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[FE2: 1=z8EENIEH
O E/RERE: SRR ETUSHNERE
HBERXAEEZIT 18 BESIEIN—E

2013 780Ti

TRALERRE: 5124
LSER: 1206MHz
BFER:.7000MHz

SFFHIHE:2G GDDRS
B 128bit
#4#E0:DVI-D/DP/HDMI

Szt
CUDA%IE
2B HES
—SHEBAN
EFRE
Lntez Sidl
BFUE
HREO
IR
B
FmRT
RO

GeForce RTX 3090
10496

1695Mhz
1785Mhz

24GB

GDDR6X

384Bit

3*8Pin
750WR LA E

= XEEEA+6*8mmiAE
323*158*60mm
3*DP+HDMI

Architecture
GPU
Board Number
SMs
CUDA Cores
CUDA vs Predecessor
Memory
Memory Bus
Memory Speed
TDP
Launch Date

GeForce RTX 4090

Ada (TSMC N4)
AD102-300
PG139-SKU330
126 ->128
16128 -> 16384
+56% (vs 3090)
24 GB G6X
384-bit
21Gbps
~450W
September-October 2022
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ChatGPT
®
Ay

Verbal

GRE
Evidence-based
Reading & Writing
SAT

Uniform Bar Exam

Advanced Pla

Statistics

Advanced Placement

Psychology
Advanced Pla ent
Quantitative

GRE

Chemistry

Advanced Pla nt

Physics 2

anced Placement

Writing
GRE

Calculus
Advanced Placement

English Language
ent

Advanced Pla

English Literature
ent

Codeforces Rating
Competitive Pr

How Smart is

A percentile describes how an examinee’s
score ranks in comparison to others.
For example
60" Percentile
® eeoeoee(®D — -

OpenAl's latest large language model, GPT-4, is capable 60% of examinees 40% scored
el i H scored lower than higher than
of human-level performance in many professional and T ChetCrT

academic exams.

Exam Results @ chatGPT3.5 @ ChatGPT 4.0

Percentile i
Rank 10 20m 300 400 50 60 70" 80"
@ The Graduate Record Exam (GRE) is a @

standardized test that is required for admission

to many graduate schools across North America

bt

=

& ® s
) > 85
%

@

@ 85th

i% s

o

According to OpenAl, the essays that GPT-4
produced for these tests were graded by

S
g “qualified third-party contractors”
&g
=

GPT 4.0 has made impressive strides over GPT 3.5
but continues to struggle in certain subjects.

GPT attempted 10 programming contests 100
times each, but was unable to consistently find
solutions to the complex problems.

VISUAL Source: OpenAl (2023)
CAPITALIST Note: Percentiles are based on the most recently available score distributions for test takers of each exam type.

COLLABORATORS RESEARCH +WRITING Marcus Lu | DESIGN Rosey Eason

@ @Nisualcapilalisl @ )

v @ =
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SRS MEIESNRIE

O FIEERE (CTETE)

O BUEREL ¢, fARGEREE, EREEREMIT

sigmoid

RelLU

Softmax

h(x) = g(Wx+6)

X,

b= f(W,h(x)+6,) :

S(x) =

ReLU(x) =

1
1+e™*

x,x >0
0,x<0

S

BEUERETZ (0, 1) BIX[E);
FEHEEEARITERIRLF

HEISREE, BAREKR
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BEUEMSTZE (0, 1) B8,
JH_j%FH:.F%’? 90 SR N LR A

Z(w} X) + bias —— f(x)={
i=1

Sigmoid

o(x) = .

RelLU
max (0, z)

l4e—*

1 ifZwx+b20
o ifXwx+b<0

v
/.
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SRS MEIESNRIE
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TensorFlow

O TensorFlow & 2015 F 11 ARHHNREFIFERELE, A
FSRIRIEMEREMGE, FHGREFEIEE,

O TensorFlowRYKimAC+ +3ET, 1TEEREER, TensorFlowG—1
=&i=8=3API (tf.contrib.learn) , BILIESZMECE. 1)II4:F0
THERERFEIRE,

_____|PyTorch __|TensorFlow _

iTRERER MSHTEE ST EE
HHEEX ItEEEETREY IHHREFRRIEX
wil BEe , JREY BER, RERTA

pythonfFRTE  TensorflowFF&HT
(N : PyCharm) & (130 : tfdbg )

i ZHfTensorboard  #EFTensorboard
HiEHtT REER , RE—1T gﬁ% . BEFAED

e
s CPU, GPU CPU, GPU
FIHES Python, C++ Python, C++

H& 28 Facebook Google
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TensorFlow

