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JLenet & MLTE Mnist BHEE EREI, FESA=ZAES: TEARTE
(mnist_lenetb_forward. py). RFZHEIE (mnist_lenet5_backword. py)+
TR FE (mnist lenet5 test. py)s
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import tensorflow as tf
IMAGE_SIZE = 28
NUM_CHANNELS = 1
CONV1_SIZE = 5
CONV1_KERNEL_NUM = 32
@ONV2_SIZE = 5
CONV2_KERNEL_NUM = 64
FC_SIZE = 512
OUTPUT_NODE = 10

OO s WN =

def get_weight(shape, regularizer)
w = tf.Variable(tf.truncated_normal(shape,stddev=0.
if regularizer != None: tf.add_to_collection( ', tf.contrib.layers.12_regularizer(regularizer)(w))
return w

get_bias(shape):
b = tf.Variable(tf.zeros(shape))
return b

conv2d(x,w):
return tf.nn.conv2d(x, w, strides=[1, 1, 1, 1], padding='SAME')

max_pool_2x2(x):
return tf.nn.max_pool(x, ksize=[1, 2, 2, 1], strides=[1, 2, 2, 1], padding="SAV

0]
27 def forward(x, train, regularizer)

28 convl_w = get_weight([CONV1_SIZE, CONV1_SIZE, NUM_CHANNELS, CONV1_KERNEL_NUMI], regularizer)
29 convl b = get_bias([CONV1_KERNEL_NUM])

30 convl = conv2d(x, convl_w)

31 relul = tf.nn.relu(tf.nn.bias_add(convl, convl_ b))

32 pooll = max_pool_2x2(relul)

33

34 W = get_weight([CONV2_SIZE, CONV2 SIZE, CONV1_KERNEL_NUM, CONV2_KERNEL_NUM],reqularizer)
35 ) _b = get_bias([CONV2_KERNEL_NUM])

36 : conv2d(pooll, conv2 w)

37 tf.nn.relu(tf.nn.bias_add(conv2, conv2_b))

38 max_pool_2x2(relu2)

39

40 pool_shape = pool2.get_shape().as_list()

41 nodes = pool_shape[1] * pool_shape[2] * pool shape[3]
42 reshaped = tf.reshape(pool2, [pool_shape[0], nodes])

43

44 fcl_w = get_weight([nodes, FC_SIZE], regularizer)

45 fcl b = get_bias([FC_SIZE])

46 fcl = tf.nn.relu(tf.matmul(reshaped, fcl w) + fcl_b)

47 if train: fcl = tf.nn.dropout(fcl, 0.5)

48

49 fc2_w = get_weight([FC_SIZE, QUTPUT_NODE], regularizer)
50 fc2_b = get_bias([OUTPUT_NODE])

51 y = tf.matmul(fcl, fc2_w) + fc2_b

52 return

HRE:

1) & R MR EARNSH.

B R/ B 5K B 70 38 R 2828, i IMAGE SIZE HU{EH 28; Mnist #¥Esk
NIRFER, o N B A % NUM_CHANNELS BUE N 1; 55— E B K/ N 5,
GRANENECH 32, M CONVI_STZE BUE A 5, CONV1_KERNEL_NUM HUE N 32; 25—
JZERIERINA 5, BRZAECA 64, # CONV2_STZE HUE Ay 5, CONV2_KERNEL_NUM




N 64 BEEBHE RN 512 METG, SEEREE ZEN 10 MMETG, )
FC_SIZE HU{E >N 512, OUTPUT NODE H{f Jy 10, SZH 10 4»2K%it .
2) fEErmfERIEY, FRBIRTEE IR, FERA.
fE mnist_lenet5 forward. py XAFH, & XPUANE FH RS BUE w A AR AL, T
B b AR, SRR BRI R, Hb, BE w AR5
B b A R BRI S T 5E SO A
v OBREBHHRBEHIR T
tf. nn. conv2d GBI AR [batch, 7409, FI¥, EEH,
BRERIR T PR, S0, BEH, BB,
BR3P KIL 72K, FIPK, 1,
7R padding)
Bilun.
tf. nn. conv2d (x=[100, 28, 28, 11, w=[5, 5, 1,6], strides=[1,1,1,1],
padding="SAVME’)
A FRBEFEN x A 28%28%1, — batch size ¥ 100, FHHE K/ A 545,
BRBEAECN 6, AP EKN 1, KPEFRBKA 1, BT ETEHR.
v @B KL B THE R BRI T
tf. nn. max_pool By N$ik [batch, TR, FI¥R, FEEH],
MR (1, TR, FI0¥E, 1],
WP KL, 78K, FIPK, 11,
HFH R padding)
(LR
tf. nn. max_pool (x=[100, 28, 28, 1], ksize=[1, 2, 2, 1], strides=[1, 2, 2, 1],
padding="SAME’)
AR REFN x A 28%28%1, —A batch_size ¥ 100, Hifb#% K/ ksize,
SESERETULEECA 1, A KN 252, REFFBEKN 1, KPHRSK
N1, HERTTANEFER.
3) JEXHIFERIEE
OFLAFE—BEHR



