PythonfZFiZiT (GRSIV)

fW...U

MEZR
ARIEXATENEE, $ERFESTRER

shangdongyang.github.io

2024/12/13


https://shangdongyang.github.io/

=k

o HHZMILEFTT

e TensorFlow

e Keras

o EiEEMEMLENKerasSEIR

o RIEFIREMLERIEE N HISEM
o HIRHZEMLE M TensorFlowsEIN
e AlexNetfmi8sCcIR

1/66



ZBRENTE (No free lunch)

O 1)IgRENIRET, WTEsEREns, WEEEINFENNER L
BRVRIR=ZE, REEESEABK, BEEiHEE/ESTHEIRR
8, MESHUE

Oz, EEENEEIK (BEHEYS) , Mier-Edilaiml

= = Training error

Underfitting zone| Overfitting zone : i i
- (Generalization error

- an

P " an e e e e

0 Optimal Capacity

O No Free Lunch Theorem
v IRE—MERNEI T A LAESFMES P EE R RIRIL
v —MEE (BEA) EEESIEE LASRIIGTZ—FEE (BiEB)
HNER, —EHEERZAERSIINE—FENESIESRE LBEAUE
i=BHIZRI




fRLZMILETEIT T
O a0 ER?

O 000086C8800000
SHHIRRR 42 - YRS : = 200 W N - S AR B A BV A A
[:] 1413221155925:1. 1EEJ:j:lJ\1EF:Zt;[#:'E?L:;Jtrfr{ﬂEjF[] 232 22 a 227 222z 2 2 )
~ESa|Et aTl. I =N 3333%3333333333
7 UZ%;@LM@ETHMH'J 7333%3533333333
=l TS Ss5FsS sy SssESsSS
FHET RS 66000 E6b6LC6GEEG
772312779721 77727
FLESITETEFTTEEFTRS
957799357789 a49797
T SLETETRL T

. \ = 1 \\\OOO Ko AG

L e N % NN N 3

3 {‘\“;:_ = [ =i A\ o 1

5%5 - 2x2 5%5 TPINN oo N\ Eill

conidioiion: * 38, sdbwaxiig  scomvibitiin x2 NN\ o N LAl

N o o _bamplng N\ comeaed  \

feature extraction classification E p

SE

.;;

3/66



[RE1: XEHE

O EEEEW. BERNINEERERRE, 5UE
BIFRATUHEK, FIRAEEUREES
O ImageNet
v ImageNetliB2— 1" TRy &= O L
SRR AT AIABL AT R e S
g, #Bid1400/5H9EH&URL P
ImageNetF&iERE, LUETER

==l N
° L ° E
- BEAMEEE AR -%
e - HREE - |
- BF1TAE0E e
crig e . IEHEE - XK
o ZIRYK . BEH

FIEEX HES REZH 2/66
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O E/RER: SRR LRI RIRINE
HEEALBEDT18)BESIEIN—E

Bzly  GeForce RTX 3090
CUDA%E 10496

B3 1695Mhz

—EBYR  1785Mhz

201 3 78OT| REAE 24GB

BIFHER  GDDR6X
BIFIE  384Bit
HREO  3*8Pin
HEFER  750WRLAE

TeghiBes: 5124
BeOHEE: 1 206MHz

T774:7000MHz B SRS 6 SR
BFHIE:2G GDDRS5 FERRYT  323*158*60mm
RFF{UEE128bit BUHEO 3DP+HOMI
4 0:DVI-D/DP/HDMI
GeForce RTX 4090
Architecture Ada (TSMC N4)
GPU AD102-300
Board Number PG139-SKU330
SMs 126 ->128
CUDA Cores 16128 -> 16384
CUDA vs Predecessor +56% (vs 3090)
Memory 24 GB G6X
Memory Bus 384-bit
Memory Speed 21Gbps
TDP ~450W

Launch Date September-October 2022 5/66
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Verbal

Evidence-based
Reading & Writing

SAT

Uniform Bar Exam

Law

Math
SAT

Psychology

Advanced Placer

Quantitative

Chemistry

Advanced P

ent

Physics 2

Writing

GRE

Calculus

English Language
Advanced Placement

English Literature

Advanced Pla

ent

Codeforces Rating

Competitive Pr ming

How Smart is

A percentile describes how an examinee’s
score ranks in comparison to others.
For example
60" Percentile
® o000 — — —

OpenAl's latest large language model, GPT-4, is capable 60% of examinees 40% scored
| i i scored lower than higher than
of human-level performance in many professional and ChatGPT CratenT

academic exams.

Exam Results @ ChatGPT3.5 @ ChatGPT 4.0

30 40" 50¢ 50 70

@ The Graduate Record Exam (GRE) is a @
standardized test that is required for admission

to many graduate schools across North America.

o

o

@ ®
4 ®
%

®

o gsn

o

According to OpenAl, the essays that GPT-4
produced for these tests were grade:

£
g “qualified third-party contractors”

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

@ @ Nisualcapitalist @ @ p ® com
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TensorFlow
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TensorFlow

O TensorFlow2.089%%%
v’ pip install tensorflow #Z%cpuliz
v’ pip install tensorflow-gpu #Z&%Egpuhix

v import tensorflow as tf



TensorFlow

O TensorFlow2.0pY5K&
v SNumPyZll, 1 GRIZBIRZCARE, 2 RIEETRS RErE,
N #E2BNIFR<Z 5kE (Tensor) .
v TensorFlow |, EUREMERKEHITRIA.
v tfVariable : TensorZ&T=
v tf.constant : Tensorg=
v BRNzH
v BaliMoiisEETE



