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1.lensorkFlow

playground.tensorflow.org

il

A Neural Network Playground

Tinker With a Neural Network Right Here in Your Browser.

Don't Worry, You Can't Break It. We Promise.
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TensorsR=

3 # #E B08Y5R=; a scalar with shape []

[1., 2., 3.] # 4EE A 1895k =; shape [3]

[1., 2, 3], [4., 5., 6.]] #EE A&2HI5R=; shape [2, 3]
[[1., 2., 3.1], [[7., 8., 9.]]]

# #E A385kEshape [2, 1, 3]



sk Rz AAshape

o shapefN&RZEEBLET=

In [12]: import numpy as np

In [13]): =np.array([1,2,3])
X.shape

Out[1l3]: (3,)

In [11]: Y=np.array(3)
Y.shape

out[1ll]: ()



sE & Tensor

In [14): Z=np.arravy([([l., 2., 3.], [4., 5., 6.]])
Z .shape

Out[l4): (2, 3)

In [16]): K=np.array([[[1l., 2., 3.]1), [[7., 8., 9.111])
K.shape

Out[lée): (2, 1, 3)



SR Y E RS R RS

otf.Variable
otf.Constant
otf.Placeholder

otf.Sparselensor
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SR AHE R0RYE

mammal = tf.Variable("Elephant”,
tf.string)

ignition = tf.Variable(451, tf.int16)
floating = tf.Variable(3.14159265359,
tf.float64)

its_complicated = tf.Variable((12.3,
-4.85), tf.complex64)




4=%

mEln

RS A1RY%E

mystr = tf.Variable(["Hello"], tf.strinQg)
cool_numbers = tf.Variable([3.14159,

2.71828], tf.float32)

first_primes = tf.Variable([2, 3, 5, 7, 11],
tf.Int32)

its_very_complicated = tf.Variable([(12.3,
-4.85), (7.5, -6.23)], tf.complex64)




TREAHEE 2

mymat = tf.Variable([[7],[11]], tf.int16)

myxor = tf.Variable([[False, True],[True, False]], tf.bool)
linear_squares = tf.Variable([[4], [9], [16], [25]], tf.Int32)
squarish_squares = tf.Variable([ [4, 9], [16, 25] |,
tf.int32)

rank_of_squares = tf.rank(squarish_squares)

mymatC = tf.Variable([[7],[11]], tf.int32)



o &R = /shape

rank three tensor = tf.ones([3, 4, 5])
matrix = tf.reshape(rank three tensor,

(6, 10]) # A3F5R=CAA6*10HIAE[E

matrixB = tf.reshape(matrix, [3, -1])

# matrix. -1 EFTE&EERNXR/N, 20.
matrixAlt = tf.reshape(matrixB, [4, 3,

-11) # -1ZRTEZMEERIR/N,S.




2

2.TensorFlowHJ %

¥ 1 sk E 2{F FHget_variable() ER£L

my_variable = tf.get_variable("my_variable", [1, 2, 3])

S =4tR & HshapeA[1,2,3], BRI BIAEFEES Afloat32



|| R AT e (|

tf.global_variables_initializer()
BRI EVIB 2 E{F FHglobal_variables_initializer()
session.run(tf.global_variables_initializer())

H1T5esession.run()&, R EE2 & T

2




423 1S R | inearModel

o xx=tf.placeholder(tf.float32)
o Wi=tf.Variable([0.8],dtype=tf.float32)

o p=tf.Variable([-0.8],dtype=tf.float32)

e | inearModel=WIi*xx+b



FATHRIERES

H1THF, AExEFF AplaceholderE{FER

e print(sess.run(LinearModel,{xx:[5,6,7,8,9]}))



AR BRI R R

IR ERE 218 » B2 EETMEEELHIARA -
Pz E & —1E placeholder yy » FAREEFLEME
U2 PR ATE(R{ELinearModeliF =R Ry y/E, Fi
£ ERFRE :

vy = tf.placeholder(tf.float32)

T

s_delta = tf.square(LinearModel — yy)

F R

cost = tf.reduce sum(s delta)



1T RS R EY

o FATRAARREN » WingxxHMyysp5H AES

e print(sess.run(cost, {xx:[5,6,7,8,9], yy:
-1,-2,-3,-4,-51]}))



assignE) iRAE 2 2

o] PUEBEN SR ARINZEHES » iEir={Hcost&x/\ - &
EHEE variable BY{E R LA{E Hassignpi ]
f Wi = tf.assign(Wi, [-0.5])

f b = tf.assign(b, [0.5])
sess.run([f Wi, f b])
print(sess.run(cost, {xx:[5,6,7,8,9], yy:[-1,-2,-3,-4,-51}))




TensorFlow & 84 bX R 2X

tf.zeros([2,3],int32)->[[0,0,0],
[0,0,0]]

tf.zeros EXEZEO0RI[ES

tf.ones([2,3],int32)->[[1,1,1],
[1,1,1]]

tf.fill([2,3],9)->[]9,9,9],[9,9,9]]

tf.ones ELEF189FES]

EE—EZS

40 E BLF RIS

EE—E4EE
HY' EX

tf.fill

tf.constant tf.constant([1,2,3])->[1,2,3]



3.EF-F1Sessions

o TensorFlow{E A EIAZ2RRETE I2EIITE MK
e [ TensorFlowHsession# 1717 EI A~

e Dataflow{FFHF1TEE

‘® Tensor



85 A TensorFlow

e Import tensorflow as tf



5 A P I8 = BN A

>>> 1mport tensorflow as tf

>>> nodel = tf.constant(3.0,
dtype=tf.float32)

>>> node2 = tf.constant(4.0) # also
tf.float32 implicitly

>>> print(nodel, node2)

Tensor("Const:0", shape=(), dtype=float32)
Tensor("Const_1:0", shape=(),
dtype=float32)

ERBIAEA float32, int328=F&Estring
“Const:0"ABRAF



I 1TSession

>>> sess = tf.Session()

>>> print(sess.run([nodel,node2]))
(3.0, 4.0]

>>> sess.closel()

tf.Session() BAEI—AEIHIT=EEsess

(FRHsessK#H1TUEH [nodel, node?]
sess.run([nodel, node2])

RPN TEsE{EAsess. close() , EFAER O] A FERX




with . P EE

>>> with tf.Session() as sess:
sess.run([nodel,node2])

(3.0, 4.0]

BT —A%EE, WiEBPythonFH L T EESR R ETE
=R =sESession

sess.run() Bl{ERAEEZUFINZEERAITER
Ewith-F0 F MXERE, SsEAEANEREN T BEST
FX, B2 B close( ) BRENFEIESession®;




eval()R 1 r] AFH R BGR=R/E

import tensorflow as tf

X = tf.constant(3.1,name="x )
y = tf.constant(2.5,name="vy )
result = xX+y

with tf.Session() as sess:
print(result.eval())

5.6



4 4.TensorFlow placeholder .

lensor placeholder (

dtype,
shape=None,
name=None
)
i A8 dtype[EREIRE, shape#fE , name 2318

placeholder E— & A] DAREFT B E 2R 88 B ANEALEVED
o W RFFERINEAEBRERKBIEE o




TensorFlow placeholder

e IVRER—EPRE] » Hiz= xElyny@E
AZE ., MRETINRER -
x = tf.placeholder(tf.float32)

Y tf.placeholder(tf.float32)
Z tf.add(x, V)



TensorFlow placeholder

EEEAITETREFR 0 REEruniyfeed_dictZ2 E3g
TEim AEE » BT EE

with tf.Session() as sess:
print(sess.run(z,feed dict={x:5.5,y:

2.1}))

placeholder:Z R MIEsTEIT 7 ETERE ZEEUE
{x:5.5,y:2.1}2FH




TensorFlowE i

Arithmetic Operators

TensorFlow provides several operations that you can use to add basic arithmetic operators to your graph.