convl w =get_weight ([CONV1_SIZE, CONV1_SIZE, NUM_CHANNELS,
CONV1_KERNEL NUM], regularizer)

convl b = get_bias([CONV1_KERNEL NUM])

RS 1 € LISHORN, WIS — Z B AR AR B .

convl = conv2d(x, convl w)

SKIEREE, MASE x ME—EERZSH.

relul = tf.nn. relu(tf. nn. bias_add(convl, convl b))

B =B AR B AE AR LS s B NS, B SEIEI tf. nn. bias_add ()

SR IR E, JFid tf. nn. relu O 58 AR MRS -

pooll = max_pool 2x2(relul)

MR 56 /T a2 ORI AL e B0, R BR — 2 B0 Ja I R AT A R AL .

v tf.nn. relu () FRSEBAELR H30E, M sigmoid A1 tanh BR%, relu RRELA]

PASEH BRI WL -

@OFLHE _EEHR

conv2 w =get_weight ([CONV2_SIZE, CONV2_SIZE, CONV1 KERNEL NUM,
CONV2_KERNEL NUM], regularizer)

conv2 b = get_bias ([CONV2_KERNEL NUM])

VIR 2SR 2 AR BB, ZZ28ANERZNEENES L2

GRZ A3

conv2 = conv2d(pooll, conv2_ w)

TKIERUEE, MASHCN E—Z%H pooll FEE 2 HEFZSHL.

relu2 = tf.nn. relu(tf.nn. bias_add(conv2, conv2 b))

SIS R AR LR M B R S

pool2 = max_pool 2x2(relu2)

AR S hi & SCRIVBAG BRI, B 58 — R0 5 i B AT BRIk

KB Rt EHIHIH pool2 R NEERENMAB AN HELK.

pool shape = pool2. get shape().as list()

M. get_shape () BEAFE] pool2 HthAEREMILERE, JFAEN list . My,

pool shape[0] 99— batch fH.



nodes = pool_shape[1] * pool shape[2] * pool shape[3]

M 1ist FRRUCECH HE R B B8 SR B, R =F R, 13 2R R R 1
K.

reshaped = tf. reshape (pool2, [pool shapel[0], nodes])

¥ pool2 F4fey—> batch [ F & A& N 5 SR A

v get_shape R¥H TIRM—NKENEE, FERMHKESNMEE EHKE.
(LR

A = tf.random normal (shape=[3,4])

print A. get shape()

BHiaE RN (3, 4)

OLNE=FEEEE:

fcl_w = get_weight ([nodes, FC_SIZE], regularizer)

WIga A R AU, R IE N .

fcl b = get_bias([FC_SIZE])

WIS 1) s B0

fel = tf.nn. relu(tf. matmul (reshaped, fcl w) + fcl b)

564 J5 1) reshaped AR S5HE fel_w MIEREIRILESE, RN EWE, &
Ja FAE T relu BT .

if train: fcl = tf.nn.dropout (fcl, 0.5)

RGBT B, %% 24 AE T dropout, ol 2 BEALIEHZ E S i —
FMATENTLR, RN TEEEUETMRER, —RAERERZEDH.
OB EEER R I AR RE:

fc2 w = get weight ([FC_SIZE, OUTPUT NODE], regularizer)

fc2 b = get_bias([OUTPUT_NODE])