O TensorFlow?2.089%3E
v’ pip install tensorflow #Z%Ecpubiz
v pip install tensorflow-gpu #Z&2Egpulk

v import tensorflow as tf



TensorFlow

O TensorFlow?2.08Y5K&
v SNumPy£{il, 1 BRIZBIRZ AME, 2 4EHVEER %R,
N Z4EZANFRZ 95KE (Tensor) .
v TensorFlow &1, HUEERERAKEHITRIA,
v’ tf.Variable : TensorZT=
v tf.constant : Tensorg&
v EAEE
v oo IREITR



TensorFlow

O TensorFlow?2.0RY % FAtRIR

v tf: BRTIKEEN. THEERREFNSE,;

v tfdata: BIAZUBLIEIRLR, RME TN tfdata.Dataset F3E, TR
AR, IEEEXR/NE;
tfimage: EGAIEER, BEATUNEIGEE. T, WE. RIS,
tfkeras: JR Keras tEZ2&M API, E&8JR tflayers FRUSMHENEE;
tflinalg: ZefHREURLR, RETRKELMERECTELDEE,;
tflosses: IRKEREURIR, BT TENFHEIIIERIIRIEREL;
ttmath: FFTEER, RHTXKEHRFITERE,
tf.saved_model: REURFRR, AT ERERIREFHIKE;
thtrain: BERATIIGHAM, Flaniiteas. EIRTREREE,
thnn: REATIEMBEMERIVEKEREL, LAFSBSLINRE RS MBI
KINEEE;
tfestimator: & API, BETIREIERY Estimator 8tBEN B4,

>SRN VR N N N NN

<\



Keras
O Keras2H4EPythonZmEREIAXISRAVETF TensoFlowAREZE S .,

O KerasBl &£ $ FEREIEIRUSH, MR, Birfs. MER
#. (HB—RFITE, HABESEGIthubL.,

O Keras BEERWEEHELNEBIRENGT,, —F2 Sequential 158, 5
—i2 Model 158,
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Keras

O Kerasfy& 3=
v' pip install keras
v import keras



Keras

O KeraspyF5ItEEL
1. gE=n

from keras import models # S AmodelstERFATHERMAY
from keras import layers # S\ layerst&R A FA R REE

neural_net = models.Sequential() # B&ERENNAIMLZEEM

# R IMEEMR R

neural net.add(layers.Dense(units=64, activation="relu’, input_shape=(28*28, )))
neural net.add(layers.Dense(units=64, activation="relu’))

neural_net.add(layers.Dense(units=10, activation="softmax"))

sequential.summary() # iHRETIBHHNZERNSERR
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Keras

O KeraspyF5ItEEL
2. )lZ=EY

neural_net.compile(optimizer= keras.optimizers.SGD(Ir = 0.1), loss="mse’,
metrics=['accuracy']) # BCEMKZENGGE
history = neural _net.fit(x, y, epochs, batch size) # HITIHEEATIIIS

3. MhARE

test loss, test_acc = neural_net.evaluate(data, label, batch size) # Jlif{t=EEY
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Keras

O KeraspYERZIzLIEES
1. gEtREy

from keras.layers import Input, Dense # Input B FEUEERYEIN ; Dense

# BT EER
from keras.models import Model # BFHIEModel 1=EY
inputs = Input(shape=(784,)) # IREREEM N EIRRIEI
x = Dense(64, activation="relu’)(inputs)  # SIEZENHMNE
x = Dense(64, activation="relu’)(x) # SIERENIEEE

predictions = Dense(10, activation='softmax’)(x)  # &EZEENHLE
model = Model(inputs=inputs, outputs=predictions) # ¥JFEIERIFZEREIN
# BN
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Keras

O KeraspYERZIzLIEES
2. )lZ=EY

# IRERBIRIUER. IRRRREL. (4REEIR
model.compile(optimizer="rmaprop’,
loss="categorical crossentropy’,

metrics=['accuracy']

)
model.fit(data,labels) # jJ||Z1E8Y

3. MizRE
model.predict(self, x, batch _size=32, verbose=0) # JUFtEEY
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label=4

BF KerasFEiaiZ iRt R4S

O LIFSHFERZIEEMNISTAS, SLMNFEHFE RrI5 5115

label=6
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label=0
0
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7
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3
Iz;bel=~0
>,

label-=2
Z
lal;el=3
fe
label=1

I

(
lab;l=9
a' .

