZIREECPULFEEARN152575% , BREGPUL , EREFREI—2 4,

model_ft = train_model(model_ft, criterion, optimizer_ft, exp_lr_scheduler,
num_epochs=25)

* f i

Epoch 0/24

train Loss: 0.7032 Acc: 0.6025
val Loss: 0.1698 Acc: 0.9412

Epoch 1/24

train Loss: 0.6411 Acc: 0.7787
val Loss: 0.1981 Acc: 0.9281

Epoch 24/24

train Loss: 0.2812 Acc: 0.8730
val Loss: 0.2647 Acc: 0.9150

=
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Training complete in 1m 7s
Best val Acc: 0.941176

(2) BEERR AL
visualize_model(model_ft)

* Far

predicted: ants predicted: bees

predicted: ants
. ,g

73752 : ConvNetfEN B E4SAL IRENES

EXBEEFRERRE—EBZANMEMNSE, BIIRE requires_grad == Falsebackward() &
“£28 |, XHEROEEbackward() B ERHRAETIEER T 2BITE,

model_conv = torchvision.models.resnet18(pretrained=True)
for param in model_conv.parameters():
param.requires_grad = False

# Parameters of newly constructed modules have requires_grad=True by default
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num_ftrs = model_conv.fc.in_features
model_conv.fc = nn.Linear (num_ftrs, 2)

model_conv = model_conv.to(device)

criterion = nn.CrossEntropyLoss()

# Observe that only parameters of final layer are being optimized as
# opposed to before.

optimizer_conv = optim.SGD(model_conv.fc.parameters(), 1r=0.001, momentum=0.9)

# Decay LR by a factor of 6.1 every 7 epochs
exp_lr_scheduler = lr_scheduler.StepLR(optimizer_conv, step_size=7, gamma=0.1)

ISR TG

(1)
FITEHE, EFBUHERLK

model_conv = train_model(model_conv, criterion, optimizer_conv,
exp_lr_scheduler, num_epochs=25)

* %

Epoch 0/24

train Loss: 0.6400 Acc: 0.6434
val Loss: 0.2539 Acc: 0.9085

Epoch 23/24

train Loss: 0.2988 Acc: 0.8607
val Loss: 0.2151 Acc: 0.9412

Epoch 24/24

train Loss: 0.3519 Acc: 0.8484
val Loss: 0.2045 Acc: 0.9412

Training complete in Om 35s
Best val Acc: 0.954248

(2) BEWFERR AL

SR ECPUL |, BRI —M7RMEL , IFRERRY—F08tE , RATEBRNRSZHEM
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visualize_model(model_conv)

plt.ioff()
plt.show()
* 45
predicted: ants
predicted: bees
8. X HT &
* py M

* jupyterX ¥

8. XM T

predicted: ants



https://pytorch.org/tutorials/_downloads/transfer_learning_tutorial.py
https://pytorch.org/tutorials/_downloads/transfer_learning_tutorial.ipynb

© 2018 Tangramor S E&RIIRNseq2seqiRBEE T

BA IR seq2seqiE B ERE

RHRFN BN Rseq2seqi& B i # Py Torch o] A MY BT3B & Torch Bl A&, R EHHLAER K
B TR A8 A #HFEChatbot tutoriale

N RSN
1 ./E'sé“ Bl Uy

E—NETREZFIIE WA, FH&PyTorchiX #**BIff** cager , PN AE#ITRE
BETRBARER, XFEAFEBEFAPythonIBLEH. BHREE. FTHEIMNMARXXARR
BB ZRH ., 1R ARPythonHIARRE.,

RENMMAEN FTHAANZENARFR—NMNEANIE | BENTEFNERBBEENT ,
FEAETER graph-based WEERTEEMEAN, —NERNWERBREKRETULL ,
MEFHITRE , URHNSEMLCHEGEENEED, A, ETRENRTIXFERTRN
BESH, PyTorchizf#t T AR EX A RBIEER RN TorchI AP A& |, TorchBEI AR —NE
Python® By 82 AT 2 AT M aT{E{L B9 75 |, TorchfE B3R EPythonE TR HITREE .

ETorchdf#Y torch.jit R A LA EPFEIAT R X B Py TorchfE 7 5 # I Torch I Z&REIAPL, X ANME
REF M OER A TR EXERZ R A TorchB AE R KRR BER tracing MKk BZA{L
scripting o torch.jit.trace BREIEZ —MEREE MR —ARFINEA , AREIEH
BHEERZTEMARS , ANRRFEINITESR , ARRE — NI UBRTRERERENETHE
R, BER Tracing N TR RAB THREFEANZFIBHEZNERNEBEEEER |, R
FRENBRGEM L,

Am , MR -—NEHRFCRBOIAEONBEANEHBEIRER , NRIREFRAE AR ITREARANE
B, MATFEWR , EHREFHEEEFR. ENFFEBREABREARNERMNEBHITEL, 2
RHET — MRS B2 E X AR R S B BB IR N Torch A | BIEFTE AT RERVIZ SR
R, WMEFERABAER script mode , EWEMA T torch.jit.ScriptModule EAE (HUR
torch.nn.Module ) ¥ BI8H0 torch.jit.script ZEMEFERAIPythonER &
torch.jit.script_method Z=HMasEIVREVEEIR 5L,

FERAMACH—NEER , ERXHPythonI —NERFE, ERMEZFNISEEXNMERF
HME R , i3 E Torch Script language reference, A TIAEIR AR EM |, AJAA S TorchlAHy


https://pytorch.org/tutorials/beginner/chatbot_tutorial.html
https://pytorch.org/docs/master/jit.html
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2. ¥R

BARKRTENERF , FETUEEBNARXERAR,

Hybrid Frontend Workflow

torch.jit API allows one
component to be migrated at a time,
allowing for incremental code
changes and easy debugging.

2 TR

B, SAFRENRRURRE
BIEH, RE: XNMEEEXLTE

KEHH.

—8E
&

PROTOTYPE T

Prototype an ambitious idea using the
familiarity and flexibility of Python and
PyTorch eager mode.

Prototype shows promise, so train and
adapt the model to production data.

MIGRATE TO GRAPH +—¥—‘

dhdasd

Migrate the model to Torch Script for
production usage.

EXPORT +

Export the non-Python representation of

the model to be loaded by different

environments (e.g. server, mobile, etc.).

IMPROVE & MAINTAIN O

New features implemented in eager mode

can be called from the Torch Script

production model, and migrated at the

development team’s desired pace.

Leverage autograd,
training optimizers, and
distributed training
framework.

Apply program-
level optimization
techniques to the exported
model for efficiency
gains.

MRBEABCHRE

=, FEERIUFE MAX_LENGTH
AERBEFATFNRERIFREURER

=

FEIR
FENERTT
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source-python

from __future__ import absolute_import
from __future__ import division

from __future__ import print_function
from __future__ import unicode_literals

import torch

import torch.nn as nn

import torch.nn.functional as F
import re

import os

import unicodedata

import numpy as np

device = torch.device("cpu")

MAX_LENGTH = 10 # Maximum sentence length

# KN EE 2

PAD_token = @ # Used for padding short sentences
SO0S_token 1 # Start-of-sentence token
EOS_token 2 # End-of-sentence token

3R E B

FWMBIXFAS , BRATEAR sequence-to-sequence (seq2seq) R, XFhEBYER A FaART
TRERINER , BIMNAHER—NMNIEKEFIEFR—ER—N—W AR, seq2seq &
BN T 2 P& (RNNS) A B : 4R35 85 encoder i #5 88**decoder.

Predictions
Encoder T T T T
I Y, Y, Yn1 Yn
| IIN| N N WI é ( : ) : ) ) |
‘ GRU Il GRU ™ GRU | GRU % L GRU | GRU | GRU | GRU ]
! 1 f & | J |

X1 X3 Xn-1 Xn

|
Historical data Decoder


https://arxiv.org/abs/1409.3215

© 2018 Tangramor 4 FBARAIE Dl:

(1) 4B &&(Encoder)

IRIBEBRNNTE M A B AP BRER —MRIE(BIMERE) , SXTRAE —N@aE" mER —NRE
RS EE, "RERS MEEZFUERZET-IMER , AiCXRAHOE. REHNFFIIFE
MR ROXARRN SEZE PR —ALR , BEBHEAXELIRNEENESERETR
BQ: Sk

(2) &5 8](Decoder)

PRI EERNNIUZEN N AN ERIBRIEG, ©FEAREB THRBEERN A E M A IBEREHMRAS K
ERFSIRHNT—NER, THEEREE , BERRERTUFERNEOSE. RITEMBEF
£ A& XM Hlattention mechanismRHBIE M AN R L2 £ B I RIFEE . T EHL]
FER | FAIEIM T Luong et alEAB“EFRE Global attention "t&IR | FHNFEHMENFEEIER
R FIEIR,

4B TE

REBIMNEREES S LLEREFS , BRIAXG , EIERENSRFEIRE - HFLERF.
EXMERT Bl ZINRBERERILRFHEN L RABRI S —PBHRE. BIEH
Voc NRKREBENEABRGINRE , URIFCRFN LR ZHR, BIPFESTEE A MBS
Ko

LA R T REB TR |, BIISABRE—NMEBEFZFERMANIE, normalizeString BREUE
FREFNFIEFHERNNE |, HBIBRFIEEFFFA. indexesFromSentence BHENIESZ — 1
B R KA T HIRE A R $17 E 5| F 5,

class Voc:

def __init__(self, name):
self.name = name
self.trimmed = False
self.word2index {}
self.word2count {}
self.index2word {PAD_token: "PAD", SOS_token: "SO0S", EOS_token: "E0S"}
self.num_words = 3 # £73+S0S, EOS, PAD

def addSentence(self, sentence):
for word in sentence.split(' '):
self.addWord(word)

def addWord(self, word):


https://arxiv.org/abs/1409.0473
https://arxiv.org/abs/1508.04025

=
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if word not in self.word2index:

self.word2index[word] = self.num_words
self.word2count[word] = 1
self.index2word[self.num_words] = word
self.num_words += 1

else:

self.word2count[word] += 1

# Remove words below a certain count threshold
def trim(self, min_count):
if self.trimmed:
return
self.trimmed = True
keep_words = []
for k, v in self.word2count.items():
if v >= min_count:
keep_words.append(k)

print('keep_words {} / {} = {:.4f}' .format(
len(keep_words), len(self.word2index), len(keep_words) /
len(self.word2index)
))
# Reinitialize dictionaries
self.word2index {}
self.word2count {}
self.index2word = {PAD_token: "PAD", SOS_token: "S0S", EOS_token: "E0S"}
self.num_words = 3 # ZiTEIABYS LR
for word in keep_words:
self.addWord(word)

# NEFRERIEFE R
def normalizeString(s):

s = s.lower()

s = re.sub(r"([.!'?2])", r" \1", s)

s = re.sub(r"[*a-zA-Z.!?]+", r" ", s)
return s

# FRFMAEET, BRRRERSIEF
def indexesFromSentence(voc, sentence):
return [voc.word2index[word] for word in sentence.split(' ')] + [EOS_token]

5.E U YmtD2R

B torch.nn.GRU RRKIRIBI[AIRNN, AEREZ —HEARALFNQAE)NAA , EF
RNEBAXERF , R—NMriE , ITERBIRS. RN MERDBLARBY , XERE
EMNBEWAN I AIGRUs: — MR RIRFEF F5 , B —NMEHERIAFEHFS. HRNKRLIERE
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XAANGRUsH M, BT RMNAVERZEARLEITUILRE |, PTARAIMAEncoderRNNRE
M forward HBEE—MER WA ARLLE, N THELEBATKENGF , BRINEL
MAX_LENGTH THEAF —MAFHRXFNEAKE , HFERLEFRE /T MAX_LENGTH TN T
FEERARN T AR PAD_token THRERE R, EMEMA T APyTorch RNNRRHWHLBIET |, FHA
BHBEE K forward 1 A torch.nn.utils.rnn.pack_padded_sequence
torch.nn.utils.rnn.pad_packed_sequence B IE LRI BHITH 2o AE | forward ERBULIES —
A input_length 5%k , EHEEHAEFENT FHKE, ZWATERNES
torch.nn.utils.rnn.pack_padded_sequence .

RS EIWEIC AT RBEENELEE forvard FEEEMKRE FHIENZFR , RLRITE
EARER tracing FHEBRANMAER script mode o EREFERET | BATATLURISERTE
XA, EETHE2E , RITGEARAXKEDRILFTEEE,

class EncoderRNN(nn.Module):
def __init__(self, hidden_size, embedding, n_layers=1, dropout=0):
super (EncoderRNN, self).__init__()
self.n_layers = n_layers
self.hidden_size = hidden_size
self.embedding = embedding

# Y5 GRU; input_sizeflhidden_size=#{#B1% & /A 'hidden_size'
# AAKMNBANKNEZ—TBZTHRENE R E== hidden_size
self.gru = nn.GRU(hidden_size, hidden_size, n_layers,
dropout=(0 if n_layers == 1 else dropout),
bidirectional=True)

def forward(self, input_seq, input_lengths, hidden=None):
# BRBBERAIERARE
embedded = self.embedding(input_seq)
# ZARNNEIRIEZ R 5]
packed = torch.nn.utils.rnn.pack_padded_sequence(embedded,
input_lengths)
# IE[o)823 GRU
outputs, hidden = self.gru(packed, hidden)

# fTHER
outputs, _ = torch.nn.utils.rnn.pad_packed_sequence(outputs)
# 123X = GRUB i tH &5 2 24D
outputs = outputs[:, :, :self.hidden_size] +
outputs[:, : ,self.hidden_size:]

# BEWMHNUBRRELNREKS
return outputs, hidden

6
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6.7E Y RS 2R E B DR IR

BTk BESCEENERALN), BEE , WESRNAEMBIERPN FER, LuongEAZE
BT &R D EE" score functions , BAIENHAIfEEEERNN H BN RIEEH L , HiRE
XIER"BEE" engergies o XMNKIFBEEIKE attension energies tensor 5 4REBESH Y K/
HE , MERLHEE , 53— NMITGKE , HRAERTERENALS KBEBNEREIREE

HYER S o

# LuongB:EENE
class Attn(torch.nn.Module):
def __init__(self, method, hidden_size):
super (Attn, self).__init__()
self.method = method
if self.method not in ['dot', 'general', ‘'concat']:
raise ValueError(self.method, "is not an appropriate attention

method.")
self.hidden_size = hidden_size
if self.method == 'general':
self.attn = torch.nn.Linear(self.hidden_size, hidden_size)
elif self.method == 'concat':

self.attn = torch.nn.Linear(self.hidden_size * 2, hidden_size)
self.v = torch.nn.Parameter(torch.FloatTensor(hidden_size))

def dot_score(self, hidden, encoder_output):
return torch.sum(hidden * encoder_output, dim=2)

def general_score(self, hidden, encoder_output):
energy = self.attn(encoder_output)
return torch.sum(hidden * energy, dim=2)

def concat_score(self, hidden, encoder_output):
energy = self.attn(torch.cat((hidden.expand(encoder_output.size(0), -1,
-1), encoder_output), 2)).tanh()
return torch.sum(self.v * energy, dim=2)

def forward(self, hidden, encoder_outputs):

# RIBGRNAZUHEIRNNE (EE)

if self.method == 'general':

attn_energies = self.general_score(hidden, encoder_outputs)
elif self.method == 'concat':

attn_energies = self.concat_score(hidden, encoder_outputs)
elif self.method == 'dot':

attn_energies = self.dot_score(hidden, encoder_outputs)

# ttEmax_lengthflbatch_size#E
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attn_energies = attn_energies.t()

# BEIsoftmax3— LRI (IBANLEE)
return F.softmax(attn_energies, dim=1).unsqueeze(1)

7. X FEHGER

ZELF EncoderRNN , FATIEA torch.nn.GRU #ERER BATHIAFIEEERNN, A , X —RIEAIEE
A#MEGRU, FEXENR , BRBBTE , BRIV AMFEEBRNNE MR —NERE, BRI1E%
BE a2 R ERAF AN EIIEE dropout « FETXR , RITFRANKEHRRE REERLSE
GRU , BEIHETMGRUS H M BRERS. AE , BINERAINEREN —NERRETENE |, &K
IMEFEFEURBRENH ERREBERNNSSRmBERE. BMNEAXNSERBESEH HEN XK
context K& , ERT—NINA , RRmEHPI|IHMENBLEROFTEIE, EXE , BRINEARLK
R linear layer M softmax normalization JA—1{LREFERHEFFIAPH T —NEHE,

EABIREID 5 EncoderRNN 388l , IWRIR T I EEMKE T HIFAVIRBIR. Btk , ELIAML
ZEEFAMBES K E , BRIOVTUABREMRE tracing FHEEH A Torchf 2,

class LuongAttnDecoderRNN(nn.Module):
def __init__(self, attn_model, embedding, hidden_size, output_size,
n_layers=1, dropout=6.1):
super (LuongAttnDecoderRNN, self).__init__()

# RESE

self.attn_model = attn_model
self.hidden_size = hidden_size
self.output_size = output_size
self.n_layers = n_layers
self.dropout = dropout

# EXRE

self.embedding = embedding

self.embedding_dropout = nn.Dropout(dropout)

self.gru = nn.GRU(hidden_size, hidden_size, n_layers, dropout=(0 if
n_layers == 1 else dropout))

self.concat = nn.Linear(hidden_size * 2, hidden_size)

self.out = nn.Linear(hidden_size, output_size)

self.attn = Attn(attn_model, hidden_size)
def forward(self, input_step, last_hidden, encoder_outputs):

# R KMNZFRBIT—R
# FREQ A A\ 23T LB o) 2 BR AT
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embedded = self.embedding(input_step)
embedded = self.embedding_dropout(embedded)

# 1813 B mCRUE K

rnn_output, hidden = self.gru(embedded, last_hidden)
# @ HAICRUMNMI B T B R R ANE

attn_weights = self.attn(rnn_output, encoder_outputs)
# ERNNERNUGBHE S HCOGREBREMNF" LT P2
context = attn_weights.bmm(encoder_outputs.transpose(9, 1))
# fERALuongBI R A SREFE N £ X =12 F1GRUS &
rnn_output = rnn_output.squeeze(0)

context = context.squeeze(1)

concat_input = torch.cat((rnn_output, context), 1)
concat_output = torch.tanh(self.concat(concat_input))
# fEFALuongB 2 X 6K TN T — 1 21

output = self.out(concat_output)

output = F.softmax(output, dim=1)

# BE%HHANRANREKS

return output, hidden

8. N 1¥fh
8.1 ABIBRMBER

EHRNIBAZRES |, BINEEA GreedySearchDecoder HEIRK /LSRRG LR, ZEHRI
SN RIBSENAERERENEYE , B ABTURRSIME)NEEBERE , H—X—MAGE
R 51) A AR AT fa HH I R 5

WNaAFIHTHREBRELAZHENFIKEREANNNKENER XL REBSR. FE2LEN
=, IMER—RANE—NMEAFS , MARRMNFES, Bit , SEHTATFHAKEKRN
B, EXNTHOEXRNA, ERBATENHEBSRHLE  RIONOXTELFEFER KR EEE
17, ZRBBRERHAE softmax 78, ZO BB TN L RAEHBFIPREBH T — N LT
BIBER, AR decoder_input #IER{L N —NEE S0S_token NKE, EEXNBIHIERZE ,
BB 10T softmax IR KRS EFIEINE decoded_words F|FT"F . EADEFERXANLFEER
T —NERBY decoder_input o BNER decoded_words FIFRMKE X F MAX_LENGTH , SRETAMAYE
TR EOS_token , ARAMFHEEENLL,

SEEHNREIR

ZAERW forward FES R B ESREE— N RN MW LRSS |, EH/(0,max/_length]/)E3E
B, At , TATRZERBAR X AME SRR N Torchfl 24, 5341 0] AR ERBY 4w 48 85 F AR 65 8548
BRE , BAVBAR GreedySearchDecoder HERHHIT—LENBENWENR , UEE THENER T
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IR, MAEFEY , RNSABRBNOVERETHANFNAN , FEFERTorchHAEE
#YPython ¥ 5 Z SN AEAE 5 4514

RNT THUREEN—LBRE , RIS EBERVLER ASFE P HIGreedySearchDecoder3s Ml 5 T H
BRREANIIcBNXE, BFE, AAeRHETSNITENRRSSIFARERNT , MAK%
BREERNITEHN,

- class GreedySearchDecoder(nn.Module):

- def __init__ (self, encoder, decoder)

+ class GreedySearchDecoder(torch.jit.ScriptModule):

+ def __init__ (self, encoder, decoder, decoder_n_layers):
super(GreedySearchDecoder, self).__init__ ()
self.encoder = encoder
self.decoder = decoder

+ self._device = device
+ self._SO0S_token = SOS_token
+ self._decoder_n_layers = decoder_n_layers

def forward(self, input_seq, input_length, max_length):
constants__ = ['_device', '_SO0S_token', '_decoder_n_layers']

@torch.jit.script_method

+ + + +

def forward(self, input_seq : torch.Tensor, input_length : torch.Tensor, max_length : int):
# Forward input through encoder model
encoder_outputs, encoder_hidden = self.encoder(input_seq, input_length)
# Prepare encoder's final hidden layer to be first hidden input to the decoder
- decoder_hidden = encoder_hidden[:decoder.n_layers]
+ decoder_hidden = encoder_hidden[:self._decoder_n_layers]
# Initialize decoder input with SOS_token
- decoder_input = torch.ones(1, 1, device=device, dtype=torch.long) * SOS_token
+ decoder_input = torch.ones(1, 1, device=self._device, dtype=torch.long) * self._SOS_token
# Initialize tensors to append decoded words to
- all_tokens = torch.zeros([@], device=device, dtype=torch.long)
- all_scores = torch.zeros([@], device=device)
+ all_tokens = torch.zeros([@], device=self._device, dtype=torch.long)
+ all_scores = torch.zeros([@], device=self._device)
# Iteratively decode one word token at a time
for _ in range(max_length):

# Forward pass through decoder

AAFEHEI :

* nn.Module -> torch.jit.ScriptModule 3 T EEIR EEAPyTorchBIIZARILAL G, EEFE
M torch.jit.ScriptModule 47,

* ff decoder_n_layers BIEIEMSH XTLRETXHE—NES |, IRIMNEBLXMERD
RIBES M AL ES B ALY 2 TracedModule GEIEIR) M FHEIR, RL , BANTEER
decoder.n_layers G R fEEERNEE., MR , BADIEFITITR , HEERWEIEZFREA
1B,

NFEMHENEERE ERVZIF |, AT LATE GreedySearchDecoder B forward 3%
FEHEMEAXREAR(ZR)CENTE. Am , AERINE EEAMAK , BIEEXMME



© 2018 Tangramor 8.7 X 1y i 17

B, BAEARLENRBARENFT —EEREPythonIR , LERES BN, —MEGRNE
RARZE HERERSPHXEEFENEEFEINERHHFNERS | FRENHNE—
MNEBA __constants__ BVRFERFIRA , BMETE forward FEFMERFAREMRENE
B, XMAZEN—MOIFEZE191T , BUNHEA device M S0S_token £FBE , BINEAFER
£ self._device M self._SOS_token o

* ¥ torch.jit.script_method ZEMMER AR forward J73E MINX A2 4HES AT LALEJIT 4R iR B8 Al
EBEmMEMNEBEIZE/ AL,

B8 forward FENSEERRE RIAERT , TorchH AEBHWFIESHEBRENKE, WRFE
ERZETEXENSE , AIAEAPEP 3107 5| AWBRBEEZER, i, EUUER
MyPy-stylesR B E R F AT RIZEN S,

* & FE decoder_input ¥Rt EIRERIAF |, HAIA torch.LongTensor ([ [S0S_token]]) #]
%81L T decoder_input K&, SMAREER,FENF AT GEIXEFL —f X F A XA HRILEK
2, MRz 2 , RNUTUA—NEXWtorchBiE , Lkl torch.ones R#RILITRAIHY 5K
B, XHERT , BAATUBRSENESIFRE decoder_input MBI TUBRINIEEEES
9 s0S_token HI{E self._S0S_token B EIRGKE, buildoutcfg class
GreedySearchDecoder(torch.jit.ScriptModule): def init(self, encoder, decoder,
decoder_n_layers): super(GreedySearchDecoder, self).init() self.encoder = encoder
self.decoder = decoder self._device = device self._SOS_token = SOS_token
self._decoder_n_layers = decoder_n_layers

J

constants = [_device’, '_SOS_token’, _decoder_n_layers’]

@torch.jit.script_method def forward(self, input_seq : torch.Tensor, input_length :
torch.Tensor, max_length : int): # B 4321 H ¥ K i A encoder_outputs, encoder_hidden
= self.encoder(input_seq, input_length) # EZ mIB RN R L REZFERNFIBIRNE — N BEHR
% A decoder_hidden = encoder_hidden[:self._decoder_n_layers] # {# A SOS_token# 281t #&#5
254 A decoder_input = torch.ones(1, 1, device=self._device, dtype=torch.long) *
self._SOS_token # #1181t 5K & LT #7155 f5 19 22 18] By 10 E] all_tokens = torch.zeros([0],
device=self._device, dtype=torch.long) all_scores = torch.zeros([0], device=self._device) # —
OGS B2 58 — /MRS R for _in range(max_length): # 1E 6@ #5388 decoder_output,
decoder_hidden = self.decoder(decoder_input, decoder_hidden, encoder_outputs) # 3R1§ & Al
RERY 2R FR 18 & Hsoftmax 2 #X decoder_scores, decoder_input = torch.max(decoder_output,
dim=1) # 2 XS 2 B all_tokens = torch.cat((all_tokens, decoder_input), dim=0)
all_scores = torch.cat((all_scores, decoder_scores), dim=0) # #H#& L7 EERN T — MRS
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WA ( IN4E ) decoder_input = torch.unsqueeze(decoder_input, 0) # iR El17] < & # 20 3X

& return all_tokens, all_scores

#### 8.2 BN

BTR KNEX—ERECRTERN. KERL evaluate EX—THAEFFHEEG, FHLE

AHEM R RE R 5K E (LK)

A1), HBIZKBEBLE— T8 A searcher B GreedySearchDecoder "2, [{&IRGRF /BRE

Az HRBREMEHNABERS @EF
—TNEEKE, RKEBNEZT B TEEHLERCH softmax k. Re—FR2ER
‘voc.index2word & G T RERIIEREEFF B RRER.

HKMEEX TRTEERITERANEG. "evaluateInput’ REFRTAF WA, HITEBWAN. THEE

BRA—REA, BEIRPBWA“q"8"quit”,

‘evaluateExample @I RERZ— T FHBHNBCFEASE, MHEATNGE. HHEH 800,

" “buildoutcfg

=

12

#Y

def evaluate(encoder, decoder, searcher, voc, sentence, max_length=MAX_LENGTH):

# AN FEAHLE

# words -> indexes

indexes_batch = [indexesFromSentence(voc, sentence)]
# OBKEXRE

lengths = torch.tensor([len(indexes) for indexes in indexes_batch])

# HEHSHNEE N CRER RS

input_batch = torch.LongTensor(indexes_batch).transpose(0, 1)
# ERSEHINRE

input_batch = input_batch.to(device)

lengths = lengths.to(device)

# Hearcherffda)Fs

tokens, scores = searcher(input_batch, lengths, max_length)

# indexes -> words

decoded_words = [voc.index2word[token.item()] for token in tokens]

return decoded_words

# TERBAPBWARNBA (stdin)
def evaluateInput(encoder, decoder, searcher, voc):
input_sentence = "'
while(1):
try:
# FRERBINBI BT
input_sentence = input('> ")
# Check if it is quit case

if input_sentence == 'q' or input_sentence == 'quit': break

# Hlta¥
input_sentence = normalizeString(input_sentence)
# FEa7

output_words = evaluate(encoder, decoder, searcher, voc,
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input_sentence)

# RBRACNITENRIE A

output_words[:] = [x for x in output_words if not (x ==

== 'PAD")]

print('Bot:", '.join(output_words))
except KeyError:
print("Error: Encountered unknown word.")

# M ftNa 7 HiERevaluate()

def evaluateExample(sentence, encoder, decoder, searcher,
print("> " + sentence)
# Hliatta s

input_sentence = normalizeString(sentence)

# ¥heF

voc) :

'EOS’

)=

or

output_words = evaluate(encoder, decoder, searcher, voc, input_sentence)
output_words[:] = [x for x in output_words if not (x == 'EOS' or x ==

'PAD" )]
print('Bot:', ' '.join(output_words))

9.1 EAFEEME
HERAGERASE:

1. TFEHERXE. 218 E loadFilename TEEN THEMNRE QL XHFEE 3

checkpoint = torch.load(loadFilename) THUE IR K RIAAEERE

9.2 FAECHER
& E SN EERZ TSR

144 loadFilename TERENFLENMENRE LXMW E, X , R B
tutorial PR FEE PN , X2 P REXR model_name , encoder_n_layers ,

. hidden_size # checkpoint_iter (A AXEEEEEERPFERE),

B{RYRIE checkpoint = torch.load(loadFilename) {TIH TR ES, MR RE
BfECPUE1TIX R 22 , ##BR checkpoint = torch.load(loadFilename,

map_location=torch.device( 'cpu')) BER,

RARIRELL

f/\

2. INRAR1E

a8,

& {& Mchatbot

decoder_n_layers

X

13
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RS

Bﬁ.

~

BAEE , RINBEE BB NSBMEE RBEFENFLR[ER D, B/, EREERZ
B, AP to(device) RIREBE WigFIED , B .eval() KRiZEHWHZE dropout

layer Jytest mode, TracedModule N RAYHE to T eval o

save_dir = os.path.join("data", "save"
corpus_name = "cornell movie-dialogs corpus”

# BCEER
model_name = 'cb_model’
attn_model = 'dot'

#attn_model = 'general’
#attn_model = 'concat’
hidden_size = 500

1
N

encoder_n_layers
decoder_n_layers
dropout = 0.1

batch_size = 64

1
N

# ANRMRMEBZB SHER

# RBBEMEANLER

checkpoint_iter = 4000

# loadFilename = os.path.join(save_dir, model_name, corpus_name,

# “{}-{}_{}' .format(encoder_n_layers,
decoder_n_layers, hidden_size),
# "{}_checkpoint.tar'.format(checkpoint_iter))

# MRMRMEBNZEETHER
loadFilename = 'data/4000_checkpoint.tar'

# MnEAEE

# BHECPUIRE AN (5432 PBIaK 2 ITE)

checkpoint = torch.load(loadFilename, map_location=torch.device('cpu'))
encoder_sd = checkpoint['en']

decoder_sd = checkpoint['de"]

encoder_optimizer_sd = checkpoint['en_opt']

decoder_optimizer_sd = checkpoint['de_opt']

embedding_sd = checkpoint['embedding" ]

voc = Voc(corpus_name)

voc.__dict__ = checkpoint['voc_dict"']

print('Building encoder and decoder ...")

# HAgattiElm 2

embedding = nn.Embedding(voc.num_words, hidden_size)
embedding.load_state_dict(embedding_sd)

# et R B AR R T

encoder = EncoderRNN(hidden_size, embedding, encoder_n_layers, dropout)

14
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decoder = LuongAttnDecoderRNN(attn_model, embedding, hidden_size, voc.num_words,
decoder_n_layers, dropout)

# MEUIGER S
encoder.load_state_dict(encoder_sd)
decoder.load_state_dict(decoder_sd)

# ERAEHINRE

encoder = encoder.to(device)

decoder = decoder.to(device)

# JZdropoutEi% & Aevalig
encoder.eval()

decoder.eval()

print('Models built and ready to go!')

* % i

Building encoder and decoder ...
Models built and ready to go!

10 R B3R H Torch iz
10.1 éR1BER

MR | ENEBEERER N TorchAR , BNBEFEARIR Tracing . REREAZEER
WEEE forward FEST—NRO A , URREHEHRBNNEFRITE. #EFERER—
MNMAAFIR—NEEHEXHKE, Bk, BIIE-NMEAFS test_seq , BBESEH KN
(MAX_LENGTH, 1) ‘2 & & %5 B MK EE[0,voc.num\_words] A R A BRI K B (int64) . FA1IE 612
T test_seq_length #RE , IZFREXFREE Stest_seqi R RABMENRWE, T—F2EH
torch.jit.trace HBUCRREFEE, FE K BIMNZRENE IS RERENER , F-ASH
iR forward 5 AN S EITA.,

10.2 fRTE 88

BN EBRENRELIESH REFNRELEMER, BEE , BIIX traced_encoder I —4ARE
WA forward , UIRGHEBERT FNHE. XT2UEN , AR A7 A £ i 4 5K —
MR, RENECEEENKE, XA ERATH , EAERMNOOF+ , BINNKENE
RBEEAAR , EARITKBEEARETESIEHCEN A A B,

15
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=

10.3 RBIBRMWRBER

EBE—T , BTEFERBTRENZHER , RNABRF[EREE TR, ERAENERLT ,
BB RIS A H RSN S HA MUK L TRER T, RINDAICHIEE R[N
AENBICREACEEN SR,

#H FREEERET

# [BATHRAN

test_seq = torch.LongTensor (MAX_LENGTH, 1).random_(0, voc.num_words).to(device)
test_seq_length = torch.LongTensor([test_seq.size()[0]]).to(device)

# RIRER

traced_encoder = torch.jit.trace(encoder, (test_seq, test_seq_length))

#H# FRARIEEET

# QB LKA TN

test_encoder_outputs, test_encoder_hidden = traced_encoder(test_seq,
test_seq_length)

test_decoder_hidden = test_encoder_hidden][ :decoder.n_layers]
test_decoder_input = torch.LongTensor(1, 1).random_(8, voc.num_words)
# IREIREE

traced_decoder = torch.jit.trace(decoder, (test_decoder_input,
test_decoder_hidden, test_encoder_outputs))

### 198t searcheraip
scripted_searcher = GreedySearchDecoder (traced_encoder, traced_decoder,
decoder.n_layers)

11.BFFTEN

MERMNVER R Torch AN , RMNTLUTEHEMERWER , UBREYHHERITER
o BA scripted_searcher ‘@& traced_encoder H traced_decoder , FREAX L BRI LANEX 5
AT ED,

- H

scripted_searcher graph:
graph(%input_seq : Tensor,
%input_length : Tensor,
%max_length : int,
%126 . Tensor,
%127 . Tensor,
%128 . Tensor,
%129 : Tensor,
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%130 : Tensor,
%131 : Tensor,
%132 . Tensor,
%133 : Tensor,
%134 . Tensor,
%135 : Tensor,
%136 : Tensor,
%137 . Tensor,
%138 : Tensor,
%139 : Tensor,
%140 . Tensor,
%141 . Tensor,
%142 . Tensor,
%143 . Tensor,
%144 . Tensor,
%145 : Tensor,
%146 . Tensor,
%147 . Tensor,
%148 . Tensor,
%149 : Tensor,
%150 : Tensor,
%151 : Tensor,
%152 : Tensor,
%153 : Tensor,
%154 . Tensor,
%155 : Tensor):
%4 : bool? = prim::Constant()
%5 : int? = prim::Constant()
%6 : int = prim::Constant[value=9223372036854775807](), scope: EncoderRNN
%/ : float = prim::Constant[value=0](), scope: EncoderRNN
%8 : float = prim::Constant[value=0.1](), scope: EncoderRNN/GRU[gru]
%9 : int = prim::Constant[value=2](), scope: EncoderRNN/GRU[gru]
%10 : bool = prim::Constant[value=1](), scope: EncoderRNN/GRU[gru]
%11 : int = prim::Constant[value=6](), scope: EncoderRNN/GRU[gru]
%12 : int = prim::Constant[value=500](), scope: EncoderRNN/GRU[gru]
%13 : int = prim::Constant[value=4](), scope: EncoderRNN
%14 : Device = prim::Constant[value="cpu"](), scope: EncoderRNN
%15 : bool = prim::Constant[value=0](), scope: EncoderRNN/
Embedding[embedding]
%16 : int = prim::Constant[value=-1](), scope: EncoderRNN/
Embedding[embedding]
%17 : int = prim::Constant[value=0]()
%18 : int = prim::Constant[value=1]()
%input.7 : Float(10, 1, 560) = aten::embedding(%155, %input_seq, %16, %15,
%15), scope: EncoderRNN/Embedding[embedding]
%lengths : Long(1) = aten::to(%input_length, %14, %13, %15, %15), scope:
EncoderRNN
%input.1 : Float(10, 500), %batch_sizes : Long(10) =
aten::_pack_padded_sequence(%input.7, %lengths, %15), scope: EncoderRNN

=

17
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%43 : int[] = prim::ListConstruct(%13, %18, %12), scope: EncoderRNN/GRU[gru]

%hx : Float(4, 1, 500) = aten::zeros(%43, %11, %17, %14, %15), scope:
EncoderRNN/GRU[gru]

%45 : Tensor[] = prim::ListConstruct (%154, %153, %152, %151, %150, %149,
%148, %147, %146, %145, %144, %143, %142, %141, %140, %139), scope: EncoderRNN/
GRU[gru]

%46 : Float(10, 1000), %encoder_hidden : Float(4, 1, 500) = aten::gru(%input.
1, %batch_sizes, %hx, %45, %10, %9, %8, %15, %10), scope: EncoderRNN/GRU[gru]

%48 : int = aten::size(%batch_sizes, %17), scope: EncoderRNN

%max_seq_length : Long() = prim::NumToTensor(%48), scope: EncoderRNN

%50 : int = prim::Int(%max_seq_length), scope: EncoderRNN

%outputs : Float(10, 1, 1000), %52 : Long(1) =
aten::_pad_packed_sequence(%46, %batch_sizes, %15, %/, %50), scope: EncoderRNN

%53 : Float(10, 1, 1000) aten::slice(%outputs, %17, %17, %6, %18), scope:

EncoderRNN

%54 : Float(10, 1, 1000) = aten::slice(%53, %18, %17, %6, %18), scope:
EncoderRNN

%55 : Float(1@, 1!, 500) = aten::slice(%54, %9, %17, %12, %18), scope:
EncoderRNN

%56 : Float(10, 1, 1000) = aten::slice(%outputs, %17, %17, %6, %18), scope:
EncoderRNN

%57 : Float(10, 1, 1000) = aten::slice(%56, %18, %17, %6, %18), scope:
EncoderRNN

%58 : Float(10, 1!, 500) = aten::slice(%57, %9, %12, %6, %18), scope:
EncoderRNN

%encoder_outputs : Float(16, 1, 500) = aten::add(%55, %58, %18), scope:
EncoderRNN

%decoder_hidden.1 : Tensor = aten::slice(%encoder_hidden, %17, %17, %9, %18)

%61 : int[] = prim::ListConstruct(%18, %18)

%62 : Tensor = aten::ones(%61, %13, %5, %14, %4)

%decoder_input.1 : Tensor = aten::mul(%62, %18)

%64 : int[] = prim::ListConstruct(%17)

%all_tokens.1 : Tensor = aten::zeros(%64, %13, %5, %14, %4)

%66 : int[] = prim::ListConstruct(%17)

%all_scores.1 : Tensor = aten::zeros(%66, %5, %5, %14, %4)

%all_scores : Tensor, %all_tokens : Tensor, %decoder_hidden : Tensor,
%decoder_input : Tensor = prim::Loop(%max_length, %10, %all_scores.1,
%all_tokens.1, %decoder_hidden.1, %decoder_input.1)

block@(%72 : int, %73 : Tensor, %/4 : Tensor, %/5 : Tensor, %/6 : Tensor):

%input.2 : Float(1, 1, 560) = aten::embedding(%138, %76, %16, %15, %15),
scope: LuongAttnDecoderRNN/Embedding[embedding]

%input.3 : Float(1, 1, 500) = aten::dropout(%input.2, %8, %15), scope:
LuongAttnDecoderRNN/Dropout[embedding_dropout]

%97 : Tensor[] = prim::ListConstruct (%137, %136, %135, %134, %133, %132,
%131, %130), scope: LuongAttnDecoderRNN/GRU[gru]

%hidden : Float(1, 1, 500), %decoder_hidden.2 : Float(2, 1, 5600) =
aten::gru(%input.3, %75, %97, %10, %9, %8, %15, %15, %15), scope:
LuongAttnDecoderRNN/GRU[gru]

%100 : Float(10, 1, 500) = aten::mul(%hidden, %encoder_outputs), scope:
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LuongAttnDecoderRNN/Attn[attn]

%101 : int[] = prim::ListConstruct(%9), scope: LuongAttnDecoderRNN/

Attn[attn]

%attn_energies : Float(10, 1) = aten::sum(%100, %101, %15), scope:

LuongAttnDecoderRNN/Attn[attn]

%input.4 : Float(1!, 10) = aten::t(%attn_energies), scope:

LuongAttnDecoderRNN/Attn[attn]

%104 : Float(1, 10) = aten::softmax(%input.4, %18), scope:

LuongAttnDecoderRNN/Attn[attn]

%attn_weights : Float(1, 1, 10) = aten::unsqueeze(%104, %18), scope:

LuongAttnDecoderRNN/Attn[attn]

%106 : Float(1!, 10, 500) = aten::transpose(%encoder_outputs, %17, %18),

scope: LuongAttnDecoderRNN

%context.1 : Float(1, 1, 5600) = aten::bmm(%attn_weights, %106), scope:

LuongAttnDecoderRNN

%rnn_output : Float(1, 560) = aten::squeeze(%hidden, %17), scope:

LuongAttnDecoderRNN

%context : Float(1, 500) = aten::squeeze(%context.1, %18), scope:

LuongAttnDecoderRNN

%110 : Tensor[] = prim::ListConstruct(%rnn_output, %context), scope:

LuongAttnDecoderRNN

%input.5 : Float(1, 1000)

aten::cat(%110, %18), scope:

LuongAttnDecoderRNN

%112 : Float(1000!, 500!) = aten::t(%129), scope: LuongAttnDecoderRNN/

Linear[concat]

%113 : Float(1, 500) = aten::addmm(%128, %input.5, %112, %18, %18),

scope: LuongAttnDecoderRNN/Linear[concat]

%input.6 : Float(1, 500) = aten::tanh(%113), scope: LuongAttnDecoderRNN
%115 : Float(500!, 7826!) = aten::t(%127), scope: LuongAttnDecoderRNN/

Linear[out]

%input : Float(1, 7826) = aten::addmm(%126, %input.6, %115, %18, %18),

scope: LuongAttnDecoderRNN/Linear[out]

%decoder_output : Float(1, 7826) = aten::softmax(%input, %18), scope:

LuongAttnDecoderRNN

%decoder_scores : Tensor, %decoder_input.2 : Tensor =

aten: :max(%decoder_output, %18, %15)

3)

%120 : Tensor[] = prim::ListConstruct(%74, %decoder_input.2)
%all_tokens.2 : Tensor = aten::cat(%120, %17)

%122 : Tensor[] = prim::ListConstruct(%73, %decoder_scores)

%all_scores.2 : Tensor = aten::cat(%122, %17)

%decoder_input.3 : Tensor = aten::unsqueeze(%decoder_input.2, %17)

-> (%10, %all_scores.2, %all_tokens.2, %decoder_hidden.2, %decoder_input.

%125 : (Tensor, Tensor) = prim::TupleConstruct(%all_tokens, %all_scores)
return (%125)

19
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TE R

RfE , BAHERATorch AR B X B RHLEF AE B T1Th, MRFRER , KRENTHEEE
MNERNEARRPNTRHEEME,

RIAMBERT , RINTE-LEININEREGD,. MRELBSENFIANX , BUEX
evaluateInput TTHERBH L THEH,

# BT
sentences = ["hello", "what's up?", "who are you?", "where am I?", "where are you
from?"]
for s in sentences:
evaluateExample(s, traced_encoder, traced_decoder, scripted_searcher, voc)

# FERBIE A

#evaluateInput(traced_encoder, traced_decoder, scripted_searcher, voc)
*

> hello

Bot: hello .

> what's up?

Bot: i m going to get my car .
> who are you?

Bot: i m the owner .

> where am I?

Bot: in the house .

> where are you from?

Bot: south america .

13.RFHEHE

MERMNESEL AT FRB IR A Torch AR | T RGN E#ITFIE , LAHEEEpythonBBEIR
BhEA, Akt , BIIRERTE scripted_searcher #IR  FAXZA TR BF[AEREZEIT
HENEHRAFNED, REMZAERE , £/ script_module.save(PATH) A&
torch.save(model, PATH) o
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R 17 A N A= 2L

HREFNMSERER , FERAE=MZOIEE

1. torch.save : FFIMENRRFEE, HLEEFEAPython® pickle BHRHFITF I, F
LA ARIFMER | tensor, FHREZTIIR,

2. torch.load : fMpickle®y unpickling ZhgEfpickle R U R FHILEINTF, LLIhEEKE A
BB TFi&& &SR,
3. torch.nn.Module.load_state_dict : ERARFFILEEK state_dict KINFER WS EFH,

1A ARRSFH : state_dict?

EPyTorchd , torch.nn.Module BEHPWAIEISH ( INENREZ ) SSEERNSHEH , (£
H model.parameters() AIBAB4TIHA] ) o state_dict BPythonFHENR , ENE—ERHFEH
SHKE, FTE , REEFUEISHNE (WERE , &4HEE ) PWIEE FBA state_dict IX
—I, BFRMLAL torch.optim 8 state_dict B , EBEBXMLILB[HRSEE , URERDN
HESH.

B A state_dict#I T K ZPythonF 8 , FUACNANBES WRIE, B, SXNEKE , X
PyTorch# B AL (L8R I T K Bidisk,

THESMEEERYEK - REBRRTHE—T state_dict BIEM.

# EXEE
class TheModelClass(nn.Module):
def __init__(self):
super (TheModelClass, self).__init__()
self.convl = nn.Conv2d(3, 6, 5)
self.pool = nn.MaxPool2d(2, 2)
self.conv2 = nn.Conv2d(6, 16, 5)

self.fc1 = nn.Linear(16 * 5 * 5, 120)
self.fc2 = nn.Linear (120, 84)
self.fc3 = nn.Linear (84, 10)

def forward(self, x):
x = self.pool(F.relu(self.convi(x)))
x = self.pool(F.relu(self.conv2(x)))


https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html#sphx-glr-beginner-blitz-cifar10-tutorial-py
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=

X = x.view(-1, 16 * 5 % 5)
x = F.relu(self.fc1(x))

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

x = self.fc3(x)

return x

# Mgatmil
model = TheModelClass()

# Hga et ras

optimizer = optim.SGD(model.parameters(), 1lr=0.001, momentum=0.9)

#ATORVRSFH
print("Model's state_dict:")
for param_tensor in model.state_dict():
print(param_tensor, "\t", model.state_dict()[param_tensor].size())

# TR EROKRST A
print("Optimizer's state_dict:")
for var_name in optimizer.state_dict():
print(var_name, "\t", optimizer.state_dict()[var_name])

* i H
Model's state_dict:
conv1.weight torch.Size([6, 3, 5, 5])
convl.bias torch.Size([6])
conv2.weight torch.Size([16, 6, 5, 5])

conv2.bias torch.Size([16])
fc1.weight  torch.Size([120, 400])

fc1.bias torch.Size([120])
fc2.weight  torch.Size([84, 120])
fc2.bias torch.Size([84])
fc3.weight  torch.Size([10, 84])
fc3.bias torch.Size([10])

Optimizer's state_dict:

state {}

param_groups [{'1r': ©.601, 'momentum': 6.9, 'dampening': 0, 'weight_decay':
0, 'nesterov': False, 'params': [4675713712, 4675713784, 4675714000, 4675714072,
4675714216, 4675714288, 4675714432, 4675714504, 4675714648, 4675714720]}]
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2 RIFRIINE HEIEE R
2.1 (R1F/INEL state_dict ( HEFEH )

- REF

torch.save(model.state_dict(), PATH)
- ngk

model = TheModelClass(*args, **kwargs)
model.load_state_dict(torch.load(PATH))
model.eval()

HRFEHEBEAREMBO R , AFBERFEEZI NS, £ torch.save() BEBRR
R state_dict ELABRBEMERM HEANREFYE , ERENTAEEEERRFHER
R

£ PyTorch H R ENWERREME ptRER pthENER XK ER.

BidE , EiaTHEZH , S24EA nodel.eval() Ei&E dropout  batch normalization B R ¥
AN, WRTXAM , TESH BREMERT -3

EE

load_state_dict() BRBIREZFHRNR , MARRENRNERE, XHREKBEERES
load_state_dict() BAEZHI , IREAFRF L {RIRTFRY state_dict » HlE0 , fREZEET
model.load_state_dict(PATH) RMMEKER,

2.2 R1F/INE T EE R
- RTF

torch.save(model, PATH)

- bnEk
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# BB EPNELEAIRE X
model = torch.load(PATH)
model.eval()

L E o R/ MBI R ERAKREMNEEZF S REDENKB, B Python "pickle IREY 5
RARFRE, MG ENRIZFIVCEER RTEMERNRMEFTEBINFHRLEN,
XEREApickle TEREFREKES, HR , ERFESSRMNAHRE | ZXAE AT E
R, Rit, SEHMMBEEAREEN G , BHRBARSUSHE AT,

7 PyTorch FERENMNERRFEA ptHE R pthENER AT BE

BicE , Eia THEZH , S EA nodel.eval() ®E dropout # batch normalization = 7 114
B, MERXAM , JEESBERNEMERT -3,

3. RTEFINEL Checkpoint FAT HEIR /4K 45 1)I| 2k

R

torch.save({
"epoch': epoch,
'model_state_dict': model.state_dict(),
'optimizer_state_dict': optimizer.state_dict(),
‘loss': 1loss,

i;.PATH)
- hn#k

model = TheModelClass(*args, **kwargs)
optimizer = TheOptimizerClass(*args, **kwargs)

checkpoint = torch.load(PATH)
model.load_state_dict(checkpoint[ 'model_state_dict'])
optimizer.load_state_dict(checkpoint[ ' 'optimizer_state_dict'])
epoch = checkpoint|['epoch']

loss = checkpoint['loss"']

model.eval()
# - or -
model.train()
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M{RIFEMR Checkpoint BIEHE | AT F#HERE R HLEY|L | REN T EZERM state_dict
o RIEFEMILEZH state_dict B REE, RN ECBSERNERHINEEHFNEHR XS, RiiF
HRTFHMIE , LUOKHIEZOINEBR K , SAZH torch.nn.Embedding BE %,

EREFESNAH , BEFARPHALCIIHMER torch.save() RKFEFLFE, PyTorch &N KR
frcheckpoint A .tar XHF B &,

ENRTE , A EFEMRCERNEER  RBEM torch.load() RIME A 78, XB RT
LIFRAZNEY M R E R FH-K G EIRFIMRFNIE

BIREESTHIEZA , SAEA model.eval() EHiZE dropout # batch normalization 73144,
MRAXEM , BAESET—BWHMER, WREBVEME L , A model.train() K
R LR TFINEGES,

4 E— NP RESMEE

- REF

torch.save({
'modelA_state_dict': modelA.state_dict(),
'modelB_state_dict': modelB.state_dict(),
‘optimizerA_state_dict': optimizerA.state_dict(),
‘optimizerB_state_dict': optimizerB.state_dict(),

i:.PATH)

* hn#k

modelA = TheModelAClass(*args, **kwargs)
modelB = TheModelBClass(*args, **kwargs)

optimizerA = TheOptimizerAClass(*args, *xkwargs)
optimizerB = TheOptimizerBClass(*args, **kwargs)
checkpoint = torch.load(PATH)

modelA.load_state_dict(checkpoint['modelA_state_dict'])
modelB.load_state_dict(checkpoint[ 'modelB_state_dict'])
optimizerA.load_state_dict(checkpoint['optimizerA_state_dict'])
optimizerB.load_state_dict(checkpoint['optimizerB_state_dict'])

modelA.eval()
modelB.eval()
# - or -
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modelA.train()
modelB.train()

HRTF—MERABAZA torch.nn.Modules ARAT , BIZIGANY AR MLE), sequence-to-
sequence (F5IEIFSIER), XERZSME BfE, IUXAEREEARESMHBN G .
BRAER  RESMEEM state_dict WFHEFAMEXN NAMRILEE. WMBIAMER , ATLAE I
FeqmmelrE2n s XREFEEAEMGIE  XEFBTRE NS,

PyTorch F & WLEfR 1% checkpoint 2/ tar XHT R B

EmHmE  BEFBNHMCERNMLER , REEM torch.load() RMFABFH, XE | R
LSRR ZNED 2B FHERTGRIRAREFNDIE.

BIREEZTHEZA , S nodel.eval() EHiZE dropout # batch normalization 73 144,
MBERXEFMY , BEUESET—BNHENER, NREREEMENLE , BB model. train() 2
ERIXLREL TFINKER,

5 FEAETEAREESHTHRABEHER
R

torch.save(modelA.state_dict(), PATH)
- hnE

modelB = TheModelBClass(*args, **kwargs)
modelB.load_state_dict(torch.load(PATH), strict=False)

EEBFIRINGFTNERERN , BoMBERLNHF I EREZELNER. RALKLEF
MSH BB TRBIHNEISRE , AFERBIRNVER LM LIT 1R ISR EET RIS

TR MR D FE LR state_dict INEE RN EEE 2 T MEEE Y state_dict, T ABIE
load_state_dict() BRENHFHF strict ZBIRE N False SRZBEIETHL B AR TR,

NREBFSBN—PENEEZ —IE  BERELERATE , TEBRIEEMER state_dict FHY
SHRNEBHACR ZE MR BER DA A,
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6. BB RE/ MR
6.1 IR123] CPU. 1nZkFl CPU
Rz

torch.save(model.state_dict(), PATH)
- ngk

device = torch.device('cpu')
model = TheModelClass(*args, **kwargs)
model.load_state_dict(torch.load(PATH, map_location=device))

HMCPU L NEEEEGPULIZET, & torch.device('cpu') %4 torch. load() BREHEY
map_location S EXMIERT , A map_location SEUCRKE T EM# IS AM EFH
5 E|CPUIR %

6.2 ;R1F2I GPU. fn#ZE| GPU
R

torch.save(model.state_dict(), PATH)
- ngk

device = torch.device("cuda")

model = TheModelClass(*args, **kwargs)
model.load_state_dict(torch.load(PATH))

model.to(device)

# REMRELELNERIMANGKE EWEMAinput = input.to(device)

LEGPUL G HIEERREFEGPU , REEMEH model. to(torch.device('cuda')) , 4]
2R{L® model ¥ CUDA {LLIER, S\, B FSHEMEEEMALFER
.to(torch.device('cuda')) BRERNEE EZBIE, BEE , WA my_tensor.to(device)
2EGPULIRE my_tensor WEIAR, EHIt , FiCEFHBEKE . my_tensor=

my_tensor.to(torch.device('cuda')) o
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6.3 fR72%2I CPU , iN# % GPU
R

torch.save(model.state_dict(), PATH)
- hn#k

device = torch.device("cuda")

model = TheModelClass(*args, **kwargs)
model.load_state_dict(torch.load(PATH, map_location="cuda:8")) # Choose
whatever GPU device number you want

model.to(device)

# HREMRESERNECIHANKE LBERinput = input.to(device)

FECPULNEGIF HRFHER N BIGPURT |, IF torch.load() EREH Y map_location S¥i%
B A cuda:device_id o XM EEMEK T EEMGPURE, ETXK , HFSLAH
model.to(torch.device('cuda')) FHEEMNSHKERKIR N CUDAKE, & , BREMEA
EERE A EEA to(torch.device('cuda')) BIEURFICUDALILEER, EEE , A
my_tensor.to(device) RFEGPULIRE my_tensor W BIAR, EF2EE my_tensor o A
I, BFHEEKE my_tensor = my_tensor.to(torch.device('cuda')) o

6.4 4R7F torch.nn.DataParallel #&#

-7
torch.save(model.module.state_dict(), PATH)
- nE
# MEEFRBEENRE

torch.nn.DataParallel @ —MEEF K K FFHITGPUFER., EEERTF DataParallel {22,
B {R7F model.module.state_dict() o X#¥ , YREAAILAIER RIE #th LUEAR 75 K INFAR B B R
HEWNIEEP,
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HORE T torchvision 0.389 B ¥R M HY

EARYES |, BIAVEHIBE Penn-Fudan BB E X 1T AR N 2 EH EF1 L LR Mask R-CNN
EHE, eagE170MNRBM345MT AEH | IJAD R © K% [ 1E torchvision H A #Th
B, LEEBENEIRE LISl oEER,

1TEMBIESE

FFINENREMNA S AR |, ZH2EFMARZTBIRNEREBRBATIFRINITH B E LK
B, BURENIZMRAERZE torch.utils.data.Dataset #AEAM*K , HKI _len F _getitem_

BIMNEROE —FERBIEEN __getitem__ MZIRE : *B% : PLEGKDHW)* BF: . @&
LUR P ER Y 8

<1> boxes(FloatTensor[N,4]) : NiZ4E ( bounding boxes ) ##rEV#&=[x0,x1,y0,y1] , BUESEE 2
0ZIW,0&/H,

<2> labels(Int64Tensor[N]) : B MNIENIRZ,

<3> image_id(Int64Tensor[1]) : BRIRFIES , CNZEHRBEEFPVFMERGHEH - , HE
WAL HARIBEA .

