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A F FEager Execution | Based on Fager Execution
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HAg—Etlaeas > & Python EAKHTF A& 1HE T TensorFlow,
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XA BRG], i %2 TensorFlow w30 X H% M & 5]

PDF T#: https://www.tensorflowers.cn/t/6230
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This handbook is a concise introduction to TensorFlow based on TensorFlow’ s Eager Execution mode,
trying to help developers get started with TensorFlow quickly with some basic machine learning and Python

knowledge.

Friendly reminder: If you find something difficult to understand in reading, please check if you have a clear

understanding of the “Prerequisites” part of each chapter.

Q&A area - TensorFlow Chinese community “A Concise Handbook of TensorFlow” forum: https://www.
tensorflowers.cn/b /48 (If you have any questions about this tutorial, please ask in this forum of the Tensor-

Flow Chinese community)
PDF download: https://www.tensorflowers.cn/t/6230

GitHub: https://github.com/snowkylin/TensorFlow-cn
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CHAPTER 1

=t
jill[3

2018 4 3 H 30 H, Google TEMNIMNILFIA54T 726 )& TensorFlow Dev Summit J| & #FW¥s, HEAGIE
&AM TensorFlow 1.8 iliA . EEA KNG Google 1 FHIRINIES I, ILIE T iX—HA BB E X
FRAS KA. ARZFIEER AR ;R T TensorFlow WRE LIRS, RIBHFAE 2017 4EFGHFF 4 R0
Eager Execution (ZhZSEMLH) FEX—ASHAFIEXIMA, A T AT TensorFlow fE b HEFERZL,

The easiest way to get started with TensorFlow is using Eager Execution.
——https://www.tensorflow.org/get started/

FEULZ Hi, TensorFlow ik T #1445 Graph Execution 8, WA IS . RN RG22 o6
Al Python JFA: ¥l iE A S I & & VR IFA . —SH i 2T sh S EPLHI TR F I HESL (41 PyTorch)
W ittt I DAL Sy HIPE AN PRI A R (e T — S 2 . SR AR 2 AR T A T B R s AU B Y
ek, PyTorch %5 MR ERC LN E . BHIERNEE NPLERE T L, a8 E—
N “SFIR” M) TensorFlow. AT, B2 HAFT, i1 AR TensorFlow AH 5y o SCH AR FE K FEEM)
REETL501) Graph Execution #53X, 1EADYI2EE (JUHENI2ERIALES 2 S IR R4 ) BHIANE . i
I, 7€ TensorFlow IEX 3 Ff Eager Execution 2 fr, A UWEHIM—ALHE AT, FPIE &KFE
POk B R, A2 P AL TensorFlow,

[, AFWHEFH —AMES. W S TensorFlow AH 51 i SCEOR A FE KB ATR 4~ F 2k, 1M
F5 TensorFlow {ERix $EPRBE: SRR S 2. X RE RTAR A (R RS2 B IL A, ARTITN T 2 @ XtpL g2
I URBEE S S BT T A, 720 T3] TensorFlow AJWEEM S, MEANELLT. R, BR
TensorFlow A E 7 HI##30RY (https://tensorflow.google.cn/tutorials) , SRTEEARR] I BAFZHIEAR L, G
Z MR SRR, JRUOEBER R, MR T RIN AR P I T2, BEREREG &
T, DUREAG R IR TensorFlow {E4— M HEMER R F 2560, HANE T PR, TR 6E
LB A —ENAR T R E 2 AR R n R RE 1 B2 s | T TensorFlow, F 7552y A i #2 H ] DARH



https://www.tensorflow.org/get_started/
https://tensorflow.google.cn/tutorials
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I 28[58 A e S22 o [ A
AT B AEA

o FEHHT TensorFlow i) Eager Execution (FHFEK) B, DAMETHEFPEERF L. (HIKK
2 ELS Graph Execution #585, A% _FRS 0] BEFA T ;

o ENABF AT HA /T, 4itlPA TensorFlow BT SFZHEE MZ Ly, JI3KEEW1E TensorFlow JF
REPRHEAE R AAEXISL, A FEIET . E P AS IR E KT IRE 2= RILas
SIS, (H SR T R SRR DA 2438 B4R S SRt A

o ARADSEBLEBEATAFARERL, 7 BT S AU R T . BLBLSE I — ] TensorFlow F 5 SCRY Fof
R YRR tf . keras.Model il tf.keras.layers.Layer ) (FEHABF AR P/ DAL), 14
RS BT A R M. B se B i H RS ST B0 AR E AT, LR AT DAY B A 24— i =

o WEINE, PREZ, NEREQEESAHES], AT RHERAH TSR,

TERARTI A, a7 7 By .

AT 7 44 FR (AT UM 28 TensorFlow) & 3R 47 A 3R] 2#% Chris Wu 45 511 (R AH R BTEX ) (https:
//github.com/wklchris/Note-by-LaTeX) . % TF-MHE WG, & BTEX S A ] 24500 Scvekl, g
FAEH B X — PRSI 2z 2 A 5 . AT R FEFR MG Ji-An Li FrZH 20 UR BE 2% 2] R /i o
HFRAE RS FR Ao M A S FIE I o S AR A2 .38 5 ToAL 4 S A 2 2 5 IRV E R 22 1))
AF M TR I AU A Zida Jin (1-4 F2) Fl Ming (5-6 ) #9¢, Il Ji-An Li FIZEEFL. =
FHE T H AR SR BRI AT, R Ji-An Li ZR%F AR TR S SRR 40T $2 48 T
WE TSI FRIEMLF AT AT 5 B AT 3 BOA RO JEait

HORH Google W [EFF k3 5 2 I BAFI TensorFlow % BA I B AR A Tk 5 rde ik i Fs g . Horp
HAETT A K R A BAE) Luke Cheng 7EA TG 1E RS AL BB B A FRRELE ), TF % % R FIBAR Rui
Li, Pryce Mu #il TensorFlow #EHF4ES /MK PENIFEA T W& K Bt ERRBERYR I 3CKs, PAK TensorFlow
H1BAIY) Tiezhen Wang FEA T TR0 A HIHEAL 15 2 BRI FE

FTTARFME) = AEL, WGAAE https://github.com /snowkylin/TensorFlow-cn /issues 232, X &—IF
VI , B SR eI T RS B .

Xihan Li (Z5/)

2018 4F 8 J Tl
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CHAPTER 2

TensorFlow Z£3E

TensorFlow #2088 0] 2225 5 Mk EAJULE] (https://tensorflow.google.cn /install), TensorFlow
% Python, Java, Go. C ZZFHFEEZ AN Windows, OSX. Linux Z5ZFEERSE, ALK JG
PAEREY Python 155 M1E.

PATR Bt 2 2 R T 2 PRl AR, O [R 2 B e

2.1 @HREK

IR MiafrE H O By, Jof GPU MRS IET, A Se il & EAES K2Ry, di
AT RIS (PA Windows RGN :

o FEF4e%E Python £ AFAEE Anaconda  (Python 3.6 fii4s);

o F#Ft4c%E Python i IDE PyCharm (Community Jii7s, BY2#4 0] B Professional Jii7s i)/ 2k #7
)5

o FIIFIFIE3ER R “Anaconda Prompt”, #j A pip install tensorflow.

sete,

2.2 JF%e5R

S T2 2% ERYARTY (NS conda 3RE5), PAN GPU A TensorFlow (RS HL & i



https://tensorflow.google.cn/install
https://www.anaconda.com/download/
http://www.jetbrains.com/pycharm/
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2.2.1 RERAHIMEEE

% TensorFlow J, FF2ONHECE GGG, LRI :

1 Ko E RIS AT NVIDIA R, 77, @54 GPU BUAHY TensorFlow, MR GPU 3
KIGHEIEERE 1, AT bA%4 CPU A, BATIR, %2R CUDA Compute Capability 41
RAEF 3.0, WOAE] NVIDIA 577713k 25 57 il A CUDA Compute Capability

2. Z2%% Python PRE. MAMHINZAE Anaconda, X2 TN Python KATHUA, Ffit 7 — A58y
BREATTRISL, 45 NumPy. SciPy SR8 IRATT R 288, (A RGESE H ©E kY Python k.
TR EATHHES R, TensorFlow ¥£ Windows F#22 {U#F Python 3.X ift4s;

o ¥ Anaconda I}, FIDAMERENF Anaconda HRUSMERGH PATH o (BIR R T A X
FEM) , SXFER] DAE BAE 1 THE N Anaconda (& TIhfE. 248K, ANEINAYIEE AT DA
FHE 3 B H) Anaconda Prompt ¥ A 3 24TH) Anaconda ¥t% .