e tf.add

e tf.subtract

e tf.multiply

e tf.scalar_mul
e tf.div

e tf.divide



TensorFlowE iR E EE &

e tf.truediv

e tf.floordiv

e tf.realdiv

e tf.truncatediv
e tf.floor_div

e tf.truncatemod
e tf.floormod

e tf.mod

e tf.cross



TensorFlowE i

TensorFlow provides several operations that you can use to add basic mathematical functions to your ¢

e tf.add_n

e tf.abs

e tf.negative
e tf.sign

e tf.reciprocal



TensorFlowE i

TensorFlow provides several operations that you can use to add basic mathematical functions to

e tf.add_n

e tf.abs

e tf.negative
e tf.sign

e tf.reciprocal



TensorFlowE RN EE R

e tf.square
e tf.round
e tfT.sqrt

e tf.rsqrt

e tf.pow



EIFTRE

In [8]: 1mport tensorflow as tf
x = tf.placeholder(tf.float32,name="x")
y = tf.placeholder(tf.float32,name="y")
z = tf.add(x, y,name='sum')

with tf.Session() as sess:
print(sess.run(z, feed dict={x:5.5,y:2.1}))

7.6



FileWriter(‘4C0££A9 8 1E)

e tf.summary.merge_all()

e filewriter=tf.summary.FileWriter(‘test/
sum’,sess.graph)



1 FileWriter(‘4c RV ER1E’) #reno

lensor

import tensorflow as tf

X = tf.constant(3.1,name

y = tf.constant(2.5,name
result = x+y

=X)
='y")

with tf.Session() as sess:
print (result.eval())

writer = tf.summary.FileWriter("log/simple3 log", tf.get default graph())
writer.close()



5.85 5 E1F

import tensorflow as tf

xx=tf.placeholder(tf.float32)
Wi=tf.Variable([0.8],dtype=tf.float32)
b=tf.Variable([-0.8],dtype=tf.float32)

LinearModel=Wi*xx+b

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

print(sess.run(LinearModel, {xx:[5,6,7,8,91}))

[ 3.20000005 4. 4.79999971 5.5999999

yy = tf.placeholder(tf.float32)

6.4000001 ]

lensor



BHIELF

s delta = tf.square(LinearModel - yy)
cost = tf.reduce sum(s delta)

print(sess.run(cost, {xx:[5,6,7,8,9]1, yvy:[-1,-2,-3,-4,-5]1}))
174.6

f Wi = tf.assign(Wi, [-0.5])

f b = tf.assign(b, [0.5])

sess.run([f Wi, £ b])
print(sess.run(cost, {xx:[5,6,7,8,9]1, yvy:[-1,-2,-3,-4,-51}))

0.45



6. 1T TEE

e ¥ {Ttensorboard B X E B &%

o BMECHITERFIEEEE, S HtestBER

o FHECERIETFEEtest/sumB i F(EEEEMac/K NI B #F)

o HliTTEtest/sumB#% FHIsummaryicHx

o FTRIEERZIEZSIPT AL 2T A TensorBoard

SEE

e 7zHVGraphs

‘® Tensor



#H{Ttensorboard H:% E B %

o —logdirBiaELACERR B #R(GE R EMaciRIE FTRIEER)

o ITHIEERNFEEnttp://IP:EIRIE

orFlow — python3.6 ~/an da3/lib/python3.6/site-packages/ten orboard.runfiles/org_tensorflow/tensorflow/tensorboard/tensorboard.py --logdir=./test/sum — 73x22

60 250-191- 81 example ]ustlnwu$ cd TensorFlow/
60-250-191-81:TensorFlow justinwu$ Ls
Tensorboard2. ipynb tensl. py

__pycache__ test
60-250-191-81:TensorFlow justinwu$ tensorboard —-logdir=./test/sum

WARNING: tensorflow: Found more than one graph event per run, or there was
a metagraph containing a graph_def, as well as one or more graph events.
Overwriting the graph with the newest event.

Starting TensorBoard b'41l' on port 6006
(You can navigate to http://60.250.191.81:6006)



HEHVGRAPHS

é

PE

' TensorBoard X __ Tensorboard2 X (=t
C 10 \'G) 60.250.191.81:6006 ﬁ’
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Operation: Add O
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@ python TensorFlow
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g AmnistF B ¥ E

from tensorflow.examples.tutorials.mnist import input_data

mnist = input_data.read_data_sets("MNIST_data/",

one_hot=True)

Class 7

2

Class 6

A

Class 1

!

Class 3
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S
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l

&
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2,
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B AmnistFEF e E iR

A BRTNENEE RN RIS, FENE

0 1 2 3 d
5 6 7 8 9




2WEEE ,bEREXEH A

evidence,; = Z W, x; +b,
J



softmax ()& & —1k

y=softmax(evidence)



softmax() R &L EEF—1L

softmax(evidence)=normalize((evidence))



softmax() R &L EEF—1L

(evidence;, )

Z (evidence; )
J

softmax(evidence). =



softmax() & B EF—1k

y=softmax(Wx+b)



3.5 AJCGEEIEEWINbios, 4838
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softmaxi= ;|;|Jy
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g AXCGEEIEE W hNbios, 48

Y2

(75

Y3

A=

softmaxiZEly

= softmax

Whizy + Wioxe + Wigxz + by

Woi1a1 + Waoaxe + Wogxg 1)2

Ws121 + Wioxe + Wizxg + bs

3E



WAE[EHIXm R AFENNb Ay

L3 Wia Wia Wig| | & by
y2 = softmax "VQJ VVQQ I/Vz,;; - | 2| + b2
Y3 Ws1 Wizos Wisz| |23 b3




y = tf.nn.softmax(tf.matmul(x, W) + b)



4.5l ARAE B A 22 SIS HI RS

. yRIEHY EHEHEE

Ay(y)=- Z% log (y;)



{ERR X MR EF

y_AIEMERNE S
y_ = tf.placeholder(tf.float32, [None, 10])

log(y) = BXy¥I£Xlog
cross_entropy = tf.reduce_mean(-tf.reduce_sum(y_ * tf.log(y),
reduction_indices=[1]))



tf.reduce_mean(input_tensor,axis=None,keep_dims=F
alse, name=None,reduction_indices=None)

igtensorBX 19 » B _{AZ R oE I —HEEF13
=@ > jnEFELFEYEFIEFEl 15515 >
Fi58Erowly A A

SWE BT EcolumnEXEIGEEI1,2] » EE column
J3 18]



5.{F B E R D
SKENER/)V3E X 3

train_step =
tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)



%

~

{£F

I
E!i-l"

sess = tf.InteractiveSession()
LY (v
tf.global_variables_initializer().run()



#471000% 3| 4R

for _ in range(1000);
batch_xs, batch_ys = mnist.train.next_batch(100)
sess.run(train_step, feed_dict={x: batch_xs, y _:
batch_ys})



TR

correct_prediction = tf.equal(tf.argmax(y,1),
tf.argmax(y_,1))

vy AIFEES
tf.argmax(y_,1)

y S TEAINE &
tf.argmax(y,1)



L

tf.cast()E il BRs

N

ISETEUNELEPSYES o

accuracy = tf.reduce_mean(tf.cast(correct_prediction,
tf.float32))



Al S R FRAES R

print(sess.run(accuracy, feed_dict={x: mnist.test.images,
v_:. mnist.test.labels}))
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tf.reduce_mean

tf.reduce_mean(input_tensor,axis=None,keep_dims=F
alse, name=None,reduction_indices=None)

igtensorBX 19 » B _{EZ2 8RR IGEI—HEEHNF15
wB_@ - JnEEORETMEIENFEEES 12,21 » F
IR Erowly Al

o =B 14t R columnBX 1915 2[1,3] » y5Z column
J3 18]



t{f.reduce mean

import tensorflow as tf
x=tf.Variable([[1,1],[3,3]],dtype=tf.float32

sess=tf.Session()
sess.run(tf.global variables i1nitializer())

print(sess.run(tf.reduce mean(x)))

2.0



t{f.reduce mean

x1l=tf.Variable([[1,1]1,[3,3]],dtype=tf.float32)

sess=tf.Session|()
sess.run(tf.global variables initializer())

#columnfg Y19

print(sess.run(tf.reduce mean(x1,0)))

[ 2. 2.]



t{f.reduce mean

x2=tf.Variable([[1,1],[3,3]],dtype=tf.float32)

sess=tf.Session()
sess.run(tf.global variables 1nitializer())

#ZlEXF1g

print(sess.run(tf.reduce mean(x2,1)))

[ 1. 3.]



