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PyTorch R 5152 HEAE N —NRE 2 TR, i TensorFlow it /& PyTorch # &
B W AR T R S A TAETh B ). JUIL TensorFlow 78 Tl b i 47 % 2
P M A, 3K 2 TG i ke OF A, G AR B R S B TensorFlow (19 API, [R] B 41 6 /i 28
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EET N

3.2 IFiEiEgE

TR 2 S HEHRIGIZ 1T B2 43 CPU M GPUCR ) A , %% GPU Y TensorFlow iz
TTIREE 75 B e LT 454

(1) R 3HF CUDA 424, CUDA J2—Fi i NVIDIA #E 93 HI9F 47158 280 . 1% 48
M GPU RS fif e 52 Z= B T340 1) L

AHLEA X HF CUDA 2244, ] IR i & B s b & F W R ALS K 3-3 s,

CUDA S5 BR8-S F 8 7, 0] DATE M 3G https://developer. nvidia. com/zh-cn/cuda-
gpus # compute T A[ F , W& 3-4 PR,
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I AMD Radeon(TM) Graphics
NVIDIA GeForce RTX 3060 Laj

Kl 3-3 W& EHS

T GPU IS | TensorFlow X | 4 Official Drivers | NVIDIA X | ¥ CUDA 121 Release Notes X @ CUDAGPU|NVIDIA Develop: X 4 v - o0 X

€« >cCcia idia.com/zh-cn/cuck Qe % X»0OQ&:

32§5 CUDA Y GeForce ] TITAN =&

GeForce F TITAN F=5 GeForce Eio AR~ R
GPU s GPU wsEn
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Kl 3-4 CUDA i FR%S
— B B RS R R B 1GB DL SR GPU B 2% 3 HE
BIIEAT
(2) CUDA Toolkit Iy fiA 5 AL SEAL Y & 3K 8 B 4 £F — B, CUDA Toolkit f&
CUDA JF & THAL, FEAE T CUDA-C.CUDA-C++ [ 4t 26 85 B4 PR R B R )7 55
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BAE R R IR B AT 4 BR A 2 % CUDA Driver, {H 2 A& 423 CUDA Toolkit,
H 42 % CUDA Driver Bt o] LLIEH I3/ T . CUDA Toolkit % &8 T I & TAEHR T

Ki#r CUDA Toolkit 5 I 3R 3l iiUA J& 45 DL L , 1 DL 7E W ok https://docs. nvidia. com/

cuda/cuda-toolkit-release-notes/index. html # title-resolved-issues i

T GPU S | TensorFlow X | 4@ Official Drivers | NVIDIA x

c

@ d

S CUDA 12.1 Release Notes

X | @ CUDAGRU | NVIDIA Develope X | +

CUDA Toolkit

Table 2. CUDA Toolkit and Minimum Required Driver Version for CUDA Minor Veersion Compatibility

Minimum Required Drive:

‘or CUDA Minor Version Compatibility*

T UNE 3-5 Fim .

Linux x86_64 Driver Version Windows x86_64 Driver Version
CUDA 12.1x >=52560.13 >=527.41
© 1.CUDA 12.1 Release Notes
L DAk e CUDA 120 >=52560.13 >=527.41
Component Versions
CUDA 11.8x >=45080.02 >=45239
& 1.2. New Features
15 Deprered e Diopoed CUDA 11.7.x >=45080.02 >=452.39
Features
CUDA 11.6:x >=45080.02 >2452.39 I
& 1.4. Known Issues
CUDA 11.5:x >=45080.02 >=452.39
CUDA 11.4.x >=45080.02 >=45239
CUDA 11.3x >=45080.02 >=452.39
CUDA 11.2x >=450.80.02 >=452.39
CUDA 111 >=45080.02 >=45239
(11.1.0)
CUDA 110 >=45036.06** >=451.22*
(11.03)

A 3-5

compatihilibii

ccihla aceacs tha CLINA 11y familiaf tonlkite.

B FRIKEI5 CUDA Toolkit iz 74 %} i

* Using a Minimum Required Version that is different from Toolkit Driver Version could be allowed in compatibility mode - please read the CUDA
Compatibility Guide for details.

was released with an earlier driver version, but by upgrading to Tesla Recommended Drivers 450.80.02 (Linux) / 452.39 (Windows),

EHHBENLPFTIF NVIDIA #5856 m vl LL& B Y/ R IR sh A, i 3-6 frR .,

B NvIDIA ESiETR
) RIEE) SEK) 3DREQR) ®EH)

o X

OmE - |0

FE—IRES

=30 BB
B S AEEGER
&2 3 8E
EBRREH
F & surround. PhysX

RGES

NVIDIA
FEIER
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GNER IR B RRAS AR , AT LLAE B https: //www. nvidia. com/download/index. aspx?lang =
en-us H R 2R B IF #EAT TG, WKL 3-7 FR

¥ GPU S | TensorFlow X 4@ Official Drivers | NVIDIA X | 48 CUDA121ReleaseNotes X | @ CUDAGPU|NVIDIA Develope X | +

> C @ nvidiacom/download/indexaspxZiang=en-us

GANVIDIA. Products  Solutions  incustries  For You Shop Drivers Support Q@ o
Download Drivers

NVIDIA

GeForce RTX" 40 Series Laptops NVIDIA Driver Downloads
BEYOND FAST | e s
Product Type: [GeForce

Loarn More,

Product Series: [ GeForce RTX 30 Series (Notebooks) v
Product: [GeForce RTX 3060 Laptop GPU v

GeForce RTX 3080 Ti Laptop GPU
Operating System: | Gerorce RTX 3080 Laptop GPU |
i GeForce RTX 3070Ti Laptop GPU
Download Type:| Crce i So70 Lagiap 6y |?
[P GoForce RTX 3060 Laptoo GPU
‘GeForce RTX 3050 Ti Laptop GFU
GeForce RTX 3050 Laptop GPU

NVIDIA Virtual GPU Customers

witha current license (GRID vPC, GRID vApps or Quadro vDWS), can log

into the enterprise software download portal 8ok ok i i information about how to access
your purchased licenses visit the vGF

Beta, Older drivers and more. Need help?
Driver

Bl 3-7  peHE R KRS FRIKE
(3) CUDA Toolkit,cuDNN R4 W FF—3, cuDNN J& NVIDIA £ X % B #h 28 W 4%
oY LR R AR TR T RO 3T GPU R 2, HR# CUDA Toolkit T HAL,

HAK# o2 2 0] LI & Wk https://developer. nvidia. com/rdp/cudnn-archive, 41 & 3-8
s o

P GPURI | Tensorflow X & cuDNN Archive |NVIDIA X

@ Official Drivers [NVIDIA X | %3 CUDA 121 Release Notes X | @ CUDAGPU|NVIDIADev X | B & Windows st X | + v - 0 X
C & developer.nvidiacom/rdp/cudnn-archive

Qe % X »02
Download cuDNN v8.2.2 (July 6th, 2021, for CUDA 10.2
Download cuDNN v8.2.1 (June 7th, 2021), for CUDA 11.x
Dawnload cuDNN v8.2.1 (June 7th, 2021), for CUDA 10.2

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

Download cuDNN v8.2.0 (April 23rd, 2021), for CUDA 102

Dow

d cuDNN v8.1.1 (Feburary 26th, 2021), for CUDA 11.0,11.1 and 11.2

Downioad cuDNN v8.1.1 (Feburary 26th, 2021), for CUDA 10.2
Download cuDNN v8.1.0 (January 26th, 2021), for CUDA 11.0,11.1 and 11.2
Download CUDNN v8.1.0 (January 26th, 2021), for CUDA 102
Download cuDNN v8.0.5 (November 9th, 2020), for CUDA 11.1
Download CuDNN v8.0.5 (November 9th, 2020), for CUDA 11.0
Download cuDNN v8.0.5 (November Sth, 2020), for CUDA 10.2
Download cuDNN v8.0.5 (November 9th, 2020), for CUDA 10.1
Download UDNN vB.0.4 (September 28th, 2020), for CUDA 11.1
Download cuDNN v8.0.4 (September 26th, 2020), for CUDA 11.0
Download cuDNN v8.0.4 (September 26th, 2020), for CUDA 102
Download cuDNN v8.0.4 (September 26th, 2020), for CUDA 10.1

Download cuDNN v8.0.3 (August 26th, 2020), for CUDA 11.0

& 3-8 cuDNN 5 CUDA Toolkit 4%t R )¢ &

(4) Python. TensorFlow, CUDA Toolkit, cuDNN ki 7 I f% 35 — 3., R & cuDNN,
CUDA WA 50T LLAE W ul o % % Python. TensorFlow B R AS 3E 47 22 25, B 3w i X 4k R
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https://tensorflow. google. cn/install/source_windows?hl=zh-cn # gpu, M 3-9 FI/R,

T GPU | TensorFlow X | € de X | @ INVIDIA X | @ CUDA 121 Release Notes X | @ CUDAGPU|NVIDIADev X % Windows REFHES X  + MOS0l
€ 5> X a ) n#gpu e x X»0Oa:
F TensorFlow RE  ¥Iv  APv  WE~v X~ P TensorFlow AURE ~ Q xR @ +x-Wikv  Gitub
= OEsE GhL F0RE
Windows 28
%3 Python fiA& wEE tTe CcuDNN CUDA L% Python ¥ TensorFlow ¢
22 TensorFlow i
| tensorflow_gpu-2.6.0 3639 MSVC 2019 Bazel37.2 81 12| %4 Bzl
L) T MSYS2
o tensorflow_gpu-2.5.0 3639 MSVC 2019 Bazel 372 81 12 S8 Visual Co+ AT 2019
D tensorflow_gpu-2.4.0 3638 MSVC 2019 Bazel3.1.0 80 10 R GPURITA (Tiz)
’ ; EH TensorFlow BHEE
1 gpu-23.0 3538 MSVC 2019 Bazel31.0 76 101
. ensorflow_gpu- azel i
JA— tensorflow_gpu-22.0 3538 MSVC 2019 Bazel 200 76 101 RELR
p 19 pip I8
e tensorflow_gpu-2.1.0 3537 MSVC 2019 Bazel 027.10.29.1 76 101
TensorFlow 2.x
W tensorflow_gpu-2.0.0 3537 MSVC 2017 Bazel 026.1 74 10 TensorFlow 1.x
RREE
Linux/mac0s tensorflow_gpu-1.15.0 3537 MSVC 2017 Bazel 0.26.1 74 10
Windows )
$IG Buld & tensorflow_gpu-1.14.0 3537 MSVC 2017 Bazel 02410252 74 10 @53 MSYS shel 1032
STMHBORER
tensorflow_gpu-1.13.0 3537 MSVC 2015 update 3 Bazel 0.19.00.21.0 74 10
nEmE cPy
sl tensorflow_gpu-1.12.0 3536 MSVC 2015 update 3 Bazel 0150 72 %0 U
Java (8H8) © tensorflow_gpu-1.11.0 3536 MSVC 2015 update 3 Bazel 0150 7 9
¢
B tensorflow_gpu-1.10.0 3536 MSVC 2015 update 3 Cmake v3.63 7 9
tensorflow_gpu-1.9.0 3536 MSVC 2015 update 3 Cmake v3.63 7 9
tensorflow_gpu-1.8.0 3536 MSVC 2015 update 3 Cmake v3.63 7 9
< tensorflow_gpu-1.7.0 3536 MSVC 2015 update 3 Cmake v3.63 7 9
tanendlow anu.l 6.0, 2526 MSVC 2015 undata 2. Lmakar2 62 2 o A

K 3-9 3EFE TensorFlow.Python RRAS i 47 4 %%

FHELE TensorFlow 1) GPU A b3 & 4%, #E 4 {fi FH conda 7y 4 i 17 % %€ . conda 23 4R
AN GPU RS RIK S hR A A 3h %% CUDA Toolkit Al cuDNN, #f A “1. 10 4 45 3745
i conda 7 42 BIH [ StudyDNN M58 )5 , #4714 conda install tensorflow-gpu=2. 6. 0, 4l
P 3-10 fioR .

_tflow_select

cudatoolkit
cudnn

B 9327 - conda install pyt X

pkgs/main/win-64

abseil-cpp pkgs/main/win-64:
absl-py pkgs/main/win-64:
aiohttp pkgs/main/win-64:
aiosignal pkgs/main/noarch:
appdirs pkgs/main/noarch:
astor pkgs/main/win-64:
astunparse pkgs/main/noarch:
async-timeout pkgs/main/win-64:
attrs pkgs/main/win-64:
blas pkgs/main/win-64:
blinker pkgs/main/win-64:
brotlipy pkgs/main/win-64:
cachetools pkgs/main/noarch:
cffi pkgs/main/win-64:
charset-normalizer pkgs/main/noarch:
click pkgs/main/win-64:
colorama pkgs/main/win-64:
cryptograph kgs/main/win-64

pkgs/main/win-64

pkgs/main/win-64:

B ®<12RE - conda install ter X + v

::_tflow_select-2.1.0-gpu
:abseil-cpp-20210324.2-hd77b12b_0
:absl-py-1.3.0-py38haa95532_0
:aiohttp-3.8.3-py38h2bbff1b_0
:aiosignal-1.2.0-pyhd3eblb0_0
:appdirs-1.4.4-pyhd3eblb0_0
:astor-0.8.1-py38haa95532_0
:astunparse-1.6.3-py_0
:async—-timeout-4.0.2-py38haa95532_0
:attrs-22.1.0-py38haa95532_0
:blas-1.0-mkl
:blinker-1.4-py38haa95532_6
:brotlipy-0.7.0-py38h2bbff1b_1003
:cachetools-4.2.2-pyhd3eb1lb0_0
:cffi-1.15.1-py38h2bbff1b_3
:charset-normalizer-2.0.4-pyhd3eblb0_0
:click-8.0.4-py38haa95532_0
:colorama-0.4.6-py38haa95532_0
ryptography-39.0.1-py38h21bl64f_|
udatoolkit-11.3.1-h59b6b97_2 |
:cudnn-8.2.1-cudall.3_0

flatbuffers
flit-core
frozenlist
gast
giflib

pkgs/main/win-60:
pkgs/main/win-64:
pkgs/main/win-64:
pkgs/main/noarch:
pkgs/main/win-64:

:flatbuffers—2.0.0-h6c2663c_0
:flit-core-3.8.0-py38haa95532_0
:frozenlist-1.3.3-py38h2bbff1lb_0
:gast-0.4.0-pyhd3eblb0_0
:giflib-5.2.1-h8cc25b3_3

& 3-10

4% TensorFlow 2. 6. 0




174 | REZI—NTEBPRENTE T8 L8

IRIG TE A AT AT AR AT I 02 75 S 223 T GPU A, &l 3-11 Fii

B #4137 - conda installpyt X @l @SIRE - conda install ter X S = o X

done

(StudyDNN) C:\Users\qwen>python

Python 3.8.16 (default, Mar 2 2023, ©03:18:16) [MSC v.1916 64 bit (AMD64)] :: Anaconda, In

c. on win32
e

or "license" for more information.

:From <stdin>:1: is_gpu_available (from tensorflow.python.framework.test
_util) is deprecated and will be removed in a future version.

Instructions for updating:

Use ‘tf.config.list_physical_devices('GPU')" instead.