3. (4%} GPU HfiiA) 4¢%: NVIDIA 2RIKEh#FE. CUDA Toolkit Al cuDNN ., (A5 RS IA

o FEBRNT 2 et NVIDIA BRIKENRET, 203 CUDA (24 I AN ] I 225
YRz ), fefntede cuDNN, CUDA Fifafpd 2 RUKSh ARy nl fEid I ;

o f£ Ubuntu TH— MRS WIKBN LRI ERGIE (System Setting) HLEIEA {5 HHT
(Software & Updates), #&J5 %k Additional Drivers i) “Using NVIDIA binary driver” 3%
LA A “Apply Changes” HIT], REEHI< A% NVIDIA K4, 0, NVIDIA &
RIKSNFEFAE Linux R58 W ZERAEEAS—IUXUN, FEEAELA A N R G0 H Al 1 TR 2R 3K
8l] Nouveau. Z5H] MY Secure Boot ThfE. HIEANHE T PASH X 3

o CUDA Toolkit Fl cuDNN [hfiAs—g %5 TensorFlow ‘B 7 W vl &2 B A —2L, HREE
VA 35t 222 it I L SR 228 1) i A o] RE I AR el iRAS 5

o CuDNN 207 3t R, ARA LTl T B 2635 AL 15 CUDA 235 HEF
2.2.2 gk

1£ Anaconda 35 NIRRT (A Windows RE:H ) :
1. HE— 1 tensorflow [ conda ¥fkE

conda create -n tensorflow python=X.X # JF =X BH) X.X T g T, Python IE M LA, #lin 3.6

2. WIS

L GPU s ur SHAZA GPU WIPERER ¢, W CPU HERERT, 0 GPU g AT ZTERE, sl EERTIR K, Kol
1-2 {5, At GPU LR AmE (Flan, &RFME1ER, NVIDIA GeForce GTX 1080 Ti & NVIDIA GeForce TITAN Z7
R EYERRR R R B RES ), MR, UL E S s SO 2 T AR R [, GPU Ml ReR 510454 S
HF. AIHM TensorFlow MBEAANTENF M ITHTERE, CPU AN TensorFlow & PARE(E, FUILHAARSE|%4E TensorFlow
HIEAARG, FRELTWAERRY GPU ASE PRI

2.2, ER%R3E 5



https://developer.nvidia.com/cuda-gpus/
https://developer.nvidia.com/cuda-downloads
https://developer.nvidia.com/cudnn
https://www.linkedin.com/pulse/installing-nvidia-cuda-80-ubuntu-1604-linux-gpu-new-victor/
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activate tensorflow

3. i pip 4% TensorFlow

%3¢ CPU fiftA

pip install tensorflow

2% GPU JiA

pip install temnsorflow-gpu

WAEFRE, WaPAZ% TensorFlow #) Nightly A, AR Z TIEAMA S BA — S5 i eeeE (Hlan
Tt TensorFlow 1.8 MUASDAH, AT E2 MK Eager Execution £ HAE Nightly A H#2t), X
T ETRER S . TE—DFT A BLIZ4T pip install tf-nightly (CPU fitA) 5 pip install
tf-nightly-gpu (GPU JiA) HIR[. ¥ERL, #7208 GPU U, HARA: SRR IR AU ER o
CUDA FI cuDNN, #f#£ CUDA il cuDNN [ 7R [ i 4 2 ] ASEFERY

ISR pip BB RN, ATDASEIR 5 4 TR B 1) TensorFlow B4
2.3 B—1EF
TR, RAIRE S — R BRI 2%

JT
TEMAIT N#i A activate tensorflow HEAZ IS AYZ3EA TensorFlow [ conda 3354, F4 A python
kA Python FREE, ZATHIA AT R

import temnsorflow as tf

tf.enable_eager_execution()

=
1]

tf.constant ([[1, 21, [3, 411)
B = tf.constant([[5, 6], [7, 8]11)
tf .matmul (A, B)

print(C)

AN SR ARG fc 2

tf.Tensor(
[[19 22]
[43 5011, shape=(2, 2), dtype=int32)

BEH] TensorFlow Q24T BIT@ A fEL i th—28 TensorFlow FYFEREE, BT IEHIHL.

AL AYE Python {55, X7 Python {55 MIATIEAEN PLS# http://www.runoob.com/python3/
python3-tutorial.html B https://www.liaoxuefeng.com , AFM 2 J5RFEAINEEE WA Python 155 WHEA

23. E—1EF 6



https://mirrors.tuna.tsinghua.edu.cn/help/tensorflow/
http://www.runoob.com/python3/python3-tutorial.html
http://www.runoob.com/python3/python3-tutorial.html
https://www.liaoxuefeng.com
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FiH. ANHEHK, Python 155 5T LF, 1 TensorFlow A& B R4 %] Python 155 M KE i t. X
T Python () IDE, W PyCharm . f0RAREFAHA edu 45 RAIAEATIE, FTOALE X HiEash
HFRL . INSREAT, AT PA N8R AR PyCharm, FEINREZJIA K.

2.3. -1 ERF 7


http://www.jetbrains.com/pycharm/
http://www.jetbrains.com/student/

CHAPTER 3

TensorFlow E A

A2 TensorFlow fREAEEE,
HIE IR

Python SEAEEME (WML, 2 S RAEFRER) . ] import S AJE);
Python ft) With 154] ;

NumPy , Python F# HiFl2A T8 E . TensorFlow 52 456 8%

[ B R S A R IR « R 1o R 3R | SR R A o L B e 2 o At ll 2] ’

5 6] ..
l? 8] =7);

B AL, ZotERECRS (AR f(e,y) =2 +ay+92, 3 =2, 5L =7);
LI
BRI RT3 SRR b/ ML

3.1 TensorFlow 141

FATRAT VAR SR TensorFlow H—AFRAHE A (J41T Python "R NumPy), XHPATHE 1+1

!

1 2] [5 6], .
) 41 X [7 8] 1E4 Hello World #7711



http://www.runoob.com/python3/python3-tutorial.html
https://www.ibm.com/developerworks/cn/opensource/os-cn-pythonwith/index.html
https://docs.scipy.org/doc/numpy/user/quickstart.html
https://zh.wikipedia.org/wiki/%E5%90%91%E9%87%8F
https://zh.wikipedia.org/wiki/%E7%9F%A9%E9%98%B5
http://old.pep.com.cn/gzsx/jszx_1/czsxtbjxzy/qrzptgjzxjc/dzkb/dscl/
https://zh.wikipedia.org/wiki/%E5%81%8F%E5%AF%BC%E6%95%B0
http://old.pep.com.cn/gzsx/jszx_1/czsxtbjxzy/qrzptgjzxjc/dzkb/dscl/
https://zh.wikipedia.org/wiki/%E6%A2%AF%E5%BA%A6%E4%B8%8B%E9%99%8D%E6%B3%95
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import temnsorflow as tf

tf.enable_eager_execution()

tf.constant (1)

tf.constant (1)
tf.add(a, b) # WA DNEBEE c =a + b, WEEY

(¢}
1]

print(c)

A = tf.constant([[1, 2], [3, 411)
tf.constant ([[5, 6], [7, 8]1)
tf.matmul (A, B)

print(C)

s

tf.Tensor (2, shape=(), dtype=int32)
tf.Tensor(

[[19 22]

[43 50]], shape=(2, 2), dtype=int32)

PAEATE BT a, b, A, B PU4™ k4t (Tensor), i H T tf.add () F1 tf.matmul O H4 #:ff (Operation)
X AT TOIE R s i i AR B T oL C A K E N Sk B BB M2 HIEAR (shape)
FIZEA (dtype). iXH a. b, c @24if, IR NAS, 400 int32; A, B, C N 2x2 [WAEME, RN (2, 2),
KA int32,

ENLEEE ], RS HEITE RS S5, TensorFlow 24t 758K ARSI A S5 LR
A5 IR T AT i ] t£ . GradientTape () 1A ERE y(z) = 22 £ = = 3 WS35

import tensorflow as tf

tf.enable_eager_execution()

x = tf.get_variable('x', shape=[1], initializer=tf.constant_initializer(3.))
with tf.GradientTape() as tape: # 7& tf.GradientTape() W LT XW, FrAtEFBEHAPLTINAT XK
«Ef
y = tf.square(x)
y_grad = tape.gradient(y, x) #HHE y XT ¢ hER
print ([y.numpy(), y_grad.numpy()])

i

[array([9.], dtype=float32), array([6.], dtype=float32)]

XL x 2R 3 /Y B hE (Variable), fiiJf] t£.get_variable() M, S5l sk&—Ff, A2 5 FIFEH

3.1. TensorFlow 1+1 9
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HILAR (shape) FIZAL (dtype) @M, AN AR FHFEA — MW, W DUELTE tf. get_variable )
HFEE initializer SIS E rH I 161v e . X B/ tf.constant_initializer(3.) F4E x )
Ikl float32 AUy 3.1, AR RS EHE K E Y — N E X AR BN REIS 4 TensorFlow 1) B 85K S BT
RS, PR T & Xl ges IS8, tf.GradientTape () &— A H AR SHICTEAE, TEH
MR RE S H il BRI, AR x FITEAR y = tf.square(x) AT, Fit
A[PAIE y_grad = tape.gradient(y, x) sKik&E y X &E x 1S4

TERLER2 T T, SN LA 2 2 TC R BOR 345, DASOR 1) BB Y SR 5. X283 T TensorFlow HURTE
IR AR T W i 1] ££ . GradientTape O T BRAL L(w,b) = | Xw+b—y|? FEw = (1,2)T,b=1

AR B w0, b WA Hh X = E ﬂ o m

= tf.constant([[1., 2.1, [3., 4.11)
= tf.constant([[1.], [2.]11)
tf.get_variable('w', shape=[2, 1], initializer=tf.constant_initializer([[1.], [2.]1]))

o =5 < X

tf.get_variable('b', shape=[1], initializer=tf.constant_initializer([1.]))
with tf.GradientTape() as tape:

L = 0.5 * tf.reduce_sum(tf.square(tf.matmul(X, w) + b - y))
w_grad, b_grad = tape.gradient(L, [w, bl) # W& Lw, b) T w, b WREH
print ([L.numpy(), w_grad.numpy(), b_grad.numpy()])

i

[62.5, array([[35.],
[50.1]1, dtype=float32), array([15.], dtype=float32)]

XM, tf.square ) #AEMREXH A KRN TG —DICER T, AUEKERIR. tf.reduce_sum() #:4E
R ATKER A TTHR R, Hth— R m ik E (FTRAEE axis SHOREE KAN4ERE,
NHEE BRI A TCE K M) o TensorFlow ff K ERSKEH#AE APT, WHEHCEHEH. KETRREAE (W0
tf.reshape() ). YA FIi%ERE: (41 tf.concat()) L FhEA, W PAE S A [ TensorFlow f{)'E 7 API SCkY?
Feitk—2L T .