<4> area(Tensor[N]) : IEMNMER , EEFACOCOERH TG FEHALIR S R/, PAAE
ZENEERESD .

<5> iscrowed(UInt8Tensor[N,H,W]) : (L HABIEHIRE RN iscrowed=True HEH|&H 2B,
<6> (Al 1%) masks(UInt8Tesor[N,H,W]) : BN R 5 BRERL,

<7> (AI3%) keypoints (FloatTensor[N, K, 3] : ¥ FNAXWNRFHNE—N, 228X, Y,
visibility| i SLHKPM KRB R , A TENT R, visibility = 0 RAKBRFAN, HEFEE , X F
BT 7, BRXBROBISEBURTRIERT , BAZ A2 reference/detection/transforms.py 5L
ATHFHHXB IR

MRARAVEERE ERTTE , EAREEER THNMITME |, 36 pycocotools A ITfEHIZ,

s MREFNGHEEARS LA (AESMARARNESEFHELRSHHNES ) |, NE
WEKH get_height_and_width 733%& , A EREEGNEEMREE, MRKREMHLTE , ED
BT __getitem_ EWHFEENFAELE , ISFEGNHIINFF , BHREHBE G AR
218,
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2.7 PennFudan ‘s EHENTIEE
2.1 TRIEIEE

TEHBESRzipX G , BB T XMHRE

PennFudanPed/

PedMasks/
FudanPed00001_mask.png
FudanPed00002_mask .png
FudanPed00003_mask.png
FudanPed00004_mask .png

PNGImages/
FudanPed00601 .png
FudanPedg0002 .png
FudanPed00603 .png
FudanPed00004 .png


https://www.cis.upenn.edu/~jshi/ped_html/PennFudanPed.zip

© 2018 Tangramor 2.3 PennFudan 45 B7E X #iE&E Il:

TEHR-1EGURE D EIEERN G F
% :‘; |
"

L3

RitZ I ERGREAMENN S EIBE , EhE/ e N T AENE, LRINAXNMEEEE—

/N torch.utils.data.Dataset 3£,

2.2 ABEEERER

import os

import numpy as np
import torch

from PIL import Image
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class PennFudanDataset(object):

def

def

__init__(self, root, transforms):

self.root = root

self.transforms = transforms

# THMBEIGRXH AHHRF

# BRENXTTF

self.imgs = list(sorted(os.listdir(os.path.join(root, "PNGImages"))))
self.masks = list(sorted(os.listdir(os.path.join(root, "PedMasks"))))

__getitem__(self, idx):

# load images ad masks

img_path = os.path.join(self.root, "PNGImages", self.imgs[idx])
mask_path = os.path.join(self.root, "PedMasks", self.masks[idx])
img = Image.open(img_path).convert("RGB")

# EERENE SR GmaskFEHR 7 RGCB,

# AASMEMENE— DT RIEIES

# ORE=

mask = Image.open(mask_path)

# EPILE B ¥ #R A numpy iy 4

mask = np.array(mask)

# ZHIWRBA TR E

obj_ids = np.unique(mask)

# F—11dRZEFE, FRUMERE

obj_ids = obj_ids[1:]

# BEnegmaaamaskypk—4H
# ZF#%
masks = mask == obj_ids[:, None, None]

# FRER G T maskB RIEL AR

num_objs = len(obj_ids)

boxes = []

for i in range(num_objs):
pos = np.where(masks[i])

xmin = np.min(pos[1])
xmax = np.max(pos[1])
ymin = np.min(pos[0])
ymax = np.max(pos[0])

boxes.append([xmin, ymin, xmax, ymax])

# BB Atorch.Tensor

boxes = torch.as_tensor(boxes, dtype=torch.float32)
# XBNA-—1TE

labels = torch.ones((num_objs,), dtype=torch.int64)
masks = torch.as_tensor(masks, dtype=torch.uint8)
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image_id = torch.tensor([idx])

area = (boxes[:, 3] - boxes[:, 1]) * (boxes[:, 2] - boxes[:, 0])
# BRRPrEEBIET 2 A8

iscrowd = torch.zeros((num_objs,), dtype=torch.int64)

target = {}

target|[ "boxes"] = boxes
target["labels"] = labels
target|[ "masks"] = masks
target["image_id"] = image_id
target["area"] = area
target["iscrowd"] = iscrowd

if self.transforms is not None:
img, target = self.transforms(img, target)

return img, target

def __len__(self):
return len(self.imgs)

3EMNEH

MEBMNBEEN PN LRBBERTTMNNER, EXRHKED , RATPHAEER Mask R-CNN |
TCHET Faster R-CNN, Faster R-CNN 2 —fEH o AT EGF B EXRN R REMERE

VAN
o

— L Outputs:
- - bbox
~Deep softmax regressor
’Zl - |ConvNet| | » = '
1 | —— B (| | ol e
: i pooling
= b ) o b Rol \ layer ®
E—|=—projection\_
Conv || Rol feature
feature map vector For each Rol

Mask R-CNN # Faster R-CNN FFiN T — MR 5 X%, BETUN A SLHIH 2 B


https://arxiv.org/abs/1703.06870
https://arxiv.org/abs/1506.01497
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RolAlign

Y

ERMELERATEEEEHSNH torchvision modelzoo A —NAIHER, F— P ERMNEEMNT
FINGHWERTR  ARHARE—E. Z—HRYBMNEERATRNERSHRERNE T
(Bl , AFERHTAN ) -

THENXFEMBERLNLE, *1 HBELMIILNER ERINRREBMN—NMECOCOLETE
WEENREET R , AFENROBERETHIA. XR—FAITHEE !

import torchvision
from torchvision.models.detection.faster_rcnn import FastRCNNPredictor

# 7£COCO_EAn#k & Pl € B il gr iR BY
model = torchvision.models.detection.fasterrcnn_resnet50_fpn(pretrained=True)

# replace the classifier with a new one, that has

# BAERBRANBBAP EXH num_classesBI¥n LR

num_classes = 2 # 1 class (person) + background

# RN EBNRANASHBNE

in_features = model.roi_heads.box_predictor.cls_score.in_features
# PRI A EPE R Il S 07 RO % 8P

model.roi_heads.box_predictor = FastRCNNPredictor(in_features, num_classes)

2 BHER LU AR ETF

import torchvision
from torchvision.models.detection import FasterRCNN
from torchvision.models.detection.rpn import AnchorGenerator
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=

# MEMAUGNREET N EMNRE
# RBINGE
backbone = torchvision.models.mobilenet_v2(pretrained=True).features
# FasterRCNNZRE 1B & T W p B0 H@EEE. ¥ Tmobilenet_v2, ©&1280, FRIIEKNFRE®R
XERNE

backbone.out_channels = 12860

# ZKANULRPNEB T ZRIUE 4SS X 3T HR

# ABSMARIEANFSHHAEENE S

# ZMNE—1mAhAlcdAlint]]

# AAFGTHIERS I BB T RINAKNNESEE

anchor_generator = AnchorGenerator(sizes=((32, 64, 128, 256, 512),),
aspect_ratios=((0.5, 1.0, 2.09),))

# EX—TEIMEA THRTROGE R KT SFERS, UREBHBNE KRN,

# INEMWE)EFRREITensor, N|featmap_namesiz7#[0],

# @—Ekith, EFR%RMEIOrderedDict [Tensor]

# # H1tfeatmap_namesth, fRe[[EHEZERBINGEM ST,

roi_pooler = torchvision.ops.MultiScaleRoIAlign(featmap_names=[0],
output_size=7,
sampling_ratio=2)

# %X ttpiecespifrFasterRCNN{E b

model = FasterRCNN(backbone,
num_classes=2,
rpn_anchor_generator=anchor_generator,
box_roi_pool=roi_pooler)

3.1 PennFudan %% 2249 3241l 4 ) 48 3

ERMNWGIFH , RNBEMTRENGREF#THE , BARMNBIBIBEIFEE D, A
){ gﬂﬁt % #%lﬂro

XERMNEZITEXS 2 BEIR , RILFRMFEM Mask R-CNN

import torchvision
from torchvision.models.detection.faster_rcnn import FastRCNNPredictor
from torchvision.models.detection.mask_rcnn import MaskRCNNPredictor

def get_model_instance_segmentation(num_classes):

# N0%K7ECOCO_E P 1lIl gk BO TR Ulll €k BA 2 il 7 Bl 4 B
model = torchvision.models.detection.maskrcnn_resnet50_fpn(pretrained=True)

# FRERN L BB N EEL
in_features = model.roi_heads.box_predictor.cls_score.in_features
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p=

# FAFBILEPE RN AU GITRIAEP

model.roi_heads.box_predictor = FastRCNNPredictor(in_features, num_classes)

# IMEKEBEN LB BB ANRELR

in_features_mask = model.roi_heads.mask_predictor.conv5_mask.in_channels

hidden_layer = 256

# RO RE TN 28 B R B RE T 23

model.roi_heads.mask_predictor = MaskRCNNPredictor(in_features_mask,
hidden_layer,
num_classes)

return model

MR |, XREERER FEEN B ELBIREE BT USRI,

ABE

1E references/detection/ 4‘, EANE FZ B R BOR AL ISR A EE4 N SR, {Eiiﬂi, A
F6EA references/detection/engine.py , references/detection/utils.py Hl references/

detection/transforms.py o REFENEH BN XHRHAELLLFER T,

4.1 ABIEY T/ RRRERBIER

import transforms as T

def get_transform(train):
transforms = []
transforms.append(T.ToTensor())
if train:
transforms.append(T.RandomHorizontalFlip(0.5))
return T.Compose(transforms)

4.2 REHITINSRTHIERY = IhRE

from engine import train_one_epoch, evaluate
import utils

def main():

# EGPUL1I%, #&7GPU, o[ 1ECPU L%
device = torch.device('cuda') if torch.cuda.is_available() else
torch.device('cpu')

# KMNFBERBAARTE - BRAA
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num_classes = 2

# ERKNNIEENE XHHR

dataset = PennFudanDataset('PennFudanPed', get_transform(train=True))
dataset_test = PennFudanDataset('PennFudanPed', get_transform(train=False))

# mUllGANMNAEPHENEESE

indices = torch.randperm(len(dataset)).tolist()

dataset = torch.utils.data.Subset(dataset, indices[:-50])
dataset_test = torch.utils.data.Subset(dataset_test, indices[-50:])

# E UGN UEELHEAN 2K &8

data_loader = torch.utils.data.Dataloader (
dataset, batch_size=2, shuffle=True, num_workers=4,
collate_fn=utils.collate_fn)

data_loader_test = torch.utils.data.Dataloader(
dataset_test, batch_size=1, shuffle=False, num_workers=4,
collate_fn=utils.collate_fn)

# BRI R ECREER

model = get_model_instance_segmentation(num_classes)

#ORERMNNEYIBHEENEE
model.to(device)

# SR
params = [p for p in model.parameters() if p.requires_grad]
optimizer = torch.optim.SGD(params, 1lr=0.005,
momentum=0.9, weight_decay=0.0005)
# MEIRBEERR
1r_scheduler = torch.optim.lr_scheduler.StepLR(optimizer,
step_size=3,
gamma=0.1)

# 12107 epochs
num_epochs = 10

for epoch in range(num_epochs):
# % —Tepoch, F1ORERATEN—R
train_one_epoch(model, optimizer, data_loader, device, epoch,
print_freq=10)
# BHSSIER
1r_scheduler.step()
# A% LT M

evaluate(model, data_loader_test, device=device)

print("That's it!")

=
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=

HE—NepochI&KEATABE THNESR !

Epoch: [0] [ ©/60] eta: ©0:01:18 1r: 0.000090 1loss: 2.5213 (2.5213)
loss_classifier: 0.8025 (0.8025) loss_box_reg: 0.2634 (0.2634) loss_mask: 1.4265
(1.4265) loss_objectness: 0.0190 (0.0190) loss_rpn_box_reg: 0.06099 (0.0099)
time: 1.3121 data: 0.3024 max mem: 3485

Epoch: [0] [10/60] eta: 0:00:20 1r: 0.000936 1loss: 1.3007 (1.5313)
loss_classifier: ©.3979 (0.4719) loss_box_reg: 0.2454 (0.2272) loss_mask: 0.6089
(0.7953) loss_objectness: 0.8197 (0.0228) loss_rpn_box_reg: 0.0121 (0.6141)
time: 0.4198 data: 0.0298 max mem: 5081

Epoch: [0] [206/60] eta: 0:00:15 1r: 0.001783 1loss: 0.7567 (1.1056)
loss_classifier: ©0.2221 (0.3319) loss_box_reg: 0.2002 (0.2106) loss_mask: 0.2904
(0.5332) loss_objectness: 0.0146 (8.0176) loss_rpn_box_reg: 0.0094 (0.0123)
time: 0.3293 data: 0.0035 max mem: 5081

Epoch: [0] [30/60] eta: 0:00:11 1lr: 0.002629 1loss: 0.4705 (0.8935)
loss_classifier: ©.0991 (0.2517) loss_box_reg: ©.1578 (©.1957) loss_mask: 0.1970
(0.4204) loss_objectness: 0.0061 (0.0140) loss_rpn_box_reg: 0.0075 (0.06118)
time: 0.3403 data: 0.0044 max mem: 5081

Epoch: [0] [46/60] eta: 0:00:07 1lr: 0.003476 1loss: 0.3901 (0.7568)
loss_classifier: 0.0648 (0.2022) loss_box_reg: 0.1207 (©.1736) loss_mask: 0.1705
(0.3585) loss_objectness: 0.0018 (8.0113) loss_rpn_box_reg: 0.0075 (0.06112)
time: 0.3407 data: 0.0044 max mem: 5081

Epoch: [0] [506/60] eta: ©0:00:03 1r: 0.004323 1loss: 0.3237 (0.6703)
loss_classifier: 0.0474 (0.1731) loss_box_reg: ©6.1109 (0.1561) loss_mask: 0.1658
(0.3201) loss_objectness: 0.0015 (0.0093) loss_rpn_box_reg: 0.0093 (0.06116)
time: 0.3379 data: 0.0043 max mem: 5081

Epoch: [0] [59/60] eta: 0:00:00 1r: 0.005000 1loss: 0.2540 (0.6082)
loss_classifier: 0.0309 (0.1526) loss_box_reg: 0.0463 (0.1405) loss_mask: 0.1568
(0.2945) loss_objectness: 0.0012 (0.0083) loss_rpn_box_reg: 0.0093 (0.0123)
time: 0.3489 data: 0.0042 max mem: 5081

Epoch: [0] Total time: ©0:00:21 (0.3570 s / it)

creating index...

index created!

Test: [ 0/50] eta: 0:00:19 model_time: ©.2152 (0.2152) evaluator_time: 0.0133
(0.0133) time: 0.4000 data: 0.1701 max mem: 5081

Test: [49/50] eta: 0:00:00 model_time: ©0.0628 (0.0687) evaluator_time: 0.0039
(0.0064) time: 0.0735 data: 0.0022 max mem: 5081

Test: Total time: 0:00:04 (0.0828 s / it)

Averaged stats: model_time: 0.0628 (0.0687) evaluator_time: 0.0039 (0.0064)
Accumulating evaluation results...

DONE (t=0.01s).

Accumulating evaluation results...

DONE (t=0.01s).

ToU metric: bbox

Average Precision (AP) @[ IoU=0.50:0.95 | area= all | maxDets=100 ] = 0.606
Average Precision (AP) @[ IoU=0.50 | area= all | maxDets=100 ] = 0.984
Average Precision (AP) @[ IoU=0.75 | area= all | maxDets=100 ] = 0.780
Average Precision (AP) @[ IoU=0.50:0.95 | area= small | maxDets=100 | = 06.313
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Average
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Average
Average
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Average
Average
Average

IoU metric:

Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average

Hit , £—Mepochil&zfg , FEAIERE T COCO-style mAPH60.6
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£331I1Zx10MNepochfg , REE T AT B :

IoU metric:
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IoU metric:
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area= all
area= all
area= all
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area= all
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area= small
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3

Jﬁ .
maxDets=100 ] 0.582
maxDets=100 ] 0.612
maxDets= 1 ] 0.270
maxDets= 10 ] 0.672
maxDets=100 ] 0.672
maxDets=100 ] 0.650
maxDets=100 ] 0.755
maxDets=100 ] 0.664
maxDets=100 ] 0.704
maxDets=100 ] 0.979
maxDets=100 ] 0.871
maxDets=100 ] 0.325
maxDets=100 ] 0.488
maxDets=100 ] 0.727
maxDets= 1 ] 0.316
maxDets= 10 ] 0.748
maxDets=100 ] 0.749
maxDets=100 ] 0.650
maxDets=100 ] 0.673
maxDets=100 ] 0.758
H# Bmask mAP}70.4,
maxDets=100 ] 0.799
maxDets=100 ] 0.969
maxDets=100 ] 0.935
maxDets=100 ] 0.349
maxDets=100 ] 0.592
maxDets=100 ] 0.831
maxDets= 1 ] 0.324
maxDets= 10 ] 0.844
maxDets=100 ] 0.844
maxDets=100 ] 0.400
maxDets=100 ] 0.777
maxDets=100 ] 0.870
maxDets=100 ] 0.761
maxDets=100 ] 0.969
maxDets=100 ] 0.919
maxDets=100 ] 0.341
maxDets=100 ] 0.464
maxDets=100 ] 0.788
maxDets= 1 ] 0.303

~ -
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Average
Average
Average
Average
Average

Recall
Recall
Recall
Recall
Recall

(AR)
(AR)
(AR)
(AR)
(AR)

e[
e[
e[
e[
e[

BN S RO ? L RAMNEBER T H

4~

T o

50:0.95 | area= all
50:0.95 | area= all
50:0.95 | area= small
50:0.95 | area=medium
50:0.95 | area= large

BR-KEGFRTRIL.

maxDets= 10
maxDets=1600
maxDets=100
maxDets=100
maxDets=100

—_— e e —

=

0.799
0.799
0.400
0.769
0.818
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YEGWEETTN 7 WEREPHINMAY , LRNBFEEFHNILD , B TETEE BTN B RREF

5.4

PR e m |

EARYEFR , BEITUAEEBENBRBEL NSO I>BEERCZBCHIIEEE, Ak, BY%
E7T—"Ntorch.utils.data.Dataset £ , BIREIBGUARMHEHZEN 22, EEFATHE
COCO train2017 EF g fMask R-CNN#E R | LUEXT L FIBIEERITERAFES,

B x@Emulti-machine / multi-gpu trainingf ETZ R , IER & torchvision FEEFH

references/detection/train.py o

&R BATE RS T HAHE M TR IR A,


https://pytorch.org/tutorials/_static/tv-training-code.py

© 2018 Tangramor i Torchvision 2% 0

3 Torchvision f& Y

EAHES | BRIVPEHRALRT AR torchvision A M THGAFIFERE , FIEXLEERHMEE
% E1000K W magenetBBEBE LINGT K. ABBIERANENMAFERLNIAKHICNNER |
HYENR RNAHAEENPYTorchiEE, HTFSMEREMREERWN , AEE TUEME
BERERANMBAREER. AT TEARSAEENEREEANEMERBITEE AR,

EARNHESR , BPRFATARHRENEREZEY - SANSERR.

A, ROMMNGEETT I, ERRIMFESHAMEEESH , SR EREMIIGENME
il

EHFERECF , ROMNTNGERTTE , REFTNFSEFNNRLERNE. SHEMRN KR
N, BABRMNMERTIZREICNNIER Bl E BV ERENES | A BXAZm R,
BREBZINESEAEE , BERLLMXE,

BE , XAMERESFEHERUTILANSR

- MR LTI SRR B

BEARE—F  EEERESHBIESRXRINHBMEEN A HHK
* AEACEEE LRMNEBEE VLR ERNSIH
BTSSR

1.S AR EHITENRAS


https://cs231n.github.io/transfer-learning/
https://ruder.io/transfer-learning/

=
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from __future__ import print_function

from __future__ import division

import torch

import torch.nn as nn

import torch.optim as optim

import numpy as np

import torchvision

from torchvision import datasets, models, transforms
import matplotlib.pyplot as plt

import time

import os

import copy

print("PyTorch Version: ", torch.__version__)

print("Torchvision Version: ", torchvision.__version__)
MHER

PyTorch Version: 1.1.0
Torchvision Version: ©0.3.0

2.5 A

UTABTREEERNMES . BA1EERANEIEE hymenoptera_data AIE AL TE. Z
BIRETEMWE | B A 1B , HEMFEBSBEAITLLER ImageFolder #iiEE , TEERE R
HCWBEXNKIESE, THEHEHIRE data_dir AIBTBEMNRE F. model_name ZEEFEHE
BREER , DTMNTRAPIERE

[resnet, alexnet, vgg, squeezenet, densenet, inception]

H AT : num_classes NEIBERMEBIE , batch_size BYIZRH batch X/ |, AT ARER
VBSH It EBE D #H1TIRE | num_epochsis & FEAIBEZ 1T IZR epoch ¥,

feature_extractis RENBATERMIBALE R BRI M RE,. MR

feature_extract = False , TFMAERE HEFMEEBEESH, WR feature_extract = True
, WREF&RE—BNSH , RS HBREFETFE,

# MEREIEB R. XEBEHKNREE RNIEKXFFEInageFolderstl
data_dir = "./data/hymenoptera_data"

# M[resnet, alexnet, vgg, squeezenet, densenet, inception]hEiFiEH!
model_name = "squeezenet"


https://download.pytorch.org/tutorial/hymenoptera_data.zip
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# BREEPRAKE

num_classes = 2

# IRt ER ) (RIBEHAFEME)
=8

batch_size

# (RE1I%mepochiy

num_epochs = 15

# ATHRIERERNGESE. HAFalselt, HKMFBEENER,
# STruelt MR BMEMRTEAKRIERE S

feature_extract = True

#4# 3B EHY EREEABERNRB A, RINEEN —LHBIBEE. #4#4# 3.1 BEINENE
EHS train_model BHEALEBLAEREAINGNEIUE, ERBA , EEEPyTorch##EE | EHIEMNE
BFHE, BMKEK. R1LEE. AT INEFER ifepochl , AR HE R S U HE R A /RIFE.
is_inception ¥rEA TAY Inception v3 BE | AN ZAREWERAHB AL | HEREERR
KSR EFRARE , AR, XNEBINEGIEEHENepoch,F BEENepochz G
EITEENRIESR, ©EBRRREMENER (MRIDEWERLE ) |, AEI% SRGEREME
BERIFMER, T8 MNepochzfa , ITENYILLFBIEERZR, buildoutcfy def
train_model(model, dataloaders, criterion, optimizer, num_epochs=25, is_inception=False): since =
time.time()

val_acc_history = []

best_model_wts = copy.deepcopy(model.state_dict())
best_acc = 0.0

for epoch in range(num_epochs):
print('Epoch {}/{}'.format(epoch, num_epochs - 1))
print('-' * 10)

# G epoch#A— 1l % F03E UL PN ER

for phase in ['train', 'val'l]:
if phase == 'train':
model.train() # Set model to training mode
else:

model.eval() # Set model to evaluate mode

running_loss = 0.0
running_corrects = 0

# B REGE

for inputs, labels in dataloaders[phase]:


https://discuss.pytorch.org/t/how-to-optimize-inception-model-with-auxiliary-classifiers/7958

© 2018 Tangramor 25N

inputs
labels

inputs.to(device)
labels.to(device)

# REHHE

optimizer.zero_grad()

# Rillal
# 002 Rl Bt | ER ER A 2T
with torch.set_grad_enabled(phase == 'train'):
# REVER A it ERA
# FIEBNRARE R, RARUIGDER— TN Ho
# mUlgGEXT, &HiBD IR E HAEENE AR T ERE
# BEMAPERNRABERZER B L.
if is_inception and phase == 'train':
# From https://discuss.pytorch.org/t/how-to-optimize-
inception-model-with-auxiliary-classifiers/7958
outputs, aux_outputs = model(inputs)
loss1 = criterion(outputs, labels)
loss2 = criterion(aux_outputs, labels)
loss = loss1 + 0.4%1oss2
else:
outputs = model(inputs)
loss = criterion(outputs, labels)

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

# backward + optimize only if in training phase
if phase == 'train':

loss.backward()

optimizer.step()

# &t
running_loss += loss.item() * inputs.size(0)
running_corrects += torch.sum(preds == labels.data)

epoch_loss = running_loss / len(dataloaders[phase].dataset)
epoch_acc = running_corrects.double() / len(dataloaders[phase].dataset)

print('{} Loss: {:.4f} Acc: {:.4f}'.format(phase, epoch_loss, epoch_acc))

# deep copy the model
if phase == 'val' and epoch_acc > best_acc:

best_acc = epoch_acc

best_model_wts = copy.deepcopy(model.state_dict())
if phase == 'val':

val_acc_history.append(epoch_acc)

print()

=
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time_elapsed = time.time() - since

print('Training complete in {:.0f}m {:.0f}s'.format(time_elapsed // 60,
time_elapsed % 60))

print('Best val Acc: {:4f}'.format(best_acc))

# load best model weights
model.load_state_dict(best_model_wts)
return model, val_acc_history

3.2 MEBSIM .requires_grad M

HEMNBITIHMEREE , WHBIERBUTEE P SEE requires_grad B IR E HFalse. ERINER
T, HEANMEF —AAVGERR | FIESEHER .requires_grad = True , MBHRANINKFF A
WEHHE , IHREFRRFBE, BR , MRBNBSTHERIABRENFHDRCHNEITE
BE , BARNFLMEEMSHIFTERER(L. XNEHRSEREM, buildoutcfgdef
set_parameter_requires_grad(model, feature_extracting):if feature_extracting:for

param in model.parameters() :param.requires_grad = False

4B FNE B W LE

NEXREZEBALD . EXERIMINEBINNEHTEE, HFEE  XT2—1MEzxERE , H#E
NEMEABIM -1, BEE—T  CNNERNEKEF—F (BERFCE ) BHREEPNWRE HEN
WEEEHENT R, HTFHAEEEESHE Imagenet LT %L , REENHBHEERNR
10000HHR , BN R—IMTR. XENBGRENEE—BREENEZEEHERENHA |
HEEEEHESE PHRIBHEENHER. EUATHBIF , BTN ERSMER &
REW, BELE , A M XRTHANBIERRZEEZFNEZHT,

HHATHERIE , BRNRABENRE—ENSH , RaER , RNRABEFRINEEEEZEHN
S, Hit , BNTREHETFTEXE WSHNHEE , AN TRESRER , BIFHEEN
.requires_grad B IRE NFalse, XBREE , RARIANBERT , WEMHRENTrue, RFE , H
BB FER | BRIABR TFHSE .requires_grad = True , AL REFFHEN ST, HEK
13 ATHOAR |, ATATLAEFRE . required_grad iIRE N ERIAETrue,

&G , BXE inception_v3 BIHIAKR/NR (299,299 ) , MATEEMER M AR (224224) ,
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4.1 Resnet

£ X Deep Residual Learning for Image RecognitionsT48 7 Resneti&®, HJ/LiFER FTHEIK |
‘@¥EResnet18, Resnet34, Resnet50, Resnet101HIResnet152 , FiA X LR T ER AT LAM
torchvision & P iRB. RABIMNHVBIEERD , RERNEK |, IUAKRIIEAResnet18, HEA
HEEMERR |, BRNBIEE—ERLEER , AR :

(fc): Linear(in_features=512, out_features=1000, bias=True)
Rt , BATLIRF model. fo EFANIEILN BB 51200 ANFEM 20N HAHEN L ME R ¢
model.fc = nn.Linear(512, num_classes)

4.2 Alexnet

Alexnetf£ 1 3 ImageNet Classification with Deep Convolutional Neural Networks 4T 48 , =

ImageNetZEE LE—NFEERINAICNN, HJIAVITENEB T |, RMNBIERWME R D KR
HNEE6E:

(classifier): Sequential(

(6): Linear(in_features=4096, out_features=1000, bias=True)

EEBIMNNBEEPFFERAXIME RIS HEREEHDRILA:
model.classifier[6] = nn.Linear (4096, num_classes)

4.3 VGG

VGGFEi& 3 Very Deep Convolutional Networks for Large-Scale Image Recognition H#5| A
Torchvision &t T8 AR KEMNVCGHRA , Hf — A EGHIinELRE. XERIEAR
VGG-11# THEFR (L, i H/ESAlexnet3E AL , B

(classifier): Sequential(

(6): Linear(in_features=4096, out_features=1000, bias=True)


https://arxiv.org/abs/1512.03385
https://papers.nips.cc/paper/4824-imagenet-classification-with-deep-convolutional-neural-networks.pdf
https://arxiv.org/pdf/1409.1556.pdf
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Hit , RINEAMEBRN A ERE SR EER

model.classifier[6] = nn.Linear(4096,num_classes)

4.4 Squeezenet

£ 3 SqueezeNet: AlexNet-level accuracy with 50x fewer parameters and <0.5MB model size $#i&
T Squeeznet ¥ , FH T EMAERNEAEMERRTEH A L LM, Torchvision B9
Squeezenet BHMRA , MAMEA1.0MRE. HHEHKBIXIBHRE , ERIXFNE—ZF .

(classifier): Sequential(
(8): Dropout(p=9.5)
(1): Conv2d(512, 1000, kernel_size=(1, 1), stride=(1, 1))
(2): ReLU(inplace)
(3): AvgPool2d(kernel_size=13, stride=1, padding=0)

NTEEME , BAIEFHAHILConv2dE | 5 HFIERIRE 72

model.classifier[1] = nn.Conv2d(512, num_classes, kernel_size=(1,1), stride=(1,1))

4.5 Densenet

1® X Densely Connected Convolutional Networks 5| A T Densenet#£ !, Torchvision & Mt
Densenet & | BEXERNTRFE A Densenet-121, HHEE—MNEE1024 M0 AT LM
= :

(classifier): Linear(in_features=1024, out_features=1000, bias=True)
NTEBEZXANME , BRI D RB[OAERERMDBILRH
model.classifier = nn.Linear (1624, num_classes)

4.6 Inception v3

Inception V38 & #E1& X Rethinking the Inception Architecture for Computer Vision 3R, ZM &
Wiz ETFERNENER MER, F-MaEMIEBRE , @S EMKH AuxLogits
W, TMEHEMERENELER, FE , MANRBRMNIAEZREHE, MIHREEH 5By
FHEITER -


https://arxiv.org/abs/1602.07360
https://arxiv.org/abs/1608.06993
https://arxiv.org/pdf/1512.00567v1.pdf
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p=

(AuxLogits): InceptionAux(

(fc): Linear(in_features=768, out_features=1000, bias=True)

)

(fc): Linear(in_features=2048, out_features=1000, bias=True)
EMAXMEE | BRINBTEBEXHNE. TUBRATHERTK

model.AuxLogits.fc = nn.Linear(768, num_classes)
model.fc = nn.Linear (2048, num_classes)

AR FZREEFHANALHEN , EEMRENLESABETE. 55, FEFEEN
HNBRBEEREN , ABFREHSTERE BIREPHRIIBMEE,

47 E¥VRB

def initialize_model(model_name, num_classes, feature_extract,
use_pretrained=True):

# Mt BELITBa P RENILT S,

# BT ESHRZRNEFEN.

model_ft = None

input_size = 0

if model_name == "resnet”:
""" Resnet18

model_ft = models.resnet18(pretrained=use_pretrained)
set_parameter_requires_grad(model_ft, feature_extract)
num_ftrs = model_ft.fc.in_features

model_ft.fc = nn.Linear(num_ftrs, num_classes)
input_size = 224

elif model_name == "alexnet":
" Alexnet
model_ft = models.alexnet(pretrained=use_pretrained)
set_parameter_requires_grad(model_ft, feature_extract)
num_ftrs = model_ft.classifier[6].in_features
model_ft.classifier[6] = nn.Linear(num_ftrs, num_classes)
input_size = 224

elif model_name == "vgg":
""" VGG11_bn
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model_ft = models.vgg11_bn(pretrained=use_pretrained)
set_parameter_requires_grad(model_ft, feature_extract)
num_ftrs = model_ft.classifier[6].in_features
model_ft.classifier[6] = nn.Linear(num_ftrs, num_classes)
input_size = 224

elif model_name == "squeezenet":

""" Squeezenet
model_ft = models.squeezenetl1_0(pretrained=use_pretrained)
set_parameter_requires_grad(model_ft, feature_extract)
model_ft.classifier[1] = nn.Conv2d(512, num_classes, kernel_size=(1,1),

stride=(1,1))
model_ft.num_classes = num_classes
input_size = 224

elif model_name == "densenet":
""" Densenet
model_ft = models.densenet121(pretrained=use_pretrained)
set_parameter_requires_grad(model_ft, feature_extract)
num_ftrs = model_ft.classifier.in_features
model_ft.classifier = nn.Linear(num_ftrs, num_classes)
input_size = 224

elif model_name == "inception":

""" Inception v3

Be careful, expects (299,299) sized images and has auxiliary output
model_ft = models.inception_v3(pretrained=use_pretrained)
set_parameter_requires_grad(model_ft, feature_extract)
# QLIRGHEN M &
num_ftrs = model_ft.AuxLogits.fc.in_features
model_ft.AuxLogits.fc = nn.Linear(num_ftrs, num_classes)
# LIETEME
num_ftrs = model_ft.fc.in_features
model_ft.fc = nn.Linear(num_ftrs,num_classes)
input_size = 299

else:
print("Invalid model name, exiting...")
exit()

return model_ft, input_size

# EX T PAETRER
model_ft, input_size = initialize_model(model_name, num_classes, feature_extract,
use_pretrained=True)

=
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# FTENFKANINISZ Bl L B4R B
print(model_ft)

-HIHLS

SqueezeNet (
(features): Sequential(
(0): Conv2d(3, 96, kernel_size=(7, 7), stride=(2, 2))
(1) : ReLU(inplace)
(2): MaxPool2d(kernel_size=3, stride=2, padding=0, dilation=1,
ceil_mode=True)
(3): Fire(
(squeeze): Conv2d(96, 16, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): ReLU(inplace)
(expand1x1): Conv2d(16, 64, kernel_size=(1, 1), stride=(1, 1))
(expand1x1_activation): RelLU(inplace)
(expand3x3): Conv2d(16, 64, kernel_size=(3, 3), stride=(1, 1),
padding=(1, 1))
(expand3x3_activation): RelLU(inplace)
)
(4): Fire(
(squeeze): Conv2d(128, 16, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): RelLU(inplace)
(expand1x1): Conv2d(16, 64, kernel_size=(1, 1), stride=(1, 1))
(expand1x1_activation): RelLU(inplace)
(expand3x3): Conv2d(16, 64, kernel_size=(3, 3), stride=(1, 1),
padding=(1, 1))
(expand3x3_activation): RelLU(inplace)
)
(5): Fire(
(squeeze): Conv2d(128, 32, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): ReLU(inplace)
(expand1x1): Conv2d(32, 128, kernel_size=(1, 1), stride=(1, 1))
(expand1x1_activation): RelLU(inplace)
(expand3x3): Conv2d(32, 128, kernel_size=(3, 3), stride=(1, 1),
padding=(1, 1))
(expand3x3_activation): RelLU(inplace)
)
(6): MaxPool2d(kernel_size=3, stride=2, padding=0, dilation=1,
ceil_mode=True)
(7): Fire(
(squeeze): Conv2d(256, 32, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): RelLU(inplace)
(expand1x1): Conv2d(32, 128, kernel_size=(1, 1), stride=(1, 1))
(expand1x1_activation): RelLU(inplace)
(expand3x3): Conv2d(32, 128, kernel_size=(3, 3), stride=(1, 1),

=
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padding=(1, 1))
(expand3x3_activation): RelLU(inplace)
)
(8): Fire(
(squeeze): Conv2d(256, 48, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): ReLU(inplace)
(expand1x1): Conv2d(48, 192, kernel_size=(1, 1), stride=(1, 1))
(expand1x1_activation): ReLU(inplace)
(expand3x3): Conv2d(48, 192, kernel_size=(3, 3), stride=(1, 1),
padding=(1, 1))
(expand3x3_activation): ReLU(inplace)
)
(9): Fire(
(squeeze): Conv2d(384, 48, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): RelLU(inplace)
(expand1x1): Conv2d(48, 192, kernel_size=(1, 1), stride=(1, 1))
(expandix1_activation): ReLU(inplace)
(expand3x3): Conv2d(48, 192, kernel_size=(3, 3), stride=(1, 1),
padding=(1, 1))
(expand3x3_activation): RelLU(inplace)
)
(19): Fire(
(squeeze): Conv2d(384, 64, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): ReLU(inplace)
(expand1x1): Conv2d(64, 256, kernel_size=(1, 1), stride=(1, 1))
(expandix1_activation): ReLU(inplace)
(expand3x3): Conv2d(64, 256, kernel_size=(3, 3), stride=(1, 1),
padding=(1, 1))
(expand3x3_activation): RelLU(inplace)
)
(11): MaxPool2d(kernel_size=3, stride=2, padding=0, dilation=1,
ceil_mode=True)
(12): Fire(
(squeeze): Conv2d(512, 64, kernel_size=(1, 1), stride=(1, 1))
(squeeze_activation): RelLU(inplace)
(expand1x1): Conv2d(64, 256, kernel_size=(1, 1), stride=(1, 1))
(expand1x1_activation): ReLU(inplace)
(expand3x3): Conv2d(64, 256, kernel_size=(3, 3), stride=(1, 1),
padding=(1, 1))
(expand3x3_activation): RelLU(inplace)
)
)
(classifier): Sequential(
(8): Dropout(p=0.5)
(1): Conv2d(512, 2, kernel_size=(1, 1), stride=(1, 1))
(2): ReLU(inplace)
(3): AdaptiveAvgPool2d(output_size=(1, 1))
)
)

=
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5. EHE

NEBMNAMERMART K NAART A, HONATSANBCEEERR | BERBIESNEFE NS
FER  REREATERDINECERIT AN , X ERmL.

# SR AN A 1t
# ARWURET
data_transforms = {

"train': transforms.Compose([
transforms.RandomResizedCrop(input_size),
transforms.RandomHorizontalFlip(),
transforms.ToTensor (),
transforms.Normalize([0.485, 0.456, 0.406], [0.229, ©0.224, 0.225])

D,

'val': transforms.Compose( [

transforms.Resize(input_size),
transforms.CenterCrop(input_size),
transforms.ToTensor (),
transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])
D,
}

print("Initializing Datasets and Dataloaders...")

# OZUNGFIE U LB E

image_datasets = {x: datasets.ImageFolder(os.path.join(data_dir, x),
data_transforms[x]) for x in ['train', 'val']}

# QUG EENDEK 2

dataloaders_dict = {x: torch.utils.data.DatalLoader(image_datasets[x],
batch_size=batch_size, shuffle=True, num_workers=4) for x in ['train', 'val']}

# RNFKMNEZSAHRTRNGPU

device = torch.device('"cuda:0" if torch.cuda.is_available() else "cpu")

"RHER

Initializing Datasets and Dataloaders...

6.2 21t

NERBEZHRERY  HANBSTIRINGERE - SRUE-—NREFMESHBHMLIR BR

12

— T, EMEMNGER S , BEE B2H , R feature_extract = True , WANTFFEME


https://pytorch.org/docs/master/torchvision/models.html

© 2018 Tangramor 7 3BT ZRF0 58 IE m: 13

S .requires_grad BMiIRE NFalse. REEMUBILERIAN .requires_grad = True M
KESH, FAILIIERINANEBNIZILILFIE RS .requires_grad = True WS, TETEK , HEA
Hll Hix LS BHFIL HI SR A F) SGD E A IiEER.

ERIEX—K , AUEEFEFINSH. AR, WIRNZBREKHATESMEEESH, B,
HEATHERIA , BIRNZREAFA BRSEEERNNENRE.

# EIE R K EIGPU
model_ft = model_ft.to(device)

# EbETTPWERBEM T/ BRNEE
# NBHRMNERETRE, KIMFEHABEE
# BARKMNEELTRERRASE, KNRSBHNRIFNBENSE, 8D requires_grad MIEEHA
True,
params_to_update = model_ft.parameters()
print("Params to learn:")
if feature_extract:
params_to_update = []
for name,param in model_ft.named_parameters():
if param.requires_grad == True:
params_to_update.append(param)
print("\t", name)
else:
for name,param in model_ft.named_parameters():
if param.requires_grad == True:
print("\t", name)

# MEMASHEBBEML
optimizer_ft = optim.SGD(params_to_update, 1r=0.001, momentum=0.9)

*HHER

Params to learn:
classifier.1.weight
classifier.1.bias

7. & TSR AR E
BE—SRNEREERK , AEFRENepochBUETIISARITES. #EHE , BURFepoch
WBE , LSBRECPUL TRBERT — BAE. b5 BRANEI RS TRRME
W, Bikh TRERABE , SLES B ERSMER,
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# IREMRREY

criterion = nn.CrossEntropyLoss()

# Train and evaluate
model_ft, hist = train_model(model_ft, dataloaders_dict, criterion, optimizer_ft,
num_epochs=num_epochs, is_inception=(model_name=="inception"))

"RHER

Epoch 06/14

train Loss: 0.5066 Acc: 0.7336
val Loss: ©.3781 Acc: 0.8693

Epoch 1/14

train Loss: 0.3227 Acc: 0.8893
val Loss: 0.3254 Acc: 0.8889

Epoch 2/14

train Loss: 0.2080 Acc: 0.90657
val Loss: 0.3137 Acc: 0.9216

Epoch 3/14

train Loss: 0.2211 Acc: 0.9262
val Loss: 0.3126 Acc: 0.9020

Epoch 4/14

train Loss: 0.1523 Acc: 0.9426
val Loss: 0.3000 Acc: 0.9085

Epoch 5/14

train Loss: 0.1480 Acc: 0.9262
val Loss: 0.3167 Acc: 0.9150

Epoch 6/14

train Loss: 0.1943 Acc: 0.9221
val Loss: 0.3129 Acc: 0.9216

Epoch 7/14

train Loss: 0.1247 Acc: 0.9549

=

14
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8.

=

val Loss: 0.3139 Acc: 0.9150

Epoch 8/14

train Loss: 0.1825 Acc: 0.9098
val Loss: 0.3336 Acc: 0.9150

Epoch 9/14

train Loss: 0.1436 Acc: 0.9303
val Loss: 0.3295 Acc: 0.9281

Epoch 10/14

train Loss: 0.1419 Acc: 0.9303
val Loss: 0.3548 Acc: 0.8889

Epoch 11/14

train Loss: 0.14067 Acc: 0.9549
val Loss: 0.2953 Acc: 0.9216

Epoch 12/14

train Loss: 0.0900 Acc: 0.9713
val Loss: 0.3457 Acc: 0.9216

Epoch 13/14

train Loss: 0.1283 Acc: 0.9467
val Loss: 0.3451 Acc: 0.9281

Epoch 14/14

train Loss: 0.0975 Acc: 0.9508
val Loss: 0.3381 Acc: 0.9281

Training complete in Om 20s
Best val Acc: 0.928105

XS EEM KT sR1E Y

XFLABRETHFFOE , EFENRRNAEATIBEY  BERUOMAEY, HESHERRN

MEERARE FRATHIESE , B—MMS  AREELY5EENTFALTFRIIGER | &

]

GRRAMEGEBERTESET RIFNER,

15
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# AR T TR R B IEM g A

scratch_model, _ = initialize_model(model_name, num_classes,
feature_extract=False, use_pretrained=False)

scratch_model = scratch_model.to(device)

scratch_optimizer = optim.SGD(scratch_model.parameters(), 1lr=0.001, momentum=0.9)
scratch_criterion = nn.CrossEntropylLoss()

_,scratch_hist = train_model(scratch_model, dataloaders_dict, scratch_criterion,
scratch_optimizer, num_epochs=num_epochs, is_inception=(model_name=="inception"))

# SHIIIEREENUGHEERBREAE
# FMAT B UGERIER B G epochsHIE 2

ohist = []
shist = []
ohist = [h.cpu().numpy() for h in hist]

shist = [h.cpu().numpy() for h in scratch_hist]
plt.title("Validation Accuracy vs. Number of Training Epochs")
plt.xlabel("Training Epochs")

plt.ylabel("Validation Accuracy")
plt.plot(range(1,num_epochs+1),ohist, label="Pretrained")
plt.plot(range(1,num_epochs+1), shist, label="Scratch")
plt.ylim((0,1.))

plt.xticks(np.arange(1, num_epochs+1, 1.0))

plt.legend()

plt.show()

=
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8.3F EL MK FF 1R 1R Al

cHIHER
Validation Accuracy vs. Number of Training Epochs
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Training Epochs
Epoch 8/14

train Loss: 0.7131 Acc: 0.4959
val Loss: 0.6931 Acc: 0.4575

Epoch 1/14

train Loss: 0.6930 Acc: 0.5041
val Loss: 0.6931 Acc: 0.4575

Epoch 2/14

train Loss: 0.6932 Acc: 0.5041
val Loss: 0.6931 Acc: 0.4575

Epoch 3/14

train Loss: 0.6932 Acc: 0.5041
val Loss: 0.6931 Acc: 0.4575

=
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Epoch 4/14

train Loss: 0.6931 Acc:

val Loss: 0.6931 Acc: 0.

Epoch 5/14

train Loss: 0.6929 Acc:

val Loss: 0.6931 Acc: 0.

Epoch 6/14

train Loss: 0.6931 Acc:

val Loss: 0.6931 Acc: 0.

Epoch 7/14

train Loss: 0.6918 Acc:

val Loss: 0.6934 Acc: 0.

Epoch 8/14

train Loss: 0.6907 Acc:

val Loss: 0.6932 Acc: 0.

Epoch 9/14

train Loss: 0.6914 Acc:

val Loss: 0.6927 Acc: 0.

Epoch 10/14

train Loss: 0.6851 Acc:

val Loss: 0.6946 Acc: 0.

Epoch 11/14

train Loss: 0.6841 Acc:

val Loss: 0.6942 Acc: 0.

Epoch 12/14

train Loss: 0.6778 Acc:

val Loss: 0.7228 Acc: 0.

Epoch 13/14

train Loss: 0.6874 Acc:

0.5041
4575

0.5041
4575

0.5041
4575

0.5041
4575

0.5041
4575

0.5041
4575

0.5041
4575

0.5041
4575

0.5041
4575

0.5041

8.3F EL MK FF 1R 1R Al

=
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val Loss: 0.6931 Acc: 0.4575

Epoch 14/14

train Loss: 0.6931 Acc: 0.56041
val Loss: 0.6931 Acc: 0.4575

Training complete in Om 30@s
Best val Acc: 0.457516

9 .EERE

LHETREME  EETUSHSHNERE, 2, WESHERNTRANNARD , BN
EEAAETRNTBETEABIWRE, FARSLHTULSL, HIN
EERNBBELETIHRSD  SEIBSINESHLL
ESHGUE (LIONLP | B9 ) b, AN | RAEER Y BN TN,

- —BEN-MERERBIAR , JLHESH ONNX BEE | S ABESRRERETCUIREE
REVEEMELEIN 2o
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Original terationll teration 33 teration 60
T -

EARHES , S/ZFINAERAMNZRTREBMEH AL EENFRT TENMGE, RATSE

DeepMind paper FEEZHXZEHTRI[MENNE,

Z2 (A R AR M 4 BRI 2 A R EFRCOERIBIE, ZRITMBIMEE ( FFSTN ) RIFHER
FEIMAER ARG ERTEREZR , UERKRENLAAEME, fla, RN EW
X, BEAREBGNAGGE, MXAEE—MERANE , EJCNNX FTHEHRM MUKk E—
A9 (5 S A TR AL

KXTSTNWSENERE 2 —REBHEFEFAEMTAETNCNN , MARIFRIVBER.

from __future__ import print_function
import torch

import torch.nn as nn

import torch.nn.functional as F

import torch.optim as optim

import torchvision

from torchvision import datasets, transforms
import matplotlib.pyplot as plt

import numpy as np

plt.ion() # THEX

1. NE B =
EXEEFR | RA12R T2 MNIST 2UEE, FRMESTNEEEEATREMNSE,

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

# GRS

train_loader = torch.utils.data.Dataloader(


https://arxiv.org/abs/1506.02025

© 2018 Tangramor 2 e B R AR ?

=

datasets.MNIST(root='."', train=True, download=True,
transform=transforms.Compose( [
transforms.ToTensor (),
transforms.Normalize((0.1307,), (0.3081,))
1)), batch_size=64, shuffle=True, num_workers=4)
# ML ESE
test_loader = torch.utils.data.Dataloader (
datasets.MNIST(root="'."', train=False, transform=transforms.Compose( [
transforms.ToTensor (),
transforms.Normalize((0.1307,), (0.3081,))
1)), batch_size=64, shuffle=True, num_workers=4)

-HHES

Downloading http://yann.lecun.com/exdb/mnist/train-images-idx3-ubyte.gz to ./
MNIST/raw/train-images-idx3-ubyte.gz

Extracting ./MNIST/raw/train-images-idx3-ubyte.gz

Downloading http://yann.lecun.com/exdb/mnist/train-labels-idx1-ubyte.gz to ./
MNIST/raw/train-labels-idx1-ubyte.gz

Extracting ./MNIST/raw/train-labels-idx1-ubyte.gz

Downloading http://yann.lecun.com/exdb/mnist/t10k-images-idx3-ubyte.gz to ./
MNIST/raw/t10k-images-idx3-ubyte.gz

Extracting ./MNIST/raw/t10k-images-idx3-ubyte.gz

Downloading http://yann.lecun.com/exdb/mnist/t10k-1labels-idx1-ubyte.gz to ./
MNIST/raw/t10k-labels-idx1-ubyte.gz

Extracting ./MNIST/raw/t10k-labels-idx1-ubyte.gz

Processing...

Done!