2023-04-09 17:18:47.801563: I tensorflow/core/platform/cpu_feature_guard.cc:142] This Tens
orFlow binary is optimized with oneAPI Deep Neural Network Library (oneDNN) to use the fol
lowing CPU instructions in performance-critical operations: AVX AVX2

To enable them in other operations, rebuild TensorFlow with the appropriate compiler flags

2023-04-09 17:18:50.255770: I tensorflow/core/common_runtime/gpu/gpu_device.cc:1510] Creat
ed device /device:GPU:0 with 3495 MB memory: -> device: 0, name: NVIDIA GeForce RTX 3060
LaEtor GPU, pci bus id: 0000:01:00.0, compute capability: 8.6

>>>

Kl 3-11 TensorFlow 2. 6.0 % %% i3 GPU fiAs

EE R ENES 1 K EEREF I ER GPU ﬁ&7$,ﬂ']ﬁft%£&i“f:‘5ﬁ€b;
conda 4~ 7T VA Xt A8 A AR M L 34T TR F LK.M pip KA T HRITMA ,pip EENGER
TAE LR 3 8 19 4, B b3 F 4 A conda oA d 3,

Bl —A PyTorch By GPU iz {7358, 7 Z e BRI — 1 conda $R5E, PhAT A9 Ay & AN 3-12
Fr 7w

|| B $5i¥7%-conda installten X W @®OIUNA-conda create-n X+ v = ©

X
T

C:\Users\qwen*conda create -n py38_pytorch_12 python:3.d
Collecting package metadata (current_repodata.json): done
Solving environment: done

==> WARNING: A newer version of conda exists. <==
current version: 23.1.0
latest version: 23.3.1

Please update conda by running

$ conda update -n base -c defaults conda

Or to minimize the number of packages updated during conda update use

conda install conda=23.3.1

## Package Plan ##
environment location: C:\Users\qwen\anaconda32\envs\py38_pytorch_12

added / updated specs:
- python=3.8

K 3-12 conda Al @ ¥ 5
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SRJG E A MG https://pytorch. org/get-started/previous-versions/ ¥ & — > WA X} [
f i A R IAT L AN IET 3-13 IR

B 912745 - conda instaliten X Bl @I - conda create-n X + v = o X

# $ conda deactivate

C:\Users\qwen3conda activate py38_pytorch_12 |

(py38_pytorch_12) C:\Users\qwen>conda install pytorch==1.12.1 torchvision==0.13.1 torchaud
|i0==0.12.1 cudatoolkit=11.3 -c pytorch

Collecting package metadata (current_repodata.json): done

Solving environment: failed with initial frozen solve. Retrying with flexible solve.
Collecting package metadata (repodata.json): done

Solving environment: done

==> WARNING: A newer version of conda exists. <==

current version: 23.1.0
latest version: 23.3.1
Please update conda by running
$ conda update -n base -c defaults conda

Or to minimize the number of packages updated during conda update use

conda install conda=23.3.1

& 3-13  conda €& PyTorch i) GPU ¥ 5%

FIAE conda 2 H 3% % CUDA Toolkit, & 3-14 iz,

B 912795 - conda instaliten X Wl ®%$IRRET - conda create-n X + | ¥ - =] X 1
The following NEW packages will be INSTALLED:
blas pkgs/main/win-64: :blas-1.0-mkl
brotlipy pkgs/main/win-6U: :brotlipy-0.7.0-py38h2bbff1b_1003
cffi pkgs/main/win-64: :cffi-1.15.1-py38h2bbff1lb_3
charset-normalizer pkgs/main/noarch::charset-normalizer-2.0.U4-pyhd3eblb0_0
in/win-64:; = = SUf_0
cudatoolkit pkgs/main/win-64: : cudatoolkit-11.3.1-h59b6b97_2
+Llit-core pkgs/main/win-64d::+lit-core-3.8.0-py38haa
freetype pkgs/main/win-64: : freetype-2.12.1-ha860e81_0
giflib pkgs/main/win-64: :giflib-5.2.1-h8cc25b3_3
idna pkgs/main/win-64: :idna-3.4-py38haa95532_60
intel-openmp pkgs/main/win-64: :intel-openmp-2021.4.0-haa95532_3556
jpeg pkgs/main/win-6U: : jpeg-9e-h2bbff1lb_1
lerc pkgs/main/win-6U: : lerc-3.0-hd77b12b_6
libdeflate pkgs/main/win-64: :libdeflate-1.17-h2bbff1b_0
libpng pkgs/main/win-64: :libpng-1.6.39-h8cc25b3_0
libtiff pkgs/main/win-64: : libtiff-U4.5.0-h6c2663c_2
libuv pkgs/main/win-64: :libuv-1.44.2-h2bbff1b_0
libwebp pkgs/main/win-64: : libwebp-1.2.4-hbc33d0d_1
libwebp-base pkgs/main/win-64: : libwebp-base-1.2.4-h2bbff1lb_1
1zd-c pkgs/main/win-64: :1zl-c-1.9.4-h2bbff1b_0
mkl pkgs/main/win-64: :mk1-2021.4.0-haa95532_640
mkl-service pkgs/main/win-64: :mkl-service-2.4.0-py38h2bbff1b_0
mkl_fft pkgs/main/win-6U4: :mkl_fft-1.3.1-py38h277e83a_0
mkl_random pkgs/main/win-64: :mkl_random—-1.2.2-py38hfllaldad_6
numpy pkgs/main/win-64: :numpy-1.23.5-py38h3b20f71_6

& 3-14

conda % %% PyTorch ) CUDA J%
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53— MWREREN 23 B Kk

SRIGTEM A AT R AT LA ARSI 2 75 o b %2 2% 7 GPU RAS, & 3-15 s,

= O X

B %3277 - conda installten X Wl @<912RFF - conda create-n X + | v

done

(py38_pytorch_12) C:\Users\qwen>python

Python 3.8.16 (default, Mar 2 2023, ©3:18:16) [MSC v.1916 64 bit (AMD64)] :: Anaconda, In
c. on win32

Type "help", "copyright", "credits" or "license" for more information. @
‘>>> import torch

>>> torch.cuda.is_available()
True
>>> |

3-15 PyTorch %% Mt GPU ##3%

EE . 224 TensorFlow #= PyTorch # X AR —FFEF , EM A&+ E; £EXF LW HENRE
F IS K H 512. 36, % B cudatoolkit=11. 3, Ff vA R e & % PyTorch 11. 2, % mAk4% A
T g 3t AL AR BR K,

BE

CUDA FREERY L3l ] conda fif & — M4 . LR AT 2l A Cp R85
AHPERL

%3]

7F BB NP & TensorFlow #l PyTorch iz 7355,

3.3 TensorFlow E &l if £f

3.3.1 TensorFlow #5237

TensorFlow % B IGEZE ABIUA W Fp , —Fp & ResourceVariable 728 52881, H ¥ 46 )5 1Y
] L3l 3 assign O BRBGEATIE M 5 —Fh & EagerTensor J88Y, HE I L A&k,
A .
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#55 3 & /TensorFlowAPI /LA pREL . py
import tensorflow as tf
import numpy as np

#(1) Bl by bt

scalar = tf.constant ([[1. 0 2]], dtype=tf.float32)
print ('ZEAI: ', type(scalar))

#(2) variable J&— DRI A BAH  BE& RIS At 28 4k
theta = tf.Variable([[1.], [2.]], dtype=tf.float32)
print ('ZEH: ', type(theta))

#(3) ¥ NumPy ¥ #: 5y Tensor

rnd numpy = np.random.randn (4, 3)

np tensor = tf.convert to tensor(rnd numpy)
print( "ﬂfr/ﬁ\:ﬂfjﬁ’g‘i%}f%ﬁi Tensor:", type(np tensor))
#C4) 5K e A ot i HC A AR A 2K Y

type conversion = tf.cast(theta, dtype=tf.int8)
print ("Tensor FPE R e, v, type conversion)

#EagerTensor X[ R AHEME M, 1l ResourceVariable X4 Al LIE M
theta = theta.assign([[S.], [6.7D

print ('ResourceVariable XT%@IE&)’E‘E/J{E ', theta)

#LL 15 A &4 . N EagerTensor Xt 4 AN BEE L
#EagerTensor' object has no attribute 'assign'
scalar.assign([[ll., 22]])

BATERAE

KA. <class 'Tensorflow.python.framework.ops.EagerTensor'>
2KH: <class 'Tensorflow.python.ops. resource variable ops.ResourceVariable'>

K Hofb Xt 52 55 i Tensor: <class 'Tensorflow.python.framework.ops.EagerTensor'>
Tensor HMH R . t£.Tensor (
[[1]
[2]], shape=(2, 1), dtype=int8)
ResourceVariable X2 M J5 AU {H: <tf.Variable 'UnreadVariable' shape= (2, 1)
dtype=float32, NumPy=
array([[5.],
[6.]], dtype=float32)>
Traceback (most recent call last):
File "D:/DLAI/TensorFlowAPI/FEARRE .py", line 24, in <module>
scalar.assign([[11., 22]])
File "C:\Users\qwen\anaconda32\envs\py387tf26\lib\site—packages\TensorFlow\
python\framework\ops.py", line 401, in getattr _
self. getattribute (name)
AttributeError: 'Tensorflow.python. framework. ops.EagerTensor' object has no
attribute 'assign'

tf. Variable O Bl @ i 42 ResourceVariable 288, tf. constant() .tf. convert_to_tensor() .
tf. cast OB i) /& EagerTensor 281, scalar. assign([[11. ,22] ) Z KX EagerTensor 25 %I
AT, BT L2 4] ' Tensorflow . python. framework. ops. EagerTensor ' object has no attribute
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'assign "fE iR,
tf. constantO F TR AR & ; tf. convert to_tensorO) F T4 EAth 45 25 5 (45 40 NDArray)
4 fy EagerTensor; tf. castO H T BRINAY float32 7 B s 2 A 55460y int 287,

3.3.2 TensorFlow {§ X%

1217 TensorFlow ] LI4E % CPU s(# GPU 217 (GPU FF % K 2 #p) , ik f =2 H
tf. device(device_name) K48 & , — M o Uh W 2R %2 4 (1) & TensorFlow- gpu,U"J/\%JwJ\FH GPU
RAAT AR GPU AEFE 2338 CPU kg 47 MBS 41T -

# 3 & /TensorFlowAPI /8 EiEfTH .py
import tensorflow as tf
import time

#HE I cpu £ A BE 4D TR AT B[]
with tf.device ("cpu") :
tl = time.time ()
cpu = tf.constant (1)
print(time.time() - t1)
#7E M gpu 1 B B0E A T T E B pA T R ]
with tf.device('gpu'):
t2 = time.time ()
gpu = tf.constant (1)

print(time.time() - t1)

print (cpu.device, gpu.device, sep='\n")
IBATHRANE

0.0

0.03126859664916992
/job:localhost/replica:0/task:0/device:CPU:0
/job:localhost/replica:0/task:0/device:GPU: 0

3.3.3 TensorFlow {2fis ¥

TensorFlow £ 35 2% ff — S0 L ACK 4 32 B pR 50, ) an o Lok L3¢ (PR I AR L R 45 Hiis B
IS NumPy AR FF— SRR IT .

#5 3% /TensorFlowAPI/H2¢i2H .py
import tensorflow as tf

datal = tf.constant ([[2., 2.]], dtype=tf.float32)
data2 = tf.constant ([[4., 4.]], dtype=tf.float32)
EOIIR7S

print(tf.add(datal, data2))

ik 75

print(tf.subtract(datal, data2))

i 3fe

print(tf.multiply(datal, data2))
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#BR 5

print(tf.divide(datal, data2))

#H

print(tf.matmul (datal, tf.transpose(data?2)))
#JH A tf.math T I Y RRAEC
print(tf.math.sqgrt(datal))

BATERINE

tf.
tf
tf.
tf.
tf.
tf.

Tensor
Tensor

(
(
(
(
(
(

Tensor ([[6. 6.]], shape=(1, 2), dtype=float32)
.Tensor ([[-2. -2.]], shape=(1, 2), dtype=float32)
[[s8.8.]1, shape=(1, 2), dtype=float32)
[[0.50.5]], shape=(1, 2), dtype=float32)
Tensor ([[16.]], shape=(1, 1), dtype=float32)
Tensor ([[1.4142135 1.4142135]], shape=(1, 2), dtype=float32)

tf. math 28 F 24 T A2 5 A 550 pR A AN ] 3-16 Fi
tf.math.

print
data3
# 044
print
# 04
print
# 047

nnint

® sqrt

® add

# divide
® argmin
£ argmax

emultiply

5
# round

f pow

® sigmoid
® abs

BT A

B 3-16 TensorFlow %7 W% ~% ok 4

subtract

L

tensorflow.
tensorflow.
tensorflow.

tensorflow

tensorflow
tensorflow

python.
python.
python.

.python.
tensorflow.
tensorflow.
tensorflow.
tensorflow.
tensorflow.

python.
python.
python.
python.
python.

.python.
.python.

1 omurdklhaAan AnmAa AaAan madth o AnA

ops.
ops.
ops
ops.
ops.
ops.
ops.
ops.
ops
ops.
ops.

Cirl+ 13 Nerk and Cirl+ el H&53k will move caret down and up in the editor Next Tip

MR axis Bl 07 B HEAT 5 G0 1T BRECH S RO 48A45F AU N

.math_ops

.math_ops

math_ops
math_ops

math_ops
math_ops
math_ops
math_ops
math_ops

math_ops
math_ops

#55 3% /TensorFlowAPI/ B¢z ® .py

data3 = tf.convert to tensor(

[[1.1228833, -0.94511896, -1.1491745],
[0.50430834, -0.1323103, -0.509263]]

)
1 il 2 e /)M E

print (tf.reduce min(data3, axis=1))

#0 Tl 4 BEF- {6

print (tf.reduce mean(data3, axis=0))

#0 4l 4 B2 SR A

print (tf.reduce sum(data3, axis=0))

#1 Al 4R B R

print (tf.reduce max(data3, axis=1))
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BATETRAE

Fr LA

tf.Tensor ([-1.1491745 -0.509263 ], shape=(2,), dtype=float32)

tf.Tensor ([ 0.81359583 -0.53871465 -0.82921875 ], shape=(3,), dtype=float32)
tf.Tensor ([ 1.6271917 -1.0774293 -1.6584375], shape=(3,), dtype=float32)
tf.Tensor([1.1228833 0.50430834], shape=(2,), dtype=float32)

R R R YEE S 8 axis BOLE, HANEI M 0 B FF 4R . T data3 J& 485085 .
M axis=0 B BHER Y axis=1 B EHERNE, HIFE M F i E 3-17 i,

@ File Edit View Navigate Code Refactor Run Tools VCS Window Help  untitledd - B4%EH py - PyCharm
untitled9  TensorFlowAP!  {& S8 py sYEM Y b & Git ¥ 5|Q
FIER py
# print('#' * 50)
data3 = tﬂconvert_to_tensor(]

[[1.1228833, -0.94511896, -1.1491745],

[0.50430834‘ -0.1323103, -0.509263]1]
) axis=0, FIRIHE axis=1, HBNE

# QAR

E print(tf.reduce_min(data3, axis=1))
- # OHBIEFII
print(tf.reduce_mean(data3, axis=0))
# OHAERA
print(tf.reduce_sum(data3, axis=0))
# 1HRERL
print(tf.reduce_max(data3, axis=1))
Run: BPER x -
> 2023-04-16 14:02:26.602771: I tensorflow/core/platform/cpu_feature_guard.cc:142] This TensorFlow binary is optimized with oneAPIL
_ To enable them in other operations, rebuild TensorFlow with the appropriate compiler flags.
= T 2023-04-16 14:02:26.952271: I tensorflow/core/common_runtime/gpu/gpu_device.cc:1510] Created device /job:localhost/replica:0/task
— tf.Tensor([-1.1491745 -0.509263 ], shape=(2,), dtype=float32)
: tf.Tensor ([ [0.81359583][-0.53871465] [0.82921875]], shape=(3,), dtype=float32)
tf.Tensor([ 1.6271917 -1.0774293 -1.6584375], shape=(3,), dtype=float32)
3 tf.Tensor([1.1228833 ©.50430834], shape=(2,), dtype=float32)
H
* Process finished with exit code @

Boct =61000 [IBIARMI # 5Debvg B Terminal 4 Python Console Qventlog
[=] 20:30 CRIF UTF-8 4spaces W & Python38 [ main

& 3-17 TensorFlow H' axis i3580 ¥

T3 — AW AR U AR axis ZRBUR/IME e R HEF R AR 51 A28 AU T .