ME AT, TensorFlow Hf i3 15t T

L((1,2)",1) = 62.5

OL(w.b) BE:
w w=(1,2)T,b=1 — 50

OL(w,b
%M:(lg)?b:l =15

! Python Hi Al DAGE AR RURIN/INEOS R iz o SORip s 630 . il 3. AR I7 %L 3.0,
2 FIA[PL5F# Tensor Transformations Fl Math W4T . A PAYEEF], TensorFlow 1k E#:/E API #E/EX _E#l Python R
WATHIBLATT SR NumPy EFISEL, QIS 5 & A BT T A 35w ARG EF-.

3.1. TensorFlow 1+1 10



https://www.tensorflow.org/versions/r1.9/api_guides/python/array_ops
https://www.tensorflow.org/versions/r1.9/api_guides/python/math_ops
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3.2 EftiRfl: Litns

FRE AR, FIKHTAE 2013 452017 AR AN R R s

A4y | 2013 | 2014 | 2015 | 2016 | 2017
Ffr | 12000 | 14000 | 15000 | 16500 | 17500

WAE, AT RZEAR I TR R, R R y = ax + b RIUA iR EdE, 1Ak a F1 b 2
(ERNIE /¢

B, FATE S, I TEAR AR

import numpy as np

X_raw = np.array([2013, 2014, 2015, 2016, 2017]1)
y_raw = np.array([12000, 14000, 15000, 16500, 175001)

X
y

(X_raw - X_raw.min()) / (X_raw.max() - X_raw.min())

(y_raw - y_raw.min()) / (y_raw.max() - y_raw.min())

Nk, BV T B EAOREER R R A S5 2 F b 1(E°.
IEHLAR 7 > B EERIRIR , 3T ZI0mEL f (o) RIEHR/IME, B6% T I B R dnr
o WL AR 2o , k=0
o AT R AN PR E 2 RIS
— REREL f(z) KT HARABEE V f (k)
— WHHAE: 1 =2 — YV (ar) o XHL y B (WM TRE—a e T ok
/M)
—k+k+1

ROk, FAM2 AN AR 7 R SE BB BE T ik SRASZME I H R ming b La, b) = 307, (a2 +b—1y;)?

3.2.1 NumPy

Wlasap WA S A 2 TensorFlow 1% ). F5L b, XFFRjEAARAL, BIEEGE 38 AR ARG Bl2f T8 A ul

H LA DR, e B, FA16H NumPy 53Xl A RRE TR S SC RS B R . NumPy #2144t

TR S, FIAFORIAE. EREA B E ARk R, R T O SRR S R TR

FIEREL (LI R AY np.dot O J23KR AR, np.sum() E3KF). FEix 51, NumPy F1 MATLAB FCEZE .
3 HCST LRk ] T R A AT . 35 B BB 7 3 HUR o T JE R TensorFlow 18 1EH 2.

3.2. EERG: SHES 1



https://zh.wikipedia.org/wiki/%E6%A2%AF%E5%BA%A6%E4%B8%8B%E9%99%8D%E6%B3%95
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ARG, FRATTF ToRERBE TS5 a fl b B SEC, IR THMEREEN, REHKE a
b HH.

a, b=20, 0

num_epoch = 10000
learning_rate = le-3
for e in range(num_epoch):
#EDUFRABRATUZE (HBSH) HRE
y_pred = a * X + b
grad_a, grad_b = (y_pred - y).dot(X), (y_pred - y).sum()

# EHHH

a, b = a - learning_rate * grad_a, b - learning rate * grad_b

print(a, b)

SR, AREGFE R AR S, (AL R A S R SL BRI T A i

o BHHET TRBEOCT SR AR R R B Ha ey, H— BB g i e (O
FORREE ), FIORSHERRRAR RS, 217,

o GWTHET TIPSR SR EORS . XM TR T L, RIS ERe 8y
25y o ABANSAE IR 24 SHCE R (Bl Adam 5% Adagrad) , XA SRS FIFES
PRI,

i TensorFlow S5~ >JHELLAY HH BUAR KAEE_EAfRO 7 IX LR i, WHLAS - I BB AY SE BN o T AR KA (3
Hl

3.2.2 TensorFlow

TensorFlow ) Eager Execution (gh#&kl) BERX® 5 Lk NumPy (27750402800, SRm$ 4t T
P EE (GPU X8E) . BEKkS. RAERS5—RIINREE 2= ER ER A Th . DUF R T Qe i
TensorFlow T+ MERIH. W LATEREE], BFHEMHAIFNE NumPy fSLBldER L. X5, TensorFlow #f
POFRATIME T A B ) A

o ffiff] tape.gradient(ys, xs) HzTHEELE;

o {fiff] optimizer.apply_gradients(grads_and_vars) HZhHHEAIS%.

>
]

tf.constant (X)

tf.constant (y)

~
1]

LA R R BON T % L) = 530 (awi + b — i) HXTSH a Ml b MWFHH G5 = XL (azs + b — y)a,
5 =i (azi+b—y)

5 5 Eager Execution fH¥ & Graph Execution (#7SKl) #x;, B TensorFlow 7£ 2018 4E 3 HY 1.8 WA &7 2 Tl Jir £ 2l
PR, AT AT ) Pk R R SIS &, (eSS B A, LR S & .

3.2. EERG: SHES 12
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a = tf.get_variable('a', dtype=tf.float32, shape=[], initializer=tf.zeros_initializer)
b = tf.get_variable('b', dtype=tf.float32, shape=[], initializer=tf.zeros_initializer)

variables = [a, b]

num_epoch = 10000
optimizer = tf.train.GradientDescentOptimizer(learning_rate=1e-3)
for e in range(num_epoch):
# EF tf.GradientTape() LML BHRGHE R L
with tf.GradientTape() as tape:
y_pred = a * X + Db
loss = 0.5 * tf.reduce_sum(tf. square(y pred - y))
# TensorFlow HHiTEMARBRATEL E (BEASH) WEE
grads = tape.gradient(loss, varlables)
# TensorFlow § HAREHEEHEHK

optimizer.apply_gradients(grads_and_vars=zip(grads, variables))

EXH, BAGH TR XMW AN TETHRRREX TS HN WS FE, 4 tf.train.
GradientDescentOptimizer (learning_rate=1e-3) M T —FEE N LAL# (Optimizer), H 2
235N 1e-3. HuAbER v DAFS B FRA AR5 ok S5 R RN S 40, MO e/ MU Re e 45 2% pR 4
HARE 7 302 P H: apply_gradients ) J5ik.

WEIXE, TSN optinizer.apply_gradients () FFEAEAESH grads_and_vars, Bfiff
RS R (W EARRS ) variables ) Bk pREOC THxX oA B 4L (40 iR RS Y grads ).
BARME, XBEFLEEA—A Python 5J5% (List), #RPWENILER D CEREMTE, Z5) X,
X EZE [((grad_w, w), (grad_b, b)] . A1 grads = tape.gradient(loss, variables) KM
tape Hil3¢AY loss KT variables = [w, b] FENEENMTE, HilE grads = [grad_w, grad_b],
F#H Python ) zip() HECR: grads = [grad_w, grad_b]l #l vars = [w, bl 34—, M AHE
TR ST .

TESEFR B, BAT9 S B HOX AT RE S Se A L M y_pred = tf.matmul(X, w) + b %
RIRZ . A, BAMEESR S — ML, RIGERER M ARG y_pred = model (X) ZEATIHM.
RTBRIM GG T I T =

3.2. EERG: SHES 13




CHAPTER 4

TensorFlow 1&AY

ARFEN U] TensorFlow P+ H sh S5
CIERSNAE

o Python [j[n]Xf4:  (7£ Python W& SRR, KIAMR. MR EEL, [ super() pRECHH
REITE, M call () HERSEBIHETIE 2);

o ZERAWL. BRFIEML . ERFEMKRERLET (B ZRAHSE R .

W

4.1 % (Model) 5B (Layer)

Wbk, TSRS SR, FAVEE SRS 2, SRIGERIAR I BT (6] y_pred
= model(X) WA HMEATIM . BERIMEAIRME R F, ERAE _init O (WiEmEL, wiktk) M
call(input) (BZUFMN) WATrE, (EH AT DRI TEZH N A & Lk

class MyModel(tf.keras.Model):
def __init__(self):
super () .__init__Q # Python 2 T{fJfl super(MyModel, self).__init__()
# RAEDAERE (B4 call Fikd2HEIHE)

def call(self, inputs):

L ¥ Python 2, XKML Hl myClass #ATEAN myClass O MTHAEMT myClass. __call__O) . FEXE, HATMHBBILR T
tf.keras.Model X%, KAKTEAE __call__O MEX, HFHHAT callO Jyik, FHEHTT % keras [HFHAE. XH,
HATEL YK tf . keras.Model HEE call() Jrik, RIAIAELREF keras Z5HM IR BHINABEO A AT . AT WATEY] <Hf &
H” By __call__Q) #4r.