=
=

#import numpy as np

import argparse

import sys

from tensorflow.examples.tutorials.mnist import input data
import tensorflow as tf

import matplotlib.pyplot as plt

FLAGS None

input data.read data sets("MNIST data/", one hot=True)

mnist

print (mnist.train.images[0])
# Create the model



HHAES

TEHMNISTEEY

Extracting MNIST data/train-images-idx3-ubyte.gz
Extracting MNIST data/train-labels-idxl-ubyte.gz
Extracting MNIST data/tl0k-images-idx3-ubyte.gz
Extracting MNIST data/tl0k-labels-idxl-ubyte.gz
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3.8 FHillARE H

e plt.imshow(mnist.train.images|i].reshape(28,28),
cmap='binary’,

® import numpy as np

fig = plt.figure()

for 1 in range(9):
number=np.argmax(mnist.train.labels[1i])
#print (number) , argmaxfa,nfEF R AIERIES/
plt.subplot(3,3,1+1)
plt.tight layout()
plt.imshow(mnist.train.images[1].reshape(28,28), cmap='binary’',

interpolation='none')

plt.title("Class {}".format (number))
plt.xticks([])
plt.yticks([]

fig



8 FHlARE F

Class 7 Class 3 Class 4
Class 6 Class 1 Class 8

Class 1 Class 0 Class 9

!




ﬁﬁaﬁs/_l_\ $ u‘ II\IJ I:Iit . }=I|

e plt.imshow(mnist.test.images|i].reshape(28,28),
cmap='binary’, interpolation=‘none’)

fig = plt.figure()
for i in range(9):

#test i
number=np.argmax(mnist.test.labels[1])
#print (number) , argmax#En[ESIEAERIES/
plt.subplot(3,3,1+1)
plt.tight layout()
plt.imshow(mnist.test.images[1].reshape(28,28), cmap='binary’',

interpolation="none’
plt.title("Class {}".format (number))
plt.xticks([])
plt.yticks([])
fig



4. 738 F B RIEIE R

Class 7 Class 2 Class 1
Class 0 Class 4 Class 1

Class 4 Class 9 Class 5

A




4.tf.matmul() B EfEATREZE

tf.placeholder(tf.float32, [None, 784])
tf.Variable(tf.zeros([784, 101]1))
tf.Variable(tf.zeros([10]))
tf.matmul(x, W) + b

N O = X
IR I B

# JEz/U A HIRFEICLAE
y = tf.placeholder(tf.float32, [None, 10])



F 5 B # PRk, 784E4EE M=

2 PRoR, 784 4 E [oj=,H2828& =

[t

* [None,784],BF8

1= El.

o [784,10]147844E 10{ELE

= tf.placeholder(tf.float32, [None, 784])
= tf.Variable(tf.zeros([784, 10]))

= tf.Variable(tf.zeros([10]))

= tf.matmul(x, W) + b

N O =2 X

# EEEHIRIEICLAE
vy = tf.placeholder(tf.float32, [None, 10])



X RIE

softmax_cross_entropy_with_logits(
_sentinel=None,
labels=None,
logits=None,
dim=-1,
name=None

cross entropy = tf.reduce mean(
tf.nn.softmax cross entropy with logits(labels=y , logits=y))
train step = tf.train.GradientDescentOptimizer (
0.5).minimize(cross entropy)

sess = tf.InteractiveSession()
tf.global variables initializer().run()



5.Class
GradientDescentOptimizerzg 5l

o (ERE MFERH/IMEIBRAEIBINEL. R/IVER X

e train_step = tf.train.GradientDescentOptimizer(

. 0.5).minimize(cross_entropy)



6. 1TFRAIASR91.88%

# Train
for in range(1000):

batch xs, batch ys = mnist.train.next batch(100)

sess.run(train step, feed dict={x: batch xs, y : batch ys})

# Test trained model

correct prediction =

tf.equal(tf.argmax(y, 1), tf.argmax(y , 1))
accuracy =

tf.reduce mean(tf.cast(correct prediction, tf.float32))
print(sess.run(accuracy, feed dict={x: mnist.test.images,

y : mnist.test.labels}))
0.9188
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@ python TensorFlow
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1.8 Atensorflow & T &

2. EHEEIEconv2dfIZ AL
3.7 E 2B K Edeepnn(x)
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6. F1TeTH ik
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“ PN 4§ Atensorflow T "

Tensor

import argparse

import sys

import tempfile

from tensorflow.examples.tutorials.mnist import input data
import tensorflow as tf



@ python 2 TEHEFEconv2dFIF AL
maX_p00|_2X2 Tensor

def conv2d(x, W):
return tf.nn.conv2d(x, W, strides=[1l, 1, 1, 1], padding='SAM

L
S

def max pool 2x2(Xx):
return tf.nn.max pool(x, ksize=[1l, 2, 2, 1],
strides=[1l, 2, 2, 1], padding='SAM
def weight variable(shape):
initial = tf.truncated normal(shape, stddev=0.1)
return tf.Variable(initial)

L
~

def bias variable(shape):
initial = tf.constant(0.2, shape=shape)
return tf.Variable(initial)



Bia-E R 1R

tf.nn.conv2d

conv2d(
Input,
filter,
strides,
padding,
use_cudnn_on_gpu=Irue,
data_format="NHWC',
name=None

(TR HY



Bia-E R 1R

e tf.Nn. Conv2d(x W,strides=[1,1,1,1],padding=‘same’)

(TR HY

o SESHEEARIUME :
FE— A AR A FEMESENMARBRR cE—ER=
& 8=, in_ helgl‘t@ ASE,in_width[E /5 EfE,in_channels
BEVAEE , ERBIAR Efloat328) float64
oE A2 R BIRER Aiiaxl,—ER=[filter_heithtE2{%18)E
z= 5, filter width22{28E23E,in_channelsiFE[E{& B E
;zﬂz out_channelsi i/ 7E |
=EZ2EstridesT B SHEEIEEB—HEZENT H e —1
I‘] =,&E4
o B MU{EZ & paddinglE 7 :F8sx 2 SAME 8% VALID’

= \\\)Eh

SREE

|=|E/

28,7

ZE S

TEE

=]

feature map



04 G4 Rk kB B R <T
[ RET SE M E

tf.nn.max_pool
*max_pool(
value,
ksize,
strides,
padding,
data_format='NHWC',
name=None



04 G 4Rk xE B RU<T
[ RET SE M E

emax poolingE CNNRFRAE L

«ZE A IME

o B—EZH : FFEEARMICRIERA -

tiEEEESEERZR -

FrAEm A B 2218555 (& » &Lbatch, height, width, channels]

iNFE

o 'fﬁ
= > [1, height, width, 1] » 801

\\\)ﬁt

B =AZE : FE[EEE—EHEE L5

stride,stride, 1]
o £ M{EZ
o [o]{H—

EI\)it

2t CAERERY A/ NMRheight B

]

M5 =1

width » —{&[U%E o]

]

=TSSR

NEOTE &R > [1,

#padding : FICAEX'VALID' 8&'SAME'
sR=E » shapefliZars[batch, height, width, channels]



@ python

3. xEE L AEIdeepnn(x)

x:BA784EF BT, OBy RkE4EE10

def deepnn(x):

#x: BN 784 EFEHF
#[0](Fy iRk EAE/E10

with tf.name scope( reshape'):

X lmage

tf.reshape(x, [-1, 28, 28, 1])

# FE—H18/B - maps one grayscale image to 32 feature maps.
with tf.name scope( 'convl'):

W convl
b convl
h convl

# ML -

h pooll

weight variable([5, 5, 1, 32])
bias variable([32])
tf.nn.relu(conv2d(x image, W convl) + b convl)

downsamples by Z2X.
with tf.name scope( pooll'):

max pool 2x2(h convl)