#5 3 % /TensorFlowAPI/$i2¢ia® .py

data3 = tf.convert to tensor(
[[1.1228833, -0.94511896, -1.1491745],
[0.50430834, -0.1323103, -0.509263]]

)

e KAE T bR

print (tf.argmax(data3, axis=0))

#i/ME Y T BR

print(tf.argmin(data3, axis=0))

#HHET 19 T AR

print(tf.argsort(data3, axis=l))

BATERAE

tf.Tensor ([0 1 1], shape=(3,), dtype=int64)
tf.Tensor([1 0 0], shape=(3,), dtype=int64)
tf.Tensor (

[[210]

[210]], shape=(2, 3), dtype=int32)
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z AN . — — N
tf. argmax 13 2| 2R T & AR axis ANE] MR G MEABAE AT R an A 3-18
JioR
B Ele Edit View Navigate Code Refactor Run Tools VCS Window Help  untitleds - B350 py - PyCharm - 85 x
untitied9 | TensorFlowAP| . (A B0 py e v | b & Gt v v O 5 Q
PIER py
# print('#' * 50)
data3 = tf.convert_to_tensor(
[[1.1228833, |-0.94511896, -1.1491745 axis=181
[0.50430834% -0.1323103, -0.509263]] 114917458\, FIUERSIH2;

) axis=0ff 0.94511896%, il i
[1.1228833,0.50430834], Ok, 1ig/ 1.1228833f5k, FEAFSIH0;

print(tf.argmax(data3, axis=0))
# RNMER T HR
print(tf.argmin(data3, axis=0))
# R TR

print(tf.argsort(data3, axis=1))

£
£
o

Run: O WerEE

tf.Tensor([@_1 1], shape=(3,), dtype=int64)
tf.Tensor([1 @ 8], shape=(3,), dtype=inté4)
tf.Tensor(

[[2 1 0]

[2 1 0]], shape=(2, 3), dtype=int32)

1
= Y

=

Process finished with exit code @

# 2:Favorites

oot =61000 [IBUARMI # 5Debvg B Terminal 4 Python Console Qventlog
o 19:1 CRUF UTF-8 4spaces W @ Python38 Hymain

%l 3-18 TensorFlow T E axis 53R 5 [{H

3.3.4 TensorFlow 4384k

U PR E B RS R e e R YR YT RS B S, B A tf. reshape (),
tf. expand_dims() . tf. squeeze ) . tf. transpose () %5 bR £, TCi8 5K & 1Y 4 B an 4] 28 1k, H: size
CEBO W IZ R A AT IT

#25 3 % /TensorFlowAPI/4EEAS# .py
import tensorflow as tf

HBEMLA B 4 AR

rnd shaped = tf.random.normal ([ 4, 32, 32, 3])
print ("JREL4ERE ", rnd shape4.shape)
WEHE 4k B T4 | I 4k

#E O M Th—4E . ARk (1, 4, 32, 32, 3)

shape5 = tf.expand dims (rnd shape4, axis=0)
print ('JF4E: ', shape5.shape)

#7E O %l — 4k, AE AL (4, 32, 32, 3)

shape5 to4 = tf.squeeze(shape5, axis=0)
print ('FE4E: ', shape5 tod.shape)

#E 1T —4E A% (4, 1, 32, 32, 3)

shape6 = tf.expand dims(rnd shape4, axis=1)
print ('JF4E: ', shape6.shape)

#TE O %l — 4k, AE B (4, 32, 32, 3)

shape6 1 = tf.squeeze(shapeb, axis=1)
print ('FE4E: ', shape6 1.shape)

HBICE Y P
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to_shape = tf.reshape(shape6 1, [1, 1, 4, 32, 32, 3])
print ("BLAE4EE 1", to shape.shape)

transpose num = tf.random.normal ([32, 28, 3])

#H 6 E MUY e 5L 45 F (28, 32, 3)

print ("HFEE TSR v, cf. transpose(transpose _num, perm=[ 1, 0, 2]) .shape)
#LLTFIB A S N t£. squeeze HBEXT axis=0 i B & 1 BYEUA 1T BAE

error shape = tf.squeeze(rnd shape4d, axis=0)
BATESRAT

RBAERE : (4, 32, 32, 3)

JH4E: (1, 4, 32, 32, 3)

Mede: (4, 32, 32, 3)

JH4E: (4, 1, 32, 32, 3)

Medi: (4, 32, 32, 3)

AR SERE : (1, 1, 4, 32, 32, 3)

AR 2 WIBUT 284 . (28, 32, 3)

Tensorflow. python. framework. errors impl. InvalidArgumentError: Can not
squeeze dim[ 0], expected a dimension of 1, got 4 [Op:Squeeze]

JE Y shape N Z 4E 5 W AR 70 347 9K 2 #AE id , F5 SE 45 0 7 29K = 1Y shape 221k,
1 tf. random. normal ([4,32,32,3 D ® 45 T — 4~ shape & 4 X 32X 32X 3 gk,
tf. expand_dims(rnd_shaped ,axis=0) BIFE A2 A 1 A-4EBE AR AL shape iy 1 X4 X 32X
32X 3 Mk, H size MEUAAS s tf. squeeze(shapeb,axis= 0) ¥ Fx 4= W 48 BE 25 5%, 548 i
T 4X32X32X3 M5k, H size BECWAAE, tf. expand_dims(rnd_shaped,axis=1) BI{E 1
B A T ANGERE BT RIS B T AX 10X 32X 32X 3, B MLE T LA & B, axis = 79 76 % A B 3
A1 AYERE T tf. squeeze BLIE /D 1 N4ERE,

tf. reshape O 7] DL 52 BUAT: 28 4 5 28 AL A9 . 4E , AT LICEE . expand_dims O (tf. squeeze O
SEERYEFE AR AL, tf. transpose O #4858 F W) axis AT, 38 )5 size R 4F AR {HJE shape
KAET 2,

FEE . tf squeeze R AL AT axis T EA2 B 4 A 1 09 SR 4T 4, BT v error_shape & 2 &
£ InvalidArgumentError 454%

3.3.5 TensorFlow V] Ji- B
TensorFlow ZH# I NumPy — £ T ArIUE 77 7% RS F .

#%f 3 3 /TensorFlowAPI/ Fo5s U H #:4E .py

) 1R 7

a=tf.ones([1, 5, 5, 3])

#JEHL axis=0 AN 2 .13 5] 5%5%3; )\ 5%5%3 PR E] axis=0 FArA 2 BN Bl 5%3; )\ 5%3
#h A E] axis=0 FHrh 2 INZ . Bl shape=(3,)

print (al0][2][2].shape)




BATETRAE

(3,) ‘

A al 0], BIAN 1 A4~ 5 X5 X3 AR 323 0 DN 4, BT LA shape 2 5X5X 35 al0] [2]H)
M5 A 53 AR T AR 2 BN ES L B 52X 35al0] [2] [2]BIA 5 43, P2 Fhrh 2 1)
N2, B shape=(3,),

A aloJ[2][2 10T A& i al 0,2, 2 [ A7 L ARB I T .

#55 3 & /TensorFlowAPI/ FAx .Ul #:4E .py

import tensorflow as tf

#) I TK AE

a=tf.ones([1, 5, 5, 3])

print (al0].shape) #(5,5,3] HSMEA
print (al0, 2].shape) #05, 3] 25 0 %L 55 1A HE A 34>
print(al0, 2, 2].shape) #(3, ]
BATHRAT .

(5, 5, 3)

(5, 3)

(3/)

WIS R AT aloJ[2[2 )R al0.2. 2 I N AR —FERY . M al 0,2, 2 Jry k= al
B> axis Al LALE S FRIT A 208 S 2 A4 .
ZHE YIS NumPy P45 — 2 AR I F .

#%8 3 B /TensorFlowAPI/ F A5 Pl H #:4E .py
import tensorflow as tf

#0455
a=tf.ones([1, 5, 5, 3])
#33) 5% 5%3

print ("ZHEMY R, al0, :, :, :].shape)

print ("Z4EEMW A", al:, :, :, 2].shape) #57) 1%x5%5
print ("ZY4EFERIFEEUE: ", al:, 0:4:2, 0:4:2, :].shape) #FEF] 1%x2%2%3
print("..AM%:", a[ ..., 2].shape) #53] 1%5%5
BATERAE

ZHRFEWYI R : (5, 5, 3)
ZHEERBEERME: (1, 2, 2, 3)
AR (1, 5, 5)

TEHEAS axis PEBAT DIME Y A B8, al 0,00 05 |78 axis=0 N H- KA 0 BIRTA 1)
WA s al ch:s:s2 RN axis=3 HFFRN 2 BN Z L BT axis BN R L 0T LLH shape &
1X5X5; al ::0:4:2,0:4:2,: |FF/R axis=0 FFrABRHNE axis=1 2B 1L, L) axis=1
AT AR 0.2 BN E ,axis=2 tH—Ff ,axis=3 FIFEBNE , T LLH shape B 1X2X2X3;
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al ..., 0 .. TR axis=0,1.2 N ELBIEE . S al :y:s: .2 M.
TensorFlow H M arm Y] A R BEEBUE A BEUEFT 188 (B )& NumPy # AT UL ARSI T .

#4F 3 B /TensorFlowAPI/ F o5 .Ul H #:4E .py
import tensorflow as tf
import numpy as np

NumPy_a=r1p.ones([l, 5, 5, 3)
tensor_a=tf.ones([l, 5, 5, 31)
#NumPy & kA

NumPy_a[..., O] =0

#TensorFlow H A SLRE T Fr & i

tensoria[..., 0] =0

BATERAE
tensor_a[..., O] =0
TypeError: ' Tensorflow. python. framework. ops. EagerTensor ' object does not

support item assignment

3.3.6 TensorFlow ' gather Ui

K%Y gather(params,indices,axis= None) #2 4L T 5 R 1§ 58 KA BUE 7% . params %
KA A 5K L indices AT MR A ZFIE X R 515 19  axis € B IALE AR N T .

#5% 3 % /TensorFlowAPI/gather BUH .py

import tensorflow as tf

params =tf.constant([10., 11., 12., 13., 14., 15.])

# params K5l T R[2, 0, 2, 5]HHE

print (tf.gather (params, indices=[2, 0, 2, 5]))

#HEH params REI FhrL2, OJMME AL 1 A4EREE ARG EURBI N ARL2, STAME, B4R 1 A2
IR 5 N PN 2 BE G T B — AN B 4R L AR B 2% 2 19k i

print (tf.gather (params, [[2, 0], [2, 5]1))

IBATERANE

tf.Tensor ([12. 10. 12. 15.], shape=(4,), dtype=float32)
tf.Tensor (

[[12. 10.]
[12. 15.]], shape=(2, 2), dtype=float32)

AR params HA —N4EE, TRl axis=0, ¥ params N AL K 4 X3, H gather B
(EESEAR

#4553 %/TensorFlowAPI/gather Jing (=R Py
import tensorflow as tf

params = tf.constant ([[0, 1.0, 2.0],
[10.0, 11.0, 12.0],
[20.0, 21.0, 22.0],
[30.0, 31.0, 32.0]])
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N

BATESRAE

R axis=1 B 2¥ K5I FhrA[2, 1R N A 2MBGE , Ir IS 31 AY shape= (4,2),
HBUE SRR 3-19 iR,

B Fle Edit View Navigate Code Refactor Run Iooks VCS Window Help  uniieds - @itpy -pycharm - 8 x
untiteds | TensorflowAP ) {8 Wipy. [fwe-]r a0 mlcevvosQ
§ B Wtey < ik gutheriEipy <
S 1 # W33/TensorFLoWAPI/ T WI/#IE.pY 4
- import tensorflow as tf

3 axis=1
E 4 params = tf.cunstantl[[i, 1.8, 2.8],
is I axis-0 [10.0, 11.8, 12.0],

6 [20.0, 21.8, 22.8],
§ 7 |5 [30.0, 31.0, 32.0]1)
o 8 # is, MUKOH. BTHFHKBHLAIKE

9 print(tf.gather(params, indices=[3, 11))

10 # axis=1. Miaxis=1+ T#% /AR FLAIYE

11 print(tf.gather(params, indices=[2, 1], axis=1))

12

tf.Tensor(

[[3e. 31. 32.]

[18. 11. 12.]], shape=(2, 3), dtype=float32)
tf.Tensor(

ra2. 1.1

[12. 11.]

[22. 21.]

[32. 31.]1, shape=(4, 2), dtype=float32)

{Jl ¢
LIRY
=
-
.
L]

Process finished with exit code @
Baon =gT000 B500w  Blemed @ — Clowmiy
o 2 - n38 K main

Kl 3-19 TensorFlow ' gather BU{H

[Fl#f indices AI LIy Z4Esk & fRIBT .
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#2 indices HHY 4 M it params RGBS B4 0
#H R axis=0, 07k 0 kb 34> 0
print(tf.gather(params, indices, axis=0))
print ('#'*20)

#H N axis=1,fr L 1 H0Eh 14> 0

print(tf.gather(params, indices, axis=l))

BATERWT .

tf.Tensor (
[[[20. 21. 22.]

Lo. 0. o0.]]
[Lo. 1. 2.]

Lo. 0. o0.]11, shape=(2, 2, 3), dtype=float32)
HHHHHHHHAA A
tf.Tensor (

[[L2. o.]

Lo. 0.]1]

[[12. o0.]

[10. o0.]]

[[22. o0.]

[20. 0.]]
[[32. .

[30. o0.]111, shape=(4, 2, 2), dtype=float32)

Z Ytk gather BUE S MR AU AT

#55 3 iEE/TensorFlowAPI/gather JingE Be%
import tensorflow as tf

params = tf.random.normal([4, 35, 8])

#axis=0 B 24 1 DL

#L7, 9, 16 FARAFFAE & 4b 0, FF LR[S, 35, 8]

result0 = tf.gather (params, axis=0, indices=[2, 3, 7, 9, 16])
taxis=1 HAH 2 M4EE AR, T L2 4, 5, 8]

resultl = tf.gather(params, axis=1, indices=[2, 3, 7, 9, 16])
*axis=2 5 5 B A 48, B LAZ 4, 35, 3]

result2 = tf.gather (params, axis=2, indices=[2, 3, 7])

#axis=2 BELE 3 AR M AR BT LI 4, 35]% B 542, 3, 7], [0, 1, 2]JE0XI[8]H T
#RR, i AR % AE L2, 3], 456 R A2 L 4, 35, 2, 3]

result3 = tf.gather (params, axis=2, indices=[[2, 3, 7], [0, 1, 2]])
print(resultO.shape, resultl.shape, result2.shape, result3.shape)

BATERANE

(5, 35, 8) (4, 5, 8) (4, 35, 3) (4, 35, 2, 3)

f0H% tf. gather(params, axis=0, indices=[2, 3, 7, 9, 16 )/ indices M E T T
4, TensorFlow < H sh#b 0, W& 3-20 FT /s,
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B file Edit View Navigate Code Refactor Run Tools VCS Window Help  untitledd - iipy - PyCharm — B8 x
untitled9  TensorFlowAP! - & it py JEL Y > & m Gt ¥ v 9 |Q
3 E 1 gatheri py
H # #37/TensorFLowAPI/ /s, 1I/#1E.py
L] import tensorflow as tf
5
i params = tf.random.normal([4, 35, 8]) params: tf.Tensor(\|
& # axis=0FLEA MEEHEN to. e J e e
Al # [7, 9, 16] W FHIEH FL248, Frei#l5,35,8] ok !
E result@ = tf.gather(params, axis=0, indices=[2, 3, 7, 9, 1| [e. 8 8 g 8
H # axis=17LEHD MRIENEN, FTLE4,5,8] s L
ElL M resultl = tf.gather(params, axis=1, indices=[2, [e. U e U U
# axis=2iLERLHIALE, FLRL4,55,3] g !
11 result2 = tf.gather(params, axis=2, indices=[2, 3, 7]) =)
# axis=2ebEED MEEREA, U4, 351 2F. 52,3, 7mwisln] L © g 8 8 8
result3 = tf.gather(params, axis=2, indices=[[2, 3, 7], [@ Lk 1
0. ) ] 0 0
Debug: @, it 0. 1
2 =] [ 8. 0] 0 0. ]
0. 1]
- 4)tiTensor(n(([ 09763153 -1.6597348 0.35097998... 071 i
1= 5 tf.Tensor(\n[[[-0.22580367 -1.5061591 -0.62845194 ... -1.12a4985 UISSS5T3746\0 -UABUSUIZI|NT [UYTIOU/4 8383334 UBUSSZST .. UBISII08 U.29A3798\1 -2.2630297 [\ [U00 Vi)
ble:
BoGt Z61000 b &R [EREDNGN B Teminal @ Python Console Qeventlog
=] 70:52 CRLF_UTF-8 4spaces W & Python3.8 |4 main

K 3-20 TensorFlow H gather %b 0

3.3.7 TensorFlow "/ /REUA
TensorFlow $2 4L T B Ap 7 004 R EUE , —Fh 2251 NumPy B XA ARSI T .

#4553 % /TensorFlowAPI /i /R HUHE .py
import tensorflow as tf
import numpy as np

data = np.array([[1, 2], [3, 4], [5, 61])
#3R I data H1>2 BYEL

mask = data > 2

print('mask:', mask)

print (" B R S IF%E: ", datalmask], dataldata > 2])

BATERAE

mask: [[False False:l
[ True True]
[ True True]]

iy A% [3456][3456]

5 NumPy —#f data[ data>2 W i 5508 H e 0 1 5 ik =0, HAE 24 data 28 True

14 A AU R

5 —Fp 7 2 {f F tf. boolean_maskO) PR BUE (AL AN T .