14



http://www.runoob.com/python3/python3-class.html
http://www.runoob.com/python/python-func-super.html
http://www.runoob.com/python/python-func-super.html
https://www.liaoxuefeng.com/wiki/0014316089557264a6b348958f449949df42a6d3a2e542c000/0014319098638265527beb24f7840aa97de564ccc7f20f6000
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# AR A R R B A (AL EE N IFR B )

return output

TR, FRATBEISEYEK T tf . keras.Model . Keras j2—/~H] Python 51 me M4z API, #
5% TensorFlow [ J7 X FRFFINE . 4k tf.keras.Model [—ANAFATETFATRI DASEH AL 2 T 7%
g, BIFESL Bk IS5 T PAE L model . variables iX— @M E BRI P T A AR B, B3R —
AN S g o AR R A JRR

[, FATFIA 92" (Layer) MHES, JERTLAYLN EORBSRUR I AR LA FRAr, RE TR AR AN AL BEEA T
TER . FATRT LA JZ R Pk 5 e

Em AR R LR y_pred = tf.matmul(X, w) + b, FATH] DAL T MG U :

import tensorflow as tf

tf.enable_eager_execution()

>d
L}

tf.constant([[1.0, 2.0, 3.0], [4.0, 5.0, 6.0]])
y = tf.constant([[10.0], [20.0]11)

class Linear(tf.keras.Model):
def __init__(self):
super () . __init__Q)
self .dense = tf.keras.layers.Dense(units=1, kernel_initializer=tf.zeros_initializer(),

bias_initializer=tf.zeros_initializer())

def call(self, input):
output = self.dense(input)

return output

# AT R 4 5 7 R4
model = Linear()
optimizer = tf.train.GradientDescentOptimizer(learning_rate=0.01)
for i in range(100):
with tf.GradientTape() as tape:
y_pred = model(X) # AR
loss = tf.reduce_mean(tf.square(y_pred - y))
grads = tape.gradient(loss, model.variables)
optimizer.apply_gradients(grads_and_vars=zip(grads, model.variables))

print(model.variables)

EH, A BHER] w A b MR R EH y_pred = tf .matmul(X, w) + b XL, W
WA LBk T — A 242 (tf . keras.layers.Dense ), JF7E call & XAZEHATT . 4
HEREEEEET output = activation(tf.matmul (input, kernel) + bias) X—ZR{47A54h + HVE BRELH)

4.1. & (Model) 58 (Layer) 15
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THEHAE, DA kernel Fll bias PSR, MRIEERIG KA (B activation(x) = x ), XD
JEEEN T RAT AR LA . WE—f2, 4z n] RE R A1 SAS LNl B )=

ST A 3 LA ] S O GRS REIAT 1108 SUESE, T 57% 12 L.
4.2 EiliRpl: SERRBAA (MLP)

AT S — i B 228081 (Multilayer Perceptron, MLP) H44, 1143 TensorFlow [z 4 5
Jrke XH, A HZ ZEAWLTE R MNIST FEREFEE R #dEE [LeCun1998] Wn2deft55 .

O\l 33 ¥
S b 7 78 9

B 4.1: MNIST F5 K7 K Fr

Jei AT Hia TAE, SEBl— Wi Y DataLoader 2RI MNIST Hdla4e i

class DataLoader():
def __init__(self):

mnist = tf.contrib.learn.datasets.load_dataset("mnist")

self.train_data = mnist.train.images # np.array [55000,
7841

self.train_labels = np.asarray(mnist.train.labels, dtype=np.int32) # np.array [55000] of,
—1int32

self.eval_data = mnist.test.images # np.array [10000,
7847

self.eval_labels = np.asarray(mnist.test.labels, dtype=np.int32) # np.array [10000] of,
—1int32

def get_batch(self, batch_size):
index = np.random.randint (0, np.shape(self.train_data)[0], batch_size)

return self.train_datal[index, :], self.train_labels[index]

Z 2 WL RS Se S i g ML, BT AR e T 2508 T OB L, “Z)27 B
BL), PARHIATIEL MG A (X BT T ReLU 5%k , BRI W activation=tf.nn.relu ). %A
AR (X 2RI EN 1x784 FERKFE ), it 10 40E5, 4 RREXKERFET 0
2 9 PR, XEEATIMA T —A predict Jryk, XHE R XS AT AETM AR, SRR
KAGBCF AT I 4 1

class MLP(tf.keras.Model):
def __init__(self):

super().__init__Q

4.2. EffFRB: SEEBAH (MLP) 16



https://zh.wikipedia.org/wiki/%E5%A4%9A%E5%B1%82%E6%84%9F%E7%9F%A5%E5%99%A8
https://zh.wikipedia.org/wiki/%E7%BA%BF%E6%80%A7%E6%95%B4%E6%B5%81%E5%87%BD%E6%95%B0
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self .densel = tf.keras.layers.Dense(units=100, activation=tf.nn.relu)

self.dense2 = tf.keras.layers.Dense(units=10)

def call(self, inputs):
x = self.densel(inputs)
x = self.dense2(x)

return x

def predict(self, inputs):
logits = self (inputs)

return tf.argmax(logits, axis=-1)

i S B SR

num_batches = 1000

batch_size =

50

learning_rate = 0.001

KRR, BB ds -

model = MLP()
data_loader = Dataloader()

optimizer = tf.train.AdamOptimizer(learning_rate=learning_rate)

RIGERIEATOAT 2R
« M DataLoader H1REALE—Ht Il 258
o REXAEIIEAMEL, T LB FNAE ;

o PPRCLTTINES FLSE AT HORE, TR B (loss) ;

o VUK KBTS R SR
o E DL TR SR OA fe/ MEAR 2 SR AL
HARAR ST :

for batch_index in range(num_batches):
X, y = data_loader.get_batch(batch_size)
with tf.GradientTape() as tape:
y_logit_pred = model(tf.convert_to_tensor(X))

loss = tf.losses.sparse_softmax_cross_entropy(labels=y, logits=y_logit_pred)

print("batch : loss " % (batch_index, loss.numpy()))

grads = tape.gradient(loss, model.variables)

optimizer.apply_gradients(grads_and_vars=zip(grads, model.variables))

4.2. EuRG: SRR (MLP)

17
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HTOk, FATEE A UEENURIR M ERE . RS, AR IS ERI N A S5 R S L CAE R, i i IE
BARRE AR A L

num_eval_samples = np.shape(data_loader.eval_labels) [0]
y_pred = model.predict(data_loader.eval_data) .numpy()

print("test accuracy: /f" % (sum(y_pred == data_loader.eval_labels) / num_eval_samples))

AR

test accuracy: 0.947900

FTPAEREE], SRR AR, ST ARE] 95% Zih BTERR R

4.3 ERHEMLE (CNN)

L2/ 25 (Convolutional Neural Network, CNN) J2—Fh &80T AZK8ish i Wlar 248 B9 A L
M2, A E— A2 N EFZ (Convolutional Layer) . #i4k)2 (Pooling Layer) fi14:%4% /2 (Dense Layer) .
R JFHEW ] DN H SIS RAA RN (Hlgs2=20) 2 Convolutional Neural Network —%i,

HARMSEBILTE, A MLP AR, A T LB AL E

Feature Feature Feature Feature Hidden Hidden
Inputs maps maps maps maps units units Outputs
3@28x28 32@28x28 32@14xld B4@14x14 BA@TxT 1024 64 10

B BN NN

Convolution Max-pooling Convolution Max-pacling Fatten Fully Fully
5x5 kernel 2x2 kernel 5x5 kernel 2x2 kernel connected connected

K 4.2: CNN g5 E R

class CNN(tf.keras.Model):
def __init__(self):
super().__init__Q)

self.convl = tf.keras.layers.Conv2D(

filters=32, # HHRZHKE
kernel_size=[5, 5], # R H RN
padding="same", # padding 5K

activation=tf.nn.relu # 3% 8 %0
)
self.pooll = tf.keras.layers.MaxPool2D(pool_size=[2, 2], strides=2)
self.conv2 = tf.keras.layers.Conv2D(

filters=64,

4.3. EFRHEMLE (CNN) 18



https://zh.wikipedia.org/wiki/%E5%8D%B7%E7%A7%AF%E7%A5%9E%E7%BB%8F%E7%BD%91%E7%BB%9C
https://zh.wikipedia.org/wiki/%E8%A7%86%E8%A7%89%E7%B3%BB%E7%BB%9F
https://www.bilibili.com/video/av10590361/?p=21
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kernel_size=[5, 5],

padding="same",

activation=tf.nn.relu
)
self.pool2 = tf.keras.layers.MaxPool2D(pool_size=[2, 2], strides=2)
self.flatten = tf.keras.layers.Reshape(target_shape=(7 * 7 * 64,))

self .densel = tf.keras.layers.Dense(units=1024, activation=tf.nn.relu)

self.dense2 = tf.keras.layers.Dense(units=10)

def call(self, inputs):

inputs = tf.reshape(inputs, [-1, 28, 28, 1])
[batch_size, 28, 28, 32]
[batch_size, 14, 14, 32]
[batch_size, 14, 14, 64]
[batch_size, 7, 7, 64]
[batch_size, 7 * 7 * 64]
[batch_size, 1024]
[batch_size, 10]

x = self.convl(inputs)

self.pooll(x)

X
x = self.conv2(x)
x = self.pool2(x)
x = self.flatten(x)

x = self.densel(x)

R " OB R W R

x = self.dense2(x)

return x

def predict(self, inputs):
logits = self (inputs)

YEEITT ) model = MLP() )i, model = CNN(Q) , #yiHianF

test accuracy: 0.988100

AT AR BUER AT AR RE RS . b, i U R 5 A5 (FL A A Dropout 2Py 1kid #814)
HERAIEAT BE— AR T =SR] o

4.4 FERHEMSE (RNN)

fEFR 24 (Recurrent Neural Network, RNN) J@—Ffid B T A B S B m i) p 22 4%, Wiz T id s
B, SCARA N PLERRIESE. X T RNN MR, afpAs%:

e Recurrent Neural Networks Tutorial, Part 1 — Introduction to RNNs

o BVERFEZFERBIZN Wigs2AY M Recurrent Neural Network (part 1) Recurrent Neural
Network (part 2) P43

o LSTM JFH: Understanding LSTM Networks

o RNN JFAA: [Graves2013]

4.4, BEIAHEMLE (RNN) 19



http://www.wildml.com/2015/09/recurrent-neural-networks-tutorial-part-1-introduction-to-rnns/
https://www.bilibili.com/video/av10590361/?p=36
https://www.bilibili.com/video/av10590361/?p=37
https://www.bilibili.com/video/av10590361/?p=37
https://colah.github.io/posts/2015-08-Understanding-LSTMs/
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KL, FATEH RNN AeBEAT e RS SCA Y H B I
XML S5 R A BCHSE TN — B SCOUAR IR 2 T BRI ARR A . Ledn, RATA LA A7