2T ARZE R A HBR M 45 ?
ZEERBREAEH =N EBARBS -

- XML& ( Localisation Network ) FHMCNN , EXNZ#SHHTEIH, FTaNZBIEEH
Bt F S ik, MRMZB3F ] HE £/ ERENZRTIR,

« P& 4 B 83 ( Grid Genator) 7E 4 A B & 4 R 5 H B G P WS/ MR R R Y LR,

« KHE2R (Sampler ) FATHRNSHANHEHNA TR AR S,
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/ - Iri
!  Localisation net Grid
e 2 e gemeraltor

Spatial Transformer

3=,
JEE

BAVE AR ARA B Pytorch , © M iZ B &affine_gridFgrid_sampletk,

class Net(nn.Module):
def __init__(self):

super (Net, self).__init__()
self.convl = nn.Conv2d(1, 10, kernel_size=5)
self.conv2 = nn.Conv2d(10, 20, kernel_size=5)
self.conv2_drop = nn.Dropout2d()
self.fc1 = nn.Linear (320, 50)
self.fc2 = nn.Linear (50, 10)

# TRIEHRBEM - MR

self.localization = nn.Sequential(
nn.Conv2d(1, 8, kernel_size=7),
nn.MaxPool2d(2, stride=2),
nn.ReLU(True),
nn.Conv2d(8, 10, kernel_size=5),
nn.MaxPool2d(2, stride=2),
nn.ReLU(True)

)

# 3 * 2 affinefEPepRIAE

self.fc_loc = nn.Sequential(
nn.Linear(10 * 3 * 3, 32),
nn.ReLU(True),
nn.Linear(32, 3 * 2)

)

# RS NERBAENE/RE

self.fc_loc[2].weight.data.zero_()

self.fc_loc[2].bias.data.copy_(torch.tensor([1, ©, 0, 6, 1, 9],
dtype=torch.float))

=B L HRES M B EE R TNRE
def stn(self, x):
xs = self.localization(x)

=
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Xs = xs.view(-1, 180 * 3 * 3)
theta = self.fc_loc(xs)
theta = theta.view(-1, 2, 3)

grid = F.affine_grid(theta, x.size())
x = F.grid_sample(x, grid)

return x
def forward(self, x):

# transform the input
x = self.stn(x)

# HAT—RRBVATE (5 28

x = F.relu(F.max_pool2d(self.convl(x), 2))

x = F.relu(F.max_pool2d(self.conv2_drop(self.conv2(x)), 2))
X = x.view(-1, 320)

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

x = F.dropout(x, training=self.training)

x = self.fc2(x)
return F.log_softmax(x, dim=1)

model = Net().to(device)

3.1

GRE

YIZEHE PMARNER SGD ( BEABEE TR ) EEXK
KESF. Y, ZERURERA AT XBZHFEISTN,

GEE, NEEEUARENSAEI D

optimizer = optim.SGD(model.parameters(), 1lr=0.01)

def train(epoch):
model.train()
for batch_idx, (data, target) in enumerate(train_loader):
data, target = data.to(device), target.to(device)

optimizer.zero_grad()

output = model(data)

loss = F.nll_loss(output, target)

loss.backward()

optimizer.step()

if batch_idx % 500 == 0:

print('Train Epoch: {} [{}/{} ({:.0f}%)]\tLoss: {:.6f} ' .format(

epoch, batch_idx * len(data), len(train_loader.dataset),
100. * batch_idx / len(train_loader), loss.item()))
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#

4.7]¥4E STN 5%

# —HMERRNHRER, BATNESTNEMNIST ERIEE. .

#

def test():

with torch.no_grad():

model.eval()

test_loss = @

correct = 0

for data, target in test_loader:

data, target = data.to(device), target.to(device)
output = model(data)

# ENMHEME

test_loss += F.nll_loss(output, target, size_average=False).item()
# R BRAITHM RN RS

pred = output.max(1, keepdim=True)[1]

correct += pred.eq(target.view_as(pred)).sum().item()

test_loss /= len(test_loader.dataset)
print('\nTest set: Average loss: {:.4f}, Accuracy: {}/{} ({:.6f}%)\n’

.format(test_loss, correct, len(test_loader.dataset),
100. * correct / len(test_loader.dataset)))

A4 T[H4L STN &R

WE , RITHRERNZINAREZNFHNE R,

BMNENLT =B , EE

grat AT AL (L3RR

def convert_image_np(inp):

Convert a Tensor to numpy image.

inp = inp.numpy().transpose((1, 2, 0))

mean

std
inp
inp

np.array([0.485, 0.456, 0.406])
np.array([0.229, 0.224, 0.225])
std * inp + mean
np.clip(inp, 0, 1)

return inp

# KMNBERUG 22BN RIERE E89%H H
# FRAMERSTNE] 9t — i A B B A0 B HR K.
def visualize_stn():

with torch.no_grad():

# Get a batch of training data
data

= next(iter(test_loader))[0].to(device)

=
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input_tensor = data.cpu()
transformed_input_tensor = model.stn(data).cpu()

in_grid = convert_image_np(
torchvision.utils.make_grid(input_tensor))

out_grid = convert_image_np(
torchvision.utils.make_grid(transformed_input_tensor))

# Plot the results side-by-side

f, axarr = plt.subplots(1, 2)
axarr[@].imshow(in_grid)
axarr[0].set_title('Dataset Images')

axarr[1].imshow(out_grid)
axarr[1].set_title('Transformed Images')

for epoch in range(1, 206 + 1):
train(epoch)
test()

# EEEEANARCIE Eo[ L STNE R

visualize_stn()

plt.ioff()
plt.show()

"RHER

=
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Dataset Images
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Train Epoch: 1 [0/60000 (0%) ] Loss: 2.336866
Train Epoch: 1 [32000/60000 (53%) ] Loss: 0.841600

Test set: Average loss: 0.2624, Accuracy: 9212/10000 (92%)

Train Epoch: 2 [0/60000 (0%) ] Loss: 0.527656
Train Epoch: 2 [32000/60000 (53%) ] Loss: 0.428908

Test set: Average loss: 0.1176, Accuracy: 9632/10000 (96%)

Train Epoch: 3 [0/60000 (0%) ] Loss: 0.305364
Train Epoch: 3 [32000/60000 (53%) ] Loss: 0.263615

Test set: Average loss: 0.1099, Accuracy: 9677/10000 (97%)

Train Epoch: 4 [0/60000 (0%) ] Loss: 0.169776
Train Epoch: 4 [32000/60000 (53%) ] Loss: 0.408683

Test set: Average loss: 0.0861, Accuracy: 9734/10000 (97%)

Train Epoch: 5 [0/60000 (0%) ] Loss: 0.286635
Train Epoch: 5 [32000/60000 (53%) ] Loss: 0.122162
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Test set: Average loss: 0.0817, Accuracy: 9743/10000 (97%)

Train Epoch: 6 [0/60000 (0%)] Loss: 0.331074
Train Epoch: 6 [32000/60000 (53%) ] Loss: 0.126413

Test set: Average loss: 0.0589, Accuracy: 9822/10000 (98%)

Train Epoch: 7 [0/60000 (0%) ] Loss: 0.109780
Train Epoch: 7 [32000/60000 (53%) ] Loss: 0.172199

Test set: Average loss: 0.0629, Accuracy: 9814/10000 (98%)

Train Epoch: 8 [0/60000 (0%) ] Loss: 0.078934
Train Epoch: 8 [32000/60000 (53%) ] Loss: 0.156452

Test set: Average loss: 0.0563, Accuracy: 9839/10000 (98%)

Train Epoch: 9 [0/60000 (0%) ] Loss: 0.063500
Train Epoch: 9 [32000/60000 (53%) ] Loss: 0.186023

Test set: Average loss: 0.0713, Accuracy: 9799/10000 (98%)

Train Epoch: 10 [0/60000 (0%)] Loss: 0.199808
Train Epoch: 10 [32000/60000 (53%)] Loss: 0.083502

Test set: Average loss: 0.0528, Accuracy: 9850/10000 (98%)

Train Epoch: 11 [0/60000 (0%)] Loss: 0.892909
Train Epoch: 11 [32000/60000 (53%) ] Loss: 0.204410

Test set: Average loss: 0.0471, Accuracy: 9857/10000 (99%)

Train Epoch: 12 [0/60000 (0%)] Loss: 0.078322
Train Epoch: 12 [32000/60000 (53%) ] Loss: 0.041391

Test set: Average loss: 0.0634, Accuracy: 9796/10000 (98%)

Train Epoch: 13 [0/60000 (0%)] Loss: 0.061228
Train Epoch: 13 [32000/60000 (53%) ] Loss: 0.137952

Test set: Average loss: 0.0654, Accuracy: 9802/10000 (98%)

Train Epoch: 14 [0/60000 (0%)] Loss: 0.068635
Train Epoch: 14 [32000/60000 (53%)] Loss: 0.084583

Test set: Average loss: 0.0515, Accuracy: 9853/10000 (99%)

Train Epoch: 15 [0/60000 (0%)] Loss: ©0.263158

=
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Train Epoch: 15 [32000/60000 (53%) ] Loss: 0.127036
Test set: Average loss: 0.0493, Accuracy: 9851/10000 (99%)

Train Epoch: 16 [0/60000 (0%)] Loss: 0.083642
Train Epoch: 16 [32000/60000 (53%) ] Loss: 0.028274

Test set: Average loss: 0.0461, Accuracy: 9867/10000 (99%)

Train Epoch: 17 [0/60000 (0%)] Loss: 0.076734
Train Epoch: 17 [32000/60000 (53%) ] Loss: 0.034796

Test set: Average loss: 0.0409, Accuracy: 9864/10000 (99%)

Train Epoch: 18 [0/60000 (0%)] Loss: 0.122501
Train Epoch: 18 [32000/60000 (53%) ] Loss: 0.152187

Test set: Average loss: 0.0474, Accuracy: 9860/10000 (99%)

Train Epoch: 19 [0/60000 (0%)] Loss: 0.850512
Train Epoch: 19 [32000/60000 (53%)] Loss: 0.270055

Test set: Average loss: 0.0416, Accuracy: 9878/10000 (99%)

Train Epoch: 20 [0/60000 (0%)] Loss: 0.873357
Train Epoch: 20 [32000/60000 (53%) ] Loss: 0.017542

Test set: Average loss: 0.0713, Accuracy: 9816/10000 (98%)

B AE Bz TRIE : 1948.736%

=
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8/ PyTorch 31T Neural-Transfer

1.8

AHEEEEHBMMZI A Leon A. Gatys , Alexander S. EckerflMatthias BethgeiZ H B Neural-
Style 3%, Neural-Style 2% Il Neural-Transfer , AT BAiE{RERA — IO XR S RIEENEFHTE
o INEEEA=ZRKER , —KAARR , —KABREARM—KXREEF , HHRANEBRE
BSERNBTERAC , BEEEXEEFWILEXE,

2B AR

BNEXHENEEE , —MNTREDC , 53— MHATX¥ED S, DCHMERKBSFARNBENTE ,
mo_ s ARNEFRKRAEXENARE, RE, BINBAE=ZKEL , ARETXKES , FEER
RRFHNARBEMXEESOXIERER/NM. TE , BINTUASAXENE , FAREGXIE
i,

3§ BHIERRE

THR2 —&EXNBGRIRERRFAEINICLE, * torch, torch.nn, numpy : EAPyTorch# 1TX
BERRBAADHE* torch.optim : HMMWBEE TFE * PIL, PIL.Image, matplotlib.pyplot :
MEFEMEREH * torchvision.transforms : fFPILE S # KK E * torchvision.models :
S MEBTUNGER * copy : WEEHRITREEN ; RES

from __future__ import print_function

import torch

import torch.nn as nn

import torch.nn.functional as F
import torch.optim as optim

from PIL import Image
import matplotlib.pyplot as plt

import torchvision.transforms as transforms
import torchvision.models as models

import copy


https://arxiv.org/abs/1508.06576
https://arxiv.org/abs/1508.06576

© 2018 Tangramor 4. EE R D1

T—% , BMERAB—MREFRETHELNE , SARNBRINEREF. EAERAF LETEE
XEEEFTERKNE , FGPULET AT AINE, HAIATLAMEA torch.cuda.is_available() 3K
i RBETHANGPU, T—F , BIEEBNHERMER torch.device , [ERY

torch.device .to(device) HZEHMFARNKEREEABYFIEERSE,

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

4. MEE A

RERMN/ESAKBNRNEE . RENPILESBETTORI2552H , BR #H MR MtorchikE
B, EAINERERK0EN zH, BAHt EERERKERNEE. —IMEENHATR , I8
torchE PRV E M 4 AR VISR KENENOEI 2B, MRFRZHIF0RI255095KE R FH N H 4
ZMe , REBERNBERSOR RIS BRI BNRE, R, Caffel HEYFIIZKM 45 XK
YRR EE ORI 255 2 VB F o

Y

FE
X2 NTEHAHEEZEEAZNNWE S AIEEREE | picasso.jpg M dancing.jpg. FEXFKEFA
HEFECNRMEYREGI TEB FKFH images XK,

# FRRNBEEGRR)N

imsize = 512 if torch.cuda.is_available() else 128 # use small size if no gpu

loader = transforms.Compose(|[
transforms.Resize(imsize), # scale imported image
transforms.ToTensor()]) # transform it into a torch tensor

def image_loader (image_name) :
image = Image.open(image_name)
# fake batch dimension required to fit network's input dimensions
image = loader(image) .unsqueeze(9)
return image.to(device, torch.float)

style_img = image_loader("./data/images/neural-style/picasso.jpg")
content_img = image_loader("./data/images/neural-style/dancing.jpg")

assert style_img.size() == content_img.size(), \

"we need to import style and content images of the same size"
M, EERNE-IAZE, BdEREBRRHERAPILEZRER, #HERApLt.imshow@EREHIHE N,
HKMNBE2HBRTABZREE A RBRENREMRISFAN.

unloader = transforms.ToPILImage() # reconvert into PIL image



© 2018 Tangramor 4 s A

plt.ion()

def imshow(tensor, title=None):

image = tensor.cpu().clone() # we clone the tensor to not do changes on it
image = image.squeeze(0) # remove the fake batch dimension
image = unloader(image)

plt.imshow(image)
if title is not None:
plt.title(title)
plt.pause(0.001) # pause a bit so that plots are updated

plt.figure()
imshow(style_img, title='Style Image')

plt.figure()
imshow(content_img, title='Content Image')

Style Image
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Content Image
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5.3 K BEHE
5.1 Mk

NBEMAR— MR —EANBRENMNMRA, XANGEEAMNERHLEISERS F_XL , 1%
P& 5 AXFIREIEE A XFAAE A CZ R MR K AEEE W_CL+D_CAL(X,C) o T ENM
MERNBBF (F_CL) MBI RITEARERE, RIMNEA N FcL fBR MESHB AN
torch A SRSLIIX N H %, BEE | |FXL-F_CL||*2 BRFEMSIMSFERSZENFEEHFE | TJUUE
F nn.MSELoss Rt &,

BITHEZRNXMABTREAERIGHARTENTBAENERRE 2, IHEE-RBARRE
MEHhet , ARRABLEBRERITE. MERNBHIRS , MENBEERSBITE. T,
NTEHNBREARERIL , BAIBRENL— forward FERUTEARRK , Bt BEZEHNE
Ao TTEHNRMRENEENSBRRT,

class ContentLoss(nn.Module):
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def __init__(self, target,):
super(ContentLoss, self).__init__()
# RMNMBATHSTEBRENNP “NE"BIFEANE -
# XR—1TERNE mTAREE.
# BNARERNERAEE R
self.target = target.detach()

def forward(self, input):
self.loss = F.mse_loss(input, self.target)
return input

EEHT . REXMERWBFEE AN ContentLoss, EFR 2 —MNEEMPyTorchiik 5%,
RIRBEE LR AB K APyTorch Lossh % |, IRUAMBIE—/NPyTorchBaI RS HERF
f Ebackward FEHR EITE/SMBE.

5.2 Rk

REHMAERENBIMABROKIN S XKLL, EEEN—INZFNERER , RiITEMENEHN
Mgk, A TITEXEIRK , BRINEE i+H Gram 4EBF 6_XL . Gram MR FATEERENTEH
HBEMARIT, EXMNNAT , AENEZLEISMRS F XL WEZERAN, FXLHWEERF
on XL, = KxN FVAERE , ERKRLERHEMFWHE , N2 EM @ 2SR F_XLKEY K
E. plun, E—1T8H Fo-_xL BEE—PEEH F_XLM

&5 , Gram LB FE - M URRUERTABETENRERTIREL. FRELRNTH
BRIBERRAINGE Fo- XL EGram#ERF AN RANE, XERAKNEFELE TEHER
XNE—R (LR ZE ) FERKNEE, RIRKEETEENEHERNE |, FIURELD TR
=REEN.

def gram_matrix(input):
a, b, ¢, d = input.size() # a=batch size(=1)
# 457EBeEY b=number
# (c,d)=dimensions of a f. map (N=c=*d)

features = input.view(a * b, ¢ * d) # resise F_XL into \hat F_XL
G = torch.mm(features, features.t()) # compute the gram product

# HMBIPRUE NMFIERN PRAI7TRECR "4 E L "gramfBPERIE .

return G.div(a * b * ¢ * d)
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MERBRAEHREERMNABB/AEERSR, XEEEWRA 6 XL M c_sL 2 BEMWEHTERIT
5.

class StyleLoss(nn.Module):

def __init__(self, target_feature):
super(StyleLoss, self).__init__()
self.target = gram_matrix(target_feature).detach()

def forward(self, input):
G = gram_matrix(input)
self.loss = F.mse_loss(G, self.target)
return input

6.5 ARE
REBNBESARINSHHZME, RINFEA19RH V66 ME , R PEAN—#,

PyTorch 9 VGG B E LI 208 TN F Sequential #BE : features ( BEBRENMLE )
M classifier (BELEER ). BRIVGMERA features BE  RARNEEST—EESHEHH
HRITERABRTRER L. EISHHERELEEQBFMTER—HNTH , FIARNXA
.eval() TP KK E K ITFHE,

cnn = models.vgg19(pretrained=True).features.to(device).eval()

Sk, VGG 4B i Fimean=[0.485, 0.456, 0.406]#std=[0.229, 0.224, 0.225]3 Bk IR LB F
ME—NEE , FEEA EETISG. Bt , BIRELRRAAHEMECH , TEAXES
B B A AT

cnn_normalization_mean = torch.tensor([0.485, 0.456, 0.406]).to(device)
cnn_normalization_std = torch.tensor([0.229, 0.224, 0.225]).to(device)

# Q- PERRRAGEEANAER
# ZHERMMeI U B thIE E R ANN. Sequentiald
class Normalization(nn.Module):
def __init__(self, mean, std):
super (Normalization, self).__init__()
# .view the mean and std to make them [C x 1 x 1] so that they can
# directly work with image Tensor of shape [B x C x H x W].
# B is batch size. C is number of channels. H is height and W is width.
self.mean = torch.tensor(mean).view(-1, 1, 1)
self.std = torch.tensor(std).view(-1, 1, 1)
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=

def forward(self, img):
# normalize img
return (img - self.mean) / self.std

— Sequential BRI E —NMRFHIIN FERFH, Fla0, vff19.features BE—MNAEFH
REIRFBESIBFES] (Convad, ReLU,MaxPool2d, Conv2d, RelU.) . BRIEENRINECHRE
MAMRERAEERANZBEREZEILERMEE, Bt , RIOSLABIE — PN FHSequential i
B HEANBANIRAFMRIERKEDR,

# HENRERRITEES/ABME -
content_layers_default = ['conv_4']
style_layers_default = ['conv_1', ‘'conv_2', 'conv_3', 'conv_4', ‘'conv_5']

def get_style_model_and_losses(cnn, normalization_mean, normalization_std,
style_img, content_img,
content_layers=content_layers_default,
style_layers=style_layers_default):
cnn = copy.deepcopy(cnn)

# LR
normalization = Normalization(normalization_mean,
normalization_std).to(device)

# REATHBeERARNERRKIEAE /K GEHA
content_losses = []
style_losses = []

# BRi%cnnZ— 'nn.Sequential’,
# BRULER A GIZ2— T8 nn.Sequential RAN K ZZINF A CERIE R
model = nn.Sequential(normalization)

i =0 # increment every time we see a conv
for layer in cnn.children():
if isinstance(layer, nn.Conv2d):

i+= 1

name = 'conv_{}'.format(i)
elif isinstance(layer, nn.RelLU):

name = 'relu_{}'.format(i)

# T HMNET@EIEANR ContentLoss 1 "StylelLoss ',
# FIRATRERIF VR B ER. AMUKRNEXEERTEEN
layer = nn.ReLU(inplace=False)
elif isinstance(layer, nn.MaxPool2d):
name = 'pool_{}'.format(i)
elif isinstance(layer, nn.BatchNorm2d):
name = 'bn_{}'.format(i)
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else:
raise RuntimeError('Unrecognized layer:
{}' .format(layer.__class__.__name__))

model.add_module(name, layer)

if name in content_layers:
# MARNBMEK
target = model(content_img).detach()
content_loss = ContentLoss(target)
model.add_module("content_loss_{}".format(i), content_loss)
content_losses.append(content_loss)

if name in style_layers:
# MAKIEHREK
target_feature = model(style_img).detach()
style_loss = StylelLoss(target_feature)
model.add_module("style_loss_{}".format(i), style_loss)
style_losses.append(style_loss)

# PERNEREHUANSIKBRAREHETER

for i in range(len(model) - 1, -1, -1):

if isinstance(model[i], ContentLoss) or isinstance(model[i], Styleloss):

break
model = model[:(i + 1)]

return model, style_losses, content_losses

T—% , RMNEEMAR . (RUUAERARNETRFNEIAREBRS,

input_img = content_img.clone()
# NBREEBERBERAEMECHERUTIT

# input_img = torch.randn(content_img.data.size(), device=device)

# BRIGHANAEGRAMEIE S :
plt.figure()
imshow(input_img, title='Input Image')

=
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Input Image
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THETR

MEEMEE Leon Gatys WIEXE B —# | RAVEEA L-BFGS EERSFITHRINWBET
. BlG—MMERE , RITIGBAEBRRZRN TR/MOAB/KEHREL, BNEIE -
PyTorch # L-BFGS {£1L.88 optim.LBFGS , HEABMHWEFEIES | ERKEEMRIL,

def get_input_optimizer (input_img):
# HITETRRNAZREHTNEK
optimizer = optim.LBFGS([input_img.requires_grad_()])
return optimizer

RE , BINSAEL —NMTERBTIEGRERR. X TE-RHMEIEN , MHEMIHHA
BRAEPHUERK, BNEBSTE N MKREEB backvward FERITEENNBE. LLRF
BE-NMRW"GE , CEMEITREF BREHR K,

BIEERE—NMREERR, HENFARLZHEKERFNEESOR ZRERMLILEA.
BN SAEE £ &R M 2 TR R ARV ERT EEI0E]1 2 A R A RX AR,


https://discuss.pytorch.org/t/pytorch-tutorial-for-neural-transfert-of-artistic-style/336/20?u=alexis-jacq

© 2018 Tangramor
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def run_style_transfer(cnn, normalization_mean, normalization_std,
content_img, style_img, input_img, num_steps=300,
style_weight=1000000, content_weight=1):

Run the style transfer."""

print('Building the style transfer model..')

model, style_losses, content_losses = get_style_model_and_losses(cnn,

normalization_mean, normalization_std, style_img, content_img)
optimizer = get_input_optimizer(input_img)

print('Optimizing..")
run = [9]
while run[@] <= num_steps:

def closure():
# BIERMNBANEGRNE
input_img.data.clamp_(©, 1)

optimizer.zero_grad()
model(input_img)
style_score = 0
content_score = 0

for sl in style_losses:
style_score += sl.loss

for cl in content_losses:
content_score += cl.loss

style_score *= style_weight
content_score *= content_weight

loss = style_score + content_score
loss.backward()

run[@] += 1
if run[@] % 50 == 0O:
print("run {}:".format(run))
print('Style Loss : {:4f} Content Loss: {:4f}'.format(
style_score.item(), content_score.item()))
print()

return style_score + content_score
optimizer.step(closure)

# REHEE......
input_img.data.clamp_(©, 1)

return input_img

=

11
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&fE , BIOALLETX

XN &

7 BETRE

=)

output = run_style_transfer(cnn, cnn_normalization_mean, cnn_normalization_std,

plt.figure()

content_img, style_img, input_img)

imshow(output, title='Output Image')

# sphinx_gallery_thumbnail_number

plt.ioff()
plt.show()

100
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-RHER

Building the style transfer model..

Optimizing..
run [50]:
Style Loss

run [100]:
Style Loss

run [150]:
Style Loss

run [200]:
Style Loss

run [250]:
Style Loss

Output Image

200 300 400

: 4.169304 Content

: 1.145476 Content

: 0.716769 Content

: 0.476047 Content

: 0.347092 Content

=4

Loss:

Loss:

Loss:

Loss:

Loss:

4.235329

3.039176

2.663749

2.500893

2.410895

12
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run [300]:
Style Loss

. 0.263698 Content Loss:

7 RE TR

2.358449

=

13
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£ XS LR

FYRFRSEXNML (HFEFY ) RENZSRBNINR |, FFERAT @M HUEESRZE IR
B, BARSRITFBRI , WEBRMEURENRI2SBEREERATHEE, £TXE—
MR | BRI BIE G KR LA RARTZET. BAEKRGE , B EHE - FHERHRRT
MR EZ— , MREBEFSHEEE (FGSM ) R MNIST 73K 88.

1. RS

XMFETFX , BEZXRFINVXFERT , SHRHTEATEN BN RHEARARIR. A
m,B% , EABREARARERMIZD BN LEIBAENE RS R, WREENHIRE
NRRE , E4FHR  AETHERE T, ARNERERTEEAXNERN 2R AR RN
R, BEAREN,. WA, REANE, BERHRREIEGEIALRBRERNAANGL , 8
NERREINE-TAA. ERJLMREN B , BFHERDRAR/ BHRERD R, HRDR
HMERERERETERFERMHDRER , BRAROHDRRMT L, F/BIRERD REKRERE
EREFURIETRERRNESR , UEFEERNEBEBIRK,

FGSM R —MASRT , HERRFERD K, ATREFTRER , BINIETUFATILK
o

2.FGSM ( Fast Gradient Sign Attack )

REMEHRERE (FGSM ) , BRESHIEZENZIZIRIBHN HitEHRE 2 — , EH Goodfellow
% A 7E[Explaining and Harnessing Adversarial Examples] (https://arxiv.org/abs/1412.6572) 12
H, R—HHEERERINIEREREE. EEEBEZFAAREZIN T XNHERLEH
g2 Mg, XMNMEEREE  RHEEZRABRBEAETHENR OEESEERSALHTEL , MFR
BEETROECENEERENERZMB K. RAFE K RERFANARIEBNRE , A5
AR ABEUZR AR K,

ERHRARBZA , fHF—TEEH FGSM RRIERAIF IR — L/ 5,


https://arxiv.org/abs/1412.6572
https://arxiv.org/abs/1412.6572

© 2018 Tangramor 3.503) b1:

+.007 x - —
. @€ +
z sign(Ve(6,2.9))  i0n(v,0(8, 2, 1))
“panda” “nematode” “gibbon”
57.7% confidence 8.2% confidence 99.3 % confidence

MEHTUEY , tRERSER B HRBRBARSG  YRIWEASIRE | (RKERS
w, J0. Y 2AFINERMENRE. RELREASRELERHARBELITEY /0,2, 9),
s, eE—AsELE (Bsgn(Ve (0.0, y)) ) BREAKE (BRHR0.007 ) | KIFERE
BA{t. RE . HEFMEMRED 2 BN | B ENRRREERIED £ KER

3.3k

EATH , RIPFTCHENAASE , EXHBRTWER  RERERGTRBH ST LN
o

3.1 5| Al 8xa

from __future__ import print_function
import torch

import torch.nn as nn

import torch.nn.functional as F

import torch.optim as optim

from torchvision import datasets, transforms
import numpy as np

import matplotlib.pyplot as plt

3.28A

AYRBIRAB=ANWA , EXWT : *epsilons : AFiEiTWepsilonEFlk. FEINRPREOFEEE
E RAACRREBRMNRE LHNERMEE, MB , RiA1HEepsilonB KX , I IMBAE |, ERE
RERBESFEMS XEHEHEEN. BTHOEHNBEBEN,1], HitepsilonEFNEE1, *

pretrained_model : pytorch/examples/mnistiIZRE9 Tk MNIST R EER, NEEEN |, &


https://github.com/pytorch/examples/tree/master/mnist

© 2018 Tangramor 3.503) pi: 3

FEU TEHMIGER, *use_cuda : MREENTFEHACUDARN A RIFE, EE , WA CUDAKY
GPUNAHEBHTEE , ANAHEMFEACPUTRETEE KZATE,

epsilons = [0, .85, .1, .15, .2, .25, .3]
pretrained_model = "data/lenet_mnist_model.pth"
use_cuda=True

3.2 AR E

mEFTR | FREEE Spytorch/examples/mnistd #) MNIST & fHE, BAILLNGEHRER
OB MNIST#EE | Al U TEHAEARMMNER, Lt Net B FIN X EHE 2T EM MNIST
~MFES, RPTHENREERNBEMRSS , AR ICERFMETMYEHNE,

# F X LeNetia gl
class Net(nn.Module):
def __init__(self):
super (Net, self).__init__()
self.convi nn.Conv2d(1, 10, kernel_size=5)
self.conv2 nn.Conv2d(10, 20, kernel_size=5)
self.conv2_drop = nn.Dropout2d()
self.fc1 = nn.Linear (320, 50)
self.fc2 = nn.Linear (50, 10)

def forward(self, x):
= F.relu(F.max_pool2d(self.convi(x), 2))

.relu(F.max_pool2d(self.conv2_drop(self.conv2(x)), 2))
.view(-1, 320)
.relu(self.fc1(x))
.dropout(x, training=self.training)

= self.fc2(x)
return F.log_softmax(x, dim=1)

X X X X X X
1
M T X M

#F5BA MNIST It £0HE & I EHE A 2K
test_loader = torch.utils.data.Dataloader (
datasets.MNIST('../data', train=False, download=True,
transform=transforms.Compose( [
transforms.ToTensor (),

1)),

batch_size=1, shuffle=True)

# EXKMNERFERINESE
print("CUDA Available: ", torch.cuda.is_available())
device = torch.device('"cuda" if (use_cuda and torch.cuda.is_available()) else

"cpu")


https://drive.google.com/drive/folders/1fn83DF14tWmit0RTKWRhPq5uVXt73e0h?usp=sharing
https://github.com/pytorch/examples/tree/master/mnist

w
¥
g
=
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# MM
model = Net().to(device)

# MEEEMmulGam i
model.load_state_dict(torch.load(pretrained_model, map_location='cpu'))

# ETEEATRERR, EXHERT, XERTDropoutBlE

model.eval()

HIHER

Downloading http://yann.lecun.com/exdb/mnist/train-images-idx3-ubyte.gz to ../
data/MNIST/raw/train-images-idx3-ubyte.gz

Extracting ../data/MNIST/raw/train-images-idx3-ubyte.gz

Downloading http://yann.lecun.com/exdb/mnist/train-labels-idx1-ubyte.gz to ../
data/MNIST/raw/train-labels-idx1-ubyte.gz

Extracting ../data/MNIST/raw/train-labels-idx1-ubyte.gz

Downloading http://yann.lecun.com/exdb/mnist/t10k-images-idx3-ubyte.gz to ../
data/MNIST/raw/t10k-images-idx3-ubyte.gz

Extracting ../data/MNIST/raw/t10k-images-idx3-ubyte.gz

Downloading http://yann.lecun.com/exdb/mnist/t10k-labels-idx1-ubyte.gz to ../
data/MNIST/raw/t10k-labels-idx1-ubyte.gz

Extracting ../data/MNIST/raw/t10k-labels-idx1-ubyte.gz

Processing. ..

Done!

CUDA Available: True

3.3 FGSMAE R i

o, RMNTBI ML RERAREL BN HEROIBEIE. fgsm_attack BB =
A imageREBRpHRE Biglr) epsilong2aEs R glc) data_gradg g A @GHY
BEBEV- (0.0 y), KRERDETRIRESIEN:

perturbedymage = image+epsilonxsign(datagrad) = r+exsign(v7.J (0, x,y))

&a , AT HRSFBENRGERE , FHaINE&BEESEE0,1].

# FGSMEZIX & KA
def fgsm_attack(image, epsilon, data_grad):

# WEIHERENTERNS
sign_data_grad = data_grad.sign()

# B PERANBRNE N BEROZDEG
perturbed_image = image + epsilon*sign_data_grad

# RMENLERR[0,1]58E

perturbed_image = torch.clamp(perturbed_image, 6, 1)



=
=
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# BREIRHNBIER

return perturbed_image

3.4 MAEB

BE  AHENROLERRENAIIEE, SXEREIREEHBLX MNIST R ERTREHN
REW | HIBERAMNERMY, BR , HIE, EEREEEHACLSIn, XEEAF test B
BRESIBERMNYTE THETERNEEE, FEARE  NFUNREFHEMEE | ZEK
e AsEdata gradgyin kg B fgsm_attack (perturbed_data) BIZMELEG , RER
ERFDHOFREBLSNAMN. BTN RERNABESN | ZEBEREFIHRE — LRI
FME RG], LUEBRE TR,

def test( model, device, test_loader, epsilon ):

# HETHE
correct = 0
adv_examples = []

# BB AN E P RIEFA =G
for data, target in test_loader:

# REEANRE R FEEE
data, target = data.to(device), target.to(device)

# RBKEKrequires_grad@t, ZxtTHREHRARE

data.requires_grad = True

# 8 AR R A 152 AU

output = model(data)

init_pred = output.max(1, keepdim=True)[1] # get the index of the max log-
probability

# ANEAETNZEREN, THTurId, 948
if init_pred.item() != target.item():
continue

# TEMEA
loss = F.nll_loss(output, target)

# RPTRRANARAE
model.zero_grad()

# TEREREERNGE

loss.backward()
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# (§Edatagrad
data_grad = data.grad.data

# IREEFGSMEITING
perturbed_data = fgsm_attack(data, epsilon, data_grad)

# BN EZHIENER
output = model(perturbed_data)

# IERTAKIN
final_pred = output.max(1, keepdim=True)[1] # get the index of the max
log-probability
if final_pred.item() == target.item():
correct += 1
# 7770 epsilon/RfilEI4HI
if (epsilon == @) and (len(adv_examples) < 5):
adv_ex = perturbed_data.squeeze().detach().cpu().numpy()
adv_examples.append( (init_pred.item(), final_pred.item(),

adv_ex) )
else:
# HERGTE LA T MNERNRGI
if len(adv_examples) < 5:
adv_ex = perturbed_data.squeeze().detach().cpu().numpy()
adv_examples.append( (init_pred.item(), final_pred.item(),
adv_ex) )

# TtHEX epsilonfim &R EME
final_acc = correct/float(len(test_loader))
print("Epsilon: {}\tTest Accuracy = {} / {} = {}".format(epsilon, correct,
len(test_loader), final_acc))

# RECEMRHUEFIIT RS

return final_acc, adv_examples

5 BT R

XM ERRE —EBr —REREITH . BXE |, &A1 epsilons H AR EA epsilon BEE1T—1N%
BONHLER. X TS Mepsilon , BI1E RIFFELNERYE , HEET RN D PLHl—LLaTh
X R Bl. SEEREE epsilon ERVIEM , TENREQWMRK. S/, BEEE = 0 BWIERE
TREMNHAEE | ZFERE.

[]

accuracies =
examples = []

# 3tg P epsilonaT iR
for eps in epsilons:



=
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acc, ex = test(model, device, test_loader, eps)
accuracies.append(acc)
examples.append(ex)

*HHER
Epsilon: © Test Accuracy = 9810 / 10000 = 0.981
Epsilon: 0.85 Test Accuracy = 9426 / 10000 = 0.9426
Epsilon: 0.1 Test Accuracy = 8510 / 10000 = 0.851
Epsilon: ©0.15 Test Accuracy = 6826 / 10000 = 0.6826
Epsilon: 0.2 Test Accuracy = 4301 / 10000 = 0.4301
Epsilon: 0.25 Test Accuracy = 2082 / 10000 = 0.2082
Epsilon: 0.3 Test Accuracy = 869 / 10000 = 0.0869

455 R

4.1 HWE vs Epsilon

E—NERERBEE epsilon B, WHIATIR |, BE& epsilon B98N , MANBEN XBERE. X2
HRBEKH epsilons ERERMNEER KILMEANARIEEHERN—F, HEE , BIE epsilon
BEEMEDH , HEFHNBEBHTR2EMEN, Hl, e=0.05 HWBENL =018 Y9 4% , Be=0.2
R BELL e= 01518 25%., BHh , BEEME = 0.25 M e= 0.3 2 RAER K ERMHEER10R 9 HK
BRHIBENBE.

plt.figure(figsize=(5,5))
plt.plot(epsilons, accuracies, "*-")
plt.yticks(np.arange(©, 1.1, step=0.1))
plt.xticks(np.arange(6, .35, step=0.05))
plt.title("Accuracy vs Epsilon")
plt.xlabel("Epsilon")
plt.ylabel("Accuracy")

plt.show()
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Accuracy vs Epsilon

1.0 A
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0.0

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Epsilon

4.2 BAI R

FMRETEERBFE, EXMBERT , BE&E epsilon i , NiXEERK , ERRKsItLESE
BERZER, XL, ERHEXAERNE tREREMNAIRA ML, EXE , BRIMNETRTE
A epsilon BRI A ERBIN — L6l F, BHNE—TETTREMW epsilon B, F—1T=2e=08
BlF , e IRFBRERINER T2 BG. BINREGNFBEER REBDE ->Hhtsk, "
B M Ee=015FF R EBHE , HEE =03 WNIFEERE, R , EFAEBRT , REH
MTRE , AXMAREBIRBEBHER,

# 2@ epsilon E&HI MDA ABIBIF
cnt = 0
plt.figure(figsize=(8,10))
for i in range(len(epsilons)):
for j in range(len(examples[i])):
cnt += 1
plt.subplot(len(epsilons), len(examples[@]),cnt)
plt.xticks([], [])
plt.yticks([], [])
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if j ==
plt.ylabel("Eps: {}".format(epsilons[i]), fontsize=14)
orig,adv,ex = examples[i][j]
plt.title("{} -> {}".format(orig, adv))
plt.imshow(ex, cmap="gray")
plt.tight_layout()
plt.show()

=
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5.RE

FEBEAHEEBERATHENNNEET, EXEERSEBEEN SO, XXRERRT WM
WEHMENTR , RAERERZATOAMN X FREMBAE ML REHNBE, BXL | ENIPS
2017 L BE—ZXN R EMPHFLESR , XE : [Adversarial Attacks and Defences Competition]
(https://arxiv.org/pdf/1804.00097.pdf) IR T ERFFEAN T Z H L. BHHSERN ITEHGLEERL]
A TENFFIREE-—RBELTEM @ENEE , SREBAMB LN E A

S—NMFRARTETNFHNNPERGMHE, HREFARTNRTEEIE , XiEFF R XA ER
MREANEEXE, B THRESKTXRMNRFINGFLEREDRFR, =M
NIPS 2017 FEHFKEFARNKRE , A THEE FGSM WX 3l, AR, SEMNEBECHREHRR
FEE,

11


https://arxiv.org/pdf/1804.00097.pdf
https://arxiv.org/pdf/1801.01944.pdf

© 2018 Tangramoff HONNXIG & B E 2 ZE Caffe 2f 15 ahik pil

£ FHONNXRHR BL %% 15 E Caffe2 M 3 i

EARZKRES | RITENBaAER ONNX HF PyTorch RE X BB RN ONNX B | AENHE
M2 Caffe2 7, —HH A Caffe2 , BRI1 RMANEITRERXRFARECREEHRS Y , RAERA]
BRT W{AEA Caffe2 ThEE ( MBS HES ) EBIIRHE LMITEE,

EARHESR |, BEEZFonnxFCaffe2, BAILAFEM pip install onnx XIREX onnxo

SEE  AHIEFEE PyTorch master 9 |, A BUR BRIX B i B #t 1T R %%,

1.5 ARE

# —LBNEA
import io
import numpy as np

from torch import nn
import torch.utils.model_zoo as model_zoo
import torch.onnx

1.1 SuperResolution HZ

BoRERR—MESEGR. WMo PRENGE , TZATREOCERNFEE. EAKER , B
MNEEERATRES MANNESPRER,

B % , IEFRAN11E PyTorch A 8J# —/ SuperResolution &, XM EZH! E$#EKE PyTorch #Y45)
¥, &% BENR

# PyTorchdh'® X B)Super Resolutionfgf!
import torch.nn as nn
import torch.nn.init as init

class SuperResolutionNet(nn.Module):
def __init__(self, upscale_factor, inplace=False):
super (SuperResolutionNet, self).__init__()

self.relu = nn.RelLU(inplace=inplace)
self.convi nn.Conv2d(1, 64, (5, 5), (1, 1), (2, 2))
self.conv2 = nn.Conv2d(64, 64, (3, 3), (1, 1), (1, 1))


https://github.com/pytorch/pytorch#from-source
https://github.com/pytorch/examples/blob/master/super_resolution/model.py

© 2018 Tangramor 1.5| \1EHY

p=

self.conv3 = nn.Conv2d(64, 32, (3, 3), (1, 1), (1, 1))
self.conv4 = nn.Conv2d(32, upscale_factor *x 2, (3, 3), (1, 1), (1, 1))
self.pixel_shuffle = nn.PixelShuffle(upscale_factor)

self._initialize_weights()

def forward(self, x):
x = self.relu(self.convi(x))
x = self.relu(self.conv2(x))
x = self.relu(self.conv3(x))
x = self.pixel_shuffle(self.conv4(x))
return x

def _initialize_weights(self):
init.orthogonal_(self.conv1.weight, init.calculate_gain('relu'))
init.orthogonal_(self.conv2.weight, init.calculate_gain('relu'))
init.orthogonal_(self.conv3.weight, init.calculate_gain('relu'))
init.orthogonal_(self.conv4.weight)

# FALEERZEX, fl#Esuper-resolutionfZ®!
torch_model = SuperResolutionNet(upscale_factor=3)

1.2 I3

B, FRERY
BREW T

GRXMEEER , NTAHERIMNE TR - EMAINGHNE. FEE, &
SZRIRG RIFAVETM | At RATEREMN.

# MEMAUGFELINE

del_url = 'https://s3.amazonaws.com/pytorch/test_data/export/
superres_epoch100-44c6958e.pth'

batch_size = 1 # just a random number

# ERMUIGRNEN B TER
map_location = lambda storage, loc: storage
if torch.cuda.is_available():

map_location = None
torch_model.load_state_dict(model_zoo.load_url(model_url,
map_location=map_location))

# RGBS E AHfalsesince we will only run the forward pass.
torch_model.train(False)
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1.3 S HER

£ PyTorch FBEBREIHESHER, ESHER  EFAA torch.onnx. _export() B X
THEE EREEFATIHEMENILE, RN _export BITHEE K HRIMNEZRHBAKE x,
ENKENEHTEE, e URRGHRENKE K RECAKDPREBN,

ETHAXPyTorchG HAEMEZSFMER , iEEFHtorch.onnx documentation 344,

# BNER

x = torch.randn(batch_size, 1, 224, 224, requires_grad=True)

# SHER
torch_out = torch.onnx._export(torch_model, # model being run
X, # model input (or a tuple

for multiple inputs)
"super_resolution.onnx", # where to save the model

(can be a file or file-like object)
export_params=True) # store the trained

parameter weights inside the model file

torch_out RHITREFN ML, BEETUZKILH L  EEXERIREAERRIERNS
HE R B FCaffe2 iz TR B ITE HMEEE,

1.4 SEFAONNX R R R H fECaffe2Fh fiE

DAL TR A ONNX RRH I Caffe2 RERAE, XEFIERTUE - M EMNERPRES —
ailss LR, BRINFER - NEREP YL | UERIATLRIE Caffe2 M PyTorch & ML
TTEHAERNE :

import onnx
import caffe2.python.onnx.backend as onnx_caffe2_backend

#NZLONNX ModelProtoxt%., #E B —1rERPython protobufifiz
model = onnx.load("super_resolution.onnx")

# ATREEScaffe2lln, IGONNXERIER A [ HITERCaffe2 NetDef,
# H{thONNX[GIm, 20CNTKE)EInENEH#E Hoe
prepared_backend = onnx_caffe2_backend.prepare(model)

# rECaffe2dhizrTia il

# HEMHENBFIRE Tensor SHERIBR 5
# BEEBTASGOSWNBBRZEMANESHNEN. BTNEEZHAN, KMNAREEEZWNER.


https://pytorch.org/docs/master/onnx.html

© 2018 Tangramor  2.f£FFFONNXE#SRResNET 0
# BEF—THAN
W = {model.graph.input[@].name: x.data.numpy()}

# zt7Caffe2 net:
c2_out = prepared_backend.run(W)[0]

# R FIEMY, mB3MUNE
np.testing.assert_almost_equal(torch_out.data.cpu().numpy(), c2_out, decimal=3)

print("Exported model has been executed on Caffe2 backend, and the result looks
good!")

AR % & PyTorch M Caffe2 MM HERF LB KR Z3MUN K, EHZE , MRENTEE
M f7# Caffe2 M PyTorch FHVEERFE FEGAXRAMFRR , BEXMER T EEINEKR.

2 {8 FHONNX%:5#:SRResNET

FRELRERNESE  BINSEXEFRHNESHBEBE T —NEBHOFERE “SRResNet”
( B Twitter EEBE N AHENENREETRBANTANESE ) . TJELL HRIERE LR
YIZGER, THEHR SRResNet EHH A, HH,

Original low-
resolution image

The same original image zoomed 4 times Output of SRResNet model

3ERHNRE LIZTRE

FHERAL , RIIELM PyTorch §HT —MER | FRR T WA INEE H & Caffe2 FEITE.
NAERBE S INEE Caffe2 B, BT FEKBRNESEBHREZ LETHHEN,


https://arxiv.org/pdf/1609.04802.pdf
https://gist.github.com/prigoyal/b245776903efbac00ee89699e001c9bd
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TAVEEA Caffe2 BImobile_exporter £ AJEBHIE R LIEITHAMER protobufs o B—NHA
THEAEBAINENRLENE , EZNERETHRITER, EXRHENERIS , BIGREME
R/NEESSHRER,

# MAIBERR PRI TR RIANHER R
c2_workspace = prepared_backend.workspace
c2_model = prepared_backend.predict_net

# MES Ncaffe2p] mobile_exporter”
from caffe2.python.predictor import mobile_exporter

# BFAExportkikHEipredict_net, init_net, EBINEE LBITHHEEXLME
init_net, predict_net = mobile_exporter.Export(c2_workspace, c2_model,
c2_model.external_input)

# i Binit_netflpredict_netREFZIHKMNMBEER TERNEE LaTENNX G P

with open('init_net.pb', "wb") as fopen:
fopen.write(init_net.SerializeToString())

with open('predict_net.pb', "wb") as fopen:
fopen.write(predict_net.SerializeToString())

init_net EEEHSHMMAETEFWERB A |, predict_net A FIESIZTIH init_net
1T, EARHES  RIMNEERALEEER B init_net F predict_net , HEIEFEHR Caffe2 Fin
MBHREPETEN , ARIEFRNEITHFERNBEHES s HRIEREG2EHEE,

EAHRES , RIPHERASZERANZREKEER , TR

# —EPBENENE

from caffe2.proto import caffe2_pb2

from caffe2.python import core, net_drawer, net_printer, visualize, workspace,
utils


https://github.com/pytorch/pytorch/blob/master/caffe2/python/predictor/mobile_exporter.py

© 2018 Tangramor 3. xR E LinfTiEE Di:

import numpy as np

import os

import subprocess

from PIL import Image

from matplotlib import pyplot
from skimage import io, transform

3.1 INERE RHATULIE

B, UBRNMBEE , ERARER skimage python FEXIEB T E, HEE , KL EEL
BT UIZR/ N 152 R 41 BRI PR MOE

# fnEER

img_in = io.imread("./_static/img/cat.jpg")

# RBEBIRNERA 224x224
img = transform.resize(img_in, [224, 224])

# REMSBENEREAERBRA
io.imsave("./_static/img/cat_224x224.jpg", img)

3.2 fECaffe2=TH @ H

W, EAT—F , ILRIMNAFERERPOIEE G E Caffe2 FimETE D PREH H Rirh H
B, XENEGLESREZM PyTorch 3K B D PRER DA,

# MERBFER F B XA YCCragig X

img = Image.open("./_static/img/cat_224x224.jpg")
img_ycbcr = img.convert('YCbCr')

img_y, img_cb, img_cr = img_ycbcr.split()

# UERMNBTLEEKNBINME, UBEMANGLcalffe2 TIER
workspace.RunNetOnce(init_net)
workspace.RunNetOnce(predict_net)

# Caffe2B— 1 ReFBInet_printergEaia & M KI5 M
# F@mEKRMNOMATG LHblobZ MRET 4.

print(net_printer.to_string(predict_net))

MEERRES  BIOTABERMABRNY , WEBN 27" ( RIIHBZENDDEMERE
B, EXRENRIER IT NEBELERTH 558 ) .
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# ME, EERNEBBERDNEEGUEERIE,
workspace.FeedBlob("9", np.array(img_y)[np.newaxis,
np.newaxis, :, :].astype(np.float32))

# ziypredict_netl{FEERAETI % Y
workspace.RunNetOnce(predict_net)

# MEILHNEF2EE 6 Hblob
img_out = workspace.FetchBlob("27")

R, RMNFEXEQHPyTorchSSMBE S PREHNFAESR , UHESLHHERARER
&

img_out_y = Image.fromarray(np.uint8((img_out[06, 0]).clip(@, 255)), mode='L")

# REV L BRI EBPYTorchRNEAE LR
final_img = Image.merge(
"YCbCr", [
img_out_y,
img_cb.resize(img_out_y.size, Image.BICUBIC),
img_cr.resize(img_out_y.size, Image.BICUBIC),
1) .convert("RGB")

# REE®G, HMNMEESBMIENHLEGATHER

final_img.save("./_static/img/cat_superres.jpg")

3.3 EBaim L THEE

BINEL T T HACaffe2 GBS T RINMNBIIMEE |, T , LRAMEAndroidiRE EHITIZER
FIREVR B 5

EE  XF Android FFR , FE adb shell , BUHENUA T B /L EEZIT.

EEMNEBHRZ LETEENE S5, RINEETBIHREFORNIEEN = E A= HI 34
#EE adb o XAMZHBIXMAATAERRE LHITER | AT UNSHERNBE TR RVER
i, —HSBIXHEELL KRG, BEMEDHESISH  FERRIALW AT build_android. sh
1N

EE MRBEECL LR T ANDROID_NDK ,Ff HiZ EINEATE ANDROID_NDK=path to ndk root .

#ALRMNAL—HERAKES(adb, 57 ZAEFIRIEEZ
CAFFE2_MOBILE_BINARY = ('caffe2/binaries/speed_benchmark")


https://github.com/pytorch/examples/blob/master/super_resolution/super_resolve.py
https://github.com/caffe2/caffe2/blob/master/caffe2/binaries/speed_benchmark.cc
https://github.com/caffe2/caffe2/blob/master/scripts/build_android.sh
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# Kt LEnNSRPRET init_net F1 proto_net’, FKMMEFEREN,
# HEk o HIX G NE R protos
os.system('adb push ' + CAFFE2_MOBILE_BINARY + ' /data/local/tmp/')
os.system('adb push init_net.pb /data/local/tmp')
os.system('adb push predict_net.pb /data/local/tmp')
# KRN EB%blobF5tAblob proto, REIFHRERBNZE UERIT,
with open("input.blobproto", "wb") as fid:

fid.write(workspace.SerializeBlob("9"))
# EiN\ERblobi £ Eladb
os.system('adb push input.blobproto /data/local/tmp/")
# MEKNEBNEE LTME, £% speed_benchmark --help’, TEEHHEMANE X
os.system(

‘adb shell /data/local/tmp/speed_benchmark ' # binary to
execute

'--init_net=/data/local/tmp/super_resolution_mobile_init.pb ' # mobile
init_net

'--net=/data/local/tmp/super_resolution_mobile_predict.pb ' # mobile
predict_net

'--input=9 ' # name of
our input image blob

'--input_file=/data/local/tmp/input.blobproto #
serialized input image

'--output_folder=/data/local/tmp ' #
destination folder for saving mobile output

'--output=27,9 ' # output
blobs we are interested in

'--iter=1 "' # number of

net iterations to execute
'--caffe2_log_level=0 '

)

# MadbiRERER & HREFRIXHG
os.system('adb pull /data/local/tmp/27 ./output.blobproto')

# HKMeIERSAMERINE RRE R EABH R HTRLIE
blob_proto = caffe2_pb2.BlobProto()
blob_proto.ParseFromString(open('./output.blobproto’).read())
img_out = utils.Caffe2TensorToNumpyArray(blob_proto.tensor)
img_out_y = Image.fromarray(np.uint8((img_out[0,0]).clip(®, 255)), mode='L")
final_img = Image.merge(
"YCbCr", [

img_out_y,

img_cb.resize(img_out_y.size, Image.BICUBIC),

img_cr.resize(img_out_y.size, Image.BICUBIC),



© 2018 Tangramor 3. EHnE LIEiTRE 0

1) .convert("RGB")
final_img.save("./_static/img/cat_superres_mobile.jpg")

M7E , B LA B % cat_superres.jpg ( 3k B Aicaffe2 Gl iTHEE M )
cat_superres_mobile.jpg ( REBFWMTHER ML ) , HEIR/IRGEFEXRER. WREE
BRF—# , BAERIRBLHPTSEHIAME , EXMERT , BB RCaffe2tt X, YRAZH
BF

FRERSE  EUUBEAMERDIEE LHBBER, I, BXcalfe2BRRNESZEE
15 & & caffe2-android-demo.


https://caffe2.ai/docs/AI-Camera-demo-android.html
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1. Torchiak EFEIT 44

REZFINAAITERRAEKE LHITHEPKER — NI UBEYT £ R5I AV ERN —RERR
Bk MERITHEFATEXEREMFL, B £, RNERE-TRINITUAKERTH A,

# {E4& : Robert Guthrie

import torch

import torch.autograd as autograd
import torch.nn as nn

import torch.nn.functional as F
import torch.optim as optim

torch.manual_seed(1)

1.1 g2k

5k 2 A LATEPython listfe =X Fi@BX torch.Tensor () BB,

# FIAGEHEAIZE—Ttorch.Tensordg . X&— 1 —tHm 2
V_data = [1., 2., 3.]

V = torch.Tensor(V_data)

print(V)

# QlE— 1Rk

M_data = [[1., 2., 3.1, [4., 5., 6]]
M = torch.Tensor(M_data)

print (M)

# QRE2X22E A =K E .
T_data = [[[1., 2.], [3., 4.]1],

[[5., 6.], [7., 8.1]]
T = torch.Tensor(T_data)
print(T)

HIHER

tensor([1., 2., 3.])
tensor([[1., 2., 3.1,
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[4., 5., 6.]])
tensor([[[1., 2.1,
[3., 4.1],

[[s.,

6.],
[7., 8

]

11D

TAR=4KE ? L RMNEXHER, NRBRE-IPEAERLANXNEOERSIRKEE —MrE.
WMRRE—NERE , WXNEBFRBIBAFS BRI — I EE, MRMAE-—NPZLEKE , PAXH
REIMREE — P AER!

HIREWIRE : BREAHKEBEANFEH tensor” , B ZFFA torch.Tensor MR, HEEF [
E R torch.Tensors , 114 EDBIR21M2, HRHI=ZHKE K RLEEHNER3ID

tensor”,

# RalVEE—1irE (0K E)
print(V[e])

# MEIZBVPIRE— P EF
print(V[e].item())

# RE|IMEE[— T RE
print(M[@])

# RE|TRE[— 11K
print(T[0])

HIHER

tensor(1.)

1.0

tensor([1., 2., 3.])

tensor([[1., 2.1,
[3., 4.11)

PR AT LABI B H A IR B Wtensors, BRIAMBIEZR B N FRA, A BAEA torch.LongTensor ()
ROE—NEBELANKE, MANEX PSS HRESHHIEXRE  ERE/ENKELRRE
Af.

{RATLAER torch.randn() BRI —1PKE, XN KEREFEINBBENTEEENEE,



© 2018 Tangramor

x = torch.randn((3, 4, 5))

print(x)

-HIHER

1.2 kRIR{E

RAT AR EN B IR EKE,

X
Yy
Z=X+y
print(z)

HIHER

.5256, -0.
.6092, -0.
.7773, -0.
.4676, -0.
.8657, 0.
.1759, -2.
.7981, -0.
.7735, ©
.1110, 0.
.1422, 0.
.5962, -1
.6103, -0.

tensor([5., 7., 9.])

A AEF) AR R I R TR R X ERETNBRTHFRIETHE.

7502,
9798,
2515,
6970,

2444,
2456,
1316,

.1991,

2927,
2486,

.0055,

7040,

torch.Tensor([1., 2., 3.])
torch.Tensor([4., 5., 6.])

1. Torchik=FENA

.6540,
.6091,
.2223,
.1608,

.6629,
.4465,
.8793,
.0457,

.1578,
.7754,
.4285,
.1853,

ETR-IMREFPNRERZIEE.

# HUERT, EBEF—DTdTEE (G
x_1 = torch.randn(2, 5)

y_1

print(z_1)

torch.randn(3, 5)
z_1 = torch.cat([x_1, y_1])

T

)

.6095, -0.
.7121, @
.6871, 0O.
.6995, ©
.8073, 1
.0612, -0.
.0721, @
.1530, -0.
.0288, 0.
.0255, -1
.4761, -1
.9962, -0.

