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import

train test

models.Sequential

model.compile

model.fit
model.summary
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JRfS: class3\pl4 _mnist_sequential.py = class4\ MNIST FC\p4 mnist_train_baseline.py

import tensorflow as tf

mnist = tf.keras.datasets.mnist

(x train, y train), (x test, y test) = mnist.load data() import
x train, x test = x train / 255.0, x test / 295.0 train, test
model = tf.keras.models.Sequential([ fSEE(]lJEEf]tiEi|

tf.keras.layers.Flatten(),
tf.keras.layers.Dense (128, activation='relu'), model.compile

tf.keras.layers.Dense (10, activation='softmax') :
) model.fit

model.summary
model.compile (optimizer='adam',

loss=tf.keras.losses.SparseCategoricalCrossentropy(from logits=False),

metrics=['sparse categorical accuracy'])

model.fit(x train, y train, batch size=32, epochs=5, validation data=(x test, y test), validation freq=l)

model . summary ()
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MBEBIRERIELEN, 4Ax_train. y_train. x_test. y_test R{E

mnist_image_label X3
Al » class4 > MNIST FC » mnist image label

mnist_train_jpg 60000 g 40 JERD: class3\pl3 mnist_datasets.py
mnist_test jpg 10000
0_5jpg 1.0pg 2 4jpg X_train.shape:
EH X (jpg) EH#(jpg) BR324 jpg)
e I 12T (60000, 28, 28)
3_1jpg fiigpg 5_2.jpg
E A X4 (jpg) EHXH(jpg) E A (jpg) - :
caz s 813 s vog e y_train.shape:
mnist_train_jpg_60000.xt e (60000,)
VA\
mnist_test_jpg_10000.txt x_test_shape;
© 5.jpg 5
10.jpg © (10000, 28, 28)
2 4.3pg 4 :
371.5pg 1 y_test.shape:
49.1jp9 9 (10000,)
mnist = tf.keras.datasets.mnist
(x train, y train), (x test, y test) = mnist.load data()

def generateds (&4, FR&ECH:):




def generateds (B H 4%, W) :

value[0]

_5.1Pg
_90.31pg
_4.31pg
_1l.1pg
_9.3pg

AP WNEFEO

value[1]

O A,OW0D

Jgenerateds (path, txt):

f = open(txt, 'r'")

contents = f.readlines|()

f.close()

x, y_=1[1, [

for content in contents:
value = content.split()
img path = path + value[0]
img = Image.open(img path)
img = np.array(img.convert('L"))
img = img / 255.
X .append (img)
y .append(value[l])

print('loading : ' + content)

X = np.array(x)
y_ = np.array(y_)

y = vy .asltype(np.inte64)

return x, y
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import tensorflow as tf

from PIL import Image
import numpy as np

import os

JRI%: p8_mnist_train_ex1.py

train _path = './mnist image label/mnist train_ jpg 60000/’
train txt = './mnist image label/mnist train jpg 60000.txt'
% train savepath = './mnist image label/mnist x train.npy'
y_train savepath = './mnist image label/mnist y train.npy'
test path = './mnist image label/mnist test jpg 10000/
test txt = './mnist image label/mnist test jpg 10000.txt'

% _test savepath = './mnist image label/mnist x test.npy'
y_test savepath = './mnist image label/mnist y test.npy'
Hdef generateds (path, txt):

f = open(txt, '"r'") #L

contents = f.readlines|()
f.close() #3

%, y_ = [1, I1
for content in contents: |3

value = content.split/() # L7

img path = path + value[0]

img = Image.open(img path)

img = np.array(img.convert('L"'))

img = img / 255.
x.append (imqg) #13
vy .append(value[l])