Tensor



@ python 4B _SIRE¥TE 328 A\T5=lE €
é“ﬁﬁj II:EI 64%@@]%:/&%@ Tensor

# 55_#&ta/Bmaps 32 feature maps to 64.
with tf.name scope( conv2'):
W conv2 = weight variable([5, 5, 32, 64])
b conv2 = blas variable([64])
h conv2 = tf.nn.relu(conv2d(h pooll, W conv2) + b conv2)

# FH__)M{b/Bpooling layer.
with tf.name scope( pool2'):
h pool2 = max pool 2x2(h conv2)



2 EEE,EMRt{EE B E28*284F /)4
B A7 764(:8E23), 2 fEZ1024{E 48T

#EEIEE , tEM KM C/BAEE28+2 845/ MEE#37*7*64 (HBEET) , 21EZ1024BF57

with tf.name scope( fcl'):
W fcl welght variable([7 * 7 * 64, 1024])
b fcl bias variable([1024])

h pool2 flat = tf.reshape(h pool2, [-1, 7*7%64])
h fcl = tf.nn.relu(tf.matmul(h pool2 flat, W fcl) + b fcl

with tf.name scope( dropout'):
keep prob = tf.placeholder(tf.float32)
h fcl drop = tf.nn.dropout(h fcl, keep prob)

{EFHDropout?k i/ Overffiting



¥ /& 1024 48 o EI1 01E £8 Bl

#ET[E1 024 18511 01BI%E 5!

with tf.name scope( fc2'):
W fc2 welght variable([1024, 10])
b fc2 bias variable([10])

y conv = tf.matmul(h fcl drop, W fc2) + b fc2
return y conv, keep prob
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e |oglist=[]

e |oglist.append(train_accuracy)



ERVE =T Rl N

def main( ):
# BN\ SR}

mnist = input data.read data sets("MNIST data/",one hot=True)
x = tf.placeholder(tf.float32, [None, 784])

y = tf.placeholder(tf.float32, [None, 10])

# 1L xIEE ERIAT S

y conv, keep prob = deepnn(Xx)




A python 5. XX WFERI1ETL +

lensor

with tf.name scope( 'loss’'):
cross entropy = tf.nn.softmax cross entropy with logits(labels=y ,
logits=y conv)

cross entropy = tf.reduce mean(cross entropy)

with tf.name scope('adam optimizer'):
train step = tf.train.AdamOptimizer(le-4).minimize(cross entropy)



tf.cast(,tf.float32)iG M EE Bl
float32;F 25X

with tf.name scope('accuracy'):
correct prediction = tf.equal(tf.argmax(y conv, 1), tf.argmax(y , 1))
correct prediction = tf.cast(correct prediction, tf.float32)

accuracy = tf.reduce mean(correct prediction)



s s T 5 IE] i o E
log/cnn99_log B &%

train writer = tf.summary.FileWriter("log/cnn99 log",
tf.get default graph())
train writer.close()



@ python 62'2? -|-§

e train_step.run()iZ{FHAdamOptimizer()2KE TS € (F
feed_dictZREX{tplaceholderfysR=xFy

n?ﬁ ¥ )

lensor

with tf.Session() as sess:
sess.run(tf.global variables i1nitializer())
for i1 in range(5000):
batch = mnist.train.next batch(100)
if 1 % 100 ==
train accuracy = accuracy.eval(feed dict={
X: batch[0], y : batch[1l], keep prob: 0.8})
loglist.append(train accuracy)
print( 'step %d, training accuracy %g' % (1, train accuracy))
train step.run(feed dict={x: batch[0], y : batch[l], keep prob: 0.8})



Al AS SR TR A

print( 'test accuracy %g' % accuracy.eval(feed dict={
x: mnist.test.images, y : mnist.test.labels, keep prob: 0.8}))



#H 1Tmain(1),&8k AMNISTE i

main(1l)

Extracting MNIST data/train-images-idx3-ubyte.gz
Extracting MNIST data/train-labels-idxl-ubyte.gz
Extracting MNIST data/tl0k-images-idx3-ubyte.gz
Extracting MNIST data/tl0k-labels-idxl-ubyte.gz
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3500,
3600,
3700,
3800,
3900,
4000,
4100,
4200,
4300,
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4800,
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TensorFlow3F E #4#;
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ke

19
) 2

98.59%

training
training
training
training
training
training
training
training
training
training
training
training
training
training
training

accuracy 0.9859

accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy

0.99
0.98
0.98
0.95
0.99
0.99
0.99
0.99

0.99
0.97
0.95
0.98

GV



@ python 7 EREFFO8.59% +

Tensor

import matplotlib.pyplot as plt
plt.plot(loglist)

plt.show()

10 A
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8.TensorBoarddztE ElGraphs

I ensor: )YV
-] A A B

e}TRdTensorboard
$ tensorboard —logdir=./1og/simple99 log

Starting TensorBoard b'41l' on port 6006
(You can navigate to http://IP:6006)

0(thon


http://ip:6006

TensorBoardfJ5T & [E Graphs

C {1 | ® 60.250.191.81:6006 ry

TensorBoard SCALARS IMAGES AUDIO GRAPHS DISTRIBUTIONS HISTOGRAMS EMBEDDINGS

Mean 2 Mean 3
Com 20D Comt 30-»{__ D acd \ » SoftrmaxCr Varistle ML
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- 4 F.t t 1 3 concal 1 W Sy
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Color ® Structure
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| ~ example/TensorFlow/ x __ deepLearning x ﬂ TensorBoard x‘ e
G {t ® 60.250.191.81:6006 %
TensorBoard SCALARS IMAGES  AUDIO GRAPHS DISTRIBUTIONS HISTOGRAMS EMBEDDINGS
. _ gradients_1 A
oS 30 L heshapelo T , S 3 Subgraph: 32 nodes D
s e IR e
3 ST N S ) = S Attributes (0)

4 Fit to screen

s gradients_1 vty (P Inputs (6)
— Download e —» Reshape[0-5] 2 tensors
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Run ) e 3 tensors
(1) GradientDescent_1 e < add 10
, oeme GRSt EE G <> Matmul b
Session - - < Variable/read 784x10
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@ python

TensorFlow

e Thanks.

python



@ python

Python
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Python
MREREERERE

1. L% Tensorflow
2.%23zKeras
3. FAM A IR E 2 # s MNIST
*E:fqi%:(é/m}gﬂ??
22 S B R TR RIS RV F B i

@, python

0(thon



1.Z22=Tensorflow

e pip Install tensorflow




2. Itz Keras

e pip Install keras




3.EXEjupyter

$ jupyter notebook



Home X

“} | () localhost:8888/tree#

J AnacondaProjects

) AndroidStudioProjects
) Applications

3 clip_android_temp

3 Desktop

2 Documents

) Downloads

~ Jupyter Logout
Files Running Clusters
Select items to perform actions on them. Uploadll New
- ~ Name 4 Last Modified 4
O adb a year ago
(D anaconda3 20 hours ago

19 days ago
a year ago

a year ago

a year ago

a minute ago
10 days ago

4 hours ago



= Y Python 3

Home X
() localhost:8888/tree#
_ Jupyter Logout
Files Running Clusters
Select items to perform actions on them. Upload |New ~ | £
Notebook:
- . *
Python 3
D adb JO
Other:
) anacondad Text File JO
(O AnacondaProjects Folder jO
- Terminal
) AndroidStudioProjects jO

) Applications a year ago



#HZE TensorflowlJhR 2~

e import tensorflow as tf

e tf. version

Home X Untitled?2

@ localhost:8888/notebooks/Untitled2.ipynb” — n
File Edit View Insert Cell 1get! eE I Python3 O

[E]'i'%f?iﬁ‘f'* C | Code

In [2]): import tensorflow as tf

In [3]: tf. version

Out[3]: '1.3.0°

In [ ):



In [2]: import tensorflow as

In [3]: tf. version

Out(3]: '1.3.0°

tf

/—

17



#ZH T"kerashR4~,{EFHTensorFlow'§
18 1m

File Edit View Insert Cell Kernel Widgets Help
B+ & A B 4+ ¥ M B C  Code ¢| | EB
In [2]: import tensorflow as tf
In [3]: tf. version
Out[(3]: '1.3.0°
In [4]: Aimport Kkeras

Using TensorFlow backend.