HIAE A AR JZ R B AR B

y = tf.matmul (fcl, fc2 w) + fc2 b

W5 () reshaped [ SAUE fe2 w R IRIES L, SR FIN W B .
return y

R A, SERCBEA AT AR AR RS, AT SEBLN Mnist a4 10 702K,



B, RIAMEREILFE (mnist lenetb backward. py), TERI ZRtH 4 W 2% 1255
HARRA 40 R s

import tensorflow as tf

from tensorflow.examples.tutorials.mnist import input_data
import mnist_lenet5_ forward

import os

import numpy as np

BATCH_SIZE = 100
LEARNING RATE BASE = 0.0
LEARNING RATE_DECAY = 0.9
REGULARIZER = 0.0001
STEPS = 50000

MOVING_ AVERAGE_DECAY = 0.99
MODEL_SAVE_PATH="./model/"
MODEL_NAME="mnist model”

5

0
9

def backward(mnist):
x = tf.placeholder(tf.float32, [
BATCH_SIZE,
mnist_lenet5_forward.IMAGE_SIZE,
mnist_lenet5_forward.IMAGE_SIZE,
mnist lenet5 forward.NUM CHANNELS])
y_ = tf.placeholder(tf.float32, [None, mnist_lenet5_forward.OUTPUT_NODE])
y = mnist_lenet5_forward.forward(x,True, REGULARIZER)
global_step = tf.Variable(®, trainable=False)

ce = tf.nn.sparse_softmax_cross_entropy_with_logits(logits=y, labels=tf.argmax(y_, 1))
cem = tf.reduce_mean(ce)
loss = cem + tf.add n(tf.get collection('lo s'))

learning_rate = tf.train.exponential_decay(
LEARNING_RATE_BASE,
global_step,
mnist.train.num_examples / BATCH_SIZE,
LEARNING_RATE_DECAY,
staircase=True)

train_step = tf.train.GradientDescentOptimizer(learning_rate).minimize(loss, global_step=global_step)

ema = tf.train.ExponentialMovingAverage (MOVING_AVERAGE _DECAY, global _step)
ema_op = ema.apply(tf.trainable_variables())
with tf.control_dependencies([train_step, ema_op]):

train_op = tf.no_op(name='train')

saver = tf.train.Saver()

with tf.Session() as sess:
init_op = tf.global_variables_initializer()
sess.run(init_op)

ckpt = tf.train.get_checkpoint_state(MODEL_SAVE_PATH)
if ckpt and ckpt.model_checkpoint_path:
saver.restore(sess, ckpt.model_checkpoint_path)

for i in range(STEPS)
Xs, ys = mnist.train.next_batch(BATCH_SIZE)
reshaped_xs = np.reshape(xs, (
BATCH_SIZE,
mnist_lenet5_forward.IMAGE_SIZE,
mnist_lenet5_forward.IMAGE_SIZE,
mnist_lenet5_forward.NUM_CHANNELS))
step = sess.run([train_op, loss, global_step], feed_dict={x: reshaped_xs, y : ys})

tch is %g." % (step, loss_value))
_NAME), global_step=global_step)

67 def main():
68 mnist = input_data.read_data_sets("./data/", one_hot=True)
69 backward(mnist)

if _ name__
main()




TERE:
DN B'Q/ - SuviLalivyiie 2
HE — batch M&EJy 100, # BATCH SIZE HUE N 1005 BEWIUHY 1 %N
0. 005. % > RELILH A 0. 995 HAIEARELA 50000, # STEPS HUE A 500003
TN PRI BCE N 0. 99, FF R E A AL IR A7 R A2 L ORAF RO AL 44 K
2) SERRFAfEEIE
O% x, y_R&ir
x = tf.placeholder (tf. float32, [

BATCH SIZE,

mnist lenetb forward. IMAGE SIZE,

mnist lenetb forward. IMAGE SIZE,

mnist lenet5 forward. NUM CHANNELS])
y = tf.placeholder (tf. float32, [None,mnist lenet5 forward.