print('loading

®x = np.array(x) #-
Y_ = np.array(y_) = 1p.ar

y = vy .astype(np.inté4d

return X, y




36 [if os.path.exists(x _tralin_ savepath) and os.path.exists(y train savepath) and os.path.exists(
37 i x_test savepath) and os.path.exists(y_test savepath):
38 print('-————————————— Load Datasets——————————— ")
39 %x_train_save = np.load(x_train_savepath)
40 y_train = np.load(y train savepath)
41 x test save = np.load(x test savepath)
42 y_test = np.load(y_test savepath)
43 X train = np.reshape(x train save, (len(x train save), 28, 28))
44 - x test = np.reshape(x test save, (len(x test save), 28, 28))
45 [Helse:
46 print('-———————————— Generate Datasets--———————————— ")
. 47 %X train, y train = generateds(train path, train txt)

train test 48 x:test, y_;est = generateds(test_pa;h, test_txt;
49
50 print('-———————————— Save Datasets——————————— ")
51 x_train_save = np.reshape(x_train, (len(x_train), -1))
52 % test save = np.reshape(x test, (len(x test), -1))
53 np.save(x_train savepath, x train save)
54 np.save (y_train savepath, y train)
5% np.save (x test savepath, x test save)
56 | np.save(y test savepath, y test)
57

rnodeB.SequenﬂaI58 Emodel = tf.keras.models.Sequential ([
292 tf.keras.layers.Flatten(),
o0 tf.keras.layers.Dense (128, activation='relu'),
61 - tf.keras.layers.Dense (10, activation='softmax')
62 1)
63

modeLcompHe [ model.compile (optimizer="'adam",
63 loss=tf.keras.losses.SparseCategoricalCrossentropy(from logits=False),
66 metrics=['sparse categorical accuracy'])
67

model.fit o8 model . fit(x_train, y train, batch_size=32, epochs=5, validation _data=(x_test, y test), wvalidation_ freg=l)

model.summary 69 model. summary ()
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Image_gen_train = tf.keras.preprocessing.image.ImageDataGenerator(

rescale = Fr ByER R LLixBUE
rotation_range = BENLIER: A EHTEHE
width_shift_range = BENL3EERB E
height_shift_range = BNl B ERBE
KF#E: horizontal flip = REREHLKEEE
BENLZET: zoom range = FENIZEBIYERE [1-n, 14n] )
iImage_gen_train.fit(x_train)
#l: image_gen_train = ImageDataGenerator(

rescale=1. / 1., # WK, 4t A2550), AlHEe~1
rotation range=45, # PHNL45E ek

width shift range=.15, # % E{Wi%
height shift _range=.15, # &E R

horizontal flip=False, # /K°F-EH%E

zoom_range=0.5 # 5 EMRFEHL4E U E50% )

image_gen_ train.fit(x_train)
JAY: pll_show_augmented _images.py



HIEgm GEREER)
Image_gen_train = tf.keras.preprocessing.image.ImageDataGenerator(
rescale = Fra @R LZEE
rotation_range = FENLEEE A EHTEHE
width_shift_range = BENL B EREE
height_shift_range = BNl B ERBE
KF#E: horizontal flip = REREHLKEEE
BENLYE: zoom range = FENIZEREIVER [1-n, 1+n] )

Image_gen_train.fit(x_train)

x_train = x_train.reshape(x_train.shape[0], 28, 28, 1)

(60000, 28, 28) > (60000, 28, 28, 1)

model.fit(x train,y train,batch size=32, ...... )

4

model.fit(image_gen_train.flow(x_train, y_train,batch_size=32), ...... )
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model.compile
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model.summary
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21
22
23
24
25
26
27
28
29
30
31

EYEE

import tensorflow as tf

pl3_mnist_train_ex2.py

from tensorflow.keras.preprocessing.image import TmageDataGenerator

fashion = tf.keras.datasets.fashion mnist
(x_train, y train), (x_test, y test) = fashion.load data()