In [5]: keras. version

Out(5]: '2.0.8°



Saveff#{FIE xR

File Edit View Insert Cell Kernel Widgets Help
New Notebook » AN b M B C Code - 3
Open...

Make a Copy...

tensorflow as tf
Hename...

Save and Checkpoint ersion

Revert to Checkpoint »

keras
Print Preview
Download as » I'ensorFlow backend.
Trusted Notebook __version__

Close and Halt
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In [174]: plot_figures labels(X_test,y test,predicted classes,idx=150,num=9)

AL

mImC

label=9,predict=9

label=9,predict=8

label=5,predict=5

i 2 ¥

label=5,predict=5

S

label=1,predict=1

-

label=6,predict=6

label=5,predict=5

Lo

label=0,predict=0

e

>

label=3,predict=3

9




o i AkerasfytEE!models,sequential {§F1EEY

i A Kerasts=2H

o B AkerasfyEkldatasets, mnistF B &=

o H AkerastBf4&1Z/L\iIDense,Dropout, F1EiEActivation

In [42]:

import numpy as np
import matplotlib.pyplot as plt

from
from
from
from

Keras.datasets import mnist

kKeras.models import Sequential

Keras.layers.core import Dense, Dropout, Activation
Keras.utils import np utils



= AMNISTE ]

e http://yvann.lecun.com/exdb/mnist/

AT B B RHYAE I

e mnist.load_data()&Es AFEER

In [189]: nb classes = 10
X train, y train), (X test, y test) = mnist.load data()
print("X train original shape”, X train.shape)
print(“"y train original shape", y train.shape)

X train original shape (60000, 28, 28)
y train original shape (60000,)


http://yann.lecun.com/exdb/mnist/

n\m%‘%.ﬂ/ \, %ﬁ

-matplotlib.pyplot.gc()2 5% B BigvE#>
-matplotlib.pyplot.imshow 2B E

In [190]: 4import matplotlib.pyplot as plt
def plot image(image,i):

fig

fiqg.
plt.
plt.
plt.

= plt.gcf()

set size inches(3, 3)

imshow(image, cmap='binary')
title("Class {}".format(y train(1i]))
show( )
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In [191]): plot image(X train(0],0)

Class 5

ol >

|}

0 25




nf =

:Hu:
11

B ARAVF B

In [192]: for i in range(2):
plot image(X train(i],i)

Class 5

10 A

15 A

20 1

25 1

Class 0

10 A

15 -

20 1

25 1




)| 4R, Bl B Y E AR

13l 7844KE,28*28

o 3l|#R60000%

il
)ﬂ]]>1

L)

o JHIGI10000F=E N, Mg & R 2EFFRLA255, 5 A 0- 18V EE

In [7]: X train = X train.reshape(60000, 784)
X test = X test.reshape(10000, 784)
X train = X train.astype( float32')
X test = X test.astype( float32')
X train /= 255
X test /= 255
print (" &ll#REEEHE
print ( "Rl AB B

H4RE[E4E shape (60000, 784)
A EE%E shape (10000, 784)

shape”, X train.shape)
shape”, X test.shape)

M W




utils.to_categoricaliS1E £ i5 Ak
0F!9RIES |

o ZE1710,nb_classes

&

TENEE,ESEyY train0lTtxEA1,H

ERETE20.y_train[0]1&0ZI98Y 2L =.

In [80]: Y train =

Y test =
In [82]: y train|0
Out[82]1: 5
In [81]: Y train[O0]}
Out[(81): array([ 0., O.

np utils.to categorical(y train, nb classes)
np utils.to categorical(y test, nb classes)

0.])
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n(thon

%3 333
R EE R

4. FRH

KerasiIZILARE » RFEFETE&EER EI’JE
SequentialZZ{EME Y » Sequentialr] LAGEFL iz B& A
ISR B FE - REBE B A ,U\Hﬁiiﬁﬁﬁlﬁiﬁ_ﬁl:ﬁ)ﬁu
r.

In [60]: model = Sequential()
model.add(Dense(512, input shape=(784,)))
model.add(Activation( 'relu'))
model.add(Dropout(0.2))
model.add(Dense(512))
model.add(Activation( 'relu'))
model.add(Dropout(0.2))
model.add(Dense(units=500,activation="'relu'))
model.add(Dropout(0.2))
model.add(Dense(10))
model.add(Activation( 'softmax’'))




ERAER

REBE

cadd() B r A —B — BRI SRR EE - T8 —

Z PR FES

(activation function) °

*B—EBHIAMER/

A=K/ o

X E B ERI A/ (units) Bl B E) pR %51

1% — B AunitsEE R H a9

18— BRI RN EN A EX (activation function)&softmax o

-softmax() & 57

Z el e

—{CHa R 8,15 o) S RY1EE

—3

—1{E& 0%



keras#rzE1EEYmodel.compile()
FRHAdaml & B > AR BEH
categorical_crossentropy

e model.compile(loss='categorical_crossentropy’,
optimizer="adam',metrics=['accuracy'])



s ZRF0 32 1 R B model. fit()

)| 4R 480 %, A KB E HVER 4420 %, R B8R HN1T, B-R128%

/

J/

In [51]: train data=model.fit(X train, Y train,
validation split=0.2, epochs=8,
batch size=128, verbose=2)

Train on 48000 samples, validate on 12000 samples

Epoch 1/8

- 95 - loss: 0.2820 - acc: 0.9159 - val loss: 0.1211 - val acc: 0.9624
Epoch 2/8

- 85 - loss: 0.1131 - acc: 0.9656 - val loss: 0.0986 - val acc: 0.9702
Epoch 3/8

- 85 - loss: 0.0788 - acc: 0.9750 - val loss: 0.0877 - val acc: 0.9737
Epoch 4/8

- 85 - loss: 0.0593 - acc: 0.9815 - val loss: 0.0819 - val acc: 0.9743
Epoch 5/8

- 95 - loss: 0.0477 - 0.9840 - val loss: 0.0756 val acc: 0.9785
Epoch 6/8

- 85 - loss: 0.0380 - 0.9876 - val loss: 0.0796 val acc: 0.9778
Epoch 7/8

- 85 - loss: 0.0355 - 0.9884 - val loss: 0.0737 val acc: 0.9802
Epoch 8/8

- 85 - loss: 0.0306 - 0.9898 - val loss: 0.0815 val acc: 0.9796



model.fit(){Z [e]History 4714

In [74]: train data.history.keys

Out[74]: dict keys(['val loss', ‘val acc', 'loss', 'acc'])



def show TFigure(training,validation data,training data,loc):
plt.xlabel( Epoch')
plt.ylabel( Acuracy')
plt.title( 'Training data')
plt.plot(training data.history[training])
plt.plot(training data.history[validation data])

if loc == -
plt.legend([ 'training’', 'validation'],loc='lower right')
plt.show()

else:
plt.legend([ 'training', 'validation'],loc='upper right')
plt.show()
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show TFigure('acc', 'val acc',train data,l)

Acuracy

0.99 -

0.98 -

097 -

0.96 -

0.95 -

094 -

0.93 -

0.92 -

0.91 -

Training data

== fraining
validation
0 1 . 3 4 5 b !