#55 3 T /TensorFlowAPI /M /REUE .py
import tensorflow as tf
import numpy as np

tensor = tf.random.normal ([ 4, 28, 28, 3])
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mask =np.array([True, True, False, False])
# T 44 axis=0,1 8 True, i1 2 (2, 28,28, 3)
print ('ZHEEMI/KIME: ', tf.boolean mask(tensor, mask) .shape)

old = tf.random.normal ([ 2, 3, 4])

print ("JR{H: ", old.shape)

#H h axis=0 B}, H shape N 2, r L mask 75 2 WIS B0AL A N2, 1E 47 X B

#24 axis=0 A, 0 B FHRA True, FTLAXHZ 2 x4

resultl = tf.boolean mask(old, mask=[True, False, False], [True, False, False]],
axis=0)

#24 axis=1 i, H shape N 3, i ITESR 3 1MH

#24 axis=1Hf,0 Fl 2 9 FHRERR True. T LIiX HLE 2% 2% 4

result2 = tf.boolean mask(old, mask=[ True, False, True]|, axis=1)

#24 axis=2 i}, H shape N 4. FFLLTHFEE 4 MH

#24 axis=2 B}, AR 0.2 #HN True, HiLLJy 2, MANSNZ TR 2% 3%2

result3 = tf.boolean mask(old, mask=[ True, False, True, False], axis=2)
print ('fi/RZ4ER{E axis=0: ', resultl.shape)

print ("H/REZYEPHE axis=1: ', result2.shape)
print ("R ZYER(E axis=2: ', result3.shape)
BATERAE

ZUEE/RBUA: (2, 28, 28, 3)

JRME: (2, 3, 4)

iR ZHEBUH axis=0: (2, 4)
fi R ZHERUE axis=1: (2, 2, 4)
i /R ZYEBUE axis=2: (2, 3, 2)
A A IR B 3R 09 K B2 77 22 B axis Y shape £0AHSE . 10 resultl H1 (Y mask=
[[True, False, False],[ True, False, False iR old ik & shape=1[2, 3, 491y 2 #H[H,

3.3.8 TensorFlow 5k & &5

st 5 I B 2 A ki 5 IR R — A sk & EUR BR 1 52 1Y axis B shape AT DU AH A,
Hofty shape @60 SE AT UNTE

#5% 3% /TensorFlowAPI/fk& &I .py
import tensorflow as tf

#axis IT7E shape AT LIASAHAE , {H 2 Hifth shape @545 AH 45
#M 0 SRR B 4E E 5 IF Tensor, ii/&[ 6, 35, 8]
print(tf.concat([tf.ones (L[4, 35, 8]), tf.ones([2, 35, 8])], axis=0) .shape)
#M 1 XAYEE S I Tensor, s[4, 35, 8]
print(tf.concat([tf.ones([4, 32, 8]), tf.ones([4, 3, 8])], axis=1) .shape)
FARES FERIIE B L axds=1 X 4 B A X 5%
try:
dfl = tf.ones([4, 35, 8])
df2 = tf.ones ([ 3, 33, 8])
print(tf.concat([dfl, df2], axis=0) .shape)
except Exception as e:
print(e)
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23% R
BATERINE
(6, 35, 8)
(4, 35, 8)

ConcatOp : Dimensions of inputs should match: shape[O] = [4, 35, 8] VS.

[3, 33, 8] [Op:ConcatVZ] name: concat

shape[l] =

3.3.9 TensorFlow Pk AL bx
He I YA AR B R R B 5 5 tf. meshgrid O RAS AT .

#5f 3% /TensorFlowAPI /meshgrid 4 M4 .py
import tensorflow as tf
from matplotlib import pyplot as plt
x =tf.cast ([[0, 1, 2], [0, 1, 2]], dtype=tf.float32)
y =tf.cast([[0, 0, 0], [1, 1, 1]], dtype=tf.float32)
#AE IR P 45 A A a5, B o, 0, [1, 01, [2, 01,00, 1],[1,1],[2,1]3
points_x, points y = tf.meshgrid(x, y)
A A o T 3 P L
plt.plot(points x, points vy,
color='"red',
markersize=15,
marker='.",
linestyle="")
44 A A (L T 2 A L
for i in range (x.shapel[0])
for j in range (y.shapel[1])
x1 =x[1i, j].NumPy ()
yl =yli, 3].NumPy ()
plt.text(xl, yl +0.01, £"{x1},{y1l}")
plt.grid(True)
plt.xlabel('X")
plt.ylabel('Y")
plt.title("tf.meshgrid Al MAE AL bRk &)
plt.show()

6 A

IBATA R AE 3-21 FiaR .,
tf.meshgrid2E 5k W £ A8 bRk &

1.0r-& ! ¢!

0.8F

0.6r
>
0.4r

0.2

0.0 &° L ¢°

2,0
|

000 025 050 075 1).'?0 125 1.50

175 2.00

& 3-21 TensorFlow H A= il W #% Ak A



3.3.10 TensorFlow [l &K kb
TensorFlow #2447 B sk # E I 6E LT .




BATETRAE

"% . tf.Tensor (
[[-0.4909289]
[ 0.5035277]], shape=(2, 1), dtype=float32)
B . [<tf.Tensor: shape=(2, 3), dtype=float32, NumPy=
array([[-0.00101757, -0.00152636, -0.00050879],
[-0.00047112, -0.00070667, -0.00023556]], dtype=float32) >, <tf.Tensor:
shape=(2, 3), dtype=float32, NumPy=
array([[-0.06529391, -0.06325722, -0.12268066],
[ 0.0669831, 0.06489372, 0.12585449]], dtype=float32)>]

H sk E B FAE with tf. GradientTape () as tape fE A3 . 3 {#i Fi tape. gradient
(loss» 1w) 5 AT LAARHE loss SREBBEE . AIXT T2, 6. 2 Ji ] £5 3 5503271 o S 80 9 4 B2 315 L fiff
FH B SR 6 BE D REEH 7 .

&5 4t

52

TensorFlow YA APT 204 4k A8 e D) R BUE L A 3l R A8 B 28 S fig, Hovb B 3ok
6 BE D REXT T W 4 19 27 > St 1 R OR AR

%3]

PEA S A AU L5 2 e BRSSO DI BE s AR 19 M5 APTAE TensorFlow
RERLFE i v A BRI

3.4 TensorFlow 1] Keras tRBU3& &

3.4.1 tf. keras fjJ\

Keras J& —A)71Z 32 Ul 1Y #2680 48 HE 22, ] Python %5 T A, BE#8 7E TensorFlow
PyTorch Mz 47, HARE SR S RE PR i 28 10 28 455 70 2 it () el Do) 05 A8 78 EL AT AR 5 19 23 IR 1k
AT LIfE CPU Ml GPU [igfT,

TensorFlow 2. x MU A H ) Keras & ZFF tensorflow. keras #H T, f & Models,
Layers,Optimizers 55 FHRIH, AN FHEH B2 T+ 53 inE 3-22 frs .,

i 1] tensorflow. keras A DA77 | PR b 1 S Pl 28 100 2 A5 Y, J2 % 32 2 o AR 52 P 1Y
CER N

3.4.2 FET tf. keras. Sequential F575 §5 it
Sequential ISR —NHN £ VN EXBEAEBE layers ETHENE T B4 1MNE T #
LAGE P Rk, SR e e T, XA R U LRl g,

Sequential FLE—RT ", B &M EE”(E T BREER, gt LW 8877 0
Wwr.



192 | F

% S—MNEERN RN B0 B Scik

PRSI QI . SRR HIm

—— Models —— Sequential . Model . save_model « load_
model 2%
S _ REEEAWEITROE TG
Layers Dense - Conv2D « DropOutZ

FROCEEE T2 ) 07k, SURR AL 8. B0

Optimizers T SGD. Adam. RMSprop . AdaGrad%
thkerasZ5 I H—— Losses —— 14 Hi%L 14132 X it 4binaryCrossentropy
M— Activations —— #UEHEHZ 141Sigmoid « ReLU « SoftMax4§:

M Metrics — FITRUAELFiEAR BN ZE Accuracy %

_ Preprocessing _ ’éﬁﬁ?}g}%gguill]lmageDataGenerator

& 3-22  tf. keras %% ¥4 25 K]

#%5 3 % /TensorFlowAPI/%TF tf.keras.Sequential MAIEH . py
import tensorflow as tf
from tensorflow.keras import Sequential, layers, Input

#i A BUE Y shape
input shape = (28, 28, 1)
model = Sequential (

[
Input (shape=input_shape), N B 1 4 B T B
layers.Flatten(), #1522 YR B FT - B — ZE 5
layers.Dense (784, activation='sigmoid'), #784 NHHZJIT
layers.Dense (128, activation='sigmoid'),
layers.Dense (10, activation='softmax") #10 4\5’315”]
]
)
S AR T B 25 4
model.summary ()
BATHRAT

Model: "sequential"

Layer (type) Output Shape Param #
flatten (Flatten) (None, 784) 0

dense (Dense) (None, 784) 615440
dense 1 (Dense) (None, 128) 100480

dense 2 (Dense) (None, 10) 1290
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Total params: 717,210
Trainable params: 717,210
Non-trainable params: 0

Sequential $&4it T P 481 20 4% J7 vk L layers BT $2 45 T 245 (il 41 Dense 28) %
BMWAICH B (Dense XFREEEE) . HEESHUT .

def init (self,

units, #1128 0 I A%k
activation=None, T A%
use bias=True, HED X R E I, B wx+b 1A b

kernel initializer='glorot uniform',
* X kwargs) :

model. summary O 2 21’ 4% |2 1) shape & param S4B 3hit& €. Input(shape=
input_shape) F 2k 7= fig A BE 19 shape.,

1 model. summary O 4L Wi &, B F model X4 AR 2 % B input.output 3 3 T
R JZ M5 A S5 layers J&@ PR R R Bl 28 I 2% )2 vh B9 45 49 5 trainable _variables,
trainable_weights J&PE 2y H 21/ 0) 1 2 W 48 AU Hh i 0 1 N 3-23 s,

B file fdit View Navigate Code Refactor Run Jools VCS Window Help untitiedd - ®Ftfkeras Sequential#E45® py - PyCharm - 8 X
untitledd B BTk JEFtfkeras Sequentiah®sie v | b X U B Gt ¥ v O 5 Q
§ EPy © F % — @Wpy ¥ ik EFtkerasSequential BEIEE py
E Debug:  #, EFtfkeras.SequentialRAiER & -
B G g Bleomoe = 2 3 2w B =
s » Frames Variables
H § , 1,784, 1) (created by layer ‘input_1')>] l
2 bject at 10>, <keras Dense object Kepas.k Dense object at . <keras. D
-
£
5
°
. spec= ., 10), dtype=tf.float32, . name="dense_2/Softm: ax: ; iption="created by layer 'dense_2'")
pe=(None, 10) diype=float32 (created by layer 'dense_2>]
>
ngine.input layer.InputLayer object at Ox00000TFEB7BCO4F0>, <keraslayers.core ject at 2 , <keras. Flatten object at
£ ariable ' shape=(784, P 2, numpy: ay([[-0. , 0.00081573, 0.0282238, ., -0.02817996\n  -0.02387876, 0.00983286l\n  [-0.0-.. View
2 shape=(784, 784) , numpy y([[-0. , 0.00081573, 0.026§2238, ..., -0.02817996\n  -0.02387876, 0.00983286]\n  [-0.04... View
*
MaGt =&T0D0 P 4Run | MRS Q Event Log

17:1 CRLF UTF-8 4spaces fw @ Python3.8 [ main

& 3-23  model X% 55y

3.4.3  4ksKk tf. keras. Model JER570 L 4

A1) g ot 25 ) 4 B TR A, T DL 3 B8 SOk ZE 7K tf. keras. Model 28, R J5 #E__init__O)
F4 385 7 2 R IR 25 S W48 2 L FFAE callO #4352 30T 1) 15 4% 19 32 48 A0S A F .
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#2 3 7 /TensorFlowAPT /4k7K tf.keras.Modle AL H . py
import tensorflow as tf
from tensorflow.keras import layers

class MyModle (tf.keras.Model) :
def init (self):

#4k 7K Model Z5 Y JE M
super (MyModel, self). init ()
T
self.flat = layers.Flatten()
self.densel = layers.Dense (784, activation='sigmoid")
self.dense2 = layers.Dense (128, activation='sigmoid')
4 th

self.out = layers.Dense (10, activation='softmax')

#call () AR SE J7 ¥ T LUAE S 0 52 % 4 ey ml i X 42
def call(self, inputs):

#7E call () H 55 BT [ 1% 4%

x = self.flat (inputs)

x = self.densel (x)

x = self.dense?2 (x)

R (8] 0 45

return self.out (x)

def get config(self):
#H 3 get_config Fik
base config = super (MyModel, self) .get config()
return dict(list(base config.items()))

if name ==" main ":

model = MyModel ()

#48 7K Model 28,75 2l i build HiF— T
model.build(input shape=(28, 28, 1))
model.summary ()

kA& Model B9 ¥ . 75 28 F model. build(input_shape) 38§ B #i A #¥ shape,

3.4.4  PRBGURBIREE

i — Mok R AR A SRR HE AR A T — AT BB s — A
L8R 5 R B A S A Model 28, R ANT .
#55 3 % /TensorFlowAPI /R B AIIE # . py

from tensorflow.keras import Input, layers, Model
from tensorflow.keras.activations import sigmoid, softmax

EHBOLITIAN
inputs = Input (shape=(28, 28, 1))
i 3 v ] o AR




#3Z  FESIEZE [P 195

x = layers.Flatten () (inputs)

x = layers.Dense (784, activation=sigmoid) (x)

x = layers.Dense (128, activation=sigmoid) (x)
outputs = layers.Dense (10, activation=softmax) (x)
HE Hi A T 2 B TE Model XSS BT

#inputs fl outpus A LA FI 3, HRF R 2 A & 24
model = Model (inputs=inputs, outputs=outputs)
model.summary ()

WO PR AT LR 745 8, 7T LU AT tensorflow. keras. activations 8T i L 4f
M. HERIRT inputs 1 outputs #E % model {2 A IR BIFK)ZE .

¥

TensorFlow #& # AR L) i ] Sequential , 4. 7] LL 4% 7K Model 2§, [6) Bt iR 37 5 o8 B =0
B,

%3]

A5 3 b H R R 7 R SE AT 3 1 B R Y R R B, 5 IR A0 AT L) W 5 4
(RS D O iKY T

3.5 TensorFlow =B il & 75 i%

3.5.1 {diHl model. fit Yl ZRpi7xY
1t TensorFlow I ZeA B a] LI {6 F model. fitO J5 ¥, HS 8T .

model.fit (
x=None, #I %k x BB
y=None, #IZ y 1B
batch size=None, #0525 10 R AR 2L
epochs=1, #E AR UL
verbose=1, #H AR SER; 0 HARTERRHER H i b H A5 R
#1: WRPEESR; 2: B4 epoch fj i —F7id %
callbacks=None, 1] 98 bR £, BV AE DI S5 aek i o ke R AT 1) R 4k
validation split=0.0, #AA x Fl y HIRCE IR AR 19 L )
validation data=None, #HESE % validation data W HE G &E &
#validation split
shuffle=True, HE G FT L L %A True
class weight=None, AN EL, — A BRIA
sample weight=None, #AEZ, — R EA
initial epoch=0, #FF 4R 1) epoch IR &
steps_per epoch=None, AT EL, — A BRIA
validation steps=None, AT E, — BRI
validation freg=1, AT, — R BRIA
max queue size=10, AREZ, — R EIA
workers=1, #EFEEC, Linux A IR B £ ,Windows N 1
use multiprocessing=False #EKZiIl#E
)
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% S—MNEERN RN B0 B Scik

— i E HFIE A x.y.batch_size.epochs.callbacks Z5 AT .

#5% 3 T /TensorFlowAPI/ffi [l model.fit YA .py

import tensorflow as tf

from tensorflow.keras import Input, layers, Model

from tensorflow.keras.activations import sigmoid, softmax
import numpy as np

#5510 IUBYE et R

num_classes = 10 #2555 K

input shape = (28 28, 1)

#H 3T 2T 5 R ) B g 4

(x_train, yftraln) , (x_test, y test) = tf.keras.datasets.mnist.load data()
HA — AL B K B 0~1

x train =x train.astype('float32') / 255.

X test =x test.astype('float32') / 255.