X train, x test = x train / 255.0, x test / 255.0

X _train = x_train.reshape(x train.shape[0], 28, 28, 1) & &

Himage gen train = ImageDataGenerator (
rescale=l. / 1., ¢ wnREE, 4-FF 2558, ZF0~—1
rotation_ range=45, ¢ Lhf/Lac
width shift range=.15, ¢
height shift range=.15, ¢
horizontal flip=True, ¢
zoom range=0.5 ¢ J&

)

image gen train.fit(x_train)

Emodel =
tf.keras.layers.Flatten(),

tf.keras.layers.Dense (128, activation='relu'),
o tf.keras.layers.Dense (10, activation='softmax")

1)

tf.keras.models.Sequential ([

Hmodel.compile (optimizer="adam',

. metrics=['sparse categorical accuracy'l])

model.fit (image gen train.flow(x train, y train, batch size=32)

L validation freg=l)
model . summary ()

loss=tf.keras.losses.SparseCategoricalCrossentropy(from logits=False),

epochs=5, validation data=(x test, y test),

13
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load_weights(#423C4:42)

checkpoiht_save_path = "_./checkpoint/mnist.ckpt"”

if os.path.exists (checkpoint save path + '.index'):
print('"---————————- load the model-———————————————— ")
model.load welights (checkpolint save path)

tf.keras.callbacks.ModelCheckpoint(
filepath=B§423CH4 4,

save_weights_only=True/False,
save_best_only=True/False)
history = model.fit ( callbacks=[cp callback] )

cp callback = tf.keras.callbacks.ModelCheckpoint (filepath=checkpoint save path,
save welghts only=True,
save best only=True)
history = model.fit(x train, y train, batch size=32, epochs=5,
validation data=(x test, y test), validation freg=I,
callbacks=[cp callbackl])




JETS: pl6_mnist_train_ex3.py

import 1 import tensorflow as tf
2 Iimport os
3
4 mnist = tf.keras.datasets.mnist
train test 5 (x_train, y train), (x test, y test) = mnist.load dataf()
6 x train, x test = x train / 255.0, x test / 255.0
7
models.Sequential 8 model = tf.keras.models.Sequential ([
9 tf.keras.layers.Flatten(),
10 tf.keras.layers.Dense(128, activation='relu'),
11 tf.keras.layers.Dense(10, activation='softmax"')
12 1)
13
model.compile 14 model.compile (optimizer="'adam"',
15 [E loss=tf.keras.losses.SparseCategoricalCrossentropy(from logits=False),
16 metrics=['sparse_categorical_accuracy'])
17
18 | checkpoint save path = "./checkpoint/mnist.ckpt™"
19 Hif os.path.exists(checkpoint save path + '.index'):
20 print('---——————-——- load the model-———————————-—-——- ")
21 | model.load weights (checkpoint save path)
22
23 Hcp callback = tf.keras.callbacks.ModelCheckpoint (filepath=checkpoint save path,
24 save weights only=True,
25 | save best only=True)
model. it 26 = model.fit(x train, y train, batch size=32, epochs=5,
27 validation data=(x test, y test), validation freg=l,
28 lcallbacks=[cp callbackl))

model.summary 29 model.summary ()

16
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model.trainable_variables & [A145 54 oha] Il 2k ) 2%

W E printiy H A% 2

np.set_printoptions(threshold=#8id £ />4 1% BoR)

np.set _printoptions(threshold=np.inf)

# np.infRRTLIRK

print(model.trainable variables)

file = open('./weights.txt', 'w')

for v in model.trainable variables:
file.write(str(v.name) + '\n")
file.write(str(v.shape) + '\n")
file.write(str(v.numpy()) + "\n")

file.close()

18



1 import tensorflow as tf N . .

import 2 _import o PhS: pl9 _mnist_train_ex4.py

3 import numpy as np

4 | np.set printoptions(threshold=np.inf)

5 mnist = tf.keras.datasets.mnist
train test 6 (x train, y train), (x test, y test) = mnist.load dataf()