I am a studen

XA T FF)) —3 18 AF4F (BE k). USRI A d 13 DFFARmFSE, Rk
A28, FATATABIN T — AR “7. B BRI M, fi A num_batch 4>
Hi gt 5 AP, K seq length HY/FF1, FAGKETEHRN [num batch, seq length], #ithixX 28551
TEEIT AP AT, AR AR LB P AT num__chars, i SKEFZARCY [num__batceh,
num_ chars|, FATNT—DFREAMER A RN BE, RERS A FPIAT4F, =47
FPaEsE, BT S8 OO AR IR 55

B, R Y DataLoader ZORBEPICAS, FUATAF N LA THED -

class DatalLoader():
def __init__(self):

path = tf.keras.utils.get_file('nietzsche.txt',
origin='https://s3.amazonaws.com/text-datasets/nietzsche.txt')

with open(path, encoding='utf-8') as f:
self.raw_text = f.read().lower()

self.chars = sorted(list(set(self.raw_text)))

self.char_indices = dict((c, i) for i, ¢ in enumerate(self.chars))

self.indices_char = dict((i, c) for i, c in enumerate(self.chars))

self.text = [self.char_indices([c] for ¢ in self.raw_text]

def get_batch(self, seq_length, batch_size):
seq = []
next_char = []
for i in range(batch_size):
index = np.random.randint (0, len(self.text) - seq_length)
seq.append(self.text[index:index+seq_length])
next_char.append(self.text[index+seq_length])

return np.array(seq), np.array(next_char) # [num_batch, seq_length], [num_batch]

BN ORAA TR S AE __init__ JryETIRATSEGI— A Y BasicLSTMCell HijT, DA — AR
eI AR 2, FATE B P8 HEFT One Hot 24, RIRFSmi% i A8 40— n dE) &, HES i 1, Hg
¥H 0, XH n HFEMAMEE num__char, 28575k E IR [num_batch, seq_length, num_ chars].
BNk, BATRFIIMKBZMTFIEA RNN BT, HIRREYFTEE ¢ () RNN BUTIRES state #l t BFZIHYF
F inputs[:, t, :1 KA RNN g, 15324700 E 0% S output FITN—AWfE t+1 1) RNN HEIRRE.
B RNN ke fa— R, Gl 2R 22 e8] num_chars 2, RV AR A M .

HARSZHANT :

2 WAbHIAT % R SE M S#% T https://github.com /keras-team /keras/blob/master /examples /Istm__text__generation.py

4.4, BEIAHEMLE (RNN) 20



https://github.com/keras-team/keras/blob/master/examples/lstm_text_generation.py
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output

state RNN next_state

input

K 4.3: output, state = self.cell(inputs[:, t, :], state) /i~

Output Output Output Output

zero_state ——3 RNN }—) RNN |—) RNN }—) RNN }——> ecccee

Kl 4.4: RNN Jiife KR

fAIRHEmL%E (RNN) 21
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class RNN(tf.keras.Model):
def __init__(self, num_chars):
super () . __init__Q)
self .num_chars = num_chars
self.cell = tf.nn.rnn_cell.BasicLSTMCell (num_units=256)

self .dense = tf.keras.layers.Dense(units=self.num_chars)

def call(self, inputs):
batch_size, seq_length = tf.shape(inputs)
inputs = tf.one_hot(inputs, depth=self.num_chars) # [batch_size, seq_length, num_
—chars]
state = self.cell.zero_state(batch_size=batch_size, dtype=tf.float32)
for t in range(seq_length.numpy()):
output, state = self.cell(inputs[:, t, :], state)
output = self.dense(output)

return output

WS SR EA—8, EHER:
o M DataLoader HFEHLI—HHIZREE ;
o RREHBCE IR ARAL, O TR TN ;
o PPRLAUTNE-S EIMEPEAT IR, THAR AR (loss);
o VMR R BRSO TR AL B AL
o ORI BT S S MEAR K SR AL

data_loader = Dataloader()
model = RNN(len(data_loader.chars))
optimizer = tf.train.AdamOptimizer(learning rate=learning_rate)
for batch_index in range(num_batches):
X, y = data_loader.get_batch(seq_length, batch_size)
with tf.GradientTape() as tape:
y_logit_pred = model(X)
loss = tf.losses.sparse_softmax_cross_entropy(labels=y, logits=y_logit_pred)
print("batch /d: loss J/f" 7 (batch_index, loss.numpy()))
grads = tape.gradient(loss, model.variables)

optimizer.apply_gradients(grads_and_vars=zip(grads, model.variables))

KT A MR — SF LR RINE R . 280, AT B tf . argmax O KA, FEXTRARR R IENE
SHEIE . SR T SCARA N 5, XA ol T4 %), AR AR EFEE. T2, &I
/] np.random.choice () PREHK B AL UM A T HURE . XA, BP0 AR B M FAF, AL B
WRER] . W, FATMA—A> temperature ZEE M IR, SEEBR N P28 (B IAEF
ERIZEAEBN) AR SO 58 BEBGR s SR NI A3 AR BE D, AR OS2 5 BRI

4.4. FEFFHEFL (RNN) 22
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def predict(self, inputs, temperature=1.):
batch_size, _ = tf.shape(inputs)
logits = self (inputs)
prob = tf.nn.softmax(logits / temperature) .numpy ()
return np.array([np.random.choice(self.num_chars, p=probl[i, :1)

for i in range(batch_size.numpy())])

WX AT AT RSB AGEELER ,  RPAA5EI A R

X_, _ = data_loader.get_batch(seq_length, 1)
for diversity in [0.2, 0.5, 1.0, 1.2]:
X=X
print("diversity :" % diversity)

for t in range(400):
y_pred = model.predict(X, diversity)
print(data_loader.indices_char[y_pred[0]], end='', flush=True)

X = np.concatenate([X[:, 1:], np.expand_dims(y_pred, axis=1)], axis=-1)

AL LR SCAR IR

diversity 0.200000:

conserted and conseive to the conterned to it is a self--and seast and the selfes as a seast the,
—»expecience and and and the self--and the sered is a the enderself and the sersed and as a the
—.concertion of the series of the self in the self--and the serse and and the seried enes and,
—>seast and the sense and the eadure to the self and the present and as a to the self--and the

—seligious and the enders

diversity 0.500000:

can is reast to as a seligut and the complesed

has fool which the self as it is a the beasing and us immery and seese for entoured underself of
—the seless and the sired a mears and everyther to out every sone thes and reapres and seralisey
—as a streed liees of the serse to pease the cersess of the selung the elie one of the were as we,

—and man one were perser has persines and conceity of all self-el

diversity 1.000000:

entoles by

their lisevers de weltaale, arh pesylmered, and so jejurted count have foursies as is

descinty iamo; to semplization refold, we dancey or theicks-welf--atolitious on his

such which

here

oth idey of pire master, ie gerw their endwit in ids, is an trees constenved mase commars is leed
—mad decemshime to the mor the elige. the fedies (byun their ope wopperfitious--antile and the it

—as the f

diversity 1.200000:

4.4. FEFFHEFL (RNN) 23
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cain, elvotidue, madehoublesily

inselfy!--ie the rads incults of to prusely lelenfes patuateded:.--a coud--theiritibaior

—"nrallysengleswout peessparify oonsgoscess teemind thenry ansken suprerial mus, cigitioum: 4reas.

< whouph: who
eved
arn inneves to sya" natorne. hag open reals whicame oderedte, [fingo is

zisternethta simalfule dereeg hesls lang-lyes thas quiin turjentimy; periaspedey tomm--whach

5 RE&ItLH> (DRL)

5t 2] (Reinforcement learning, RL) SRHAMAETIEEMATE, LABIRRAAMTINM . 256 TH

JE 2 ) PRG3R A ) BB ANPEIRTE . X PAR) AT AlphaGo B2 ERBERRL2 > ML . 38
SiAL S~ R BERE AR AT 255

o Demystifying Deep Reinforcement Learning ( Hp S 413%)

o [Mnih2013]

XHL, FATE N BREE AL 2A~) B CartPole ((FAIFAT) k. (AT HUt, FRATH BRI M Atizs),

IR R B B AR

episode 112, epsilon ©.010000, score 358
episode 113, epsilon ©.010000, score 158
episode 114, epsilon ©.010000, score 156

K 4.5: CartPole JExk,

e
R )2

PA

FATEA OpenAl it Gym FREGE F1iY CartPole Sk, KL RAMBAATZH FH 7 0k il

XL Gym BRI AT

import gym

4.5. HRERLFS (DRL)
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https://zh.wikipedia.org/wiki/%E5%BC%BA%E5%8C%96%E5%AD%A6%E4%B9%A0
https://ai.intel.com/demystifying-deep-reinforcement-learning/
https://snowkylin.github.io/rl/2017/01/04/Reinforcement-Learning.html
https://gym.openai.com/
https://gym.openai.com/docs/
https://morvanzhou.github.io/tutorials/machine-learning/reinforcement-learning/4-4-gym/
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env = gym.make('CartPole-v1')

= R

state = env.reset() # 9B, PR A

while True:
# O YA HATIES, LEF
# BB RATHE — M AT 6

env.render ()

action = model.predict(state)
B 1k

next_state, reward, done,
HAER K, IR E B4R RF M B

if domne:

info = env.step(action)

