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TARBEA D UAME PR BE 2 ST RO SE B B A S IR R IHAR L 22 ST BRI 4

1. ANBIREA

NEEARA R —F 2 B IEAR, BB T %4 GE. NS A% EAE . RS
BRI R B T BA M, BFOVE R LK R RSEE 22 SRHE, SRR HEm R . i,
FaceNet J&— & TR IR IR RS, € R EAEA [FDG IR A BT s i) [F — 4 AR

WA

2. BRIBS IS

EJARIE 5 AbF R — b B T N TR BRI, ST DL T SO AR e, TR ML R R,
VRIS STHARAE FARIE S BT E M. B0, Google BN R Guih 8 Al 7 IR 22 ST H A K
SRE BRI . IhAh, TR ST HARE AT LU FE SRR, 1S A RN, LR AN H
(A o

3. Feeinsl

BRRS TR RS2 AR, T LA T A P AR, AR R, R
S TR AE 2 RE A2 1) P I S HBR A 2 o B, TR BESRALSE ST AT LU THL S8 A4, @i IR
AR STORARAL LS8 A Pes . Iedh, IREE S SR IE AT LU F A 0. Sias iR m, L
PR A RS
1.1.4 REZFIFARBMEFLLE

TR E 2 ST AR IR BARILLE UL R JUAN A T

1. ERMES

TR P 25 1 AR AT D kA B (MO SR G BT, T % S BT & BRAE, DA B I B R
B, G0 AR AR BT B RS G 1 — o AT, TR BE 2 S B BT 2 5] S 8 £ (1 41
A, TR A R e 2

2. AJPALIRE & A9 [a) /R

RGN 28 5 S BRTE AL R G 4% ) JBL A AR A 52 BB T AE AR RURE /7, TR B 2 S BoR AT Bl
2R 2R E R 5 shIREURSAE, MM AT PAALEE T & 24 1 ) 7,

3. ARSI

VR 22 SRR AT LA Z DAL R IR SR B ) B o i, BT DUIE G OB R G 25 R . D
HnE. REBESHE LRSI RE .

4. ALENARENSS

VR Z B AR IARME AR 3 i AT & M . plan, S TFARPES . BIESEEEE,

] DLIE Ik A [5] 1 X 4% 8 R A 20 st A7 Ak
BARIRE ARG EE SRS, HBFEE S Flin, wEEIFEARTE KB
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AN, X BN AR R T RSN 2 (8] Bedh, IRIESE ST A RV B AR X B 2
e DA AR SR PAY 0 ) R SR 7

SR, TR S BORAE RSB ] BT TR T BN AT S B T S BTIR A A R
TSR ANEARAL R BE ST HORAE AR AR & A S Z AR

1.2 At4iEEE PyTorch 2.0

£ PyTorch Conference 2022 |, PyTorch /7 IEZX KA T PyTorch 2.0, #3733 % compiler”
s, FRIGHTIY Lx BOAHEEL, 2.0 BRAA T 8 1481k

PyTorch 2.0 &A1 [ K& & LLEAE PyTorch I H 77 ¥ DhRe, E 324t 17 AHIA 1) Eager B
&S, [FI @ torch.compile MM 7 — MR, 7RI ZRAIHE R R AT DUGHSE Y 47 ik
T BRI B8 AR R 14 8 A A X Dynamic Shapes Al Distributed 52 #F.

1.2.1 PyTorch HIRTHEHS4

PyTorch /& —> Python JFUEMLAS % I FE, & Al DA (k58 K 1) GPU Id sk &g H A A v H K,
T A P AT DL SEIG AN FF K . PyTorch H Facebook FI N T8 Reif 75 /NH T 2016 4E R A, 4 E1E
A Torch [f] Python i, H 2k Torch 7 Python H i H AME 2 4k o

Torch 7& 7 — AN IFIENLA 2% 21 P2, €T 2002 4 Ronan Collobert 1%, FEIET Lua JifiE 5.
Torch T2 A 1 v B VR ) e 7 6 1), ARLBE & I R) O HERS . Torch FFARRE T2 B A T HiAth
LA 21408, BRETTENMN. BRES AR, a5,

JAE Torch TENLAS - ST AUEAS 2 1T 12 R A, {H2 € 7E Python H ¥ SEIAHRT BRASL, S EUEAE
Python #F: [X [f)4# FH R At H A ML 28 2% 2] 2 (41 TensorFlow) o X gtifffi T Facebook ) A T % GEHT
FoNHTF U6 % FFF K PyTorch.

£ 2016 4, PyTorch B XKAT T H Alpha WA, {HZZhAREAEHE EAR. HE 2017
4, PyTorch IERKAR T H Beta fRAS, X435 2 1 H P o] LUEF PyTorch 34T HLAE 5 2 SEERFITF
Ko TE 2018 5, PyTorch 1.0 BRAIER KA, XWFRESH PyTorch JF4h BRAMLES 2 2] Ak 5 52 ¥l
(TFEMLES 5 ST 2 —

PyTorch 7E 2% AR G T S A2 77 Z BINA], FRAESCERA R Z MR . [\,
PyTorch 2 BT AIALAL,  AH45 F P AT DAZE AN W7 ) H5 R R e bk A5 B 4 () 48 ARG

122 B, B, FEEHmFIZIF—PyTorch 2.0 EEFHIRFK

PyTorch 2.0 [t f#43 PyTorch fIMERERE— B3 T, FEIFU4RHE PyTorch HIEE 5 2SN CHFEE
$7 %) Python P& o, 1 H o & o N SR IE 1) ¥ 5 R 45 TorchDynamo . AOTAutograd «
PrimTorch VLA TorchInductoro
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1. TorchDynamo

TorchDynamo ] EAf# B Python Frame Evaluation Hooks (Python HEALPEALEF) , “AsHbikEL
PyTorch #2/7, IXIUE KAIHT /2 PyTorch i 2 5 kAt 22 A &5 /4 43k (Safe Graph Capture) J7 T
R

2. AOTAutograd

AOTAutograd F#, PyTorch Autograd Engine (PyTorch HZh# 45 51%) , E8—A> Tracing
Autodiff, T4 BHAT Backward Trace (JRIEWD

3. PrimTorch

PrimTorch ¥ 2 000 £ /> PyTorch 5444 8% 250 /> Primitive Operator [f14£ (Closed Set) ,
FF R AT DA X Be B PRy — AN 52 ¥ 1) PyTorch Jqdi. PrimTorch KKk T 4% ’5 PyTorch B
By 5 it R RE -

4. Torchinductor

TorchInductor 52— MRS > G ¥4k, FT LA Z AN IIsd 48 A i A2 RS . X T NVIDIA
GPU, ‘Ef# [ OpenAl Triton 1 < EEH G LR,

TorchDynamo. AOTAutograd. PrimTorch Al TorchInductor & Python %5 f, J H 2
Dynamic Shape (JoZ0## 4 PEal RE AR EA R /AN R ED , XA e RiE B 5%, IR T IFRE
FEE R R A HEN T T

Kbz 4k, PyTorch 2.0 BE T —A~HEZ45E torch.compile, iX—4H¢4¥K PyTorch FITERE
W TR, 4 PyTorch 143 N2 M C++#£[9] Python. torch.compile & —AN58 &M Inf (AT
W) P, I PyTorch 2.0 42 100%4) )5 A .