& 72 o) || AR 1 BB EE B Bl 25 PRI 2

show TFigure('loss', 'val loss',train data,2)

Training data

0.30
= {raining
validation
0.25 1
0.20 -
-
®
3 -4
g 0.15
0.10 - _
0.05 - —
0 2 3 - 5 b 7



‘45,51. e 1l <
B aE 1 o) ZEHE (Y (F FHevaluate()
In [63]: score = model.evaluate(X test, Y test,)

print( 'Test score:', score(0])
print( 'Test accuracy:', score[l])

32/10000 [4eeeesnnsnsonnasnssnnannesnnns ] - ETA: 1s
512/10000 [>eeeesensosansasonsannasennnns ] - ETA: 1s
B96/10000 [=>eueuveuevnsensasonsannasennnns ] - ETA: ls

1376/10000 [S==>..uuveueeensancsosansannnss ] - ETA: 0s
1888/10000 [S===...veueeeesonnssansannnss ] - ETA: 0s
2432/10000 [S===m=>. . u.eeeeseasennasnnnans ] - ETA: 0s
2976/10000 [S======>,...00eeeasennacnnnnns ] - ETA: 0s
3520/10000 [S==m=====>, .. ...eeeeeensosnnns ] - ETA: 0s
4064/10000 [S==m==m====>, ., .. ..eeseenesnnns ] - ETA: 0s
4608/10000 [S==m==m=====>, . i.ieiseeneconns ] - ETA: 0s
5152/10000 [======s========> ., . iiieeennnes ] - ETA: 0s
5696/10000 [================3_ ... .....0... ] - ETA: 0s
6208/10000 [=================3_ ., .. ....0... ] - ETA: 0s
6752/10000 [===================3>_ ... ...... ] - ETA: 0s
7296/10000 [====================> L, ..., ] - ETA: 0s
7808/10000 [================c=====> ., ., ] - ETA: 0s
8352/10000 [==============—=c—=ccooos ] - ETA: 0s
8864/10000 [===================c=====>__,.] - ETA: 0s
9408/10000 [===================—===c===5_ ] - ETA: 08
9920/10000 [===================c===—====3 | - ETA: 08
10000/10000 [==================c==—==—=c===] - ETA: 0S

Test score: 0.0790858687627
Test accuracy: 0.9781



model.predict_classesf5ZlEEzE

iNEEEES

o correct_indicesATEHIIEIERIZ S|, incorrect_indices
AT BRI RN RS

e predicted_classes = model.predict_classes(X_test)

e correct_indices = np.nonzero(predicted_classes ==
y_test)[0]

* incorrect_indices = np.nonzero(predicted_classes !=
y_test)[O]



Ai—yé

model.predict_classes{5Z|&EE

SR, 0-9OM F B EUE

In [166]: predicted classes

OQut[leée6]: arravy([(7, 2, 1, ..., 4, 5, 6])
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def plot Flabels(X data,y data,predict,numtuple):
figure=plt.gcf ()
figure.set size inches(15,15)
index, number=numtuple
for j in range(0,number):
ax=plt.subplot(3,3,]j+1)
ax.imshow(X data[index].reshape(28,28),cmap='binary’)
name="'label="+str(y data[index])
if len(predict)>0:
name+=",predict="+str(predict[index])
index+=1
ax.set xticks([])
ax.set yticks([])
ax.set title(name, fontsize=12)
plt.show()



28* 28RV [E 2, .IE ¥ 16 B 0-1HYEVE

In [11]: X test([0]

F 0. , 0. , 0. — , 0. -
0. , 0.06666667, 0.25882354, 0.05490196, 0.26274511,
0.26274511, 0.26274511, 0.23137255, 0.08235294, 0.9254902 ,
0.99607843, 0.41568628, 0. r 0. » 0. ’
0. , 0. 0. r 0. » 0. ’
0. , 0. r 0. ¢+ 0. » 0. ’
0. r 0. , 0. r 0. 0 ’
0. r 0. , 0. r 0. » 0. ’
0. , 0.325459021, 0.99215686, 0.81960785, 0.07058824,
0. r 0. , 0. r 0. r 0 ’
0. , 0. 0. ¢+ 0. » 0. ’
0. , 0. 0. r 0. » 0. ’
0. , 0. , 0. r 0. » 0. ’
0. , 0. 0. , 0.08627451, 0.9137255 ,
1. » 0.32549021, 0. r 0. » 0. ’
0. r 0. 0. r 0. r 0. ’
0. r 0. 0. r 0. » 0. ’
0. , 0. , 0. r 0. » 0. ’
0. r 0. r 0. r 0. » 0. ’
0. , 0.50588238, 0.99607843, 0.93333334, 0.17254902,



testA0RIRIENE

In [173]: X _test,y test

O'Jt[l73]: (arraY([[ Oo’ Oo' Oo' .- s ey Oo' Oo' 00],

| O'I 0 ' 0 ’ ' 0-: 0 ’ 0°]r

| 0-: 0 ’ 0 ’ ’ 0-: 0 ’ 00]1

“eay

( 0., 0., 0., «¢e., 0., 0., 0.1,

( 0., 0., 0., «¢e., 0., 0., 0.1,

( 0., O., O., «e., 0., 0., 0.]]1, dtype=floatiz),
array([(7, 2, 1, ..., 4, 5, 6], dtype=uint8))



whe [l
LV K
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)
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ﬁ \

A o B [B] 2 4w 5k

=
AE

In [176]: 1incorrect indices

OQut[l176): array(( 151, 247, 321, 445, 447, 448, 449, 450, 456, 582, 610,
619, 646, 659, 684, 691, 720, 883, 890, 938, 944, 1014,
1039, 1112, 1156, 1166, 1178, 1182, 1226, 1232, 1242, 1247, 1260,
1315, 1319, 1356, 1393, 1438, 1500, 1522, 1530, 1531, 1549, 1554,
1600, 1609, 1611, 1621, 1626, 1681, 1751, 1790, 1828, 1901, 1982,
1984, 2004, 2024, 2053, 2070, 2098, 2109, 2118, 2129, 2130, 2135,
2185, 2189, 2293, 2299, 2326, 2369, 2387, 2406, 2414, 2447, 2455,
2488, 2560, 2607, 2618, 2648, 2654, 2713, 2877, 2921, 2927, 2939,
2952, 2953, 2995, 3030, 3060, 3062, 3108, 3117, 3251, 3377, 3405,
3451, 3475, 3503, 3520, 3533, 3558, 3559, 3597, 3681, 3776, 3780,
3796, 3808, 3811, 3893, 3941, 3943, 3976, 3985, 3995, 4027, 4065,
4078, 4156, 4176, 4199, 4224, 4248, 4289, 4294, 4317, 4363, 4382,
4425, 4497, 4528, 4536, 4567, 4751, 4807, 4823, 4860, 4880, 4966,
5068, 5138, 5331, 5457, 5573, 5600, 5634, 5642, 5676, 5734, 5936,
5945, 5955, 5973, 6009, 6011, 6023, 6045, 6046, 6071, 6093, 6166,
6173, 6426, 6555, 6574, 6576, 6597, 6641, 6651, 6735, 6744, 6783,
6817, 7049, 7216, 7459, 8059, 8091, 8094, 8246, 8273, 8277, 8290,
8325, 8413, 8504, 8522, 8527, 9009, 9024, 9211, 9253, 9280, 9587,
9634, 9664, 9669, 9692, 9700, 9729, 9735, 9745, 9749, 9755, 9768,
9770, 9779, 9792, 9832, 9839, 9867, 9904, 9922, 9944, 9982]))
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@ python

1. FRMER A B

2. W chain rule
.M AEEE
4. BNEN R EY
5.CNN, &5 R4S 4 5%
6.RNNZEE =X A A8 48 B%

n(thon
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* M1

» MER

o

A

ARE A

L

Bz






2 W4 chain rule

4 Az=—Ay

@
!

Y 0z 0y
X




. I Ax BREREE Ay
0y
Ay=—— Ax
0X



= dx/B & AZ
Ffi Ay RO RIGE!

