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ERBEBRBI ST REY "hello world!"

MNIST ("Modified National Institute of Standards and Technology")
HIEEEEXEEREENMN. EX EEARATERE. MEsFIEXP LELLCEAFEA.
TEF(I=F TensorFlow EE—NEEAIHEMNEFRIEIT "hello world!" 128, LA TASFIBELR
B8, Rt FaeHT.

ARBEA TS

F— JETE, BERERGERS. EEEREE. R, EEHERS TGS
BT BUENNE, FIALBUES

FB= WERE, BRENENEESTRITIBIERE, TNIIGREF IFS=R

B 22|15, BF)IGIENER, FREREEREERENZEIERTN

FHE: ZHEEEE, FEREMI

e Iael, RAIFZEMNSLA T NMARR:

tmatplotlib inline

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import matplotlib.cm as cm

from sklearn.model selection import ShuffleSplit
import seaborn as sns

sns.set_style( ‘white')

import tensorflow as tf
from tensorflow.keras.layers import Dense, Flatten, ConviD
from tensorflow.keras import Model

from tensorflow.compat.vl import ConfigProto
from tensorflow.compat.vl import InteractiveSession

config = ConfigProto()
config.gpu_cptions.allow _growth = True
session = InteractiveSession(config=config)

F—: iRt
11EEHUERE

TEHIERSES 2R, NASEEHIRAIER. BIAIEIEERAIARN, ISR SNSRI E.
THAGREMNEREEEENE:

train = pd.read_csv(‘'mnist/mnist_train.csv') # read train
test = pd.read_csv('mnist/mnist_test.csv') # read train

THEIGREMNHERTEESR

train.shape (6000, 785)
test.shape (10000, 785)
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HATTLAEZR train IS EEA600055UE, test MINERMEA100005%54E, M NIHESTER
785NN,

BTE, HNPRE RSN HPE—FIEmES, ®R7845INNGERRENE, Hi%7845]
JELERL—5K28*28MRRE F.

train.head|( )

label 1x1 1x2 1x3 x4 x5 1x6 1x7 1xB 1x8 .. 28x19 28Bx20 28x21 28x22 28x23 2Bx24 28x25 28x26 28x27 28Bx28

0 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 1] 0 [t} 0 0 0
2 4 0 0 0 0 0 0 0 0 {1 0 0 0 0 0 0 0 0 0 0
3 1 o o o o 1] o 4] 0 0 . ] o 1] 0 1] 0 0 ] 0 1]
4 9 1] 1] 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0

5 rows x 785 columns

1.2 IREEERE
BT, FAHTEIRREATRBRINIE, fokE M SRR 3

train_labels = np.array(train.pop('label))
test labels = np.array(test.pop('label'))

BETEMER, BITUBHRERT TN ~ 0898, IREEMANEREUE.

np.unique(train labels)

array([0, 1, 2, 3, 4, 5, 6, 7, B, 9])

np.unique(test labels)

array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9])

AT EEFE, HFEE—HE R EUEERN R R iR, SE R EUEEIRmIK28, 528, B
ARSI, HEESRITE,

train = train.values
train = train.reshape(-1, 28, 28, 1)

train.shape

(e0000, 28, 28, 1)

test = test.values
test = test.reshape(-1, 28, 28, 1)

test.shape

(10000, 28, 28, 1)

B8 SiETIMK
2.1 A B AR
DR — LB B AR 4R, F matplot SREFE MRaHIEH EA6EB L.
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HERZENEMRIN—EAFRNSE, BAR ESIEFEAIAMAIETF.

plt.figure(figsize=(15, 9))
for i in range(50):
np.random.seed{i)

random selection = np.random.randint(0,

plt.subplot(5, 10, 1+i)

500)

plt.title(train_labels[random selection])

plt.imshew(train[random selection][:,:,0], cmap=cm.binary)
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2.2 BEHIERSTE

DRI RE T XD ABHEX—R

3 PGSR

2,

BHERERTIGEER SN, BSSEhaR

TEBRIFE TFENDMER, BEEEMREMEIVEER
£ MINST EaR&E+, FIHERERLT —MITDHRTRE.

sns.distplot(train_labels, kde=False, bins=10)

<matplotlib.axes. subplots.AxesSubplot at Oxla36b9¢9d0>

TOOD

000

5000

4000

300

2000

1000

a z 4

2.3 #EINE

EED Y.