294K, PyTorch 2.0 BT RH#EH 1 M3 —MCA, Bl 542 PyTorch #1 X DL A 4E47 A1 BA &
IERIEEHT, PyTorch —jE &R AT R K

1.2.3 PyTorch 2.0 Z 3 BRIE——NEE A2 B 3L
23] PyTorch [ BT RERIAS NS UL AR, U R— 2 5] 35 0%

(1) %% PyTorch Ml Python: I/ W] LAYE PyTorch B J Wk F4RE| 2235000, JREBEAEm
JRAFF & .

(2) %3] Python FEREAIIN: WIHLHH Pk AR Python, A 5452 5] Python JERHIAIN, 11
A e, B, EHIREA) BRI .

(3) TAERIEZ ) HERI AN IR BRI  2IH, T B T g% . Bk s, AL
HRE T B A LRt

(4)% 2] PyTorch 2Rl 222] PyTorch 7K & (Tensor). H 3773 (Autograd). #iHt(Module)
Atk 2% (Optimizer) % PyTorch J&Aili &1

(5) 5Lk PyTorch: 220 {#i ] PyTorch 4T —LE i AL SS, L@k E . & SUHHE 51
B THRESUR BRI . IR S 45
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(6) %> PyTorch g A1R: IR A% 2] PyTorch Mg, 3 PyTorch ] GPU i, %
PEACEE . BIAORAF AN BRI R 5 2] 55 .

(T SERRIRE 2SR H : ] PyTorch 5EME MNMAEEITH, FIWEUE 25 P
SCAAERNEE . X eI H AT RLK B 52 PR 1 BB A T EEE S,  H IR T I I AR N T S R
B

R LR, AT, BRI . SCERH ERI, %23] PyTorch 2.0 /&> %
FFAREEIT RS, AR, EFHEA R TIBA e TR B S R A4S
Hi#AT PyTorch 2.0 HIZ2 I 20K, Ay BUT T 0K, WA H I E RIS PR AT R o

13 ZE /NG

AENET N TR KRR S WRES 5N TR RS S 68 M U1 52 Bx 1]
@i, LLJ PyTorch FIk J@ I RE A BT HAR, FH45H T PyTorch 2.0 195 2] B 42 —— M FEAH 21 151 H 52
%o



Hello PyTorch 2.0
—FEFINRRE

TAGEH S, WA FIHER. 51 =N T PyTorch SIREEIMAEMN L Z LR, REKIE
kN PyTorch 2.0 f2% )i 2.

ORI TR, R EIRE Y S N AR, BN O 58 I 2RI I H 3 5 00E AR T
Hrb, #FZAEH WA S e st & i H K, AB{EH Python i F1ENITRINEEARIEF .

Python ZIREZF AWM EIRFRIET, REHE=J78R M TEMKERZIHEER) Python FrifE%
A, HHAMZ Miniconda 1 Anaconda. Python & —/MHIAET, WRAfEH Miniconda B3
Anaconda, JS4 58 =7 FEHI 2R BONAE, BN PE 2 A] (RO PR AR S AR Ay . (R, X
HE# 8 ] Miniconda, 498X Python 1 5 JE &5 2R 13038 th v LB H48 H )5 42 Pythons

AEEH SN Miniconda )78 8 2%, REmM— NI IH——ERA N TFEREY, X
e MNNTIRER, AT BB T il 52 %1% PyTorch W H (1) AR L.

2.1 ZZ£ Python

2.1.1 Miniconda B9 T# 5%
1. TR

H#E Miniconda B J7 Wk, FTIF FE0UE, & 2-1 Fios.

B AT LURYE B O 48 E R RIE A FSF 5 1) Miniconda T #K, H Al E ML 5op 4
B 7 Python 3.10 XA ) Miniconda. 415523 H A5 FH 1 /2 LAHT Y Python iR A<, {511 Python 3.7,
W EAT LUK . WA AE S, i 3.7 ~ 3.10 FAK Python #B#E S FF PyTorch M . i3
A LURE B QAR R GUiE R R A R SO
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Miniconda
Conda
Conda-build Miniconda is a free minimal installer for conda. It is a small, bootstrap version of Anaconda that includes only conda, Python, the packages they depend on, and |
© Miniconda small number of other useful packages, including pip, zIib and a few others. Use the conda install command to install 720+ additional conda packages from the

Anaconda repository.
System requirements
Latest Miniconda Installer Links See if Miniconda is right for you.
Windows installers

macOs installers System requirements

Linux installers « License: Free use and redistribution under the terms of the EULA for Miniconda.

Installing + Operating system: Windows 8 or newer, 64-bit macOS 10.13+, or Linux, including Ubuntu, RedHat, CentQS 7+, and others.

Other resources « If your operating system is older than what is currently supported, you can find older versions of the Miniconda installers in our archive that might wark for
you.

« System architecture: Windows- 64-bit x86, 32-bit x86; macOS- 64-bit x84 & Apple M1 [ARM&4); Linux- &4-bit xB6, 64-bit aarché4 [AWS Graviton2), 64-bifl
1BM Power8/Power?, s390x (Linux on IBM Z & LinuxONE).

+ The linux-zarchss Miniconda installer requires giibe »-2.25 and thus will not work with CentOS 7, Ubuntu 16.04, or Debian 9 {“stretch”).

« Minimum 400 MB disk space to download and install

Help and support
Cantributing

Congda license

On Windows, macOS, and Linux, it is best to install Miniconda for the local user, which does not require administrator permissions and is the most robust type
of installation. However, if you need to, you can install Miniconda system wide, which does require administrator permissions.