OUTPUT NODE])

X, yv_oeE XHEMRT, eSS BT R, T EREMA N KE, % x
WS RLAF RN N BB, S — M R B R RN B B B, 58 B AT =R
TR BT AT R A S o, S DU Rl e .
v x = tf. placeholder (dtype, shape, name=None)
tf. placeholder ) A =AZH, dtype RAREERE, HWHHRE A
tf, float32, tf. float64 ZEHEHRAY, shape RAFIEFIR, namen RAZHK
@V F H A A 3 72
y = mnist leneth forward. forward (x, True, REGULARIZER)
VR I HT ) A2 4% R 2845 24809 10 | tensor.
@REH ENILKHKE
global step = tf.Variable(0, trainable=False)
FE AR, IRy 0
ce = tf.nn. sparse _softmax cross _entropy with logits(logits=y,

labels=tf. argmax(y , 1))
X 2% 85 Je — E S v i softmax, SR 8 T3 —2RR, 4588 —14



num_classes K/ )&, PR I ) BN SEBR bR AR SO, 3R (8] —> [ A .
cem = tf.reduce mean (ce)
I tf. reduce_mean () B&HONAS 2 1 F ESKIIE, 135 loss.
loss = cem + tf.add n(tf. get collection(’ losses’))
WINIENAGH 1) Tosses {HE] loss Hi.
« sparse_softmax_cross_entropy with logits(_sentinel=None,
labels=None,
logits=None,
name=None)
WHRBHISH logits AMEMERE—EHHRH, ERK/IAbatch_size,
num_classes], Z¥ labels ¥aREFIRE(E, K/MA[batch_size, num classes].
B—PRIENMERE— BRI — softnax, FHARETE—BHEIIHER
AE; FRERAES IR, RERE.
v tf. reduce_mean( input_tensor,
reduction_indices=None,
keep_dims=False,
name=None)
BERBR AR R MERBUSE. S5 input_tensor RERD>HITKE;
Z¥ reduction_indices RANKEIIEREE; S% keep_dims & X A: IR
A true, MREKEAN 1 FZE/DMRT. name RNFEIERI LK.
(ZLIE
x = tf.constant ([[1., 1.1, [2., 2.7])
tf. reduce_mean (x) BRI (A B R AASKRIME 1.5
tf. reduce mean(x, 0)  #FRI/RXFELES] ERIEL 5, 1.5]
tf. reduce mean(x, 1)  #FRRXFEAT LRBEL, 2.]
OLIIEFTERE AR
v learning rate = tf. train. exponential decay(
LEARNING_RATE_BASE,

global step,



mnist. train. num examples / BATCH_SIZE,
LEARNING_RATE_DECAY,
staircase=True)
tf. train. exponential decay PR 2% LEARNING RATE BASE FToRVJUR# 1%,
24§ LEARNING_RATE_DECAY 7R~ >) FIEUIA A . SKIUR B2 2] 3%, W]
PAALEAR R AE YN 25 00 AT I PRI I A AR, SOnT BLERIERE AR I R ) AN A KOK
Wah. Hrp, 4 staircase=True B}, N FEIEER, (global step/
decay steps) MIHEFEAL L, 4 staircase=False I, NHZEER, Ll
R#E staircase RIEFEA R R .
HRAHN:
decayed learning rate=learining ratekdecay rate (global step/decay
steps)
Jtrain step=tf. train. GradientDescentOptimizer (learning rate).
minimize (loss, global step=global step)
BERR B I Z 2 learning rate JAE NRISE 2], Myid — NSRBI L T FERLA I
s, B AEH minimize SEHTAAGE I GRIN AL & 1P FRKIE/ 1oss.
OLIE B FIRR
Jema = tf.train. ExponentialMovingAverage (MOVING AVERAGE_DECAY,
global step)
ema_op = ema. apply(tf. trainable variables())
tf. train. ExponentialMovingAverage PRECKHIE S FXIR T 28, R
H K124 MOVING_AVERAGE DECAY /< gEibig 2, HI TSR p s Brid i, ik
R — M TARE, T REYIRENEEYIIGE. TR EH 7

41~ : shadow variable = decay * shadow variable + (1-decay) * variable,

Hr, shadow variable &84, variable Fnfy B IA5 &, decay N
TR, decay —MR WAL T 1 BIEL (0.99,0.999), decay i AHR A AR 5 o
©®% train step Ml ema_op BN SGBIEH E S| train op b

with tf.control dependencies([train step, ema op]):