07
=—Ay
Az7= o



{7 ChainRule

o T Ax BUCERSEI Az

07 0
Az= el Ax
dy 0x



3. FAFRLR AR IR R

Yy =1(2)
Output units g} (1) | |

Wk/ kg H2
' Yi = 1(Z)

Hidden units H2 ‘ 0 ‘

‘ * Zk = 2 Wik Y
' jeHI
Hidden units H1 () () Vi =1z)
” Zj= ) WX
I € Input

Input units



L

R AR AS 4R B R

Forward Pass[o]g1Z ik

—BE A

)

=F—EFSRE R BN RS P MRS W 1% E gradient




ARE A

L

SR RS T

o iTEE—EENRIVE Az, BiRSBIE RS —EEnF5 D0t RYAL

o {FRAIEARIERIrectifiedsHE K Ereluzt &z, f(z)=max(0,2)



#i{EHiEBack Propagation

HRMRAINEERESIEE

O C
( (
IE _ 9E 9y ij

k k “<k % % f__ z ijf—




FREBEMESEWHERED

o ¥i{H3EBack propagation

o B BRI EAAErmrorfyid o 1%,

i

o HITRENFAI AR A CostpR &/ ME

(YJ’IJ)Z
2

Cost=

. I 2gmm

o EFTEEWE{RZED




o ARIE

* sigmoil

dENEN R EX

e relufAE

f(z)=max(0,z)
F(z)=In(l+e")



Y-AXIs

AR 1T

V=wX+b

K-Axls



sigmoid B BRI EX

X-AXxi1s



relu BN &) bR 2X

|

f(z)=max(0,z)

relu
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5.CNN, &8 A48 4

C3:f. maps 16@10x10
C1: feature maps S4:f. maps 16@5x5

INPUT 6@28x28
& 1. mapa C5: layer F6 layer OUTPUT

32x32
6@14x14 r 120

r

‘ FuII conrlectlon Gaussnan connections
Convolutions Subsampling Convolutions Subsampllng Full connectlon




CNN,Convolutions Neural
nhetwork

Convolutions and RelLU
s S s OO 8 T s s = & L& 57 FV e o o o L & &N FE K LA KN KN =

Max pooling
L E S DS S ED L T - - - LA A LA S

Convolutions and RelLU
= A . -~ N Y - - -
Max pooling




4 < Output

VV/

T oA N W L FRED G R ﬁ.!lbu.f SPURS TR NSTL R I MW B e T

N ,, D ,‘-- - .K.. ..‘l.-_‘l.“ -
SR BN N
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%% RSN ) R

S2 C3 S4 C5

C1
Y

20
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s S.&J &

J:.rLﬂ_mJ .soo _a :v
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CNN, 1520 4848 i




6.RNN, ik 10 (B 42 48 i Recurrent
Neural Network(LSTMEFE5C[E)

i o)




RNN, & E 284 ¥ Recurrent
Neural Network(LSTMEFE5C[E)

E AT MV A

F 51 i& 7 (Sequential patterns)
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Tensorric
TensorFlow+Keras

CNNSHERER BRGHE

={EiZ Zh0




e python TensorFlow+Keras B

CNNE&&E R E B BCifarE ¥+

Tensor

1.&Z 3 Tensorflow

2.Cifar-10E | £
3.85f5l:cifar10_data_ok
4.78;81;85:010000 £ AV ZEREE 73 %
5.85%:cifar10_kk




= Tensorflow L

Tensor

@, python 1 §

e pip Install tensorflow




@ python § KeraS 4

Tensor

e pip Install keras



“python o Cifar-10E] R £ L2

Tensorflow

e https://www.cs.toronto.edu/~kriz/cifar.html

Here are the classes in the dataset, as well as 10 random images from each:

e AR

R e T
I v, BN Ve

i Tmall REC FERW

d o " 3 ;\\ | ol X

. - i ,
S B N
T ) — ol ° E
1A 4 " B b
o LGRS Y R
-o ) ! . | - I > ,“ ‘
S | S [a] o] SRR

vos I S I 1 ) R A R
ose il S N X 9 I 5 0 B
onip Pl e P
vk T e 8 5 o 9




@ puthong &548-cifar-10 data ok

o i AkerashyE kldatasets,cifar-10B 5 £

Tensor

o i Akerasf9tEE!models,sequential B 1EE!

o H AkerastBf4&1Z/L\iIDense,Dropout, F1EiEActivation

import keras

from keras.datasets import cifarl0

from keras.preprocessing.image import ImageDataGenerator
from keras.models import Sequential

from keras.layers import Dense, Dropout, Activation, Flatten
from keras.layers import Conv2D, MaxPooling2D

import os

import matplotlib.pyplot as plt




@ python cifar10.load_data() +
?ﬂ]\%}“ Fﬁﬁﬂ]mu nité'l'—l' Tensor

e cifar10.load_data()A&&FH AFEZE1),500005&E, F—5K32*32
%% ,RGB=E&

batch size = 32

num classes = 10
epochs = 50

num predictions = 20

W

# The data, shuffled and split between train and test sets:
(x train, y train), (x test, y test) = cifarl0.load data()
print('x train shape:', X train.shape)

print(x train.shape[0], 'train samples')

print(x test.shape[0], 'test samples')

X train shape: (50000, 32, 32, 3)
50000 train samples
10000 test samples




& outhon  image_dictionary 4= B4, 4
HFZEs|EraE Tensor

print(x train[0])

print(y train[0])

image dictionary={0: ' 'airplane’',l: automobile’',2: 'bird’',3: 'cat’,
4: 'deer’',5:'dog’',6: frog',7: 'horse',8: 'ship’',9: truck'}

print (image dictionary[float(y train[0])]

[[[ 59 62 63]
[ 43 46 457
[ 50 48 43
e,
[158 132 108
[152 125 102
[148 124 1037]]




@, python

plt.imshow ()28 48 2 [E i

-matplotlib.pyplot.imshowEE8 R E

o X_train[1]3 —5R[E,cmapAEE &, binary

fig=plt.figure()
fig.set size inches(6,6)
for 1 in range(0,9):

fig

plt.
plt.
plt.
plt.
.yticks([])

plt

subplot(3,3,1+1)

imshow(x train[i],cmap= binary')
title(image dictionary[float(y train[i])])
xticks([])

in

Tensor




T EREEET L]

Tensor

HNUEMR » 2 _4EBEBRRABRHFEERZINERMT

RGB(41E24%)E% : BfERPEEERRAEE4REEE® A LAH
O(2E)F255(8) = EE(Intensity)FE T ° 0-255 27 ]
RN AEIAVATEE4REERR(E -
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TensorF|
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@ python y

TensorfFlow

bird




@ python y

TensorFlow

airplane

automobile




@ python y

TensorfFlow




@, python

i BN F IS AR ) = ¥

Tensor

# Convert class vectors to binary class matrices.
y train = keras.utils.to categorical(y train, num classes)
y test = keras.utils.to categorical(y test, num classes)

o FENFOIFMAR —ENAYM=,num_classes&H % /D F

o #E1710,nb_classesfEl;c =M=, 7£EY_train[0l;tZ{EST,H
EREZETE2A0.y_train[0] &6 E=E.

[6]
[ 0. 0. 0. 0. 0. 0. 1. 0. 0. 0.]




“ ot 3 {KerasfIRzO\BER T

Tensor

KerasiIZILAEE - R XFEUNEEERNE
SequentialiZ{E1=2Y » Sequential?] LARZF M= BRIIE
iR AS A IR R e - SR EZBIE -




@ python

ep=tilhulin= U=

model = Sequential()
model.add(Conv2D(32, (3, 3), padding='same’,
input shape=x train.shape[l:]))
model.add(Activation( 'relu'))
model.add(Conv2D(32, (3, 3)))
model.add(Activation( 'relu'))
model.add(MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(0.25))

model.add(Conv2D(64, (3, 3), padding='same'))
model.add(Activation( 'relu'))
model.add(Conv2D(64, (3, 3)))
model.add(Activation( 'relu'))
model.add(MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(0.25))

Tensor




add() B r] PA— B — B AU (R AR S B e - B — P
@ PYtNON 5 ooy b o s w23 705 8 0 K/ (units) ERELE A%sz M

(activation function) ° Tensortlow

oFE—EBEIARNE= XN/ FRE—IEAuUnitsEF IRk mHY

BEw U

-Ex 18 — BRI BN EN ER B (activation function)Zsoftmax °
-softmax() &R —1EIa BN R B i M =/1EER —1E&0F1

ZfE e model.add(Flatten())
model.add(Dense(512))
model.add(Activation( 'relu'))
model.add(Dropout(0.5))
model.add(Dense(num classes))
model.add(Activation( softmax’))