RS it | SEEILEMERNE "Hello world


https://ld246.com/article/1582769993628

EETER ], BIIEELEN —LEE:

# EIREEE

width = 28

# B&SE
height = 28

# batch size
batch size = 100
#i|GEREE

train_images_num = train.shape[0]

T—5, BAIERIEEIEURE, TensorFlow 12t 7 Dataset SEETLASENNE)IZ00EERE, FAS
73 tf.data.Dataset,

Hep, )IIE:5ERIE0E, Bl T 7 BEHFTEL.

train = tf.cast(train, tf.float32)

test = tf.cast(test, tf.float32)

train_ds = tf.data.Dataset.from_tensor slices((train, train_labels)).shuffle(train_images num).ba
ch(batch size)

test ds = tf.data.Dataset.from_tensor slices((test, test labels)).batch(batch_size)

E=F: {EEaE

3.1 ORI R

HRRNER N TR, BRI b AER0Es, YA, RTINS ERES:
o H—EUETE

o Flatten B: XENIERAREFE —ENEIRNEFIREMHE—%, ERENGHERSEZEOIE
249X Flatten A~g20[@ batch B9/

e Dense B: £IEEHEZMEE
e Dense B: £IEZEHZMEE
B—EXNATEERESNT

o 5—E(HF RelU F#g
e Flatten & (%)
e Dense = RelU F%4

e Dense E{FH softmax IRECREHITHEIH
3.2 XF R REAVARRR AR
ReLUE#q

RelLU REL BN REREL (Rectified Linear Unit, RelU) , XFRBIEZMERET, B2—FAL
LMEPERBRIBIEREL (activation function) , -%Taﬁl«lﬂi;ﬁi B HL R U RAVAELL MR

o

ReLURIRERIA9:

f(z) = maz(0,x)
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RRERIREN:

max (U, wlix + b)
RE RS

3
2
1
-3 -2 =1 0 1 2 3
MERERIFRIART LAY, REUDH T 0 NaYiAN, XN BEREBLI ™SR!

o ISTERIR

o 7E[ 0, x IXIENAIEH, BIEalLAItEEELaE

o XEHHR, LHMETCHITERERRS

softmax &Y

softmax AFZoRIEF, SEZ M HSTE TSR] (0,1) XEA, JLAEMITERKIERE,
MsRAITE DK,

BIIRETEREERAR, BSRKB— 1, 2V, 2?Vi F£5 2V RS 2 Moo=, BBAXD)
=19 softmax [EE:

i

_ ¢

5 3 j el
FERAIRIBERBIRMRE S, BAVERENEEA— MO0 TRRIEE, HEMNOTIRFIREIS, 253!
RS M AIFRES,

REIHXMAHBT softmax iH8, BUH softmax [ERARIB N TTEXI ARSI EAA IS 24

5

class MNIST(Model):
def init_(self):
super(MNIST, self). _init_ ()
self.convl = Conv2D(width, 3, activation="relu’)
self.flatten = Flatten()
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self.d1 = Dense(128, activation="relu")
self.d2 = Dense(10, activation="softmax’)

def call(self, x):
x = self.conv1(x)
x = self.flatten(x)
x = self.d1(x)
return self.d2(x)

model = MNIST()
model.build(input_shape=train.shape

3.3 BERENIEEER

AXAF summary ZHOKREERENER, TTUBRRANNEEMSIER, Wi, SN
TERRS T EN)I528, £MSHAIBR.

model . summary( )

Model: "mnist"

Layer (type) Output Shape Param #
znnVZdHICcnv2D} T multiple - - ;;;-_
flatten (Flatten) maltiple 0

dense (Dense) multiple 2422912
dense 1 (Dense) multiple 1290

Total params: 2,424,482
Trainable params: 2,424,482
Non-trainable params: 0

HANERRIBREUEARAINRKRRE, EALTT:

Bl ip (wifiotaled)

batch = :

m 13

loss = —% Z Zp(:ﬁij) log(g (z;))

i—1 j—1
FAREHRE MR B AERTAIRLES
6=0—mn-VeJ (G;m(i};ym)

loss_object = tf.keras.losses.SparseCategoricalCrossentropy()
optimizer = tf.keras.optimizers.SGD()

train_loss = tf.keras.metrics.Mean(name="train_loss')
train_accuracy = tf.keras.metrics.SparseCategoricalAccuracy(name="train_accuracy')

test loss = tf.keras.metrics.Mean(name="test_loss')
test accuracy = tf.keras.metrics.SparseCategoricalAccuracy(name="test _accuracy’)
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TENX train_step EEL:

@tf.function
def train_step(images, labels):
with tf.GradientTape() as tape:
predictions = model(images)
loss = loss_object(labels, predictions)
gradients = tape.gradient(loss, model.trainable variables)
optimizer.apply_gradients(zip(gradients, model.trainable variables))

train_loss(loss)
train_accuracy(labels, predictions)

TEX test step EREY:

@tf.function

def test step(images, labels):
predictions = model(images)
t loss = loss_object(labels, predictions)
test loss(t_loss)
test_accuracy(labels, predictions)

—RRIBR T, F3= (learning rate ) NESIRENFEL. TIGAMERNERT, BERNFEIR
SEERWEIM R E,

TERBTRGIEAERES, IRKEREL (loss ) #skig)y, BIFRAIBEFIRWMSGH/), NTEFHIER
KB — 1 BTSRRI,

XEHAERANLFEIRES epoch FERLI—EXINBIR,
def Ir_fn(epoch, Ir):
if epoch == 0:
return 0.001

return Ir * 0.9

IRE—MRAR] epoch, Befi ERREL)|IZREIRHEA T early stop SRlig. SilEREE/INF E—IX epoch
BEE, BATANERHANTEIET.