K 2-1 NI

X HHEF S Windows Python 3.9 A, AHXF T 3.10 MitAs, 3.9 AL — B mfilgs, A
Bt 2%, EE R Cr)E G EFERK Python 3.10 Mt K] Miniconda. N #ILTH
Wik 2-2 fiowe

Windows
Python version Name Size SHA256 hash
Conda Python 3.10 Miniconda3 Windows 64-bit  52.9 MiB ae76364 snda7asFeeaa7 1200560875 1
Conda-build Python 3.9 Miniconda3 Windows 64-bit 530MiB 492042 Fbd79e8132213062881h364 cA60A6a894F049a36b19bak1 586¢19171
S Miniconda Python 3.8 Miniconda3 Windows 64-bit 52.5 MiB sf5ces107dobdade301ced4aba73159234c 3c6dabdc1d6621dd0bsAbac2absF
System requirements Python 3.7 Miniconda3 Windows 64-bit 50.7 MiB Ad48F78d TedbFAdbasEAFIbIe 28b6Fa17Fad89cdCOBL 76bG4eBBE62b92a308bd
Latest Miniconda Installer Links . X . ¥
Python 3.9 Miniconda3 Windows 32-bit 67.8 MIB 4fb6ae6c0c28b88beabl6994bfbads20110ea3145baatehda5344174abs5d462
Windows installers
N Python 3.8 Miniconda3 Windows 32-bit 66.8 MiB 60Cc5874b3ccedg0a3sfbab28d fonda80esea5d1b5848b15c20111812807db
macOS installers
Winoslinetaller Python 3.7 Miniconda3 Windows 32-bit 65.5 MiB a6af674b9842333b5 322 F00043 62 FAF5AbEDL2 LT BeBL7 322a60C4Thh FhETAL

Kl 2-2  4EAk Python 3.10 JRASH) B 77 M3k Miniconda3 F#X T
FE R FEAE A 92 64 5B A%, AN AT Ai%3E VA Miniconda3 Frk. VA 64 45 Edg 5
I, RETHAET.

T EGERJR I RN 2RSS exe JRA, BEHGSATHIMTBEAN 2226, 28 LR o, 4% 5
PERIAT AR . Z235E fn, LN 2-3 P H gk, Bl 228 1R .

T > hAEEE > AR (C) > miniforge3 v C
& #xam #*H
condabin 2021/8/6 16:11 X%
conda-meta 2022/12/12 10:07 X
DLLs 2021/8/6 16:11 pra s
envs 2021/8/6 16:11 i
etc 2021/11/16 16:55 P4 S 3
include 2021/8/6 16:11 pats 3
“ Lb 2022/1/13 14:46 P43

2-3  Miniconda3 %3 H 5
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REFIRBAE 9

b

2. TR

KR “TFER” — “PrEFEF” —Miniconda3—Miniconda Prompt, 7T Miniconda Prompt &
I, ”6'% CMD % & 200, Hi N\ 2 n] DL | FIiC & Python. 7E Miniconda H1i# i 2 conda
W, Zan4A A LT — B S AR HAEE

3. LEEPython

BTORAESEH G HHI python, F7ZRIEH, W TETRCA S RIS . RIS N A
LA ARHS:

print ("hello Python")

g5 WK 2-4 Ao, ] LLSGIUE Miniconda Python 248 235 A 1)

conda > (nnln Feb 1 2022, 21:22:07) [MSC v.1929 64 bit (AMD64)] on win32
credits “license” for more information.

Kl2-4 Ak

¥ ] Miniconda HIUFANTET, EREWIR H M B &M H REF =78 E. BROR
B = RER AW T

pip list
SR R WA A TR F>>RA, ARA T A exit()i .

1E Miniconda Prompt & G pip list 7%, R aE 2-5 Fios.

2-5 TR =T KE

Miniconda " [ pip BEAT FIHRIEIEAIRZ, Hrb i BN RS =T 2K, M.

pip install name

XL name S 75 B LRSS =TT KA, BT E LK NumPy . CRAMLCL 23D , 8
LHINII U
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pip install numpy

ZEBINP 2-6 Ao

‘ &: Anaconda Prompt - conda install numpy
‘ pywavelets: 8.5.2-np112py35_0
[lThe followin ackages will be UPDATED:
9 p 9
astropy:

‘ bottleneck:
conda:

1-np111py3s_o
.0-np111py35_0
14-py3s_1
.0- npl11pg35 2

[u

3.2-np112py3s_o
2.0-np112py35_0
3.17-py3s_e
T. 0'np112pg35 <]

] -->1.6.27-ucl4_@ [uclH]
8.0-py3s_oe

2-np112py35_80

.9.1-0

hSpy:

| libpng:
1lumlite:
matplotlib:

1

1‘3.3 {c]
np111p935 0 -

hp111pg35 ]

->
->
->
=->
c
=> 0.1
=> 2.0.

-» 2017

-> 0.33.0-np112py35_0
-» 2.6.2-np112py35_o0
-> 1.12.1-py3s5_0

9.2- np111pg35 1-->0.2

-» 3.2,

1

1

1

8.

2

6.

1

1 -1-np112py35_0
2.2-np111py35_4

1

1

1

6.

2-np112py35_4
3.8-np112py35_0
8.1-np112py35_1
9.8-np112py35_0

0-np112py35_0

2.3-np111py35_
T.1-np111py35_
8.1-np111py35_I
1-np111py3s_1 -->

scikit-learn:

1
1
4
2.
4
0.
2.
F
0.
2.
1
]
ER
[¢]
0.
‘ scipy: [¢]
0.

1
1
4
2.
1.
0.
1.
1
0.
2.
1
2]
3.
0
0.
0
0.

statsmodels:

Proceed ([yl/n)? y

mk1-2617.0.1-0 0% | | ETA: ©0:24:02 92.71 kB/s |
K 2-6 %3 NumPy £,

fEFl Miniconda f)— M AR ERIN 22 T RHB MR LS S P il 2N 28 =5 285, IXHE T LA e

i FH A 2 AT P2 2 PR 2R I HE AR P R K (1 5 00

2.1.2 PyCharm I THi5%%
R A A = 2400, Python A LUEF Windows [ 45 (4 & HEAT T 405 . (HRIX Rl 7 Roxd T

BB AR TRER UL, 25 5 IRVE M BRI JZ AN B, e g S FE 7 LRERS, gl
% H11) Python 44 1%#% PyCharm.

1. PyCharmfy N f1& %
(1) #E N PyCharm & M) Download T i, AT LLEFAFMIMA, Wil 2-7 FiR, HIHkK

BV RRCR G Bl A DX R o 3 L e 45 4 B RO X RRBI T

Download PyCharm
PC Windows macOS  Linux

Professional Community

For both Scientific and Web Python For pure Python development
Version: 2023.1.2 development. With HTML, JS, and SQL
Build: 231.9011.38 SupPOry

17 May 2023

cIED

Free 30-day trial available Free, built on open-source

System requirements

Installation instructions
2-7 i%4$% PyCharm [ %% iR

(2) WilFisf7JadE N3 T, s 2-8 fron. B Next 241, RABIA N .
(3) i 2-9 ffo, fE4%% PyCharm [F)id R p &5 B 2R (A7 3, XA w50

242 ¥ Python AH [FIA7 801 A
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2 % Hello PyTorch 2.0

RS 5] R

11

B PyCharm Community Edition Setup - m} X

Welcome to PyCharm Community
Edition Setup

Setup will guide you through the installation of PyCharm
Community Edition.