Pus

# i 3k 45 R R 4R 3R

break

# L FHPATHE,

# SR — RIS, SR W A

B

, f

U RTIR A T 2B R 2

KERAT R EHT —RE,

M2, BATHIESF s W i —
— PRI R 24 B fo KA RSN R F AR A 2 i 2 A

BEMS AR 24 T ARDBR ST 1 B B AT ) — A B A o KL
XA T B H 5

PATR AR o T A fek ) IR 2 5 AL 27 > Y Deep Q-Learning J5 iR I AL

import tensorflow as tf
import numpy as np
import gym

import random

from collections import deque

tf.enable_eager_execution()

num_episodes = 500

num_exploration_episodes = 100

1000

max_len_episode
32

batch_size

learning_rate = le-3

gamma = 1.
= 1.
0.01

initial_epsilon

final_epsilon =

# Q-network T4 @ B%, ¥ % FHLE L.
TH 2 %).
class QNetwork(tf.keras.Model):

def __ __(self):

super () .__

init
init__Q)
self.densel =
self.dense2 =
self.dense3 = tf.keras.layers.Dense(units=2)
def call(self, inputs):

x = self.densel(inputs)

self.dense2(x)

X

M\ state,

W& action T @Q-value (CartPole

tf.keras.layers.Dense(units=24, activation=tf.nn.relu)

tf .keras.layers.Dense(units=24, activation=tf.nn.relu)

4.5. HRERLFS (DRL)
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x = self.dense3(x)

return x

def predict(self, inputs):
q_values = self(inputs)

return tf.argmax(q_values, axis=-1)

env = gym.make('CartPole-v1') # LEL— NIRRT, S8R LT
model = QNetwork()

optimizer = tf.train.AdamOptimizer (learning_rate=learning_rate)
replay_buffer = deque(maxlen=10000)

epsilon = initial_epsilon

for episode_id in range(num_episodes):

state = env.reset() # W IRE, 3

3

AR A

epsilon = max(
initial_epsilon * (num_exploration_episodes - episode_id) / num_exploration_episodes,
final_epsilon)

for t in range(max_len_episode):

env.render () # W YURMBATIESR, 2HB| FE

if random.random() < epsilon: # epsilon-greedy ¥ & Fu
action = env.action_space.sample() # DL epsilon HyHEZR B AT 1E

else:

action = model.predict(
tf.constant (np.expand_dims(state, axis=0), dtype=tf.float32)).numpy()

action = action[0]

next_state, reward, done, info = env.step(action) # A ERATHE, KEPATE
HEH T —MRE, HEHER, BREETLERULFIMEE
reward = -10. if done else reward # WR W% Game Over, % F K

B 51 Kl
replay_buffer.append((state, action, reward, next_state, done)) # 4 (state, action,
< reward, next_state) WU T4 (40 done HERTEELEE) RAZLE i

state = next_state

if dome: # i 4 AN R AR AR IR
T —A episode
print("episode , epsilon , score " % (episode_id, epsilon, t))
break

if len(replay_buffer) >= batch_size:
batch_state, batch_action, batch_reward, batch_next_state, batch_done = \
[np.array(a, dtype=np.float32) for a in zip(*random.sample(replay_buffer, batch_
—size))] # WAL EHEFEAE — A batch B T4
g_value = model(tf.constant(batch_next_state, dtype=tf.float32))

y = batch_reward + (gamma * tf.reduce_max(q_value, axis=1)) * (1 - batch_done) # %

WXHAE y
4.5. FEEEILES (DRL) 26
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with tf.GradientTape() as tape:
loss = tf.losses.mean_squared_error ( # /My F1 Q-value HIEE
labels=y,
predictions=tf.reduce_sum(model (tf.constant(batch_state)) *
tf.one_hot(batch_action, depth=2), axis=1)
)
grads = tape.gradient(loss, model.variables)

optimizer.apply_gradients(grads_and_vars=zip(grads, model.variables)) # T ERE
HEH LK

4.6 BEXLE *

ATREARIE I, R B X LR TER I R A 2R, R EE L H TR E A7

HL B, FATAUTPAGE K tf.keras.Model 45 B OIS ] PAGKIK tf.keras.layers.Layer %y
BHOWE.

class MyLayer (tf.keras.layers.Layer):
def __init__(self):
super () . __init__Q)

# WA

def build(self, input_shape): # input_shape 72—/ TensorShape KM 3t %, 1244 \ 1ok
# FEH—REFZENREEAZBeRE, EXEQRETETUFERLENIR G E LA G R
# MAFEEALEFIEETEIR.
# WREZTNTLHETENMR, WA __init__ HoCELTE
self.variable_0 = self.add_variable(...)

self.variable_1 = self.add_variable(...)

def call(self, input):
# AR R R (RN GFRE )

return output

B, WERIATE A LI —DA TS —7 PR, AisEmbgEisny 1, AR~ AR s, 1
build JFIAH AP R, HAE call Jrykrp i A A R I s i

class LinearLayer (tf.keras.layers.Layer):
def __init__(self):
super () . __init__Q)

def build(self, input_shape): # here input_shape is a TensorShape
self.w = self.add_variable(name='w"',

shape=[input_shape[-1], 1], initializer=tf.zeros_initializer())

46. HEMNE * 27



EHHHSR TensorFlow, %7 0.3 beta

self.b = self.add_variable(name='b"',

shape=[1], initializer=tf.zeros_initializer())

def call(self, X):
y_pred = tf.matmul(X, self.w) + self.Db

return y_pred

AR5, ATRATE I 3RAT A & A2 LinearLayer:

class Linear(tf.keras.Model):
def __init__(self):
super () .__init__Q)

self.layer = LinearLayer()

def call(self, input):
output = self.layer(input)

return output

4.7 Graph Execution &5t *

AL, HEERSHEB R ERS TR, AR E W] DA B 3 2Y Eager Execution #3F1 Graph
Execution BiF ) o ¥, 7F Graph Execution £, model(input_tensor) HFEizfT—IK AT &L
BN, @A, AR DAV A 5 — 0 BT AR R A T A ) -

model = Linear()
optimizer = tf.train.GradientDescentOptimizer(learning_rate=0.01)
X_placeholder = tf.placeholder(name='X', shape=[None, 3], dtype=tf.float32)
y_placeholder = tf.placeholder(name='y', shape=[None, 1], dtype=tf.float32)
y_pred = model(X_placeholder)
loss = tf.reduce_mean(tf.square(y_pred - y_placeholder))
train_op = optimizer.minimize(loss)
with tf.Session() as sess:

sess.run(tf.global_variables_initializer())

for i in range(100):

sess.run(train_op, feed_dict={X_placeholder: X, y_placeholder: y})

print(sess.run(model.variables))

3 BT ARSI RNN #8475 RNN BRI Scid, Fe4138 T Bager Execution ZhA3KIL T seq_length FKJE, if53K
AT A (M Eh 545 RNN fURBRIFKEE. &M Graph Execution A HiX— i, A TEEMEHEER, FATFZERE seq length
R, B tf.nn.dynamic_rnn (S0 ),
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CHAPTER b

TensorFlow ¥ &

AT — LBl H Y TensorFlow IR, MR LEINRERRA L /0", (ERELLA LI ZRAI A 1 1t
RESE N5 i

i ERIR
o Python [FEF{bAHE Pickle (JELAH)

o Python 4R ES L *kwargs (ﬂEﬂZ‘fﬁ )

5.1 Checkpoint: TENGRESIKE

R mHE, A BN Z5E UG RERIZrr 280 (AeR) BRAFRR . e 75 B0l ST ) oAy 2%
NS4, R BRIy, ATREAREE — MEZIZ H Python MJFHI{bEIHE pickle f7fif
model.variables., {HAZEE, TensorFlow [#ZA5 5257 ResourceVariable FHANFEW AL,

-AE TensorFlow #Efit 7T tf.train.Checkpoint X—if KA BFE S IKE S, W AFHE save()

restore() ¥ TensorFlow 1A 7% Checkpointable State X & #HFTHRAEMKE . RIS, tf.
train.Optimizer SL¥H, tf.Variable, tf.keras.Layer SCPLE# tf.keras.Model SZHVERT] AWEARAT.

EITIEARE R, FATE SEAM—4> Checkpoint:

checkpoint = tf.train.Checkpoint(model=model)

X H tf.train.Checkpoint O E2Z VI SELER TR, &1 *+kvargs . BIKME, &—RIIMH#
EXF, ST AREE I, (ERNFRERARNSR. B, WEREATA B 44K tf . keras.Model [WH5HY
5245 model F1— P4k tf.train.Optimizer HLALET optimizer , FRATFIPAXFLS :

29
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checkpoint = tf.train.Checkpoint (myAwesomeModel=model, myAwesomeOptimizer=optimizer)

iX B, myAwesomeModel ZFAT N IRIFAIIA model TR Y . R, TEWEASmAEHEE, FRATIER:
X4 .

B, MBI GRoE TR EARAF IR, () -

checkpoint.save(save_path_with_prefix)

WA PA. save_path_with_prefix @fRfF AR HE K + Bigt. B, TEFAM H @ —1D%4N save |1
HIEHE ] —¥K checkpoint.save('./save/model.ckpt') , FATHLA] AYER] PATE save H3R N XK FLE N
checkpoint . model.ckpt-1.index . model.ckpt-1.data-00000-0f-00001 =", XLe 0 Amtic s
T2 E{5 . checkpoint.save ) LA PAIBITZ IR, FHEIT—IKERSISE]—A . index SCHFAILdata U, P
SARUCE N

WAE HAbH 5 T BB B O A HI R SR, TR B FRIR LA —A> checkpoint, [R] B ORFFEEA 10—
2., FEM checkpoint HY restore J5¥E. % X H::

model_to_be_restored = MyModel() # HFRESHNE—HER

checkpoint = tf.train.Checkpoint (myAwesomeModel=model_to_be_restored) # BELIREA
“myAwesomeModel”

checkpoint.restore(save_path_with_prefix_and_index)

ARG AI A B, save_path_with_prefix_and_index 22 BRI U H & + B + RS filn,
P checkpoint.restore('./save/model.ckpt-1') L7 PAZK A BTSN model.ckpt , P54 1 M43k
PRIZ G

