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6.1

— W REE
VIRBEALER: BOA ckpt #R1E:
ckpt = tf.train. get _checkpoint_ state (MODEL SAVE PATH)
if ckpt and ckpt.model checkpoint path:
saver. restore (sess, ckpt.model checkpoint path)

1o VA
1) tf. train. get checkpoint state(checkpoint dir, latest filename=None)
T2 BR B 7S 0 SR T s ST rp 0, 35 R RSSO, R el ST A
S8 checkpoint dir: FRosAAAE W SO H 5%

latest filename=None: W & S04 B AT 3% 44 FR, BRIA N checkpoint”
2) saver. restore(sess, ckpt.model checkpoint path)
ZBRBERR IR AT 21, #F ckpt HPEETRSS w AT b,
ZHUH]: sess: RINHATRTE, ZATIRAFIIE RIS 275

ckpt. model checkpoint path: FRoRMARAEAEIIAL B, AT EILHUE
M4, EeEEE checkpoint XM, BHBAIEEE, MHAT4.
2. ckpt fAHSNAL & :



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 1 in range(STEPS):
Xs, ys = mist.train.next_batch(BATCH_SIZE)
_» loss_value, step = sess.run([train_op, loss, global_step], feed dict={x: xs, y_: ys})
ifi%l :
print( sd training step(s), loss on training batch is %g." % (step, loss_value))
saver,save(sess, 0s.path. oln(MODEL SAVE PATH, MODEL _NAME), global_step=global_step)

3. SKEACHS IR
lab@ailab: ~/fc3
lab@ailab:~$ cd fc3
lab@ailab:~/fc3$ python mnist backward.py
. Extracting ./data/train-images-idx3-ubyte.gz
Extracting ./data/train-labels-idx1l-ubyte.gz
Extracting ./data/t10k-images-idx3-ubyte.gz
% Extracting ./data/t10k-labels-idx1-ubyte.gz
After 50003 training step(s), loss on training batch is 0.127414.
After 51003 training step(s), loss on training batch is 0.132541.
‘After 52003 training step(s), loss on training batch is 0.128016.
.After 53003 training step(s), loss on training batch is 0.119224.
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28x28 input: 1x784
VBER: 0-1 ZEPFERS GEE 0ER, #HiIl1#8a)
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def application():
testNum = input (“input the number of test pictures:”)
for i in range (testNum) :
testPic = raw_input(“the path of test picture:”)
testPicArr = pre pic(testPic)
preValue = restore model (testPicArr)

print “The prediction number is:”, preValue

VY

VLA :

5553 PN BR B8 R

1) testPicArr = pre pic(testPic) %} 5 ¥ K F ikt 1

2) preValue = restore_model (testPicArr) B4 £ 20 0 48 iy N B sK ) 1 A ni
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def restore model(testPicArr):

w1th . Graph().as_default() as tg:
x = tf.placeholder(tf.float32, [None, mnist_forward.INPUT_NODE])
y = mnist forward.forward(x, None)

preValue = tf.argmax(y, 1) # #

 AVERAGE DECAY /7

variable averages = tf traln Exponent1a1Mov1ngAverage(mnlst backward .MOVING_ AVERAGE DECAY)
variables to restore = variable averages.variables to restore()
saver = tf.train.Saver(variables to restore)

with tf.Session() as sess:
# JBilcheckpoint XHEELL
ckpt = tf.train.get checkpoint_state(mnist_backward.MODEL_SAVE PATH)
if ckpt and ckpt.model checkpoint_path:
saver.restore(sess, ckpt.model checkpoint path)

preValue = sess.run(prevalue, feed dict={x:testPicArr})
return prevalue
else:

print("No checkpoint file found")
return -1

LEEpNZ Hidresize.
def pre_p1c(p1cName)
img = Image.open(picName)
reIm = img.resize((28,28), Image.ANTIALIAS)
im_arr = np.array(reIm. convert( £
threshold = 50 # #%; g
for i in range(28):
for j in range(28):
im_arr[i][]j] = 255 - im_arr[i][]]
if (im_arr[i][]j] < threshold):
im_arr[i][j] = @
else: im arr[i][j] = 255