Tt is recommended that you close 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.

[het> ][ comel |

Bl 2-8 A

&

B pyCharm Community Edition Setup - m} X

Installation Opfions
Configure your PyCharm Community Edition installation

Create Desktop Shorteut

Update Context Menu

Create Associations

kl-py

Update PATH Variable (restart needed)

PyCharm Community Edition [#] Add "bin" folder to the PATH

[“]Add "Open Folder as Project”

| < Back ” Next > |‘ Cancel

29 EFFLIARKINEL

(4) ZXe5ep)a, i Finish #%4H,

W 2-10 Frse.

B, PyCharm Community Edition Setup - O X

Completing PyCharm Community
Edition Setup

‘Your computer must be restarted in order to complete the
installation of PyCharm Community Edition. Do you want to
reboot now?

(O Reboot now

(@ I want to manually reboot later

B 2-10 223558k
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2. {FAPyCharmtliZi2F

(1) Baif s b7 A4 i i B I A5 3 N PyCharm 785 S i1, 5625 —XESIE AL,
Kl 2-11 oo X BRI E A, — O UEHES 2 > Do not import settings.
(2) #uidi OK #%4lJ5 #E N PyChrarm BC & % 1, Wik 2-12 fis.

B Import PyCharm Settings X

Config or installation directory

© Do not import settings

2-11 4 PyCharm H €

Welcome to PyCharm

2-12 FmmicE

(3) fERCE & 1 EATPAXE PyCharm M AT TRCE, &8 SR XK. W HARE,
BHEAABRIARER ], W 2-13 Aix.

Welcome to PyCharm _ o X
PyCharm Color theme
- 202131
Intelli) Light v Sync with OS
Projects
Plugins IDEfont: |12 | w

Learn PyCharm )
Adjust colors for red-green vision deficiency  How it works

Requires restart. For protanopia and deuteranopia.

Keymap

Windows hd Configure...

Import Settings...

All settings...

2-13 %} PyCharm [ St IHIEATHC E



R D AR

Ei
)
R

% Hello PyTorch 2.0

13

4) BIE—NEH TR, WK 2-14 AR,

B New Project . O X
Location: = C\Users\xiayu\PycharmProjects\pythonProject3

¥ Python Interpreter: New Conda environment

© New environment using | ) Conda v

Location: C:\ProgramData\Anaconda3\envs\pythonProject3

Python version: 39 A
Conda executable: | C:\ProgramData\Anaconda3\Scriptsiconda.exe
[_] Make available to all projects
_) Previously configured interpreter
Interpreter:

<No interpreter> v

Create a main.py welcome script

Create a Python script that provides an entry point to coding in PyCharm.

Cancel

Bl 2-14  flg— M LR
XH, #UCHT#—A PyCharm {1 L2, W 2-15 AR,

ZJE AT R LRE4 PyCharm, i%#¢ New—Python File 25, #i##—4> helloworld.py S 1f,

WA 2-16 Fixs.

il.lpyter_book src

Project

f > book

[ 3=
Q= T

o —

‘© Scratches a
Replace in Files...

Inspect Code...
Refactor

v jupyter_book C:\Users\xiachua\Desktc 51

@ train.py

loss.backward()

Ctri+Shift+R s Stylesheet

s JavaScript File

5 #s: TypeScript File

62 optimizer.step()
v src

> dataset 63

> BoE 64 train_loss += loss.item|

v T ¢ -

inas cut Ctrl+x | & New Scratch File Ctrl+Alt+Shift+Insert
“Pliy copy Ctrl+c | ™ Directory 2 helloworld.py |
*Y Copy Path/Reference... Python Package 1 1 print("hello world")
7 0 e o T
> 1l Extemal"h‘;‘ Find Usages Alt+F7 |ims Jupyter Notebook
Find in Files... Ctri+Shift+F  #a HTML File

2-15

B —A> PyCharm [ TF2 324

2-16 helloworld.py

 NARRS FHE B o5 S B2 (1) Run—run. . 2 1T4R0Y, B3 B4 i helloworld.py U 44, FEFEHH
PREEE A IR R run. QIR ECIhE H hello world, HBA#8E AR, Python 5 PyCharm fECE W 5E M T o

2.1.3 Python X3/ 2>]: 3+E Softmax K

XfF Python B} it5K i,

I ] L REVE L A R e A N ERRIE R P15 5, W A,

Python i 2 13X MEE . ANIPREAE A Python SEEL— MR % 3] i 9 H WL I PR #—— Softmax B8
o BTREARBAEM, BAEAMCLGH, £ R oEH 2R mE .
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Softmax AJTHE AR :

Hr, v, 2KERNBES VAR — 8, RN Softmax H)45 RSt 2 Je s —A Vil e Ny
JREIFRBCH A AR, SRR LRTE T2 FI3H T 0 —1, 2 SRS Vol DURRE . (E 22 310
BRI, FEEm v R TR KSR, SEEFRIELSA (Likelihood) -

$27R: Softmax S VAR EMEE A FPAE LR KM & BT HP, Hlho FETF R b
BAME a F= b, H a>b, R EFRIAEG KA ALk HE, RLALEBEOERNIRY, a KIEK
WA, b E TR RARE S, 2R A K& E 248 F FMA] 89 b, Softmax 3k ¥ VARF & XA

P AL,

Softmax % MERIERE a A1 b, HT o WERERT b, HEHHEN o« &F SRS, Wb BT
RN, SIER RS HEDN, HR2WE MRIE .
Softmax HIARAZ LN -

import numpy
def softmax (inMatrix) :
m,n = numpy.shape (inMatrix)
outMatrix = numpy.mat (numpy.zeros ((m,n)))
soft sum = 0
for idx in range(0,n):
outMatrix[0,idx] = math.exp(inMatrix[0,idx])
soft sum += outMatrix[0,idx]
for idx in range (0,n):
outMatrix[0,idx] = outMatrix[0,idx] / soft sum
return outMatrix
a = numpy.array([[1l, 2, 1, 2, 1, 1, 311)

print (softmax(a))

WBVE S, AN ARGUR, MBS SO TR B OSSR S, 2 R F AR i
S B R R . 45 S S 1 74T EVRRiE

2.2 %3 PyTorch 2.0

Python I AT MR AT Ee 5, 2 TR E m 2 <A A PyTorch 2.0. T CPU hitA
f*) PyTorch AHXF GPU fRA ) PyTorch K, ia1TIHEENE, FRAHER %3¢ GPU U4 PyTorch.