1002],

.3037],

22841,

.1991]],

.1017],

6177],

.1578],

475711,

4533],

.0233],
.7869],

8313]11)

=


https://pytorch.org/docs/torch.html
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p=

= torch.randn(2, 3)

= torch.randn(2, 5)

# RN AHIEE T BB WA MEE
z_2 = torch.cat([x_2, y_2], 1)
print(z_2)

# &R
X_2
y_2

# NERBtensorsZ27 &AM, torch&ikE. BUEIBREEH 1R
# torch.cat([x_1, x_2])

"RHER

tensor([[-0.80629, ©.2366, ©0.2857, 0.6898, -0.6331],

0.8795, -0.6842, 0.4533, 0.2912, -0.8317],

0.5525, 0.6355, -0.3968, -0.6571, -1.6428],

0.9803, -0.0421, -0.8206, 0.3133, -1.1352],

0.3773, -0.2824, -2.5667, -1.4303, 0.5009]])

0.5438, -0.4057, 1.1341, -0.1473, 0.6272, 1.0935, 0.0939, 1.2381],
1.1115, 0.3501, -0.7703, -1.3459, 0.5119, -0.6933, -0.1668, -0.9999]])

tensor( [

1.3 Efkik

£/ view() ZEMKE. IR—IMEMAE , AT ZSHEMNZHHL T M ABXEHBE
BER, FERRELCHRFEENBRAZIHE Th,

x = torch.randn(2, 3, 4)

print(x)

print(x.view(2, 12)) # F|A27712%|

# Bl L. MNRLEEA-T, ABATBIR NI LR HE LT HE # B R
print(x.view(2, -1))

"RHER

[ ©.4175, -0.2127, -0.8400, -0.4200],
[-6.6240, -0.9773, ©0.8748, 0.9873],
[-0.0594, -2.4919, 0.2423, 0.2883]],

tensor([[

[ 1095, ©0.3126, 1.5038, 0.5038],

[-0.
[ ©.6223, -0.4481, -0.2856, 0.3880],
[-1.1435, -0.6512, -0.1032, ©0.6937]]])
tensor([[ ©.4175, -0.2127, -0.8400, -0.4200, -0.6240, -0.9773, 0.8748, 0.9873,
-0.0594, -2.4919, 0.2423, 0.2883],
[-6.1095, ©.3126, 1.5038, 0.5038, 0.6223, -0.4481, -0.2856, 0.3880,
-1.1435, -0.6512, -0.1032, 0.6937]])
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tensor([[ ©0.4175, -0.2127, -0.8400, -0.4200, -0.6240, -0.9773, 0.8748, 0.9873,
-0.0594, -2.4919, 0.2423, 0.2883],
[-6.1095, ©.3126, 1.5038, 0.5038, 0.6223, -0.4481, -0.2856, 0.3880,
-1.1435, -0.6512, -0.1032, 0.6937]])

2ITERMBZIRSE

TTEENBEN TERERNREZIFERREEN , RACAUERFTXEBCEROGERL

%, TERARERAMESE T MMTRBELS E—EURAHER. ANEZLEE TRIEMEZE
WEH , AkETETEBNEREERS. XAREEXRBEN , FTALLERNEFFFEAPytorch B
EAHRiE (B )  requires_grado

B, NEFANAEXREE, BRMNELERINGIZEM torch.Tensor NRPFHE THA?ER
ERFENEN  CRITERHMNARE., ERIBITHANKEMRM , BIMNEBE T — a5k
B, IMHEAEATENRERENES , ATEEINEHRARNKENZNEEN (AT
ATBER M — DN HIERE, b AT sE R EMIRENERE )

WR requires_grad=True , KENRAUU—EBEREZREC_2UMSIEN, LRMNEXFRHPRE,

# kBB WA "requires_grad”ixic
x =torch.Tensor([1., 2., 3], requires_grad=True)

# @idrequires_grad=True, fRtha[l/L#2a1BTA IR,
y = torch.Tensor([4., 5., 6], requires_grad=True)
Z=XxX+y

print(z)

# BRzZIERA—LRMINIRE .
print(z.grad_fn)

RS

tensor([5., 7., 9.], grad_fn=<AddBackwardo>)
<AddBackward@ object at 0x7fd66e2d9cf8>

BARATEHNEEAGEZNEN. zZAETHERMFRIY , i FRREANEHRIEMEZENS
Ro MRRBELIRIR 2. grad_fn , IRENF HEIXFYHIRIE,

BERE AR RIITERE?
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# HAREzPMBIMENCE
s = z.sum()

print(s)
print(s.grad_fn)

HIHER

tensor(21., grad_fn=<SumBackward@>)
<SumBackward@ object at 0x7fd73f1c7e48>

BAXNMTERNNXHE NP ENSHBETZD? EHFE L EINK
s

(7.1‘{)

SEMENKEzZNNMEIEN. KEzEx+yRIM , Eitt

Z0 “1 Z2
e e N
s=zoty +tz1+tyr +T2+Y2

HEsBETEBHNEEEZRERNZENSH I

SRECBETNAITESBHRSE. XRENET T EBSNEEMASHAUKITE, IX
# , Pytorch %zFEI’JﬁthAJ\Fﬁ&F?an sun() M + BESLHENAITEENWEEF BETRE
RBE L, RANRUEZEH T AHENTE.

ERATAPytorchitE#E | KUBRNEBENNCIZENRBETXIMERBEZX , EWBEES L
Ft, XRENPytorchBHRBEHNERN grad B %, MENTFREEHECERAEN)

# EERE 2 EER .backward()BRZBITRME, METE .
s.backward()
print(x.grad)

BHER,
tensor([1., 1., 1.])

FERA—IEINREZIRFA TR TEHNRRIMASITREREEN,
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x = torch.randn((2, 2))

y = torch.randn((2, 2))

#AF 0K EEKUNE R T “requires_grad=False”
print(x.requires_grad, y.requires_grad)
Z=X+y

# RTgEBdzRPIEHE.

print(z.grad_fn)

# “.requires_grad_( ... )"®EZ T “requires_grad’@{t

# MEBRABIETE, tRCEKKATrue

X = X.requires_grad_()

y = y.requires_grad_()

FEANKMNELEAZN—#, z0ERBNERITTERE,

Z=X+y

print(z.grad_fn)

# ANRECHRENBANISE A “requires_grad=True"P2HLMEEA
print(z.requires_grad)

# PEzARTX, yHNAERER
# HMEILGRERERNE, KEMARP B LR ?

new_z = z.detach()

# new_zA RBHNERREIFHEExMyN ?

# EERS

print(new_z.grad_fn)

# RasX#? “z.detach()"@EEE T —15"z"HREFMINKS
#ERSABFRHRNITEER.

# extT BN ERRNTEERSE.

# MAEmEH, HKNEEGEZXNEEMIENAEPNELET.

-HHLS

False False

None

<AddBackward® object at 0x7fd66c736470>
True

None

WA LUEBY . requires_grad "= True by wrapping the code block in " “with
torch.no_grad() fZILREFEKENFHLIEZHPHES RS,

print(x.requires_grad)
print((x ** 2).requires_grad)

=
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with torch.no_grad():
print((x ** 2).requires_grad)

HEER
True
True

False
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{ERAPyTorchi# TIREF ]

1RES SRR | (FEE FEMEROAR B iR

REFIXRANEAELYN A EFEMEEBRAIELERB#HTAE, FLMRB 5 AESE
RHRNEREMER, EATH , BIFE IXEROAHN  BEYBIRHE , AEBHERZEN
AR

1.1 (F TR

RESLIWROAESZ —2H5ETHR | THTHRE—NETFEEANEEX , bty f(T)Es |, TR
N

flz)
X TREEANGEX , b XEZZINSHEAND, BE , bEHNRED,

PyTorchBEAR XS HHWREZ I ERMENEFHBELASNEERBBLETE, EHNREWART
mARS., WHMEYR , TEHABRHENEIT REMANSITHEITAZR , ANELRBTNER. &
THEHHNBAF

# Author: Robert Guthrie

import torch

import torch.nn as nn

import torch.nn.functional as F
import torch.optim as optim

torch.manual_seed(1)

lin = nn.Linear(5, 3) # maps from RA5 to R”3, parameters A, b
# data is 2x5. A maps from 5 to 3... can we map "data" under A?
data = torch.randn(2, 5)

print(lin(data)) # yes

-RHER
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tensor([[ ©.1755, -0.3268, -0.5069],
[-0.6602, ©0.2260, ©0.1089]], grad_fn=<AddmmBackward>)

1.2 FEEMEE

B CEEUTIAMIT  CEERNMARNBEEREHER. BRENEFAMIHER
fla) = Ar +bggle) = Co+d, mafl9lr))RRtLmR?

f(g(x)) =A(Cx+d)+ b =ACx + (Ad + b)

ACR—NERE , Ad + IR -/ EE , TUEE , AMIFERHAEER —MIFHER,

HEAAEY , AU EFEFSNMATRAERNKEXNHGELME |, X T E2MFHETKR
FIRBMHRELRRET

BERUMRBRNEANMBHTRZESIAFLYE , BAGERRART—HT , RINATUHELE IS
PERERVIEEL,

BEANRONIEEEESE  tanh(z) olr) ReLU(x), fRagea®E  “NAARXEELK ?
FAAEEAESHNIEL RN, "XEEREANERECIRETUAS ITENRE |, MitEs
EEXIWAR, Fim:

do
= o(x)(1 = o(x))
dx

IS REGTEEEABRUNEDEY T —EHERE | FixaZmgho(T)2emiAEL
My EREE EXGREANSRIHABTC. XEENYSHNEITEE KN , BES
BRMk, MEEEREREZY, EHAZD ABRIAEE tanhsEReLU,

# 1Epytorchth, RZEEGUEEtorch. P (KITPEEFANAF)
# IR, FERUBRELRABRATBEABFENEL

# AR, thIEBAEUIGE R EHINE.

data = torch.randn(2, 2)
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print(data)
print(F.relu(data))

HIHER

tensor([[-0.5404, -2.2102],
[ 2.1130, -0.0040]])

tensor([[0.0000, 0.0000],
[2.1130, ©.0000]])

1.3 Softmax R

Softmax(x)tE @ —NIELMEE , BEEHRKRZAET , eBERHEMZNRE —MRIE. X
eRNECESZEHEE , HERE - MRS . SHENLNT, RxAKH@E (E, A, XL
ft4 ,RBYR ) ., ARESoftmax(x)lEINTER :

explx;)
2. exp(x;)

RAE , MENR—MEIRDH BN AEMIEREF R,

RUALLANZ AR I NWANTRETHRBZER , FAENREERMIER , RERAIE
LEE,

# SoftmaxthfEtorch.nn.functionald

data = torch.randn(5)

print(data)

print(F.softmax(data, dim=80))

print(F.softmax(data, dim=8).sum()) # EfA1, BATCE—7"7%H !
print(F.log_softmax(data, dim=0)) # theres also log_softmax

SR

tensor([ 1.3800, -1.3505, 0.3455, 0.5046, 1.8213])
tensor([0.2948, 0.0192, 0.1048, 0.1228, 0.4584])
tensor(1.)

tensor([-1.2214, -3.9519, -2.2560, -2.0969, -0.7801])
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1.4 BREE

BHREHERGLNEBIGRE/NMBEYE (FLt , EEBRHERREBIERAE
H). JEELREE—NMNEHESRS , B ENZETEAITERHNRKX, REETHR
REBNSBREFTEENSH. RBBENXRH , IRENERIHE RN, MERTEEEM
BARKFLRE, Rz , YRBEFTEERMERERBR , RRSRE.

ARV SRSEHI A B/ IMUIR R BB B (Y REARBIME B RFHIZLRED |, TETF R &%=
&, NABREURSSGREFFRERPHRK, REREBEH —MIFRA BB ARIRREIK ,
RNTEBEEESRORPEHIN. ERESRDRD , XEWE ISR K&/ IEHER HE 08
BER (FHNTRACEREDHANHBEER )

2 AL YISk

B4, BATZE AT EEBE AR R K EHE ? RIS ZMA LR ? RIVEZ 5 T #3
TensorFlow # Y Tensor EMAIT EHEURITE HEMXNER. BFRIMNWRAIEES—
Tensor , BRI UEAFTEEHEEXNSERITERE. RAERNTNURTIHERES
#. RONFAMMWSH  LIORABRKER  n—PEHNZIR, RFE,

o(t+1) —g(t) _ v, L(8)

Bl , BAENEZNTMHOARHEM —LERTXHTZENEEEFTANANER. FZAZR
EZETIGHAENEBEREAZTZIR, B2, MIFEEBOXEERNEELIRETHAL |, KR
IEREM RN, TorchiB2# T KEME Efttorch.optimBH , B2 &I EHM, £iBE £F
AEFNELINEASEENBEEET —HHE, EREHTRANENELNEEHRELFEAR
FRENSEH (FIOFRNMNBRFEIR ) N FRIGRHRNEHNMEEREE, BF , {UIHEEN
SGDE #2 % — Ml tn*Adam* =R & *RMSProp*{E{t 22 &8 AT LA E B RV IR FHERE
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3.1 APy Torch B2 P £& 48 44

FERAMNMEE NLP 281, ibEA] T EAPyTorch#g 2 — AN R A {5 5 38 #6 M IE L 4 B 24H A HY
BB, BATHER T @A EMRAEER , £ APyTorchNBR AN B REER , SN BE Kk @15
BEMSH

FRE R M KA RiZ A& nn.Module HBZE forward() FiE. 4R nn.Module IBHL T — L5 E

LIRAH. i, SR RERATINEGH S8, IRATLUETR . to(device) AT CPU # GPU 2

BRREN]. .to(device) HEHH device ATLARCPUIR# torch.device("cpu") #E CUDA i&
% torch.device("cuda:0") o

AERMNE—NEEZRNEN RG], CES-EHEHNBOWIHRRER)R® , RAEREI T EFRMZ
FHIBEE - “English”#“Spanish”s XMERE IR —MNMEEEIH,

3.1 76l ETE2REE5RAKBERN AR5 %R

RIMNHERFGESIEBOWR RIS AL EHXN R, RMNAELHFHEMIABE—NRE, #l
W, BNFAERFEECEE N2 hello"fM"world” , FOM1ERR. AF"hello hello hello hello”#y %

Zy ]
[4,0]

3t F“hello world world hello”, T 2R /R B
[2,2]

BERTRK
[Count(hello),Count(world) ]

AxKJRTIXNMBOWEE, MKHHH2:
logSo ftmax(Axr + b)

BRRY , BABIEEA - MEFH TR M EHIE —1{L logsoftmax o

data = [("me gusta comer en la cafeteria".split(), "SPANISH"),
("Give it to me".split(), "ENGLISH"),
("No creo que sea una buena idea".split(), "SPANISH"),
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("No it is not a good idea to get lost at sea".split(), "ENGLISH")]

test_data = [("Yo creo que si".split(), "SPANISH"),
("it is lost on me".split(), "ENGLISH")]

# word_to_ix maps each word in the vocab to a unique integer, which will be its
# index into the Bag of words vector
word_to_ix = {}
for sent, _ in data + test_data:
for word in sent:
if word not in word_to_ix:
word_to_ix[word] = len(word_to_ix)
print(word_to_ix)

VOCAB_SIZE
NUM_LABELS

len(word_to_ix)
2

class BoWClassifier(nn.Module): # inheriting from nn.Module!

def __init__(self, num_labels, vocab_size):
# calls the init function of nn.Module. Dont get confused by syntax,
# just always do it in an nn.Module
super (BoWClassifier, self).__init__()

# Define the parameters that you will need. 1In this case, we need A and

# the parameters of the affine mapping.

# Torch defines nn.Linear(), which provides the affine map.

# Make sure you understand why the input dimension is vocab_size
# and the output is num_labels!

self.linear = nn.Linear(vocab_size, num_labels)

# NOTE! The non-linearity log softmax does not have parameters! So we
don't need
# to worry about that here

def forward(self, bow_vec):
# Pass the input through the linear layer,
# then pass that through log_softmax.
# Many non-linearities and other functions are in torch.nn.functional
return F.log_softmax(self.linear(bow_vec), dim=1)

def make_bow_vector(sentence, word_to_ix):
vec = torch.zeros(len(word_to_ix))
for word in sentence:
vec[word_to_ix[word]] += 1
return vec.view(1, -1)

def make_target(label, label_to_ix):

=
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=

return torch.LongTensor([label_to_ix[label]])

model = BoWClassifier (NUM_LABELS, VOCAB_SIZE)

# ERNETHNAN. TENE—THEHEA B/ HHEb.
# PR AGNBLERI__init__REPLEE, #EFMAself.linear = nn.Linear
(...) 77k,
# S8EAEPyTorch, fREVEIR (TEA G| ABoWClassifier) g&FfiEnn.Linear 24{BI%01R
for param in model.parameters():

print(param)

# BTl FRN\BoWkE
# XBEHRMNTBRZUG, BrAREBEarEtorch.no_grad () &
with torch.no_grad():
sample = data[0]
bow_vector = make_bow_vector(sample[0], word_to_ix)
log_probs = model(bow_vector)
print(log_probs)

"RHER

{'me': @, 'gusta': 1, 'comer': 2, 'en': 3, 'la': 4, 'cafeteria': 5, 'Give': 6,
'it': 7, 'to': 8, 'No': 9, 'creo': 106, 'que': 11, 'sea': 12, 'una': 13, 'buena':
14, 'idea': 15, 'is': 16, 'not': 17, 'a': 18, 'good': 19, 'get': 20, 'lost': 21,
'at': 22, 'Yo': 23, 'si': 24, 'on': 25}
Parameter containing:
tensor([[ ©.1194, ©.0609, -0.1268, 0.1274, 0.1191, 0.1739, -0.1099, -0.0323,
-0.0038, 0.0286, -0.1488, -0.1392, ©0.1067, -0.0460, 0.0958, ©0.0112,
0.0644, ©0.0431, 0.6713, 0.0972, -06.1816, ©0.0987, -0.1379, -0.1480,
0.0119, -0.0334],
[ 8.1152, -0.1136, -0.1743, 0.1427, -0.0291, 0.1103, 0.0630, -0.1471,
0.0394, ©0.0471, -0.1313, -0.0931, ©0.0669, ©0.0351, -0.0834, -0.0594,
0.1796, -0.0363, 0.1106, 0.0849, -0.1268, -0.1668, 0.1882, 0.0102,
0.1344, 0.0406]], requires_grad=True)
Parameter containing:
tensor([0.0631, 0.1465], requires_grad=True)
tensor([[-0.5378, -0.8771]])

L ER B —NMEX MY 2 ENGLISH BIXSERBER | BE— N2 SPANISHEY XS BB R ? RAVER B E
X, BERMABZLMEE LEMNBRYENERA,

label_to_ix = {"SPANISH": ©, "ENGLISH": 1}
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EBRATRIEE! BAPFEHIE ARREIBBR | (TERKREHY , TERAHBNBE K REE
A—1BESEKREHFSH. EPyTorchty nn BERMTHRAEI. nn.NLLLoss() RERAIVEEMN
A BRI KR BE I, torch.optim FHEX THILEE. XE , A RERASGD,

AE , B NLLLoss VI AR — IRV @2 LK BFirirE, EF2RBINTENHEER,
XBRAFARINRZE—EMER log_softmax BIEE. MKEE nn.CrossEntropyloss() BRT
XI5 REAITE T logsoftmaxz4h , FINLLLoss() & A X 5l

# AxMNlG2aeTIRRE REATEIRZA-2E
with torch.no_grad():
for instance, label in test_data:
bow_vec = make_bow_vector(instance, word_to_ix)
log_probs = model(bow_vec)
print(log_probs)

# NG “creo” ¥ RZBYEEPES|

print(next(model.parameters())[:, word_to_ix["creo"]])

loss_function = nn.NLLLoss()
optimizer = optim.SGD(model.parameters(), 1lr=0.1)

# BT, BAREZREDUIGEE.
# 100t ZPRIEE ARG S, BEXIEERM U LEEES.
# @%, 1538307 epochs2 Bl 2 BN,
for epoch in range(160):
for instance, label in data:
# LR : FILE, PyTorch& EREE.
# We need to clear them out before each instance
model.zero_grad()

# £R2 : FlEKMNNBOWE 2, #FAKMNUMEBIREAZIRBEETensord,
# fileD, 9N BARZESPANISH, ABAEKNEBIRELO.

# 98fE, lossEENFIEX AMIFERF O 70 & B3 K2 T SPANISHE T £ 4 ==
bow_vec = make_bow_vector(instance, word_to_ix)

target = make_target(label, label_to_ix)

# £R3 T ENNAIEGEE.
log_probs = model(bow_vec)

# £RA: @ ERoptimizer.step()RitEMRA, HEMEHEL
loss = loss_function(log_probs, target)

loss.backward()

optimizer.step()

with torch.no_grad():
for instance, label in test_data:
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bow_vec = make_bow_vector(instance, word_to_ix)
log_probs = model(bow_vec)
print(log_probs)

# ST BN LT, REBETRE !

print(next(model.parameters())[:, word_to_ix["creo"]])
cHIHER

tensor([[-0.9297, -0.5020]])
tensor([[-0.6388, -0.7506]])
tensor([-0.1488, -0.1313], grad_fn=<SelectBackward>)
tensor([[-0.2093, -1.6669]])
tensor([[-2.5330, -0.0828]])
tensor([ ©.2803, -0.5605], grad_fn=<SelectBackward>)

BOBE T EBWAER | {RATLLE BISpanishI X BB R L E —MIFHNEHZ |, EnglishiIXI K
BREF-MNHBERES , FRENZ BXHF,

DR T 8 T A 612 —MPyTorchA 4+ |, FHIREAHARTHEERH ., NERINSL T UIT A%
TREZI LNBREBSLET,
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HH#RA  wBEANELENX

HRAR—HHEXRFEARNBEOE , BIAEHARTEAREN—12H. EARIES
REF , BLBEXFNER  HELREE ! BR , NAE BN ERE—DRIEE ? RE BN
LEFENEFERN ASCI TG , EREVXAREAEABE , REHALANRNES LRt 88
MRAZHTHENENE  IEMNKNERBR-LEHE , BRIEME), EEENR , REEXL
ASCI BFRFAABRAAEN 2 4V REFLER, WAKELV BHERT , BNEEEMSE
MERBIBRERENER , ERERABFRINLNEE (Hl , MABNBITER BN 1L
i) o BIOMAMANBFELEEZEPBIEN - KNEEZH ?

HMFEMER ASCI BEZRFHNRREIE , ##A onehotencoding @EART 2 FIE | wiX M EFAR
BEXBERTR ¢

yieT
Hp 1XRTHPBENE  HUEL 20, HMWWEAHEHEY , EEATFT—HNNEE —MAREK
T, HttVEHH#H R0, XRERTHEAEX WZERN , EENMEAWERE,. ©REHENIER

B RMANME AR ENZAZEEERR, RMNEERENREBREEE B —LHEHE
Mo NAALEXFFME ? RETEHHF :

BRURMNEELRR-MESEE  IGBEFTE—LaF :

* The mathematician ran to the store.
* The physicist ran to the store.

+ The mathematician solved the open problem.
REXBE—MEAIHFHAF:
* The physicist solved the open problem.

BRIV ERTREEXNTFLRIANETRE  BR , MRRATTEANESX , ERHARIE
e
ERNENBERNYEBEZREATEEHRNER  FMUAEEREE & | #015818 LHBKR,
UENYEBESZREFIFINERR , RNANBEEZRtbEREHBENER,
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REBNHEN , WEZRELENIFEGRCTHERDB ? XMEBRNTIENHELCHES

ENRENXHEL, MAREENHEMEL. XRE—ELEEBRNAANIELKIN —LERR
MR, ATFRRESHBEREENER. XMNIFRBT —MNERNEFESRIR : BLIE HLUE
AP HINER , FEX EBREEXEKN, XFUHdistributional hypothesis ( 2 A XRIE ) »

1. Getting Dense Word Embeddings ( ZZ 1A A )

BT AR AN RIERE ? U R | EARBRFFAIE AL ? SFRNSEE - EFNUE
o EBANGF  BIORAKBZRNYEZ R HEEE , TABFIT LS/ I E VRN 2
185 , ER-—THANEYE , AR -—THRIURLKEILERE LEEBNERITH LT,

MRBIMNEUBRTI —NEE , BRNEFTUA-IPAERT-—NER , REXH

[ can run likes coffee Majored in Physics
~ = ~ N —~=

9mathematician — 2.3 94 —9.9 e

[ can run likes coffee Mmajored in Physics
~ = = =

qphysicist — 25 , 9.1 ) 6.4 e

BA , BNAXATLUEE TEN G EFEIX L LR 2B AEEHE

Similarity(physicist, mathematician) = dphysicist * Jmathematician

REBERBATHEEHTRER - :


https://en.wikipedia.org/wiki/Distributional_semantics

© 2018 Tangramor 2. PytorchARpgia#r A\ i

C . . . o Tphysicist * Ymathematician
Similarity(physicist, mathematician) = = cos(¢)

[ 9physicist 1119 mathematicianl|

CRFAIEENRXRA, XREWE , T2HUNERAUERT, T2 FEEBNRRMEMUER-1,

R BB AR EFF kA Al onehot MEB BB MERNFE AR —REHTN | BEMW LT
BERO , MERIAEN BT — M0 E B, XEABNESRE  tREHCNEDES
HIEE,

BERMNXEQEFE-—NENRZ  RALBRIKTHARNELEY , ElAESERE
BEEEX , A , ARIMIRETEEER ERE 2 REFZINHOBERAHEMERES 5
ENRTR , MAREFAZRITEAN. FIANFTATERARARSMERSE , MEEI Y| 45K
EHTE ? XMF RENBEVMNE. RITFARENE M- LBEEENE , BREME , *
IFRXRE, R ARATRLEHER. BEE RECABRMNLEFIHFNLEE | 88K
RWERANYEZREBEREMEEAALUE , WRBNAFHERNZRZTFRA , BLA REK
NHFRNYEZREE_LEEIMRANE , EFRARIE XBRTEW. eNE-LEBEEL
ERALE , BRI BRNKRU T EHER

2. PytorchH By ia] #k A

ERMNEBIKGT 280 , XBEH— 5% TF MALEPytorchF & A RE %S B R RBRANEEN
B, 5% onehot BENEMNEATEY —MEBFHRIRL  YRNERARNEN LEER
SNBREL—ARE, XEREFLEAROXES. SEHRL , ARABBEHE— A
VIx Dgymger | R DRFBRANEE. AHEIBORE |, RREEENSITEE TR
Ao EFFEHRBH , NBEFIRHBERE— MU word_to_ix #F8,

BEfE 1A ER ARYEEIR 2 torch.nn.Embedding , XEEAER NS ; wILRM K /DFEER A B 4E
E.

RElXKRE , IRUATMEA torch.LongTensor ( ARSI 2EH , TRZSH) .

# & : Robert Guthrie

import torch
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=

import torch.nn as nn

import torch.nn.functional as F

import torch.optim as optim

torch.manual_seed(1)

word_to_ix = {"hello": @, "world": 1}

embeds = nn.Embedding(2, 5) # 2 words in vocab, 5 dimensional embeddings
lookup_tensor = torch.tensor([word_to_ix["hello"]], dtype=torch.long)

hello_embed = embeds(lookup_tensor)
print(hello_embed)

"RHER

tensor([[ ©.6614, 0.2669, 0.0617, 0.6213, -0.4519]],
grad_fn=<EmbeddingBackward>)

3.6]F : N-GramESER
EE—T , Engram BSEEPLEE—MNREEFIEE , RMNEUHTENRE:

P( wilwi—1, wi—g, ..., Wi—p+1)

wiRSBAFFINE i MBI, ERHIR | RITFEY
SEEHBH,

GHH EUTERAEY , FEAROEREE

CONTEXT_SIZE = 2

EMBEDDING_DIM = 10

# MRS LT+ MTE Sonnet 2

test_sentence = """When forty winters shall besiege thy brow,
And dig deep trenches in thy beauty's field,

Thy youth's proud livery so gazed on now,

Will be a totter'd weed of small worth held:
Then being asked, where all thy beauty lies,
Where all the treasure of thy lusty days;

To say, within thine own deep sunken eyes,

Were an all-eating shame, and thriftless praise.
How much more praise deserv'd thy beauty's use,
If thou couldst answer 'This fair child of mine
Shall sum my count, and make my old excuse,"
Proving his beauty by succession thine!

This were to be new made when thou art old,
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And see thy blood warm when thou feel'st it cold.""".split()

# RN T2HTIRE BER2K.

# GlE—R57TA, 817 tdHERZ([ word_i-2, word_i-1 ], target word)B9fz=(,

trigrams = [([test_sentence[i], test_sentence[i + 1]], test_sentencel[i + 2])
for i in range(len(test_sentence) - 2)]

# WHASTT, AETRMTaHET.

print(trigrams[:3])

vocab = set(test_sentence)
word_to_ix = {word: i for i, word in enumerate(vocab)}

class NGramLanguageModeler(nn.Module):

def __init__(self, vocab_size, embedding_dim, context_size):
super (NGramLanguageModeler, self).__init__()
self.embeddings = nn.Embedding(vocab_size, embedding_dim)
self.linear1 = nn.Linear(context_size * embedding_dim, 128)
self.linear2 = nn.Linear (128, vocab_size)

def forward(self, inputs):
embeds = self.embeddings(inputs).view((1, -1))
out = F.relu(self.linear1(embeds))
out = self.linear2(out)
log_probs = F.log_softmax(out, dim=1)
return log_probs

losses = []

loss_function = nn.NLLLoss()

model = NGramLanguageModeler(len(vocab), EMBEDDING_DIM, CONTEXT_SIZE)
optimizer = optim.SGD(model.parameters(), 1lr=0.001)

for epoch in range(10):
total_loss = 0
for context, target in trigrams:

# S8 I\, ERFANERNOEUE (FlBREERkEHRRS|, HEEREETEYD)
context_idxs = torch.tensor([word_to_ix[w] for w in context],
dtype=torch.long)

# $8 2\. @ftorchBEFEHE
# EEN—THEGI2AE, BERBAXGNEEER,

model.zero_grad()

# £ 3\. #5TRE, BT RELogHi=E,
log_probs = model(context_idxs)

# BB A\, TEREARN (BREE, TorchE2BRBRBBRIHEEREE)
loss = loss_function(log_probs, torch.tensor([word_to_ix[target]],

=
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dtype=torch.long))

# £R 5\. RPIEHERHMEE
loss.backward()
optimizer.step()

# @diEtensor.item() Bz 82 Pythoni{ (&,
total_loss += loss.item()
losses.append(total_loss)

print(losses) # RIIGIEBEERER, MARHEBS TP
HIHER

[(['When', 'forty'], 'winters'), (['forty', 'winters'], 'shall'), (['winters’,
'shall'], 'besiege')]

[523.1487259864807, 520.6150465011597, 518.0996162891388, 515.6003141403198,
513.1156675815582, 510.645352602005, 508.1888840198517, 505.74565410614014,
503.314866065979, 500.8949146270752]

4453 ITHEZ R RIER R 1E HE

ERFRER (CBOW ) ENLPREZIFEAREE. eR—MRE , ZHEY BfrEs /L
BREAXA , KN BFRE. XA TESER , RNCBOWFARFIIN , LR BREERMER,
CBOWHE A TR IZF@E , SRNRAMARN B - EERERNBRA. BEBRT , XK
WP TRUIGRERA Y, BILFEEFBITEEREERANLIED Ro

CBOW #HEWM TR : AE—NERAW: , NKERWLWBEIE , AWi-1, ..., Wi NF]
Wist, - WieN | HBNFAENETNASHAC |, CBOW REH /ML

—logp(w;|C) = —log.‘j'oftm.a.r(A(Z Gw) + D)

wel”
HepquR 8w E A,
£ Pytorch f , B ER THHNERXINXMER K ERRKFEEE .

cEZERTHREEELBLESH,
- BRRAERSRERNEH , MRBEN , BEA view() o
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CONTEXT_SIZE = 2 # EAZBENBE

raw_text = We are about to study the idea of a computational process.

Computational processes are abstract beings that inhabit computers.
As they evolve, processes manipulate other abstract things called data.
The evolution of a process is directed by a pattern of rules

called a program. People create programs to direct processes. In effect,

we conjure the spirits of the computer with our spells.""".split()

# B3t raw_text EMHset() ®E, EKMNATEERE

vocab = set(raw_text)
vocab_size = len(vocab)

word_to_ix = {word: i for i, word in enumerate(vocab)}
data = []
for i in range(2, len(raw_text) - 2):
context = [raw_text[i - 2], raw_text[i - 1],
raw_text[i + 1], raw_text[i + 2]]
target = raw_text[i]
data.append((context, target))
print(datal:5])

class CBOW(nn.Module):

def __init__(self):
pass

def forward(self, inputs):
pass

# OB H Bill%. FERLRHE MREFRIERZE1HIELHE.
def make_context_vector(context, word_to_ix):
idxs = [word_to_ix[w] for w in context]

return torch.tensor(idxs, dtype=torch.long)

make_context_vector(data[@0][0], word_to_ix) # example

e
[(['We', 'are', 'to', 'study'], 'about'), (['are', 'about', 'study’,
'to"'), (['about', 'to', 'the', ‘'idea'], ‘'study'), (['to', 'study',

‘of '], '"the"), (['study', 'the', 'of', 'a'], 'idea')]

'the'],
‘idea’,

=
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FHEBEMKEGICIZ (LSTM ) &R

SiF

P 45

.-ﬁfjl-

ZHERNEREL T HSHEIRME, FIBRIRME MEMNEHT2RERD. RAMARXHFR
ERNEBENRR, EEARIBESLIE (NLP, Natural Language Processing) &, FHI#E 2 — Nzt
=

- FHIRE

FriBFF SR, Bl A B Tt RERNER, —MEENFIERZRIRBXER (HMM,
Hidden Markov Model), 5 —MNFSIERB B F=25%HFEHLIA (CRF, Conditional Random Field),

- BRBE M

BHRBEMERIETUREFEREMRSHBELME, LN, FLMER ENNZNmETRERT
N BRI AN —E0, R EER AL B FHERNEP —BEXFEE. I TFLSTM (Long-
Short Term Memory) ki, 75| g BN TEHE —MNMESH BRRS , ZRRSEN ETREE
FIEGERZANE—TRNES. BN TUEARERSKTNESEE PRI, FERE
DAR E A,

1.PytorchHBILSTM

EERXRZI 28, BIINRLEHBE—T , Pytorchd LSTM B AR 2 — 3D M Tensor , H—
NEEHEEENENL , E—MMERRFIERS , F-NH4ER nini-batch FRPIMNES| , 5
ENEERMATENRS , BRINNZNEEZEAMT mini-batch , FIARIIMERBEE HRIZE =
HHEERT, MREA"The cow jumped" XN FRZIT—NFIER | BARMNIZIECEER
MTHER :
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row vector
~ =

9The

dcow

_ 9jumped

BRTE-MHANKPRINEZLE,
BESK, PRIE T AR M EN A RS, EXFIER T, B— MBI ARNERT,

KE—MAEBBIF

# Author: Robert Guthrie

import torch

import torch.nn as nn

import torch.nn.functional as F
import torch.optim as optim

torch.manual_seed(1)

Istm = nn.LSTM(3, 3) # WNEEA3HE, HWHEE A%
inputs = [torch.randn(1, 3) for _ in range(5)] # £ikK—7T&KEAHSHES

# MaRERKS.
hidden = (torch.randn(1, 1, 3),
torch.randn(1, 1, 3))
for i in inputs:
# BRIPHNTEZ T WMAEZILSTM.
# 235 H#E, hidden NEBS TRERKSHNGER.
out, hidden = lstm(i.view(1, 1, -1), hidden)

# AN —B P Ral Tl .

# LSTMRE—TREINF —TERANZINRERKS
# AT RAEERRE—THZIFREKS
#(PrLL"out"BY&RE— 1 F0"hidden" 2 —#H))
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# 2PCAX IR :
# 38 "out"REEMBERI— TN ZIBFRERA, M hidden"MEZAXRATRIINREEECE, A
ARMBEECEASHENGEER LSTM M.

# AN D EE .

inputs = torch.cat(inputs).view(len(inputs), 1, -1)

hidden = (torch.randn(1, 1, 3), torch.randn(1, 1, 3)) # JFERERFHKS
out, hidden = lstm(inputs, hidden)

print(out)

print(hidden)

HIHEER

tensor([[[-0.0187, ©0.1713, -0.2944]],
[[-0.3521, ©0.1026, -0.2971]],
[[-0.3191, ©0.0781, -0.1957]],
[[-0.1634, 0.0941, -0.1637]],
[[-0.3368, ©0.0959, -0.0538]]], grad_fn=<StackBackward>)

(tensor([[[-0.3368, ©.0959, -0.0538]]], grad_fn=<StackBackward>), tensor([[[-©.
9825, 0.4715, -0.0633]]], grad_fn=<StackBackward>))

2 5% FALSTMRH TR EPRIE

EXE D, BRIV ER — LSTM MERETRAMEIRE, EXERNT2AILRLEEE pi@-
FEEEHEEMRUNE L MBI 2RBEN - (BRR) WA ERRE FERER
THTXE2WAR GRS RI N AL LEENAZR LSTM M H XK,

ZEBNTHMANGFRW, Wi | Hepwi eV FREWERENA T, Vi HBEFWHRE |, B
Yige R iR w a‘ﬁlﬁﬂ’\ﬁﬁz‘lﬂo

XE—MNERTNER, BIWH R —ANFHY - U, EelieT

EFHTTNE, BFTFESMAMAR —N LSTM MK H, 9ot i ERRRSHRIE R EREt, X3
FMRER—N M —FE =K 5| (3L word embeddings 284 word_to_ix BIiRE). REMER T
YT -

yi = argmaz;(logSo ftmazx(Ah; +b));
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BN BRRA BT —NME S #, REITE — /N softmax, & /515 ZI#Y TN Fr K BD 9 X 81
softmax FHFANEXNNHFE. TE, Xt EHREFZ A ZRNLEER|T).

2.1 EZBIE

def prepare_sequence(seq, to_ix):
idxs = [to_ix[w] for w in seq]
return torch.tensor(idxs, dtype=torch.long)

training_data = [

("The dog ate the apple".split(), ["DET", "NN", "V", "DET", "NN"]),

("Everybody read that book".split(), ["NN", "V", "DET", "NN"])
]
word_to_ix = {}
for sent, tags in training_data:

for word in sent:

if word not in word_to_ix:
word_to_ix[word] = len(word_to_ix)

print(word_to_ix)
tag_to_ix = {"DET": @, "NN": 1, "V": 2}

# RPRPEEERERNEEZ N2, 6444 .
# ZERMNERNNLEE, ATARERUIGIEPNENE®L.

EMBEDDING_DIM = 6
HIDDEN_DIM = 6

-RHER

{'The': @0, 'dog': 1, 'ate': 2, 'the': 3, 'apple': 4, 'Everybody': 5, 'read': 6,
"that': 7, 'book': 8}

2.1 plEmE

class LSTMTagger (nn.Module):
def __init__(self, embedding_dim, hidden_dim, vocab_size, tagset_size):
super (LSTMTagger, self).__init__()
self.hidden_dim = hidden_dim

self.word_embeddings = nn.Embedding(vocab_size, embedding_dim)

# LSTM{{word_embeddingsfEA %N, fHHEE /A hidden_dim BORREIRSE
self.lstm = nn.LSTM(embedding_dim, hidden_dim)

# KUBRRERKSERRN B E=E

=
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self.hidden2tag = nn.Linear(hidden_dim, tagset_size)
self.hidden = self.init_hidden()

def init_hidden(self):
# —HiHSARERSAUEKNEZEANGBE—T
# XTHE AT AR CIKTESEPytochilx X4
# SNLENESXYE (num_layers, minibatch_size, hidden_dim)
return (torch.zeros(1, 1, self.hidden_dim),
torch.zeros(1, 1, self.hidden_dim))

def forward(self, sentence):
embeds = self.word_embeddings(sentence)
1stm_out, self.hidden = self.lstm(
embeds.view(len(sentence), 1, -1), self.hidden)
tag_space = self.hidden2tag(lstm_out.view(len(sentence), -1))
tag_scores = F.log_softmax(tag_space, dim=1)
return tag_scores

2.3 ISR

model = LSTMTagger (EMBEDDING_DIM, HIDDEN_DIM, len(word_to_ix), len(tag_to_ix))
loss_function = nn.NLLLoss()
optimizer = optim.SGD(model.parameters(), 1lr=0.1)

# ERUGABNEX

#3E: WA 1,] TENEEFRRSE 1 B ] RENEN

# ZERNTRZUGTREKRS, ArlLfERtorch.no_grad()

with torch.no_grad():
inputs = prepare_sequence(training_data[@][@], word_to_ix)
tag_scores = model(inputs)
print(tag_scores)

for epoch in range(360): # ZRERTMRTZUIG300TER, tBlIPHRKNRZRBEET —1E
for sentence, tags in training_data:
# H—%: WBILEPytorch& EMEE .
# KMNBRBZRUGEDROIREEZIRE
model.zero_grad()

# HINERERT LSTM BIBEKA,
# BREMEDTRGINNAER B LK.
model.hidden = model.init_hidden()

# EBMREMAN, BETABERSIE Tensor HRIFIE
sentence_in = prepare_sequence(sentence, word_to_ix)
targets = prepare_sequence(tags, tag_to_ix)

# F=F: ARG,

=
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tag_scores = model(sentence_in)

# A0 HEMANBEE, BJBEMRA optimizer.step() KEHMBE
loss = loss_function(tag_scores, targets)

loss.backward()

optimizer.step()

# ERUGRBNED

with torch.no_grad():
inputs = prepare_sequence(training_data[0][@], word_to_ix)
tag_scores = model(inputs)

# @7/ "the dog ate the apple”, 1i,j ZA T 8#E i, & j NE7N.
# KIMEATTRSNESEAMMNRE . MATENBEXNIUEER], NEFE
# BMNERREO 1 2 0 1. @A RIIZMOTIEN, BALE—1TEOERTHE TN
# mRNE, BTHEIRFRFTNREAE, UtEEE. FMUERNEGERERZ DET

# NOUN VERB DET NOUN, ZEE [ 3%I|£B21EaRAE)!

print(tag_scores)

HIHER

1.1389, -1.2024, -0.9693],
1.1065, -1.2200, -0.9834],
1.1286, -1.2093, -0.9726],
1.1190, -1.1960, -0.9916],
1.0137, -1.2642, -1.0366]])
-0.0858, -2.9355, -3.5374],
5.2313, -0.0234, -4.0314],
3.9098, -4.1279, -0.0368],
0.0187, -4.7809, -4.5960],
5.8170, -0.0183, -4.1879]1)

3853 fE A F AARAFIERIBR LSTM R EFRERR

£ EENSFF, FMABE—MARA, FAFFIERNEMA. ETRUEBNERASINERAN F
FRFNWRIANRERBARA, BINHMEX MRAENEREBEZ R, RN BRARXHFNFRRE
EXNTHEMEERANEE, LmkE GESHER -y WERER EHERIOENEAE.

BRIRENT . AN FRRRIE, B2al —# | BAMEATRRREABRA. FIEIA R AR
TR T TufCulIBHE, At MBTWHEERS , Co WEER3 , BBLEATHN LSTM MER i A %
EX/NFHZES,
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NTBIFHFRINKE, FERANENZRFRMA —D LSTM R, mcwll XA LSTM ME &G
RYBRRAS. —ERR .

cHEERFEFRD LSTM, — MR 2B —#, AR5 B R SERENED, B — D8 mey A x
REFN R AN FRFRBIRE,

‘N TEFHRD LEITFIIER | REZRRANFAIRENFZHRF LSTM HE A
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S FIENTARKMBI-LSTM CRF

1I5E#FSREFIITES

Pytorch —fi*zi 2@ 2EMEEH, B —PISEMHNHFRDynet ( RZFIAREX—K , BR
5 PytorchDynet— 2 A RHLIHY . MRIREDyneth FE —MGlF , EARELHBBIRE
Pytorchd3kIE ) » HRHNE*BS*TEE , HHE fETheano , Keras , TensorFlow%, /0K
AT *EBRSTEGF  BUUEX—XITER , WE#TREREF , AENEGREHE
o *EFSITEIH , ABNEFENLTER, ©RKEZF2WRmFEHBRERNITH,

ESERZELBRNERT  REEREPNER, —MIFRBRENEEMNE —NMNREEKR
aR. MRBEANNWEBERRBERATEIR . * BAIBELQ L SR * RIER TR (AFHEIE )
*MHRE , EAMEMNENMERNRARKEFERARPINEES. BHRER— RIS,
FERAEMEARKBRAR D . BEXTHERT , BINHONBZERWHTLEBRTHATF, £ The
green cat scratched the wall’— A , ZEREFHENIRI L , BRINEBELEEE

(1,7,7) = (L3, NP) (B0, NP @R &R B2 12 £F3 , EXER T 2 The green

cat” ) o

AR, B—AIE LR "Somewhere, the big fat cat scratched the wall”, FEXGES , RINFLEE
EANRERAR 2.4 NP), BRNBEXRHRDGEORFRS, MERNRAGHZITEE—
R, REBEBSIEGHRE  BEREXNEENFEREREFHEZTAEN, B2, EIST
BEad , MAEINMHNENXHNITTER, 8MNEEAEBANE—NFTNITER | FrSUXANRIBERE X
7o

ISIEGEREEZ TREMNRBEZELBEFESHNMLR ( ZRWEE ZPytorchHDynetE 2R E B/
& lbKeras= Theano & LRI PythonfXH )

2 BI-LSTMZ&4REH 7131

WFARY | BAVGEIATHEBZERBIMBI-LSTMEEREN N TRER R, BRALEHN
LSTMARIZEE 2 A TIRAMRE , ER2ECRFXAEN FHIERE N FNEREANE A MAEEEE
E, CRF, BEAXNEZITERMRAIH , EFrEEREEZCRF , FELSTMA IR TX L IhEE, CRF


https://github.com/clab/dynet
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R-IMERER , IXHEFNEARBERERES, NRMFERTE  wabl, EEFLER
BHERZE  FEERE AN
- ESRIFNIRICKE H4ES LT ERES,
R EREENTERREZE,
-BREALENESUTENTERSZEPNEREE (7 : log-sum-exp )

MRARAMBOX =5 |, IRBIZREB M TEAVIE, EE—T , CRETERMHHSR, RYNIRE
F3, r AFBR ARG, RERMNTE

exp(Score(x,y))

Ply|z) = — AL
ny expl Scorelx,y))

B E W — e s fprlogy; (T y)semaER S

Score(z, y) = E logii(z,y)

NTESXNEES TAE | BUMLTREER BIPFE.

HEBI-LSTM CRFH |, BMENXL THME L : KGMIE, R ERN A BMAKBHE S
b HIBI-LSTMAIRRIRUAS . B BFHETEMEPH , ERhTEIRCE., BN =M | Pj
EMNGE BRI OB, T

Score(r,y) = Z log veanTlyi — xi)+log vrranslyi-1 = ¥i) = Z hilyi)+
Py;,y1 — 1 l E
EEZARERF |, RAVGEFRICM A 0B T HE—MERES],

MR AN NELTERE , RUNAEEX) , RERRAMTEN X FTCRFHXE,

3.3 1% BR

THEHRNREISKIT ARZRTFHEEEERITES XEH , URATHBNESLEER. kak
BREIANBRIMTERE,. BRNTFFEFIHEMNSE.


http://www.cs.columbia.edu/~mcollins/crf.pdf
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EANSRPIARLAL, MRETHRETHA , EURLBREAENAEEPERT —MFEH
BERE—NARNREPTRN . REBFOEEMEM, MREEHTHERER , JEUFIIRICER
AT REBES

3.1 848

# Author: Robert Guthrie

import torch

import torch.autograd as autograd
import torch.nn as nn

import torch.optim as optim

torch.manual_seed(1)

3.2 W Bh B
HE A TR R AR E R A RM,

def argmax(vec):
# JRargmaxfEZApython int&[a]
_, 1idx = torch.max(vec, 1)
return idx.item()

def prepare_sequence(seq, to_ix):
idxs = [to_ix[w] for w in seq]
return torch.tensor(idxs, dtype=torch.long)

# MERMBEZNHERZA Rt HELog sum exp
def log_sum_exp(vec):
max_score = vec[0, argmax(vec)]
max_score_broadcast = max_score.view(1, -1).expand(1, vec.size()[1])
return max_score + \
torch.log(torch.sum(torch.exp(vec - max_score_broadcast)))

3.3 flEEaE

class BiLSTM_CRF(nn.Module):

def __init__(self, vocab_size, tag_to_ix, embedding_dim, hidden_dim):
super (BiLSTM_CRF, self).__init__()
self.embedding_dim = embedding_dim
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def

def

) BfE

=

self.hidden_dim = hidden_dim
self.vocab_size = vocab_size
self.tag_to_ix = tag_to_ix
self.tagset_size = len(tag_to_ix)

self.word_embeds = nn.Embedding(vocab_size, embedding_dim)
self.lstm = nn.LSTM(embedding_dim, hidden_dim // 2,
num_layers=1, bidirectional=True)

# AGLSTMEY % L BR ST B4R IC = 1Bl

self.hidden2tag = nn.Linear(hidden_dim, self.tagset_size)

# RS, WAL JRENMIEREIL
self.transitions = nn.Parameter (
torch.randn(self.tagset_size, self.tagset_size))

# FRATBARBRMNATRNMKTERE T ISFICRAR

# FEKMNKTTEMEILIRICER
self.transitions.data[tag_to_ix[START_TAG], :] = -10000
self.transitions.data[:, tag_to_ix[STOP_TAG]] = -10000

self.hidden = self.init_hidden()

init_hidden(self):
return (torch.randn(2, 1, self.hidden_dim // 2),
torch.randn(2, 1, self.hidden_dim // 2))

_forward_alg(self, feats):

# ERAIRE LR TEN X R

init_alphas = torch.full((1, self.tagset_size), -10000.)
# START_TAGRISBrEET .-
init_alphas[0][self.tag_to_ix[START_TAG]] = @.

# R 1EE, WERMNRFENR@ET
forward_var = init_alphas

# @ e 7K
for feat in feats:
alphas_t = [] # The forward tensors at this timestep
for next_tag in range(self.tagset_size):
# [HERFEN  TIEUERRC 2 EHBNER 2R
emit_score = feat[next_tag].view(
1, -1).expand(1, self.tagset_size)
# trans_scorefFiT £ B EZ2M i E|next_taglin il
trans_score = self.transitions[next_tag].view(1, -1)
# next_tag_varBQEiP £ B 2HMNHTTlog-sum-exp2aifl@l (i -> next_tag

next_tag_var = forward_var + trans_score + emit_score
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def

def

=

# ERICHNE R £ 8 ZFhA 7R 1og-sum-exp,
alphas_t.append(log_sum_exp(next_tag_var).view(1))
forward_var = torch.cat(alphas_t).view(1, -1)
terminal_var = forward_var + self.transitions[self.tag_to_ix[STOP_TAG]]
alpha = log_sum_exp(terminal_var)
return alpha

_get_lstm_features(self, sentence):

self.hidden = self.init_hidden()

embeds = self.word_embeds(sentence).view(len(sentence), 1, -1)
lstm_out, self.hidden = self.lstm(embeds, self.hidden)
lstm_out = lstm_out.view(len(sentence), self.hidden_dim)
lstm_feats = self.hidden2tag(lstm_out)

return lstm_feats

_score_sentence(self, feats, tags):

# Gives the score of a provided tag sequence

score = torch.zeros(1)

tags = torch.cat([torch.tensor([self.tag_to_ix[START_TAG]],

dtype=torch.long), tags])

def

for i, feat in enumerate(feats):
score = score + \
self.transitions[tags[i + 1], tags[i]] + feat[tags[i + 1]]
score = score + self.transitions[self.tag_to_ix[STOP_TAG], tags[-1]]
return score

_viterbi_decode(self, feats):
backpointers = []

# Initialize the viterbi variables in log space
init_vvars = torch.full((1, self.tagset_size), -10000.)
init_vvars[0][self.tag_to_ix[START_TAG]] = ©

# forward_var at step i holds the viterbi variables for step i-1
forward_var = init_vvars
for feat in feats:
bptrs_t = [] # holds the backpointers for this step
viterbivars_t = [] # holds the viterbi variables for this step

for next_tag in range(self.tagset_size):
# next_tag_var [i]|REL—PHHRZINGHLERE
# M EMARE1EE R BInext_taghin .
# RMNZXETRafEenissionnil, AARKERKRTEN (EKNETERMNEN)
next_tag_var = forward_var + self.transitions[next_tag]
best_tag_id = argmax(next_tag_var)
bptrs_t.append(best_tag_id)
viterbivars_t.append(next_tag_var[0][best_tag_id].view(1))

# MrERMNemission7yEy, FHi&forward_varnE LGNNI ERNESHLELEE
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forward_var = (torch.cat(viterbivars_t) + feat).view(1, -1)
backpointers.append(bptrs_t)

# 3 EZSTOP_TAG

terminal_var = forward_var + self.transitions[self.tag_to_ix[STOP_TAG]]

best_tag_id = argmax(terminal_var)
path_score = terminal_var[0][best_tag_id]

# IRRERIEHEEREEB?Z.

best_path = [best_tag_id]

for bptrs_t in reversed(backpointers):
best_tag_id = bptrs_t[best_tag_id]
best_path.append(best_tag_id)

# R AatRe (RN BIEERRSGERE)

start = best_path.pop()

assert start == self.tag_to_ix[START_TAG] # Sanity check

best_path.reverse()

return path_score, best_path

def neg_log_likelihood(self, sentence, tags):
feats = self._get_lstm_features(sentence)
forward_score = self._forward_alg(feats)
gold_score = self._score_sentence(feats, tags)
return forward_score - gold_score

def forward(self, sentence): # dont confuse this with _forward_alg above.

# FFEYBiLSTMA{)emissiony %]
lstm_feats = self._get_lstm_features(sentence)

# RIBEINGE, KBIREBZ.
score, tag_seq = self._viterbi_decode(lstm_feats)
return score, tag_seq

3.4 4TI

START_TAG = "<START>"
STOP_TAG = "<STOP>"
EMBEDDING_DIM = 5
HIDDEN_DIM = 4

# aReb— LU IR
training_data = [(
"the wall street journal reported today that apple corporation made
money" .split(),
"BIIIOOO0OBTIODO".split()
)' (

"georgia tech is a university in georgia".split(),

=
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"BIO0O0O0O0B".split()
)]

word_to_ix = {}
for sentence, tags in training_data:
for word in sentence:
if word not in word_to_ix:
word_to_ix[word] = len(word_to_ix)

tag_to_ix = {"B": @, "I": 1, "0": 2, START_TAG: 3, STOP_TAG: 4}

model = BiLSTM_CRF(len(word_to_ix), tag_to_ix, EMBEDDING_DIM, HIDDEN_DIM)
optimizer = optim.SGD(model.parameters(), 1lr=0.01, weight_decay=1e-4)

# TllgRAnie & e
with torch.no_grad():
precheck_sent = prepare_sequence(training_data[@][0], word_to_ix)
precheck_tags = torch.tensor([tag_to_ix[t] for t in training_data[@][1]],
dtype=torch.long)
print(model(precheck_sent))

# HRNNFKLSTMEB Y PR EBIprepare_sequence
for epoch in range(
300): # again, normally you would NOT do 300 epochs, it is toy data
for sentence, tags in training_data:
# B, BILE, PytorchifRETH#HE
# We need to clear them out before each instance
model.zero_grad()

# PR2. AKXRMANKZESENEA, FENHERABRBERIINKE .
sentence_in = prepare_sequence(sentence, word_to_ix)
targets = torch.tensor([tag_to_ix[t] for t in tags], dtype=torch.long)

# £R3. BALSIT
loss = model.neg_log_likelihood(sentence_in, targets)

# SRA GBI EAoptimizer.step () KiITEMA, BEMEHS
loss.backward()
optimizer.step()

# gk RREN

with torch.no_grad():
precheck_sent = prepare_sequence(training_data[0][0], word_to_ix)
print(model(precheck_sent))

# REIER

"RHLER

=
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(tensor(2.6907), [1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 1])
(tensor(20.4906), [0, 1, 1, 1, 2, 2, 2, 6, 1, 2, 2])

4453 KA FRICHYHTIR R B

BISELEEHTHRBMNCIETER , RARNTANESLERES REEE. BTN
ABRMNBEE , SHVEGIRIEET | HPRKAE B=E Viterbi pathB 5 Fgold-standardB 2 Z B #Y =
Fo NIZBEMNZ , HAMNMNRLEFI R EBNIRZFIN |, ZERIFEAEMO, XE KR LEE
GEF AN ER

HFEL3RH T ViterbiFscore_sentence , At XMERMNZRE. X2— N FitERENIIR
*EUORFIIGEGPH R, BABEES REHISIEEHFXUE , BREC R ULIN{E TJEE%
BEBLBS.

=

ERE-EEXHBFEHRITHR !
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IR Hl2r AZIE

EXR#HER , RINFEX—NEFEBNEHRNF 5 E F5 ( sequenceto-sequence ) FIHEE A HI,
F AR A Cornell Movie-Dialogs Corpus &b #Y BB 8B AR )| 8k — NMET £ AV B R HLES Ao

EATERERRGEHR , MERER—NEERMTHNER, WRNBATUESHREF KT ,

BREBEFRSNANELTED., XENBABE HETRENVERRM RS  XEERNHEHR
REREARBMEENNEN, ERARITRFAXESEZRINTUTEH | XEENTRERY
T, BR , NTFE—MROAFCITETBEIL. IL—AVS52ENARTEELNNER—
MERFEROFAERE, FKiE , REFIRAHCLKA T BANERER  MARWBRIT HER
Neural Conversational Model , X EB@MBZPHERN FEBEELE T —KP, EERHEF , &K
I EPy Torch PRI X fpiE &,

> hello?

Bot: hello .

> where am I?

Bot: you re in a hospital .
> who are you?

Bot: i m a lawyer .

> how are you doing?