BMN2EF L)X MR TR IEI I SHISRES.

FMZ: 1E8N)I5x

FAME)IEEFICR T TE—IR epoch BHIGEFIUHERENSIT LINRFEIR, ATIGThEE
NZRIFERTER.

RS it | SEEILEMERNE "Hello world


https://ld246.com/article/1582769993628

train accuracy total = []
test_accuracy_total = []

lr _total = []

epoch_range = []

val_train_loss

= 0.0

val train accuracy = 0.0
val_test_loss = 0.0
val test_accuracy = 0.0

1l = 0.001

for epoch in range(EPOCHS):
1r = 1r fn{epoch, lr)
optimizer.learning rate = lr

for

images, labels in train_ds:

train step(images, labels)

for

test_images, test_labels in test_ds:

test_step(test_images, test_labels)

val train_loss = train loss.result()
val train accuracy = traim_accuracy.result()+100
val_test_loss = test_loss.result()
val_ test accuracy = test accuracy.result()*100

template =

‘Epoch {}, Loss: {}, Accuracy:

print(template.format (epoch+l,

val_train loss,
val_train_accuracy,
val_test_loss,
val_test_accuracy))

if (len(test_accuracy total) > 0)
if (val_test_accuracy < test_accuracy total[-1]):
print( ‘meat early stop’)

break

{}, Test Loss: {}, Test Accuracy: {}'

train_ accuracy total.append(val train accuracy)
test_accuracy_total.append(test_accuracy.result()*100)
lr_total.append(lr)
epoch_range.append(epoch)

# Reset the metrics for the next epoch

train_ loss.

reset_states()

train_accuracy.reset_states()
test_loss.reset states()
test_accuracy.reset_states()

FATTLUER

Epoch 1, Loss:
84741211
Epoch 2, Loss:
000122070312
Epoch 3, Loss:
9995727539086
Epoch 4, Loss:
1000061035156
Epoch 5, Loss:
000061035156
Epoch 6, Loss:
999572753906
Epoch 7, Loss:
999694824219
Epoch B8, Loss:
000030517578
meet early stop

B9/l

SHLER

0.5596179962158203, Accuracy: B8.4383316040039, Test Loss: 0.1551627367734909, Test Accuracy: 95.34999

0.11651773005723953, Accuracy:

0.07598728686571121, Accuracy:

96.57666778564453, Test Loss: 0.11501792073249817, Test Accuracy: 96.47

97.80166625976562, Test Loss: 0.10252778232097626, Test Accuracy: 96.97

0.055710066109895706, Accuracy: 98.47000122070312, Test Loss: 0.09643912315368652, Test Accuracy: 97.1

0.04317165166139603, Accuracy:
0.03459864482283592, Accuracy:
0.02851923555135727, Accuracy:

0.02415192686021328, Accuracy:

98.85333251953125, Test Loss: 0.09360682219266891, Test Accuracy: 97.11
99.16500091552734, Test Loss: 0.09133481234312057, Test Accuracy: 97.22
99.36666870117188, Test Loss: 0.08827798B813581467, Test Accuracy: 97.44

99.49333190917969, Test Loss: 0.08793295919895172, Test Accuracy: 97.43

PRIEFA HEIGPENCR FRAG ISR SRAIBREERBEIEERS, BIUEERARIZ4ER

MRS, B4R,

plt.plot(epoch range, train_accuracy total, '-b’, label= "training")
plt.plot(epoch range, test accuracy total, '-g’, label= "test")

plt.legend()

plt.xlabel('epoch’)

plt.ylabel(‘ac

curacy’)
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Text(0, 0.5, 'accuracy')

= fFaining
- met

0 1 2 3 4 & i}
epach

MEFRFTLEL, EEIREN epoch ERLVE, BEEAVBEEFIBAYL epoch ERUEEF (
FRWSURERR) . BEAJLA epoch IREFIEEMLEDTFR, WSIRERE.

BEFIRRGBRIBER:
plt.plot(epoch range, Ir total, '-b’, label= "training")
plt.legend()

plt.xlabel('epoch’)
plt.ylabel('learning rate")

Text(0, 0.5, 'learning rate')
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Shi: FEML
AT LA SIS, Ssaen,

o FRIIMLZER, FILATHIERY, LhanfER VGG16, ResNet EEFRIIML, siEEIBAIMLEES
INESZREREHRT=IL

o EEYIIIEEUE, FURERNSKERKAESREIBEIRIZ{LEE

o [FFIBIAYLILES, tbal: adam

o HEEZ SR

Bz EEe%k LR "VSSEGIRE" Fi5;

EFE " BiFiRBldemo " RBIR, #eSEsE, & JupyterLab BRAHiEEF

digit-recognizer {43k, B BEGEIEEMMAEREREE TS, FUTEPR] ipynb 324, BIAT
17 EIRRBIRIA,
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