nm_arr = im_arr.reshape([1, 784])
ine rosty = apomuTHiCTy(om anms La7255:8)
return img_ready
T
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1) iz47 mnist backward. py

lab@ailab: ~/fc3
25 lab@ailab:~$ cd fc3

lab@ailab:~/fc3$ python mnist backward.py
= Extracting ./data/train-images-idx3-ubyte.gz
iﬁ Extracting ./data/train-labels-idx1l-ubyte.gz
iﬁ Extracting ./data/tl0k-images-idx3-ubyte.qgz

Extracting ./data/t10k-labels-idx1l-ubyte.gz
§ After 50003 training step(s), loss on training batch i .127414.
After 51003 training step(s), loss on training batch i .132541.
L) 'After 52003 training step(s), loss on training batch i .128016.
EQ]After 53003 training step(s), loss on training batch i .119224.

e |

2) 1847 mnist test. py SR IR ) HERA 2
lab@ailab: ~/fc3
) Llab@ailab:~$ cd fc3

= Lab@ailab:~/fc3$ python mnist_test.py
(S Extracting ./data/train-images-1idx3-ubyte.gz

Extracting ./data/train-labels-idx1-ubyte.gz
= Extracting ./data/tl0k-images-idx3-ubyte.gz
2 Extracting ./data/t10k-labels-idx1l-ubyte.gz

Ei After 51003 training step(s), test accuracy
After 52003 training test accuracy
C)'After 52003 training test accuracy
After 53003 training test accuracy
-—WAfter 53003 training test accuracy
a After 54003 training test accuracy

3) 4T mnist app. py WA 10 (FRIEFBAFTHIREH)



lab@ailab: ~/fc3
lab@ailab:~$ cd fc3
= Lab@ailab:~/fc3$ python mnist_app.py
= input the number of test pictures:10
@ the path of test picture:pic/0.png
= The prediction number is: [0]
% the path of test picture:pic/l.png
The prediction number is: [1]
the path of test picture:pic/2.png
L)' The prediction number is: [2]
Egﬂthe path of test picture:pic/3.png
pem The prediction number is: [3]
L4 the path of test picture:pic/4.png
The prediction number is: [4]
B the path of test picture:pic/5.png
The prediction number is: [5]
the path of test picture:pic/6.png
The prediction number is: [6]
the path of test picture:pic/7.png
The prediction number is: [7]
the path of test picture:pic/8.png
The prediction number is: [8]
the path of test picture:pic/9.png
The nr Trtinn niimher ic: 0]
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HUEEIRER, SEINFERH:

1. FEELE BRI CH (mnist_generateds. py)

J tfrecords 4

1) tfrecords: Re—Fp M| SCHE, T 5ok B A MFREHIE B2 HE 2 S0
£ tfrecords HATHIE RN, SRENFHHE.

2) tf. train. Example: FIRAEMEVIZGEIE. ISREEKRHMER REN KB
o

. ¢ img raw’ fH label ’ :fH f{HsZE Byteslist/FloatList/Int64List
3) SerializeToString( ): IEHIEFFIMLELTFRE BAFAE -

v ERK tfrecords X4
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def write_tfRecord(tfRecordName, image_path, label_path):
writer = tf.python_io.TFRecordWriter(tfRecordName)
num_pic = 0
f = open(label_path, 'r')
contents = f.readlines()
f.close()
for content in contents:
value = content.split()
img_path = image_path + value[0]
img = Image.open(img_path)
img_raw = img.tobytes()
labels = [0] * 10
labels[int(value[1])] = 1

example = tf.train.Example(features=tf.train.Features(feature={
'img_raw': tf.train.Feature(bytes_list=tf.train.ByteslList(value=[img_raw])),
‘label': tf.train.Feature(int64_list=tf.train.Int64List(value=labels))