Bot: i m fine .

> are you my friend?

Bot: no .

> you're under arrest

Bot: i m trying to help you !
> i'm just kidding


https://www.cs.cornell.edu/~cristian/Cornell_Movie-Dialogs_Corpus.html
https://arxiv.org/abs/1506.05869
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p=

Bot: i m sorry .

> where are you from?

Bot: san francisco .

> it's time for me to leave
Bot: i know .

> goodbye

Bot: goodbye .

HRER

* ¥¥Cornell Movie-Dialogs Corpus#X iz £ #9 Ik Ll 12

* AlLuong attention mechanism(s) k¥ —>sequence-to-sequencet& &
- ERA/NEEBIER SIS EE R MRS

SR BHE R RD AR IR

* BlGFEIRA2RA RS

e i

AHEBLELUTIREB ;. * Yuan-Kuei Wu's pytorch-chatbot implementation: https://github.com/
ywk991112/pytorch-chatbot * Sean Robertson’s practical-pytorch seq2seg-translation example:
https://github.com/spro/practical-pytorch/tree/master/seq2seqg-translation * FloydHub’s Cornell
Movie Corpus preprocessing code: https://github.com/floydhub/textutil-preprocess-cornell-movie-
corpus

TR SRR S

THEFEXHREXEFFEBRAZ LA ERTH data/ XHRT, ZBEHENEIA—LEHMAH
o

from __future__ import absolute_import
from __future__ import division

from __future__ import print_function
from __future__ import unicode_literals

import torch

from torch.jit import script, trace
import torch.nn as nn

from torch import optim

import torch.nn.functional as F


https://www.cs.cornell.edu/~cristian/Cornell_Movie-Dialogs_Corpus.html
https://arxiv.org/abs/1508.04025
https://github.com/ywk991112/pytorch-chatbot
https://github.com/ywk991112/pytorch-chatbot
https://github.com/spro/practical-pytorch/tree/master/seq2seq-translation
https://github.com/floydhub/textutil-preprocess-cornell-movie-corpus
https://github.com/floydhub/textutil-preprocess-cornell-movie-corpus
https://www.cs.cornell.edu/~cristian/Cornell_Movie-Dialogs_Corpus.html
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import
import
import
import
import
import

csv
random

re

0s
unicodedata
codecs

from io import open

import
import

itertools
math

2 N AT L

=

USE_CUDA = torch.cuda.is_available()
= torch.device("cuda" if USE_CUDA else "cpu")

device

2. INF R L B

T =R B RN AR XA AR BB BB R AT AE R RIS H . Cornell Movie-

Dialogs Corpus@—/1NFE

EABNIEREE : 10,292 WEEHE A MN220,579)R X iF *

6178 HM9,035 M B AE * BH304713RKFE

XAOMBIBEBEEAMSHE  HFIESEX. AR, FREFMERAVEZN, RNFEXTSHE
ERMNWEREBEN SN MANER,

B, RITEIHEXHNELTRES REHEABEN

corpus_name = "cornell movie-dialogs corpus"
corpus = os.path.join("data", corpus_name)

def printLines(file, n=10):

with open(file,
lines = datafile.readlines()
for line in lines[:n]:

print(line)

'rb') as

datafile:

printLines(os.path.join(corpus, "movie_lines.txt"))

*RIHE R

b'L1045 +++S+++ u@ +++S+++ mO +++S+++ BIANCA +++S+++ They do not!\n'
b'L1044 +++S+++ u2 +++S+++ mO +++S+++ CAMERON +++$+++ They do to!\n'
b'L985 +++S+++ ud +++S+++ moO
b'L984 +++S+++ u2 +++$+++ mo
b"L925 +++S+++ u@ +++S+++ moO
b'L924 +++S8+++ u2 +++$+++ mO

+++S+++ BIANCA +++S+++ I hope so.\n'
+++S+++ CAMERON +++$+++ She okay?\n'
+++S+++ BIANCA +++S+++ Let's go.\n"
+++$+++ CAMERON +++$+++ Wow\n'


https://www.cs.cornell.edu/~cristian/Cornell_Movie-Dialogs_Corpus.html
https://www.cs.cornell.edu/~cristian/Cornell_Movie-Dialogs_Corpus.html
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b"L872 +++S+++ u@ +++S+++ mO +++S+++ BIANCA +++S+++ Okay -- you're gonna need to
learn how to lie.\n"

b'L871 +++S+++ u2 +++S+++ mO +++S+++ CAMERON +++S$S+++ No\n'

b'L870 +++S$+++ u@ +++S+++ mO +++S+++ BIANCA +++S+++ I\'m kidding. You know how
sometimes you just become this "persona"? And you don\'t know how to quit?\n'’
b'L869 +++S+++ ud +++S+++ mO +++S+++ BIANCA +++S+++ Like my fear of wearing
pastels?\n’

2.1 gl LB A

NTHERL , BIFEZ— BRIV BEXMS  EhE-1TE82 -1 H tab FIRT 2R
EIE M ERE DX

BUT BBE T A7 JR 38 movie_lines.txt B3EX 4. * loadlLines FNHHNE—THD NFR
(1ineID, characterID, movieID, character, text) A& HIZF B * loadConversations :1B#&E
movie_conversations.txt f loadLines FH R —1TEIEH 1TIH2K * extractSentencePairs: M
X i PR AN A XY

# BYHNE—THRYATEFTHA
def loadlLines(fileName, fields):
lines = {}
with open(fileName, 'r', encoding='is0-8859-1') as f:
for line in f:
values = line.split(" +++S$+++ ")
# Extract fields
lineObj = {}
for i, field in enumerate(fields):
lineObj[field] = values[i]
lines[1ineObj['lineID']] = 1ineObj
return lines

# 48 “loadLines’ 9 HTRZENHAET *movie_conversations.txt* BI3TF
def loadConversations(fileName, lines, fields):
conversations = []
with open(fileName, 'r', encoding='iso-8859-1') as f:
for line in f:
values = line.split(" +++S+++ ")
# Extract fields
convObj = {}
for i, field in enumerate(fields):
convObj[field] = values[i]
# Convert string to list (convObj["utteranceIDs"] == "['L598485",
'L598486"', ...]")
lineIds = eval(convObj["utteranceIDs"])
# Reassemble lines
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convObj["lines"] = []
for linelId in linelds:
convObj["lines"].append(lines[lineId])
conversations.append(convObj)
return conversations

# M3TEPRIR—3 e F
def extractSentencePairs(conversations):
ga_pairs = []
for conversation in conversations:
# Iterate over all the lines of the conversation
for i in range(len(conversation["lines"]) - 1): # We ignore the last line
(no answer for it)
inputLine = conversation["lines"][i]["text"].strip()
targetLine = conversation["lines"][i+1]["text"].strip()
# Filter wrong samples (if one of the lists is empty)
if inputlLine and targetlLine:
ga_pairs.append([inputLine, targetLine])
return ga_pairs

MERINMTHAAXERBRGIBXH , BAIHAB RN formatted_movie_lines.txt o

# X HREEEZ

datafile = os.path.join(corpus, "formatted_movie_lines.txt")

l\tl

delimiter

str(codecs.decode(delimiter, "unicode_escape"))

delimiter

# Miatefrdict, MEHERMFERID

lines = {}

conversations = []

MOVIE_LINES_FIELDS = ["lineID", "characterID", "movieID", "character", "text"]
MOVIE_CONVERSATIONS_FIELDS = ["character1ID", "character2ID", "movieID",
"utteranceIDs"]

# ETHAEIE

print("\nProcessing corpus...")
lines = loadlLines(os.path.join(corpus, "movie_lines.txt"), MOVIE_LINES_FIELDS)
print("\nLoading conversations...")

conversations = loadConversations(os.path.join(corpus, "movie_conversations.txt"),
lines, MOVIE_CONVERSATIONS_FIELDS)

# BENFRIcsvX
print("\nWriting newly formatted file...")
with open(datafile, 'w', encoding='utf-8') as outputfile:
writer = csv.writer(outputfile, delimiter=delimiter, lineterminator='\n")

for pair in extractSentencePairs(conversations):



© 2018 Tangramor 2. MNEFIFNAL IR LR

=

writer.writerow(pair)

# AT —THANTT
print("\nSample lines from file:")
printLines(datafile)

*mHER

Processing corpus...
Loading conversations...
Writing newly formatted file...

Sample lines from file:

b"Can we make this quick? Roxanne Korrine and Andrew Barrett are having an
incredibly horrendous public break- up on the quad. Again.\tWell, I thought we'd
start with pronunciation, if that's okay with you.\n"

b"Well, I thought we'd start with pronunciation, if that's okay with you.\tNot
the hacking and gagging and spitting part. Please.\n"

b"Not the hacking and gagging and spitting part. Please.\tOkay... then how 'bout
we try out some French cuisine. Saturday? Night?\n"

b"You're asking me out. That's so cute. What's your name again?\tForget it.\n"

b"No, no, it's my fault -- we didn't have a proper introduction ---\tCameron.\n"
b"Cameron.\tThe thing is, Cameron -- I'm at the mercy of a particularly hideous
breed of loser. My sister. I can't date until she does.\n"

b"The thing is, Cameron -- I'm at the mercy of a particularly hideous breed of

loser. My sister. I can't date until she does.\tSeems like she could get a date
easy enough...\n"

b'Why?\tUnsolved mystery. She used to be really popular when she started high
school, then it was just like she got sick of it or something.\n'

b"Unsolved mystery. She used to be really popular when she started high school,
then it was just like she got sick of it or something.\tThat's a shame.\n"
b'Gosh, if only we could find Kat a boyfriend...\tLet me see what I can do.\n'

2.2 IR SR
BNT-—MFSRABELCRAFER/METFX (XHF ) MRBAE.

ERRMNEAELE>RAF , XEFRFSARFIEIHREZE, Bt , RMNLABZTHFEEDH
BiEREIE RSl

NHBMNBVET — voc KR EFMMNRIFSNRS|IWRE, R5|FERANKRE@RE, S8NEFERN
TTHMELRE, XMERE@MACKRAPR LR G E(addword ), RINFAEEREGFHE
% (addSentence ) RUE XA ERMRRA G E(trin ). ESMBIEFAEREHIT,
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# 2B P E

PAD_token = @ # Used for padding short sentences
SO0S_token = 1 # Start-of-sentence token
EOS_token = 2 # End-of-sentence token

class Voc:

def __init__(self, name):
self.name = name
self.trimmed = False
self.word2index = {}
self.word2count {}
self.index2word {PAD_token: "PAD", SOS_token: "S0S", EOS_token: "E0S"}
self.num_words = 3 # Count SOS, EOS, PAD

def addSentence(self, sentence):
for word in sentence.split(' '):
self.addWord(word)

def addWord(self, word):

if word not in self.word2index:
self.word2index[word] self.num_words
self.word2count[word] 1
self.index2word[self.num_words] = word
self.num_words += 1

else:
self.word2count[word] += 1

# RIBREBET4HZE T RREN RS
def trim(self, min_count):
if self.trimmed:
return
self.trimmed = True

keep_words = []

for k, v in self.word2count.items():
if v >= min_count:
keep_words.append(k)

print('keep_words {} / {} = {:.4f}' .format(
len(keep_words), len(self.word2index), len(keep_words) /
len(self.word2index)

)

# BVt

self.word2index
self.word2count
self.index2word

{}
{}
{PAD_token: "PAD", SOS_token: "S0S", EOS_token: "E0S"}

=
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self.num_words = 3 # Count default tokens

for word in keep_words:
self.addWord(word)

RERMNATUALKFDCRNER/ WA FAN. EEABECZH , RN — LT E,

B, BAVATER unicodeToAscii ¥ unicode AT BN ASCll, AR , BN ZHIEF
BEB/NNEFBHBEERELARRZ AVFTEIEFBFRF (normalizeString)o &G, AT
HEINGW SR , BATFLIREKE X TFTMAX_LENGTH WA F (filterPairs ),

MAX_LENGTH = 10 # Maximum sentence length to consider
# YgUnicodeZ 7% B R AGASCII, 57

# https://stackoverflow.com/a/518232/2809427
def unicodeToAscii(s):

return ''.join(
c for ¢ in unicodedata.normalize('NFD', s)
if unicodedata.category(c) != 'Mn’

)

# HgattVocxt A & ftpairsyEFNE(Listsp
def readVocs(datafile, corpus_name):
print("Reading lines...")
# Read the file and split into lines
lines = open(datafile, encoding='utf-8').read().strip().split('\n")
# Split every line into pairs and normalize
pairs = [[normalizeString(s) for s in l.split('\t')] for 1 in lines]
voc = Voc(corpus_name)
return voc, pairs

# DR 'p' PEIEAD A FEMET MAX_LENGTH HfE, N:&REITrue
def filterPair(p):
# Input sequences need to preserve the last word for EOS token
return len(p[0@].split(' ")) < MAX_LENGTH and len(p[1].split(' ')) < MAX_LENGTH

# AEAHREZGE pairs i
def filterPairs(pairs):
return [pair for pair in pairs if filterPair(pair)]

# A LEEEXNERN RBE—TMERBAVOCK R AN FIE

def loadPrepareData(corpus, corpus_name, datafile, save_dir):
print("Start preparing training data ...")
voc, pairs = readVocs(datafile, corpus_name)
print("Read {!s} sentence pairs".format(len(pairs)))
pairs = filterPairs(pairs)
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print("Trimmed to {'s} sentence pairs".format(len(pairs)))
print("Counting words...")
for pair in pairs:
voc .addSentence(pair[0])
voc.addSentence(pair[1])
print("Counted words:", voc.num_words)
return voc, pairs

# N0k / AR vockxt
save_dir = os.path.join("data", "save"
voc, pairs = loadPrepareData(corpus, corpus_name, datafile, save_dir)
# ATEN— L3 #TTIUE
print("\npairs:")
for pair in pairs[:10]:
print(pair)

*EHER -

Start preparing training data ...
Reading lines...

Read 221282 sentence pairs
Trimmed to 64271 sentence pairs
Counting words...

Counted words: 186008

pairs:

['there .', 'where ?']

['you have my word . as a gentleman', 'you re sweet .']

['hi .', 'looks like things worked out tonight huh ?']

['you know chastity ?', 'i believe we share an art instructor']
[ "have fun tonight ?', 'tons']

['well no . . .', 'then that s all you had to say .']

["then that s all you had to say .', 'but']

['but', 'you always been this selfish ?']

['"do you listen to this crap ?', 'what crap ?']

[ 'what good stuff ?', 'the real you .']

S—HENTILINFERESHRERERADCRFROEANER, BMBFEZEE S REE
HZI BRHBAOEE. BIEIUTHNE RERXNMEE: * £ voc. trin BEERR
MIN_COUNT B{ELA T 217 . * MRAFHESWMINWER , BARNG FHETIRE,

MIN_COUNT = 3 # BENR)NFHEE

def trimRareWords(voc, pairs, MIN_COUNT):
# {2515k B VOCHIMIN_COUNT R FRm £
voc.trim(MIN_COUNT)
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# Filter out pairs with trimmed words
keep_pairs = []
for pair in pairs:
input_sentence = pair[0]
output_sentence = pair[1]
keep_input = True
keep_output = True
# BRERNGT
for word in input_sentence.split(' '):
if word not in voc.word2index:
keep_input = False
break
# wERdeF
for word in output_sentence.split(' '):
if word not in voc.word2index:
keep_output = False
break

# ARBRANAKB TP EEHBENIT
if keep_input and keep_output:
keep_pairs.append(pair)

print("Trimmed from {} pairs to {}, {:.4f} of total".format(len(pairs),
len(keep_pairs), len(keep_pairs) / len(pairs)))
return keep_pairs

# (g vocinyt
pairs = trimRareWords(voc, pairs, MIN_COUNT)

* R

keep_words 7823 / 186065 = 0.4345
Trimmed from 64271 pairs to 53165, 0.8272 of total

3 NEEER IR

REBINEEBATAERIRAZNERBRINOEKE , FETH—MEFNALHRN—R5
HaFX , BERIMNVERSFAFTERIEL nunerical torch IKEEN A, ATLAFEseq2seq
translation tutorial RIREINER ARG IBRBEN —FHE. EZHEF , BAEEH batch size
KPR, FERERIMNATEMNRRF T FNPN R RERAACKRPOMENZRES] , HFHREMR
LIEE,


https://pytorch.org/tutorials/intermediate/seq2seq_translation_tutorial.html
https://pytorch.org/tutorials/intermediate/seq2seq_translation_tutorial.html
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BR , MRREBEMENGRERERMAGPUHTIHERED , WEERLA/NLE nini-batches K
'U”—/\o

EA/PHLE mini-batches BERBERNSLIVFEMHELNBARAUGFEKENTIL, N TBYHE—
batchH AR XK/ FIF , RIVGERMNOLLES AKE K/ (max_length, batch_size) , HH
% F*max_length*#y B FFE*EOS_token* Z [ 1T EBHE R ( zero padded ) o

MEBNEEMF RNV R XA FHERAKE |, B FERAKRRANZES| indicesFromSentence
FTEFR zero-pad , BATWEKEMW K/NERE (batch_size, max_length) , F ARSI FE—4[EFT
ERESRPEETERS, B , RMNFErENENEMNTERFERTRESIH B FHERK
BHrERS. At , AV ARLIE RNDERHA (max_length, batch_size) , SAMEEE —4
WEREREIH# A E R TR A FRIA BEF K, FAE zeropadding B RALEBXNEE,

one batch, full sequence
\ single time step, across batches

25 858 48 284
132 245 732 538
(458 8 496 0 )~ .\ 25 132 458 91 2 52
batch_size - g N <
91 114 0O ) B (858 245 8 114 24 0 j
max_length
2 24 0 ) 48 732 496 O 0
52 0 0 0 284 538 O 0 0 0
max_length batch_size

transpose(0, 1)

inputvar R R EBFAFHIGAKENTE K RLCEEBAPINBERKE, ©ERE A
BhEANFHIKEKE (tensor of lengths) , KEKEHSHERARINNWERSS,

outputvar BREIITE inputvar KM , BT REKERE , M2RE ZH# H mask
tensor I K BirAFEKE, =34l masktensor WA/NSHH BIFRKENXK/NERE |, BER
PAD_token BN TREROMEMTEE R,

batch2traindata REEW—#tAFX , HEH LARRBRE R AKEN BIFKE,

def indexesFromSentence(voc, sentence):
return [voc.word2index[word] for word in sentence.split(' ')] + [EOS_token]

# zip MEWELTEHT, HATTHUHET
def zeroPadding(l, fillvalue=PAD_token):
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return list(itertools.zip_longest(*1, fillvalue=fillvalue))

# 1% PAD_tokenBIfuE7A0, HIEIAT
def binaryMatrix(1l, value=PAD_token):
m=[]
for i, seq in enumerate(l):
m.append([])
for token in seq:
if token == PAD_token:
m[i].append(0)
else:
m[i].append(1)
return m

# BEMETAI (MDA Rindex EOS_tokenfiiiric) BIKE A EZTRINBMARIIKS

def inputVar(l, voc):
indexes_batch = [indexesFromSentence(voc, sentence) for sentence in 1]
lengths = torch.tensor([len(indexes) for indexes in indexes_batch])
padList = zeroPadding(indexes_batch)
padVar = torch.LongTensor (padList)
return padVar, lengths

# BREMETAT (MIAZRindex EOS_tokenfiiiric) &KH—1KE # BHrRGENHANFIGKE, 1 EH
7 EtRIE mask
def outputVar(l, voc):
indexes_batch = [indexesFromSentence(voc, sentence) for sentence in 1]
max_target_len = max([len(indexes) for indexes in indexes_batch])
padList = zeroPadding(indexes_batch)
mask = binaryMatrix(padList)
mask = torch.ByteTensor(mask)
padVar = torch.LongTensor (padList)
return padVar, mask, max_target_len

# REILG EbatchtBIBTAINAE
def batch2TrainData(voc, pair_batch):
pair_batch.sort(key=lambda x: len(x[@].split(" ")), reverse=True)
input_batch, output_batch = [], []
for pair in pair_batch:
input_batch.append(pair[0])
output_batch.append(pair[1])
inp, lengths = inputVar(input_batch, voc)
output, mask, max_target_len = outputVar(output_batch, voc)
return inp, lengths, output, mask, max_target_len

# JRUEfls

small_batch_size = 5

batches = batch2TrainData(voc, [random.choice(pairs) for _ in
range(small_batch_size)])

12
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input_variable, lengths, target_variable, mask, max_target_len = batches

print("input_variable:", input_variable)

print("lengths:", lengths)

print("target_variable:", target_variable)

print("mask:", mask)

print("max_target_len:", max_target_len)
*HHER

input_variable: tensor([[ 273, 64, 53, 25, 25],
[ 188, 542, 4095, 200, 200],

[ 53, 4, 115, 67, 3644],
[ 660, 4, 3600, 1531, 2],
[1258, 4, 4, 4, 0],
[ 4, 2, 2, 2, el,
[ 2, 9, 9, 9, el11)

lengths: tensor([7, 6, 6, 6, 4])
target_variable: tensor([[ 147, 214, 219, 252, 122],

[ 47, 4, 389, 387, 271,

[ 7, 4, 25, 25, 1417,

[1026, 4, 222, 4, 53],

[1034, 2, 53, 2, 41,

[ 12, 0, 4096, 9, 4],

[1113, Q, 6, Q, 4],

[ 4, 9, 2, Q, 21,

[ 2, 0, 0, 0, ell)
mask: tensor([[1, 1, 1, 1, 1],

[1, 1, 1, 1, 11,

[1, 1, 1, 1, 1],

[1, 1, 1, 1, 11,

[1, 1, 1, 1, 1],

[1, @, 1, 0, 1],

[1, o, 1, 0, 1],

[1, @, 1, 0, 1],

[1, 8, 8, 0, 0]], dtype=torch.uint8)

max_target_len: 9

4TENIRE
4.1 Seq2Seqi &

Seq2SeqiEH HATHRHB[AN KM ZF5Z|F 5 ( seq2seq ) EE, seq2seqiBEH K Bir2E A
TKEFVENGA , HEABEER PN ERGIETKERF JIEN mEIRE,
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o

14

Sutskever et al. KB —REAFHMEIZAIRNN |, BATAILTERXIES . 5 —PRNNFE Zr+ig
B, HFTTkERAFRIREAEERELTXEAE, BitL , ZLTXEE ( RNNH&H
KBRERE ) FEEXTHAZNBANERNETAN ELER. E=IRNNR—MRIBSE* |, ©
BUWRAXFNLETXRE , HREFSIHP T —AXFHFRMET — &R B E AN RER

N

7BN0

Encoder

X1 X2 Xn-1

Historical data

s

Encoder state

Predictions
R I
Y2 Yn-1 Yn
[ [ |
GRU ) GRU ) GRU ’
) )
|
I

Decoder

B KR: https://jeddy92.github.io/JEddy92.github.io/ts_seq2seq_intro/

4.2 IRTBER

URIBERNNE &R AP A — ME % H —Moken ( 0, —/NEIF ) |, B8 12X B[R] P 4A 4
H'EEMN BERS B, ARRERE RSOEERZIT—F , A CRPHOE, KEF[HEE
FOHRNE—QOBIN L TYNRRANSEZHTN —RIIR , BERFEAXER] NEEES

ERBERNEA

BN RIEIRAZORBECho et al FEARPANZREEIRE T, E20145F , RIVFER GRUATI

B XEREER EAFHMNRIZAIRNN : —MNAEENIRF@RABAFS , 5—PNEERAE
JFFdm A AR5, MR HE SNBSS RRM, EANBGRUMABMNREHREDI X

AR ET XS

M ERNN :


https://arxiv.org/abs/1409.3215
https://jeddy92.github.io/JEddy92.github.io/ts_seq2seq_intro/
https://arxiv.org/pdf/1406.1078v3.pdf
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(shye—]Als Ar%
B 4%
(%o

B 5 3R https://colah.github.io/posts/2015-09-NN-Types-FP/

AR embedding B THEEEX/PMBEZ RPN RNV EFRS|HTHRB. NTRIMNHE
B GEERSFESNRFERSF B A/NA hidden_size WAFEZM, &G , XEEXHRIBA
MBI LY R B AE

Ba , MRFEZHN —#FIZRZELERNNEIR | BAIXT 2 516
torch.nn.utils.rnn.pack_padded_sequence  torch.nn.utils.rnn.pad_packed_sequence £
RNNf&IE R 2 BI# T EEX MR IETR,

itNE

1.9 817 R 5 %% A FEER A embeddings,

2. ARNNER T BIE FbatchF 51,

3.8 GRUB 1T Al [ & #%& .

4 REFR,

5.3 XX 18] GRU% i R/
6.3% [ i HH A R A BRERTS

L PN

* input_seq : —H#t¥ A B F; shape = ( max_length , batch_size
* input_lengths : batchf &N F X M# A FKE 5K shape=(batch_size)

* hidden :BRFEIRZS;shape =(n_layers x num_directions , batch_size , hidden_size)


https://colah.github.io/posts/2015-09-NN-Types-FP/
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i

* outputs : GRUE/E—MNRERH M LS ( Mai 2 ) ;shape = ( max_length ,
batch_size , hidden_size )

* hidden : MGRUEFTRRBIRZS;shape = ( n_layers x num_directions , batch_size ,
hidden_size )

class EncoderRNN(nn.Module):
def __init__(self, hidden_size, embedding, n_layers=1, dropout=0):
super (EncoderRNN, self).__init__()
self.n_layers = n_layers
self.hidden_size = hidden_size
self.embedding = embedding

# S 1HGRU; input_sizefnhidden_size%%{#B1%E& /) 'hidden_size'
# AAKMNNBARNE—T8AT 2 THENFRBE== hidden_size
self.gru = nn.GRU(hidden_size, hidden_size, n_layers,
dropout=(8 if n_layers == 1 else dropout),
bidirectional=True)

def forward(self, input_seq, input_lengths, hidden=None):
# BRBERIFRAE R 2
embedded = self.embedding(input_seq)
# 7 RNNIZIR{T A Zbatchi Al
packed = nn.utils.rnn.pack_padded_sequence(embedded, input_lengths)
# 1Em)@dGRU
outputs, hidden = self.gru(packed, hidden)

# fTHER

outputs, _ = nn.utils.rnn.pad_packed_sequence(outputs)

# B 03N =) GRU% H

outputs = outputs[:, :, :self.hidden_size] +
outputs[:, : ,self.hidden_size:]

# BEMBMNRARELRS
return outputs, hidden

4.3 fR1G88

RS BERNN B *token-by-token*) A RN AE KN IE A, EFEARIBERMN LT X EEMAIBERERS
RERFIIPHNT—NEHE, ERFEERER , EEHEHK*EOS token* | XNKRRAFHERE.
—AN vanilla seq2seq SBHRHNERLRBR , MERMNIAEBT L TXEERFEBEN A FIH
B, BARNBARELELRER. LHEALEBKBAFIEN | XWMAMERE 7RI EDS

MEES .
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N T EFERIXAN A | Bahdanau et al. = A 812 7 —Ffh“attention mechanism” , A F#EEEE<T
AFFNRELERS K MAREES—SEHEATEEEN LT X,

E—IENERD K FAEBENYIRERASNELEGERITETE N, HHIZEINNESE
WMAFRNEEHEBHR/D , RAFRMNEENR UEES[EEH  SH—NA | XRRIEITENR
Bestm A9, Sean RobertsonfIE H RIFHIFHIA TIX— & :

L B B B |

Luong et al. i@ #li&“Global attention” , 2i& T Bahdanau et al. WEAM T, XBHXFET ,
*fF“Global attention” , HA1Z RATE mIBIRHBREVIRE , M7= Bahdanau & A/ “Local
attention” , ERER I L PRIBIJ[HIEBEMRS. 5 —MXFETF , BiI"Global attention” , &
TMXERA SRS EBERNRERSRITEEEINE (RELEE ), Bahdanau EAWEED
TTEEEAEF —FHPBIEI[ORS. A, LuongE AREZ R A ERITERIDES M H M AED
BERWE 2 EAEENE (BEE ) , #z R "score functions” :

(h, hg dot
score(hy, hg) = ¢ htT W h, general
\v;r tanh (Wa lhy; f_zs]) concat



https://arxiv.org/abs/1409.0473
https://github.com/spro
https://arxiv.org/abs/1508.04025
https://arxiv.org/abs/1409.0473

© 2018 Tangramor 4.7 X1 EY D1

Hephy =43 BARRBERA |, = FIEHRBERA,

BAEME , Global attention#lHI AT SUBE TEMITESE. HEE , AT Attention Layer” A —4
F A Attn B9 nn.Module REIMSNI, ZAEHRI i H R AL softmaxir LGN EKER K

* ( batch_size , 1, max_length ) *,

Yt

~

hy

Attention Layer

# Luong@dattention layer
class Attn(torch.nn.Module):
def __init__(self, method, hidden_size):

super (Attn, self).__init__()

self.method = method

if self.method not in ['dot', 'general', 'concat']:

raise ValueError(self.method, "is not an appropriate attention

method.")

self.hidden_size = hidden_size

18
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def

def

def

if self.method == 'general':
self.attn = torch.nn.Linear(self.hidden_size, hidden_size)
elif self.method == 'concat':
self.attn = torch.nn.Linear(self.hidden_size * 2, hidden_size)
self.v = torch.nn.Parameter(torch.FloatTensor(hidden_size))

dot_score(self, hidden, encoder_output):
return torch.sum(hidden * encoder_output, dim=2)

general_score(self, hidden, encoder_output):
energy = self.attn(encoder_output)
return torch.sum(hidden * energy, dim=2)

concat_score(self, hidden, encoder_output):
energy = self.attn(torch.cat((hidden.expand(encoder_output.size(0), -1,

-1), encoder_output), 2)).tanh()

REBMNELELTEBNFER , BRNAUURINESWHEERER, N THEHRE , RIFEX

def

return torch.sum(self.v * energy, dim=2)

forward(self, hidden, encoder_outputs):
# RBEENAZTETEN (E2)
if self.method == 'general':

attn_energies = self.general_score(hidden, encoder_outputs)
elif self.method == 'concat':

attn_energies = self.concat_score(hidden, encoder_outputs)
elif self.method == 'dot':

attn_energies = self.dot_score(hidden, encoder_outputs)

# Transpose max_length and batch_size dimensions
attn_energies = attn_energies.t()

# Return the softmax normalized probability scores (with added dimension)
return F.softmax(attn_energies, dim=1).unsqueeze(1)

FHFTHROBA . XERERNVIER AKENGRUA HEFEBMEBE RN (1,

batch_size , hidden_size ) *,

TN

1.3REX 2 B 5 A B9 TR ER A

23833 2 [6) GRUHM 1T B [E14% 1%

3B 2% A YRIGRUITE S EE W INE

AP ERE N NE TR RIS S H LR B FT A “weighted sum” E X @£
5.2 FLuong eq.53E #2 04X £ T X 6] & MGRUH H

=

19
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6.fF FALuong eq.67M T —MN& 17 ( J&Hsoftmax )
7. R B A HRARRBRS

|

* input_step : B—F W AF Fbatch ( —/N#17 ) ;shape = (1, batch_size )

* last_hidden : GRUMYER4& B2 /= shape = ( n_layers x num_directions , batch_size ,
hidden_size )

* encoder_outputs : ‘mEBEFEELA 5 Hi;shape = ( max_length , batch_size , hidden_size )
wi

* output : —“softmaxtRELERIKE , ART MR AEBBFHIFET — M 2= H#R

#.shape = ( batch_size , voc.num_words )

* hidden : GRUK R BREBVIAZS shape = ( n_layers x num_directions , batch_size , hidden_size

class LuongAttnDecoderRNN(nn.Module) :
def __init__(self, attn_model, embedding, hidden_size, output_size,
n_layers=1, dropout=0.1):
super (LuongAttnDecoderRNN, self).__init__()

self.attn_model = attn_model
self.hidden_size = hidden_size
self.output_size = output_size
self.n_layers = n_layers
self.dropout = dropout

# EXRE

self.embedding = embedding

self.embedding_dropout = nn.Dropout(dropout)

self.gru = nn.GRU(hidden_size, hidden_size, n_layers, dropout=(0 if
n_layers == 1 else dropout))

self.concat = nn.Linear (hidden_size * 2, hidden_size)

self.out = nn.Linear(hidden_size, output_size)

self.attn = Attn(attn_model, hidden_size)

def forward(self, input_step, last_hidden, encoder_outputs):
# 18 KN—ReTx—% (84)
# FRERE AN TR
embedded = self.embedding(input_step)
embedded = self.embedding_dropout(embedded)
# @ @ GRUE R
rnn_output, hidden = self.gru(embedded, last_hidden)
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# MERIGRUGE HITEEE 7

attn_weights = self.attn(rnn_output, encoder_outputs)
# R EENNERNBEE S HCGRERN NN LT @2
context = attn_weights.bmm(encoder_outputs.transpose(0, 1))
# ERALuongl) 2 X A EHEMIN £ T X @ 2 FGRUH H

rnn_output = rnn_output.squeeze(0)

context = context.squeeze(1)

concat_input = torch.cat((rnn_output, context), 1)
concat_output = torch.tanh(self.concat(concat_input))
# fEALuongBI 2 KON T —1 R iE

output = self.out(concat_output)

output = F.softmax(output, dim=1)

# REMENERARBERKS

return output, hidden

5. TR
5.1 Masked #i%

HTRIMNLGCENZHEETFY , AEITTERANBATER 2 bERKENMBE TR, &
E M maskNLLLoss AJ ARIEMBIBENMEKE, WIRBIRKEIETH binary mask EKERITER
%Ko ZMAEEBITE S nask tensor AEVTXT N BY TRV F I AT B LR

def maskNLLLoss(inp, target, mask):
nTotal = mask.sum()
crossEntropy = -torch.log(torch.gather(inp, 1, target.view(-1, 1)).squeeze(1))
loss = crossEntropy.masked_select(mask).mean()
loss = loss.to(device)
return loss, nTotal.item()

5.2 B RNGRER
train KB ERRIGERWEE ( 2/t ) o
BAVSER — LRI RS

- - MR EMA**teacher forcing**, XEWREE —LBEREH teacher_forcing_ratio &
B, RIMNEAYBERRAENFRBERE AT —NMaA , MASEABBIOI N, 2
Th 7 SR8 RR Y **training wheels** , BB TEB MM UIZ, A , teacher forcing AJ8ES &
ESTHERFRE , ENMERTRIEESNIESHEEEHERSNREF
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. Bk , MNATOFERAN MR E teacher_forcing_ratio , BT EHIRIEA UELFT
R,

c E-ANHEF R E R B (gradient clipping) . X2 —f AT X EIEHE ( exploding
gradient ) "RIBMNEAE R, ARL , BINHEENYRRENEHZRKE , RITTUBLEE
RMARBPHEEUEHFRNBEHALESRE (NaN ) EBIHRE.

Without clipping With clipping

J(w,b)
J(w,b)

|
w V

b b

B & 3K JR: Goodfellow et al. Deep Learning. 2016. https://www.deeplearningbook.org/

- BRAEI

1. B mIB e @it E BN H A

2 fSFRIEER i AH 1A 1L 9 SOS_token , FFRERAS BN RIBI[H RARBRS.

3 EN BB X —SHEIEITERA—#F,

4. 1R 2 teacher forcing &% : T —MFIBEEH ARE N Z 85 B #5,00R =2 no teacher forcing &
R T —/EBESREAREN L EESER T,

51HEHERMB K.

6.14T R Mm% #E.

7 HREBE,

8.EMmMEEENBRIERERSH,

PyTorchBJRNNAZESR ( RNN , LSTM , GRU ) AILAMGEMHMIEEER —HEH , RETEAN W
ARSI (H—#FH ) RELEEM]. BIE fax PEAGRUERRXEN, KXRERE , &
HERE —PMERSERAFTERBRESNE—F, & , REXRET—NMNER, EXME


https://www.deeplearningbook.org/
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AT, BANENGIRPFHENED FHRERNSTN BB BRE M, RERER
RV X AR RN RIR | 5 AT SRR R R AV SR IR R 2L,

def train(input_variable, lengths, target_variable, mask, max_target_len,
encoder, decoder, embedding,

encoder_optimizer, decoder_optimizer, batch_size, clip,
max_length=MAX_LENGTH) :

# ZHEBE
encoder_optimizer.zero_grad()
decoder_optimizer.zero_grad()

# IRBIRBEM

input_variable = input_variable.to(device)
lengths = lengths.to(device)

target_variable = target_variable.to(device)
mask = mask.to(device)

# Mt EE

loss = 0@
print_losses = []
n_totals = 0

# 1F [0l 428 Rt 23

encoder_outputs, encoder_hidden = encoder (input_variable, lengths)

# OIS EEA (KET2FHS0SSRRTTE)
decoder_input = torch.LongTensor([[SOS_token for _ in range(batch_size)]])
decoder_input = decoder_input.to(device)

# BANAREERERSREARERNRARBERS
decoder_hidden = encoder_hidden[ :decoder.n_layers]

# MEKRMNRBBUHRERER teacher forcing’
use_teacher_forcing = True if random.random() < teacher_forcing_ratio else
False

# B EERE Rt R —Ht =5
if use_teacher_forcing:
for t in range(max_target_len):
decoder_output, decoder_hidden = decoder(
decoder_input, decoder_hidden, encoder_outputs
)
# Teacher forcing: FT—THINZHANBF
decoder_input = target_variable[t].view(1, -1)
# HEHETME

mask_loss, nTotal = maskNLLLoss(decoder_output, target_variable[t],
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mask[t])

else:
for t in range(max_target_len):

loss += mask_loss
print_losses.append(mask_loss.item() * nTotal)
n_totals += nTotal

decoder_output, decoder_hidden = decoder(
decoder_input, decoder_hidden, encoder_outputs

)

# No teacher forcing: F—1HWARHHEEBCHNHAADH

_, topi = decoder_output.topk(1)

decoder_input = torch.LongTensor([[topi[i][@] for i in

range(batch_size)]])

mask[t])

decoder_input = decoder_input.to(device)
# HEHETMEA

mask_loss, nTotal = maskNLLLoss(decoder_output, target_variable[t],

loss += mask_loss
print_losses.append(mask_loss.item() * nTotal)
n_totals += nTotal

# HITREGE

loss.backward()

#

#

BHEARE - R ERENEIR

= torch.nn.utils.clip_grad_norm_(encoder.parameters(), clip)
= torch.nn.utils.clip_grad_norm_(decoder.parameters(), clip)
HERRINE

encoder_optimizer.step()
decoder_optimizer.step()

return sum(print_losses) / n_totals

5.3 JIZRER

REL T RENI

HIREVELEEE—RT, FELBER, LR, BEF,

=

24

trainIters BB TEIZIT n_iterations BWlZke XANTIEEMZ N , RABRMNBES train B
NERTEETHE,

FEIEN—RE , ZRINRTFEER , RNSRTF NI ERBIANHALESstate_dicts ( T

). LB Mstate_dicts, ik, EREN ER T, UxF A X RFEET N KA Icheckpoint,
RUFAHREM, B checkpoint/c , BINTEBFEABESEHTHE , RERINT UER
A7 o BT B 7 R )1
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def trainIters(model_name, voc, pairs, encoder, decoder, encoder_optimizer,
decoder_optimizer, embedding, encoder_n_layers, decoder_n_layers, save_dir,
n_iteration, batch_size, print_every, save_every, clip, corpus_name,
loadFilename) :

# ABRERNMEbatches
training_batches = [batch2TrainData(voc, [random.choice(pairs) for _ in
range(batch_size)])
for _ in range(n_iteration)]

# Haft
print('Initializing ...")
start_iteration = 1
print_loss = ©
if loadFilename:
start_iteration = checkpoint['iteration'] + 1

# % @EIT
print("Training...")
for iteration in range(start_iteration, n_iteration + 1):
training_batch = training_batches[iteration - 1]
# f(batchd RERFER
input_variable, lengths, target_variable, mask, max_target_len =
training_batch

# {ERbatchTill&ER
loss = train(input_variable, lengths, target_variable, mask,
max_target_len, encoder,
decoder, embedding, encoder_optimizer, decoder_optimizer,
batch_size, clip)
print_loss += loss

# ATENEE
if iteration % print_every ==
print_loss_avg = print_loss / print_every
print("Iteration: {}; Percent complete: {:.1f}%; Average loss: {:.
4f}" .format(iteration, iteration / n_iteration * 100, print_loss_avg))
print_loss = 0@

# {RfFcheckpoint
if (iteration % save_every == 0):
directory = os.path.join(save_dir, model_name, corpus_name, '{}-{}
_{}' .format(encoder_n_layers, decoder_n_layers, hidden_size))
if not os.path.exists(directory):
os.makedirs(directory)
torch.save({
‘iteration': iteration,
‘en' : encoder.state_dict(),

=

25
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'de': decoder.state_dict(),

‘en_opt': encoder_optimizer.state_dict(),

'de_opt': decoder_optimizer.state_dict(),

‘loss': 1loss,

‘voc_dict': voc.__dict__,

'embedding' : embedding.state_dict()

}, os.path.join(directory, '{}_{}.tar'.format(iteration,

'checkpoint')))

6 AFEE Y

HilGERER , BINFERYECSENRARR. B, RINSHELRNFHEE B N{ERD 4
B Ao

6.1 IR

RBEBRBAETER teacher forcing BRI EYIGHBIEANEB A E, RAEFER , N TE—
% BRINRENMNEEHS softmax EHY decoder_output FikiF8iH, ZMBBHEEES KR L

=EREN.

AT ETFREHBBEBRIE , BINENLT — GreedySearchDecoder 3, Hiz1Th , EMWEXHELIT R
WMARFS ( input_seq ) I RK/NRE (input_seq length, 1) , #RE®WA ( input_length ) KE
K EF max_length RARMN G FEKE. FAUTITEEREERAGDF :

i

1B wERERR @I E.
2 EZ RSN RARRERE , ENRLIHFNE —NEREH A
3 IFFRIEBRAY S — N A RN ZR{E )9 SOS_token,
A3k 2B MBI RBENEFEF,
5.— RIS — N #EiFtoken :

()@ fEra a7 Al m it &,

(i) 3R 15 B AT BEAY & 17 token & H softmax 2 #,

(iii) id Fetoken H 2 #.

(iv) & HaltokenfEN T —MEE SR A
6.1% [E1 U £ 2 #9 17 tokens F 5 ¥

class GreedySearchDecoder (nn.Module) :
def __init__(self, encoder, decoder):
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super (GreedySearchDecoder, self).__init__()
self.encoder = encoder
self.decoder = decoder

def forward(self, input_seq, input_length, max_length):
# B REBETELBN
encoder_outputs, encoder_hidden = self.encoder(input_seq, input_length)
# EEREBNREZRBEEABHPINE —TRER AN
decoder_hidden = encoder_hidden[ :decoder.n_layers]
# fEFRSOS_token]]9a ft #4523 % A\
decoder_input = torch.ones(1, 1, device=device, dtype=torch.long) =*
SOS_token
# e ftak & LOE RS R BN B E R AN
all_tokens = torch.zeros([0], device=device, dtype=torch.long)
all_scores = torch.zeros([0], device=device)
# — RN ithhERS— 115 tokens
for _ in range(max_length):
# IEm@d iR
decoder_output, decoder_hidden = self.decoder(decoder_input,
decoder_hidden, encoder_outputs)
# R1F &l AR R E IR IC R B sof tmax il
decoder_scores, decoder_input = torch.max(decoder_output, dim=1)
# 1R tokenF X
all_tokens = torch.cat((all_tokens, decoder_input), dim=0)
all_scores = torch.cat((all_scores, decoder_scores), dim=0)
# EFHAREAT - TEEEEAN CRMEE)
decoder_input = torch.unsqueeze(decoder_input, ©)
# BREIYXEFIRVEI tokensF A K

return all_tokens, all_scores

6.2 THERMAI A

NEBINELENT#HBEE , RMNAUGEATIHEFRABMADFHER. evaluate HHE
B AU FRNEBERCETRRE, BAE %M Arbatch_size == 1*F 4 FHE 1L i Abatchfy £ {7
#5l, BB/ AFNRARRAMNNERS| , HESRREERABINOERL LR KE, B
IEBIRT — lengths K8 , EF I EMAGFHIKE, EXFBERT , lengths ZIFE ,
RAEMN—RRFE—NEF ( batch_size==1) , ETFK , BINEARNIN
GreedySearchDecoder SEHIML/EHIXI R ( searcher ) IREMBBMN T FHKE, &E , RITEW
MR BN B 17 HIRE B R IE N SR,

evaluateInput ZEHERAB[ANASED, FAR , FEX-—TMAAXERZR , BATUER
hEABTRIED, ERARMNOEAGFH & Enter [5 , BT NEUSYISGHIEEB A S IR
B, ARLEMAINTERBSREEBNHME T T, RINBERIDILRE | IFERN AT A4k
BN EABRESZRH A g S quit"s
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RE , IRBANGFES —NMNEELRFNER , RMNLEZTNEREEHERRAFEA
5 =M FRUEHE L E,

def evaluate(encoder, decoder, searcher, voc, sentence, max_length=MAX_LENGTH):
## ARG FEADbatch
# words -> indexes
indexes_batch = [indexesFromSentence(voc, sentence)]
# fi3Elengthsik&
lengths = torch.tensor([len(indexes) for indexes in indexes_batch])
# FBbatchBd E A CEAZRIBVHAE
input_batch = torch.LongTensor(indexes_batch).transpose(0, 1)
# ERAGENEE
input_batch = input_batch.to(device)
lengths = lengths.to(device)
# Hsearcherf@md a3
tokens, scores = searcher(input_batch, lengths, max_length)
# indexes -> words
decoded_words = [voc.index2word|[token.item()] for token in tokens]
return decoded_words

def evaluateInput(encoder, decoder, searcher, voc):
input_sentence = "'
while(1):
try:
# FRERBIN BT
input_sentence = input('> ')
# RERGEY
if input_sentence == 'q' or input_sentence == 'quit': break
# flfattalr
input_sentence = normalizeString(input_sentence)
# a1 F
output_words = evaluate(encoder, decoder, searcher, voc,
input_sentence)
# RXEFRTEIRE 4
output_words[:] = [x for x in output_words if not (x == 'EOS' or x ==
"PAD") ]

print('Bot:", '.join(output_words))

except KeyError:
print("Error: Encountered unknown word.")
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&G, RIHRSTRMNWERT |

ZRBMNZBBVZVNGINHPRIB[ARE | RNBLANBICENROENBER[EE, &
BETRNHBD , BIIREMEENEE , &R MNATHERRERERILNPME , HHEMLHE
LIRE, BB SR T EAVE &R IERE,

# BCBERE

model_name = 'cb_model'’
attn_model = 'dot'
#attn_model ‘general’
#attn_model 'concat'
hidden_size 500
encoder_n_layers
decoder_n_layers
dropout = 0.1
batch_size = 64

1
nu
NN

# REREALNE; WRMKTE, Ni%EANone

loadFilename = None

checkpoint_iter = 4000

#loadFilename = os.path.join(save_dir, model_name, corpus_name,

# “{}-{}_{}' .format(encoder_n_layers,
decoder_n_layers, hidden_size),
# "{}_checkpoint.tar'.format(checkpoint_iter))

# N4 T loadFilename, NADEKFEER!

if loadFilename:
# WBER—GHlaE Engk, NEBETUI
checkpoint = torch.load(loadFilename)
# If loading a model trained on GPU to CPU
#checkpoint = torch.load(loadFilename, map_location=torch.device('cpu'))
encoder_sd = checkpoint|['en']
decoder_sd = checkpoint['de"']
encoder_optimizer_sd = checkpoint['en_opt']
decoder_optimizer_sd = checkpoint['de_opt']
embedding_sd = checkpoint['embedding"]
voc.__dict__ = checkpoint['voc_dict"']

print('Building encoder and decoder ...")

# HAgattiElm &

embedding = nn.Embedding(voc.num_words, hidden_size)

if loadFilename:
embedding.load_state_dict(embedding_sd)
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# AiattmiE & FEEER

encoder = EncoderRNN(hidden_size, embedding, encoder_n_layers, dropout)

decoder

decoder_n_layers, dropout)

if loadFilename:
encoder.load_state_dict(encoder_sd)
decoder.load_state_dict(decoder_sd)

# ERSEIRE

encoder = encoder.to(device)

decoder = decoder.to(device)

print('Models built and ready to go!')

"RHER

Building encoder and decoder ...
Models built and ready to go!

7.1 7SR

MRBYGRE , BETUATEHT .

=

LuongAttnDecoderRNN(attn_model, embedding, hidden_size, voc.num_words,

30

BABIMNMREBINGSH , REDBICRMNVELE  ZEEMNAMA trainlters MBRKETERIN

i

# BB /Mt

clip = 50.0
teacher_forcing_ratio = 1.0
learning_rate = 0.0001
decoder_learning_ratio = 5.0
n_iteration = 4000
print_every = 1

save_every = 500

# mfRdropout layersfEi||gkia®ich
encoder.train()
decoder.train()

# ettt

print('Building optimizers ...")

encoder_optimizer = optim.Adam(encoder.parameters(), lr=learning_rate)

decoder_optimizer = optim.Adam(decoder.parameters(), lr=learning_rate *

decoder_learning_ratio)

if loadFilename:
encoder_optimizer.load_state_dict(encoder_optimizer_sd)
decoder_optimizer.load_state_dict(decoder_optimizer_sd)
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=

# aTillgasEr
print("Starting Training!")
trainIters(model_name, voc, pairs, encoder, decoder, encoder_optimizer,
decoder_optimizer,

embedding, encoder_n_layers, decoder_n_layers, save_dir, n_iteration,
batch_size,

print_every, save_every, clip, corpus_name, loadFilename)

"RHER

Building optimizers ...
Starting Training!

Initializing

Training...

Iteration: 1; Percent complete: 0.0%; Average loss: 8.9717
Iteration: 2; Percent complete: 0.1%; Average loss: 8.8521
Iteration: 3; Percent complete: 0.1%; Average loss: 8.6360
Iteration: 4; Percent complete: 0.1%; Average loss: 8.4234
Iteration: 5; Percent complete: 0.1%; Average loss: 7.9403
Iteration: 6; Percent complete: 0.1%; Average loss: 7.3892
Iteration: 7; Percent complete: 0.2%; Average loss: 7.0589
Iteration: 8; Percent complete: 0.2%; Average loss: 7.0130
Iteration: 9; Percent complete: 0.2%; Average loss: 6.7383

Iteration: 10; Percent complete: 0.2%; Average loss: 6.5343

Iteration: 3991; Percent complete: 99.8%; Average loss:

2.6607
Iteration: 3992; Percent complete: 99.8%; Average loss: 2.6188
Iteration: 3993; Percent complete: 99.8%; Average loss: 2.8319
Iteration: 3994; Percent complete: 99.9%; Average loss: 2.5817
Iteration: 3995; Percent complete: 99.9%; Average loss: 2.4979
Iteration: 3996; Percent complete: 99.9%; Average loss: 2.7317
Iteration: 3997; Percent complete: 99.9%; Average loss: 2.5969

Iteration: 3998; Percent complete: 100.0%; Average loss: 2.2275
Iteration: 3999; Percent complete: 100.0%; Average loss: 2.7124
Iteration: 4000; Percent complete: 100.0%; Average loss: 2.5975

7.2 E{TiRE

BEELNEREPX  FETUTRE

# Y&dropout layersi%® AevalfEz
encoder.eval()
decoder.eval()

# AR RER
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searcher = GreedySearchDecoder (encoder, decoder)

# TaMR (BUHERFTUTITSE)

# evaluateInput(encoder, decoder, searcher, voc)

8.451L

IXE  RRHAENEHT. RE  LUENENREXRPRI R ARENER AR | MREH
Nl |, AR HAES AEERN UGS HAR BE KRR BIERE BB RHLEE AT,

EEHMHE , THEPyTorchh EEMREZINFARF |

32
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ERAFRFRRNNERE F

BE—/#iER , PRINEARNNRNEN B FAENESHITO R, X—REMNRIRBIEE
SEREBF.