#8445 i [batch, height, width, channel ]

x train =np.expand dims(x_train, -1)

x test = np.expand dims(x _test, -1)

4 v 5404 one hot Zifd

y _train = tf.keras.utils.to categorical(y train, num classes)
y test = tf.keras.utils.to categorical(y test, num classes)

#5200 MPERAY b R
A iy A
inputs = Input (shape=input shape)
3 ) o A
x = layers.Flatten() (inputs)
x = layers.Dense (784, activation=sigmoid) (x)
x = layers.Dense (128, activation=sigmoid) (x)
outputs = layers.Dense (10, activation=softmax) (x)
T AR H 2B BAE Model XA 28 HLTH
#inputs Fl outpus A LA FI R, FIR TR 24 A B 24
model = Model (inputs=inputs, outputs=outputs)
model.summary ()
#4553 20 . U A1 BRI 4 ) SRR 5% pE A
callbacks = [
tf.keras.callbacks.ModelCheckpoint (
filepath='mnist weights',
save best only=True,
monitor='val loss',
)l
]
I E 2 2T AN R R KL
model.compile (
optimizer=tf.keras.optimizers.Adam(learning rate=0.001),
loss=tf.keras.losses.CategoricalCrossentropy(from logits=False),

metrics=[ 'accuracy'], A T8 E L LA Sl HER R

)
#3554 25 UIGR $HEH
model.fit(

x=x train,

y=y train,
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batch size=2,
epochs=10,

validation split=0.1,
callbacks=callbacks

PAT Rt 2 TP IR 2E AT U 5 L 5 & 2 8 7R A epoch YINZRJA 025 L B R 19 25 2R, 4n

& 3-24 7R,

B Ele fdit View Navigate Code tor Run Tools VCS Window Help - 8 x
untitledd | TensorFlowAP! | {4 (275 BFthkeras.SequentiolWIgIE v | b & Gt ¢ v OS5 Q
% = Pojec sdel
E # e
- #
H inputs = Input(shape=input_shape)
e # Wikt
3 x = layers.Flatten() (inputs)
z x = layers.Dense(784, activation=sigmoid)(x)
E x = layers.Dense(128, activation=sigmoid)(x)
o outputs = layers.Dense(10, activation=softmax)(x)
Run:_# @model frnism &=
» . 27000/27000 [ 1 - 39s 1ms/step - loss: 0.0413 - accuracy: 0.9877 - val_loss: 0.8693 - val_accuracy:
Epoch 5/10
a3 27000/27000 [ 1 - 48s 1ms/step - loss: 0.0305 - accuracy: 0.9906 - val_loss: 0.1071 - val_accuracy:
:#  Epoch 6/18
& 27000/27000 [ 1 - 38s 1ms/step - loss: 0.0239 - accuracy: ©.9925 - val_loss: 0.8774 - val_accuracy:
# Epoch 7/10
27000/27000 [ ] - 43s 2nms/step - loss: 0.0192 - accuracy: 0.9941 - val_loss: 0.8820 - val_accuracy:
Epoch 8/10
27000/27600 [ ] - 38s 1ms/step - loss: 0.0167 - accuracy: 0.9950 - val_loss: 0.0983 - val_accuracy:
Epoch 9/10
27000/27600 [ ] - 38s 1ms/step - loss: 0.0149 - accuracy: 0.9954 - val_loss: 0.0986 - val_accuracy
poch 10710
2 27000/27000 [ ] - 37s 1ms/step - loss: 0.0121 - accuracy: 0.9964 - val_loss: 0.0966 - val_accuracy:
*
poo 251000 IERAL & 50w B @ Euent Log
D PyCharm 2020.1.5 available: // Update... (today 9:34) 461 CRLF UTF-8 4spaces W & Python3.s [main

& 3-24  model. fit Yl Zrgk

I RB s TR 2 T 5 807 R Bs 4 1 BT 55 R AE R U T 50, 9 I8y, 3t

kit

10 N 2s  HR R K E R, FL R SH ol 28 X 28, tl. keras. datasets. mnist. load_data()4x B zh i

17N 6 sk K EER L A 3-25 Fis .,
F 5 R 5 A B

A —ok B R, HAEIAEL0,255], X BLil i x_train. astype('float32') /255
FETELO, 1], i) DAYE— & R B b 2 il i R AR 4

3-2

wl

HH F mnist. load_dataO) FJZHE shape J& 60000 X 28 X 28, {H &K A b iz 8 H —1~ill

ZEFE, BT LA Bl 3T np. expand_dims(x_train, —1) A8 il 60000 X 28X 28 X1,

R FCAR R
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i y 3 tf. keras. utils. to_categorical (y_test,num_classes)ZE 0. 0. 0. 0. 1.
0. 0. 0. 0. 0. JAyph ARG X BLR R H S 4, 33t 10 o338, 2 ETIE R MRS 4328 8 4
HALE PRE R 1, AL 0.

[ 2K %Y callbacks & —~%1 2, tf. keras. callbacks. ModelCheckpoint () F 3¢ 15 & 45 1l
MAE S BARAFEE D FESET .

keras.callbacks.ModelCheckpoint (

filepath, R A A E SRR B

monitor='val loss', #ifs B {E . val_accuracy.val_loss ## accuracy
verbose=0, #HE BRI o HE 1

save best only=True, #True F/N HH epoch B monitor H b — KB AF

save weights only=False, #True HfFGALE , N HAGHE @A,
#False 23R ANE AL R — & R 17

mode='auto', #save best only=True.monitor=val accuracy,
#mode=max;val loss B} min;auto H ZhH#EW:
period=1 #% JLA~ epoch HATIETE
)
v b TaiSwel TEA B i B save_weights_only=False, JIl 2k 58 1%,
4 T JEAEAE R SO 3-26 B
B assets K 3-26 H assets H 3 H T A5 K ; variables H 3

v B variables

if, variables.data-00000-0f-00001 @éi\—/\ﬁi/ﬁﬁ” ?Tﬁg'ﬁﬂﬁﬁre H %aved model. Pb jtﬁ:ﬁﬁ

g e it FAERHBM ¢ keras_metadata. pb W Keras X fOALT
=-sizd madelps & H save _weights _only = True R}, callbacks.

[ 3-26 BEEVFALE CHEME R ModelCheckpointO) Hi ) filepath U )5 4% 44 k. hs X
1 BRI A3 2 an 1] 3-27 Fis I 45 .

v B TensorFlowAP # 34 REFHEY. ¥ITFRHESHY

» B autograph

v Baiicicg i 57 callbacks = [
Bm mnist_weights
B assets 58 tf.keras.callbacks.ModelCheckpoint(
¥ M variables 59 filepath="mnist_weights/F5.h5",
il> variables.data-00000-0f-00001
il variables.index 60 save_best_only=True,
# keras_metadata.pb 61 lsave_weights_only=True)
& saved model.pb 29 . oy '
monitor='val_loss',
A gatherBUE.py 63 ) ’

Bl 3-27  RARRHALE S B
] £ model. compileO) B X B B R R EBZSHUT .

def compile(self,

optimizer='rmsprop', BT B2 S O ik IR R AR AN L T
#tf.keras.optimizers fRIR T

loss=None, #H e R EIX B . tf . keras.losses A L F
R PRB I B e . AR AT DL H S SRR pR R
metrics=None, #FEM AR AE, B accuracy il mse

run_eagerly=None, 2 15 S REE AR
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24 3] BIE tf. keras. optimizers. Adam () # [ learning_rate ¥ i , CategoricalCrossentropy ()
NAE IR . e JE A model. fitO) PR AL TensorFlow £ [ 3 M 45 Sz 1) £4 4% 34 1 2 47 I
k.

FUIEZY S R | EX DB 3 (1

(1) PO Ak P

(2) gt 22 ) 2% AR A

(3) Il ] R B L2 > 3 2R PRI L

(4) VA model. fitO F47YN45

JEE . model. fitO F # epochs 9 R I SN % ENHEAA X Z . W REEHFRLR,NA
# OOM 432 ;88 model. fitO B2 A H TR GEBRF X F T 22 ISR ERD
PR RITILA

3.5.2 {4iH] model. train_on_batch YI[Zx 7Y

N GRT5 308 model. fieO) B AR AR J5 i, (EUR A BB 7R U ki 7 b 98 100, AN REAE
Yt f 47 B 2 LE . B It TensorFlow i #2 it T model. train_on_batch i 75 ik it
T AR U0 F
#%f 3 3 /TensorFlowAPI/ffi [l model train on batch JllZ#EA . py

#5420 DR
BATCH SIZE =6

epochs =10
HEFA batch size VIEIEE  IF 4T 4
#Il Z4E

ds train = tf.data.Dataset.from tensor slices(
(x_train, y train)

) .shuffle(buffer size=1000) .batch(BATCH SIZE) .prefetch(
tf.data.experimental .AUTOTUNE

) .cache ()

#IRIE 4R

ds val = tf.data.Dataset.from tensor slices(
(x_test, y test)

) .shuffle(buffer size=1000) .batch (BATCH SIZE) .prefetch
tf.data.experimental . AUTOTUNE

) .cache()

for epoch in tf.range(1l, epochs + 1) :
A AR D A B ) R R A
model.reset metrics()
AR i 27 > A
new lr =model.optimizer.lr
#2 IO LA R AT )N 2R

for x, y inds_train:
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#1125
train result =model.train on batch(x, y)
A I E K 8 1T 1
for val x, val y inds val:
valid result =model.train on batch(val x, val y)
#HEVER 5 4 epoch 2F ) RAL N 2xnew 1r
if epoch $ 5=
model.optlmlzer.lr.assign(new_lr *2)
tf.print ("M ", new lr.NumPy())
#5 R 10 4> epoch ﬁﬁ*?ﬁ(*ﬂﬁiﬁ:
if epoch % 10 =
model.save (f' train_on_batch{epoch} .h5")
HT ENYI 25 il 25 2R
tf.print("train:", dict(zip(model.metrics names, train result)))
tf.print("valid:", dict(zip(model.metrics names, valid result)))

TE 3.4.5 FaFaE FEM TN 2, @13 B & X for epoch in tf. range(1, epochs—+1)
S pEhil 2 3 KA 5 A epoch Z8 4 2xnew _lr, & 10 4> epoch £ /7 — R AL HE 34, model. train7
on_batch (x., y) 4 ARG R 19 B A KO | IR RE 12 ek BOW A Sh 3R 47 B 4L 7 01 BEAT I 25 o7 2] L o
> it ﬁaﬁc&ﬁmﬁﬁ%ﬁﬁxm
7R AT LA B H s P A7 7E train_on_batch10. h5 X /MALHE SO, WL 6 & 19 f
/\Zzﬂi’l i 232 0,001 £ 0. 004, AN 3-28 Fif 7R .

W File Edit View Navigate Code Refactor Run Tools VCS Window Help  untitledd - @Emodel train on batchili$#5 py - PyCharm - o K
untitled9 | TensorFlowAPI » & fEfimodel train_on_batchil#sE py @fmodel_train_on batchils#&® (1) v b # © Git ¥ v sla
% Project © F & — [ Emodel train_on_batchIS8% py
& > B studyPandas —
-9 v B TensorFlowAP! pf epoch % 5 == 8:
1 > Bmautograph 76 model.optimizer.lr.assign(new_1r *x 2)
E > B mnist_ weights 77 s , new_Llr.numpy())
g i gatherffi.py ~ . -
& 8 Kerastit.py 78 # 17F510 fepoch R —AELH
- A meshgrid=EHERIteE py 79 if epoch % 10 == 0:
i train_on _batch10.h5 . . "
2 BT DRRMEpy model.save(f'train_on_batch{epoch}.h5"')
5 3 B model. it 548 py 81 # FTEHING AR
° & ﬁz"“:;".'z'" on batchWisspy g5 tf.print("train:", dict(zip(model.metrics_names, train_result)))
[ U Py s " : s : s
1 BFtf keras. SequentialEIsSER. py 3 tf.print("valid:", dict(zip(model.metrics_names, valid_result)))
By 84 |
Run: _on_batchiIl# (1) o -

» train: {'accuracy': 1.0, 'loss': 0.006365841254591942}
valid: {'accuracy': 1.0, 'loss': 0.000966606370639056}

= B [GHF5%: 0.004
:4 "

# = |train: {'accuracy': 1.0, 'loss': 9.616460738470778e-05}
3 ? valid: {'accuracy': 1.0, 'loss': 0.0004339704173617065}
5 (]
:
f Process finished with exit code @

Bgot =g1o00 |BARI| O Terninal % Python Console Q kvent Log

84:1 CRLF UTF-8 4spaces W @ Python3.8 [ main
[%] 3-28 train_on_batch Il Zx 5 %Y

4 model. save () AN 48 %€ J5 4 44, W ER AN R 47 & TensorFlow 9 #% =X, 4n & 3-29
v
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Project ¥ @ = W/ — A EAmodel train_on_batchijliiga. py

» B studyPandas = - a __

¥ I TensorfFlowAPI o if epoch % 5 ==
> Bmautograph 76 model.optimizer.lr.assign(new_1r * 2)
> mnist weights 77 tf.print("H4HiI%: ", new_lr.numpy())
¥ B train_on_batch1_tf

B assets 78 # #7510 1epoch RiF— K E X fF
v variables {A‘i\ifepoch % 1 == 0:
- Ji———— model.save(f'train_on_batch{epoch}_tf")

& saved_model.pb

[os)

% gatheriia py 81 # FTHINZH R R

t Ke'a;*gfgmﬁ 82 tf.print("train:", dict(zip(model.metrics_n
fa meshgri &Py . 3 . . s

# train_on_batch10.h5 83 tf.print("valid:", dict(zip(model.metrics_n
A TR, HIREEpy 84 ? bprea k]

A B model fit) |88 py

A Efmodel_train_on_batchi
A EstEmEE py

fa BT tfkeras.Sequentialt&is

Bl 3-29  save fRAFA tf k% X AR TN S 8

3.5.3 HEXERIYIZ

Y2577 320 model. {itO) 58 2 & — A BAEAE .1 model. train_on_batch BARGEE 7E — &
FREE 0 U 25 R A7 4 ) L AH R 5 52 ) A% 06 2 29 1 DB AN X6 7 [) e HE 2R 95 R R A P AN
% , gt v AR FH 5 42 8 R AT 2 22 ) RIS a0 T

#4F 3 7 /TensorFlowAPT /584 H & X HI % .py
#5542 U5 R R
def train step(model, x, y):
#model : p
#features: 4% x
#labels: 24 v
#tf.GradientTape () H 32K B 116 F 3k 1% A)
with tf.GradientTape () as tape:
#1117 1% 7%
predictions = model (x, training=True)
#5401 2% pRUEL
loss = loss_func(y, predictions)
HAR A 51 2% pR B Bl SR EE
gradients = tape.gradient (loss, model.trainable variables)
BB B BT 8l model . trainable variables JBMEH SR )5 B optimizers #4745 2 itk
A6 BT B
optimizer.apply gradients(zip(gradients, model.trainable variables))
HE T I 46 B
train loss.update state(loss)
train metric.update state(y, predictions)

#UE 4R
def valid step(model, features, labels):
#5 UE 4 AN HEAT B T o BT o )

predictions = model (features)
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batch loss = loss _func(labels, predictions)
valid loss.update state(batch loss)
valid metric.update state(labels, predictions)

BATCH SIZE =6

epochs =10
HEFA batch size YIEIRUE I #1747
#ll 4R

ds train = tf.data.Dataset.from tensor slices(
(x_train, y train)

) .shuffle(buffer size=1000) .batch (BATCH SIZE) .prefetch
tf.data.experimental . AUTOTUNE

) .cache ()

HHIE S

ds val = tf.data.Dataset.from tensor slices(
(x_test, y test)

) .shuffle(buffer size=1000) .batch (BATCH SIZE) .prefetch (
tf.data.experimental .AUTOTUNE

) .cache ()

for epoch in tf.range(1l, epochs + 1) :
#1144
for x, y inds_train:
train step(model, x, y)
LIRS
for val x, val y inds val:
valid step(model, val x, val y)
logs = f'Epoch={epoch}, ' \
f'Loss:{traingloss.result()},'\
f'Accuracy: {train metric.result()}, '\
f'Valid.Loss:{valid_loss.result()},'\
f'Valid Accuracy: {valid metric.result() }'
#EEME 10 4> epoch ﬁﬁ*‘(ﬁ\ﬂﬁiﬁ:
if epoch % 5 =
model.save ( n%ﬁ%)‘(ﬂlléﬁ:{epoch} 7
tf.print(logs)
HHPEN IR E E Y 0
train loss.reset states()
valid loss.reset states()
train metric.reset states()
valid metric.reset states()

BT A R MIE 3-30 iR,

TE KB train_step (model, x, y) 1 [ tf. GradientTape O H ¥ #] model (x, training =
True) AT HT MERE , I8 XA 5 K%L loss_func(y, predictions) » 2R J5 MR 45 $1 5% loss N 4 45
4 tape. gradient(loss, model. trainable_variables) 3K & ,

SR G AR BE P 1k %% 19 3% £ optimizer. apply _gradients (zip ( gradients, model. trainable
variables)) 5B Bh B T B ALE S5,
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B file Edit View Navigate Code Refactor Run Tools VCS Window Help  uniitledd - s VRIS py - PyCharm = 5 x
untitled | TensorFlowAPl B 2 BEVIINES FEAEIDIEE v | > & Gt v v O 9 Q
[l Srciect v © = | & — {3 BEmodel tain_on batchUSSLpy {3 LRI py

BB > studyPandas S L

=) # Rirg

L=l for val_x, val_y in ds_val:

E valid_step(model, val_x, val_y)

i logs = f'Epoch={epoch},"' \

- f'Loss:{train_loss.resultO}," \

% f'Accuracy:{train_metric.result()},"' \

§ f'Valid Loss:{valid_loss.result()},' \

o

£'Valid Accuracy:{valid_metric.result()}"
# %10 1epoch iz — Kk HEXL
if epoch % 5 == 0:
model.save (f' 54 (15 X VIZ{epoch} ')
tf.print(logs)
# HIFIRE A0
train_loss.reset_states()

R @ meemvemis & -
> Epoch=7,L0ss:0.31293627619743347,,Accuracy:0.31293612718582153,Valid Loss:0.30836421835422516,Valid Accuracy:0.3037816689777374
Epoch=8,L0ss:0.314961820840883557,Accuracy:0.3149617314338684,Valid Loss:0.3072303235530853,Valid Accuracy:0.38729159712791443
Epoch=9,L0ss:0.30796873569488525,Accuracy:0.30796900391578674,Valid Loss:0.29848167300224304,Valid Accuracy:0.2984701693058014
WARNING:tensorflow:Compiled the loaded model, but the compiled metrics have yet to be built. ‘model.compile_metrics™ will be emp
Epoch=10,L0ss:0.3103051781654358,Accuracy:0.310306191444397,Valid Loss:0.3565879166126251,Valid Accuracy:0.356655478477478

= e [ Y1

Process finished with exit code 8

* 2 Favorites

Bact =gT000 B 4iRun| B Terminal @ Python Console Qventlog
o 32chars 1:1 CRLF UTF-8 4spaces W @ Python3.8 [§main

Bl 3-30 B XlZrgs R

PR valid_step(model, features, labels) B U IF 4 A FEHITHE TREAE I, &
AU 2 2 3 T 55 4 48 00 288 Iz 1) A% 5 53 05 11 J5L LA XS 02 L AR X model. fitO) 35258 5 PR L (H
My i i RE R 2 A — 2k,

B

1t TensorFlow H #4245 A 7T {# | model. fit, model. train_on_batch 1 B & X 4 A1 |
Ry g5 L ARG 2AE

%3]

SR 3 AR RS AR Oy S 3 FOR R AN 2507 s AT AL S TS B U R I 25

3.6 TensorFlow # Metrics #E4} 15 &R

3.6.1 {EWIFE

TR 2 43 2 ) R rp i R TR UG (R DA A o o B 23R A e SO TR I A Y 25 AR O B RE AR
A5, AT .
Accuracy= TPH+TN
TP+ TN+FP+FN

NP AR AR PRI A L .