D] | ] D] [
O o . o = : o
a| @ .| 2 a| o
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BF KerasFEiaiZ iRt R4S

O S \FrRtESRHIE
O SRENGHC ) || SR s S
O HE SR L IS

# HEERENRIMLEIEN

neural net = models.Sequential()

# IR B S ERIEETT # HEFIRIERE

neural net.add(layers.Dense(units=512, activation="relu’,
input_shape=(28*28, )))

# IREH T ERNHS T ETNENER L

neural net.add(layers.Dense(units=10, activation="'softmax"))

# g H RIS ERISEUNR

neural _net.summary()



EFKerasFEiaiZ £iEEHERLE
# B EMBHN)187T7E
neural net.compile(
optimizer= tfkeras.optimizers.SGD(Ir = 0.1), # IRERMAELZSMETIRE N,
# Z3F)0.1

loss="mse’, # I ERKREIYFIRE
metrics=['accuracy'] # g BT Baccuracy BFFED MR

# FUTHREIRI) 1S5

history = neural_net.fit(train_images, train_labels, epochs=50, batch size=512)
# M)l ZR/5RREL

test loss, test acc = neural net.evaluate(test images, test labels)

print("Train Epoch:", '%02d" % (epoch + 1), "Loss=", "{:.9f}".format(loss), "
Accuracy=", acc)



EEHEMEEINE HiR sl

label=0,predict=0 label=7,predict=7 label=4,predict=4 label=0,predict=0 label=1,predict=1

label=3,predict=3 label=1,predict=1 label=3,predict=3 label=4 predict=4 label=7 predict=7
3' \ :

label=2 predict=2 label=7, predict=7 label=1,predict=1 label=2,predict=2 label=1,predict=1

+)
=

o
o
o
o

bel=1, predict=1 abel=7 predict=7 bel=4, predict=4 bel=2,predict=2 e[=3,predict=3

Y
2

@

bel=4, predict=4 abel=4,predict=4

@
@

bel=5,predict=5 label=1,predict=1 bel=2,predict=2

-
L

Train Ej
Train E
Train E
Train E

Train

Train

= |
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EEIRARERILERI B E X RIGSEIR

O BN FERE

# FE3 RETP R FIRELAY) | ZRA 0T R Y
if name == ' main_' :
# 1)|| 254
model = train(mnist.train.images, mnist.train.labels, mnist.validation.images,
mnist.validation.labels)
# MR H SR RIS
accuracy = test(model, mnist.test.images, mnist.test.labels)

print(‘test the best model, accuracy=%.2f' %(accuracy)) # HiHHER=ER



EEIRARERILERI B E X RIGSEIR

O S A\FTFEESEFZE
O Tjﬁﬂ&#ﬂ:fgi}l éﬁ\%\ gﬁ class FullConnectionLayer():

. NN def _init_ (self): # FBF#IHASESLHA)
WEEEFIMTEE

selfmem = {} # EXELHNLISRF, LUEXRSBER
O E X S EREHE MRS
def forward(self, X, W): # Bila{&iE, XHENEGE, WANSEHNEENERRRGE
selfmem["X"] = X # ZEUEHNEUE
selfmem["W"] = W # EIRESEL
H = np.matmul(X, W) # i+ERKimH

return H

def backward(self, grad_H): # &[A{&#E, grad HARKRECKTHRIEEE
X = selfmem["X"] # IANZUE
W = selfmem["W"]
grad_X = np.matmul(grad_H, W.T) # 1RSEREEKFXAIEEE

grad W = np.matmul(X.T, grad_H) #REREKTWEIEE
return grad X, grad W



EEIRARERILERI B E X RIGSEIR

O & M EGERREFIHR R BREN
v EMReLUEATREE (GE&H)
v TENRNIBIRKRESS T4
v EEMSoftmaxsc AT i RER
O {5 S IEE A R RIRE

class FullConnectionModel(): # £ MEIERISE
def _init_(self, latent_dims): # {GIEEREL
selfW1 = np.random.normal(loc=0, scale=1, size=[28*28+1, latent_dims])/np.sqrt((28*28+1)/2) # ¥4 W1
selfW2 = np.random.normal(loc=0, scale=1, size=[latent_dims, 10])/np.sqrt(latent_dims/2) # He #Jia{tW2
selfmul_h1 = FullConnectionlLayer() # [2&E
selfrelu = Relu() # BUEREL
selfmul_h2 = FullConnectionLayer() # HiHE
self.softmax = Softmax() # BUEEREL
self.cross_en = CrossEntropy() # #R5RREL