train op = tf.no op(name= train’)
@B —NMRERIKRFTZER saver, FHAE—NLE
saver = tf. train. Saver ()
with tf.Session() as sess:
init op = tf.global variables initializer ()
sess. run(init op)
Bl — AN, JRE python FRR NSO EEAORE X NS08, YIA1L
THRE T RS, JH sess. run LA .
ckpt = tf. train. get checkpoint state (MODEL SAVE PATH)
if ckpt and ckpt.model checkpoint path:
saver. restore (sess, ckpt.model checkpoint path)
IS checkpoint SCAFE AL BT IRAF IR, & SCIFAEAE, T In#s i
LR
for i in range (STEPS) :
Xs, ys = mnist. train. next batch (BATCH SIZE)
reshaped xs = np. reshape (xs, (
BATCH SIZE,
mnist lenetb forward. IMAGE SIZE,
mnist lenetb forward. IMAGE SIZE,
mnist lenet5 forward. NUM CHANNELS))
BEE—A batch B4, B NEE xs 555 N 28 5 N AH [F] 2 AR O RE RS
, loss value, step = sess.run([train op, loss, global step],
feed dict={x: reshaped xs, y : ys})
N ZREUEAFREE, TR I 2.
if i % 100 == 0:
print (“"After %d training step(s), loss on training batch is %g.” %
(step, loss value))

FEIEAL 100 ATED Loss 58, FHORAF BB HIEA .



%k Lenet M J5, g Run .

- Lab@ailab:~/CNN$ python mnist lenet5 forward.py
lab@ailab:~/CNN$ python mnist lenet5 backward.py
Extracting ./data/train-images-idx3-ubyte.gz
Extracting ./data/train-labels-idx1-ubyte.gz
6 Extracting ./data/t10k-images-idx3-ubyte.qgz
$§ Extracting ./data/t10k-labels-idx1-ubyte.gz

After 1302 training step(s), loss on training batch is 1.04771.
‘After 1402 training step(s), loss on training batch is 0.92521.
A After 1502 training step(s), loss on training batch is 0.907243.
E] After 1602 training step(s), loss on training batch is 0.875127.

Hg/T 85 Rl LR, BURMEAEAWEN, Bl CLSEBL T s a2,
F=, Wi dfE (mnist lenetb test.py), XF Mnist ZHEEE ) # s 3E1T
T, AR T A R . BARARRS AR s

import time

import tensorflow as tf

from tensorflow.examples.tutorials.mnist import input_data
import mnist_lenet5_forward

import mnist_lenet5_backward

import numpy as np

CoO~NOUT WN =

TEST_INTERVAL_SECS = 5

def test(mnist):
with tf.Graph().as_default() as g:

x = tf. placeholder(tf float32 [
mnist.test.num_examples,
mnist_lenet5 forward.IMAGE_SIZE,
mnist_lenet5 forward.IMAGE_SIZE,
mnist_lenet5 forward.NUM_CHANNELS])

y_ = tf.placeholder(tf.float32, [None, mnist_lenet5_forward.OUTPUT_NODE])

y = mnist_lenet5 forward.forward(x,False,None)

ema = tf.train.ExponentialMovingAverage(mnist_lenet5_backward.MOVING_AVERAGE_DECAY)
ema_restore = ema.variables_to_restore()
saver = tf.train.Saver(ema_restore)

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

accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))

while True:
with tf.Session() as sess:
ckpt = tf.train.get_checkpoint_state(mnist_lenet5_backward.MODEL_SAVE_PATH)
if ckpt and ckpt.model_checkpoint_path:
saver.restore(sess, ckpt.model_checkpoint_path)

global_step = ckpt.model_checkpoint_path.split('/')[-1].split('-")[-
reshaped_x = np.reshape(mnist.test.images, (
mnist.test.num_examples,
mnist_lenet5 forward.IMAGE_SIZE,
mnist_lenet5_forward.IMAGE_SIZE,
mnist_lenet5_forward.NUM_CHANNELS))
accuracy_score = Sess. run(accutacy, feed_dict={x: reshaped X,y_:mnist.test.labels})
print("After %s training p(s), t accuracy 9" % (global step, accuracy_score))
else:
print('No checkpoin
return
time.sleep(TEST_INTERVAL_SECS)

def main():
mnist = input_data.read_data_sets( data/", one_hot=True)
test(mnist)

if __name__ ==
main()




1) AED R e A R N Rt BN 2%, AR dropout, T2 ik #iL

TCHRZ SIS, M R MR

2) correct prediction = tf.equal (tf.argmax(y, 1),

v tf. equaf (x, y)
HRBEATHHRBEPFH NI SE x 5y BREHSE, —R x RRTNME, v RpE

PR -

tf.argmax(y , 1))

3) accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))

SRV HE15 2 TN HE A <

AL L, AR T
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PRIEH Lenetb JRIG & S0ERE
mnist_lenet5_forward.py
#coding:utf-8

import tensorflow as tf

# BEME M IESH

# B SCHZE 25T DA B ) R B E 3
IMAGE_SIZE =28

NUM_CHANNELS =1

# EE—REBRR AP H
CONV1_SIZE=5

CONV1_KERNEL_NUM =32

# 5B RERERHIR/DIAH
CONV2_SIZE=5

CONV2_KERNEL_NUM =64

# B ZREERRMETAH
FC_SIZE =512
# e SR BAEERE M2 A

OUTPUT_NODE =10

# 58 HNAA M Z8 AU R 2

def get_weight(shape, regularizer):

args:

shape: 2k pskE 4



regularizer: IEJI{LIR A E

# tf.truncated_normal A2 B EHd KW= AR IES A EHENKE, stddev RIBERHEZE

w = tf.Variable(tf.truncated_normal(shape stddev=0.1))
# JBEMA L2 IENME, @R ERRD, ERAEALEEIEVISEEE P RIBEIRE

if regularizer I= None: tf.add_to_collection('losses", tf.contrib.layers.I2_regularizer(regularizer)(w))

return w

# 5 HIEE AR B IR R

def get_bias(shape):

args:

shape: ERIKEMIEE

b = tf.Variable(tf.zeros(shape)) # %i—¥ bias ¥J%E4kN 0

return b

# EXERITEERH

def conv2d(x,w):

args:
x: — NI batch

w: BHRERNE

# strides RNBRZEARAEE ERBSIPRN 1, B—EMENE—ER 1, ZRENERENF
& RS R A S 35
# padding="SAME"& i 42 0 3E78, T0'VALID"RRANET

return tf.nn.conv2d(x, w, strides=[1, 1, 1, 1], padding="SAME")

# 52 ORI IE R



def max_pool_2x2(x):

args:

x: —AME batch

# ksize RATALIT IEREIAKA 2, strides RpTIEBBIS KR 2, 'SAMERHER 42 0 HRE

return tf.nn.max_pool(x, ksize=[1, 2, 2, 1], strides=[1, 2, 2, 1], padding="SAME?")

#5E AT AR AR

def forward(x, train, regularizer):

args:
x: —AMRIA batch
train: i TXAVNZERE True, WAL False
regularizer: TEN{LIRIRANE

# LB —BERBERET A EETRE

convl w = get_weight([CONV1_SIZE, CONV1_SIZE, NUM_CHANNELS, CONV1_KERNEL_NUM],
regularizer) # HIBALEIRB

convl_b = get_bias([CONV1_KERNEL_NUM]) # #JiE4k 4 B 1R

convl = conv2d(x, convl_w) # SLBLERIEHE

relul = tf.nn.relu(tf.nn.bias_add(convl, convl_b)) # FBFRERHBHRNEE, HiT relu IRLEHBIE
Pk

pooll = max_pool_2x2(relul) # ¥ o % H3E T Kbk

# KB _RERBENAAERTRE, FHHERERNNER

conv2_w = get_weight([CONV2_SIZE, CONV2_SIZE, CONV1_KERNEL_NUM,

CONV2_KERNEL_NUM],regularizer) # ZESNMERZWEBERES L —BEERZH M —8



conv2_b = get_bias([CONV2_KERNEL_NUM])
conv2 = conv2d(pooll, conv2_w) # ZERHNGRZ L —E R pooll

relu2 = tf.nn.relu(tf.nn.bias_add(conv2, conv2_b))

pool2 = max_pool_2x2(relu2)

# K E—LE M pool2 JERE) BN T —EEERERBMAER (&)

pool_shape = pool2.get_shape().as_list() # 152 pool2 % 46 M4 BE , FRFEA list 3, ¥ pool_shape[0]
£—A" batch {8

nodes = pool_shape[1] * pool_shape[2] * pool_shape[3] # M list F & UBL A RE K 58 J IR EE, HR=
& BB B R RN KB K

reshaped = tf.reshape(pool2, [pool_shape[0], nodes]) # ¥ pool2 ¥ h—A batch A B EAEN B 41