(1) TP(True Positive) : FLIE M, Bl 455 B T30y 1E ) IEFEAS
(2) FP(False Positive) : fEIE], B A I S 1E 1 FAEAS
(3) FN(False Negative) : {5 6 il , g 45 51 F00 hy £ (0 IEFEAS
(4) TN(True Negative) : HE G, YA R Sy 7 SAAEAS

(3-D
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TE kearas. metrics BEHTHERE A4 E ] G A9SETT . RAR I ZRp AR 2 anF .

#5f 3 % /TensorFlowAPT /A 2 M4 PEMTE 4T . py

A B 2 2] FEAN K pR £

METRICS = [
tf.keras.metrics.TruePositives (name="'TP"'),
tf.keras.metrics.FalsePositives (name='FP'),
tf.keras.metrics.TrueNegatives (name='TN"),
tf.keras.metrics.FalseNegatives (name='FN"'),

]

model.compile (

metrics=METRICS, #IFH187E . LAL A A =

run_eagerly=True

def plt accuracy(history) :
h = history.history
#history.history 153 i) 2 7 i
#HEE v AE— list,# ¥ NDarray # 2 LA 155

h = {k: np.array(v) for k, vin h.items() }

h['val TN'] + h[ 'val FN'])

plt.plot(history.epoch, val accuracy, label='JGiE#ERE ")
plt.xlabel ("¥ERWEL ")
plt.ylabel ('HERF )
plt.title ("EAUKE SRR LML)
plt.legend(loc='best"')
plt.show()

s GRS A

history—-model.flt(

x=xX train,

y=y train,

batch size=6,

epochs=3,

validation split=0.1,

callbacks=callbacks
)
RPN GRS R AT 22 5]

plt accuracy(history)

optimizer=tf.keras.optimizers.Adam(learning rate=0.001),
loss=tf.keras.losses.CategoricalCrossentropy(from logits=False),

train accuracy = (h['TP']J +h['FP']) / (h['TP'] + h['FP'] + h['TN'] + h[ 'FEN"'])
val accuracy = (h['val TP'] +h['val FP']) / (h['val TP'] +h['val FP'] +

plt.plot(history.epoch, train accuracy, label='JIZHERHZE")

PIZr45 ] history ¥ B4 METRICS BY 258 . plt_accuracy )il
25l R A XTS5 B85 1] K 3-31 s,

L f#AT history H SN
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&l 3-31  HERRRA AR
TR 2 7E 200 B i AN ST B L IS BB & U HB PN BEVE A 45 L B an X AR R A 100 A4S
FEAC H A 99 AR AREA T AN IEFEAS , Ml i 5 12 455 28 0 BB 1F A b F00 00 113 B AR A IR A 85
BB R 32 99 26 B K B BOR AR L AH 552 B3 AN 5356 A AT AT 5000 BE 7 (IR R 1E

BEAR AT TN B2 T Al i) - FUI SRR A

3.6.2 FhEHR#E
1 2% SN A 5, 7 BT A B 00 O 1E (R R AR o S BR R IE RE A AR LA S
Precision:% (3-2)

K00 R MR R A L LA LLRLHENTRPAD A B BEE . R8RSR IR A4S
SR F T VA B R T 9 A 254 3 o A ) N of e R R LR AR RE AR RN SR A AR AR

#3 3 /TensorFlowAPI /M4 M4 KIE M I8 45 . py

A iR

def plt precision(history):
h = history.history
#history.history 153 f &> 7
#HER v AR List, # R NDarray #3 LU (E i+ 5
h = {k: np.array(v) for k, vin h.items() }
train accuracy = (h['TP']) / (h['TP'] + h['FP'])

val accuracy = (h['val TP']) / (h['val TP'] + h['val FP'])
plt.plot(history.epoch, train accuracy, label="JIZFEHEH")

plt.plot(history.epoch, val accuracy, label='JGiEX#ER")

plt.xlabel ('¥ERWEL ")
plt.ylabel ("A5HEZE ")
plt.legend(loc='best"')

plt.title ("EARRESHIHERM AL L")

plt.show()
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PR RAT R B S5 RN 8] 3-32 o .

0.975 | —— VIR RE T
— BIE IR
0.970

0.965

0.9551
0950

0.945} \ .

0.940 —+ .

4
ES ANV

Bl 3-32 K01

3.6.3 fHhlE

7 1] 3R S A 4 R B B 5 ST AR SRR D AR B9 AR AR TP gl B0 Oy IE AR AR B9 R R A 5

Wr.

Recall=

R .

TP

TP+FN (3-3)

#4 | 3
def plt recall (history):
h = history.history

plt.xlabel ('ZEfCUEL")
plt.ylabel ('HEZHK ")
plt.legend(loc="best"')

plt.show()

#2 3 # /TensorFlowAPI /M2 M4 K F I8 45 . py

#history.history 153 f &7

HESE v A& —A list, 54 il NDarray & 20 DLy 5

h = {k: np.array(v) for k, vin h.items() }

train accuracy = (h['TP']) / (h['TP'] + h['FN'])

val accuracy = (h['val TP']) / (h['val TP'] + h['val FN'])
plt.plot(history.epoch, train accuracy, label='JIZH FZHK")
plt.plot(history.epoch, val accuracy, label='JiEH ")

plt.title ("IAAAUE S B AR AL

A FHIAT 5 15 3 i 45 S an 181 3-33 B,
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3.6.4 P-Rh&
T AR L B FE 3 5 P 6 T A AR 7] L {91 601 70 50 0 5 5 5 L 2 L AT S
IR T 5 % 25 B B F TH(EL A 2 /0 T 7 P2 07 J ER o O 5600 2 9 0 D 245 0 L 7

ATTFHEI0 i 4) 17 150 07 32 /N

R AR AN [ e — 0 B B IO & . N e RS R G h , AT X Y N B LR
A RE ML GRS SRR FRAT LR B R A A XA LI AR T — S G R A Y
B A ERBUIR T 5 AR AL P RO R A PN AR A K L B R BB PN A (ER X R
RIERBUAR T o ESEPs TR P AR AR BEAE S P48 b B0 25 28 L I 3 4 31— AP i 0 fi
FE M PERE IR B AL X e P-R e AR IT .

#55 3 % /TensorFlowAPT /#1242 W 45 T EM 8 45 . py

def plt PR(history):

h = history.history
#history.history 15 3| Ay &5
#HEJE v AN — list, Bl NDarray #5205 (5

h = {k: np.array(v) for k, v.in h.items() }

G i
train precision = (h['TP']) / (h['TP'] +h['FP'])
val precision = (h['val_TP']) / (h['val_TP'] + h['val_FP'])

# [1] %

train recall = (h['TP']) / (h['TP'] + W[ 'FN'])

val recall = (h['val TP']) / (h['val TP'] + h['val FN'])
plt.plot(train recall, train precision, label="ill%: P-R [l1£")
plt.plot(val recall, val precision, label='"H3ik P-R liZk")

plt.xlabel('ReCall")
plt.ylabel ('Precision')
plt.legend(loc="best"')
plt.title('P-RHNZ")

plt.show()
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A AT 5 153 2 i 45 R an 18] 3-34 B,

--- JIZFP-Riffi£}
— HEP-Rih £k

09751
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0.945
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0.940 : : :
0.5 0.6 0.7
RecCall

B 3-34 P-R &8 1k

BT R U SR T 8] E AR 29, P-R M £ A by i SRR B A R RE AT T
HE WER A PR SR IEFEAR MG O, Y AR A L3 2 i P-R Ol £ 09 % SR — %, e st
ROC gk &4 .

3.6.5 F1-Score

SRS SR AN E B R A9 53 — TR B J& F1-Score, AKX T .

2XPXR

F1 (e M ey, AU g M RE B AR AR

#5F 3 B /TensorF1lowAPT /1 2 W 4% [ IF M 8 45 . py

def plt F1 Score(history):
h =history.history
#history.history 153|125
MR v AN E— list, # A NDarray #3 L 7 5
h = {k: np.array(v) for k, v in h.items() }
1 i 2R
train precision = (h['TP']) / (h['TP'] + W[ 'FP'])
val precision = (h[ 'valiTP']) / (h[ 'ValiTP'] + h[ 'valiFP'])

#49 nl %
train recall = (h['TP']) / (h['TP'] + h['FN'])

val recall = (h['val TP']) / (h['val TP'] + h['val FN'])

fl train = (2 *train precision * train recall) / (train precision + train
recall)
fl val = (2 *val precision *val recall) / (val precision + val recall)

plt.plot(history.epoch, f£1 train, label='YJI|Z% F1-Score")
plt.plot(history.epoch, f£1 val, label='33jE4 F1-Score")




A—A—SE 3R
plt.xlabel ('EEACREL")
plt.ylabel('Fl-Score')
plt.legend(loc="best"')
plt.title ("B F1-Score 254k ")
plt.show()
P HPAT IG5 B B 45 R an &l 3-35 iR,
0.95F
0.90F
1
1
0.85F |
2 ]
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4 !
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0.70r |/
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I
0.65F | :
! -=- |4 8EF1-Score
060l — BIFEEF1-Score
2 4 6 8
YR

0
F1-Score [l £k 725 1k

& 3-35

3.6.6 ROC fhzk
A S 5 B A v 28 4ty BH S P 70 4 B 6 RE A L T REAS 22 Gl AR ) 1
BCHRL P B T 7R AR 9 43 75t T B 25 6 R 99725 41 T 25 £k ROC 28 A1 AUC i 28 7T LAAR &

R B A KB 00 A 5 B2 0 B
ROC £ w] DL TC AR AR B9 AN A7, 32 BB T RABUE (sensitivity) F14F 5 BE (specificity) »

VR K IE % (TPR) A I % (FPR).,
(1) EI1FE# (True Positive Rate, TPR) , X Fr N R E .

(2) R 11 (False Negative Rate, FNR),
(3) B IE#* (False Positive Rate, FPR),
(4) HA1# (True Negative Rate, TNR) . X R N4F R,
TP
- TP+FEN
FN
FNR =75 +FN
FP
FPR=7X + FP
TN
TNR= TN+ FP

xRz 2k
TPR
(3-5)
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M- AT, RAGEE TPR 54 Bl R — B ZIEREA K A 18] RE 53 B TNR 2 fpE AR
[ 44 1%, i R 7% FNR=1—TPR, R 1E % FPR=1—"TNR, X 4 >4k B # /& $F % i — 2
ol ) TIN5 SR 00T 5 A I ST B R R AS S 1R B O AN U Bl RS RE AR R, 90 00 2 IE
FEAR 10 0 2 SAARAS 7R X T 00 A0 2R Al R AT DE A, R AR 2 9 (H & TPR AN
TNR 20 LAY O TPR HSCHE 90 %0 IEREA thAy 22 /A J2 1l 3000 1E & 1Y . 107 508 10 06 89 972
FEARBA KA A FPR REERE 1020 OREA A7 22 0 2 00 A5 452 19, L 5 90 20 B9 IERE A

TCR S AE Ll G T AR AS AN S iy A 1) AL

ROC £k =2 i REE TPR AR IE % FPR 4 AL, H rbks A2 45 R i 1E %6 FPRGA A b5

S RAGE TPRACVES AN .

plt.show()

#25 3 ¥ /TensorFlowAPI /M2 M4 KiF M8 45 . py

def plt ROC(history) :
h = history.history
#history.history 153 ) 25 i
#HER v NR—A list, F 4l NDarray #% 20 L7 (1153
h = {k: np.array(v) for k, vin h.items() }
train FPR= (h['FP']) / (h['TN'] + h['FP'])
train TPR = (h['TP']) / (h['TP'] + h['FN'])

val FPR = (h['val FP']) / (h['val TN'] + h['val FP'])
val TPR = (h['val TP']) / (h['val TP'] + h['val FN'])

plt.plot(train FPR, train TPR, label='JI|Z:%E ROC")
plt.plot(val FPR, val TPR, label='HiiF4 ROC")
plt.xlabel('False Positive Rate')
plt.ylabel('True Positive Rate')
plt.legend(loc="best"')

plt.title('ROC Bk ")

PR IAT 5 A B A S5 R A 3-36 T .
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[# 3-36  ROC £k 2s 1k




$3%E REFIER P 2n

ROC th& s an 5 FPR #i{fk TPR #E , WS R REHE .

3.6.7 AUC [k
AUC(Area Under Curve) X FRHIZ TERI AL, B AL T ROC Bk T 4 A TE AL K/, ROC

22 °F 77 T FRRE JC UE BH B T PR gk 4, DR e AUC ] 3, G SR 2 58 26870, I &2 1) AUC=1,
U B T A T 19 HEAE 745 %) BT T o AR R Ok B B PR AS AR U

#2 3 % /TensorFlowAPI /M2 M4 K F M 3845 . py

HEINIEANY 46 b
METRICS = [
tf.keras.metrics.AUC (name="'AUC"')

i

def plt AUC(history):
h =history.history
#history.history 53| 125 #

HEJE v ANt —A list, 564l NDArray %20 DLy i i &

h = {k: np.array(v) for k, v.in h.items() }

train auc = h[ 'avuc']

val auc = h[ 'val_AUC']

plt.plot(history.epoch, train auc, label='illlZ:4 AuC')
plt.plot(history.epoch, val auc, label="¥1F£ AUC')

plt.xlabel ('Epoch')
plt.ylabel ('AUC")

plt.legend(loc="best"')
plt.title('Epoch 5 AUC 284k ")
plt.show()
W FHIAT S5 15 20 ) 25 R an1E 3-37 iR .
1.00F
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0.96[ | --- g EAUC
1 — BHEHEAUC
0 2 4 6 8
Epoch

Bl 3-37 AUC iZ4s1k

3.6.8 RGBS
TR VA JH % (Confusion Matrix) X 8% FR by 45 12 56 B, 38 33 & 1T DL B0 3 W00 2% 3] 550925 19 4
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RBCR BRI R BEREA B 70 JEME R 4347 37 TN RE A 1 7 R B3R B ke 173 26
SER IR E L AU E

#25 3 T /TensorFlowAPI /M2 M4 KiF 3845 . py

from collections import deque

#H T 92 BU YR VA JE B R 8, RARAFIRSS 1 1 epoch Y45 R
val 11 = deque( D maxlen=1)
def confusion matrix acc(y true, y pred):
HIRCTIU (L o B 05 A MR 37
pre label = tf.argmax(y pred, axis=-1)
HHRECILAE T B3 14 e R (B 7 8
true lable = tf.argmax(y true, axis=-1)
# JH R V8 JE e pR AL
matrix mat = tf.math.confusion matrix(true lable, pre label)
# R ARAF I S5 — IR TIN5 B S AA 1) e
val 1l.append(matrix mat)
#3303 (8] {1 9 A O P L T TR TSR A AR I s metrics BRIASR Y

return matrix mat

#7E compile M i metrics HHN H E XIFHr B4l confusion matrix acc
model.compile (
optimizer=tf.keras.optimizers.Adam(learning rate=0.001),
loss=tf.keras.losses.CategoricalCrossentropy(from logits=False),
metrics=[METRICS, confusion_matrix_acc], TN FE 2 i Ab oA A
run_eagerly=True

)

K6 R I v ) AR B o B A

def getMatrix(matrix):
R Al
per sum =matrix.sum(axis=1)
#15 B 14> BT S 19 AR

11 = [matrix[i, :] / per_sum[i] for i in range(lO)]

#0R B A7 /N B
matrix = np.around(np.array(1ll), 3)
FANSA S (R TR 0
matrix[np.isnan(matrix)] =0
return matrix

2 1l 1R Y5 LB
def plt confusion matrix(class num=10) :
#2044 FR
kind = [£"${F {x}" for x in range(class num) |
FH X MR B T O3 b
data = getMatrix(val 11[0].NumPy())
plt.imshow(data, cmap=plt.cm.Blues)
plt.title ("FEHFIRHIRE ") #title
plt.xlabel ("FRMI{E ")
plt.ylabel ("HL(H")
plt.yticks(range(class num), kind) #y i p
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plt.xticks(range(class num), kind, rotation=45) #x BlbRss
HEU{E AL 2
for x in range(class_num) :
for y in range(class num) :

value = float(data[y, x])

color = 'red' if value else 'green'

plt.text(x, y, value, verticalalignment="'center',

horizontalalignment='center', color=color)

# 9 2l 8 5 1 [ S50l 22 S A A R DX
plt.tight layout ()
plt.colorbar()
plt.savefig ("FEEF R IRIEHFE . 5pg™)
plt.show()

P AT Ja A B S5 R an ] 3-38 Frai .