EEIRARERILERI B E X RIGSEIR

def forward(self, X, labels): # BiE{EE
bias = np.ones(shape=[X.shape[0], 1]) # ERAEN 1B ENRE
X = np.concatenate([X, bias], axis=1) # &§F &
selfh1 = selfmul_h1.forward(X, selfW1) # [2&EMNITE
selfh1 relu = selfrelu.forward(selfh1) # ZFfasEWERELLIE
selfh2 = selfmul_h2.forward(selfh1 relu, selfW2) # HiHENITE
selfh2 soft = self.softmax.forward(selfh2) # 2T EEEREULIE
self.loss = self.cross_en.forward(self.h2_soft, labels) # {+E3E X IFEIREREL

def backward(self, labels): # =EEE
selfloss_grad = self.cross_en.backward(labels) # I+ ER&REE ML EAEE
selfh2 soft grad = self.softmax.backward(self.loss _grad) # X¥sofamax>k&:
selfh2_grad, selfW2 _grad = selfmul_h2.backward(self.h2 soft grad) # k&
selfh1 relu grad = selfrelu.backward(self.h2 grad) # Xjfrelusk&
selfh1 _grad, selfW1 _grad = selfmul_h1.backward(selfh1 relu grad) # ITHREENEHE



EEIRARERILERI B E X RIGSEIR

O & X)l|ZReR%8
v ENITEERERRIRE
v ENEBR|ZREAEN
v EMHEEREREY

O & M EREL

def test(model, x, y): # MK EREL
model.forward(x, y) # izfTH=EY
accuracy = computeAccuracy(model.h2 soft, y) # SREUEMRER

return accuracy



EEIRARERILERI B E X RIGSEIR

0

RIS TSR

Start seaching the best parameter...

Parameter latent_dims=100, validation_loss=0.5979167190591659, validation_accuracy=0.797.

Parameter latent_dims=200, validation_lossz@.5@V4925231@99131, validation_accuracy=0.853.

Parameter latent_dims=300, validation_loss=0.5305907522703492, validation_accuracy=0.842.
The best parameter is 200.
Start training the best model...

Evaluate the best model, test loss=0.30098108, accuracy=0.916000.
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[l EREEMIIE

1. [G)RRzEE 4. FaEIRE
J[EIF. 4. B AR ZM%E])3. Logistic Regression

KNN. K-Means, fH&mZE
N IRKEREL: BRE, XX
2. WEEEHE
BT BAEAUEX, SRy 5 SRR

23 FHEEUEX, BEEURY (S| | Y, (R FLRIER R T2
HOA

3. BE{FFRAb TR IGUFfEtR: B3 (wmape, R2. HWHIRE)

- 3—1k

« RRIHFIE

« BB 6. =AY F&/ABI
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=k

o HHEZMILZMREITT

e TensorFlow

e Keras

o DIEIRIMEZMLE N KerasEi

o FIFEFMEMLERIBEE N HmiSEN
o HRWZEMLERTensorFlowsEil
o AlexNet4miSscIl
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EliRo =TS

30 282
152 Iayers[ |1 52 layers | | 152 layers
25
A A A
20
16.4
Top5 15
HAE 5
PR 11.7 .19 |ayers |22 Iayer§
10
5.1
5 3.6 3 oE .
2010 2011 2012 2013 2014 2014 2015 2016 2017 Human
Linetal Sanchez & AlexNet Zeiler & Simonyan & Szegedy et al He et al Shao et al Hu et al Russakovsky et al
Perronnin : ] Fergus Zisserman (VGG) (GoogleNet) (ResNet) (SENet)
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PIEIRHERLE

O NERFNSHEAFES

O BEBATMHAFIE
v BARBIGRFIAEEE BT IERHIE
- REZEN. ¥, IREFRFEAZMEENER.
v EEERIRMNERERREBIX L EBATHFIE
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SIRRE PSS
O SfREELMZE (Convolutional Neural Networks, CNN)
v —FhEIIRRE L
v SR FIREFET (Receptive Field) BONEIMTIRERY
- EEHERRF, —PMHETHNRSE 2 MNIR_ERVSE
Xig, REXNXIERRRIET e8NS ZHETT