> python sample.py Russian RUS
Rovakov

Uantov

Shavakov

> python sample.py German GER
Gerren
Ereng
Rosher

> python sample.py Spanish SPA
Salla
Parer
Allan

> python sample.py Chinese CHI
Chan
Hang
Tun

BINNERARBILELEEN/NERNN, EANXIET , XEFREEN—NEFZNREFH
FFNER , MRHA-—IRIZEES ML WL -1 78, BN FZRHUEKESEREH
WHNEEEE, (BIUARZHRRAEARNESRNEHHTX—LRE )

- BUERE
FHIRAHZR , IREL KRR T PyTorch , 3} Z&PythoniE T , B KE"HNHELE

* https://pytorch.org/ PyTorch Z¥$5/
* Deep Learning with PyTorch : A 60 Minute Blitz :PyTorchBY E 7 A [ #2
* Learning PyTorch with Examples: B8 EiRE M/ 2 B8R

* PyTorch for Former Torch Users Lua Torch: 1 RRE R — MuaskEMNEHE


https://pytorch.org/tutorials/intermediate/char_rnn_classification_tutorial.html
https://pytorch.org/
https://pytorch.org/tutorials/beginner/deep_learning_60min_blitz.html
https://github.com/fendouai/PyTorchDocs/blob/master/ThirdSection/LearningPyTorch.md
https://pytorch.org/tutorials/beginner/former_torchies_tutorial.html

p=
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EHESTH T HARNNK TIEFRIEXN B FIX NI F+ 25 #5 8

* The Unreasonable Effectiveness of Recurrent Neural Networks/& 7R T 1B % SEFREY 5]

* Understanding LSTM Networks@X FLSTMH#Y , {B 112/t 5<RNNRY 3 BA

TERHRE
X B TR A LR B B SR

BEXRUENENEZFMAERS , BSHL—IMHE, BIMEZ , B LXK data/names/
[Language].txt , EANEITHE —NEF. BRIMNRITEXEZITIIEE -1 HB4A | F
Unicode/mIE#{L NASCIREE , A BE {language: [names ...]} BAFEMHNFHTE,

from __future__ import unicode_literals, print_function, division
from io import open

import glob

import os

import unicodedata

import string

all_letters = string.ascii_letters + " .,;'-"

n_letters = len(all_letters) + 1 # Plus EOS marker

def findFiles(path): return glob.glob(path)

# JgUnicode=fF & A 4ASCII, RKigthttps://stackoverflow.com/a/518232/2809427
def unicodeToAscii(s):

return ''.join(
c for ¢ in unicodedata.normalize('NFD', s)
if unicodedata.category(c) != 'Mn’

and ¢ in all_letters

)

# RRXEHF KT

def readLines(filename):
lines = open(filename, encoding='utf-8').read().strip().split('\n")
return [unicodeToAscii(line) for line in lines]

# fiEcategory_linesZ i, FFRPHFITZ—1TEA
category_lines = {}
all_categories = []
for filename in findFiles('data/names/*.txt'):
category = os.path.splitext(os.path.basename(filename))[0]


https://karpathy.github.io/2015/05/21/rnn-effectiveness/
https://colah.github.io/posts/2015-08-Understanding-LSTMs/
https://download.pytorch.org/tutorial/data.zip

=
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all_categories.append(category)
lines = readlLines(filename)
category_lines[category] = lines

n_categories = len(all_categories)

if n_categories ==
raise RuntimeError('Data not found. Make sure that you downloaded data
"from https://download.pytorch.org/tutorial/data.zip and extract it to
'the current directory.')

print('# categories:', n_categories, all_categories)
print(unicodeToAscii("0'Néal"))

-
# categories: 18 ['French', 'Czech', 'Dutch', 'Polish', 'Scottish', 'Chinese’,
'English', 'Italian', 'Portuguese', 'Japanese', 'German', 'Russian', 'Korean',
"Arabic', 'Greek', 'Vietnamese', 'Spanish', 'Irish']
0'Neal

2 FEHE W

XNPEZ ML E—PRNNZFE RN K@ T FNNEFIKES
—i2, KHTAUGRFR —#AH K one-hot BIEFIRIKER A,

N
&
&
N
5
di
m
=
-\-$
W
Bt

BIHAEEAT - INZERALAN AN, XEIED , SbTREKRSNF/ENT—
B ZmAF &,

EAEBRERANGHZERNEMT E=NinearZ 020 , FHEENMETTF, HAREFE -
dropout® , ZEXEICXFENFH AT 2 B N0 B HNSE ( dropout=0.1 ) SREM L2 AP
IEEE, BRIATHERMBIMEN KRG | WERIN— LRI FEXE4SEE N,

import torch
import torch.nn as nn

class RNN(nn.Module):
def __init__(self, input_size, hidden_size, output_size):
super (RNN, self).__init__()
self.hidden_size = hidden_size

self.i2h = nn.Linear(n_categories + input_size + hidden_size, hidden_size)


https://github.com/apachecn/pytorch-doc-zh/blob/master/docs/1.0/char_rnn_generation_tutorial.md#Creating-the-Network
https://arxiv.org/abs/1207.0580
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def

def

3.1

Zk

7 [

self.i20 = nn.Linear(n_categories + input_size + hidden_size, output_size)
self.020 = nn.Linear(hidden_size + output_size, output_size)

self.dropout = nn.Dropout(0.1)

self.softmax = nn.LogSoftmax(dim=1)

forward(self, category, input, hidden):

input_combined = torch.cat((category, input, hidden), 1)
hidden = self.i2h(input_combined)

output = self.i2o(input_combined)

output_combined = torch.cat((hidden, output), 1)

output = self.o20(output_combined)

output = self.dropout(output)

output = self.softmax(output)

return output, hidden

initHidden(self):
return torch.zeros(1, self.hidden_size)

3.1 YIS ER

B, & — N LARE AL IR B 3T I 2R 2048 (category, line) BY B %K o

import random

# FEZPBIBEHIN
def randomChoice(1l):
return 1[random.randint (0, len(l) - 1)]

# MZEA P IRERBEH L AIFNBEANTT
def randomTrainingPair():
category = randomChoice(all_categories)

line

= randomChoice(category_lines[category])

return category, line

NTEMRESK (B, WTRWNGRFPIHENFE ) , RENRARR" (25, Yax8, B

Eks)

 AERRY (F—1%8, T RrERS) . it , XFEM

GE , RITHFERX

A, —HmAFEN—AR@H/ BiRFE,
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EZ—NtEFES , BRMNERASBFITANT N7, FRANERANZEXNRE T - EHE,
filgn Xt F “ ABCD<EOS> “ , EATRFOIZ (A", “B"), (“B",“C") , (“C","D") ,
(“D", “EOS") ) o

EKBKER — <1 x n_categories> R WonehotikE, Y|kt , HAVEE —BFEF FIEBE
HIRHAMAMNE, X2 —FRERE , R EEENNBRERSH -9 , REE M
AR,

# £ 5|B90ne-hotak &

def categoryTensor(category):
1li = all_categories.index(category)
tensor = torch.zeros(1, n_categories)
tensor[0][1i] = 1
return tensor

# RTHNANMKABIEFRE (TBH5E0S) Bone-hotZEpk
def inputTensor(line):
tensor = torch.zeros(len(line), 1, n_letters)
for 1i in range(len(line)):
letter = line[1li]
tensor[li][0][all_letters.find(letter)] = 1
return tensor

# ATERNE-1TER>E (EOS) BiLongTensor

def targetTensor(line):
letter_indexes = [all_letters.find(line[1i]) for 1i in range(1, len(line))]
letter_indexes.append(n_letters - 1) # EOS
return torch.LongTensor (letter_indexes)

RNTHENE , BAGFRIZE— randomTrainingExample BIER , ZBEBEYVIIRER ( K3 , 17 ) B9
FNHFENERAMEEN (X5, WA, BFF) KRAKE,

# MBBAL (R, 7)ol ER, WMATBiRKE
def randomTrainingExample():
category, line = randomTrainingPair()
category_tensor = categoryTensor(category)
input_line_tensor = inputTensor(line)
target_line_tensor = targetTensor(line)
return category_tensor, input_line_tensor, target_line_tensor


https://en.wikipedia.org/wiki/One-hot

© 2018 Tangramor 3.3k

3.2 ISR &

=

MAEAGRE - THABMEN D RESHELE |, XRENE N atEFIBMEFT RN |, A

B-MHEFIBENBKUTER K

autograd N F ZLETEANES—SHHEBIRMILERK , FAEKEROMERE,

criterion = nn.NLLLoss()

learning_rate = 0.0005

def train(category_tensor, input_line_tensor, target_line_tensor):
target_line_tensor.unsqueeze_(-1)
hidden = rnn.initHidden()
rnn.zero_grad()

loss = 0

for i in range(input_line_tensor.size(0)):

output, hidden = rnn(category_tensor, input_line_tensor[i], hidden)

1 = criterion(output, target_line_tensor[i])
loss +=1

loss.backward()

for p in rnn.parameters():
p.data.add_(-learning_rate, p.grad.data)

return output, loss.item() / input_line_tensor.size(0)

AT REINGFEZNEE |, AR — timeSince (timestamp) BHE , BIRE—NMAKAENF

e

import time
import math

def timeSince(since):
now = time.time()
S = now - since
m = math.floor(s / 60)
S -=m * 60
return '%dm %ds' % (m, s)
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YEIEMER —#, Z2REBTIINEL , FEF/Lo8 , T print_every XITENHFIRE MK, £
all_losses FIREHE plot_every XEF Bk , UEBREHITLE,

rnn

n_i
pri
plo
all
tot

sta

for iter in range(1, n_iters + 1):
output, loss = train(*randomTrainingExample())

100

= RNN(n_letters, 128, n_letters)

ters = 100000
nt_every = 5000
t_every 500
_losses [1]
al_loss

rt = time.time()

total_loss += loss

if iter % print_every ==
print('%s (%d %d%%) %.4f' % (timeSince(start), iter, iter / n_iters *

, loss))

if iter % plot_every ==
all_losses.append(total_loss / plot_every)

total_loss = @

"RHER

Om
Om
Tm
Tm
Tm
2m
2m
2m
3m
3m
3m
4Am
Am
4m
5m
5m
5m
6m

23s (5000 5%) 3.1569

43s (10000 10%) 2.3132
3s (15600 15%) 2.5069
24s (20000 20%) 1.3100
44s (25000 25%) 3.6083
4s (30000 30%) 3.5398
24s (35000 35%) 2.4387
44s (40000 40%) 2.2262
4s (45000 45%) 2.6500
24s (50000 50%) 2.4559
44s (55000 55%) 2.5030
4s (60000 60%) 2.9417
24s (65000 65%) 2.1571
44s (70000 70%) 1.7415
4s (75000 75%) 2.3649
24s (80000 80%) 3.0096
44s (85000 85%) 1.9196
4s (90000 90%) 1.9468

3.1

7K

O # Reset every plot_every iters

[

v
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ém 25s (95000 95%) 2.1522
ém 45s (100000 100%) 2.0344

3.3 MABIEER

M all_losses BEIAEMRIEE , RKRTHEMZHNZIER

import matplotlib.pyplot as plt
import matplotlib.ticker as ticker

plt.figure()
plt.plot(all_losses)
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=

4. 4& KR

BNBREMNERF-—IFZHATUT—IFERAL , STV FZIAEBA , EXEZ/EOS
FRGEREH

- A ARZ, EBRFENZERERSEERAKE,
- HiRia 7 BWE — N FREZE output_name

-BIEAREHKE
RS IEAST PN EZ IR
*MEI—EBE T —NMNFEEANT P BRERS
*MBFHIEOCS , EXEELL
*IMRR—NEBHNFR |, AiNEloutput_nameZt £ H L fEIR

REZRALBINEFERF

S—MERER K TLEAENE—NMEEFE  MEENGPREE-D"ZRHBFHOIRIE , FEME
HokRFRENFH.

max_length = 20

# RBEANBZTHHNESR
def sample(category, start_letter='A"):
with torch.no_grad(): # no need to track history in sampling
category_tensor = categoryTensor(category)
input = inputTensor(start_letter)
hidden = rnn.initHidden()

output_name = start_letter

for i in range(max_length):
output, hidden = rnn(category_tensor, input[@], hidden)
topv, topi = output.topk(1)
topi = topi[@][0]
if topi == n_letters - 1:
break
else:
letter = all_letters[topi]
output_name += letter
input = inputTensor(letter)

return output_name
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# M—TEARNZPNEREFEPRRSETHES
def samples(category, start_letters='ABC'):
for start_letter in start_letters:
print(sample(category, start_letter))

samples('Russian', 'RUS")
samples('German', 'GER")
samples('Spanish', 'SPA")

samples('Chinese', 'CHI')
“HIHER

Rovanik
Uakilovev
Shaveri
Garter
Eren
Romer
Santa
Parera
Artera
Chan

Ha

Tua

5k

CEREE (HKB>1T) HROKEE , tm.
* REVING > BEER
* M > B
*ER > 4

- =i “start of sentence” #5312 , ERFNFHBTETR

CEBENEAMEEFRANNEIRESEFNE
* 2238 nn.LSTM 1 nn.GRU 2
* 41 EIX L RNNHIEE S LR P 4

=
i)

BiEE

BiE

g

=

%

(53

=

10
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EAFRERRNNFEITE FHE

BATHREN G FRFRRNNRN REET DR, FRARRNNFEEEN —RIZHFRW , £8
— SR HTN A BRERE" , RELNEE RSHAZET —Z, RITFHALNZEHENT
MER | BIRRZERETHBNK.

S&RY  BITFE1BHESHRN/LTANEBFZNHEEE LIIGER | RE-— 1| FZHHETN
ERBHESNEFT :

$ python predict.py Hinton
(-0.47) Scottish

(-1.52) English

(-3.57) Irish

S python predict.py Schmidhuber
(-9.19) German
(-2.48) Czech
(-2.68) Dutch

* BRI
FFHARKIZR , IREKL R LY T PyTorch , #&EPythoniZ § , B KE"NELE -

* https://pytorch.org/ PyTorch 435/

* Deep Learning with PyTorch : A 60 Minute Blitz :PyTorchB 9 &R A 71 ##2

* Learning PyTorch with Examples: 8 2iRE T/ 72 B8R

* PyTorch for Former Torch Users Lua Torch: MR {RE R —MuakENFEARE

EXRFIH T HRNNH T REXNEFX NI F+ 2B 58

* The Unreasonable Effectiveness of Recurrent Neural Networks & 7R T 1R 2 SEFR Y 5 F

* Understanding LSTM Networks % FLSTMHY , B 1R HH<RNNHY % 87

TR AR

REXETHRHEE , AFHBED L EXHR,


https://pytorch.org/
https://pytorch.org/tutorials/beginner/deep_learning_60min_blitz.html
https://github.com/fendouai/PyTorchDocs/blob/master/ThirdSection/LearningPyTorch.md
https://pytorch.org/tutorials/beginner/former_torchies_tutorial.html
https://karpathy.github.io/2015/05/21/rnn-effectiveness/
https://colah.github.io/posts/2015-08-Understanding-LSTMs/
https://download.pytorch.org/tutorial/data.zip

© 2018 Tangramor 1 ESEIE D1
1" data/names “XHX TR E MR [language].ixt"BI 18N XA, BNIANXHENE—THE—
27, eI FHRZ BN XE (BERENNBEENHEMUnicodedkik I ASCILHE )

BINRA2XBE-—MESNNBFIRNFH , {language: [names ...]}, BRAXE
&"category"f'line” ( HIFHHBENEFEE ) ATFURHTT B,
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from __future__ import unicode_literals, print_function, division
from io import open

import glob

import os

def findFiles(path): return glob.glob(path)
print(findFiles('data/names/*.txt"))

import unicodedata
import string

all_letters = string.ascii_letters + o
n_letters = len(all_letters)

# JgUnicode=z fFF B ¢ A aASCII, =Kifthttps://stackoverflow.com/a/518232/2809427
def unicodeToAscii(s):

return ''.join(
¢ for ¢ in unicodedata.normalize('NFD', s)
if unicodedata.category(c) != 'Mn’

and ¢ in all_letters

)

print(unicodeToAscii('Slusarski'))

# tyifcategory_linesF i, FMEZTNBFIIE
category_lines {}
all_categories [1]

# REXHHF AT

def readlLines(filename):
lines = open(filename, encoding='utf-8').read().strip().split('\n")
return [unicodeToAscii(line) for line in lines]

for filename in findFiles('data/names/*.txt'):
category = os.path.splitext(os.path.basename(filename))[0]
all_categories.append(category)
lines = readlLines(filename)
category_lines[category] = lines

n_categories = len(all_categories)

“RHS

[ 'data/names/French.txt', 'data/names/Czech.txt', 'data/names/Dutch.txt', 'data/
names/Polish.txt', 'data/names/Scottish.txt', 'data/names/Chinese.txt', 'data/
names/English.txt', 'data/names/Italian.txt', 'data/names/Portuguese.txt', 'data/
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names/Japanese.txt', 'data/names/German.txt', 'data/names/Russian.txt', 'data/
names/Korean.txt', 'data/names/Arabic.txt', 'data/names/Greek.txt', 'data/names/
Vietnamese.txt', 'data/names/Spanish.txt', 'data/names/Irish.txt']

Slusarski

MERNEB T category_lines , —NFHETEFHET—MESRENMNE—1ITXREF) X
FBREI X R, LE all_categories 2L EP BEMEMIIFK , TE n_categories BIBES PRI

B, BEaER.
print(category_lines['Italian'][:5])
-RHER
[ 'Abandonato', 'Abatangelo', 'Abatantuono', 'Abate', 'Abategiovanni']

BRRERKR
NEBRMNEENBTHRENET , RNFEERENERANKERERENT,

EAMNBEAK/NRA <1 x n_letters> B one-hot AE"RR—PNFER, —Pone-hotE EFE I EHIE
ZH0, AEHETNZINUBERTNT, Bl b =<0 1000 ... (FRONKEER2, &
—AMIBRT, Bt BR0)

EAVEH— <line_length x 1 x n_letters> FI2DAERE R /R —/NE 1A

TN 148 RbatchV 4 E |, PyTorchBRIAPTE W EIEEB 2 Abatch4 B H ., BHATXERRE T batch
RN AT.

import torch

# Mall_letterstp &k FHRal, Bl "a" = @
def letterToIndex(letter):
return all_letters.find(letter)

# (NATER, BFFEHEMRA<T x n_letters> gK=E
def letterToTensor(letter):
tensor = torch.zeros(1, n_letters)
tensor[0][letterToIndex(letter)] = 1
return tensor

# 18 —178 A <1line_length x 1 x n_letters>,
# zk— " One-hotZ Hm =LA
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def lineToTensor(line):
tensor = torch.zeros(len(line), 1, n_letters)
for 1i, letter in enumerate(line):
tensor[1li][0][letterToIndex(letter)] =
return tensor

print(letterToTensor('J"))

print(lineToTensor('Jones').size())

HHER
tensor([[0., 6., 0., 0., 0., 0., 0., 0., 0., 0., 0.
0.,
e., 6., 0., 6., 0., 0., 6., 0., 0., 0., 0
1.,
e., 6., 0., 6., 0., 0., 6., 0., 0., 0., 0
0.,

6., 0.,
torch.Size([5,

2 FEHE W

=

fFautograd 28l , EFETorchhFHE— NI LUEF 2 B ZES VB BAR MK, layerfy BRENR
AAHERNRAITERBCAE, XEKE RGN ENL feed-forward B —#F |

P2y 75 X SRBRNN,

LR 4

IXRNNA K (JLFEMNIX B E HI#the PyTorch for Torch users tutorial) XA Z linear EXY i

AR 42, £ &5 A I— & LogSoftmax /&

import torch.nn as nn

class RNN(nn.Module):
def __init__(self, input_size,
super(RNN, self).__init__()

hidden_size,

self.hidden_size = hidden_size

self.i2h
self.i2o
self.softmax =

nn.LogSoftmax(dim=1)

def forward(self, input, hidden):

nn.Linear(input_size + hidden_size,
nn.Linear(input_size + hidden_size,

TN =L o

output_size):

hidden_size)
output_size)


https://pytorch.org/tutorials/beginner/former_torchies/nn_tutorial.html#example-2-recurrent-net

© 2018 Tangramor 2 ME R Z R4
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combined = torch.cat((input, hidden), 1)
hidden = self.i2h(combined)

output = self.i2o(combined)

output = self.softmax(output)

return output, hidden

def initHidden(self):
return torch.zeros(1, self.hidden_size)

n_hidden = 128
rnn = RNN(n_letters, n_hidden, n_categories)

BEETHMEN-—IMSR , RNFELEZ—ITAA (ERNVGIFH , RLHEIF M Tensor ) M
— N ERIREAVRS (RNECHENBLENT ), RIFEEAEY (SHESHHRE ) MT -
MRERS (N BT -HSREEA ) -

input = letterToTensor('A")
hidden =torch.zeros(1, n_hidden)

output, next_hidden = rnn(input, hidden)
RNTRERE | BINTHENE—THUE - F M Tensor , HLENFEA lineToTensor EIEX

MR letterToTensor B8¥X , AEA S HiE, X—FAUBEMEITEHRENKEHR —FT0
1to

input = lineToTensor('Albert')
hidden = torch.zeros(1, n_hidden)

output, next_hidden = rnn(input[@], hidden)
print(output)

RS

tensor([[-2.8857, -2.9005, -2.8386, -2.9397, -2.8594, -2.8785, -2.9361, -2.8270,
-2.9602, -2.8583, -2.9244, -2.9112, -2.8545, -2.8715, -2.8328, -2.8233,
-2.9685, -2.9780]], grad_fn=<LogSoftmaxBackward>)

AR HRE— <1 x n_categories> NIKE , ERE—FKARINERABETHE —E &
(MSUEMER ),



=
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2.1 1%k
2.1 WRBIHY e

HITNET R BRNFENE - LHBIEE, *F - RHRMNAEREE R NEMPEFNH
ATREMERT |, BT HAMENHEH, BRI ATUUER Tensor.topk BB BIREABEELERIHNVER
5l :

def categoryFromOutput(output):
top_n, top_i = output.topk(1)
category_i = top_i[@].item()
return all_categories[category_i], category_i

print(categoryFromOutput (output))
“HIHER
('Arabic', 13)
cBZARBNEE-MRERIIUE R ( BE-—INEFREMBENIESES ) 5%

import random

def randomChoice(1):
return 1[random.randint(0, len(l) - 1)]

def randomTrainingExample():

category = randomChoice(all_categories)

line = randomChoice(category_lines[category])

category_tensor = torch.tensor([all_categories.index(category)],
dtype=torch.long)

line_tensor = lineToTensor(line)

return category, line, category_tensor, line_tensor

for i in range(10):
category, line, category_tensor, line_tensor = randomTrainingExample()

print('category =', category, '/ line =', line)
- HIHSS
category = Dutch / line = Tholberg
category = Irish / line = Murphy
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category = Vietnamese / line = An
category = German / line = Von essen
category = Polish / line = Kijek
category = Scottish / line = Bell
category = Czech / line = Marik
category = Korean / line = Jeong
category = Korean / line = Choe
category = Portuguese / line = Alves

2.2 YISRFEHE ML
E , WELERFZQHELMEMARENEE  LEMETN , FENERBET,

nn.LogSoftmax YE N & f& —Elayerfy , nn.NLLLoss fE NI KEHEZEEM,
criterion = nn.NLLLoss()

WEEENBREIFERE

- HERAMBIRKE
- WEOM B L A BRRIRTS
RAT—ANFR
YA RBRSERAT —F8
HRBELAERFER

- I 1% &
SZRMM K

learning_rate = 0.005 # If you set this too high, it might explode. If too low, it
might not learn

def train(category_tensor, line_tensor):
hidden = rnn.initHidden()

rnn.zero_grad()

for i in range(line_tensor.size()[9]):
output, hidden = rnn(line_tensor[i], hidden)

loss = criterion(output, category_tensor)
loss.backward()



=
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# BEEHNEERMEEED, RURIERE
for p in rnn.parameters():
p.data.add_(-learning_rate, p.grad.data)

return output, loss.item()

RERMNARAFEER —LEHFRIEZTEF, HTtrainBEEE R ENBK , RATTLITEIH
MHERABRRERKEE, BATHE1000 RO, FBAE print_every IRITENEEHI | FHRFHH
Ko

import time
import math

n_iters = 100000
print_every = 5000
plot_every = 1000

# BERGEINMRE
current_loss = 0
all_losses = []

def timeSince(since):
now = time.time()
S = now - since
m = math.floor(s / 60)
S -=m * 60
return '%dm %ds' % (m, s)

start = time.time()

for iter in range(1, n_iters + 1):
category, line, category_tensor, line_tensor = randomTrainingExample()
output, loss = train(category_tensor, line_tensor)
current_loss += loss

# AR RNES, MA, 0B
if iter % print_every ==
guess, guess_i = categoryFromOutput(output)
correct = 'v' if guess == category else 'x (%s)' % category
print('%d %d%% (%s) %.4f %s / %s %s' % (iter, iter / n_iters * 100,
timeSince(start), loss, line, guess, correct))

# FHAMA FEERNBRAFE S

if iter % plot_every ==
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all_losses.append(current_loss / plot_every)
current_loss = 0

"RHER

5000 5% (Om 8s) 2.7792 Verdon / Scottish x (English)

10000
156000
20000
25000
30000
35000
40000
45000
50000
55000
60000
65000
70000
75000
80000
85000
90000
95000

10%
15%
20%
25%
30%
35%
40%
45%
50%
55%
60%
65%
70%
75%
80%
85%
90%
95%

(6m
(Bm
(©m
(6m
(6m
(©m
(Tm
(Tm
(Tm
(Tm
(Tm
(Tm
(Tm
(2m
(2m
(2m
(2m
(2m

16s) 2.0748 Campos / Greek x (Portuguese)
25s) 2.0458 Kuang / Vietnamese x (Chinese)
33s) 1.1703 Nghiem / Vietnamese Vv

41s) 2.6035 Boyle / English x (Scottish)
50s) 2.2823 Mozdzierz / Dutch x (Polish)
58s) nan Lagana / Irish x (Italian)

6s) nan Simonis / Irish x (Dutch)

15s) nan Nobunaga / Irish x (Japanese)
23s) nan Ingermann / Irish x (English)
31s) nan Govorin / Irish x (Russian)

39s) nan Janson / Irish x (German)

48s) nan Tsangaris / Irish x (Greek)

56s) nan Vlasenkov / Irish x (Russian)
4s) nan Needham / Irish x (English)

12s) nan Matsoukis / Irish x (Greek)

21s) nan Koo / Irish x (Chinese)

29s) nan Novotny / Irish x (Czech)

37s) nan Dubois / Irish x (French)

100000 100% (2m 45s) nan Padovano / Irish x (Italian)

2.3 4EHER

M all_losses BEIFEMKLIERE , R THELNMEHNZI BN :

import matplotlib.pyplot as plt
import matplotlib.ticker as ticker

plt.figure()
plt.plot(all_losses)

=

10
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2.75 4

2.50 -

2.25 A

2.00 -

1.75 A

1.50 A

1.25 -

0 20 40 60 80 100

BITMER

HTTRREETRRR ORI, BINSR—NEBER  SREWMES (17) AHENE
BEFNNBHES (51) o HTHEREE S, £/ evaluate() HELET —HBHE
evaluate() BB EEIER AEBR train() BBAREHEE,

# TERARPE P IRERIEAHBVEN
confusion = torch.zeros(n_categories, n_categories)
n_confusion = 10000

# RRBEISE—1THM H
def evaluate(line_tensor):
hidden = rnn.initHidden()

for i in range(line_tensor.size()[9]):
output, hidden = rnn(line_tensor[i], hidden)

return output

11
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# BEEHIEMBRNGIFLCR

for i in range(n_confusion):
category, line, category_tensor, line_tensor = randomTrainingExample()
output = evaluate(line_tensor)
guess, guess_i = categoryFromOutput(output)
category_i = all_categories.index(category)
confusion[category_i][guess_i] += 1

# BB E—TRUHELARA—%
for i in range(n_categories):
confusion[i] = confusion[i] / confusion[i].sum()

# REGE

fig = plt.figure()

ax = fig.add_subplot(111)

cax = ax.matshow(confusion.numpy())
fig.colorbar(cax)

# REW
ax.set_xticklabels([''] + all_categories, rotation=90)
ax.set_yticklabels([''] + all_categories)

# FPRIELRFIFRS
ax.xaxis.set_major_locator(ticker.MultiplelLocator (1))
ax.yaxis.set_major_locator(ticker.MultiplelLocator (1))

# sphinx_gallery_thumbnail_number = 2
plt.show()

=

12
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c
8
™
=

=)

Germail
PortugtL
Chinest
Greek
Polish
French
English
Spanist
Arabic
Czech
Russiar
Irish
Scottisl
Vietnar
Korean
Japane

Dutch

ltalian
German
Portuguese
Chinese
Greek
Polish
French
English
Spanish
Arabic
Czech
Russian
Irish

Dutch
Scottish
Viethamese
Korean
Japanese

- 0.8

- 0.7

RATGMEREUARE N R, EREBETNE T HEES |, FIAOGETN N T#E |, AT
MR TERR, BELEEFEELRRRY , ERELRIAXGE. ( TEREANRIEEEADE
ENEBRZ ),

NERFRA

def predict(input_line, n_predictions=3):
print('\n> %s' % input_line)
with torch.no_grad():
output = evaluate(lineToTensor (input_line))

# FREAINTEA
topv, topi = output.topk(n_predictions, 1, True)
predictions = []

for i in range(n_predictions):
value = topv[0][i].item()
category_index = topi[@][i].item()
print('(%.2f) %s' % (value, all_categories[category_index]))
predictions.append([value, all_categories[category_index]])

13
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predict('Dovesky")
predict('Jackson')
predict('Satoshi')

HHER

> Dovesky
(-0.74) Russian
(-0.77) Czech
(-3.31) English

> Jackson
(-0.80) Scottish
(-1.69) English
(-1.84) Russian

> Satoshi
(-1.16) Japanese
(-1.89) Arabic
(-1.90) Polish

B AL RAIBIZin the Practical PyTorch repo 3 LR X583 3F 2 R LA X4

* data.py (BEER 3 4)

* model.py (#3iERNN £%)

* train.py (E1TII&TE)

* predict.py (FE R ITHR S E — k2= 1Tpredict() W ER)
* server.py (£ Abottle.py#32 JSON APIHI UM AR 55)

IZ1T train.py RYIGFRFME

¥ predict.py M—NEFZWEF—EZTEFETNER

S python predict.py Hazaki
(-9.42) Japanese

(-1.39) Polish

(-3.51) Czech

1Z1T server.py FiFEhttp:/localhost:5533/Yourname 5 B JSONAE =X i 35 U 44 HH

14


https://github.com/spro/practical-pytorch/tree/master/char-rnn-classification

© 2018 Tangramor 4253

e
Sht

425>

ZHET (RK3>17) BANEES | L

* R > 1E
* P > R
*AElE > FE

* T H A& -> blog = subreddit

][]

" BYEANMEERNNBZIREEHFNER
* 1B PN Zlinear®
* 247, nn.LSTM # nn.GRU =
* 4 51X RNNIIEE B B LM%

15
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EREZSF NLP A Pytorch

AR &3 ApytorchfER# TREZ I HREMNZOEBEE, PytorchiV RSB (b it EE KA
B RS)HIIECFHREN MEMRESRS ELEMEX,

REXRHERTI N BLEMNARAEMREFZIER @I : Tensorflow, Theano, Keras, Dynet)
HEERBMMENLPAENA. RRIZMF SLHENLPIEERRNZOMEE : AHERE, BS
BRZEE RUOUIANREIAXABFFAHHNIRBE T HENEEE T ARG, BEXLE
REHLNAROMEEEENIRGENE , AEHEINREAMAESNMIEL A SHBNE, &
NERBRRFRELETXEAMRNERLT , BROMAFHREREZEI KRB,

ABXBENEETEXRT _models_ , MAREE. I THENER  RIAQE-LHFELHERIDH
MR ROIABERATUEENEENEIES AL, MBREEZ N —LEXHIE , BEED
il BR A 7 451 Fp Y 48 B H BB ET NGR4T

* PyTorchf& 4t : PyTorchf&ift

* EAPyTorch# 1T REZ : £APyTorch#t T RES]

AT A  REBERMVIFECEY - A#A - /FBREXWIELIE Y

FYERMKEFILCIZ (LSTM ) #H . FERMKEFICL (LSTM ) EH

BR  HESREMNBILSTM CRF : #IEzI A RFEFBI-LSTM CRF


https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/PyTorch_Introuctiion.md
https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/DL_with_PyTorch.md
https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/Word_Embedding.md
https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/Sequence_and_LSTM_Network.md
https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/Dynamic_Desicion_Bi-LSTM.md

© 2018 TangrifdBequence2SequenceMLEFEE S1HTENE T

ot
St
-\
Y
BE
i

{# FiSequence2Sequence & T

EXANTE S, BAVEHEERSEL NS REBEREE.

[KEY: > input, = target, < output]

> il est en train de peindre un tableau .
= he is painting a picture .
< he is painting a picture .

> pourquoi ne pas essayer ce vin delicieux ?
= why not try that delicious wine ?
< why not try that delicious wine ?

> elle n est pas poete mais romanciere .
= she is not a poet but a novelist .
< she not not a poet but a novelist .

> vous etes trop maigre .

= you re too skinny .
< you re all alone .

BT AEEER R,

XAILUEE R A FHIMERKI , ERFAANREHEME—E TR —NMFIIRRK S -1
F3l. miBBEMEFRAFIERKOE , 7+ BBEBREMEFZ0ERTTRHNFI,

"le chat est noir" <E0S5> <S0S5> "the cat is black"
[ 02 85 03 12 99 ] [ 00 42 82 16 04 ] -
Tt Tt T v 1 T T v 1
Encoder « Context - Decoder

S O T A
[ 42 82 16 04 99 ]
"the cat is black"” <E0S5>

- BEREW
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FHRAHKIER , IRELX LW TPyTorch , H##EPythoniE S , B KE"HWHELS

* https://pytorch.org/ PyTorch Z3£15R

* Deep Learning with PyTorch : A 60 Minute Blitz :PyTorchB9 E A A [1#2

* Learning PyTorch with Examples: B8 ZiRZE M/ iz BBk

* PyTorch for Former Torch Users Lua Torch: 31 RRE 2 — MNuask 2N EHRE
BRZEIHTHRFHEFT R E N TEREEFXANMF+ 9B

* Learning Phrase Representations using RNN Encoder-Decoder for Statistical Machine

Translation
* Sequence to Sequence Learning with Neural Networks

* Neural Machine Translation by Jointly Learning to Align and Translate

» A Neural Conversational Model

1&3& ] LA B 2 5148 < Classifying Names with a Character-Level RNNFI Generating Names with
a Character-Level RNN #i2 , BN X205 5mE s AL E R IEE ML

BEZER , BARMBXLEETHMILN
* Learning Phrase Representations using RNN Encoder-Decoder for Statistical Machine
Translation
+ Sequence to Sequence Learning with Neural Networks

* Neural Machine Translation by Jointly Learning to Align and Translate

* A Neural Conversational Model

1 S AN E

from __future__ import unicode_literals, print_function, division
from io import open

import unicodedata

import string

import re

import random

import torch


https://pytorch.org/
https://pytorch.org/tutorials/beginner/deep_learning_60min_blitz.html
https://github.com/fendouai/PyTorchDocs/blob/master/ThirdSection/LearningPyTorch.md
https://pytorch.org/tutorials/beginner/former_torchies_tutorial.html
https://arxiv.org/abs/1406.1078
https://arxiv.org/abs/1406.1078
https://arxiv.org/abs/1409.3215
https://arxiv.org/abs/1409.0473
https://arxiv.org/abs/1506.05869
https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/Char%20RNN%20Classification.md
https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/Char%20RNN%20Generation.MD
https://github.com/fendouai/PyTorchDocs/blob/master/FifthSection/Char%20RNN%20Generation.MD
https://arxiv.org/abs/1406.1078
https://arxiv.org/abs/1406.1078
https://arxiv.org/abs/1409.3215
https://arxiv.org/abs/1409.0473
https://arxiv.org/abs/1506.05869

© 2018 Tangramor 2. INEEHE Dl:

import torch.nn as nn
from torch import optim
import torch.nn.functional as F

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

2. DNEREFE AT

ZIMBEWBIERAT E AR EI R ENHENNES,

7T Open Data Stack ExchangeRyiXMRIER |, FFi B EM 4 https://tatoeba.org/45 i TS |, 1Z
¥k B9 T . T https://tatoeba.org/eng/downloads
-BHHR , BAMTHANTS T, FES X2 KR XA H : https : //

www.manythings.org/anki/

RIFREENE N AR EE S Erepod , Btk T&iFldata / eng-fra.txtBAER#H TRELS R,
BN HRUABIRF DRI BENSIE

I am cold. J'ai froid.

AR M THBEAREBERT S0 B R

EFHFHRRNNHEREANFRARERLU , BRIPFESPHENRFRT None-hotl EHFHE
B8, RTENFH (ERANRSILL ). SESPIURFEN/LTANFZHEL  EEEZH
7, AtEBEERA, R, RIVRVEIGAHERKE  SHESRER/LTNEA.

SOS EOS the a is and or

and =<0000010 .. >
00 01 02 03 04 05 06 ...

BIREESN N2 ANE—RE| , WMERERENZNEANBER. N 7TREMEXLE | BRI
FER—NEHN Lang BVEHBIZE , ©EE word—index ( word2index ) Hlindex—word ( index2word
) WFE | DIRATHEBRBE LRSS £ word2count BT,

SOS_token
EOS_token

n
[e]


https://tatoeba.org/%E7%BB%99%E5%87%BA%E4%BA%86%E6%8C%87%E5%AF%BC
http://www.manythings.org/anki/
https://download.pytorch.org/tutorial/data.zip
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class Lang:
def __init__(self, name):
self.name = name
self.word2index = {}
self.word2count {}
self.index2word {6: "S0S", 1: "EO0S"}
self.n_words = 2 # Count SOS and EOS

def addSentence(self, sentence):
for word in sentence.split(' '):
self.addWord(word)

def addWord(self, word):
if word not in self.word2index:

self.word2index[word] = self.n_words
self.word2count[word] =
self.index2word[self.n_words] = word
self.n_words += 1

else:

self.word2count[word] += 1

XL H4ER R Unicodet® X |, 1 7 B{LEA TV Unicode FREMNASCI , EAABERBREHNE |, HE
BRSBIRRF S,

# JZUnicodez B M A @ASCII, /Kigthttps://stackoverflow.com/a/518232/2809427
def unicodeToAscii(s):

return ''.join(
c for ¢ in unicodedata.normalize('NFD', s)
if unicodedata.category(c) != 'Mn’
)
# 5, BENRRIEZERA

def normalizeString(s):

s = unicodeToAscii(s.lower().strip())
s = re.sub(r"([.!'?2])", r" \1", s)
s = re.sub(r"[*a-zA-Z.!?]+", r" ", s)
return s

2.1 ISR

BiEWMBEXMY , BRIV XHF RS RIT , AR THFRI RN, XEXHHMERRE-HMES , FI
B HNEFFEHMIES -HIE , A reverse IRERREXS



=
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def readlLangs(langl1, lang2, reverse=False):
print("Reading lines...")

# R EH AR AT
lines = open('data/%s-%s.txt' % (langl, lang2), encoding='utf-8').\
read().strip().split('\n")

# BE TR H#TIRERL
pairs = [[normalizeString(s) for s in 1l.split('\t')] for 1 in lines]

# REX, ELangZfl
if reverse:
pairs = [list(reversed(p)) for p in pairs]
input_lang = Lang(lang2)
output_lang = Lang(lang1)
else:
input_lang = Lang(lang1)
output_lang = Lang(lang2)

return input_lang, output_lang, pairs

HTRRZAHG , BTBRRINLEL , RNSFBEEEHREANMENGTF, XESGAKER10
NER ((BRERF/FNS ) | BINETRER #RAVRR"VER"EEANG T (ZR L ER
HHS ) o

MAX_LENGTH = 10

eng_prefixes = (
“iam ", "im",
"he is", "he s ",
"“she is", "she s ",
"you are", "you re ",
"we are", "we re ",

"they are", "they re

def filterPair(p):
return len(p[@].split(' ')) < MAX_LENGTH and \
len(p[1].split(' ')) < MAX_LENGTH and \
p[1].startswith(eng_prefixes)

def filterPairs(pairs):
return [pair for pair in pairs if filterPair(pair)]



=
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EZRENZTEIER
CBRENIARS A F T O BT, RHTIR 2 RO
cASEAEXA , BRENAREITIIR
* NET B B F R EE R R SR

def prepareData(langl, lang2, reverse=False):
input_lang, output_lang, pairs = readlLangs(langl, lang2, reverse)
print("Read %s sentence pairs" % len(pairs))
pairs = filterPairs(pairs)
print("Trimmed to %s sentence pairs" % len(pairs))
print("Counting words...")
for pair in pairs:
input_lang.addSentence(pair[0])
output_lang.addSentence(pair[1])
print("Counted words:")
print(input_lang.name, input_lang.n_words)
print(output_lang.name, output_lang.n_words)
return input_lang, output_lang, pairs

input_lang, output_lang, pairs = prepareData('eng', 'fra', True)

print(random.choice(pairs))

-HHLS

Reading lines...

Read 135842 sentence pairs

Trimmed to 10599 sentence pairs

Counting words...

Counted words:

fra 4345

eng 28603

[ "'nous nous deshabillons .', 'we re undressing .']

3.Seq2SeqtE &

BEIRHEML (RNN ) 2— X FIIRTRENME  eEABCHRAHENEESROEA.
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Sequence to Sequence network(seq2seqM £&) =k [Encoder Decoder network(https://arxiv.org/pdf/
1406.1078v3.pdf) R EHM A HEBIRNFEEFN A PRNNAKWER, w55 AT M iE
B4 mE , FEMEERERZREN~EmEF5,

"le chat est noir" <E0S5> <S05> "the cat is black"
[ 02 85 03 12 99 ] [ 00 42 82 16 04 ] -
Tt Tt T v ° 1T T T v 1
Encoder - Context - Decoder

0411
[ 42 82 16 04 99 ]
"the cat is black"” <E0S5>

S£ERAENRNNBFIITNFE , ERESMANMTHE |, seq2seqiE B ERINMFFIKE MR
PR R XEERNMMES 2Bk WERIERE,

Z R —4)"Je ne suis pas le chat noir " HF 223", MIAGTFHPHNRSEREEHHTFHE
FEERE , ANFRETR , fl m MXBE"M"BHE", BT ne/pas"dW , MAGPEE—
NER, BEEMNAAFZFIFEERNERTEREN.

EMseq2seqiE |, piGsRtIEE M OE  EEEBERT , FAAFIN S HFENENEE -
A FRYRENLZH PRV ED R

3.1 fwRiGER

seq2seqM B mIBEITERNN , TR ADFHRNENRRRE —LEH, X TFESMNEANR |, &5
B EEENRRERS , HERERSATT —MaAKN R,

i provhiden
embedied.


https://arxiv.org/abs/1409.3215
https://arxiv.org/pdf/1406.1078v3.pdf
https://arxiv.org/pdf/1406.1078v3.pdf
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class En
def

def

def

3.2 fRTEE8

coderRNN(nn.Module) :

__init__(self, input_size, hidden_size):
super (EncoderRNN, self).__init__()
self.hidden_size = hidden_size

self.embedding = nn.Embedding(input_size, hidden_size)
self.gru = nn.GRU(hidden_size, hidden_size)

forward(self, input, hidden):

embedded = self.embedding(input).view(1, 1, -1)
output = embedded

output, hidden = self.gru(output, hidden)
return output, hidden

initHidden(self):
return torch.zeros(1, 1, self.hidden_size, device=device)

BEER % —PRNN , BEWRE RN L R &5 — R F B %iE,

f&] 2R ERRDER ER M £ W seq2seqfFBER T , RINNEARBHENZE—MHH. ZE— 1T
ARHANETXEE , EATREBENFIN LT, %ET X0 EAERDIRN0EERIR

o

ERBHNEBNSERY |, A FHEBEMm AtokenMBFEUIRS. ¥R Atoken 2 FF 1 FRFE <S0S> #r
i, B PMREASELTXEE (HB5E NRERERS ).

embedding

relu

o

softmax
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class DecoderRNN(nn.Module) :
def __init__(self, hidden_size, output_size):
super (DecoderRNN, self).__init__()
self.hidden_size = hidden_size

self.embedding = nn.Embedding(output_size, hidden_size)
self.gru = nn.GRU(hidden_size, hidden_size)

self.out = nn.Linear(hidden_size, output_size)
self.softmax = nn.LogSoftmax(dim=1)

def forward(self, input, hidden):
output = self.embedding(input).view(1, 1, -1)
output = F.relu(output)
output, hidden = self.gru(output, hidden)
output = self.softmax(self.out(output[0]))
return output, hidden

def initHidden(self):
return torch.zeros(1, 1, self.hidden_size, device=device)

BEMRNGHRRIMRBENER , BN THERE , RIVPFEEEA TEH B EBHH,
3.3 R LB ER
MRRERDRMBEL R 2 EEE E T EE  NZENMAEBRIERBEN T FHER

ERNAVFERDRMEH X BEREFRHNSN PR RBR RERMENTERD. AL, R
HE-AEEAINE, XEFHRRURDR WEOENEMNAS. &R (ERBHHR
attn_applied ) REERXMAFIIBELRINES , MMH B AEDER EBA A H2E,

ERAFEL RN ANMBRRSERNBA , FHS —NEIRE attn RUTEEBEINE. BRIEKEHK
BHREEMBAEADNAT , I TREREEN YKZE , RNLAEECAUNANRAGF
KE (WAKE , N THREHIHE ) . RAKENGFREAMBEIEINE  MRENT &

REABIILA
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embedding

dropout

4 &

y

relu

gru

>
.

out

softmax

¥ §

class AttnDecoderRNN(nn.Module):
def __init__(self, hidden_size, output_size, dropout_p=0.1,
max_length=MAX_LENGTH) :
super (AttnDecoderRNN, self).__init__()
self.hidden_size = hidden_size
self.output_size = output_size
self.dropout_p = dropout_p
self.max_length = max_length

self.embedding = nn.Embedding(self.output_size, self.hidden_size)
self.attn = nn.Linear(self.hidden_size * 2, self.max_length)
self.attn_combine = nn.Linear(self.hidden_size * 2, self.hidden_size)
self.dropout = nn.Dropout(self.dropout_p)

self.gru = nn.GRU(self.hidden_size, self.hidden_size)

=
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self.out = nn.Linear(self.hidden_size, self.output_size)

def forward(self, input, hidden, encoder_outputs):
embedded = self.embedding(input).view(1, 1, -1)
embedded = self.dropout(embedded)

attn_weights = F.softmax(
self.attn(torch.cat((embedded[@], hidden[8]), 1)), dim=1)
attn_applied = torch.bmm(attn_weights.unsqueeze(0),
encoder_outputs.unsqueeze(0))

output = torch.cat((embedded[0], attn_applied[6]), 1)
output = self.attn_combine(output).unsqueeze(0)
output = F.relu(output)

output, hidden = self.gru(output, hidden)

output = F.log_softmax(self.out(output[B8]), dim=1)
return output, hidden, attn_weights

def initHidden(self):
return torch.zeros(1, 1, self.hidden_size, device=device)

Y

1
BEEAENNVERE , EEEMERXNW IR D TUBRKERSIFIE, FiE[Effective
Approaches to Attention-based Neural Machine Translation.] (https://arxiv.org/abs/
1508.04025) 9“7 i jE X"

At

0

~

~

’

4.1)I| 8k
4.1 EZINGLE

AT, ¥TENBEN , BINEFERAKE (WA TFPRNEENRS] ) MERKE (B
REFRHNRERNRS ), FBRXEREER , BIISFEOSIRICHINEIF A F 5,

def indexesFromSentence(lang, sentence):
return [lang.word2index[word] for word in sentence.split(' ')]

def tensorFromSentence(lang, sentence):
indexes = indexesFromSentence(lang, sentence)
indexes.append(EOS_token)
return torch.tensor(indexes, dtype=torch.long, device=device).view(-1, 1)


https://arxiv.org/abs/1508.04025
https://arxiv.org/abs/1508.04025
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75 12

def tensorsFromPair(pair):
input_tensor = tensorFromSentence(input_lang, pair[@])
target_tensor = tensorFromSentence(output_lang, pair[1])
return (input_tensor, target_tensor)

4.2 I EER

AT INGRNELFBR[STHRAD T , AREEN W HNSRHOERRIRS. RE , HEHRE
BFRCENESE WA , FERBEHEN KEBRERSENHSE —BERS,

“Teacher Forcing" @ EX B EAESNT —Na AW S K MAREAMBBIENEUERST
— /N Ao fEFteacher forcingfFiE R ERit sy , EREFASHINEHMER , CHEERIE
TREM,

& 7] LA Eteacher forcingM &Mt | XEMEFERAERNEENE BB FANER - EX
LtEEEFaRTEHEEL, HE—B EREFEI/INRARTUNREIRENL , BEREEEE
Hith S A MBI F R AR B

B FPyTorch® autograd REAVRME T BH , AT LAREZ % 6 FAteacher forcing =k 5 A f&l &£
BifiE . ¥ teacher_forcing_ratio HSUERES,

teacher_forcing_ratio = 0.5

def train(input_tensor, target_tensor, encoder, decoder, encoder_optimizer,
decoder_optimizer, criterion, max_length=MAX_LENGTH) :
encoder_hidden = encoder.initHidden()

encoder_optimizer.zero_grad()
decoder_optimizer.zero_grad()

input_length = input_tensor.size(9)
target_length = target_tensor.size(9)

encoder_outputs = torch.zeros(max_length, encoder.hidden_size, device=device)
loss = 0
for ei in range(input_length):

encoder_output, encoder_hidden = encoder(

input_tensor[ei], encoder_hidden)
encoder_outputs[ei] = encoder_output[0, 0]
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decoder_input = torch.tensor([[SOS_token]], device=device)
decoder_hidden = encoder_hidden

use_teacher_forcing = True if random.random() < teacher_forcing_ratio else
False

if use_teacher_forcing:
# Teacher forcing: Feed the target as the next input
for di in range(target_length):
decoder_output, decoder_hidden, decoder_attention = decoder(
decoder_input, decoder_hidden, encoder_outputs)
loss += criterion(decoder_output, target_tensor[di])
decoder_input = target_tensor[di] # Teacher forcing

else:
# Without teacher forcing: use its own predictions as the next input
for di in range(target_length):
decoder_output, decoder_hidden, decoder_attention = decoder(
decoder_input, decoder_hidden, encoder_outputs)
topv, topi = decoder_output.topk(1)
decoder_input = topi.squeeze().detach() # detach from history as
input

loss += criterion(decoder_output, target_tensor[di])
if decoder_input.item() == EOS_token:
break

loss.backward()

encoder_optimizer.step()
decoder_optimizer.step()

return loss.item() / target_length

WEEB
XR—ANFEBIERER , AT ENGT A Bt A5 T A9 R R (R 45 2 = A At 18] M E % o

import time
import math

def asMinutes(s):
m = math.floor(s / 60)
S -=m * 60

=

13
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=

return '%dm %ds' % (m, s)

def timeSince(since, percent):
now = time.time()
S = now - since
es = s / (percent)
rs =es - s
return '%s (- %s)' % (asMinutes(s), asMinutes(rs))

B

SEEWT

- EE A

LA AR

- 122 — A%

R R T

RIBEERMNAA train , BRITNEE (HIFHEDLE , FB BN ILEARE , AiTA9ETE ) FFE
Ko

def trainIters(encoder, decoder, n_iters, print_every=1000, plot_every=100,
learning_rate=0.01):

start = time.time()

plot_losses = []

print_loss_total = @ # Reset every print_every

plot_loss_total = @ # Reset every plot_every

encoder_optimizer = optim.SGD(encoder.parameters(), lr=learning_rate)
decoder_optimizer = optim.SGD(decoder.parameters(), lr=learning_rate)
training_pairs = [tensorsFromPair(random.choice(pairs))

for i in range(n_iters)]
criterion = nn.NLLLoss()

for iter in range(1, n_iters + 1):
training_pair = training_pairs[iter - 1]
input_tensor = training_pair[0]
target_tensor = training_pair[1]

loss = train(input_tensor, target_tensor, encoder,

decoder, encoder_optimizer, decoder_optimizer, criterion)
print_loss_total += loss
plot_loss_total += loss

if iter % print_every == 0:
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print_loss_avg = print_loss_total / print_every
print_loss_total = @
print('%s (%d %d%%) %.4f' % (timeSince(start, iter / n_iters),
iter, iter / n_iters * 100,
print_loss_avg))

if iter % plot_every ==
plot_loss_avg = plot_loss_total / plot_every
plot_losses.append(plot_loss_avg)
plot_loss_total = ©

showPlot(plot_losses)

SZREEEEK
2B M matplotlib EEFEA , SEAEUIZRETRIFR plot_losses IR KETA,

import matplotlib.pyplot as plt
plt.switch_backend('agg')

import matplotlib.ticker as ticker
import numpy as np

def showPlot(points):
plt.figure()
fig, ax = plt.subplots()
# this locator puts ticks at regular intervals
loc = ticker.MultiplelLocator(base=0.2)
ax.yaxis.set_major_locator(loc)
plt.plot(points)

W B

HESWERBAERE , BRXEER , BERNAFTHBELHENTNRBREENITR. ST
—PMNEFENRMNBFEFNBmEFFER , WRETN TEOSHRE , RINHBLKEERE, &K
EF#FEBSRAEE N HUHBEEE R,

def evaluate(encoder, decoder, sentence, max_length=MAX_LENGTH) :
with torch.no_grad():
input_tensor = tensorFromSentence(input_lang, sentence)
input_length = input_tensor.size()[0]
encoder_hidden = encoder.initHidden()

encoder_outputs = torch.zeros(max_length, encoder.hidden_size,
device=device)
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AT B

ERATEOY

for ei in range(input_length):
encoder_output, encoder_hidden = encoder(input_tensor[ei],
encoder_hidden)
encoder_outputs[ei] += encoder_output[0, 0]

decoder_input = torch.tensor([[SOS_token]], device=device) # SOS
decoder_hidden = encoder_hidden

decoded_words = []
decoder_attentions = torch.zeros(max_length, max_length)

for di in range(max_length):

decoder_output, decoder_hidden, decoder_attention = decoder (
decoder_input, decoder_hidden, encoder_outputs)

decoder_attentions[di] = decoder_attention.data

topv, topi = decoder_output.data.topk(1)

if topi.item() == EOS_token:
decoded_words.append('<E0S>")
break

else:
decoded_words.append(output_lang.index2word[topi.item()])

decoder_input = topi.squeeze().detach()

return decoded_words, decoder_attentions[:di + 1]

def evaluateRandomly(encoder, decoder, n=10):

5.9

for i in range(n):

pair = random.choice(pairs)

print('>"', pair[0])

print('="', pair[1])

output_words, attentions = evaluate(encoder, decoder, pair[@])
output_sentence = ' '.join(output_words)

print('<', output_sentence)

print('")

ZRATVET

BETHEXLEHDEY (CEERGRIANANIE , BEEEBETEIERERS ) BRIEHKLE

A AHIBRAE R 48 H T iR I 4k

SEPITEREN G FHITNRA, BARA%H H M — L EN T2 Y0

=

16



© 2018 Tangramor 5.0 m: 17

BiLE , MAGTFHEEETE, NFXANNEIRE |, B TLER 256N 2T R FENGRUEH
MR PNHIMLE, EMacBook CPULKRAN400 fjE , RIHBI—LEEEBEMNER,

AE
MRMREITEXNEIL , R, PETAR, T, HEUEREN S, ERBERBIFN®E
BEsBRILEN 1T HBIXiETtrainlters,

hidden_size = 256

encoder1 = EncoderRNN(input_lang.n_words, hidden_size).to(device)
attn_decoder1 = AttnDecoderRNN(hidden_size, output_lang.n_words, dropout_p=90.
1) .to(device)

trainIters(encoder1, attn_decoder1, 75000, print_every=5000)

BN NN NN W W
ODOWONALOOOON
1 1

coorHHE
HLOOONM
T N R T |

0 100 200 300 400 500 600 700

"RHER

1m 53s (- 26m 24s) (5000 6%) 2.8558
3m 42s (- 24m 3s) (10000 13%) 2.2832
5m 31s (- 22m 6s) (15000 20%) 1.9841
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7m 19s (- 206m 8s) (20000 26%) 1.7271
9m 7s (- 18m 15s) (256000 33%) 1.5487
10m 54s (- 16m 21s) (30000 40%) 1.3461
12m 41s (- 14m 30s) (35000 46%) 1.225T
14m 30s (- 12m 41s) (40000 53%) 1.8956
16m 16s (- 10m 51s) (45000 60%) 1.0126
18m 5s (- 9m 2s) (50000 66%) ©.9212
19m 52s (- 7m 13s) (55000 73%) 6.7952
21m 41s (- 5m 25s) (60000 80%) ©.7481
23m 29s (- 3m 36s) (65000 86%) 0.6882
25m 17s (- 1m 48s) (70000 93%) ©.6190
27m 6s (- Om Os) (75000 100%) ©.5745

evaluateRandomly(encoder1, attn_decoder1)

"RHER

> je pars en vacances pour quelques jours .
= i m taking a couple of days off .
< i m taking a couple of days off . <EOS>

> je ne me panique pas .
= 1 m not panicking .
< i m not panicking . <EOS>

> je recherche un assistant .
= i am looking for an assistant .
< i m looking a call . <EOS>

> je suis loin de chez moi .
= i m a long way from home .
< ima little friend . <EOS>

> vous etes en retard .
= you re very late .
< you are late . <EOS>

> j ai soif .
= i am thirsty .
< i m thirsty . <EO0S>

> je suis fou de vous .
= i m crazy about you .
< i1 m crazy about you . <EO0S>

> vous etes vilain .
= you are naughty .

=
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=

< you are naughty . <EOS>

\%

il est vieux et laid .
he s old and ugly .
he s old and ugly . <EOS>

A

> je suis terrifiee .
i m terrified .
i m touched . <EOS>

A

6. Al ML ER T

BN - T EABMERESEERNA L. RATATRAFSISERD SR M T
TR, FTABAMT AT B REZ M ESKE MESKIENNE.

& 0] LAf8] 82 #h3= 4T plt.matshow ( attention ) BUEE L MEE R AER  HPJIRMASE |, 1T
eRHSER

output_words, attentions = evaluate(
encoder1, attn_decoder1, "je suis trop froid .")
plt.matshow(attentions.numpy())

19
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NZ7

- = =
=77
/N

NTREEFIRNEFE , RIPFFONFMENRE

def

def

showAttention(input_sentence, output_words, attentions):
# HcolorbariS&E

fig = plt.figure()

ax = fig.add_subplot(111)

cax = ax.matshow(attentions.numpy(), cmap='bone')
fig.colorbar(cax)

# RE LR

ax.set_xticklabels([''] + input_sentence.split(' ') +
['<EOS>'], rotation=90)

ax.set_yticklabels([''] + output_words)

# BB RIELERIFES
ax.xaxis.set_major_locator(ticker.MultiplelLocator(1))
ax.yaxis.set_major_locator(ticker.MultiplelLocator(1))

plt.show()

evaluateAndShowAttention(input_sentence):
output_words, attentions = evaluate(

encoder1, attn_decoder1, input_sentence)
print('input =', input_sentence)
print('output =', ' '.join(output_words))
showAttention(input_sentence, output_words, attentions)

evaluateAndShowAttention("elle a cing ans de moins que moi .")

evaluateAndShowAttention("elle est trop petit .")

evaluateAndShowAttention("je ne crains pas de mourir .")

evaluateAndShowAttention("c est un jeune directeur plein de talent .")