7 x train, x test = x train / 255.0, x test / 255.0
models.Sequential | 8 Emodel = tf.keras.models.Sequential ([

g tf.keras.layers.Flatten(),

10 tf.keras.layers.Dense (128, activation='relu'),

ISIN. tf.keras.layers.Dense (10, activation='softmax')

= 1)
model.compile 13 Emodel.compile(optimizer="'adam"',

14 loss=tf.keras.losses.SparseCategoricalCrossentropy (from logits=False),

I metrics=['sparse categorical accuracy'])

16 checkpoint save path = "./checkpoint/mnist.ckpt”

17 Hif os.path.exists(checkpoint save path + '.index'):

18 print('---—-————--——--- load the model--------------——- ")

NECHN - model.lead weights (checkpoint save path)

20 Hcp_callback = tf.keras.callbacks.ModelCheckpoint (filepath=checkpoint save path,

21 save weights only=True,

22 B save best only=True)
model.fit 23 Thistory = model.fit(x train, y train, batch size=32, epochs=5, validation data=(x test, y test), validation freg=l,

24 callbacks=[cp callbackl])

25 model.summary ()

model.summary
26 | print(model.trainable variables)

27 | file = open('./weights.txt', 'w')
28 for v in model.trainable variables:

29 file.write(str(v.name) + "\n'")
30 file.write(str(v.shape) + "\n'")
31 file.write(str(v.numpy()) + '"\n')

B2 file.close()

19
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history=model.fit (I ZGEEIE, JIZEFRZE, batch_size=, epochs=,
validation_split=H Bl 2k 4 1 Lt 5] validation_data=ll 1 £,
validation_freq=lli{41%)

history:

2 %Eloss: loss

MiXFEloss: val loss

YEWER® . sparse categorical_accuracy
MIRFEHERf% . val_sparse_categorical_accuracy

acc = history.history['sparse categorical accuracy']

val acc = history.history['val sparse categorical accuracy']
loss = history.history['loss']

val loss = history.history['val loss']

21
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acc = history.history['sparse categorical accuracy']

val acc = history.history['val sparse categorical accuracy']

loss = history.history['loss']

val loss = history.history['val loss']

plt.

plt
plt

plt.

plt
plt

subplot (1, 2, 1)

.plot (acc, label='Training Accuracy')

.plot(val acc, label='Validation Accuracy')
plt.
plt.

title('Training and Validation Accuracy')
legend()

subplot (1, 2, 2)

.plot(loss, label='Training Loss"')

.plot (val loss, label='Validation Loss')
plt.
plt.
plt.

title('Training and Validation Loss')
legend ()
show ()

22



import

train test
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11

models.Sequential] 2

model.compile

model.fit

model.summary

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

import tensorflow as
import os

tt

l V2o Do
from matplotlib impo

rt pyplot as plt I

np.set printoptions(

mnist = tf.keras.dat

(x_train, y train),

threshold=np.inf)

asets.mnist

(x_t_c)h't_, y_l.(zsl.] = mnist. 'I();Jd_dal.a ()

%x_train, x_test = x_train / 255.0, x_test / 255.0

model = tf.keras.models.Sequential ([

tf.keras.layers.
tf.keras.layers.
tf.keras.layers.

1

loss=tf.keras.losses.SparseCategoricalCrossentropy(from logits=False),

Tmodel.compile(optimi
metric

checkpoint_save_path
if os.path.exists(ch
T print('-—-—————-
model.load weigh

Tcp_callback = tf.keras.callbacks.ModelCheckpoint (filepath=checkpoint save path,

Thistory = model.fit(

model . summary ()

Flatten(),
Dense (128, activation='relu'),
Dense (10, activation='softmax')

zer="adam',
s=['sparse categorical accuracy'])

= ", /checkpoint/mnist.ckpt"
eckpol nt_save_path + '. index') :
---—-load the model--———-—--——---—————— ")

ts (checkpoint_save_path)

save weights only=True,
save best only=True)