O SR MNEE =5 A4 :
v [EENERE
v NEH=E
v ZEEJE A E) AR AE




iR

O SREEREESLES, ATTRESHIEERR

O RIg—MESRESRET IR  FE—NME5 x, HERRIREERA w;,
BIfE i1 MNEE KIE, ERAREKR w, &

v BIgw, =1, w,=1/2, wy;=1/4

O 59zl « BWBINES v, AR ERERMABIR ZIEER S 2 RIEN

Yy =1xx; +1/2xxp_1+1/4 X 24_9

=W X T+ Wy X Ty_1+ W3 X Ty_9

TeiEs (filter) =B34 (convolution kernel)
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B

K
Yt = z WrXt—k+1
k=1

-1

2

1

2

0

O AT MNANSERF x FIERE w, SR

Filter: [-1,0,1] W

1

1

2

1

1

-3

1

39/55



B

O RERVEREERIREE S 5 PRI ENFE

0.3] 0.3 0.3 1 0.3 0.3 0.3 2| 4 | =20 |-=-2| 4 | =2
{ 1 | { 1 | | | | | |
1 1 -1 1 1 1 -1 1 1 1 1 -1 1 1 1 -1 1 1
(a) JER 2% [1/3,1/3,1/3] (b) A [1, =2, 1]
I ==
{ngﬁ{al%\ I__])'Jﬁ |:|I|_:\

y'w = yu+1) + yw - 1) - 2y(u)
— iR
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SR &

O 5| NEREsHYBEIZ K S MRS P

(a) S =2 (b) FHisg P =1
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S e
O MABRZITT NN M, HHRANA K, ERNERRGHKEARE
oA R=28:

v BHIH £1K S=1, i fE P=0, SHEHHKES

M-K+1

vV BEIH 2K S =1, MinthE P=K-1, SHEHHIKES
M+K-1

v ERSEIH: SIS =1, MinthE P=(K-1)/2, SREREKE
M

O RIS I, ER—REVANESR,
O mBRINENTF, BIR—IRENANFESR.




—HEHH

O EEGGEF, BREIUAHRENZIVEAREEMNST, Rt
BIFREZ S

O —MIAMSE X FHEREE W HSTRENA Y = W + X

u Vv
Yij = Z Z WyvXi—u+1,j—v+1
u=1v=l1

-1 0|-=-3| 0|1 1100 0 |—-2|-1
X0 x0 X0

2111 /|-1|] 0| =% 0/0 |0 = 212 |4
X1

O|-1]1] 2|1 0] 0 |-1 -1, 0] 0
11211111
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— e

£K1, FHFO0 £K2, FHF0

K2, FE]
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S EISIERENES

O B S
16 8 16
B —
8 4 8 -
2 L B (38
16 8 16
0]1]0
1 |4|1| =
0]1]0

JRaa R
011
-1lo|1| =
-1]-1(0
IEBLE

K R UL SR
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BIRtRENILE

25

B

O BAEHERES
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EliRo =TS

Year 2010 Year 2012 Year 2014 Year 2015
NEC-UIUC SuperVision GoogLeNet VGG
@ Convoluti l conv-64
© Somax Alexnet 6.1x10e7 7
Coding: local coordinate, _;;;— VG G 1 6 l * 3 8 x l O e 8 1 6
Googlenet 1.3x10e7 22
e Resnet50 2.5x10e7 50
o e Resnet152 6.02x10e7 152
[Lin CVPR 2011] [Krizhevsky NIPS 2012]
[Szegedy arxiv [Simonyan arxiv 2014 [He ICCV 2015]
2014]
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BHHE

=MEHGEA

Center element of the kernel is placed over the
source pixel. The source pixel is then replaced
with a weighted sum of itself and nearby pixels.