% 2% Hello PyTorch 2.0

LT ] IS 15

2.2.1 Nvidia 10/20/30/40 &% & Fi%3FaY GPU A

HT 40 2E-RHHEE, HRTH% ESA Nvidia 100 204 30, 40 252 -RIHERIEN . 015
FR L H Y2 H PyTorch Sk, ANFRERFHEZCEANERMKBIIEE, EEAELEYE TAH
) PyTorch A LA CUDA Al cuDNN HIXS N 56 5, 1% 2-1 s

%= 2-1 10/20/30/40 &5 R FAIARAXTEE

PyTorch 2.0 LARG AR AS 11.1 7.65
PyTorch 2.0 [ F 3% 11.6+ 8.1+

AR XEHRAEEAETEFEHEE CUDA 5 cuDNN ¢4 R 3], %7 20/30/40 £ 2| B F E4%
J PyTorch B, *[vAZ3 11.6 vA ERRAVAZ cuDNN 8.1 vA LR ARy H 6, M 10 AR E
+ b, #ZBUEAIEA 2.0 SR AVAET 4G PyTorch,

NI LA CUDA 11.7+cuDNN 8.2.0 205 9%, 1758 % 1) PyTorch 2.0 GPU Nvidia 1817 FE ) 224630
3%, HAARFRAS CUDA+cuDNN 24 22 it R A — 3.

2.2.2 PyTorch 2.0 GPU Nvidia iI=1TERIZ%&——1LL CUDA 11.7+cuDNN 8.2.0 {5l

M CPU A PyTorch TFURIRFE 2 3] 2 ik 56 452 T DA AHAS AR & 1 77 0. X F GPU
FRAS ) PyTorch K, {EI&TI8 L )T CPU MUAFAEEW KIS, RA W RES L H MIRES )
1B Tl .

U R B A SCRE GPU, AT DLELEf#E ] PyTorch 2.0 CPU WA I 2 3 i 4

pip install numpy —--pre torch torchvision torchaudio --force-reinstall
--—extra-index-url https://download.pytorch.org/whl/nightly/cpu

W SRR B U SR GPU, W4k S R T A /N I EE Sk, PyTorch 2.0 GPU MA [ A B 3111
Lo XT GPU WAM) PyTorch K, BT A T NVIDA B-RIEAHAREZITHEETE, KHitk
BAh 75 2 NVIDA $2HE 138 1T PEAE NIZ 4T Za it

X T PyTorch 2.0 B3k Ul, U iHE B 7 44 i 2 e AT 22 4%, Wil 2-17 fos. X
H PyTorch B 5 $& it T Wifh 2z, 4r5l%f R CUDA 11.7 5 CUDA 11.8.

PyTorch Build Stable (2.0.1) Preview (Nightly)

Package Conda LibTorch Source

Language Python C++ [ Java

Compute Platform CUDA 11.7 CUDA 118 RESEm 42 CPU

conda install pytorch torchvision torchaudio pytorch-cuda=11.7 -c¢ pytorch

Run this Command: A
-c nvidia

2-17 PyTorch B MIZALHIELE F B
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ME T LA S|, X BIRAE T HMAE R CUDA FRAK 23, (FELENR, it
CUDA 11.7 i/ CUDA 11.8, 1t PyTorch 2.0 745 %A RERDON, Bt ol DURYE 2«
BELE {ATIERE. N1 LA CUDA 11.7 A5k 2 35 10 75 .

(1) CUDA 2235, £ E#2 CUDA 11.7 download, #NE 7 FHEIUMA, dEEEEKIERE
AR R (HEFATFH local AHiAb 2235 ) , & 2-18 fivs.

Select Target Platform

Click on the green buttons that describe your target platform. Only supported platforms will be shown, By ing and using the software, you agree to fully comply with the
terms and conditions of the CUDA EULA,

Architecture
— g - | —

Download Installer for Windows 11 x86_64

The base installer is available for download below.

Installation Instructions:

1. Double click cuda_11.7.0_516.01_windows.exe
2. Follow on-screen prompts

2-18 CUDA F# I

BB 3R — A exe SCMF, B BATREE, AEBHHPEAES, SRR
CIE

(2) TS B cuDNN . cuDNN f R80T M — M ™, ARG 33 T DUR
PRIE, Ja EREEHEN N EOUR, K 2-19 fom. VER: ANEERFERIRAIMRA, — & ZHR 0 1
AT, b, ARAE KR Windows 64 f7IERIE R SE, A4 FLHEE T 3 x86 A< [) cuDNN R AJ

Download cuDNN v8.2.0 (April 23rd, 2021), for CUDA 11.x

Library for Windows and Linux, Ubuntu(x86_64,
armsbsa, PPC architecture)

cuDNN Library for Linux (aarch64sbsa)

cuDNN Library for Linux (x86_64)

cuDNN Library for Linux (PPC)

cuDNN Library for Windows (x86)

cuDNN Runtime Library for Ubuntu20.04 x86_64 (Deb)
cuDNN Developer Library for Ubuntu20.04 x86_64 (Deb)

cuDNN Code Samples and User Guide for Ubuntu20.04 x86_64 (Deb)

2-19 cuDNN F#k

T cuDNN & —/NEAE S, M LS| CUDA 23 H 36, il 2-20 Fis.
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(O ERIEA T, X HFH I CUDA g7 2 25348 & Path FU{EY, 1 2-21 Fiar.
Wi cuDNN 21 H .exe X225 K], MXANMELE AL E LG T, 5F RERIE— R,

EiR Eqem 2] Fip

" bin 2021/8/6 16:27 pras =
~ compute-sanitizer 2021/8/6 16:26 i

extras 2021/8/6 16:26 preid
“ 1 include 2021/8/6 16:27 I
b 2021/8/6 16:26 prais
" libnvvp 2021/8/6 16:26 T
=1 nvml 2021/8/6 16:26 I
= nwm 2021/8/6 16:26 pra =
T src 2021/8/6 16:26 I
~ tools 2021/8/6 16:26 prais
| CUDA _Toolkit_Release_Notes 2020/9/16 13:05 TXT 3244 16 KB
D DOCS 2020/9/16 13:05 praca 1KB
4 eua 2020/9/16 13:05 TXT 3zit 61 KB
|4 NVIDIA_SLA_cuDNN_Support 2021/4/14 21:54 TXT 324 23 KB
["] README 2020/9/16 13:05 p’ 1K8