% train, y train, batch size=32, epochs=5,
validation data=(x test, vy test), validation freg=1,
callbacks=[cp callback])

JEIS: p23_mnist_train_ex5.py

35

36 print (model.trainable variables)

37 file = open('./weights.txt', 'w")

38 Hfor v in model.trainable variables:
39 file.write(str(v.name) + '\n')

40 tfile.write(str(v.shape) + "\n")
41 file.write(str(v.numpy()) + "\n')
42 file.close()

43

a4 SEERIEIRRIRRRRIRININES sShow  SERERRERERPeReeeeseeetrenes
45

46

47 acc = history.history['sparse categorical accuracy']

48 val acc = history.history['val sparse categorical accuracy']

49 loss = history.history['loss']

50 | val loss = history.history['val loss']
51
52 plt.subplot(l, 2, 1)

53 | plt.plot(acc, label='Training Accuracy')

54 plt.plot(val_acc, label='Validation Accuracy')
55 | plt.title('Training and Validation Accuracy')
56 | plt.legend()

57
58 plt.subplot(l, 2, 2)

59 plt.plot(loss, label='Training Loss")

60 | plt.plot(val loss, label='Validation Loss')
61 plt.title('Training and Validation Loss')
62 plt.legend()

63 plt.show()

23
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predict (BIAGFE, batch size=%%))
Y EINENEIE 2 A = R S

ZP4ER  model = tf.keras.models.Sequential([

CHI A& 48 tf.keras.layers.Flatten(),
tf.keras.layers.Dense(128, activation='relu'),
tf.keras.layers.Dense(10, activation='softmax’ )])

n#&2=%  model.load_weights(model_save_path)

WMLER  result = model.predict(x_predict)
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from PIL import Image

import numpy as np 16

17
18
19
20
21
22

import tensorflow as tf
model save path = './checkpoint/mnist.ckpt’

model = tf.keras.models.Sequential ([
tf.keras.layers.Flatten(),
tf.keras.layers.Dense (128, activation='relu'),
tf.keras.layers.Dense (10, activation='softmax')]) 23
24
model.load weights(model save path) 25
26
preNum = int (input ("input the number of test pictures:")) 27

28
O.ing 1.Eng

S.png 6.png 7.png 8.png 9.png

30
31
32

33
r]gJ 34

2.png 3.png 4.p

([ | \

JEIS: p27_mnist_app.py

Hfor i in range (preNum) :

image path = input ("the path of test picture:")
img = Image.open(image path)

img = img.resize((28, 28), TImage.ANTTALIAS)

img arr = np.array(img.convert('L"))

img arr = 255 - img arr

img arr = img arr / 255.0

X _predict = img arr[tf.newaxis, ...]
result = model.predict (x predict)
pred = tf.argmax(result, axis=l)
print('\n"')

tf.print(pred)

27
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from PIL import Image
import numpy as np

import tensorflow as tf .

18
19
20

tf.keras.layers.Flatten(), 21
tf.keras. ~Yaluki i o 22 H

.keras.| = 23
e limg_arr: (28, 28 om
. EE -
X_predict: (1, 28, 28) |2 =
EN -
28
29
30
31
32
33
34

model save path = './checkpoint/mnist.ckpt’

model = tf.keras.models.Sequential ([

model.load wg

preNum = int (

O.ing 1.ing

S.png 6.png 7.png 8.png 9.png

JEIS: p28_mnist_app.py

16 [lfor i in range (preNum) :

image path = input("the path of test picture:")
img = Image.open(image path)

img.resize((28, 28), Image.ANTTALIAS)

img arr = np.array(img.convert('L"))

img

for i in range(28):

for j in range(28):
if img arr[i][]j] < 200:
img arr[i][]j] = 255
else:
img arr[i][j] = O

img arr = img arr / 255.0

x predict = img arr[tf.newaxis, ...]
result = model.predict(x predict)
pred = tf.argmax(result, axis=l)
print('\n")

tf.print(pred)

28
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