=

20
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=
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=
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—
-
v 8 o A
(0] c
g c g ~ '% [ 2 8 — 1.0
(9] ] S L o - o 8 Vv
he
. - 0.8
is
a
- 0.6
talented

young

player

<EOS>

-HIHER

input = elle a cing ans de moins que moi .

output = she is two years younger than me . <EOS>
input = elle est trop petit .

output = she s too trusting . <EOS>

input = je ne crains pas de mourir .

output = i m not afraid of dying . <EOS>

input = c est un jeune directeur plein de talent .
output = he s a fast person . <EOS>

7483

- i F LA AR
* B —RESN

* A—HLE ( HIINIoTaH S )

=)

24
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*HR-EE
* AR
- AfMAENGSHFHRA ( Hliword2vecs GloVe ) E#air A
‘ZHEAEZSEE  EZRBEANEZAF. ERIIGREIMNER,
MBRERABFEXH , EPXNERMIRMEE ( T am test \t I am tes ) , {RAIAEAT
ER B miEEs. iHidixA
* Y&k H BBl YmiBER
* R TF RIS P &
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DCGANZFE

1. @

AHREBEY — M FK3T DCGANs #HITN B, BITF2NE—MNERIIME (GAN) BATFER
TNTHZEENBANBEREFEFNE A, XBEHAE 2 RHBXKEpytorch/examples R iy
dcgan SEH |, AR SKIBTHTEE WNE , HERZERNTERBIUR AT AWML,
BREAFEADL , RAFTFTEEETHGAN , BEAREFERV —LEHRHE-—TKEE SRXEN
EE. WA, ATEMTHENE , RFREA—1GPU, HEF . LBRINMLIFHA.

2. E XTI M L ( Generative Adversarial Networks )

2.1 ft 42 GAN

GANsZ AT DL ( Deep Learning ) BE EHRIIGHE D HIHRHER , LRI ATUMNE —2
MHERFPEIE. GANsEHAIlan Goodfellow F2014F 12 , H BB IREIL X Generative
Adversarial Nets #iR, EMHEAMNTENERAR , —MRERBF P 2H AT EXI[HIT
ERF=EFRRGIGEGHN R'ESG ; HABEN TR EFRGHHEHTREREXRNIILHE
Bk BERBENHE G, TSR , =TS =8I 7= 4 MR 5 69 67 30 1 Sk 8 3
25, MHEBIBINERN T EF#bR N H AN EXMNBEEGHITDE, XPNERNEEHER
BEERENBRIEAEBREGERERGRRXE JIGEE  mHsFERENEREREEGA
ERBHBEEHF50%.

WE , RINABELEINMHEPEAIN-EFS,
- H BB S ENL

BrERRE—KEGHEE , D) 2HINENE , CHEoRBIISKRIEM R 2EREN (45
B )R, XB BFRNLEESG , D) 9% AR CHW K/ H3x64x640 BB, ER , X
kB INGEEER D (TIRZE HIGH |, Mk aERErDI(T)RiZE Low, Do) asligil s

RGN T RER.

CERBRHTESEX


https://github.com/pytorch/examples
https://papers.nips.cc/paper/5423-generative-adversarial-nets.pdf
https://papers.nips.cc/paper/5423-generative-adversarial-nets.pdf
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HFEREBHHTE , L EMTEEADHPRENEEEELE , GRIRRGEBERE BT
BEERNERSEY , GHERREITHNERERBMTLDH (Pdata ) |, MET I BRI\
B4 (Lo ) £ERERERE,

miy , DIG(2) )2 ERBCHHEEETEGHEE (A8 ), EMGoodfellow HIIE 3T H AT R
B, DRMGH—MR/IMR AR , ERDIRESR AT EH 2R BB MNEREARIogD ()
BE  FEGEES/MLDRNE R 2B mxlog(l — DIG(x))), MEXkE , GAN REHE
MR

m(i:nmlz)uV(D,C) EI,‘deam(I)[logD(z)] éE:,,\_,p:(z)[log(l D(G(2)))]

Bit b, AR RAER BRI REPg = Pdata | IR AN EESHRBE , WY BIELAHE
M. A, GAN BRI PBERKARF |, KEREREAFERULEEX — Ko

2.2 {+ 4 & DCGAN

DCGAN 2 LR GAN WE#RYT & , KN EoalEHBISZMERFZPABEMER 7 HERAMNEBR
¥EBER, THLRMBRadford®E ATEIE Unsupervised Representation Learning With Deep
Convolutional Generative Adversarial Networks 2. ¥I%I2%H strided convolution layers,
batch norm layers M LeakyReLU activations 5 , i A 3x64x64 WERK , RAEHWEHE—1
REBMARKBEGFHEED MOFEME, E£EN=REH convolutional-transpose layers, batch
norm layers Hl ReLU activations . TR ARMREESS MHRLENEERQE: , MHE
3x64x64 B RGB B &, strided conv-transpose layers AFEERER R EE SR GHERB IR
B, BAXYF , EELRMT —LHEXNAREMREE , AT THERREBARDOARKIY &
ANENRET , MEXEHREEENET PHITHHA,

from __future__ import print_function
#%matplotlib inline

import argparse

import os

import random

import torch

import torch.nn as nn

import torch.nn.parallel

import torch.backends.cudnn as cudnn
import torch.optim as optim

import torch.utils.data

import torchvision.datasets as dset
import torchvision.transforms as transforms
import torchvision.utils as vutils


https://papers.nips.cc/paper/5423-generative-adversarial-nets.pdf
https://arxiv.org/pdf/1511.06434.pdf
https://arxiv.org/pdf/1511.06434.pdf
https://pytorch.org/docs/stable/nn.html#torch.nn.Conv2d
https://pytorch.org/docs/stable/nn.html#torch.nn.BatchNorm2d
https://pytorch.org/docs/stable/nn.html#torch.nn.LeakyReLU
https://pytorch.org/docs/stable/nn.html#torch.nn.ConvTranspose2d
https://pytorch.org/docs/stable/nn.html#relu
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import numpy as np

import matplotlib.pyplot as plt

import matplotlib.animation as animation
from IPython.display import HTML

# ABRIMMERER seem

manualSeed = 999

#manualSeed = random.randint(1, 10000) # YRR EINEER B2E XKD
print("Random Seed: ", manualSeed)

random. seed(manualSeed)

torch.manual_seed(manualSeed)

-HIHER

Random Seed: 999

3. DCGANRII T &
3.1HA

ERMNELMABEERZTERINNEIE | * dataroot : FHRHBEEREFZNBER, BRIFET—
HiFE AT IC B IR & * workers : £ fiDataloader iNEEIEH THELE R * batch_size : JIZFEA
fbatch X/, FEDCGANiIL Hbatchfy K/ 128 * image_size : AT I E GBI KD,
LESRIBRIA 64x64, MRFBEHMA ST , MMSAKRTEDHNG WEH, BXEMAEER , TSR
o *nc: MARBFHHEEER. N TEEESK , XRSHREN3 *nz: BERAENKE *
ngf : SETERBFETHEFTEARESRX * ndf ; EEET ¥ 5 BE BN ISERETHIRE *
num_epochs : ZZ1THIZ M epochBhE. KIRBEININEGAIRESTREFNER , BEHEEEK
BIBTIE] * Ir : F3)IRE, AMDCGANIEX HFMR |, L F R 0.0002 * betal : & FAdam{it{t 25
Hbetal S, WMILXFHR , WEBFER70.5* ngpu : AT ARGPURE, TR0 , NRRDT LA
CPUEXZ1T,. REBFATO, BFEZBENGPULETT

““buildoutcfg
BFEENRE X

dataroot = “data/celeba”


https://github.com/pytorch/examples/issues/70
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=

INEERAERY TIEL IR

I ZrHA A Bybatch K/

batch_size = 128

IZGERENZER KD, ARG ERAZERFE
ALK,

image_size = 64

NEGEGPHNEER. ¥TEEEK , XE3

nc=3

FBERE z B A/NBIEN - ERERE AR K/
& B Es P IER B KD

¥ 5l 25 P R4S TEAR 5T RY R/

ndf = 64
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YllZkepochsy K /)

num_epochs = 5
LILERRY F ) RS

Ir=0.0002

iBm A FAdam Lt EsHIBeta 1 B S

betal =0.5

A AGPUEE, (FA0KRRCPUIRR,

ngpu =1

#H### 3.2 B

EARHED, HMNIF@EB[Celeb-A Faces](http://mmlab.ie.cuhk.edu.hk/projects/
CelebA.html)#(3B &, ZEBE L 1EHEHEekGoogle Drived T #,

HHEEIE T2 A8 A*ing_align_celeba.zip*BqX 4. T#fE, GE R A*celebaxfil R {zipXH
RERENZERP. HE, BFLERCP

BB R BN R B ANIFI 03B celebaB . EmkBIB REHIRZE ¢

" “buildoutcfg
/path/to/celeba
-> img_align_celeba
-> 188242.7jpg
-> 173822.jpg
-> 284702.7jpg
-> 537394.7jpg

XR—ANEENSER , RARITFEA InageFolder BIEEX , TEREBFEBENRHXRPE
FEFR, W , RNAUCIRKIES , ¢ BEEMRR  REZSTHRE , AR&KEATRL—
LR R,
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# HKMNPILAZBRBENA A ERB G X H R EEE.
# OIZEES
dataset = dset.ImageFolder(root=dataroot,
transform=transforms.Compose( [
transforms.Resize(image_size),
transforms.CenterCrop(image_size),
transforms.ToTensor (),
transforms.Normalize( (0.5, 0.5, 0.5), (0.5, 0.5,
5)),
1)
# OI3EMNEKZE
dataloader = torch.utils.data.Dataloader(dataset, batch_size=batch_size,
shuffle=True, num_workers=workers)

# EgEMNsTELBIMNES
device = torch.device("cuda:0" if (torch.cuda.is_available() and ngpu > @) else
" Cpu " )

# SRIEAERNNEANAESR

real_batch = next(iter(dataloader))

plt.figure(figsize=(8,8))

plt.axis("off")

plt.title("Training Images")
plt.imshow(np.transpose(vutils.make_grid(real_batch[@].to(device)[:64],
padding=2, normalize=True).cpu(),(1,2,0)))

=

0.
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Training Images

3.3 3k

BERERMASHNEZFNEES  RNIAETUEARENKIASR, RIMNRENSBL
REETTIE , RRFAICENKRR , £518% , BMARBMILRER.
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3.3.1 NEMHIL

TE DCGAN IE X | B EHFMEBRAENENNESS mHREN DKL , mean =0, stdev = 0.02,
weights_init BAEFRIIBILARRIER WA , HEFHVBRILAAESIE | B E MbatchtrE{LE
LURBILPRE, ¥ LB BB BN A FAER,

# custom weights initialization called on netG and netD
def weights_init(m):

classname = m.__class__.__name__

if classname.find('Conv') != -1:
nn.init.normal_(m.weight.data, 0.0, 0.02)

elif classname.find('BatchNorm') != -1:

nn.init.normal_(m.weight.data, 1.0, 0.02)
nn.init.constant_(m.bias.data, 0)

3.3.2 £RB8

EREBEGHATHEEZRXRE (2) MHEEKEZE., ATRNOBERRSG , Kbl HRAK

ErEERERLCESIESBEGEEHR A NIRGBEAS ( BI3x64x64 ) o RFRL , XRBEN —
RIBLSN_H4BNBRERIKIN , BNERES LM ENRHERE Mrelu activation# 1TEIX . 4
RESH M BN tanh REBA , FEREZ[,1EENBALKE., B8 FZNREERECERE
EHETHEEY , B HIXEDCCANIE XXM, XLEEBTIISGHENBEERZ . DCGAN
WXHWERSEF NERGUO TR :

Stride 2 16

Project and reshape

CONV 2
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IR, BIINWABLIRE (nz, ngf*fi*nc ) 2EWRBPNERBERLEE, nz Rz
FAENKE , *ngFEBETERBEBNBERNANER , nc 2R EEGTFHEER (N T
RGBE% , REN3 ) . THREMKRKNE,

« AR ERRED

# 4 pk2E RS
class Generator(nn.Module):
def __init__(self, ngpu):

super(Generator, self).__init__()

self.ngpu = ngpu

self.main = nn.Sequential(
# BINRZLZ, HENER
nn.ConvTranspose2d( nz, ngf * 8, 4, 1, 0, bias=False),
nn.BatchNorm2d(ngf * 8),
nn.ReLU(True),
# state size. (ngf*8) x 4 x 4
nn.ConvTranspose2d(ngf * 8, ngf * 4, 4, 2, 1, bias=False),
nn.BatchNorm2d(ngf * 4),
nn.ReLU(True),
# state size. (ngf*4) x 8 x 8
nn.ConvTranspose2d( ngf * 4, ngf * 2, 4, 2, 1, bias=False),
nn.BatchNorm2d(ngf * 2),
nn.ReLU(True),
# state size. (ngf*2) x 16 x 16
nn.ConvTranspose2d( ngf * 2, ngf, 4, 2, 1, bias=False),
nn.BatchNorm2d(ngf),
nn.ReLU(True),
# state size. (ngf) x 32 x 32
nn.ConvTranspose2d( ngf, nc, 4, 2, 1, bias=False),
nn.Tanh()
# state size. (nc) x 64 x 64

)

def forward(self, input):
return self.main(input)

BE , BATATBROMLER BRI R A weights_init B, ERFITENERUEEERBFNR
RV,

““buildoutcfg
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B2 4 =5

netG = Generator(ngpu).to(device)

MRFE , EEmulti-gpu

if (device.type == ‘cuda’) and (ngpu > 1): netG = nn.DataParallel(netG, list(range(ngpu)))

M A weights_initBdZxBEH A B ILPFI BN E , mean=
0, stdev=0.2,

netG.apply(weights_init)

FTEN=E &

print(netG)

* BMHER -

" “buildoutcfg
Generator (
(main): Sequential(

(8): ConvTranspose2d(100, 512, kernel_size=(4, 4), stride=(1, 1), bias=False)

(1): BatchNorm2d(512, eps=1e-05, momentum=0.1, affine=True,
track_running_stats=True)

(2): ReLU(inplace=True)

(3): ConvTranspose2d(512, 256, kernel_size=(4, 4), stride=(2, 2), padding=(1,
1), bias=False)

(4): BatchNorm2d (256, eps=1e-05, momentum=0.1, affine=True,
track_running_stats=True)

(5): ReLU(inplace=True)

(6): ConvTranspose2d(256, 128, kernel_size=(4, 4), stride=(2, 2), padding=(T1,
1), bias=False)

(7): BatchNorm2d (128, eps=1e-05, momentum=0.1, affine=True,
track_running_stats=True)

(8): ReLU(inplace=True)
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(9): ConvTranspose2d(128, 64, kernel_size=(4, 4), stride=(2, 2), padding=(1,
1), bias=False)

(10) : BatchNorm2d(64, eps=1e-065, momentum=0.1, affine=True,
track_running_stats=True)

(11): ReLU(inplace=True)

(12): ConvTranspose2d(64, 3, kernel_size=(4, 4), stride=(2, 2), padding=(1,
1), bias=False)

(13): Tanh()

)

)

3.3.3 Y588

MERR , HBIBDR-#HBIDEME , SHESENAAH B LEAABGRELWIREMNR
(EBWER ). XB , DX 3x64x64 BN ABE , B33 —F%IConv2d , BatchNorm2d#l
LeakyReLURAE Y , H BT Sigmoid BUEE M H SABIR, NRNBFE , IUEAESEY
R ERER | 1B Astrided convolution ( B8 ) , BatchNorm#lLeakyReLUEBEE &
X, DCGANIEMIREIFERABEL BN M A2 ML EIREXER —RREFNHE , BRAEATIERE
3 HO M LIIEE. HEEFRER leaky reluE Bt {EH RIFHHER , SN TFHNNZEIIEER
BXEEW,

* ¥ B 2R L83

class Discriminator(nn.Module):
def __init__(self, ngpu):

super(Discriminator, self).__init__()

self.ngpu = ngpu

self.main = nn.Sequential(
# input is (nc) x 64 x 64
nn.Conv2d(nc, ndf, 4, 2, 1, bias=False),
nn.LeakyRelLU(0.2, inplace=True),
# state size. (ndf) x 32 x 32
nn.Conv2d(ndf, ndf * 2, 4, 2, 1, bias=False),
nn.BatchNorm2d(ndf * 2),
nn.LeakyRelLU(0.2, inplace=True),
# state size. (ndf*2) x 16 x 16
nn.Conv2d(ndf * 2, ndf * 4, 4, 2, 1, bias=False),
nn.BatchNorm2d(ndf * 4),
nn.LeakyRelLU(0.2, inplace=True),
# state size. (ndf*4) x 8 x 8
nn.Conv2d(ndf * 4, ndf * 8, 4, 2, 1, bias=False),
nn.BatchNorm2d(ndf * 8),
nn.LeakyRelLU(0.2, inplace=True),
# state size. (ndf*8) x 4 x 4
nn.Conv2d(ndf * 8, 1, 4, 1, @, bias=False),


../notation/G.gif
../notation/D.gif
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=

nn.Sigmoid()
)

def forward(self, input):
return self.main(input)

W#E , BEREBE—F , BOTTGEHBIZR , B weights_init B, FITEEREBN S,

# QA7
netD = Discriminator(ngpu).to(device)

# Handle multi-gpu if desired
if (device.type == 'cuda') and (ngpu > 1):
netD = nn.DataParallel(netD, list(range(ngpu)))

# FAweights_initFHEPEM PG TEERBINE, mean= 0, stdev = 0.2
netD.apply(weights_init)

# FTENE R
print(netD)

et

Discriminator(
(main): Sequential(

(8): Conv2d(3, 64, kernel_size=(4, 4), stride=(2, 2), padding=(1, 1),
bias=False)

(1) : LeakyReLU(negative_slope=0.2, inplace=True)

(2): Conv2d(64, 128, kernel_size=(4, 4), stride=(2, 2), padding=(1, 1),
bias=False)

(3): BatchNorm2d (128, eps=1e-05, momentum=0.1, affine=True,
track_running_stats=True)

(4): LeakyReLU(negative_slope=0.2, inplace=True)

(5): Conv2d(128, 256, kernel_size=(4, 4), stride=(2, 2), padding=(1, 1),
bias=False)

(6): BatchNorm2d (256, eps=1e-065, momentum=0.1, affine=True,
track_running_stats=True)

(7): LeakyReLU(negative_slope=0.2, inplace=True)

(8): Conv2d(256, 512, kernel_size=(4, 4), stride=(2, 2), padding=(1, 1),
bias=False)

(9): BatchNorm2d(512, eps=1e-05, momentum=0.1, affine=True,
track_running_stats=True)

(10) : LeakyReLU(negative_slope=0.2, inplace=True)

(11): Conv2d(512, 1, kernel_size=(4, 4), stride=(1, 1), bias=False)

(12): Sigmoid()
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3.3.4 MK EMAMEILER

BEDMGIRE , BT E M NTES R R EBMEEFT . B FERAPYTorchHE X
My — 36X Xk ( BCELoss ) BH¥K :

Uz,y)—L—{l,.., Iy}, In—[un-logzn + (1 yn)-log(1  zp)]

SERZERNATE B RERFOHEANN S & (BlogDix)zlog(l — DIG(2))), &AL
EFTFH Ay WBCES MM LS, XE2EANEAWISBERPI=RN  BEEENSETHR
MA@ R 2y ( BIGTHE ) kR RNF BT EWAL,

BT, BIREXRLEELAT , FBRIFEEX N0, XERSHETEDNGHRKNER |
X 2R GAN BXHRERNERE. &fEF , RIRETRNRBAMRLESE  —MATD, —1H
FTG. % DCGAN X H TR , MEZRAdamiL{Las , 3£ 70.0002 , Betal = 0.5, A TRER
ERENFIRE , BRIFER—LBEENEE OE K SEQERNSH D (B fixed_noise

) FREE . HIISGEHT , BATFEABEEFIL fixed_noise MARIG 1, FEEEAHIE]
HEIBBRIEKTERE 25

# #1951 BCELoss® X
criterion = nn.BCELoss()

# QE—HUBENPIE, KIMFRATERAINEEkEERE

fixed_noise = torch.randn(64, nz, 1, 1, device=device)

# Ul BIZ L B RF SR G
real_label = 1
fake_label = 0

# 74 G # D iX& Adam {33
optimizerD = optim.Adam(netD.parameters(), lr=1r, betas=(betal, 0.999))
optimizerG = optim.Adam(netG.parameters(), 1lr=1lr, betas=(betal, ©0.999))

3.3.4 i)I%k

e, BACELENT GAN ERMAER D , RMNBMAUNERHTIET . BEE , YILGANTE
EREELR—MZAERX , AATERE NBESHREQSENERNERRINERSHR , &
XEB | BATEEYIXEGoodfellowk i X F IV E A1 , ERTE<Fganhacks FRERH — L ERESE


https://pytorch.org/docs/stable/nn.html#torch.nn.BCELoss
https://github.com/soumith/ganhacks
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B, MR , BITE NEXFER BEBHERERN mini-batches , F B BHEGH B Rk
U AI0g(DIG2))), NHEHHFATELRS , B1L2BHMBIE | B35 BHERE,

* B85 UI%H B8R

EE—T , YSHBEWENESALTATHAEBD LN ESHBUER, RGoodfellowi
S RNFLBIERALBEIMERE FHIE", KL RNFLERAIL

log(D(x) +log(1 — D(G(z)}), @Fganhacks#33I mini-batch B , RIVESHLSITE, &
%, RIVSMIGERE—HRGEER | BIDEED |, it8RklogD(r)  REITEBBLENH
B, 2R, BRIVGHAYeTERBEE —#BEA | BT DEFI1£%1% batch , IHE R %

log(l = DI(G(2))) | #@ESREEEERBE, NE , BENSINANSNBRRGEE |
EA#r =z A Discriminator{t LM — 4,

*SE—EBa : ISHBIR

FEMEBIE TR | ZNEBE@EIHMlogll — DIG(2)))skij|4ERSE | UES £ B FH R
AR, W EFTR , Goodfellow &k BAXFLREMEBENHRE , AHREZILENEHMNE. ENE
g, BNFLESAI0g(DIG(2))), E#RBH , RMBES UTARTHU B ; EHKBIEXE
1HOMERSBTFNHMEIETYE  FREXERE . CTHRZITEGHRL , EREAEHPITEG
WE  REEARNLEBESRENGHSHE ., FAEHRZENMAEBNGCT RELFRERE
BE , BEXAURIER BCELosstylog( a4y ( R EIogl —Tlgs ) | XEERIAE
=

&G, BIHRT-ERITRE , EEPepochE Rt , RAVFET & K BFHIE KA AYfixed_noise
batch , LEMIRERG YN HEE. KR ITHER

* Loss_D : ¥ 5l 850 K 1T & 7 P SERR LR M A A R LR B9 7 2k B0 (
log(D(x) + log(D(G(z)) :])

-Loss_G : itEEmEERE(g(DIG(2))))

*D(x) : PTESERRALRNVHBISEN oMt ( ZEit ) . ICTHNXNZNER1FEG , RAFE
1w EWenE0.5, BENFTALIXEE,

*D(G(2)) : FMERBRAXNESHBIEHE. E— I BFREDENZH , E-NBFREDE
Mz, HCEER , XEMFMZMOFF IR H WS FI0.5, BERNFTAKXXE,

WERATEFE—RITE , EEBRTEZETHepochB AR BEMNBIRE PR T — L8R,
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# Training Loop

# Lists to keep track of progress
img_list = []

G_losses = []

D_losses []

iters = 0

print("Starting Training Loop...")
# For each epoch
for epoch in range(num_epochs):

# T EHEMNEZE PBIG Tbatch

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

e P e e

# (1) Update D network: maximize log(D(x)) + log(1 - D(G(z)))
P e e e e e

## Train with all-real batch

netD.zero_grad()

# Format batch

real_cpu = data[@].to(device)

b_size = real_cpu.size(9)

label = torch.full((b_size,), real_label, device=device)
# Forward pass real batch through D

output = netD(real_cpu).view(-1)

# Calculate loss on all-real batch

errD_real = criterion(output, label)

# Calculate gradients for D in backward pass
errD_real.backward()

D_x = output.mean().item()

## Train with all-fake batch

# Generate batch of latent vectors

noise = torch.randn(b_size, nz, 1, 1, device=device)
# Generate fake image batch with G

fake = netG(noise)

label.fill_(fake_label)

# Classify all fake batch with D

output = netD(fake.detach()).view(-1)

# Calculate D's loss on the all-fake batch
errD_fake = criterion(output, label)

# Calculate the gradients for this batch
errD_fake.backward()

D_G_z1 = output.mean().item()

# Add the gradients from the all-real and all-fake batches
errD = errD_real + errD_fake

# Update D

optimizerD.step()
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B i e P ot et

# (2) Update G network: maximize log(D(G(z)))

B e e T e R T T

netG.zero_grad()

label.fill_(real_label) # fake labels are real for generator cost

# Since we just updated D, perform another forward pass of all-fake batch
through D

output = netD(fake).view(-1)

# Calculate G's loss based on this output

errG = criterion(output, label)

# Calculate gradients for G

errG.backward()

D_G_z2 = output.mean().item()

# Update G

optimizerG.step()

# Output training stats
if i % 50 == 0:
print('[%d/%d][%d/%d]\tLoss_D: %.4f\tLoss_G: %.4f\tD(x): %.
AF\tD(G(z)): %.4F / %.4f"
% (epoch, num_epochs, i, len(dataloader),
errD.item(), errG.item(), D_x, D_G_z1, D_G_z2))

# Save Losses for plotting later
G_losses.append(errG.item())
D_losses.append(errD.item())

# Check how the generator is doing by saving G's output on fixed_noise
if (iters % 5600 == 0) or ((epoch == num_epochs-1) and (i ==
len(dataloader)-1)):
with torch.no_grad():
fake = netG(fixed_noise).detach().cpu()
img_list.append(vutils.make_grid(fake, padding=2, normalize=True))

iters += 1
HHER -

Starting Training Loop...

[6/5][06/1583] Loss_D: 2.0937 Loss_G: 5.2059 D(x): 0.5704 D(G(z)): ©.6680 /
0.0090

[6/5][50/1583] Loss_D: ©.3567 Loss_G: 12.2064 D(x): 0.9364 D(G(z)): ©.1409 /
0.0000

[6/5][100/1583] Loss_D: ©.3519 Loss_G: 8.8873 D(x): 0.8714 D(G(z)): 0.0327 /
0.0004

[6/5][150/1583] Loss_D: ©.5300 Loss_G: 6.6410 D(x): 0.8918 D(G(z)): ©.2776 /

=
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0.0030
[6/5][200/1583]
0.0218
[0/5][250/1583]
0.0370
[0/5][300/1583]
0.0305
[0/5][350/1583]
0.0062
[6/5][400/1583]
0.0243
[0/5][450/1583]
0.0258
[6/5][5600/1583]
0.0264
[0/5][550/1583]
0.0075
[0/5][600/1583]
0.1708
[0/5][650/1583]
0.0238
[6/5][700/1583]
0.0098
[0/5][750/1583]
0.0106
[6/5][800/1583]
0.0820
[0/5][850/1583]
0.0169
[6/5][900/1583]
0.0202
[0/5][950/1583]
0.0188
[6/5][1006/1583]
0.3270 / 0.0049
[6/5][1056/1583]
0.3361 / 0.0033
[6/5][1106/1583]
0.0184 / 0.0202
[6/5][1156/1583]
0.1293 / 0.1059
[0/5][1206/1583]
0.1329 / 0.6173
[0/5][1256/1583]
0.0036 / 0.0172
[0/5][1306/1583]
0.0816 / 0.0169
[0/5][1356/1583]
0.1609 / 0.0183
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Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:

Loss_D:

0.2543

0.7170

0.5739

0.8139

0.4089

0.4785

0.3748

0.5247

0.7765

0.6914

0.5679

0.3717

0.4423

0.3391

0.4346

0.5315

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

FTENRAY

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

0.5281

0.5515

0.4430

0.7336

0.2927

2.08796

0.2431

0.2969

4.3581

4.2652

4.2060

6.5680

5.0794

4.1612

4.2888

5.9952

2.2662

4.4091

5.3386

5.1295

3.1339

4.8393

4.3887

4.6233

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

D(x):
D(x):
D(x):
D(x):
D(x)::
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
6.1465
6.4457
4.7469
2.6978
4.7480
5.1077
5.0027

4.6160

.8662
.8285
.8329
.9163
.8580
.7154
.8135
.8347
.5977
.6502
.8476
.9221
.8418
.7920
.8883
.8393
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):

D(x):

D(G(z)):
D(G(2)):
D(G(z)):
D(G(2)):
D(G(2)):
D(G(z)):
D(G(2)):
D(G(z)):
D(G(z)):
D(G(2)):
D(G(z)):
D(G(z)):
D(G(2)):
D(G(z)):
D(G(z)):
D(G(2)):

.9643

.9262

.7306

.6552

.8858

.2722

.8812

.9126

=

0.0844

0.3227

0.2577

0.3844

0.1221

0.0514

0.0955

0.1580

0.0408

0.0266

0.2810

0.2207

0.1655

0.0315

0.2270

0.2490

D(G(z)):
D(G(z2)):
D(G(2)):
D(G(z)):
D(G(2)):
D(G(z)):
D(G(z)):
D(G(2)):
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[0/5][14006/1583]
0.0292 / 0.0900
[0/5][1456/1583]
0.0559 / 0.2414
[0/5][1500/1583]
0.2231 / 0.68325
[0/5][1556/1583]
0.0929 / 0.0271
[1/5][06/1583]
0.0122
[1/5][560/1583]
0.0414
[1/5][100/1583]
0.0473
[1/5][150/1583]
0.0583
[1/5][2060/1583]
0.0417
[1/5][250/1583]
0.1540
[1/5][3060/1583]
0.0310
[1/5][350/1583]
0.2947
[1/5][4060/1583]
0.1248
[1/5][450/1583]
0.0360
[1/5][560/1583]
0.0610
[1/5][550/1583]
0.0076
[1/5][600/1583]
0.1451
[1/5][650/1583]
0.0491
[1/5][7060/1583]
0.0699
[1/5][750/1583]
0.3440
[1/5][860/1583]
0.0064
[1/5][850/1583]
0.1943
[1/5][900/1583]
0.0868
[1/5][950/1583]
0.2260
[1/5][1006/1583]
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Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

0.5077

0.5637

0.4047

0.3858

0.4348

0.5953

0.4062

0.9472

0.5269

0.6091

0.5674

0.8366

0.6098

0.3970

0.5422

0.9114

1.1917

0.4852

0.5322

0.7765

Loss_D:

FTENRAY

0.7158

0.7513

0.4366

0.3204

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

0.5518

Loss_G:

Loss_G:

Loss_G:

Loss_G:

4.8872

3.6652

3.6624

3.3070

3.6292

2.1992

3.87709

1.4837

2.6842

3.8100

3.2716

5.5266

2.2626

3.4130

3.1208

1.3789

5.6081

1.9158

2.83560

1.7411

Loss_G:

2.9825
1.9396
3.9122
4.2434
D(x)
D(x)
D(x)
D(x)
D(x)
D(x)
D(x)
D(x)
D(x)
D(x)
D(x) :
D(x) :
D(x)
D(x)
D(x)
D(x) :
D(x)
D(x)
D(x)

D(x):

4.5488 D(X):

0.

(9]

D(x):
D(x):
D(x):

D(x):

9331

.8525

.8323

.7873

.8390

.6572

.8655

.4979

.9150

.8194

.8279

.9263

.6424

. 8347

.7889

.5066

.9548

.7103

.7762

.5553

0.6117

0.6186

0.8736

0.8395

D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):

0.9244

Bﬁ.

~

D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):

0.3082 /

0.2684 /

0.1508 /

0.0826 /

0.1908 /

0.0649 /

0.2012 /

0.0322 /

0.2922 /

0.2720 /

0.2452 /

0.4840 /

0.0640 /

0.1613 /

0.1972 /

0.0350 /

0.6084 /

0.0636 /

0.1994 /

0.0732 /

D(G(z)):

18



© 2018 Tangramor FTENEEY

=

0.3354 / 0.0161

[1/5]1[1056/1583] Loss_D: 0.4237 Loss_G: 3.2012 D(x): 0.8118  D(G(z)):
0.1651 / 0.0583
[1/5][1100/1583] Loss_D: 1.1245 Loss_G: 5.5327 D(x): 0.9483 D(G(z)):
0.5854 / 0.0090
[1/5][1150/1583] Loss_D: 0.5543 Loss_G: 1.9609 D(x): 0.6777 D(G(z)):
0.0933 / 0.1936
[1/5][1200/1583] Loss_D: 0.4945 Loss_G: 2.0234 D(x): 0.7580 D(G(z)):
0.1329 / 0.1742
[1/5][1250/1583] Loss_D: 0.5637 Loss_G: 2.9421 D(x): 0.7701 D(G(z)):
0.2123 / 0.07860
[1/5][13008/1583] Loss_D: 8.6178 Loss_G: 2.5512 D(x): 0.7828  D(G(z)):
0.2531 / 0.1068
[1/5]1[1356/1583] Loss_D: 0.4302 Loss_G: 2.5266 D(x): 0.8525  D(G(z)):
0.2053 / 0.1141
[1/5][1400/1583] Loss_D: 1.5730 Loss_G: 1.4042 D(x): 0.2854 D(G(z)):
0.0183 / 0.3325
[1/5][1456/1583] Loss_D: 8.6962 Loss_G: 3.3562 D(x): 0.8652  D(G(z)):
0.3732 / 0.0534
[1/5][1500/1583] Loss_D: 0.7635 Loss_G: 1.4343 D(x): 0.5765 D(G(z)):
0.0807 / 0.3056
[1/5][1556/1583] Loss_D: 8.4228 Loss_G: 3.3460 D(x): 0.8169  D(G(z)):

0.1671 / ©.0522
[2/5][0/1583] Loss_D: ©.8332 Loss_G: 1.5998 D(x): 0.6355  D(G(z)): ©.2409
0.2433

[2/5][50/1583] Loss_D: ©.4681 Loss_G: 2.6928 D(x):
0.1626

[2/5][100/1583] Loss_D: ©.7995 Loss_G: 2.8227 D(x): ©.7766  D(G(z)): ©.3675
0.0828

[2/5][150/1583] Loss_D: ©.3804 Loss_G: 2.6037 D(x): 0.8523  D(G(z)): ©.1729
0.1016

[2/5][200/1583] Loss_D: ©.9238 Loss_G: 6.8758 D(x): 0.5284  D(G(z)): ©.1343
0.4542

[2/5][250/1583] Loss_D: ©.5205 Loss_G: 2.6795 D(x): ©.7778  D(G(z)): ©.1875
0.0934

[2/5][300/1583] Loss_D: ©.7720 Loss_G: 3.8833 D(x): 0.9367  D(G(z)): ©.4405
0.0384

[2/5][350/1583] Loss_D: ©.5825 Loss_G: 3.3677 D(x): ©.9369  D(G(z)): ©.3609
0.0470

[2/5][400/1583] Loss_D: 0.4290 Loss_G: 2.5963 D(x): 0.7495  D(G(z)): 0.1047
0.0976

[2/5][450/1583] Loss_D: ©.7161 Loss_G: 4.6853 D(x): 0.8270  D(G(z)): ©.3655
0.0252

[2/5][500/1583] Loss_D: ©.5238 Loss_G: 2.3543 D(x): 0.8084  D(G(z)): 0.2320
0.1330

[2/5][550/1583] Loss_D: ©.7724 Loss_G: 2.2096 D(x): 0.6645  D(G(z)): 0.2238
0.1417

[2/5][600/1583] Loss_D: ©.4897 Loss_G: 2.8286 D(x): ©.7776  D(G(z)): ©.1738
0.0832

(ev]

.7295  D(G(z)): ©.0978



[2/5][650/1583]
0.0149
[2/5][700/1583]
0.0490
[2/5][750/1583]
0.0368
[2/5][860/1583]
0.0821
[2/5][850/1583]
0.3623
[2/5][900/1583]
0.2173
[2/5][950/1583]
0.3210
[2/5][1006/1583]
0.1265 / 0.4815
[2/5][10656/1583]
0.3686 / 0.0401
[2/5][1106/1583]
0.1234 / 0.1626
[2/5][1156/1583]
0.50675 / 0.8355
[2/5][1206/1583]
0.2163 / 0.0764
[2/5][1256/1583]
0.2063 / 0.1561
[2/5][1306/1583]
0.1710 / 0.0908
[2/5][1356/1583]
0.4938 / 0.0276
[2/5][14006/1583]
0.1064 / 0.3214
[2/5][1456/1583]
0.5101 / 0.0251
[2/5][1500/1583]
0.1701 / 0.1450
[2/5][1556/1583]
0.2489 / 0.0644
[3/5][0/1583]
0.1182
[3/5][560/1583]
0.3372
[3/5][100/1583]
0.4701
[3/5][150/1583]
0.0741
[3/5][200/1583]
0.1316
[3/5][250/1583]
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Loss_D:
Loss_D:
Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

1.2680

0.7054

0.4933

0.6246

1.2216

0.6578

0.8333

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

0.6875

0.7772

1.8087

0.6292

0.5880

0.7737

FTENRAY

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

0.7348

0.6809

0.7728

0.9383

0.4951

0.6952

0.4560

0.9185

0.5935

0.8836

0.5268

0.5581

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

4.7502

3.3908

3.6839

2.7728

1.1784

1.7445

1.2805

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

2.3447

1.2497

0.8440

2.8794

2.2299

1.2797

D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
0.7953
3.7259
2.1345
3.7146
2.8725
2.1559
2.6873
3.9262
1.2768
4.0820
2.1486
3.0543
D(x):
D(x):
D(x):
D(x):
D(x):

D(x):

(9]

(9]

.8977
.8692
.8933
.8081
.3819
.6494
.5193
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
.7796
.5569
.2190
.8807
.8279

.5589

D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
.5920
.8793
.5886
.8942
.8084
.6769
.7993
.8631
.6625
.9368
.7462
. 8082
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):

=

0.6179

0.3753

0.2845

0.2968

0.0446

0.1271

0.0543

D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):

0.31860

0.0763

0.0213

0.3623

0.3026

0.0836
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0.3363
[3/5][300/1583]
0.2430
[3/5][350/1583]
0.0518
[3/5][400/1583]
0.0112
[3/5][450/1583]
0.1785
[3/5][5600/1583]
0.0106
[3/5][550/1583]
0.2172
[3/5][600/1583]
0.0031
[3/5][650/1583]
0.0707
[3/5][700/1583]
0.1153
[3/5][750/1583]
0.1032
[3/5][8600/1583]
0.0724
[3/5][850/1583]
0.0206
[3/5][900/1583]
0.09069
[3/5][950/1583]
0.0770
[3/5][1006/1583]
0.2143 / 0.1734
[3/5][1056/1583]
0.1421 / 0.2036
[3/5][1106/1583]
0.3491 / 0.6532
[3/5][1156/1583]
0.4170 / 0.0269
[3/5][1206/1583]
0.1028 / 0.4567
[3/5][1256/1583]
0.3150 / 0.0425
[3/5][1306/1583]
0.1622 / 0.1671
[3/5][1356/1583]
0.0719 / 0.2701
[3/5][1406/1583]
0.0576 / 0.2577
[3/5][1456/1583]
0.4558 / 0.0299
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Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:
Loss_D:

Loss_D:

0.5120

0.5651

1.3554

0.5939

1.5698

0.5496

2.0152

0.6249

0.4448

0.5768

0.5314

0.9673

0.7076

0.4336

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

FTENRAY

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

0.6914

0.6618

0.6517

0.6688

0.9467

0.6048

0.4915

0.7804

0.6432

0.7720

1.5623

3.2310

5.0320

1.9385

5.0469

1.7024

6.4814

2.9602

2.3997

2.5956

2.9121

4.2585

2.7892

2.8206

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

D(x):
D(x):
D(x):
D(x):
D(x)::
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
1.9334
1.8457
3.2499
3.9172
0.8899
3.3952
2.5383
1.5018
1.5893

3.8510

.7216
.8586
.9375
.6931
.9289
.6891
.9824
.8547
.8289
.8094
.8603
.9067
.7294
.8736
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):
D(x):

D(x):

D(G(z)):
D(G(2)):
D(G(z)):
D(G(2)):
D(G(2)):
D(G(z)):
D(G(2)):
D(G(z)):
D(G(z)):
D(G(2)):
D(G(z)):
D(G(z)):
D(G(2)):
D(G(z)):

.6811

.6486

.8540

.9389

.4853

.8353

.7663

.5405

.6069

.9291

=

0.1406

0.3048

0.6663

0.1538

0.7124

0.1171

0.8069

0.3216

0.2034

0.2721

0.2838

0.5233

0.2625

0.2363

D(G(z)):
D(G(2)):
D(G(z)):
D(G(z2)):
D(G(2)):
D(G(z)):
D(G(2)):
D(G(z)):
D(G(z)):
D(G(2)):

21
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[3/5][1500/1583] Loss_D: 0.9348 Loss_G: 4.6210 D(x): 0.9556  D(G(z)):
0.5341 / 0.08141
[3/5][1550/1583] Loss_D: 8.7278 Loss_G: 4.8992 D(x): 0.9871  D(G(z)):

0.4276 / 0.06231
[4/5][0/1583] Loss_D: ©.4672 Loss_G: 1.96680 D(x): ©.7085  D(G(z)): ©.0815 /
0.1749

[4/5][50/1583] Loss_D: 8.5718 Loss_G: 2.3229 D(x):
0.1285

[4/5][100/1583] Loss_D: ©.8091 Loss_G: 0.8053 D(x): 0.5301  D(G(z)): ©.0609 /
0.4987

[4/5][150/1583] Loss_D: ©.5661 Loss_G: 1.4238 D(x): 0.6836  D(G(z)): ©.1228 /
0.2842

[4/5][200/1583] Loss_D: 0.6187 Loss_G: 1.6628 D(x): 0.6178  D(G(z)): ©.0744 /
0.2292

[4/5][250/1583] Loss_D: ©.9808 Loss_G: 2.8649 D(x): 0.5769  D(G(z)): ©.2623 /
0.1706

[4/5][300/1583] Loss_D: 0.6530 Loss_G: 2.7874 D(x): 0.8024  D(G(z)): ©.3063 /
0.0804

[4/5][350/1583] Loss_D: ©.5535 Loss_G: 2.5154 D(x): 0.7744  D(G(z)): ©.2165 /
0.1023

[4/5][400/1583] Loss_D: ©.5277 Loss_G: 2.1542 D(x): 0.6766  D(G(z)): ©.0801 /
0.1474

[4/5][450/1583] Loss_D: ©.5995 Loss_G: 2.6477 D(x): ©.7890  D(G(z)): ©.2694 /
0.0902

[4/5][500/1583] Loss_D: ©.7183 Loss_G: 1.2993 D(x): ©.5748  D(G(z)): ©.1000 /
0.3213

[4/5][550/1583] Loss_D: ©.4708 Loss_G: 2.8671 D(x): 0.7286  D(G(z)): ©.1094 /
0.1526

[4/5][600/1583] Loss_D: ©.5865 Loss_G: 1.9083 D(x): ©.7084  D(G(z)): ©.1745 /
0.1867

[4/5][650/1583] Loss_D: 1.5298 Loss_G: 4.2918 D(x): 0.9623  D(G(z)): ©.7248 /
0.09197

[4/5][700/1583] Loss_D: ©.9155 Loss_G: 0.9452 D(x): 0.4729  D(G(z)): ©.8575 /
0.4395

[4/5][750/1583] Loss_D: ©.7500 Loss_G: 1.7498 D(x): ©.5582  D(G(z)): ©.0772 /
0.2095

[4/5][800/1583] Loss_D: ©.5993 Loss_G: 2.5779 D(x): ©.7168  D(G(z)): ©.1829 /
0.1063

[4/5][850/1583] Loss_D: 0.6787 Loss_G: 3.6855 D(x): 0.9201  D(G(z)): ©.4084 /
0.0347

[4/5][900/1583] Loss_D: 1.2792 Loss_G: 2.2909 D(x): 0.6365  D(G(z)): ©.4471 /
0.1575

[4/5][950/1583] Loss_D: 0.6995 Loss_G: 3.3548 D(x): 0.9201  D(G(z)): ©.4188 /
0.0488

(9]

6559  D(G(z)): 0.0654 /

[4/5][1000/1583] Loss_D: 0.6913 Loss_G: 3.9969 D(x): 0.8630 D(G(z)):
0.3771 / 0.0242
[4/5][1056/1583] Loss_D: 0.7620 Loss_G: 1.7744 D(x): 0.6668 D(G(z)):

0.2290 / 0.2204
[4/5][11006/1583] Loss_D: 0.6901 Loss_G: 3.1660 D(x): 0.8472 D(G(z)):
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0.3595 / 0.6593
[4/5][1156/1583]
0.2695 / 0.1049
[4/5][1206/1583]
0.56007 / 0.0264
[4/5][1256/1583]
0.1933 / 0.1464
[4/5][1306/1583]
0.2325 / 0.1285
[4/5][1356/1583]
0.0839 / 0.3486
[4/5][1406/1583]
0.2219 / 0.06852
[4/5][1456/1583]
0.1617 / 0.1036
[4/5][1506/1583]
0.0600 / 0.3805
[4/5][1556/1583]
0.1943 / 0.0689

33548

RfE , LRNEERN2NAHIN. EXE , RI/EF=ATENER. 8L, RIHED

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

Loss_D:

FTENRE

.5866

.8830

.4750

.4972

.6721

.4447

.4864

.7662

.4294

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

Loss_G:

.4580

.9824

.1389

.3561

.1904

.7106

. 5237

.1344

.9664

D(x)
D(x)
D(x) :
D(x)
D(x)
D(x) :
D(x)
D(x)

D(x):

.7962

.9264

. 8004

.8266

.6042

.8540

.7153

.5429

.8335

=

D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):
D(G(z)):

23

DG WK EVZEE 2 NAERLE . HX , BAF T EE Nepoch® fixed_noise batchH

G, =, BT EFREGHER —HSSEGRBEN —#REE.

MK ENFER

THRD&GHRMRSINFIERNXRE,

plt.figure(figsize=(10,5
plt.title("Generator and
plt.plot(G_losses, label=
plt.plot(D_losses, label=
plt.xlabel("iterations")
plt.ylabel("Loss")
plt.legend()

plt.show()

)

Discriminator Loss During Training")

"6")
“D")
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Generator and Discriminator Loss During Training

30 4
25
20
&1
10
5
o lk”“‘i)“hﬂﬂﬂllwwiﬂh¢sJ>.....L,....
0 1000 2000 3000 4000 5000 6000 7000 8000
iterations
GBIt

BEES M) Sepochz EIEATU M TEfixed_noise batchARFAE KN M H, INE , AT LLE
W E A G ER# E, HIBRIERE FRaniE,

#%%capture

fig = plt.figure(figsize=(8,8))

plt.axis("off")

ims = [[plt.imshow(np.transpose(i,(1,2,0)), animated=True)] for i in img_list]
ani = animation.ArtistAnimation(fig, ims, interval=1000, repeat_delay=1000,
blit=True)

HTML (ani.to_jshtml())
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NES vs HES

EXHE G E &

—

RJG

RN —-B2EF

# MEGEMEE PRE—HEXE®

real_batch = next(iter(dataloader))

# ZHEZER

(15,15))

plt.figure(figsize
plt.subplot(1,2,1)
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plt.axis("off")

plt.title("Real Images")
plt.imshow(np.transpose(vutils.make_grid(real_batch[@].to(device)[:64],
padding=5, normalize=True).cpu(),(1,2,0)))

# ERfk—Tepochth &HlAER

plt.subplot(1,2,2)

plt.axis("off")

plt.title("Fake Images")
plt.imshow(np.transpose(img_list[-1],(1,2,0)))
plt.show()
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H—ZHT4E

RINBELTRTRITNVEBENHE , BRARAUMNTEILN A E#E -SRI, {RAX
YEEKRE K EEEREZH
SR ER DRI RN BIEE |, A EFXEGMNERKRRE R KD
CEXEEFEHM—LREEGANIT B
* BIEAE RS SRHIGAN

i 27


https://github.com/nashory/gans-awesome-applications
https://github.com/nashory/gans-awesome-applications
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b= (DQN ) #Hi=

RN LB an{a] £ FA Py Torch M OpenAl GymH B9 CartPole-v0 £ £ 1)IZk—{ Deep Q Learning
(DQN) X,

14£5%

REABREFRNNEZBHERE - AR AR HEE - UEEZIICHTRIFEM, SN0
EGym Wit ERFIERHTE  EEESZIHEEUR TR,

HAREMEMRH SRS F T R, RERRIFTRES , FRAEREERHENERHR
B EWHESF , BEM—NNRBEDS KN XA+, URITESAZREHFEET R OB 240
By, WFMREL L, IEREEHFNRAZGSFFEERNNE , URRBEANER,

CartPolefEFHIRITEBRENMARANKIKME , RAIHERS (LE , EEF ). AW, #Z
P4 AT A BT M B3 SR AEIRIESS |, RULRIPRER Rcarth R OWRBHTHERBA, t


https://gym.openai.com/
https://gym.openai.com/envs/CartPole-v0

© 2018 Tangramor 2.HFENE b1:

BEAge  RINNWERSEAHTENGRTZERLR - BARNVES BERESSZ, MAT
EFNR , XELBE TYERRE , RABRINSLITOERFA M.

s, RIPRSERNINRSHT SR - T ZRANER, IFLTFREN-ITEE
hEETHIRE,

2EENT

B, ERNSAFMENE. 8%, RMNEZEgymEKBRIRE ( £ pip install gym ) o FAl]
4% EAPyTorchh BIA TR A -

« WEMLE(torch.nn)
* {£1t(torch.optim)
* B35 1L ( torch.autograd )

c WHRAESHIEAREF(torchvision )- =/ NREIHNE

import gym

import math

import random

import numpy as np

import matplotlib

import matplotlib.pyplot as plt
from collections import namedtuple
from itertools import count

from PIL import Image

import torch

import torch.nn as nn

import torch.optim as optim

import torch.nn.functional as F
import torchvision.transforms as T

env = gym.make('CartPole-v@').unwrapped

# set up matplotlib

is_ipython = 'inline' in matplotlib.get_backend()
if is_ipython:

from IPython import display

plt.ion()


https://gym.openai.com/docs

© 2018 Tangramor 3. EIICIZ (Replay Memory) T

# if gpu is to be used
device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

3. EMic1Z ( Replay Memory )

BATHEALBRERICIZKIGRNNDAN, EFFERENRIINER , ATRINZEERALEK
2. BEEMEE , RREEAXH — MR, ELXRALREBCIZRAMIREH XE TDQAN
KRR

A, BNBEFRINE : * Transition : — 1R TA , KRBIFEBEFWNRENER, ©XER
B (RS, ohE ) IRFBEAIM ( next_state , reward ) £ R , RARRBZREG® , WG
[Zip7

* ReplayMemory : BRK/IWEFREAX , BTREZEARINVIE. ©EZIT —1
.sample() A& , AT RIIZEFEREYbatch YRR,

Transition = namedtuple('Transition',
('state', 'action', 'next_state', 'reward'))

class ReplayMemory(object):

def __init__(self, capacity):
self.capacity = capacity
self.memory = []
self.position = ©

def push(self, *args):
"""Saves a transition."""
if len(self.memory) < self.capacity:
self.memory.append(None)
self.memory[self.position] = Transition(*args)
self.position = (self.position + 1) % self.capacity

def sample(self, batch_size):
return random.sample(self.memory, batch_size)

def __len__(self):
return len(self.memory)

W, UEBMNELRNWVER, BEEL , IERMRIZEEBH—TFDAONRT Lo,
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4. DQN E3%

RAMFHRBEN , Hilkh T HEEN  XBAHNFEHER b RBERN, ERLET
Xt | CAEaS TR AT B,

) t—t
= 527 0

ZMBBERR2NGH —MEE , HESKACFTIRRARM o gl t#RE
o T RZERNTOMIZEMNES , BUBRSMKS. NTRMANMRERE , WEREER
AR , EEBECNHEIRTEONT AR,

Qleamning&EEH T ERRELE  MBER{IE —NEy State < Acdion 2R eoqr ) R RATE 3R
EH4 , MBERNEELERAT EITH |, BLABRIN TR M EES A CRITEREBE -

7 (s)= arguiax Q*(s,a)

B, RNFTHRERN—1) , REBRNTEFEAC , R, ATHEZRNELBRAELEES ,
BATA 2 o2 — N HNSENTEBSTEMUTC,

HFRMNOVEEFHAN , RITFERA —AEX | IELEFBRNSNCELEBM Bellman 5

=
Q™(s,a) =T +1Q"(s',7(s"))
FENRILZBAINEFEMARNBRIEZERIRE,S
§=Q(s,a) - (r + ymaxQ(s',a))
NTHEARREMEREILER , BIPFERAHUuberfi k. HiRER/DET , Huberii KR &RET HiRE—

B, BRYRZB/AN , HEFHLIRE—# - YONBHRFREN , XESCHREEEM
&8, RIMNESNERRFRREFN—HERBRITE !


https://en.wikipedia.org/wiki/Huber_loss

© 2018 Tangramor 5. Q_M%& (Q_network)

=

L=— Y £
|Bi (s,a,s'r)eB

152 for)s <1,
where L£(8)={ 2

|6] — % otherwise.