1.0
T 0 0.0 0.0 0.017 0.0 0.0 0.017 0.0 0.017
B 1 0.0 00 00 00 0.0 0048 0.0
0.8
B 2[0.032 0.0 0.0 0.016 0.0 0.0 00 00 0.0
B 3F0.0 0.0 0.0 00 00 0018 0.0
0.6
@ 3F 4£00 00 00 0.0 0.017 0.0 0.0
ol
T == 5F0.0 0.0 0.019 0.0 0.056 0.0 0.0 0.0
04
B 6F00 00 00 00 00 0.0 0.0
¥ 7000 00 00 00 0015 0.0 00 0.0 0.0
402
B 8F00 00 00 00 00 003 00 00 0.0
= 9+0.0 0.0 0.0 00 00170017 0.0 0.017 0.0
1 1 1 1 1 1 1 1 1 __0.0

K KD KK KK
LA A S S AR
THRMME
 3-38  {RIEHE

TP 3-38 o, M EUN L F 07, ELIHE R 07 Iy 0. 948, U Ry < AT 3”7
AOME A2 0. 02, WHLZ VLA 0. 052 AUMEA 1 {4 ALK “ K05 07 Wil o H Al %y, AARd b 32
FA i T tf. math. confusion_matrix(true_lable, pre_label) 3 4t i 56 3iF ££ v $ 0 Sy 1E FE A4S
R, PR R LR (] ) 2 — AN, T D getMatrix(matrix) 4 H Al 7%, deque([ ],
maxlen=1)J&—BAF , [ & model. fit O 7E Y| 2k B , metrics /N BEM confusion_matrix_acc()
PR IS B3R [FHE matrix_mat(metrics 4% B A 1R 16 6 FE X S48 4D« BT DL B H BA 3 ok
TH matrix_mat HY{E .

/Q/\X%/
Y &4 7
Cal
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o gk

e =A

PGB A 8 B A7 HERA R DR R 4 [0 R P-R 2k \F1-Score IR IE LI 554545
%3

PAIEOF B S PP 48 AR A USSR R Al 18 b AU S e &R

3.7 TensorFlow H ¥ 12 i iy

HEHLFN A load_model O & EUMN ZARAE AL TE SCOF L SR 5 8 ov2. imread O 32 AJK
B AT YR AL B JS Rl argmax B R A 6 N B4 28000 75 30 A B 25 5L A0S
I

#55 3 % /TensorFlowAPI /T HEHE . py
import tensorflow as tf
import cv2
from tensorflow.keras.models import load model
if name ==" main ":

model = load model ('5E4 A & L% 400")
height,width = 28, 28

#IE T & R

img = cv2.imread('test.png', cv2.IMREAD GRAYSCALE)

i e R B 4 A B shape

img = cv2.resize(img, [height, width])

#%H N torch.tensor () KM

img_tensor = tf.cast(img, dtype=tf.float32)

#R R R A B (1, 28, 28, 1], BT KLTH 4k

img tensor = tf.reshape(img tensor, [1, height,width, 1])

output = model.predict (img tensor)

I 235 2R e RAH AR b

index = tf.argmax (output, -1) .NumPy ()

AT 24 7Y

kind = [£"$(% {x}" for x in range (10) |

print (£"WP ={kind[ int (index+1) |}, #f & ={round (float (outputl[:, int (index)]),
2) 1"

BT R 3-39 s,
24 4E

PP A A RN S ST (R A A TR LU0 R e 2 0 % 14 4 R I B B B A R 5
B 4 IO P B 2 BN 2

%3]

S8 T B T R AR Y i BEACAS
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B file Edit View Navigate Code Refactor Run Tools VCS Window Help  uniled

untitiedd | TensorFlowAP| - & FAVITEpy L _TURINL S SENCVOROILS.

§ Project + © T & — {BRIARYMDGpY ¢ i3 FROERpy

M "ﬁ‘;"“‘“:?"l'\“"“\“”"”““ o\ from tensorflow.keras.models import load_model =
» B machineLearn

=~ » bu modPackage :

g > BapyTorchapl 6 » if __name__ == "__main__":

£ » mstudyMatplotiib e ATaTes B

B itiony model = load_model("' 5415 X I#4400 ")

3 > mstudyOpency # A

| > MsidyPandas 9 img = cv2.imread('test.png', cv2.IMREAD_GRAYSCALE)

£ Y W TensorFlowAPl \ b A0 S Al "

§ B autograph # HBAEHASshape

° > B mnist_weights 11 img = cv2.resize(img, [28, 28])

» W train_on_batch1_tf

> B FEREEYUESA00 # ##Xtorch.tensor () A%

2 1jpg 13 img_tensor = tf.cast(img, dtype=tf.float32)

,Egm\e:;uf,,y 1 # BIAETMATEX[1,28,28,1]. Fiblit4

:m;hgnd:;m,gw 15 img_tensor = tf.reshape(img_tensor, [1, 28, 28, 1])

@ testpng 16 output = model.predict(img_tensor)

il # TR ERAAMD) FhF

& ERmodel ftilsmEpy | 16 index = tf.argmax(output, -1).numpy()

f @Emodel_train_on_batchill 4 g P

B BRI py = =
Run: ) Foee (1) i & -
L - WARNINGTLEISUI'T LUW:NU LYUI'dLIUN 1UUNU L1 SdVE 1LLE, SU LIE NUUEL WaS TNUL® GUNPLLEU. LUNPLLE 1L Wanudily.

2023-04-30 17:03:04.68 ~flow/compiler/mlir/mlir_graph_optimization_pass.cc:185] None of the MLIR Optimization Passes

= »flow/stream_executor/cuda/cuda_blas.cc:1760] TensorFloat-32 will be used for the matrix multi

=
= \ |
@ Process finished with \ !

* 2:Favorites

|
Qventlog

Baon =giooo [BERN| & 50w B 31 4mE
7:37 CRLF UTF-8 4spaces W @ Python3.8 [ main

K 3-39 TensorFlow Tl 45 H

s}

3.8 PyTorch & & 22 [ 4%
3.8.1 PyTorch "5 iist i b ok &

PyTorch H 4 £0HE % e 5k i 19 BB AU ILAY A torch. tensor O) | torch. from_numpy() .

torch. as_tenorO 4 fCIBUIT .

#58 3 & /PyTorchAPI /5 ik . py
import torch

import numpy as np

from torch.autograd import Variable

#(1) B d by

scalar = torch.tensor([[l, 2:|, [3, 4]], dtype=torch.float32)
scalar[0, : ] =0

print(scalar)

#(2) M NumPy ¥4 Ry 5k &

np_tensor = torch.from numpy(np.random.rand(2, 2))
print(np tensor)

#(3) torch FEMLA: Bt & 4k B 09 £ 4

rnd = torch.randn([2, 2])

print (rnd)

print ('#'*30)

BATERWT .

tensor ([[0., 0.],
[3., 4.0])
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tensor ([[0.5540, 0.9942],

[0.3511, 0.1088]], dtype=torch.float64)
tensor ([[ 1.6299, -2.0948],

[-0.1387, -0.4610]])

RS scalar[0, :]=0 2z 47 W3, f] TensorFlow M| JC#%i2 47, PyTorch W1 3k & 7]
L R GBI 2.
WRARE LA g, B TR A7 A AT S BOT RE W E 4T F 3ok 2 i sk i )75 28
H VariableO) 28 , AR5 UNF .

#55 3 % /PyTorchAPI /i ik & .py
) A A S A
var tensor = Variable(scalar, requires grad=True)
) 452 BRI AL
v_out = torch.mean(var_ tensor *¥var tensor)
) S 5 %
v_out.backward ()
) AJIRAS BEAH
print (var tensor.grad)
BATHRAT .
tensor ([[0.0000, 0.0000],
[1.5000, 2.0000]])

3.8.2 PyTorch & %%
5 2 WA H torch. deviceOf& A cpu 8X cuda AI$5 @ MR K217 ACRSANF .

#55 3 % /PyTorchAPI/{EE W .py
import torch

tensorl = torch.tensor ([[1, 2], [3, 4]])
tensor2 = torch.tensor ([[3, 3], [5, 5]])
device = torch.device("cuda" if torch.cuda.is available() else "cpu")
if device:
print(tensorl + tensor?2)

R .

tensor ([[4, 5],

(8, 91

3.8.3 PyTorch $%fis%
LR BRAEE $ Py Torch #4% AAR40F .

#3553 ¥ /PyTorchAPI /F#iaE .py
import torch
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B1T4

N

b

RUF

3.8.4 PyTorch 4k 4{L

2k /A8 Ak 3 EAFE FH torch. reshape (), torch. unsqueeze () | torch. squeeze () | torch.
transpose O PR, AR UNTT .
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BATETRAE

7B KBk

torch.
torch.
torch.
torch.

size([1, 2, 21)
size([1, 2, 2])
size([2, 2])

size([2, 1, 2])

3.8.5 PyTorch Y) i Wi

HY) R BUE 15 S TensorFlow S FF— 2, 7 2 & 19 /& PyTorch Hill

AT B A IR

) A BUE

#45 3 & /PyTorchAPI /Y] H BUHE . py

import torch

a = torch.randn ([ 4, 28, 28, 3])

print(al0, ...].shape) #5651 128, 28, 3]

print(al0, 1, :, :].shape) #( 28, 3]

print(al:, :, :, 2].shape) #[ 4, 28,287, B & B 2 17 1 95 A 1O, 10 foc BLJ2 )
#5504, L& 4, 28, 28]

print(al ..., 2].shape) #[ 4,28, 28]

print(al:, 0, :, :].shape) #[ 4,28, 3]

EATEE AT

torch.Size([28, 28, 3])

torch.Size ([ 28, 3])

torch.Size ([ 4, 28, 28])

torch.Size ([ 4, 28, 28])

torch.Size([4, 28, 3])

3.8.6 PyTorch ' gather B

PyTorch H 1 gather {5 TensorFlow Z5{, ST .

#5F 3 & /PyTorchAPI/gather BUH .py
import torch

params = torch.tensor ([[1, 2], [3, 4]))
WA LHEUE: [0, 0JRARE LATHUR 45k 0,0 M9ME; [3, 4]RR5 2T FR R 1, 1 M9{H
print(torch.gather (params, 1, index=torch.tensor([[0, 0], [1, 1]])))

HHE 0 HHUE

print (torch.gather (params, 0, index=torch.tensor([[1, 1], [0, 0]])))

BETESRAE

tensor([[l, l],

L4, 41D

tensor ([[3, 4],

[1, 21D




3.8.7 PyTorch "4 /REUE

1€ PyTorch 3@ & FH U1 B 1018 7521 i 8 85 . 24 5%t v] LA torch. masked_select O
PRI ARSI .

#55 3 3 /PyTorchAPT /Ai /REUHE . py
import torch

data = torch.tensor ([[1, 2], [3, 4], [5, 6]])

#3RHL data 1 >2 5L

mask = data > 2

print('mask:', mask)

il W EAE @ dataldata > 2]k F R

print ("Hi R SR IFREC: ", datalmask], dataldata > 2])

HE A R EHEIT R

print ("fi R &S ", torch.masked select(data, mask, out=None))

IBATESRAE

mask: tensor([[False, False],

[ True, True],

[ True, Truel])
iy R A5 Y% tensor([3, 4, 5, 6]) tensor([3, 4, 5, 6])
G e A FROBL: tensor ([3, 4, 5, 6))

3.8.8 PyTorch k& & IF
kA torch. catO BRBCKR 52BN |

#55 3 % /TensorFlowAPI/ik& &3 .py
import torch

tl = torch.randn ([ 4, 28, 28])

t2 = torch.randn([2, 28, 28])

HE axis=0 #1TH I

print(torch.cat([tl, t2], dim=0) .shape)

BATERWT .

torch.Size ([ 6, 28, 28])

3.8.9 PyTorch BRI 4l

PyTorch $4 H # £5 [ 2& 455 AU 3= FAE TP 7E torch. optim AR ERFI torch. nn R T, HAE £
T AL LS F AN 3-40 BT .

PyTorch # R4k K H torch. nn. Module 28, 7] DIFE__init__ O WA 1 R 20T 4 Ak
JE T SR JE TE Torward O J7 1 o 52 30 90 28 B Hif 1] 4% 5%, LAl 3R ik 5 3040 3 5 2L AURY
mr .
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torch.optimf 3, {lltorch.optim. Adam:

DAL G R pE R

torch.optim.Ir_schedulerfsist T, flitorch.
optim.Ir_scheduler.Cosine A limgLR%: 3] 3%
Gk

Ht
i

PyTorchfl £ ¢t
R
torch.nn. Module e BT 4% M4 LA 4

torch.nnfii B A FE SR 22 (R %, {torch.nn.
MSELoss

torch.nnfHR A0 FE 0 B %% 4 torch.nn. ReLU
& 3-40 PyTorch R4 7 F T AR B

Model#z &t

N

&
|
oF

RAF
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(0) : Linear(in features=784, out features=784, bias=True)
(1) : Linear(in_features=784, out features=128, bias=True)
)
(out) : Linear(in features=128, out features=10, bias=True)
)
[INFO ]| Register count linear() for <class 'torch.nn.modules.linear.Linear'>.
[INFO] Register zero ops() for <class 'torch.nn.modules.container.Sequential'>.
TF SIS . 716288.0
SHE . 717210.0

torch. nn. Sequential )5 tf. keras. Sequential O —FE , L W 45 4¢ 2 “ k7, HKE
BRI S8 i T thop XM

JEE: PyTorch #9#r N 4 & 5% [ batch_size, channel, height, width], M TensorFlow # #r A
% JZ # [ batch_size,height, width,channel |,

3.8.10 PyTorch #% [ & L&k

PyTorch A F & XIINZR5 3.5.3 WRML, EELTUT .
(1) 32 BN i 40 g i 540

(2) WEMAE 2] B5E,

(3) BCE R R,

(4 XINGREFTTE

(5) XTI UESE AT

(6) PRAFBITLFIZ %L,

fii 5 B iR B R MyModel #E47 1145 ARRS 40 F -

# 3 3 /PyTorchAPI /F 5 7RG A & L% .py
if name ==" main ":

model = MyModel ()

print (" P LER : ", model)

#ll ot A

#(L I E I AR

batch size = 60

learning rate = le-5

epochs = 10
#F 5 B R RO B 20 B BT #UB AT . /data H
#ll R4

train loader = torch.utils.data.DatalLoader (
torchvision.datasets.MNIST (
'./data/"',
train=True,
transform=torchvision.transforms.ToTensor (),
download=True
),

batch size=batch size,
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#H°4 train loader &¥% batch size R4 1, BT LAFFZE #E 1724 )
for step, (data, label) in enumerate(process _bar) :
#18 FH I 5 pR 4
loss, accuracy, desc =model train(data, label)
i H A&
process bar.set description(desc)
HEIZR R e 1 4508 J5 T 2547 55 i
if step == len(process bar) - 1:
HHUR I S
total loss, correct =0, 0
AR 4 B0 IE 42 34T 56 HIE
model.eval ()
for , (val data, val label) in enumerate(val loader) :
365 91E 4R 1 [7] 1% 46
loss, num correct =model val(val data, val label)
total loss += loss
correct += num correct
MR 9 F 3 acc
val acc = correct / (batch _size *len(val loader))
#ﬂ'ﬁ B ) 1oss
val Loss = total loss / len(val loader)
#IUESE Y H AR
var desc =" Val.[{}/{ }]loss: {:.4f}, Acc: {:.2f}".format (
epoch, epochs, val Loss.item(), val acc.item()