)
writer.write(example.SerializeToString())
num_pic += 1
print ("the number of picture:", num_pic)

writer.close()
print("write tfrecord successful")

generate_tfRecord():
isExists = os.path.exists(data_path)
if not isExists:

os.makedirs(data_path)

print 'The directory was created successfully’
else:

print 'directory already exists'
write_tfRecord(tfRecord_train, image_train_path, label_train_path)
write_tfRecord(tfRecord_test, image_test_path, label_test_path)

1) writer = tf. python io. TFRecordWriter (tfRecordName) #Hi&—14> writer
2) for fE¥AE AR BIAFRZE
3) example = tf. train. Example (features=tf. train. Features (feature={
’img raw :tf.train. Feature (bytes_list=tf. train.BytesList (value=[
img raw])),
" label’ :tf. train. Feature (int64 list=tf. train. Int64List (value=1lab
els))}))  # CRKE A FFRZE 3R] example
4) writer.write (example. SerializeToString()) # 4 example #4734t
5) writer.close() #XM writer
v @t tfrecords X
N UNAMLE



def read_tfRecord(tfRecord_path):
filename_queue = tf.train.string_input_producer([tfRecord_path])
reader = tf.TFRecordReader()
_, serialized example = reader.read(filename_queue)
features = tf.parse_single example(serialized example,
features={
‘label': tf.FixedLenFeature([10], tf.int64),
‘img_raw': tf.FixedLenFeature([], tf.string)
1)
img = tf.decode raw(features['img raw'], tf.uint8)
img.set shape([784])
img = tf.cast(img, tf.float32) * (1. / 255)
label = tf.cast(features['label'], tf.float32)
return img, label

get_tfrecord(num, isTrain=True):
if isTrain:
tfRecord path = tfRecord train
else:
tfRecord path = tfRecord test
img, label = read_tfRecord(tfRecord_path)
img_batch, label_batch = tf.train.shuffle_batch([img, labell,
batch_size = num,
num_threads = 2,
capacity = 1000,
min_after_ dequeue = 700)
return img_batch, label batch

def main():
generate_tfRecord()

if  name_ == ' main_':

1) filename_ queue = tf. train. string input_producer ([tfRecord path])
tf. train. string input producer( string tensor,
num epochs=None,
shuffle=True,
seed=None,
capacity=32,
shared name=None,
name=None,
cancel op=None)
%R AR R N RN SE RO RAS, SO Bl 1A 2 1 e R UK
SR string tensor: fHkEUEAIFRZE(E B TFRecord SCHFA445113%
num_epochs: JEMEEE IS (R]ik)
shuffle: fii/RIE (AIi%), WY True, WIZERRECHEHLATEL IO
seed: FEHLEEHUN B &AM T (AT

capacity: WEPNIIEFE



shared name: (i) WIRWKE, ZAIKAEZ D TEF LG E A
PRILE . B B HERAS ) ¥ & #R] LU IS shared name U7 A8 o #E70 A1 20 E
A X R T VR B R B> 44 B R BB U7 ) AR e h — AN i 2

name: #AEMAFR (A1)

cancel op: HUJHPA%] (None)

2) reader = tf. TFRecordReader ()  #¥7%&— reader
3) _, serialized example = reader.read(filename queue)
features = tf.parse_single example(serialized_example, features={
’img raw : tf.FixedLenFeature([ ], tf.string) ,
’label’ : tf.FixedLenFeature([10], tf.int64)})
R RN REARRAELE serialized example BT 54k, ARZEFIE H 16
A NAZAFENE tfrecords KA, HrpArases h 152k,
tf. parse single example(serialized,
features,
name=None,
example_names=None)
R DU tf. train. Example PN AFEER (protocol buffer) N NikE .
ZHH: serialized: —PMhrETFITHKE

features: —ANFHLILETThEESE FixedLenFeature 8% VarLenFeature
1B, HELRAE PN A7 b i A7 1

name: FRIEMIZFR (AT

example names: PrEFIFHRBEIAHK (AIiE)