MRE T 24N, FATHEFEBARIITN—1. AJPAf#H tf.train.latest_checkpoint (save_path)
XA B R BGR [B] H 5% F St —¥K checkpoint 30445 . BlUnin®E save H3% N model.ckpt-1.index
%) model.ckpt-10.index ff] 10 MEFFEL/):, tf.train.latest_checkpoint('./save') H[liR[A] ./save/
model.ckpt-10 ,

ERTTE K5 PRAF A R S AR HE ST

# train.py HER Y| LN K

model = MyModel()

checkpoint = tf.train.Checkpoint (myModel=model) # LBt Checkpoint, & ERGFEXN LA model (W EFH
BERTF Optimizer EHLTImAN)

# R 4R

checkpoint.save('./save/model.ckpt') # ARG R R ESREFTR S, WA L AEAR
G B PERE— B ER AT K

# test.py HAME AN &

model = MyModel()

5.1. Checkpoint: TEMRESIKE 30
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checkpoint = tf.train.Checkpoint (myModel=model) # EPIH, Checkpoint, 35 EWRE X £ 4 model
checkpoint.restore(tf.train.latest_checkpoint('./save')) # N CH IR B AR S5

# G R

JifE—$2, tf.train.Checkpoint S5PARIHASE R tf.train.Saver fHI, 3B K ACLE T H ZHHE Eager
Execution | “#EiR” WkEAS &, HAAMFE, MM T checkpoint.restore() , [HARZEY AR G IAE A B
AL, Checkpoint W] PASKE 31|28 5 N7 1) B PRI TRUE R KL . Eager Execution |, g4
J2 BRI AEA NS BT R AR SR — YR T B g A BT (WAL AT T AR AR 5K AR T 3
WA IR, Tof FaldEE) . XERE MBIEL NI NI # SEBIAL R i, LS B A — AN iR, X
B FH AR 7 B A AR — E A . Fotn, ARPT LA IRAE train.py W tf.keras.Model [¥)
save_weight () JFYERLAE model BISEL, HAE test.py H5EHIML model J5 3 B load_weight O %, Hi
S, HAMPEH Tl model Z J5H54T load_weight O HIAA BEISZIIEWIRYLE R . Al UL, tf.train.
Checkpoint FERXFE L T Al AL FRAT A7 KA 24 KAGEF]. 534h, tf.train.Checkpoint [FJHf# 37 Graph
Execution Bz,

e Ja Pt SEB), PARTERY % &S fo AR Sy il R RS SR RAE AN A -

import temnsorflow as tf
import numpy as np
from zh.model.mlp.mlp import MLP

from zh.model.mlp.utils import Dataloader

tf.enable_eager_execution()
mode = 'test'

num_batches = 1000
batch_size = 50
learning_rate = 0.001

data_loader = Dataloader()

def train():
model = MLPQ)
optimizer = tf.train.AdamOptimizer(learning_rate=learning_rate)
checkpoint = tf.train.Checkpoint (myAwesomeModel=model) # LB, Checkpoint, W ERGEXEH
model
for batch_index in range(num_batches):
X, y = data_loader.get_batch(batch_size)
with tf.GradientTape() as tape:
y_logit_pred = model(tf.convert_to_tensor(X))
loss = tf.losses.sparse_softmax_cross_entropy(labels=y, logits=y_logit_pred)
print("batch /d: loss /f" 7% (batch_index, loss.numpy()))
grads = tape.gradient(loss, model.variables)
optimizer.apply_gradients(grads_and_vars=zip(grads, model.variables))

if (batch_index + 1) % 100 == 0: # &G 100 /™ Batch 13 H—W%

5.1. Checkpoint: TEMRESIKE 31
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checkpoint.save('./save/model.ckpt') # R HEAR SR B

def test():
model_to_be_restored = MLP()

checkpoint = tf.train.Checkpoint(myAwesomeModel=model_to_be_restored) # Lk Checkpoint,
REKREXNZAHELWHHEA model_to_be_restored
checkpoint.restore(tf.train.latest_checkpoint('./save')) # NIk Z AR 5%

num_eval_samples = np.shape(data_loader.eval_labels) [0]
y_pred = model_to_be_restored.predict(tf.constant(data_loader.eval_data)) .numpy()

print("test accuracy: " % (sum(y_pred == data_loader.eval_labels) / num_eval_samples))

if _ _name__ == '__main__
if mode == 'train':
train()
if mode == 'test':
test ()

FEACURS H 5% N L save SCPESITIZATAUHZEATIIZR R, save SCPFIRARF SATILEER 100 4> batch fRF7—IK
AR R . 558 7 47800 model = 'test' HHUGEATHIY, B EM MG REIE
BERFHFAE A LB RE , W] DARCIEARAT 95% Zih TR

5.2 TensorBoard: |4 2] 4t

A, R EERESRYIZGE R TS SE AL (BN 2 R %L loss 9ME) . AR AT DA Ay 1740
HRAER, EANEARAEEM. 1 TensorBoard i@ — > REMSHT BIFA TR SR AT AL A T 5

HHi, Eager Execution #={ F ) TensorBoard 5 AE tf.contrib.summary PN, FJREPAJG AR LAk, H
B LR 0. 4 S U F R R —A-SePEe (A1 /tensorboard) £EH TensorBoard [1id e,
FAEAH LA — DR A -

summary_writer = tf.contrib.summary.create_file_writer('./tensorboard')

BN, CRNZRR AT with {575 summary_writer.as_default() fl tf.contrib.summary.
always_record_summaries() o N AN D O %TE’:RLE/J%?&( — scalar)l_q'"f tf.contrib.summary.
scalar(name, tensor, step=batch_index) B . iXH[ step SPGB O FEGITHIE, — KT
BB HINZE R PRy batch JPg . BEAHESLANT :

summary_writer = tf.contrib.summary.create_file_writer('./tensorboard')
with summary_writer.as_default(), tf.contrib.summary.always_record_summaries():
# FF A Y%

for batch_index in range(num_batches):
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# YERD, LH batch WMKEHNZE loss f
tf.contrib.summary.scalar("loss", loss, step=batch_index)
tf.contrib.summary.scalar("MyScalar", my_scalar, step=batch_index) # &7 PLiffnEft @ = XLy

247K tf.contrib.summary.scalar() , iCEAFHLE LR P B A—SIC5k. B T 5 i bs &
(scalar) PASP, TensorBoard ifnf DAXTHAWRAI W (WEMR, 4% ) ST e, PR APT S0RY .

PIRATEXS YNGRt FE nT AR IS, ZEARAD B ST &om (W75 ZAYIEE A TensorFlow ) conda ¥1%5%), 217

tensorboard --logdir=./tensorboard

SR FE D0 B A U 0 iy A TRE S B R R (— o2 http:/ /THEHLA FR:6006) , BIW]1j7[H) TensorBoard f1
LA, AR E R

TensorBoard SCALARS INACTIVE AR * O}

[C] show data download links Q Filter tags (regular expressions supported)

Ignore outliers in chart scaling
loss 1
Tooltip sorting method: default v

loss

—e 0.6

Smoothing ’

Horizontal Axis
0120
STEP RELATIVE WALL o

Runs 0.0800
Write a regex to filter runs 0.0600

o 00400

0.000 2.000k 4.000k 6.000k 8.000k 10.00k 12.00k 14.00k 6.00k 18.00k 20.00k 22.00k 24.00k 26.00k

BRIATE LT, TensorBoard 4§ 30 FPHH— k& . At n] PS4 b A Bl 3 e F-sh i
TensorBoard i FiAG DA R HE B S0

o WRFEEBING, TR0 SO NS BB S TensorBoard (8 L — 4SBT GIC % 3C
{:39FFFJ5 TensorBoard, --logdir SHS B MBI HL I SCFIE) 5

o USRI H SRR YL
et — sl DARTEE % 2 A do i Rl 7R TensorBoard FRdi ] :

import tensorflow as tf
import numpy as np
from zh.model.mlp.mlp import MLP

from zh.model.mlp.utils import DatalLoader

tf.enable_eager_execution()
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num_batches = 10000
batch_size = 50
learning_rate = 0.001
model = MLP()

data_loader = Dataloader()

optimizer = tf.train.AdamOptimizer(learning rate=learning_rate)

=)

1038 %

w

summary_writer = tf.contrib.summary.create_file_writer('./tensorboard') i

=

with summary_writer.as_default(), tf.contrib.summary.always_record_summaries():
for batch_index in range(num_batches) :

X, y = data_loader.get_batch(batch_size)

with tf.GradientTape() as tape:
y_logit_pred = model(tf.convert_to_tensor (X))
loss = tf.losses.sparse_softmax_cross_entropy(labels=y, logits=y_logit_pred)
print("batch /d: loss /f" 7 (batch_index, loss.numpy()))
tf.contrib.summary.scalar("loss", loss, step=batch_index) # BT YH loss

grads = tape.gradient(loss, model.variables)

optimizer.apply_gradients(grads_and_vars=zip(grads, model.variables))

5.3 GPU M€ R 545

REBHMRIA TR S/ A RIBFA BA 224 /I SR 2 GPU, HERIPLEGRA —f, X
I RE G L R A 2 L A R B

4 nvidia-smi W[ PAEEN L LA GPU S fF I E M (X Windows |, 4 C:\Program Files\NVIDIA
Corporation\NVSMI fil A Path fiEA5mHHIA], 8{ Windows 10 "Fu] i T 5 BEESH0 “VERE” MEERH
BREE).

{ili Jl ¥f457% # CUDA_VISIBLE_DEVICES n] DA¥EMIRR/T I GPU. ik RgPLes LR+ 0,1 i
H, 2R 2,3 250, Linux Ak A

export CUDA_VISIBLE_DEVICES=2,3

s AEAAS oA

import os

os.environ['CUDA_VISIBLE DEVICES'] = "2,3"

BT g ey AR R 2.3 _Risfr.