K& 2-20 /& cuDNN 34

xiaohua RIFAFZER (V)
TR -1
OneDrive C:\Users\xiaohua\OneDrive
Path C:\Program Files\NCBI\blast-2.2.28+\bin;C:\Users\xiaohua\AppDat...
TEMP C:\Users\xiaohua\AppData\Local\Temp
TMP C:\Users\xiaohua\AppData\Local\Temp
FER(N)... 4RIE(E)... E(D)
RGER(S)
TR @&
CLASSPATH .%JAVA_HOME%\lib;%JAVA_HOME%\lib\tools.jar
ComSpec C:\WINDOWS\system32\cmd.exe
CUDA _PATH C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v11.7
CUDA _PATH_V11_7 C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v11.7
DriverData C:\Windows\System32\Drivers\DriverData
JAVA_ HOME C:\Java\jdk1.6.0 45
NUMBER_OF PROCESSORS 16
NVCUDASAMPLES ROOT  C:\ProgramData\NVIDIA Corporation\CUDA Samples\v11.7
NVCUDASAMPLES11_1_RO... C:\ProgramData\NVIDIA Corporation\CUDA Samples\v11.7
NVTOOLSEXT_PATH C:\Program Files\NVIDIA Corporation\NvToolsExt\
[e}Y Windows_NT
FFRW)... fRAA()... HER(L)
WE i

K221 ERELE
(4) 223 PyTorch MAHSCHAE. MK 2-17 \TLAEE], XFR CUDA 11.7 HIZ 3 a4 F
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conda install pytorch torchvision torchaudio pytorch-cuda=11.7 -c pytorch -c

nvidia
SR FLE 22 %E Python, WA #4 2.1.1 717423 Miniconda, W PyTorch ZZ3éan4 4 :

pip3 install torch torchvision torchaudio --index-url
https://download.pytorch.org/whl/cull?

56/ PyTorch 2.0 GPU fRAM) %3G J5, H2 FRIGUE— T PyTorch /&5 %4 i)
2.2.3 PyTorch 2.0 /s3] : Hello PyTorch
FIFF CMD & PR IR A4 1 DU IE 2256 2 T e My, AR R -

import torch

result = torch.tensor(l) + torch.tensor (2.0)
result
sE BN 2-22 AR,

Jul 202 25) [MSC v. 1916 64 bit (AMD64)] on win32
" for more inf

B2-22 IRESE R
BCEATHF AT 2234 /¥ PyCharm IDE, ¥ —PIiH, ¥ —" hello_pytorch.py 3L, i A
TARAG:

import torch
result = torch.tensor(l) + torch.tensor (2.0)

print (result)

R GE R B HATIRE .

2.3 K. EF PyTorch 2.0 BB G XL

N T EEFE R B MER] PyTorch BEATIRIE 22 S SAREN SR, IXBAER T — SR, mi
FBNEATIR 22 S S5 P s BB AR AE, B W REAN AR X B RE P i g 5, (H2 HLEDR
TR IR T A 7 DL S KD BRI

2.3.1 MNIST #iBEMES
HelloWorld & AT ] — [ T4 B 5 NI TIFEREFLRT, S fEFFUa5: SRR, FTENM S — Ak 4
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fmh/2 HelloWorld. ZEFTH & 50, AT M E %> 7 PyCharm 4T B[ H R 28 — ML
HelloWorld.

TEIRFE S ) Gn e P AT AR 1) HelloWorld, H4ufExt G2 — B Hidli 4 MNIST, ZRX
Bl S h i AT 02, DR HE RS UK .

XoFFUF AT R, — i —ANBER . MNIST F3E @AhA?

b b, MNIST &2 —MNFE5HFEME R EIRE, ©F 60 000 MIIZFEARZER 10 000 ASHEFE
A, FTIFKHE, MNIST BE&Ew K 2-23 fix.

3 N B 0 F A IR D R SR ) MINIST $di 48, SCHHLE dataset SO, Wi 2-24 oK.

O H [ q AN 303

A B (&l [1] 7] [H [&] [&] 5] M

QA2 Y 3Rz 3

(P [C] (7] (@] 51 (6] (@] BH (@] [1]

(8 [ 7B 9 51 4] 33

O 2[H 20N Y

¥ 6] 1@ 4] [ &l 7] Q @l [1] v [ dataset

z| 1] [&] 3] 18] =2 [£] (2] [Z] [§] v B mnist

g 8] [&] 7] 5] & [¢] O] [« [&] € x_train.npy

E@lﬂ m@mm = y_train_label.npy
I 2-23 MNIST %z 4: & 2-24  dataset {3

ZJE ) NumPy TR FEREAT B e, ARG 4 T

import numpy as np
x_train = np.load("./dataset/mnist/x_train.npy")

y train label = np.load("./dataset/mnist/y train label.npy")

B ] AFE (1 FE A& MINIST |1 F #ithdil, E#% T % train-images-idx3-ubyte.gz. train-labels-
idx1-ubyte.gz 55, W 2-25 fi7w.

Four files are available on this site:

train-images—idx3—ubvte. gz: training set images (9912422 bytes)
train—labels—idxl-ubvte. gz: training set labels (28881 bytes)
t10k—images—idx3—ubvte. gz: test set images (1648877 bytes)
t10k-labels—idxl-ubvte. gz: test set labels (4542 bytes)

2-25 R

TE 4R, ARG E. NGEE. MR £ MRRPR2EE, XS R
G, MRS, T LUR IR S SO A R b A I EUEAR 50, e b s, HeAIl R B R
o WA WE 2-26 AR o

MNIST YIZREE A SO S5 R ] 2-27 P o
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TRAINING SET IMAGE FILE (train-images—idx3-ubvte):
[offset] [typel [value] [description]
0000 32 bit integer 0x00000803(2051) magic number
0004 32 bit integer 60000 number of images
0008 32 bit integer 28 number of rows
0012 32 bit integer 28 number of columns
0016 unsigned byte  ?? pixel
0017 unsigned byte  ?7? pixel
XXXX unsigned byte ?? pixel

Bl 2-26 IR SR IER > A Bl 2-27 ISR RIS 1

MZREHA 60 000 DSEH], WAt BX A AR 60 000 MRZENZE, & MRZEMEN—
A 0~9 B8 X BIEMHT SRR AN RYERE o EoE, B L AR A, AT
IO ZZ L rb J7 e HR, HIEREE A A [value]iX — 30, HAt[type] 2 SR IT H A& IR
TR, FEANRE IR AR B SO B A R .

Wt BT, 7EIRE L SEEdE 2 a7, EiEH 4 4> 32 {7 integer. Hi[offset] ] LB H, FIEM pixel
JEM 0016 FFEEI), —A int 32 £, FTUAFEBLEN pixel Z BTZEZEL 4 A 32 {7 integer, L2 magic
number. number of images. number of rows. number of columns.