4) img = tf.decode raw(features[’ img raw’ ], tf.uint8)

#HF img_raw PR H F Y 8 A7 JEAT S R

5) img. set_shape ([784]) #¥TELARA N—17 784 41

6) img = tf.cast(img, tf.float32) * (1. / 255) #74RAL 0 2| 1 Z AV A4
7) label = tf. cast(features[ label’ ], tf.float32) #HEFREFIE A NIF ik
8) return image, label #iR[F][&Jy AFr%s (kA2 get tfrecord)

9) tf. train. shuffle batch( tensors,



batch_size,
capacity,
min_after dequeue,
num_threads=1,
seed=None,
enqueue_many=False,
shapes=None,
allow smaller final batch=False,
shared name=None,
name=None)
AR EFEHL L E A batch HI%HE .
SR tensors: FEELTF A IFIRF A (EEFRZ)
batch size: MBAFIFHHEECHIH it K/
capacity: BAFIAHICHR IR AEE
min_after dequeue: HBAEIANFIFHIHR/NEETTER, HTHRTER
(IR A 2
num_threads: #%1 tensors HIZEFEEL
seed: FH-T-BAI Y AT BEATL G I
enqueue many: tensor H[REANIKE LS &M
shapes: BEANZRBIITEIR
allow smaller final batch: (A[i%) fi/R{H. HIERA True, NITE
BB F 6 A3 B AN I o VB LR R /DN
shared name: (W[3%) IR HE, ZBAIIKETE 2 >2ifi o LLGS E 4 FR

s

)

41

name: #IEMIZFR (AT
10) return img batch, label batch
#R [m] ) P AR 25 Y BE AL B batch size 4
2. RIAEESUHBHRE R ARSEREUEE D (mnist_backward. py)
v RERAE: P 2 LR E A R AR R



Titk: BHEIRE BB G2 v A 83 TF 2 A< PR 2 [8]
TH I AR 25
coord = tf. train. Coordinator ( )
threads = tf. train. start_queue_ runners (sess=sess, coord=coord)
RALE S
coord. request_stop( )
coord. join (threads)
TEAR
tf. train. start queue runners( sess=None,
coord=None,
daemon=True,
start=True,
collection=tf. GraphKeys. QUEUE_RUNNERS)
XA B HORE 23 JR B A A BB R ZeAs, TR I GRREA ZIBA I, DA H BA3RAE AT LA
MBRFIH ZERIREA . XFPE DT I Bc & H —> tf. train. Coordinator , X
FERT DAFE R AR B G D0 IR M 5% P I L A
SR sess: HITBATBAIIERAERI 235 . BROAWERIA 1.
coord: AL, HTUHHAESIHIZLEE.
daemon: SPHFHERE, LR G NIZARIC AT IR, REWEENIA
SPHIERE R .
start: WEA False REIELE, AB3EA].
collection: 5 7E B4 & LLSRELE 8 BA % B GraphKey . BRIk 9
GraphKeys. QUEUE_RUNNERS,
v B AT R AR ) fed 5 £e3 AR



tensorflow as tf
tensorflow. sples. tutorials.mnis input_data
mnist_forward
0s
mnist_generateds

ih‘.;':M_HI.’L
LEARNING_ RATE_BASE
LEARNIN DECAY =

STEPS
MOVING _AVERAGE DECAY
DEL \hvt PATH=

tf.placeholder(tf.float ¢ mnist_forward.INPUT_NODE])
ceholder(tf.float32, | ist_forward.OUTPUT_NODE])
y ist_forward. forward(x, )
global_step = tf Variable

ce tf.nn.sparse softmax cross entropy with logits(logits=y, labels=tf.argma
tf.reduce_mean(ce)
loss = cem + tf.add n(tf.get collection

learning rate = tf.train.e nential decay(
NING_RATE_BASE,
global_step,
train_nu=
LEAR
stairce

train step tf.train.GradientDescent( er(learning rate).minimize(lo global step=global

ema 14 rain.Exponent gAverage (M NG _AVERAGE DECAY, global step)
ema_op apply(tf.tra rr.mln'rvm:«i
with tf.control dependenc ([train_s opl):

train_op = tf.no_op(name="t )

with tf.Se on as
init_op = 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)

coord tf.train.Coordinator()
threads = tf.train.start_queue_runners(sess 55, coord=coord)