ERINEEOL T, TensorFlow K4 LT B ] B A7, DA G PNAFERE AL By SR e RB B 2 . T DAIE
ConfigProto Z:3fi% E TensorFlow {# ]l \BAFHIFRG . BARTT =2 EFIb—1 tf. ConflgProto kK, mﬁf’%
B, HAEIZST tf.enable_eager_execution() B$§7E Config 2%, PA NS allow_growth &Ik B
TensorFlow {HE 720 B W A725 ] :
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config = tf.ConfigProto()
config.gpu_options.allow_growth = True

tf.enable_eager_execution(config=config)

PURARASiE i per_process_gpu_memory_fraction 3&Ii%E TensorFlow [HETH#E 40% Ay GPU HriF:

config = tf.ConfigProto()
config.gpu_options.per_process_gpu_memory_fraction = 0.4

tf.enable_eager_execution(config=config)

Graph Execution T, tA]PAZESEHIAL T session & A tf.ConfigPhoto 28T E .

5.3. GPU M{ERSSE
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CHAPTER 0

M BE7SHY TensorFlow

6.1 TensorFlow 141

TensorFlow A @ — M50 (BT REA) HRER. XHEPAHH 1+1 /2 Hello World 7R

import temnsorflow as tf

# EX— “HER?

a = tf.constant(1) # &\ —/M¥ & Tensor (&)

b = tf.constant (1)

c=a+b #%NT c=tf.add(a, b), c RKE o frkE b HiL Add X — Operation (1F) FIHRHFTKE

sess = tf.Session() # ELP—/ Session (£%)

c_ = sess.run(c) # Wit Session B run() FHEMTHEEENT R (KE) #TLENHE
print(c_)

iy

2

IR BT 141, DU AT tf . placeholder O ({74585 ) fll sess.run() [) feed_dict=
SRR T Wi B TensorFlow T1284F 29 N R -

import tensorflow as tf
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AN

a = tf.placeholder(dtype=tf.int32) # & X —/ E{Iff Tensor
tf.placeholder (dtype=tf.int32)

c=a+bhb

") # WNAHEN— MBI EALE a
- input("b —_ n)

= input("a

sess = tf.Session()
c_ = sess.run(c, feed_dict={a: a_, b: b_}) # feed dict ZHENATITE c FEENKENE
print("a + b = 7d" % c_)

BTRET:
>>> a = 2
>>> b = 3
a+b-=

*RARE ¥ (Variable) &R RBI K &, [ tf.get_variable() H7, SHFHES PSR4
o (AR RHIFREICHMRL, RN DATET S E S R s . AR /R Bl dsr—A4>
AREE, RHAERIGAN 0, FFBUEM 1.

import temnsorflow as tf

a = tf.get_variable(name='a', shape=[])
initializer = tf.assign(a, 0) # tf.assign(z, y) RE— “bKkE vy WERELETE " HEMSE
a_plus_1 =a + 1 # ZNT a + tf.constant (1)

plus_one_op = tf.assign(a, a_plus_1)

sess = tf.Session()
sess.run(initializer)

for i in range(5):

sess.run(plus_one_op) # WEE a PATI—FAE
a_ = sess.run(a) # HREEE o WEHFFN a_
print(a_)

LiTHR

1.0

2.0

3.0

4.0

5.0

PURACHS AN RIS 4Ry, e AR BN S EwiGibes, FE) tf.global_variables_initializer() —
WA T A 2S5, FESCPr LA P ] -
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import temnsorflow as tf

a = tf.get_variable(name='a', shape=[], initializer=tf.zeros_initializer) # BB ESL OW
o

a_plus_1 =a + 1

plus_one_op = tf.assign(a, a_plus_1)

sess = tf.Session()
sess.run(tf.global_variables_initializer()) # # il prA &L &
for i in range(5):

sess.run(plus_one_op)

a_ = sess.run(a)

print(a_)

ﬁ%ﬁ%%g@ﬁ%ﬂ%ﬁﬁ(@%ﬂ%ﬁ%)%%ﬁﬁwoMTEE%%WMﬁ%W¢%%[11 ﬂ%n

11
11

11| By

11

import temnsorflow as tf

A = tf.ones(shape=[2, 3]) # tf.ones(shape) & LT — NIk shape W4 1 4HEE
B = tf.ones(shape=[3, 2])
C = tf.matmul(A, B)

sess = tf.Session()
C_ = sess.run(C)

print(C_)

i

[[3. 3.]
[3. 3.1]

Placeholder ((5{45k#) Ml Variable (Aitikat) tFEFERTANIAE . T2 m4ER K .

6.2 Eftimfl: LitmE

590y NumPy #1 Eager Execution #i3 R[], TensorFlow [ Graph Execution BizXf{fi H 455 X4t
KAATEEIEE . Bk, HNFERATA NS BEMGONBIRRE, R S5 A DA AT S
kRFik, Ra, RATRFEHEAWHLE AR AT &, EBIRNTE B E I T A s, &L BEARATTH

B G T . DA AR R T i 5T TensorFlow F45-5- 2 4 A5 v 52 -5 w5 M (R A 45 . e,

6.2. EfRG: LiEA 38
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tf.placeholder () RAJLAMER—Ff “FFSALBH AT 17, i tf . get_variable O & XARA IS4 (Vari-
able 8RR BT DA tf.assign () #(TIRME), 1M sess.run(output_node, feed_dict={input_node:
data}) FJDARMLAERFECIRIE A S AT A, THE SR TS Bk f 7 sOF R MHE R AR .

import temnsorflow as tf

# & XA

learning_rate_ = tf.placeholder(dtype=tf.float32)
X_ = tf.placeholder(dtype=tf.float32, shape=[5])
y_ = tf.placeholder(dtype=tf.float32, shape=[5])

tf.get_variable('a', dtype=tf.float32, shape=[], initializer=tf.zeros_initializer)

tf.get_variable('b', dtype=tf.float32, shape=[], initializer=tf.zeros_initializer)

y_pred = a * X_ + b
loss = tf.constant(0.5) * tf.reduce_sum(tf.square(y_pred - y_))

# R EtedE, FHTELE (BESE) Wk E
grad_a = tf.reduce_sum((y_pred - y_) * X_)
grad_b = tf.reduce_sum(y_pred - y_)

#RETHE, FHEHSHR
new_a = a - learning_rate_ * grad_a
new_b = b - learning_rate_ * grad_b

update_a = tf.assign(a, new_a)

update_b = tf.assign(b, new_b)

train_op = [update_a, update_b]
# SO I B B R
#ER, HEHW, RNBRAFHTEAMLRGEESLT, KREZXT M EERE

num_epoch = 10000
learning_rate = le-3
with tf.Session() as sess:
# BN EE o fu b
tf.global_variables_initializer().run()
R P CEINS PR A EE R S T
for e in range(num_epoch):
sess.run(train_op, feed_dict={X_: X, y_: y, learning rate_: learning_ratel})

print(sess.run([a, bl]))

TE_ B R BT, FATEGE T TSRS R RO T8 S50 S50 (E SRR K s A2 15 1
EZRET (JUHRIRE AR | X FpF3k 3 TR EMEPAREZ T . TensorFlow 24T F1 )R SHLHT,
TP LIE SN ED . FIH TensorFlow MR SHEE tf.gradients(ys, xs) R EKEL loss T
a, b T E. Hl, FRAOTATDARE AT By AT L A
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#RMEE, EHHEEE (REEH) HHE
grad_a = tf.reduce_sum((y_pred - y_) * X_)
grad_b = tf.reduce_sum(y_pred - y_)

B

grad_a, grad_b = tf.gradients(loss, [a, bl)

HETT S PG

HEAET I, TensorFlow [if#iiA 25l (LS (optimizer), WTPARERGHIBHEEHR—FH e l. FATHAKE
AR

#RMERE, FHHAEE (RABH) WHE
grad_a = tf.reduce_sum((y_pred - y_) * X_)
grad_b = tf.reduce_sum(y_pred - y_)

# BETHE, THERSK
new_a = a - learning_rate_ * grad_a
new_b = b - learning_rate_ * grad_b

update_a = tf.assign(a, new_a)

update_b = tf.assign(b, new_b)

train_op = [update_a, update_b]

LR = ]

optimizer = tf.train.GradientDescentOptimizer(learning_rate=learning_rate_)
grad = optimizer.compute_gradients(loss)

train_op = optimizer.apply_gradients(grad)

XH, FATHEEAIE T —A TensorFlow W6 E AL LES tf.train.GradientDescentOptimizer () ¥
B R, R)GFIH H: compute_gradients(loss) F¥KH loss XA R (S50 pIkEE. &5
apply_gradients(grad) J7¥k, MRAEHIHIGE LB RORBEE TR E LR (S50

PAE=AT AR S5 i — AT AU

train_op = tf.train.GradientDescentOptimizer(learning rate=learning_rate_) .minimize(loss)

fa A6 S5 AR 4T

import temnsorflow as tf

learning_rate_ = tf.placeholder(dtype=tf.float32)
X_ = tf.placeholder(dtype=tf.float32, shape=[5])

y_ = tf.placeholder(dtype=tf.float32, shape=[5])
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a = tf.get_variable('a', dtype=tf.float32, shape=[], initializer=tf.zeros_initializer)

tf.get_variable('b', dtype=tf.float32, shape=[], initializer=tf.zeros_initializer)

y_pred = a * X_ +b
loss = tf.constant(0.5) * tf.reduce_sum(tf.square(y_pred - y_))

# RAfAE, FIR TensorFlow HMATHEABEHHEHEHTE (HAAK) WA

train_op = tf.train.GradientDescentOptimizer(learning_rate=learning_rate_) .minimize(loss)

num_epoch = 10000
learning_rate = le-3
with tf.Session() as sess:
tf.global_variables_initializer().run()
for e in range(num_epoch):
sess.run(train_op, feed_dict={X_: X, y_: y, learning_rate_: learning_ratel})

print(sess.run([a, b]))
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