5. Q_M % ( Q_network )

RNNERFR—NMERBENE , CRELHNZANRENT ZHNER. AR HY
SRR EQ (s, left)fn Qs, right) ( HhsEMBEMNHA ) » EBRL , MEEESXTRANELE Y
B A BER T RSN SN T E =R,

class DQN(nn.Module):

def __init__(self, h, w, outputs):
super (DQN, self).__init__()
self.convl = nn.Conv2d(3, 16, kernel_size=5, stride=2)
self.bn1 = nn.BatchNorm2d(16)
self.conv2 = nn.Conv2d(16, 32, kernel_size=5, stride=2)
self.bn2 = nn.BatchNorm2d(32)
self.conv3 = nn.Conv2d(32, 32, kernel_size=5, stride=2)
self.bn3 = nn.BatchNorm2d(32)

# KUEWMANEENHERRTconv2dEM%AE, FEERTHABGNA), HtbENEETIT

def conv2d_size_out(size, kernel_size = 5, stride = 2):
return (size - (kernel_size - 1) - 1) // stride + 1
convw = conv2d_size_out(conv2d_size_out(conv2d_size_out(w)))
convh = conv2d_size_out(conv2d_size_out(conv2d_size_out(h)))

linear_input_size = convw * convh * 32
self.head = nn.Linear(linear_input_size, outputs)

# ER— T TERBERAMMET T8I, skEtHiEIERAbatch, &E
tensor([[left@exp, right@exp]...]).
def forward(self, x):
x = F.relu(self.bn1(self.convi(x)))
x = F.relu(self.bn2(self.conv2(x)))
x = F.relu(self.bn3(self.conv3(x)))
return self.head(x.view(x.size(0), -1))
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6. 5 ATEHY

THHRBERATMAREFRRIEAMLGEERREGHNEAER. ©FEA 7T torchvision RS , 1
DR ERERGER, STExE , B 23— NMEERB RGN T o

resize = T.Compose([T.ToPILImage(),
T.Resize (40, interpolation=Image.CUBIC),
T.ToTensor()])

def get_cart_location(screen_width):
world_width = env.x_threshold * 2
scale = screen_width / world_width
return int(env.state[0] * scale + screen_width / 2.0) # MIDDLE OF CART

def get_screen():
# gymEXRBIREIRE 2400x600x3, (BHEKEA, 11800x1200x3, FHEMAtorch order (
CHW) .
screen = env.render(mode='rgb_array').transpose((2, 0, 1))
# cartfu TR+, AUTERFZNNEBIE
_, screen_height, screen_width = screen.shape
screen = screen[:, int(screen_height*0.4):int(screen_height * 0.8)]
view_width = int(screen_width * 0.6)
cart_location = get_cart_location(screen_width)
if cart_location < view_width // 2:
slice_range = slice(view_width)
elif cart_location > (screen_width - view_width // 2):
slice_range = slice(-view_width, None)
else:
slice_range = slice(cart_location - view_width // 2,
cart_location + view_width // 2)
# ZE0G, BFEEKNA—TUcartAf ONATE®R
screen = screen[:, :, slice_range]
# A Tloatk®l, EIMMWM, H#RAtorchak:
# (this doesn't require a copy)
screen = np.ascontiguousarray(screen, dtype=np.float32) / 255
screen = torch.from_numpy(screen)
# BEBKNFARMMbatchdE (BCHW)
return resize(screen).unsqueeze(0).to(device)

env.reset()

plt.figure()

plt.imshow(get_screen().cpu().squeeze(0).permute(1, 2, 0).numpy(),
interpolation="'none")
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plt.title('Example extracted screen')
plt.show()

7. &K
7.1 BSBAXBERF

BENRETEHERINOBEREEREE  HEL T —EXARRF : * select_action : fFIRIE
epsilonRBBUERIER —T1T3, BiMms2 , RINENEARMNNERRIERE , BRERIMNR
S5 -, EREYIRENBIZRNM EPS_START FF 8 , HFLUESH 5 X @ EPS_END Efo
EPS_DECAY 2 il Rl B I &

* plot_durations : H5Bh4: HlepisodesfyFFLLatiE , AR T £100 episodesHI FE1E ( B HiEh
PEANEE ). ZERFUTEEE BENSKBEANERTTS , HEESNepisodes/a EHo

BATCH_SIZE = 128
GAMMA = 0.999
EPS_START = 0.9
EPS_END = 0.05
EPS_DECAY = 200
TARGET_UPDATE = 10

# FEEEREARND, CRHMCTMAREAL gymRRIACK EMRAIEBTEER.
# (EERBROBREN R <2 3x40%90

# X@Zget_screen () ERIBAGR N ERZ PRANLE

init_screen = get_screen()

_, _, screen_height, screen_width = init_screen.shape

# MymiTzaN = (Bl PIRERTTaNEL =
n_actions = env.action_space.n

policy_net = DQN(screen_height, screen_width, n_actions).to(device)
target_net = DQN(screen_height, screen_width, n_actions).to(device)
target_net.load_state_dict(policy_net.state_dict())
target_net.eval()

optimizer = optim.RMSprop(policy_net.parameters())
memory = ReplayMemory(10000)

steps_done = @

def select_action(state):
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global steps_done
sample = random.random()
eps_threshold = EPS_END + (EPS_START - EPS_END) =* \
math.exp(-1. * steps_done / EPS_DECAY)
steps_done += 1
if sample > eps_threshold:
with torch.no_grad():
# t.max(1)¥%REETHHEAIME,
# BERERNE JRHEFEATENRA, AtEKRMNEEERRAMAALZMBNTTE,
return policy_net(state).max(1)[1].view(1, 1)
else:
return torch.tensor([[random.randrange(n_actions)]], device=device,
dtype=torch.long)

episode_durations = []

def plot_durations():

plt.figure(2)

plt.clf()

durations_t = torch.tensor(episode_durations, dtype=torch.float)

plt.title('Training...")

plt.xlabel( 'Episode')

plt.ylabel( 'Duration')

plt.plot(durations_t.numpy())

# H1007episodeRFHEHF L HIE M

if len(durations_t) >= 100:
means = durations_t.unfold(@, 100, 1).mean(1).view(-1)
means = torch.cat((torch.zeros(99), means))
plt.plot(means.numpy())

plt.pause(0.001) # HE—T, UREEHEE

if is_ipython:
display.clear_output(wait=True)
display.display(plt.gcf())

8. YIZr1EER

EXE | SAREHAT R BN ST optimize_model EM, B %X —Mbatchi#t 7%

B OSFEREEER - HEQ (s @) MV (se1) = mar.Q(sea1.a) | gENEAR
RINWH K. BIEN , WRsSRLHRS , MREV (s) =0, RILEME AEFEMERITE
ViscpgmiasEt, BRREONEEASHNHREFERES , ER—BRNARAEHRE
B MEWRE, XBEE—RISE , BH THEEN , RAIVEEHepisodes.
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def optimize_model():

if len(memory) < BATCH_SIZE:
return
transitions = memory.sample(BATCH_SIZE)
# ¥ Bbatch (BXxFE4iRE, EAEhttps://stackoverflow.com/a/19343/3343043) ,
# XA ERbatchif AR A batchi AR K.

batch = Transition(*zip(*transitions))

# THEERARSNERE I EEbatcht®E (RAKSBRERUERBEHKES)
non_final_mask = torch.tensor(tuple(map(lambda s: s is not None,
batch.next_state)), device=device,

dtype=torch.uint8)

7N

(o]

non_final_next_states = torch.cat([s for s in batch.next_state
if s is not None])

state_batch = torch.cat(batch.state)

action_batch = torch.cat(batch.action)

reward_batch = torch.cat(batch.reward)

# HHEQ(s_t, a) - #ERUHHEQ(s_t), KEHMEEMRIBZNET
# FXLEZREpolicy_netxt G batchiA S RERBIHER M
state_action_values = policy_net(state_batch).gather(1, action_batch)

# HEMBE T —TRENV(s_{t+1})
# non_final_next_statesBYiRERATEAE—RE T “&KI(BBY"target_netitEm;
# MAmax(1) [0 EBRELRM. FRETHESHN, XHERMNMIUBIMARNRKSE, xBEEK

SRBANEITAC,

next_state_values = torch.zeros(BATCH_SIZE, device=device)
next_state_values[non_final_mask] = target_net(non_final_next_states).max(1)

.detach()

# T EMEARQE

expected_state_action_values = (next_state_values * GAMMA) + reward_batch

# TtEHuberfi%k

loss = F.smooth_11_loss(state_action_values,

expected_state_action_values.unsqueeze(1))

~HE ,

# MAmE

optimizer.zero_grad()

loss.backward()

for param in policy_net.parameters():
param.grad.data.clamp_(-1, 1)

optimizer.step()

oIV E £E:

EIFEE , RNEEHEH S state KB RF , BIIX

/N

B—NEHRTE  UET—REMN XM (E21) , H RN ER —X, Yepisoded
REY ( BATWERLWK ) |, RIOEHFFBER
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'FE *num_episodes*iZ BN /NE, BNZ TFHEILARHIZITEZHepsiodes , H1E1300+545#
B SRt | gt .

num_episodes = 50
for i_episode in range(num_episodes):
# ANATEIMETIRAS
env.reset()
last_screen = get_screen()
current_screen = get_screen()
state = current_screen - last_screen
for t in count():
# EBFwEFRT
action = select_action(state)
_, reward, done, _ = env.step(action.item())
reward = torch.tensor([reward], device=device)

IRV

1ast_screen = current_screen
current_screen = get_screen()
if not done:
next_state
else:
next_state

current_screen - last_screen

None

# L P E

memory.push(state, action, next_state, reward)

# BB T —TRS

state = next_state

# TN —TPR (EBIRME L)
optimize_model()
if done:
episode_durations.append(t + 1)
plot_durations()
break
# BHBRME, SHIDONPRMANEFNRE
if i_episode % TARGET_UPDATE == 0:
target_net.load_state_dict(policy_net.state_dict())

print('Complete")
env.render()
env.close()
plt.ioff()
plt.show()
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BT R UL RS RBERIE R

Training Loop | —> Replay Memory —
1. choose random / policy acton
2. sample env
3. record memory update

random batch

Optimize (4)
4. optimize

5. occasional target_net update '\ChOF)SO____
action Policy Net

Target Net

AT LARENLIE R SRR ERBEIRIRIRIE | NgymIREBEFRI T —FPHER, BITHERIEREERRNE
B HESOERRETRILS R, KIEN ERAFEFIEE— MY batch K 1735 K E&HY I
%o "RIBW target_nettb A FRAL LT ETIHINQE, E2XBREMURERINRS,
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B wFlaskBYREST APIFEPython R EF&PyTorch

EARHEP , BRI EAFlaskkEEPyTorch#2H | H AR THEIHMA REST APl, 455!
2, BRI E — N )I|ZRADenseNet 12118 B Sk 48 I B 5.

#&F : HWEGitHub LIRENA XX A BIRY ST B

XREEFPIHEPYTorchiBRW RIIKEPNE—F, BB HL , UXRAXEMAFlask2FF
WBAPYyTorchiH R MRS EFEFZE , EFEATEESHREERNAS, Hit : *WRES
Z &K TorchScript , M A LAE$E3# A FE A8 Loading a TorchScript Model in C++##8, * MMREH
K FEEE I TorchScript , IHEFEATH Intro a TorchScript# 2.

## 1. EXAPI BAIHEEENAPIR R, BERMIENEKE, RINWAPIRSIGNLT / predict , E
BEZTEIEREGBN file ZHHIHTTP POSTER., M F22E TN AIJSONIE ]
“buildoutcfg {“class_id”: “n02124075", “class_name”: “Egyptian_cat"}

# 2.KEm (|)

BT ARG SR T EHKNRZNGEH

" “buildoutcfg

S pip install Flask==1.0.3 torchvision-0.3.0

3. BN Web RS 28

BT R— M EKIWebBRSS 88 , # BFlask X4

from flask import Flask
app = Flask(__name__)

@app.route('/")
def hello():
return 'Hello World!'

FUERBRRFERN app.py WS |, BIETLUES AL T HRNAXRIZTFlaskFF X RS
g5


https://github.com/avinassh/pytorch-flask-api
https://github.com/fendouai/PyTorchDocs/blob/master/EigthSection/torchScript_in_C%2B%2B.md
https://github.com/fendouai/PyTorchDocs/blob/master/EigthSection/torchScript.md

© 2018 Tangramor 4 b1:

S FLASK_ENV=development FLASK_APP=app.py flask run

MR Eweb X KBS A http://localhost:5000/ B} |, BEURI A Hello World HY[E]R !

BATEX U ERBERET - LEER , UELESRINNAPIENL, B , RIPFERA predict
Fit. BITHmRABEEERN /predict o HTEGXHFEIHTTP POSTIERAIE , FH LKA
X EAITER , EEBNEZPOSTHER :

@app.route('/predict', methods=['POST'])
def predict():
return 'Hello World!'

RN ERGRER | LUEHEHIRE S EImageNetEMidfMnamekJSONIE R, EHEH app.py
XHMER :

from flask import Flask, jsonify
app = Flask(__name__)

@app.route('/predict', methods=['POST'])
def predict():
return jsonify({'class_id': 'IMAGE_NET_XXX', 'class_name': 'Cat'})

4 HEIR

ET—89F , RITSEANBHREHERRE, XFSRANS , SN0 2ASE%& , UET
LU EL183% B DenseNet ; =% , RA1I94 BB E Rk BUSEBRE TN o

41 EEZBEB

DenseNeti#EH ER R G A R 7224 x 2241 3 BIEBRGBEA %, BHA1E R ERAFENISEMNIRER
EZENEGEKEHTH—t. RAURET XEXTHRESZXTENANS,

EAVEERAREB torchvision FEM transforms SREBIIEREE ) ZELREETREZEERLE
B BOLAELA FIRAERERNESER,

import io

import torchvision.transforms as transforms


https://pytorch.org/docs/stable/torchvision/models.html
https://pytorch.org/docs/stable/torchvision/transforms.html

=
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from PIL import Image

def transform_image(image_bytes):
my_transforms = transforms.Compose([transforms.Resize(255),
transforms.CenterCrop(224),
transforms.ToTensor (),
transforms.Normalize(
[0.485, ©.456, 0.406],
[0.229, ©.224, 0.2251)])
image = Image.open(io.BytesIO(image_bytes))
return my_transforms(image).unsqueeze(0)

FEBNFEAZT N EVRRNEGREE , NA-RIBRAREKE, B ELREE , HUF
TRNIZIME G ( 8 FER../_static/img/ sample_file jpeg &R 7 it EH L XHHISERRERE )
REEERERBTKE !

with open("../_static/img/sample_file.jpeg", 'rb') as f:
image_bytes = f.read()
tensor = transform_image(image_bytes=image_bytes)
print(tensor)

R -
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tensor([[[[ 0.4508, 0.4166, 0.3994, eoe, =1
[ 0.5364, 0.4851, 0.4508, vy
[ ©.7077, ©0.6392, 0.6049, eow, =1
[ 1.3755, 1.3927, 1.4098, oo, 1
[ 1.8893, 1.7694, 1.4440, oo, 1
[ 1.6324, 1.8379, 1.8379, oo, 1
[[ ©.5728, ©0.5378, 0.5203, eow, =1
[ 0.6604, ©0.6078, ©0.5728, eee, 1
[ ©.8529, ©0.7654, 0.7304, eoe, =1
[ 1.4657, 1.4657, 1.4832, oo, 1
[ 2.0084, 1.8683, 1.5182, cee, 1
[ 1.7458, 1.9384, 1.9209, oo, 1
[[ ©.7228, ©0.6879, 0.6531, eew, =1
[ ©.8099, ©0.7576, 0.7228, cee, 1
[ 1.0017, ©0.9145, ©0.8797, eow, =1
[ 1.6291, 1.6291, 1.6465, coe, 1
[ 2.1868, 2.0300, 1.6814, cee,
[ 1.9254, 2.0997, 2.0823, oo, 1
4.2 T

.3473, -1
.2959, -1
.29589, -1
.1700, 1
.2899, 1
.4783, 1
.3704, -1
.3004, -1
.3004, -1
.3256, 1
.4657, 1
.6583, 1
.6476, -1
.6476, -1
.6476, -1
.6291, 1
.7685, 1
.9428, 2

=

.3302, -1.3473],
.3130, -1.3302],
.3302, -1.3644],

.3584, 1.6667],
.4783, 1.5468],
.7352, 1.4612]],

.3529, -1.3529],
.3179, -1.3354],
.3354, -1.3704],

.5357, 1.8508],
.6583, 1.7283],
.9209, 1.6408]],

.6302, -1.6476],
.6476, -1.6650],
.6650, -1.6999],

.8208, 2.1346],
.9428, 2.0125],
.2043, 1.9080]]111])

DA RHE AT ZRAYDenseNet 121 B R TN B BREI KRB . BRAVFHEM torchvision Ry —4

B, MEAER AT HMT, EURAEIHR |, BAD FEATY
MENAZE, EXMHE P THEXNBEENESEE,

from torchvision import models

# HRR{EM pretrained fE7) "True RERMUIGRIINE -

model = models.densenet121(pretrained=True)
# BT ERMNUEEEATHE, RtETRE|“eval" &2 -
model.eval()

def get_prediction(image_bytes):

tensor = transform_image(image_bytes=image_bytes)

outputs = model.forward(tensor)
_, y_hat = outputs.max(1)
return y_hat

SRR  BERTUXNBECHEEFER


https://pytorch.org/tutorials/beginner/saving_loading_models.html

© 2018 Tangramor 4.2 3 Dl

K2 y_hat FIETUNHENIdNRS, B2, RIMNFE—NGTHEENESE, Al , RINFE—
NRidRBBRE . FZXH TR imagenet_class_index.json HFiBEECHWRENE (RE ,
MRERBAHEPNENSRIRE , HFHERFE tutorials/_static H ) » LXHEE
ImageNetZkHidElImageNetZE Fnameky BR ST, AT IS L JSONST 4R HIREXTM 22 5| K289

name,

import json
imagenet_class_index = json.load(open('../_static/imagenet_class_index.json"'))

def get_prediction(image_bytes):
tensor = transform_image(image_bytes=image_bytes)
outputs = model.forward(tensor)
_, y_hat = outputs.max(1)
predicted_idx = str(y_hat.item())
return imagenet_class_index[predicted_idx]

EEHAFE imagenet_class_index 28l , BEARINEKEERRNFZRHEE , FIFH
imagenet_class_index FHkeysF &, HA1RF Mk LRG3 -

with open("../_static/img/sample_file.jpeg", 'rb') as f:
image_bytes = f.read()
print(get_prediction(image_bytes=image_bytes))

*HHER

[ 'nB2124075', 'Egyptian_cat']
REBEIXEER —/NERL :

[ 'nB2124075', 'Egyptian_cat']

BH Y 58 — T R ImageNetZ K MVid , 38 T2 AE T iERNname,

AE BRBIEIEBTELRR get_prediction FEN—ZBD ? BERAALERERLEFEE
E?RAEMITEMS , MBEAETER —MSRWIRE, NRMHERINEFF get_prediction
FER , WERBARZF ENESTHEM M ZER, ATHRINEEHEWeRS 8 , EHitt
BROARERTLANER , ALBNFARNZERNE NS M EMESMEER, ik , B
OB NKRFANFR IR, BE FRED , DAERFATTE LS KABELEEFR , Bitt
BENELEERZEMEER,


https://s3.amazonaws.com/deep-learning-models/image-models/imagenet_class_index.json

© 2018 Tangramor 5. REREREIFEIIAPIIRS 3=+

=

SRR EE KB HANRIAPI RS 2

ERE—H9T , RIVHEEFMEIFlask APIRS B, 0T RIMAPIERS 35 R ME &
# , B BRAFER predict A ENER B RETH -

from flask import request

@app.route('/predict', methods=['POST'])
def predict():
if request.method == 'POST':
# MEKPIREXH
file = request.files['file']
# HEAFT
img_bytes = file.read()
class_id, class_name = get_prediction(image_bytes=img_bytes)
return jsonify({'class_id': class_id, 'class_name': class_name})

app.py XHFHABETK. ATREERA ; FEEBERNREXHFNERE , CHESTHRNOT :

import io
import json

from torchvision import models

import torchvision.transforms as transforms
from PIL import Image

from flask import Flask, jsonify, request

app = Flask(__name__)

imagenet_class_index = json.load(open('<PATH/TO/.json/FILE>/
imagenet_class_index.json'))

model = models.densenet121(pretrained=True)

model.eval()

def transform_image(image_bytes):
my_transforms = transforms.Compose([transforms.Resize(255),
transforms.CenterCrop(224),
transforms.ToTensor(),
transforms.Normalize(
[0.485, ©.456, 0.406],
[0.229, 0.224, 0.225])])
image = Image.open(io.BytesIO(image_bytes))
return my_transforms(image).unsqueeze(9)
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def get_prediction(image_bytes):
tensor = transform_image(image_bytes=image_bytes)
outputs = model.forward(tensor)
_, y_hat = outputs.max(1)
predicted_idx = str(y_hat.item())
return imagenet_class_index[predicted_idx]

@app.route('/predict', methods=['POST'])
def predict():
if request.method == 'POST':
file = request.files['file']
img_bytes = file.read()
class_id, class_name = get_prediction(image_bytes=img_bytes)
return jsonify({'class_id': class_id, 'class_name': class_name})

if __name__ == '__main__
app.run()

EEATU R — T EATwebRSS 28 |, 21T :
S FLASK_ENV=development FLASK_APP=app.py flask run
AT LAE ArequestsER & iE —/NPOSTiE R B A1 BYapp :

import requests

resp = requests.post("http://localhost:5000/predict”,

files={"file": open('<PATH/TO/.jpg/FILE>/cat.jpg', 'rb')})

$TED resp.json() 2E R THMNE

{"class_id": "n@2124075", "class_name": "Egyptian_cat"}

=


https://pypi.org/project/requests/

© 2018 Tangramor 6. T—#T1E i

6. FT—T4E
BRI EENRSRIIEEHE | ARELTEERESNAEFAEN—, Rt , SR —LE
BERHEEZTE :
‘IS /predict BEBERPESE —NMRGIXH, XAEFEATAAEIER. RIMWAF T8
RirmBEMSHNERSG , AEBFBREAFRKEZEME G,
cAPBA UL EERGRENXH, ATHRIVEELAEBER , RX AR ERS R 5
MEXWERCERERSIXRE |, XTERN]) 6B FiF i BRI A
- BMEEBE T LHR B KRERFINEG , B e ERAFFEE G, EESIULCEERTEIRS
BG&HRHEMBERNER.
BANEFEAEX T21TFlaskiRE 8 | ZRSB[BLAESELETHHITHB, BUUEFHIE U
EEFRER I EFlaskiR S35,
RET BN E - N A REWNTERANMU , ZRETJUBBERGHE RN, EFEL
I HAER R ERARE,
cEARHES  BAMNERT MAEERT U —XIREENRGTN RS . AT LUSSRARSS A
e — I REZ N RGBT, Ltk |, service-streamer FE HEISN RS ERBERA |, FH T
X A FEE M min-batchesd, BAIUEF LLHIE,

‘&J5 , BNEMEEREINEE R EEIN A X EEFPy TorchiZ B K H M HIE,


https://flask.palletsprojects.com/en/1.1.x/tutorial/deploy/
https://pytorch-imagenet.herokuapp.com/
https://github.com/avinassh/pytorch-flask-api-heroku
https://github.com/ShannonAI/service-streamer
https://github.com/ShannonAI/service-streamer/wiki/Vision-Recognition-Service-with-Flask-and-service-streamer

© 2018 Tangramor TorchScriptf&Eft Di:

TorchScriptfai /i

A2 R TorchScript9 &7 , TorchScript2PyTorch# & ( nn.Module 973 ) BWAHERR |, 7
DATE S HEREIRE ( FlINC ++ ) FIE1T,

ERHREF , BAPENE -
1. PyTorch EVIE EL O EE R | 23T -
2. 184
3. E X HIMEZhAE
4. FERARIE R R IRE R
5. $$PyTorch#8 5k #4827 TorchScript ( RAVKI B ALEREZ 1T ) WISE T %
6. IRERI B ER
7. AR B ARIREIR
8. A &X M iP5 %
9. {R 120 1N &L TorchScripti& ik

BINHFEETHRAHEZE , BEREFAREEHRE , ZHEES|SEEEMMC ++iAH
TorchScriptfE 2 i 7=l

import torch # XZREIR@ERPyTorchflTorchScriptFrREEBEN !
print(torch.__version__)

"RHER

1.PyTorch#= 2 all/E /Y E it

RN AE L —METERER, BREPyTorchFARWEREN, EEE :

- HWIEERE , NERERER
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- —HSWMTER, XEHMERBDEIL , FEATERREEBERER,
- BIEE A, XRIFARREETHAL, BIIRE NPT

class MyCell(torch.nn.Module):
def __init__(self):
super (MyCell, self).__init__()

def forward(self, x, h):
new_h = torch.tanh(x + h)
return new_h, new_h

my_cell = MyCell()

x = torch.rand(3, 4)
h = torch.rand(3, 4)
print(my_cell(x, h))

RS

(tensor([[0.5139, 0.6451, 0.3697, 0.7738],

[0.7936, 0.5864, 0.8063, 0.9324],

[0.6479, ©.8408, 0.8062, 0.7263]]), tensor([[0.5139, 0.6451, 0.3697, 0.
77381,

[0.7936, 0.5864, 0.8063, 0.9324],

[0.6479, ©0.8408, 0.8062, 0.7263]]))

Hit , BINEZL -

1. 81287 —/ ¥k torch.nn.Module B9,

2. BN —NEER, WERBISEMAZER , RRNWEREFR N super,

3ENT—NEM@INEE , ZUWBEEEER N AHEREFE N NEH., IO RBNEGFRRNEHTRRE
E BR2—MHENRNNE T -BD |, ZEEBNATFER.

BINEHHL T iZER |, HEET x My , ENRIB3IAPVBEIEERE, AE , BIEA
my_cell (x, h) WAZETHE., XXFEATERMNOEEIDEE,

BN —LEEEBNER

class MyCell(torch.nn.Module):
def __init__(self):
super (MyCell, self).__init__()
self.linear = torch.nn.Linear(4, 4)


https://colah.github.io/posts/2015-08-Understanding-LSTMs/

© 2018 Tangramor 1.PyTorcht& 8 8l {ERyESAi: 0

def forward(self, x, h):
new_h = torch.tanh(self.linear(x) + h)
return new_h, new_h

my_cell = MyCell()
print(my_cell)
print(my_cell(x, h))

-RHER

MyCell(
(linear): Linear(in_features=4, out_features=4, bias=True)

)
(tensor([[ ©.3941, ©0.4160, -0.1086, 0.8432],

[ 0.5604, ©0.4003, ©0.5009, 0.6842],

[ 0.7084, ©.7147, ©.1818, 0.8296]], grad_fn=<TanhBackward>),
tensor([[ ©.3941, 0.4160, -0.1086, 0.8432],

[ 0.5604, ©0.4003, 0.5009, 0.6842],

[ 0.7084, ©.7147, ©.1818, ©0.8296]], grad_fn=<TanhBackward>))

BINELEFHENL TER vycell , BERIXRBEAVRIMT self.linear B , HERIH
(forward ) BKEHF A T self.linear

XBRRARETIHAL? torch.nn.Linear EPyTorch#rHEE R HIER, FR1& Mycell —H#F | AILAfE
RABRAEERARE. RINEERUERNEIXREH,

AR LT EN A BAEM s R R ZERN FRBRGE M. ERMNO RGOS, RMNAUERRNVL
HFRERESH.

BEAXMARASER , RNALUEEN S RitFEEERTERAAHNRE,

BB R ERHFIEES grad_fn . XEPyTorcht B3I X2 755% ( i Rautograd ) BF4AE
B, fimME2 , ZREATRNBEIBEN EXEFRITES . ZRITHERMERETHRXK
R IEM,

WE , LRIMNRE-TEHREN :

class MyDecisionGate(torch.nn.Module):
def forward(self, x):
if x.sum() > 0:
return x
else:
return -x


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

© 2018 Tangramor 2.TorchScriptf9Eat oi:

class MyCell(torch.nn.Module):
def __init__(self):

super (MyCell, self).__init__()
self.dg = MyDecisionGate()

self.linear = torch.nn.Linear(4, 4)

def forward(self, x, h):
new_h = torch.tanh(self.dg(self.linear(x)) + h)
return new_h, new_h

my_cell = MyCell()
print(my_cell)
print(my_cell(x, h))

"RHER

MyCell(
(dg) : MyDecisionGate()
(linear): Linear(in_features=4, out_features=4, bias=True)

)
(tensor([[0.0850, ©0.2812, ©.5188, 0.8523],

[0.1233, ©.3948, 0.6615, 0.7466],

[0.70672, ©.6103, 0.6953, 0.7047]], grad_fn=<TanhBackward>), tensor([[©.
0850, 0.2812, 0.5188, 0.8523],

[0.1233, ©.3948, 0.6615, 0.7466],

[0.70672, ©.6103, ©.6953, 0.7047]], grad_fn=<TanhBackward>))

BINBREFHENT Mycell £ | BREXERNEN T MyDecisionGate o ZAEIRFIAIZHIR
B, BHRSEBE/RAMABEUZENTRA,

BLETBNEFRTEN , WSERBRAUEFSKEN S E, B2 , EPyTorchd |, BEH
BE®. RIMNCERBERENNEE  AE HETEFRNEEEKR. X8 ERTLRNESH
RV P B FE B X E SURE S,

2 TorchScriptfy E 4t

W, ERMNRAEEETHRGIAE , &E WA TorchScript.

BimS 2 , BMEPyTorchEE X EMBNSHSM | TorchScripttB 12t THREREYW TR, L3
FF R FE P 1B Y * BR BR*



© 2018 Tangramor 2.1 IRER (Tracing) &tk 0

2.1 BRER ( Tracing ) f&R

class MyCell(torch.nn.Module):
def __init__(self):
super(MyCell, self).__init__()
self.linear = torch.nn.Linear (4, 4)

def forward(self, x, h):
new_h = torch.tanh(self.linear(x) + h)
return new_h, new_h

my_cell = MyCell()

x, h = torch.rand(3, 4), torch.rand(3, 4)
traced_cell = torch.jit.trace(my_cell, (x, h))
print(traced_cell)

traced_cell(x, h)

-HHLS

TracedModule[MyCell](
original_name=MyCell
(linear): TracedModule[Linear](original_name=Linear)

)

BMNBIRT —K , HIEERET mycell XME - NRAE, FUBI—# , BIEHHLTE , BERIXK,
EATAAT torch.jit.trace , 1 Module (HER)H 1£1E T %Rl , HETRBIPZETNEAREE
1Ok TN

XERERMAALN? SERAAER  EXRTERSITRAEWNIRE , HEIET
torch.jit.ScriptModule B354 ( TracedModule R EH L4 )

TorchScriptif HE N IEREFRERR (HR) F , EREFIHFBEEMHBE. BINAURETE
.graph BHEHE :

print(traced_cell.graph)

cHHER

graph(%self : ClassType<MyCell>,
%input : Float(3, 4),
%h : Float(3, 4)):
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=

%1 : ClassType<Linear> = prim::GetAttr[name="1linear"](%self)

%weight : Tensor = prim::GetAttr[name="weight"](%1)

%bias : Tensor = prim::GetAttr[name="bias"](%1)

%6 : Float(4, 4) = aten::t(%weight), scope: MyCell/Linear[linear] # /opt/
conda/lib/python3.6/site-packages/torch/nn/functional.py:1370:0

%/ : int = prim::Constant[value=1](), scope: MyCell/Linear[linear] # /opt/
conda/lib/python3.6/site-packages/torch/nn/functional.py:1370:0

%8 : int = prim::Constant[value=1](), scope: MyCell/Linear[linear] # /opt/
conda/lib/python3.6/site-packages/torch/nn/functional.py:1370:0

%9 : Float(3, 4) = aten::addmm(%bias, %input, %6, %7, %8), scope: MyCell/
Linear[linear] # /opt/conda/lib/python3.6/site-packages/torch/nn/functional.py:
1370:0

%10 : int = prim::Constant[value=1](), scope: MyCell # /var/lib/jenkins/
workspace/beginner_source/Intro_to_TorchScript_tutorial.py:188:6

%11 : Float(3, 4) = aten::add(%9, %h, %10), scope: MyCell # /var/lib/jenkins/
workspace/beginner_source/Intro_to_TorchScript_tutorial.py:188:6

%12 : Float(3, 4) = aten::tanh(%11), scope: MyCell # /var/lib/jenkins/
workspace/beginner_source/Intro_to_TorchScript_tutorial.py:188:6

%13 : (Float(3, 4), Float(3, 4)) = prim::TupleConstruct(%12, %12)

return (%13)

BE  XE-—MERERNEIER  BFESNASKELRBLARRER. AR , RINT
BUEA . code B R4 HABAIPythoniE AR :

print(traced_cell.code)

cRHER
import __torch__
import __torch__.torch.nn.modules.linear

def forward(self,
input: Tensor,
h: Tensor) -> Tuple[Tensor, Tensor]:
_0 = self.linear
weight = _@.weight
bias = _0.bias
_1 = torch.addmm(bias, input, torch.t(weight), beta=1, alpha=1)
_2 = torch.tanh(torch.add(_1, h, alpha=1))
return (_2, _2)

BARTARNEMAAERLR ? BUATANRER :

1. TorchScriptRIBAI A EH B CWFARERT AR , ZBBRELR LR ZREMWPythonfEE R,
ZHRRBRBTHERERSEMNE R ER —=46 ERERLETFZER,
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, BRERERN TGS MR RS b | JHTEMRE S — AR | HImEs

Python AARE S wER RS 2R+

3. TorchScript A BAMRE 7T — MR RERX | ERBITT AN AR THEEZFACARHEERTHH

M7

4. TorchScript A EAN EW Z Eim/ RESITR#HTED , IEETHLEMERRTEEZ

HEFAE,

BATAAES |, B traced_cell FAMNE R EPythontERMEE :

print(my_cell(x, h))
print(traced_cell(x, h))

-RHER

(tensor([[-0.3983, ©0.5954, 0.2587, -0.3748],
[-0.5033, 0.4471, 0.8264, 0.2135],
[ ©.3430, ©0.5561, ©0.6794, -0.2273]], grad_fn=<TanhBackward>),
tensor([[-0.3983, 0.5954, 0.2587, -0.3748],
[-0.5033, 0.4471, 0.8264, 0.2135],
[ ©.3430, ©0.5561, ©0.6794, -0.2273]], grad_fn=<TanhBackward>))
(tensor([[-0.3983, ©0.5954, 0.2587, -0.3748],
[-0.5033, 0.4471, 0.8264, 0.2135],
[ 0.3430, 0.5561, 0.6794, -0.2273]],
grad_fn=<DifferentiableGraphBackward>), tensor([[-0.3983, ©0.5954,
2587, -0.3748],
[-0.5033, 0.4471, 0.8264, 0.2135],
[ 0.3430, 0.5561, 0.6794, -0.2273]],
grad_fn=<DifferentiableGraphBackward>))

3.1 A Bl AR L R AR R

0.

BA-TMRRRENEATERNEZR , IFREATEABRZHRNFER, AELRNEE

— N

class MyDecisionGate(torch.nn.Module):
def forward(self, x):
if x.sum() > @:
return x
else:
return -x
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p=

class MyCell(torch.nn.Module):
def __init__(self, dg):
super (MyCell, self).__init__()
self.dg = dg
self.linear = torch.nn.Linear(4, 4)

def forward(self, x, h):
new_h = torch.tanh(self.dg(self.linear(x)) + h)
return new_h, new_h

my_cell = MyCell(MyDecisionGate())
traced_cell = torch.jit.trace(my_cell, (x, h))
print(traced_cell.code)

cHHER
import __torch__.___torch_mangle_0
import __torch__
import __torch__.torch.nn.modules.linear.___torch_mangle_1

def forward(self,
input: Tensor,
h: Tensor) -> Tuple[Tensor, Tensor]:
_0 = self.linear
weight = _@.weight
bias = _0.bias
X = torch.addmm(bias, input, torch.t(weight), beta=1, alpha=1)
_1 = torch.tanh(torch.add(x, h, alpha=1))
return (_1, _1)

EBE codefiill , BIIAUKIMEMERTE] if-else X! A ? BETESRBEAIFR
W EM  STRE , BREXENRE , HE E-DATLUEEIX — S8 ScriptModule o T3
2, BUEFRZENREREKRET .

A7 TorchScripth Sk RRUAER ? BATRM T — M AR IFSHR , EANEES TEN
Python RAES LURF L #5#  TorchScript, Lk EATIE A B 445 1% 85 2R MyDecisionGate :
scripted_gate = torch.jit.script(MyDecisionGate())
my_cell = MyCell(scripted_gate)

traced_cell = torch.jit.script(my_cell)
print(traced_cell.code)

"RHER



© 2018 Tangramor 3.{E AR AR 1 iRiR

=

import __torch__.___ torch_mangle_3
import __torch__.___torch_mangle_2
import __torch__.torch.nn.modules.linear.___torch_mangle_4

def forward(self,
x: Tensor,
h: Tensor) -> Tuple[Tensor, Tensor]:
0 = self.linear
1 = _0.weight
2 = _@.bias
if torch.eq(torch.dim(x), 2):
3 = torch.__isnot__(_2, None)
else:
_3 = False
if _3:
bias = ops.prim.unchecked_unwrap_optional(_2)
ret = torch.addmm(bias, x, torch.t(_1), beta=1, alpha=1)
else:
output = torch.matmul(x, torch.t(_1))
if torch.__isnot__(_2, None):
bias@ = ops.prim.unchecked_unwrap_optional(_2)
output® = torch.add_(output, bias@, alpha=1)
else:
output@ = output
ret = output@
4 = torch.gt(torch.sum(ret, dtype=None), 0)

if bool(_4):
_5 = ret
else:

_5 = torch.neg(ret)
new_h = torch.tanh(torch.add(_5, h, alpha=1))
return (new_h, new_h)

WE , RN ELBRMIHIR T EAVETorchScripth BFHITH, IME , ULRNBZHAESTZER !

# New inputs
X, h = torch.rand(3, 4), torch.rand(3, 4)
traced_cell(x, h)
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3.1 JBEBIA (Scripting) # ER 8% (Tracing)

EREERT , FEFEAREMARMA (fl0  BREBFTFZSEUWRE | XFERRERETEA
HEFT 2 HIETorchScripth WEEPython EMER ) o FEXFERLT , JABTRERKEEH
X : torch.jit.script FFABKHIRERERMNAE , MERERSABRMAERWKB,

* B—MIBRAVRA

class MyRNNLoop(torch.nn.Module):
def __init__(self):
super (MyRNNLoop, self).__init__()
self.cell = torch.jit.trace(MyCell(scripted_gate), (x, h))

def forward(self, xs):
h, y = torch.zeros(3, 4), torch.zeros(3, 4)
for i in range(xs.size(9)):
y, h = self.cell(xs[i], h)
return y, h

rnn_loop = torch.jit.script(MyRNNLoop())
print(rnn_loop.code)

-RHER

import __torch__
import __torch__.___ torch_mangle_5
import __torch__.___torch_mangle_2
import __torch__.torch.nn.modules.linear.___torch_mangle_6
def forward(self,
xs: Tensor) -> Tuple[Tensor, Tensor]:

h = torch.zeros([3, 4], dtype=None, layout=None, device=None,
pin_memory=None)

y = torch.zeros([3, 4], dtype=None, layout=None, device=None,
pin_memory=None)

yo =y

he = h

for i in range(torch.size(xs, 0)):
_0 = self.cell

_1 = torch.select(xs, 0, i)

_2 = _0.linear

weight = _2.weight

bias = _2.bias

3 = torch.addmm(bias, _1, torch.t(weight), beta=1, alpha=1)
_4 = torch.gt(torch.sum(_3, dtype=None), 0)
if bool(_4):
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_5=_3
else:
_5 = torch.neg(_3)
_6 = torch.tanh(torch.add(_5, h@, alpha=1))
y0, h8 = _6, _6
return (y@, he)

c BZTRERH R

class WrapRNN(torch.nn.Module):
def __init__(self):
super (WrapRNN, self).__init__()
self.loop = torch.jit.script(MyRNNLoop())

def forward(self, xs):
y, h = self.loop(xs)
return torch.relu(y)

traced = torch.jit.trace(WrapRNN(), (torch.rand(16, 3, 4)))
print(traced.code)

RS

import __torch__
import __torch torch_mangle_9
import __torch torch_mangle_7
import __torch torch_mangle_2
import __torch__.torch.nn.modules.linear.___torch_mangle_8
def forward(self,
argument_1: Tensor) -> Tensor:

_0 = self.loop

h = torch.zeros([3, 4], dtype=None, layout=None, device=None,
pin_memory=None)

he = h

for i in range(torch.size(argument_1, 0)):
1 = _0.cell
2 = torch.select(argument_1, 0, i)
_3 = _1.linear
weight = _3.weight
bias = _3.bias
4 = torch.addmm(bias, _2, torch.t(weight), beta=1, alpha=1)
_5 = torch.gt(torch.sum(_4, dtype=None), 0)
if bool(_5):

_6 = _4

else:
_6 = torch.neg(_4)

=
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he = torch.tanh(torch.add(_6, h@, alpha=1))
return torch.relu(he)

X, SERFEECNN , AAIEAMANRERFFEeq]—BEM.

ARTFNINERE

BAMREAPI , AF A58 30RF TorchScripti& 3R 4& 17 2 it 2 SUM B R N # TorchScriptEiR . X ApAE =
SBEAE 2%, BEENRAEHEE  XE WEAMXARERENMYRTER | AINETEMT
HIEREPME, EENREFH MR SRR RN IR -

traced.save('wrapped_rnn.zip")
loaded = torch.jit.load( 'wrapped_rnn.zip")

print(loaded)
print(loaded.code)

-RHER

ScriptModule(
original_name=WrapRNN
(loop): ScriptModule(
original_name=MyRNNLoop
(cell): ScriptModule(
original_name=MyCell
(dg) : ScriptModule(original_name=MyDecisionGate)
(linear): ScriptModule(original_name=Linear)

)

)
)
import __torch__
import __torch__.___torch_mangle_9
import __torch__.___torch_mangle_7
import __torch__.___torch_mangle_2

import __torch__.torch.nn.modules.linear.___torch_mangle_8
def forward(self,
argument_1: Tensor) -> Tensor:

_0 = self.loop

h = torch.zeros([3, 4], dtype=None, layout=None, device=None,
pin_memory=None)

he = h

for i in range(torch.size(argument_1, 0)):
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1 _0.cell

_2 = torch.select(argument_1, 0, i)

_3 = _1.linear

weight = _3.weight

bias = _3.bias

_4 = torch.addmm(bias, _2, torch.t(weight), beta=1, alpha=1)
_5 = torch.gt(torch.sum(_4, dtype=None), 0)

if bool(_5):

6 = _4

else:
_6 = torch.neg(_4)
he = torch.tanh(torch.add(_6, he, alpha=1))
return torch.relu(h@)

WIEFRN , FHHLRE TEREREHNEN —EEHRARHORE, Flw, aUFERNEEIC +
+A LUSEFL KRB Python BV 11T o

1 — 2L [H)iEE

RINBELERTHE | BXEZSHRIER , BEENeurlPSTER , SAME M TorchScript# #4135 8
FHER : https://colab.research.google.com/drive/ 1HilCg6jRkBnr5hvK2-VnMi88ViopUzEJ

MIZSH BIZE1TRYE @ (05440.247%)


https://colab.research.google.com/drive/1HiICg6jRkBnr5hvK2-VnMi88Vi9pUzEJ

© 2018 Tangramor  ZEC++HiNE; TorchScriptt= Y D1:

FEC++H nEk TorchScriptiE &

AHEEEFH N EPyTorch 1.2— 2 FEH

& B, PyTorchity = E#E O ZPythonwmEIES. REPythonREE T EHFENS[MMNS Ti&
KZSE  HEREENIES , BEA#N , £ F2HRT , PythonIXEFEMREEFTFN. B
EBEEEAN —RREREREFRIERMNTKIBE, WTE~75 , MFERIFC++HEE

Java , RustBiGor KM E—FEE S , cHRAERENES., UTEENBLRPYyTorchiZ2 ##Y

MILBPythontR R F AT LASE £ MC ++INEFIMITRI F SHL R RERWERE |, mMEF A BiPython,

FER1 : FPyTorch#2 B 3 y Torch Bl Zx

PyTorchi& & MPythonZIC ++#9 sR#EH Torch Script/Z3h , Torch Script@PyTorchi& B #y —fh R R
3 , A LAHTorch Scriptym ¥R B , mEMFI. WRERMNFEAvanilla“eager” APIRE I
BPyTorchiEHFF 18 , WA E SRR FIR A Torchil AR, EHRERLNER T (WA )
XRABERRRBRINIIR, MRECELE T TorchBIAESR | W AT BB ARBENT —H 5.

BRMRPyTorchR B A Torch IR T 7%. F—MHNRER , —FALH , HhBEIERRE
WA ERMEHIIT RN, HCFRXE MATERTNRE  NMBEREENEHE, XE
ATERERZERAER, F-MAEREREFRMEXME , BLE KM Torch Scriptds %257
BAR#ETorch Scriptif S fe IRV LY RIEZ BT M 4m iR E R AR,

RREAUEE A TorchlIASZRRIBERXMIP AT ENTREX , URERTENE—D

B%.

FiET B BREREER A TorchilZx

EfFPyTorchi& BB IR BR¥5#2 N Torch I A | RAZIUCRFAE B B9 SE 451 LA K R 5l i A AR 3B 45
torch.jit.trace BA¥, X[~ — torch.jit.ScriptModule MR , iZX RAVE B L {HRETEE
BAERM forward F3ES :

import torch
import torchvision


https://pytorch.org/docs/master/jit.html
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=

# RN —1 561
model = torchvision.models.resnet18()

# BB REGERNforward() AZRRBIR AN
example = torch.rand(1, 3, 224, 224)

# (B torch.jit.trace "F@ B4Rk torch.jit.ScriptModule"®
traced_script_module = torch.jit.trace(model, example)

DU AT DAY BRBRAY ScriptModule #AT Ml , EEEE M PyTorchi& R E

In[1]: output = traced_script_module(torch.ones(1, 3, 224, 224))
In[2]: output[@, :5]

Out[2]: tensor([-0.2698, -0.0381, ©.4023, -0.3010, -0.0448],
grad_fn=<SliceBackward>)

FiE2  BEERER N TorchfZx

ERLEERT , Sl , MRBRARARERLINESR , MTEEEEZEETorch &R FEERER
HAMMSERER, flin | FIREEFLT vanilla Pytorchi&#

import torch

class MyModule(torch.nn.Module):
def __init__(self, N, M):
super (MyModule, self).__init__()
self.weight = torch.nn.Parameter(torch.rand(N, M))

def forward(self, input):
if input.sum() > @:
output = self.weight.mv(input)
else:
output = self.weight + input
return output

E NSRBI R S EEABURTHANEER , FIAETESRE. Bk , RITLUGHEKR
A ScriptModule » RN T FFEREEIR A ScriptModule , EEMEA torch.jit.script FRIFER , M
TAR

class MyModule(torch.nn.Module):
def __init__(self, N, M):
super (MyModule, self).__init__()
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self.weight = torch.nn.Parameter(torch.rand(N, M))

def forward(self, input):
if input.sum() > @:
output = self.weight.mv(input)
else:
output = self.weight + input
return output

my_module = MyModule(10,20)
sm = torch.jit.script(my_module)

MREBFELE nn.Module PHERRE LS E , RRENIMER T TorchScript iR X EFHIPythonh
BE , MIATLAGEA etorch.jit.ignore W EB TR

my_module & ScriptModule BYE4I , A LA FIML,

SER2 AR IR T B S AF

— B & T ScriptModule ( B RIS ERPyTorchiE & ) | M ILLEEFIMLISXH T, BiE
BRI AERAC ++ N XX MBEERHBITE , MEFAHPython, BRIZRENEFSILERITTR
ERGI P & 7RHY ResNet18 HEE!, ERITLFFIE , AFEER LA Asaved&iEd — N HEED
A

traced_script_module.save("traced_resnet_model.pt")

XFESEN THEB FHPERK traced_resnet_model.pt M., MREIEBFF|{E my_module , FHH
F my_module.save("my_module_model.pt") EMIMESLKRERXNEFPythondii , HEZHEAC+
+4IUIE

HIR3 - EC ++H NS AR R

EEC++HmEF5{LHIPyTorchi8 & | &/ B AR 7 LBk T PyTorch C ++ API ( 275
LibTorch ) o LibTorchR{TIREERERE |, kXH FICMakeWEEEXHIES, RMACMakeT
E&BLibTorchWER , BEREENSZ , HENRABIREFNZF. NTFAHE , BIE
£ FiCMakeFLibTorch#dZZ —MNg/MIC +RI AR F |, Z N AR 7 a4 i & H AT RS
PyTorch#& !,


https://pytorch.org/docs/master/jit.html#torch.jit.ScriptModule.save

© 2018 Tangramor B/I\WC ++NEER il

5/MNC ++R AT
BN THEMBERN KB HR, UTHEELRM -

include <torch/script.h> // One-stop header.

#include <iostream>
#include <memory>

int main(int argc, const char* argv[]) {
if (argc !'= 2) {
std::cerr << "usage: example-app <path-to-exported-script-module>\n";
return -1;

}

torch::jit::script::Module module;

try {
/] FRUTHLSMX P RFTMAER: torch:jit::load().
module = torch::jit::load(argv[1]);

}

catch (const c10::Error& e) {
std::cerr << "error loading the model\n";
return -1;

}

std::cout << "ok\n";

<torch/script.h> Pk BEETRAIFFFENLibTorchEFHFAEHEXEE. RINWNAERES
F5{t.EPyTorch ScriptModulefy X4 R ENHKE -G STSH , AREA
torch::jit::load () BEREBEINZER#ITRFIE , ZEREBUGH XHBRRERNBA. ERIR
B, AT WEI— Torch::jit::script::Module MR, EAMFREITLHAHRITE,

BURTFLibTorchfM 322N ARRF

BIRFEANF L ERIBEFEMEER N example-app.cpp I, F&/PHY CMakelists.txt AIBEF K
RiETE

cmake_minimum_required(VERSION 3.0 FATAL_ERROR)
project(custom_ops)
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=

find_package(Torch REQUIRED)

add_executable(example-app example-app.cpp)
target_link_libraries(example-app "S{TORCH_LIBRARIES}")
set_property(TARGET example-app PROPERTY CXX_STANDARD 11)

BUTRPINARFNRE —HERLibTorch Z1ThR. 0] LABERT MPyTorch M ¥k B T~ 2 71 H L 3REX
BFNREREK, METHHBERSZFNERY , MNKEIEBELT B FERHXTHEX

libtorch/
bin/
include/
lib/
share/

lib/ XHRITEBLMBEENHREZE |
‘include/ MHRBEEFETETENLH
* share/ XHRBEVEMCMakelELiE , LS A LHEMIREIE find_package(Torch) @3,

R EWindowst |, BIRMEITHRATHEBSABl, NREITELFAERXMERE | F=idE
ALibTorch®Y AR AR A o

RE—IRHWENRAERF. At , RERHBEFZRNHRUT :

example-app/
CMakelLists.txt
example-app.cpp

WME , BNATLUSTUL TS M example-app/ XHRFHERNBREF :

mkdir build
cd build

cmake -DCMAKE_PREFIX_PATH=/path/to/libtorch ..
make

/path/to/libtorch NMiZ 2 EMKILIbTorch R ITHRHV TE KR, MR —YIRF , ©FEFERGX
=

root@4b5a67132e81:/example-app# mkdir build
root@4b5a67132e81:/example-app# cd build

root@4b5a67132e81:/example-app/build# cmake -DCMAKE_PREFIX_PATH=/path/to/


https://pytorch.org/
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libtorch ..

-- The C compiler identification is GNU 5.4.0
-- The CXX compiler identification is GNU 5.4.0

-- Check for
-- Check for
-- Detecting
-- Detecting
-- Detecting
-- Detecting
-- Check for
-- Check for
-- Detecting
-- Detecting
-- Detecting
-- Detecting

working C compiler: /usr/bin/cc

working C compiler: /usr/bin/cc -- works
C compiler ABI info

C compiler ABI info - done

C compile features

C compile features - done

working CXX compiler: /usr/bin/c++
working CXX compiler: /usr/bin/c++ -- works
CXX compiler ABI info

CXX compiler ABI info - done

CXX compile features

CXX compile features - done

-- Looking for pthread.h

-- Looking for pthread.h - found

-- Looking for pthread_create

-- Looking for pthread_create - not found

-- Looking for pthread_create in pthreads

-- Looking for pthread_create in pthreads - not found
-- Looking for pthread_create in pthread

-- Looking for pthread_create in pthread - found

-- Found Threads: TRUE

-- Configuring done

-- Generating done

-- Build files have been written to: /example-app/build
root@4b5a67132e81:/example-app/build# make

Scanning dependencies of target example-app

[ 50%] Building CXX object CMakeFiles/example-app.dir/example-app.cpp.o

[160%] Linking CXX executable example-app

[160%] Built

MERMEM T BAZ 80012 2 RGN AR F =8 5 34 #Y BR ERResNet 1848 £
traced_resnet_model.pt HIBE#R |, MIMZ AR EFHY" ok” E N E R,
my_module_model.pt IBEITH A , MSWE —FKERER , BREWMANTRTRS,

target example-app

my_module_model.pt FE1DM A 24D,

root@4b5a67132e81:/example-app/build# ./example-app <path_to_model>/

traced_resnet_model.pt

ok

vy 2
w\/AEE

WMRZRAEH

=
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LRA - TEC +ARRITRIAS IR

RINFC ++ & T FHl{LEIResNet18 2[5 , BANIME RFERIT/LATRBEIT | L HRAPIXLEITHR
MEIC +NARFI main() BB -

/1 AIBHRNR2
std::vector<torch::jit::IValue> inputs;
inputs.push_back(torch::ones({1, 3, 224, 224}));

/1 HATEB SR O ETAKE
at::Tensor output = module.forward(inputs).toTensor();
std::cout << output.slice(/*dim=%/1, /*start=*/0, /*end=x/5) << '\n';

BIRTIRE 7T RINERNE A, RINBE— torch::jit::Ivalue WEE ( EE Ntype-erasedy
B Script::Module FEEZHIRE ) , HAMENEA, EQEmAKE , TREA
torch::ones() , FMXTFC ++ APIFHY torch.ones o ARG , BAVEIT script: :Module Y

forward A& , HOEEZRICIENMARE, ERER , BIESE—NFIValue , BIEA
toTensor () FHEHERNIKE,

BR  ERME LT A XKtorch::onesHPyTorch C ++ APIZ KM INAEN EZER , BSHHEX
¥4 , Mt J9https://pytorch.org/cppdocs. PyTorch C ++ APIZ# T 5Python APIJL 48 G #Y Zh
BETERE |, FETLURIEPython — i — T BRI ML EKE,

ERE—TH , BIITMNREONAENRKE, ATERMENENSDH , RIM@Pythonh &
HEATHRNAA , BEERABRT , B NZEIMEENHE. LRIMNESEHRERNN
NMRAEFFAUEBNFIMLERZTERETER

root@4b5a67132e81:/example-app/build# make

Scanning dependencies of target example-app

[ 56%] Building CXX object CMakeFiles/example-app.dir/example-app.cpp.o
[160%] Linking CXX executable example-app

[106%] Built target example-app

root@4b5a67132e81:/example-app/build# ./example-app traced_resnet_model.pt
-0.2698 -0.0381 0.4023 -0.3010 -0.0448

[ variable[CPUFloatTypel{1,5} 1

ERSZE | Python LRIV A
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tensor([-0.2698, -0.0381, 0.4023, -0.3010, -0.0448], grad_fn=<SliceBackward>)

EXREESRET !

BR EEHEBEGPUATRR , AT A% Emodel.to (at:kCUDA ) ;, B EA
tensor.to ( at:kCUDA ) , BREH M A b FCUDARFES , XfFFECUDAR 77 iR [E 7 #Y 5K

=
o

SRS IREVESBY HIRZAPI

RHEREFEEX Py TorchE E MPythonZIC +HIBEBRE —NKBW T R, FRAAHESIERNE
=2, BRIZEE Mvanilla, “eager” PyTorch#& 8! |, EIPythonH Y E4%1¥ ScriptModule , BEIWE
FRFRSHE Y, AR -ERER-FIATRTHA . C++HEER,

HR, BESBINEENENEES. flm, B kI B BEFALUC ++5CUDAZIN B E
NIZERY & ScriptModule , FIEME BN C ++EF~HRE R K ScriptModuleF HITIL B E IZE
. WHER  X2WEN , HESE TREFNZF | E , BB XHRPH RG], &K
MTERREH® - R, BEl , ATSEBEETESBMAE .

* Torch Script3# : https://pytorch.org/docs/master/jit.html

* PyTorch C ++ APIX#4 : https://pytorch.org/cppdocs/

* PyTorch Python API3X#% : https://pytorch.org/docs/

BEEE—#&  WREEIEMRBAREEFE , 7 AEARITBILIZHGItHUb issuesH#ETEA R


https://github.com/pytorch/pytorch/tree/master/test/custom_operator
https://pytorch.org/docs/master/jit.html
https://pytorch.org/cppdocs/
https://pytorch.org/docs/
https://discuss.pytorch.org/
https://github.com/pytorch/pytorch/issues
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