STEPS)

print " ' % (ste loss _value))
saver.save(sess, os.path.join(MODEL_SAVE PATH, MODEL NAME), global step=global step)

coord.request stop()
coord.join(threads)

name
maini()

TERR
1) train num examples=60000

TERRIE T W25 ) b BB 2 DR — o3, MR

batch size

ZHi: F mnist.train. num examples /R MFEARLL,
WAE: EFINEHINGRSFEARE, XM 6 /.



2) image batch, label batch=mnist generateds. get tfrecord (BATCH SIZE,

isTrain=True)

Z H: HF mnist. train. next batch PR H K FIAR M2 P 28
BAE: FHBRE get tfrecord B#t, —RHIREL batch_size 5K F FIFRZE .

isTrain: FISRX P INZRBT BANMHART B, True KoRillZk, False FRoxilliat.
3) xs, ys=sess. run([img_batch, label batch])

ZH: fdi K%L xs, ys=mnist. train. next_batch (BATCH_SIZE)

AE: 1E sess. run AT B FIARZE RS .

3+ VRSB E AR BREN D (mist_test. py)

v BN R AR R fed 5 £e3 ARG CRIR A ERED

time
tensorflow as tf
tensorflow.examples.tutorials.mnist input_data
mnist_forward
mnist_backward
t mnist_generateds
8 TEST INTERVAL SECS =

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

x = tf.placeholder(tf.float32, [None, mnist_forward.INPUT_NODE])
y_ = tf.placeholder(tf.float32, [ e, mnist_forward.OUTPUT_NODE])
y = mnist_forward. forward(x, None)

ema = tf.train.ExponentialMovingAverage(mnist_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))

tch, label batch = mnist generateds.get tfrecord(TEST NUM

backward .MODEL_SAVE_PATH)
xnl UJLH
rr model_checkpoint parh
el_checkpoint _path.split( )[-1]).split

sleep(TEST_INTERVAL_SECS)

TEf
1) TEST NUM=10000
ZHi: A mnist. test. num examples F/8EFEAE;



DUE: EFha R SRR, XANE0E 1 .

2) image batch, label batch=mnist generateds. get tfrecord(TEST NUM,

h¢
=

2

(v

Ba

isTrain=False)

jf: F mnist. test. next batch pREEEH B F FIARZEME 25 P 2% 5
: FHRE get tfrecord Bt AT A ML 1 JiskE o

isTrain: FRIXFNZRI BRI BE, True RonIIZ%, False s,

3) xs, ys=sess. run([img batch, label batch])

ZHi: 8 REL xs, ys=mnist. test. next batch (BATCH SIZE)
{E sess. run HHAT B A TR ZE IR HL o

HUAE:
4, SEBRAGEIE

D) @478 mnist test. py

lab@ailab: ~/fc4

lab@ailab:~$ cd fc4

After

After
ﬁ After
6 After
©§ After

After
N

64005
64005
64005
65005
65005
65005
66005
66005
66005
66005

training
training
training
training
training
training
training
training
training
training

lab@ailab: ~/fc4

lab@ailab:~$ cd fc4
= Lab@ailab:~/fc4$ python mnist app.py
= input the number of test

path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:pi
prediction number is:
path of test picture:

lab@ailab:~/fc4$ python mnist test.py
step(s), test
test
test
test
test
test
test
test
test
test

accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy
accuracy

pictures:10
-png

.png
.png
-png
.png
.png
-png
-png
.png
pic/9.pngl}
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