EER

# LB =R EEEE N A ETRE
fc1_w = get_weight([nodes, FC_SIZE], regularizer) # ¥J#at &EEENME, ALK
fc1_b = get_bias([FC_SIZE]) # #Iiak4nEE 2 Kk E IR

# KHHJE ) reshaped MESE fol_w HUERERiEZE, REHENEHWE, BEEMEH relu 24T
g

fcl = tf.nn.relu(tf.matmul(reshaped, fc1_w) + fc1_b)

# IRV B, Witz 25 B dropout, Hat &2 ALK Z 2% H i —FME T B AT,
RATBEIHAETRER, —RRELERRPHEH

if train: fcl = tf.nn.dropout(fcl, 0.5)

# LPE N EEEEE R FARTRE, B EERENNNRE
fc2_w = get_weight([FC_SIZE, OUTPUT_NODE], regularizer)

fc2_b = get_bias([OUTPUT_NODE])
y = th.matmul(fcl, fc2_w) + fc2_b

returny



mnist_lenet5_backward.py

#coding:utf-8

import tensorflow as tf

from tensorflow.examples.tutorials.mnist import input_data
import mnist_lenet5_forward

import os

import numpy as np

# ESONGEREF ST

BATCH_SIZE =100 # —> batch &
LEARNING_RATE_BASE = 0.005# #I#h2E3 %
LEARNING_RATE_DECAY =0.99 # %X HERE
REGULARIZER =0.0001 # IEJU4LTRAIALE

STEPS = 50000 # B K&K
MOVING_AVERAGE_DECAY =0.99 # W3IrEHNZERE
MODEL_SAVE_PATH="./model/" # {E£{EHERI {1542

MODEL_NAME="mnist_model" # &l #r4

# YR

def backward(mnist):

#x, y_RENXH MR, TEMRESHHRY, £E EANERWMASHEHERE T, Kl
TREXHS, BITHLHAENE

x = tf.placeholder(tf.float32,[

BATCH_SIZE,

mnist_lenet5_forward.IMAGE_SIZE,

mnist_lenet5_forward.IMAGE_SIZE,

mnist_lenet5_forward. NUM_CHANNELS])



y_ = tf.placeholder(tf.float32, [None, mnist_lenet5_forward. OUTPUT_NODE])

y = mnist_lenet5_forward.forward(x,True, REGULARIZER) # {BFIRT R&EM KB R4E A

10 ) tensor
global_step = tf.Variable(0, trainable=False) # B —/AN&/FiH¥As, FHHA RO

# SERXMSRE— BRI y 5 softmax, EHZREUAHE FE-KOMR, HELmg—14
num_classes K/MHIFE,
# PR BRI SPriR B M X, REUARRZEERE R R EE
ce = tf.nn.sparse_softmax_cross_entropy_with_logits(logits=y, labels=tf.argmax(y_, 1))
cem = tf.reduce_mean(ce) # FEXERIH MERBEEZ loss

loss = cem + tf.add_n(tf.get_collection(*losses")) # FRINIEMI4L T losses

# SEHURBERIRANE %, DR SR AT PR B B AR,  SOAT DARUERRBLZE Y

HIEMIA B RKRES)

# AN decayed_learning_rate=learining_rate*decay_rate”\(global_step/decay_steps)
learning_rate = tf.train.exponential_decay(
LEARNING_RATE_BASE,

global_step,

mnist.train.num_examples / BATCH_SIZE,

LEARNING_RATE_DECAY,
staircase=True) # 4 staircase=True [, (global_step/decay steps) Mukis4k A%H, L

SRR R BT X

# MR NEI R, WIE—ALIEE T MRS, BB A minimize EHFHEZEIIZRH

B MIFIRRIR/ loss

train_step = tf.train.GradientDescentOptimizer(learning_rate).minimize(loss,

global_step=global_step)