AkBEXS B HEAT 2 M. 7E MINIST B 8erh, Firfr i1 &2 28 X 28 (1), Wl B I v #A
28X 28 Mg &, M 2-28 fitzn, 7E train-images-idx3-ubyte At AL E A 0 ok, B4 4 7
THIECY 0000 0803, FonfEH. XA — MMTARRE, HSLEwi2 MR EL ARAKIX
A AF R MNIST B Y train-images-idx3-ubyte 344

T RAE 0000 ea60, Y 60 000, fUEZE; MEE 8 FHIFUGH 41> 4 7%, {Hh 28, B
HiAE 0000 001c, FonRHEE T (AT 8 SR 12 7R 4> 4 7178, E8 28, a2 0000
001c, RonBHIEE T HIZIE: B 16 I A R ARG RE.

X B4 784 F i AR — IR .

K 2-28 B

2.3.2 MNIST HIEEFHEFFRZEN B

BT B2 40 1 IR [FI ) MNIST $a 4R3I 3, 7RI B 68 A A 5 e B Jhd o (9
MNIST #ff SR BEAT Bt BB, AR 0T
import numpy as np

x _train = np.load("./dataset/mnist/x train.npy")

y_train label = np.load("./dataset/mnist/y train label.npy")

X numpy BRECSARIE N A B AT AR Y, O B SR RO ZR R IRAE S . 4T
ENUIZREE RO LERE N T -
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(60000, 28, 28)
(60000,)

R EAR A BRSSP ER, A X EE W] LAE— b S8 e A I ZR B AR 1) Rl o

5] 3 MNIST $# 48, A4~ MNIST S $odie oot th el /s i), it — iR s F 587
(IR AN — A5 XS I (AR SE o R DA P AR SR Y By 1T AP R R DA x RS, B
A N ZREEATN R A S x Al y.

B 2-29 FHEE N — AL IR SRS T MINIST $da SEB g EIT IR0, EIX R, BA B4R It ik
FEFERIES, FERERIRNA 28x28, BT ANl AbBIXANERE, W AR E I, MRt s
ORIy HE A, R AR R K 7 AU I BI ]

a [CR]

|- T - - T -
c--EEEN- -
cc:ciEEEEEEEEE- -
o a o o

-

ccEAHNEEEER -

a
1

L
N

s = & &
e
e
-
= = e o
= = e o
R ]

e e e o oo e

e e s s e 93 58 &

]
u
L]
]
o
u
o
]
u

e e e e o
e = e c o
e = e c o
o

]
o
0
o
0

& F e 9 @ P e 8

a a
a0
o0
a a0
[

r
e s e & &

K 2-29 MNIST #dis sl i J HE =0

T B % B G, BT S H T, MNIST BEgEsebr Bt — MU &3 60 000 1iE &l
J1 1 60000%28%28 K /NI FE 7K £[60000,28,28] -

FEREATHER R B RG], F AR g AT SR . T S T ) 28%28 AN 1Al 5 I AT B R AE
BEATARE . SEBR b, X ECRRAE ) B B PR R R, SR TS B RN 2[28,28], BAMEER
O —A 0~1 37 s 2, R RE, &l 2-30 Fis .

10

15

0 5

K2-30 FHE R

10 15 20 25

2.3.3 EERERFNE

X T H] PyTorch BEATER 22 ST (T H R UL, — N B E A A AR B it BRRE T
IREZ S 2RI H R A7 SR 2 B AR ke it o AT, FATH H M — MR Z )5
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X HHEAT KA B
XA IR, — R TR R BB, B N RLZ AR AR, AR I R
EFAE ] Unet 1F T 3 ZAE A

FE A THEAGRE, EHNERTEFE, MATRKRFIGEN, ILiRE £ % 42198
F B, AR GRE A RE AR

PATAT DLEEARE —F Unet 9454 (3523 H AT R 75 24008 Unet i N\ RN H K /N2 [EAE 1 4 B2 R
"), i 2-31 Ao

64 64
128 64 64 2
input
im;:;e FUFS olo s output
til segmentation
” 214 d 2 map
Nl Off © x| x| ) x|
FEE S EEE
i !
51518
¥ 125 128
256 128
ol 8 3
HH K S sl S
¥ 256 256 512 256 t
g El?bl é[lz > =>conv 3x3, ReLU
A | = =» copy and cro|
¥ s si2 1024 512 py p
el — : E-E-E # max pool 2x2
e S¥  10: p3 B 4 up-conv 2x2
o I > >
@ 8 & = conv 1x1

& 2-31 Unet fI%5H14

AT LUE BB AR B ke, ol A7 A “BEE” (block) 5 “Hi%E”  (residual) #HT
FARAE ., XN ERNMNEBRPZET P Es, Harikd R FEmERE XM RI,
Unet AR BARAIG U T

import torch
import einops.layers.torch as elt
class Unet (torch.nn.Module) :
def  init (self):
super (Unet, self). init ()
ARSI, Xt S T B AR A S 4
self.first block down = torch.nn.Sequential (
torch.nn.Conv2d(in channels=1,out channels=32,kernel size=3,
padding=1),torch.nn.GELU (),
torch.nn.MaxPool2d (kernel size=2,stride=2)
)
self.second block down = torch.nn.Sequential (
torch.nn.Conv2d(in channels=32, out channels=64,kernel size=3,
padding=1), torch.nn.GELU (),
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torch.nn.MaxPool2d (kernel size=2,stride=2)
)
self.latent space block = torch.nn.Sequential (
torch.nn.Conv2d(in channels=64,out channels=128, kernel size=3,
padding=1),torch.nn.GELU (),
)
self.second block up = torch.nn.Sequential (
torch.nn.Upsample (scale factor=2),
torch.nn.Conv2d(in channels=128, out channels=64, kernel size=3,
padding=1), torch.nn.GELU(),
)
self.first block up = torch.nn.Sequential (
torch.nn.Upsample(scale_factor=2),
torch.nn.Conv2d(in channels=64, out channels=32, kernel size=3,
padding=1), torch.nn.GELU(),
)
self.convUP end = torch.nn.Sequential (
torch.nn.Conv2d(in channels=32,out channels=1, kernel size=3,
padding=1), torch.nn.Tanh ()
)
def forward(self,img tensor):
image = img tensor
image = self.first block down (image)
#print (image.shape)
#torch.Size ([5, 32, 14, 14])
image = self.second block down (image)
#print (image.shape)
#torch.Size ([5, 16, 7, 71)
image = self.latent space block(image)
#print (image.shape)
#torch.Size([5, 8, 7, 71])
image = self.second block up (image)
#print (image.shape)
#torch.Size ([5, 16, 14, 141])
image = self.first block up (image)
#print (image.shape)
#torch.Size ([5, 32, 28, 28])
image = self.convUP end (image)
#print (image.shape)
#torch.Size ([5, 32, 28, 28])

return image

if name == ' main ': #main & Python FATHRICHMNAMETS, EEREILERM T L
image = torch.randn(size=(5,1,28,28))