L

Tensor

Teten RE{CREMAAE TR

ERHBEHESE FTREMABECEE > AR BER

categorical_crossentropy3Z X {fj
e opt = keras.optimizers.SGD(Ir=0.01, decay=1e-6,

momentum=0.9, nesterov=True)



oo SGER fERRRE T

Tensor

# AlARIEE

model.compile(loss='categorical crossentropy',
optimizer=opt,
metrics=[ accuracy ' ])

X train = X train.astype( float32")
X test = x test.astype( float32')

X train /= 255

X test /= 255




%

“ruthon 3 o BT i RImodel fit)

lensor

history.history. keys()1$|§|History%1fFE’\]$ﬂﬂ
lossE A, accRZEEE
model.fit(){F [elHistory¥{4

e history=model.fit(x_train, y_train,
batch_size=batch_size,
epochs=epochs,
validation_data=(x_test, y_test),

shuffle=True)




® PuoNGifar-10,77.26% || S R EE

eTrain on 50000 samples, validate on
10000 samples

acc: 0.7728
49856/50000 [====s========s================>,] - ETA: 0s - loss: 0.
acc: 0.7728
49888/50000 [============s================>,] - ETA: 0s - loss: 0.
acc: 0.7728
49920/50000 [============================>,] - ETA: 0s - loss: 0.
acc: 0.7727
49952/50000 [====s========================>,] - ETA: 0s - loss: 0.
acc: 0.7727
49984/50000 [============================>,] - ETA: 0s - loss: 0.
acc: 0.7726
50000/50000 [============s==================] - ETA: 0s - loss: 0.

acc: 0.7726 - val loss: 0.7772 - val acc: 0.7341

6607

6610

6611

6612

6613

6613

~r\

Tensor




= puthonsg 51000 B, HERRE72.8% Ten;!::

B SR BUZEIE 4 {F FHevaluate()

e scores = model.evaluate(x_test[:1000], y_test[:1000],
verbose=1)

print(' Test loss:', scores|0])

print(' Test accuracy:', scores|1])

Test loss: 0.801029728413
Test accuracy: 0.728




£\ ==

R ng B

= TR

Tensor

Teuten EE A ARAT

e plt.clf()

e plt.xlabel('Epoch’)

e plt.ylabel('Accuracy’)

e plt.title('Training data')

e plt.plot(history.history['acc'])

e plt.plot(history.history['val_acc'])

e plt.legend(['training’, validation'],loc="'lower right')
e plt.show()

e plt.clf()




@ python

R Z M Training data
HEX [EZR 45 1=

g a

A

e —
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EEEEE
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TensortF oy



“edton - EERANALoss TRE T

e plt.clf()

e plt.xlabel('Epoch’)

e plt.ylabel('Loss')

e plt.title('Training data')

e plt.plot(history.history['loss'])

e plt.plot(history.history['val_loss'])

e plt.legend(['training’, 'validation'],loc="lower right')

e plt.show()




@, python B %9 ZHJTraining data 4
*EH&{% %%ﬂ TensorFlo\

Training data

18 -
16 -
144
12 -
10 -
w * — idation

0.0 25 5.0 7.5 10.0 12.5 15.0 17.5

Epoch

0.8 -




@ puthonzmsal1 000 % ifar-10 &R T

ensor

emodel.predict_classesi3ZERzERY45 R

e predicted_classes=model.predict_classes(x_test[:1000])

o YHAIE
array([3, 8, 8, 8, 4, 6, 1, 6, 4, 9, O,
9’ 4’ 7’ 9’ 6’ 5’ 5’ 8’ 6’ 7’ Ol Ol




@ python matplotlib.pyplot.figure 4
is BB B ERe TensorFlon
rcParamsTE AR BIE

# EXE B> R6E6
plt.rcParams|'figure.figsize'] = (6,6)

fig = plt.figure()




@, python

B EHE TR

import numpy as np
fig=plt.figure()
fig.set size inches(6,6)
for i in range(0,9):

fig

plt
plt
plt

plt
plt

.subplot(3,3,1+1)

.imshow(x test[i],cmap='binary')

.title(image dictionary[np.argmax(y test[i])]+ :'
+image dictionary|[predicted classes[1]])

.xticks([])

.yticks([])

: l.\

Tensor




@ python

L2

Tensorflow

airplane:ship

=

automobile:automobile

¥a




@ python 4. YEHI B 100001 ZEREE Y )

3 0/0 Tensor

e scores?2 = model.evaluate(x_test, y_test, verbose=1)
e print('Test loss:’, scores?2|0])

e print('Test accuracy:', scores?2|[1])

Test loss: 0.777192718601
Test accuracy: 0.7341




.l'\

Tensor

@python 5 &546-cifar10 Kk

import keras

from keras.datasets import cifarl0

from keras.preprocessing.image import ImageDataGenerator
from keras.models import Sequential

from keras.layers import Dense, Dropout, Activation, Flatten
from keras.layers import Conv2D, MaxPooling2D

import oOs

import matplotlib.pyplot as plt




nl.\

Tensor

#ruhon 31000 R I A8 B

history=model.fit(x train[:1000], y train[:1000],
batch size=batch size,
epochs=epochs,
validation data=(x test[:1000], y test[:1000]),
shuffle=True)




@, python

c: 0.9111
864/1000
c: 0.9086
896/1000
c: 0.9096
928/1000
c: 0.9127
960/1000
c: 0.9115
992/1000
c: 0.9103
1000/1000
c: 0.9100

..

- val loss: 3.1695 - val acc:

==] —
0.3720

ETA:

ETA:

ETA:

ETA:

ETA:

ETA:

- .

Os

Os

Os

Os

Os

Os

=]
]

loss:

loss:

loss:

loss:

loss:

loss:

0.2405

0.2395

0.2327

0.2374

0.2411

0.2405

acC

acC

acC

acC

acC

acC

N

Tensor
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FAIVER et

@ python 1 OOO

# Hla E .
scores = model.evaluate(x test[:1000], y test[:1000], verbose=1)

print( Test loss: ', scores[0])
print( ' Test accuracy:', scores[1l])




.I'\

Tensor

@ python

672/1000 [===================>,......... ] - ETA: Os
704/1000 [====================>_,....... ] - ETA: Os
736/1000 [=====================>,,...... ] - ETA: Os
768/1000 [======================>,,..... ] - ETA: Os
800/1000 [=======================>,.,,... ] - ETA: Os
832/1000 [=======================>,.,... ] - ETA: Os
864/1000 [========================>,,,.. ] - ETA: Os
896/1000 [=========================>,...] - ETA: 0s
928/1000 [==========================>,,.] - ETA: 0s
960/1000 [===========================>,,] - ETA: 0s
992/1000 [============================>,] - ETA: 0S
1000/1000 [==============================] - ETA: 0s

Test loss: 3.16952228546
Test accuracy: 0.372
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Tensor
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validati
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EEEEE



@, python SR E D TR EN D, "
S| ZR A A FIBEEE VA A B Tensor

Training dat
3.0 -
25 - | .
50 - \/\- .
A
S
15 -
10 -
0.5 1 - fraining
validation
0 10 20 30 40 50




@, python

=R

e predicted_classes=model.predict_classes(x_test[:1000])

array([5, 1, 8, 8, 4, 6, 3, 6, 6, 1,
9’ 6’ 7’ 6’ Ol 5’ 7’ 8’ 6’ 6’ 4’ 4’

Tensor




ﬁ pgthonn\vs/_l_\EE .H/*u %EI IJ:»I:I% .I.\

Tensor

fig=plt.figure()
fig.set size inches(6,6)
for 1 i1in range(0,9):
plt.subplot(3,3,1+1)
plt.imshow(x test[1],cmap='binary’)
plt.title(image dictionary[np.argmax(y test[1i])]+ '
+image dictionary[predicted classes[1]])
plt.xticks([])
plt.yticks([])

fig




@ pythongE— B 2= B R F1 78 81| 4 BB

ship:ship

Te n SO r [_— : :\"} \0 \75-.:}' ".;J'"

frog:frog
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e Thanks.