# ORISR, 24 MOVING_AVERAGE_DECAY I TiZHMRAIEH HIEE . gkt



EPang P REEF M TRE, MR TRERYNGE
# MEMHNZRRIGE, SRERTEHN, B TRERSHE TR
ema = tf.train.ExponentialMovingAverage(MOVING_AVERAGE_DECAY, global_step)
ema_op = ema.apply(tf.trainable_variables())
with tf.control_dependencies([train_step, ema_op]): # ¥ train_step Al ema_op P4 I &3 ESR
EF train_op L

train_op = tf.no_op(name="train")

saver = tf.train.Saver() # SEHI4L—AMRFERIKE 3R 2K saver

with tf.Session() as sess: # AIEE—AN41E, HIET python F_E P B BEIBREHEXMETE
init_op = tf.global_variables_initializer() # ¥ HEEHHERE

sess.run(init_op)

ckpt = tf.train.get_checkpoint_state(MODEL_SAVE_PATH) # &id checkpoint 3 &AL
BB H R B
if ckpt and ckpt.model_checkpoint_path:

saver.restore(sess, ckpt.model_checkpoint_path) # Jn#R&5r KR

for i in range(STEPS):

Xs, ys = mnist.train.next_batch(BATCH_SIZE) # B —" batch K ¥3E

reshaped_xs = np.reshape(xs,(  # FEIAEIE xs B a5 MR N FET IR 4R

BATCH_SIZE,

mnist_lenet5_forward.IMAGE_SIZE,

mnist_lenet5 forward.IMAGE_SIZE,

mnist_lenet5_forward. NUM_CHANNELS))

# WAVIZGEGRIIREE, Tk

_, loss_value, step = sess.run([train_op, loss, global_step], feed_dict={x: reshaped_xs,
y_:ys})

ifi % 100 == 0: # #FIBAR 100 KATEN loss {5 8, FHERFERHTHIIREY



print(""After %d training step(s), loss on training batch is %.g." % (step,
loss_value))
saver.save(sess, os.path.join(MODEL_SAVE_PATH, MODEL_NAME),

global_step=global_step)

def main():
mnist = input_data.read_data_sets(""./data/", one_hot=True) # A mnist 3%

backward(mnist)

if _name_ ==' main__":

main()

mnist_lenet5_test.py

#coding:utf-8

import time

import tensorflow as tf

from tensorflow.examples.tutorials.mnist import input_data
import mnist_lenet5_forward

import mnist_lenet5_backward

import numpy as np

TEST_INTERVAL_SECS =5

def test(mnist):

# AIE—BINE, FEZEPIATATRIE (SHERIEM train F—FF, BIAHEZRRE, AKX
Xt RS I RIAT)

with tf.Graph().as_default() as g:



x = tf.placeholder(tf.float32,[
mnist.test.num_examples,
mnist_lenet5_forward.IMAGE_SIZE,
mnist_lenet5_forward.IMAGE_SIZE,
mnist_lenet5_forward. NUM_CHANNELS])
y_ = tf.placeholder(tf.float32, [None, mnist_lenet5_forward. OUTPUT_NODE])

y = mnist_lenet5_forward.forward(x,False,None)

ema =
tf.train.ExponentialMovingAverage(mnist_lenet5_backward. MOVING_AVERAGE_DECAY)
ema_restore = ema.variables_to_restore()

saver = tf.train.Saver(ema_restore)

correct_prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y_, 1)) # HI¥rFMER SZhrE R T

il

accuracy = tf.reduce_mean(tf.cast(correct_prediction, tf.float32)) # RFH5 B MR

while True:
with tf.Session() as sess:
ckpt =
tf.train.get_checkpoint_state(mnist_lenet5_backward. MODEL_SAVE_PATH)
if ckpt and ckpt.model_checkpoint_path:

saver.restore(sess, ckpt.model_checkpoint_path)

# AR KRR L FY) 0 MR R R TIER T 2D RREH
global_step = ckpt.model_checkpoint_path.split(‘/*)[-1].split(*-")[-1]
reshaped_x = np.reshape(mnist.test.images, (
mnist.test.num_examples,
mnist_lenet5_forward.IMAGE_SIZE,

mnist_lenet5_forward.IMAGE_SIZE,



mnist_lenet5_forward. NUM_CHANNELYS))

accuracy_score = sess.run(accuracy,

feed_dict={x:reshaped_x,y_:mnist.test.labels}) # & HNiXE EERE

print(""After %s training step(s), test accuracy = %g" % (global_step,

accuracy_score))
else:

print(*"No checkpoint file found")

return

time.sleep(TEST_INTERVAL_SECS) # 48 5 3R — kBB A R il

def main():

mnist = input_data.read_data_sets(""./data/"", one_hot=True)

test(mnist)

if __name__=='__main__"

main()