Unet () (image)
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FEIX HLIE L > main ZERFRIR TR AAE BSOS SCPFREAT DI, 3 B iR A ik

2.3.4 EERMBERERHSMICEY

B TURFZ S SIBERAN, SER— MR 2 ST I H B8 B BRI B S A I BB AR B 2. X
R R T2 R U AT RETF AR ARIAE, FEX i R ERIEA XA WA R,

(1) X2k s E )ik +8, 761X LB MSELoss /N1 K %, MSELoss 45 2k B 2 1) H S0 44 7
R TR 3 (Mean Squared Error Loss)
MSELoss HI{F FH 2 v 5 T B AN 52 SEAR 2 18] () W h 5 o IO A S S (BB i, P 13
J7 ZERRN 3877 ZE RECE T MR RN E AR R T 5. £E PyTorch H {8 MSELoss FIAAAG I T

loss = torch.nn.MSELoss (reduction="sum") (pred, y batch)

QO BseE, X BRATKA Adam fitb #s, XFT Adam AL R EL B L H H AT,
FEIX LR SEAE A Adam OUACES HIACRS, G0 7F s

optimizer = torch.optim.Adam(model.parameters (), lr=2e-5)

2.3.5 ETREZFIAEEI)IZ

TENA T IRBES SR £ . A8 DL R B 2k R BRI R 85, R {E A PyTorch Il —4
AT DASZEN e Ve RE RO VR B 2 S BEFAR Y, S BRI N (RIS S ERLERIFEMEE 2 3=, E
FLHELE PyCharm HHTH BT HEBL S -

import os

os.environ['CUDA VISIBLE DEVICES'] = '0' #¥§7E GPU #mll

import torch

import numpy as np

import unet

import matplotlib.pyplot as plt

from tgdm import tgdm

batch size = 320 L TR SR IR AL

epochs = 1024 #5058 SR I B

#device = "cpu" #PyTorch MetE, FEIREITFENAEM, WHRKA cru, B cru T IHE
device = "cuda" #{EXBINNMEM cru, WIREFIETHINE, ALK cpu

model = unet.Unet () #5 N Unet fE7#!
model = model.to (device) #RG T ERBAUE N GPU B F 1T
model = torch.compile (model) #PyTorch 2.0 4N, I SEdE

optimizer = torch.optim.Adam(model.parameters (), lr=2e-5) #REAL R L
LE N CT

X _train = np.load("../dataset/mnist/x train.npy")

y_train label = np.load("../dataset/mnist/y train label.npy")

[]

for 1 in range(len(y train label)):

if y train label[i] < 2: #N T IE SR, X B IS BIREE N T 2 T

x _train batch



24

WESFIREHBE 25

b

WAt 0 A1, B R LLE AT IZRA £

X _train batch.append(x train[i])

X _train = np.reshape(x train batch, [-1, 1, 28, 28]) #E IE R N 4EFT
([30596, 28, 28])
x_train /= 512.

train length = len(x_train) * 20 #HE N EHE (0 R R AR E
for epoch in range (epochs) :
train num = train length // batch size #H A 2
train loss = 0 #H TR R St
for i in tgdm(range (train num)) : #FUEEIA NS5
x_imgs batch = [] # OB F I B At L B

X step batch
y batch = []
# XFEEANLIR P R B AT AL 2
for b in range(batch size):
img = x_train[np.random.randint (x train.shape[0] 1 #IREUCA IR A A
X = img
y = img
x imgs batch.append (x)

(]

y batch.append (y)
HEHER AR 4y PyTorch XM tensor HAIEHIHAEN GpU H
x _imgs batch = torch.tensor(x _imgs batch) .float () .to(device)

y batch = torch.tensor(y batch).float().to (device)

pred = model (x_imgs batch) # R EAT IE 1A T 5
loss = torch.nn.MSELoss (reduction=True) (pred, y batch)/batch size #
ﬁﬂﬁ)ﬁ%@%ﬁﬁﬁﬁﬁ
X B O T AU A, — AR AT AT
optlmlzer.zero_grad() 0 2E FFAT AT B
loss.backward () #45 SAB ) S TR 4
optimizer.step () 0 SHAT B
train loss += loss.item() LS MR B R AE
#IHEIFAT NS R

train loss /= train num

print ("train loss:", train loss)

# T T A AT T ER

image = x train[np.random.randint (x train.shape[0])] #BENLBRE — R B 5
image = np.reshape (image, [1,1,28,28]) HEIEBHE4EE

image = torch.tensor (image).float ().to(device) #PbiEMIEIEAL NEE{E P ERTHE
image = model (image) 45 PSRN B s i AT

image = torch.reshape (image, shape=[28,28]) #A5 TE AR A gy HA 45 SR

image = image. detach() .cpu () .numpy () #HIHHEHLERSFAN cPu RHT B HBE B
#@Tjiﬁ—ﬁ%ﬁ?ﬁ

plt.imshow (1mage)

plt.savefig (f"./img/img_ {epoch}.jpg")
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AR P R T se B R i R . o et NBE, ARG AR B AT B, TR
B E SR 2 LRI, 2 J5 PyTorch HEZRHRHE [ 4% 15 22 5 AR AR A B BGIAT 1B IE .
YIRS Rk 2-32 fizr.

OO0 a0 a e

img 0 img_1 img_2 img_3 img_4 img_5 img_6
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/ S 2
img_7 img_8 img_9 img_10 img_11 img_12 img_13
| 7 ] <
4 =
img_14 img_15 img_16 img_17 img_18 img_19 img_20
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. n ‘)) !
img_21 img_22 img_23 img 24 img_25 img_26 img_27
/) Q = ‘ , ;
. - ) \{ -
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img_35 img_36 img_37 img_38 img_39 img_40 img_41

232 YIZR4S

M 2-32 AT ARG REE 2], B 20l AR EEAT, B IR RENS 2 2 A A it R AT
BB, SRR R 45 RS TR IR I X N I R 4R AT 2 1R, SE T LA AT
SERUXHR AN B AT

24 XX E N ZF

A Fi 2 PyTorch SEERE T BUH I FF IR AT 40 T PyTorch 5 Wi R 5 AH G B (1) 22 3%,
FHEIR T B — /N T PyTorch IFE PR B THIERE,  BAK 4> PyTorch 24 A .

SR ERTRAE B, VRS IR BT B — AN AR e RO, AT R 2 R
SRR REAN A FEAT IR N D