Source pixel

Convolution kernel
(emboss)

New pixel value (destination pixel) Tl
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Preview [Zeiler and Fergus 2013] - Li i Camnans zsermen 20
: : Linearl
Low-level Mid-level High-level y
> — —| separable —
features features features s
classifier

VGG-16 Convi_1 VGG-16 Conv3 2
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b4 =

Max Pooling

2x2
pool size

Average Pooling

t 1
[ - P =

2% 2
pool size
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P ] =

Sigmoid |

o(z) = 1+}a_‘”

tanh 1/
tanh(z) [ :
ReLU
max (0, )
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T =

softmax
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HRMEMEERRIE

O BI{ERBGTEERE)
v E—IEHE

28 28

Ztlt,v = Z in+u,j+v .kil,j .Z(iﬂ -]) + bl Z(Z,J) :{

i=1 j=1

v B NHE 4'(14, 14)

al.l’j = p(zi,v)(u,v =0,2,...,26)

1,0<i,j<5

0,others

vV BIANEHENE_NMNUCER L, B2ANEWERNEH S 447, 7)

v REREHTH
WA = g A (1,7)+6)

y = softmax(h)



HRMEMEERRIE

O 2 EHER&0)IIZRd =)
v MIEEEREMEENL, SIREERSENIGERINSEZR, 812k
JRIZERZE—HEHY.
v R XEHRN IR R EL

K
CrossEntLoss = Z 7 In y*
k=1

v HETUANIR ST EIRRREISERIRE, RIERE NEEAEH
B



BF KerasFEiaiZ iRt R4S

1. SAFRBESRFIE
2. FRENFCIEISRERFNNIKER
3. tHERGTHEMEIRE

model = Sequential() # SequentialfzZ!

model.add(Conv2D(filters=8, kernel size=(5, 5), padding='same',input_shape=(28,
28, 1), activation="relu")) # F—PNEHRE

model.add(MaxPooling2D(pool size=(2, 2))) # F—NitBLE

model.add(Conv2D(filters=16, kernel size=(5, 5), padding='same’,
activation="relu")) # E-NEFE
model.add(MaxPooling2D(pool size=(2, 2))) # E_/Nti{t2E

model.add(Flatten()) # &5 ,ﬂz%FE’JEmthFM?WJ—iE*ﬁE
model.add(Dense(100, activation="relu’)) # £iEZENES

model.add(Dropout(0.25)) # FRMF—ERIE, LSS
model.add(Dense(10, activation="softmax’)) # £iEZENEHE



BF KerasFEiaiZ iRt R4S

1. SAFTRtESRFIE

2. ZRENFFALCERIGEEFNNEE

3. HEGRHEREEER
#compile() T B EHELADI5753%

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

#fit() R FHITHEEERD) 145
history = model.fit(x=x_train, y=y train, validation split=0.2, epochs=10,
batch size=128)

#evaluate() BT HH) |G SRUIREY

test loss, test acc = model.evaluate(x test, y test)



BIRtENLESCINE HiR5)

Epoch 5/10
240/240 - 11s loss: 0.0543 accuracy: 0. val_loss: 0. val_accuracy: 0. 6 11s/epoch 45ms/step
Epoch 6/10
240/240 - 11s - loss: 0. accuracy: 0.9854 val_loss: 0.04: val_accuracy: 0. 11s/epoch 45ms/step
Epoch 7/10
240/240 - 11s - loss: 0. accuracy: 0. val_loss: val_accuracy: 0. 11s/epoch - 44ms/step
Epoch 8/10

240/240 - 11s - loss: 0.0366 - accuracy: 0. val_loss: 0.0395 - val_accuracy: 0. 11s/epoch - 44ms/step
Epoch 9/10

240/240 - 11s - loss: 0.0324 - accuracy: 0.9899 - val_loss: 0.0401 - val_accuracy: 0.988 11s/epoch - 44ms/step
Epoch 10/10

240/240 - 11s - loss: 0.0291 - accuracy: 0.9903 - val_loss: 0.0414 - val_accuracy: 0. 11s/epoch 44ms/step
313/313 - 2s - loss: 0.0295 - accuracy: 0.9898 - 2s/epoch - 5ms/step

test loss - 0.03 - test accuracy - 0.99

label=7,predict=7 label=2,predict=2 label=1,predict=1 label=0,predict=0 label=4,predict=4
7 Z /] & Y
label=1,predict=1 label=4,predict=4 label=9,predict=9 label=5,predict=5 label=9,predict=9
label=0,predict=0 label=6,predict=6 label=9,predict=9 label=0,predict=0 label=1,predict=1
O b 9 0 |
label=5,predict=5 label=9,predict=9 label=7 predict=7 label=3,predict=3 label=4,predict=4
5 g 90 Y
label=9,predict=9 label=6,predict=6 label=6,predict=6 label=5,predict=5 la el=4,pre‘d|ct=4
2 6 L 5 4
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AlexNet4mt5scil