B R YA R R4 F) H K
process_bar .set description(desc + var desc)
I JE AR AR
process bar.close()
#RAT LR AL T

torch.save (model, '. /torch_mnist .pt")

ZE R ANE 3-41 TR,

W file tdit View Navigate Code Refactor Run Tools VCS Window Help  untitledd Py - PyCharm - -] x
untitied9 = PyTorchAPI » i FSEFIRSIEE VIS py ESETFpasEs v b & Git ¥ 9| Q
3 A FSEERRIREIE Py
E @torch.no_grad() -
e mmd,“hq, def model_val(val_data, val_label):
¥ B PyTorchAP! 93 # AR
¥ val_outputs = model(val_data)

jatherHi(E p)

% 7:Structure

! # it
N 5 loss = criterion(val_outputs, val_label)
£ & xmarhp, # BRI R — B
pS zﬁﬁn;»masmxuw 98 val_pred = torch.argmax(val_outputs, dim=1)
99 num_correct = torch.sum(val_pred == val_label)
90 return loss, num_correct
B $6IRKR py 91
> i studyMatplotlio
i # At e b 57
Run: T gﬁ#\?ﬁ o -
>4 )
train.[1/10] loss: 2.1487, Acc: 8.70 val.[1/10]loss: 2.1375, Acc: 0.71: 100%|[NNNNEEEEN 1000/1000 [00:12<00:00, 81.98step/s]
= 7 train.[2/10] loss: 2.0307, Acc: 0.60 val.[2/10]loss: 2.0067, Acc: 0.76: 100%| [Nl 1000/1000 [00:12<00:00, 79.27step/s]
» = train.[3/10] loss: 1.9266, Acc: 0.88 val.[3/10]loss: 1.9305, Acc: 0.80: 100%|[MMMMMEN! 1000/1000 [06:11<60:00, 83.67step/s]
# train.[4/10] loss: 1.9295, Acc: 0.75 val.[4/10]loss: 1.8757, Acc: 0.83: 100%|[MMMMMMN 1000/1000 [09:11<00:00, 84.04step/s]
¥ train.[5/16] loss: 1.8383, Acc: 0.83 val.[5/10]l0ss: 1.8331, Acc: 0.85: 100% | INENNEEEEN| 1000/1000 ([00:12<00:00, 82.63step/s]
train.[6/10] loss: 1.8178, Acc: 0.82 val.[6/10]loss: 1.7989, Acc: 0.86: 100%| [ 1000/1000 [60:11<00:00, 87.23step/s]
train.[7/10] loss: 1.7887, Acc: 0.87 val.[7/18]loss: 1.7704, Acc: 0.87: 100%| [ NNENEMEE 1000/1000 [00:11<00:00, 89.40step/s]
* train.[8/10] loss: 1.7492, Acc: 0.88 val.[8/10]loss: 1.7463, Acc: 0.87: 100%| [Nl 1000/1000 [00:11<00:00, 87.90step/s]
2 train.[9/10] loss: 1.7189, Acc: 0.90 val.[9/18]loss: 1.7258, Acc: 0.88: 100%|[MMMMMEN 1000/1000 [00:11<00:00, 87.90step/s]
* train.[10/10] loss: 1.7299, Acc: 0.83 val.[18/10]loss: 1.7080, Acc: ©.88: 100%| [N 1000/1000 [00:11<00:00, 84.97step/s]

Bock =g1000 [IBUERMN # 50cug B Teminal @ Python Console Q vent Log
17:68 CRLF UTF-8 4spaces W @ Python 3.8 (py38 pytorch 12) H, main

& 3-41 PyTorch Il % F 5 % 71 11 45 1

s}
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FEAREE RS 22 & B 5 TensorFlow E’Jﬁ”%fﬁﬁ%*fl 18] 4n Y11 25 B 4 Ak B8 5T torch.
utils. data. Datal.oader O 3 #5 fll , t fb #5883 torch. optim. Adam O % & , i 2< pR B0 1% &
i 1o torch. nn. CrossEntropyLoss OS2 8, 7EAR B I 2k 6 40 model train(data,labeD) #,
outputs=model(data) #1777 £ #E , B loss= criterion(outputs, label) ¥ 17 # 2 28 5L # 3T
B loss. backward O BEAT S [0 £ 1, i optimizer. step O BEAT BB BE T [ J5 (9 A 5 BERF , M0
YN Zk5e et I F torch. save(model, '. /torch_mnist. pt") {7 AR FIAL & ,

3.8.11 PyTorch i/ Keras JllZk

PyTorch W, 3 A Keras BT %, B 588 A torchkeras JE # A KerasModel O
Z R E MM model. fitOBLREHEAT ISR T AR AN T .

#% 3 3 /PyTorchAPI/FEHF I Keras KKl % .py
#its B4 A

#pip install torchkeras,wandb,accelerate

from torchkeras import KerasModel

if name ==" main

HOMBEIEE
batch size = 60
learning rate = le-5

epochs = 10
#7580 F R A BRSS9 B 2 T 2B 4T . /data B R
#Il ZR 4

train loader = torch.utils.data.DatalLoader (

torchvision.datasets.MNIST (
'./data/"',
train=True,
transform=torchvision.transforms.ToTensor (),
download=True

)l

batch size=batch size,

shuffle=True,

)
HIUESE
val loader = torch.utils.data.DatalLoader (
torchvision.datasets.MNIST(
'./data/",
train=False,
download=True,
transform=torchvision.transforms.ToTensor (),
) ’

batch size=batch size, shuffle=True)

#C2) I8 A LR, BB LA A e T R

model = MyModel ()

model = KerasModel (
net=model,
loss fn=torch.nn.CrossEntropyLoss(),
optimizer=torch.optim.Adam(model.parameters(), lr=le-5
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)
print (model)

#8 ] model . £it () BRIFHEATII L
history = model.fit(
train data=train loader,

val data=val loader,

epochs=10,

patience=3, #%% 3 1 epoch f£{FALE
ckpt path='./torch mnist keras.pt',

BATERWMAE 3-42 i,

i

B Ele Edit View Navigate Code Refactor Run Tools VCS Window Help  untitleds -2 - 8 x
untitied9 | PyTorchAPI / & FSHFBIKeras VIS py ESEERSIKes SIS v | b & Gt v v O 95 Q
g FRBIKeras SIS py
gﬂ print(model)
- # f¢/model. fit () Mait i
er history = model.fit(
e idmdea train_data=train_loader,
_’;‘ val_data=val_loader,
o epochs=10,
£ patience=3, # #/E3 frepoch AiFHE
o ckpt_path='./torch_mnist_keras.pt',
)
Debug: ESBFARIKeras TSI & -
#  Debugger BN Console
epoch train_loss 1r val_loss
| e 1 2.235132 ©0.00001 2.137272
L) T 1 2 2.069039 0.00001 2.009905
# : 2 3 1.973211 ©.00001 1.935785
£ : 3 4 1.909709 ©.00001 1.881200
» 4 5 1.861477 0.00001 1.838350
5 6 1.822970 0.00001 1.803455
6 7 1.791261 ©0.00001 1.774369
F 7 8 1.764550 0.00001 1.749671
g 8 9 1.741762 ©.00001 1.728563
x 9 10 1.722086 ©.00001 1.710084
S e B e P e W R NP ST NUEEETE o\ ) m o b ssdanel_masdanid_basmdd ol nasdosid_sabido nsrsl29s Cusunoliansines
HaGr =gT000 P gRun [(SDbUG. B Terminal @ Python Console Q Event Log

11611 CRLF UTF-8 4spaces W @ Python 3.8 (py38 pytorch 12) H main

& 3-42 PyTorch ## ] Keras Yl 2k F 5 £ 712 51 45 B

3.8.12 PyTorch ¥ TorchMetrics iF-Ht 545

PEM TR B E TorchMetrics 7640 2R A HP SRR 20 FPFE R, WA 3-43 Fis .,
i FH 5 2% AR AN R

# 3 % /PyTorchAPI/F B R F B PF M #45 .oy

from torchmetrics import MetricCollection, Accuracy, Precision, Recall,
ConfusionMatrix

4 il 16 VA 4 I

def plt confusion matrix(data, class num=10) :

HICE I 24 FR
kind =

[f"ﬁ(?_{x}" for x in range(class_num)]

data = np.around(data.NumPy (), 2)
plt.imshow(data, cmap=plt.cm.Blues)

plt.title ("FEHFINHIREHEME") #title
plt.xlabel ("FI{EH")
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B ESEERERRER.pY < _!_init_.pyx

22 )

23 from torchmetrics.classification import ( # noqa: E402
24 AUROC, #AUC-ROC #2¢

25 ROC, # ROC##

26 Accuracy, # H#HFE

27 AveragePrecision,

28 CalibrationError,

29 CohenKappa,

30 ConfusionMatrix, # @740k
31 Dice,|

32 ExactMatch,

33 F1Score, # F1-Score

34 FBetaScore,

35 HammingDistance,

36 Hingeloss,

37 JaccardIndex,

38 MatthewsCorrCoef,

39 Precision, # ##F

40 PrecisionRecallCurve, # P-R##
41 Recall, # Z[E¥*

42 Specificity,

43 StatScores,

44 )

[& 3-43  TorchMetrics TEM 8 45




#3E REFIER [P 227




228 |

RE S — NEEA RN 15 01 B Sk

#30 iE
@torch.no grad()
def model val(val data, val label):
T 1] 1% 4
val outputs = model (val data)
LANEETER
loss = criterion(val outputs, val label)
val collection.forward(val outputs, val label)
return loss

#HR 15 7€ 1) epoch #EfT22 2]
for epoch in range (1, epochs + 1):
#3E B %
process bar = tgdm(train loader, unit='step')
TR I A =X
model.train (True)
#H°8 train loader &¥% batch size R4 1, T LAFFEE #E 172 >
for step, (data, label) in enumerate(process _bar) :
3 I 25 R 2
loss =model train(data, label)
HTE S5 00 B i 1 4 5035 I T 4T 56
if step == len(process _bar) - 1:
AR B E 4R AT B0 IE
model.eval ()
for , (val data, val label) in enumerate(val loader):
#591E 4R HiT ] 1% 7%
loss = model val(val data, val label)
train metrics = train collection.compute ()
val metrics = val collection.compute ()
train desc = f"train: acc={ train_metrics[ 'acc ']}, precision={ train
metrics[ 'prec '] Do recall=={train_metrics[ 'recall '] I
val desc = f" val:acc={val_metrics[ ‘acc'] },precision={val_metrics[ 'prec ] },
recall=={val_metrics[ 'recall '] I
process bar.close()
R R AN
torch.save (model, '. /torch_mnist.pt')
#EREJG 1 IR epoch AR IE %6 4 K

plt confusion matrix (valimetrics[ 'matrix'])

BTSRRI 3-44 PR
R s i3 from torchmetrics import MetricCollection, Accuracy 3 5| AW B PEH) 45

¥r,8R )5 B train_collection = MetricCollection ( metrics) & i £ & W I 2k A1 563 7 1) 45 R
{H , M 7E model train(data,label) VIl 2k B4 R 7530 train_collection. forward Coutputs,
labeD) 3t AT LA 52 1% 48 #5 W e 58 TAE I 2k 52 )5 /1 train_collection. computeO) 52 8T A £ 45
(3SR T A5 2R SCHE AR 1 1 L SR J5 35K AT AR 4 75 20 Hi 8 47 T AL B4 L 91 G AR RS Hh R VA
S B AT AL
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@ Fle Edit View Navigate Code Refactor Run Tools VCS Window Help

untitled | PyTorchAPl / i FERFEBHPHIEpy FSEBFOSRHAEG v G 8§ m Gt ¥ vV o Q
3 B = R CREGHIMpy ¢ B FRersomse .
§ —— X Figure 1 - o )
£ ‘ace = B
e I.AmedPa(kaqe ‘pre L g * Q= ‘macro'),
§ v WuPpyTorchapl 3 'rec FERFIARRHENS macro'),
i - ‘mat wFEo 0.0 0.01 0.01 0.0 002 0.06 0.0 0.0 0.0 normalize='true')
< ) wer1 08
- train_co
E ? val_coll w¥2
0 BF3 06
10 # 4. 4 :mﬂ ]
def mode WF_50.02 0.02 0.01 -
12 # A #F_610.01 0.01 0.01
mode e 7}0.0 002 0.01
# 7l N 02
1 outp 88
ot T i w N
Run: @, ESEEESEROER I LR S WS B P —
@ 7 Too% NENNMNMENN| 1000/1000 [00:12<¢ GGG ‘ ¢
= . trainiacc=0.7879031896591187,precit i
=5 val:acc=0.7879031896591187, precision=0.8075317144393921, recall==0.7837511897087097
5 B 100% | INEMMMENEN| 1000/1000 [00:12<00:00, 80.15step/s]
5 # train:acc=0.7974971532821655,precision=0.8139098286628723, recall==0.7935411334037781
g ¥ val:acc=0.7974971532821655,precision=0.8139098286628723, recall==0.7935411334037781
*
Hact =gT000 [BgdiRun| % 5:Debug B Terminal 4 Python Console Qvent Log

36:1 CRLF UTF-8 4spaces W @ Python 3.8 (py38 pytorch 12) B main

s}

& 3-44 H4hn TorchMetrics TEU 48 tnis 1745

3.8.13 PyTorch "R Hi

T HE BLACAS K7 torch. load O AREBUALE SCHF LSR5 B ov2. imread O B2 HUE s

W AR B 5 i A shape, PR AR ) S A 4E BE SR [ batch_size, channel, height, width ], B A

T E il img_tensor. unsqueeze(0) #EF7 FH4E , SR J5 i model(img_tensor) ¥E4T A [7] 15 % , F M
P 5 1 A K38 3 torch. maxCoutput, D HEFF 15 B R e KAE ARSI F .

#55 3 3 /PyTorchAPI /T #EH . py
import torch
import cv2
if name ==" main ":

#ﬁﬂﬁ*ﬂiiﬁ

model = torch.load("torch mnist.pt")

I I AL

img = cv2.imread('test.png', cv2.IMREAD GRAYSCALE)

L B A ARV A 1Y) shape

img = cv2.resize (img, [28, 28])

#EW N torch.tensor () FEH

img tensor = torch.tensor(img, dtype=torch.float32)
#P g BER B A [, 28, 28, 11, BT LLE Tt 4E

img tensor = img tensor.unsqueeze (0)

T 1 1454

output = model (img tensor)

HHR T 25 2 de KAB Y T b3

max value, pre = torch.max (output, 1)

T 2 B

kind = [f"%ﬂl?i{x}" for x in range (10) ]

print (£"#ilill={kind[pre+1]}, #*F ={round (max_value.item(), 2)}")
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BATEER WA 3-45 s,

& file Edit View Navigate Code Refactor Run Tools VCS Window Help  uniitleds S py  PyChar 6
untitled9 | PyTorchAPl / A FisESE py EEeEv b £ G W Gt VOO Q
B =it - O F % — imERpy

untited9 DADLANqwenAlLearn\l 57 # B
» B machineLean .
B+ x modPackage 38 output = model(img_tensor)
I -:v:mwl 39 # R RRAM) T
T > mda i 5
B @ gethedBEpy 48 max_value, pre = torch.max(output, 1)
3 2 testpng 41 # AHHE
i :atcrc:rmmsxil 42 kind = [f"#¥_{x}" for x in range(10)]
= % torch_rmnist_keras.pt X X s .
£ 8 D py " 43 print (f" fi#={kind[pre+1]}, ##%={round(max_value.item(), 2)}")
o i SRRy 44
i xBATpy
B EEBTOBIKerasRISIS p S pyrorchal X | 4 = el e
"Eo IR jpg
BE I py s
1B FEHFEBRT py MyMod
Ron:_© FERRTE ¢ 5 v 2 mewses> « ¢ -
» 1 C:\Users\gwen\anaconda32\e /DLAI/qwenAILearn/untitled9/PyTorchAPI/fi#itH . py
=L | Bi=%E_4, =074 RE=CES - 1
= 5 > @ OneDrive -Per
% % process finished witN
-
M - data
L T »
= 1B
LT *
3 174958 =[0]
g
*
Bact =g1000 [IBMERII # 5:0cbug B Terminal @ Python Console Qeventlog
=} 511 CRLF UTF-8 4spaces m @ Python 3.8 (py38 pytorch 12) K, main
P PR
[# 3-45 PyTorch F 5 $ 7 i H 2%
4 4
Isy—=|

PyTorch i) % APT i i oK & 452 7 BE 78 35 a2 A B3I 25 . TorchMetrics B 78 PF- 4 45
T A BRI AR TensorFlow e UE APT A48 B S #0388 38 e i 452 g 5 e

%3]
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