O AlexNetg9%rra:

v B INERAReLUE/ICNNRYENERRZEL, R T SigmoidEMZEGR
ATRYTEE R RaNR)RR ;

v 1)||ZxB3{ERIDropoutfEil 2R —ER o fEIT, LAIBERRELNTIINS;

v ECNNAR{ERESENHERAE;

v (FERECUDAIIERESTIMSA)IZR, FIFAGPUERAIHITITESRE
711, SEBHE I || ZET K BRI ERRE R,

v HiEIEE,

https://github.com/uestcsongtaoli/AlexNet



https://github.com/uestcsongtaoli/AlexNet

AlexNet4m3sCIN
O S \RTHEZEROE

O EES T(F
tf.random.set seed(0) # iZELBHENIFIF
batch size = 128 # il|ZHRAVHEAR S
optimizer = optimizers.Adam(0.000005) # IRE{ILEEFIFI=R
epochs = 2 # TE|ERIEPEIBEIIIZER S IZRIREL

O & XA EBEHEAYRREL
def preprocess(x, y): # JTEUEEETTAME
x = tf.cast(x, dtype=tf.float32) / 255. # JFEFRIT—IL
y = tf.cast(y, dtype=tfint32) # QRIS
y = tf.one_hot(y, depth=10) # JH#4R0

return x, y



AlexNet4mt5scil

O ENX AlexNetg
v ENBHE
# B—EIHE
layers.Conv2D(16, (3, 3), padding="'same’, strides=1, activation=tf.nn.relu)
# E— MR
layers.MaxPool2D(pool size=(2, 2), strides=2, padding='same’ )

# ENERE

layers.Conv2D(32, (3, 3), padding="'same’, strides=1, activation=tf.nn.relu)
# B MR

layers.MaxPool2D(pool size=(2, 2), strides=2, padding='same)

# BENEHE

layers.Conv2D(64, (3, 3), padding="'same’, strides=1, activation=tf.nn.relu)
# BN ERE

layers.Conv2D(128, (3, 3), padding="'same’, strides=1, activation=tf.nn.relu)
# FARNEHE

layers.Conv2D(256, (3, 3), padding="'same’, strides=1, activation=tf.nn.relu)
# B=MNEHLE

layers.MaxPool2D(pool size=(2, 2), strides=2, padding='same)



AlexNet4wi5scIR

O ENX AlexNetg
v EXEEEE

HEN 2IEREE
self.fc = Sequential([ # €&z
layers.Dense(4096, activation=tf.nn.relu), # SIEEZHZMBHIBNE
layers.Dropout(0.4), # f5lEigilE
layers.Dense(2048, activation=tf.nn.relu), # FE—NLIEEE
layers.Dropout(0.4), # f5lEigilE
layers.Dense(1024, activation=tf.nn.relu), # FE_NDEEE
layers.Dropout(0.4), # f5lEigilE
layers.Dense(10, activation="'softmax') # £IEEHLMEHELE
)



AlexNet4mt5scil

O EXFHEEL
if _name_ ==' main_" # EF#

# AR

model.compile(optimizer=optimizers.Adam(learning rate=0.0001),
loss=tf.losses.CategoricalCrossentropy,
metrics=['acc’ ])

# )| 548

model.fit(train_db, epochs=epochs, validation data=test db, validation freq=2)

# (RARELEISEIRR

model.save weights('./checkpoint/weights.ckpt')

# MR

model.evaluate(test_db)



AlexNet4mt5scil

O I2F1E1T4

Epoch 1/2
469/469 | ] - 226s 478ms/step - loss: 0.3387 - acc: 0.8927
Epoch 2/2

4697469 [ ] - 231s 491ms/step - loss: 0.0607 - acc: 0.9815 - val_loss: 0.0410 - val_acc: 0.9875
] - 7s 84ms/step - loss: 0.0410 - acc: 0.9875
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O TensorFlowE AN 4Z
O KerasEANE
v KerasF5It&ES
v KeraspRZgz( =5
O £ EEAENLE. ST/
v BEARRE
v ISR
v IR
v FERFEREZEEEMNIST ERINA

O {Ell: SpocEfLE (DDL: 12H30H00:00)