TensorFlow

O TensorFlow?2.08Y & FAtELR

v if: BRTRKEEN. THREFRREFNE,
tf.data: WIAZUBLMIEESR, IR TU0 tf.data.Dataset 25, FATFHER
NEHE. IEEHEX/NE,;
tfimage: ERAMERER, IRETWEGRRE. TH, WD, RS,
tf.keras: & Keras t{EZE5M API, &R tflayers PFHEMEBEMNEEZE;
tflinalg: ZeMH(RENER, BRETRKELMEREGTER AR,
tflosses: IRKREREVRIR, (ETENHEMBHIIRKEREL;
ttmath: EETEIER, RHTXESRFITERE
tf.saved_model: REMRIFARR, JBFRERREFMNRE;
thtrain: IBEATIGE0EME, B, EIRTRRIEE,
thnn: RAAEATEMEMNEERERZL, LABBSILRE M MEER
KINBEE,;

tf.estimator: S\ API, B THEIZERY Estimator B EEN H4.

D N N N N N Y NN AN
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Keras
O KerasRHZEPythonfRERIE RN SRIVE F TensoF lowASREZ S E,

O KerasB 2T HEAHEMSIAZRAYSCIN, HIRIE. BIreREl. BUEH
. tesi—&5 TR, EfUBIEEEGIthub L,

O Keras B EWFEEHEMBIETINAT,, —F2 Sequential {28!, 75
—#iE Model 1REL,
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Keras

O Kerasfy&as
v' pip install keras
v import keras



Keras

O Kerasgy51t=8Y
1. taEERE

from keras import models # & Amodelstath FBFARER /N EH
from keras import layers # S \layerstEth FHF4E REE MK E

neural net = models.Sequential() # HEEHRENMNATRM LRELEHK

# NIIRELRI R E

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() # 4 ML IR ZERNSECINRT
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Keras

O KerasfYE5IiEEY
2. )l|GpEny

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

3. MRz

test loss, test acc = neural net.evaluate(data, label, batch size) # iz =5
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Keras
O KeraspYEREEUIREY

1.

RAESETS

from keras.layers import Input, Dense # Input BT EKHREAYEIN; Dense

# BT iEEeEER
from keras.models import Model # FBFtaEEModel 1&EY
inputs = Input(shape=(784,)) # IRE B NSHERIETC
x = Dense(64, activation="relu’)(inputs)  # IEZENWMNE
x = Dense(64, activation="relu’)(x) # SIEEENRER

predictions = Dense(10, activation="softmax')(x)  # £EEZENHLE
model = Model(inputs=inputs, outputs=predictions) # ¥FEEEIFIGBIEERY
# EIAN a0
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Keras

O KeraspIEREIi=EY
2. || ERY
# IREEBRMLSE. RKERE. HASR

model.compile(optimizer="'rmaprop’,

loss="categorical crossentropy’,

metrics=['accuracy']

)
model.fit(data,labels) # i)l|Zxi&EY

3. MERE
model.predict(self, x, batch _size=32, verbose=0) # JUix1=E
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HF KerasFEfaE £ 1E1ZHZ 043

O S \BTFEZEFEE
O SRENFFA I || SR &
O {7 SR 2

# HEERSNINHIMNREE

neural net = models.Sequential()

# IRER S ERMETT # $EMENERE

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

# 1R B ERRE T EFIEIRRE]

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

# I HMNER IR ERNSEINR

neural net.summary()



HF KerasFEfaE £ 1E1ZHZ 043

# FoE MBRIIERTT A
neural_net.compile(
optimizer= tfkeras.optimizers.SGD(Ir = 0.1), # IREMIEILAPENEEE NE,
# F3290.1

loss="mse’, # IRBEIRKREITFIRE
metrics=['accuracy'] # igETEaccuracy T FED HXEMRR

# PUTIRERIIIZR

history = neural_net.fit(train_images, train_labels, epochs=50, batch size=512)
# ML) || 8R e FREY

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

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

O EN FRRE

# 1E = BRELH A PR BLAYY) | 2Rz RR R
if name == ' main_' :
# )| Z1EEY
model = train(mnist.train.images, mnist.train.labels, mnist.validation.images,

mnist.validation.labels)
# W RELFH SRR AR EL
accuracy = test(model, mnist.test.images, mnist.test.labels)

print(‘test the best model, accuracy=%.2f" %(accuracy)) # i /EHR=R



SiEREMERERIRE X RS SEIR

O S\FTFRESEFE
] &ﬂ#ﬁf@“ éﬁ\E\ EK_‘L_\ class FullConnectionLayer():

def _init_(self): # FRATHIEM LA

RIS selfmem = { # ENIELHUCIS T, IVELLBER

O & M SR ML

def forward(self, X, W): # Bi[af{&#E, XAMAEEE, WAMBHIEZENERRRG
selfmem["X"] = X # BEKEINEEE
selfmem["W"] = W # 5ZUILEESE]
H = np.matmul(X, W) # i+Em i

return H

def backward(self, grad_H): # R[A{&#E, grad_HAIRKREIKTFHAIEE
X = selfmem["'X"] # BIAEUE
W = selfmem["W"]
grad_X = np.matmul(grad_H, W.T) # IR&KREKTXAIEE
grad_W = np.matmul(X.T, grad_H) #R&REKFWEIEEE
return grad X, grad W



SiEREMERERIRE X RS SEIR

O & N AL ERREFIHREREN
v EXReLUERBTREE (FEZMH)
v MR EHRK RESE AT 145
v EEMSoftmaxskFTF o RER
O M S GRS PR IR EY

class FullConnectionModel(): # ©ERE R RILRIERISE
def _init_(self, latent dims): # ¥Ji&EFEL
selfW1 = np.random.normal(loc=0, scale=1, size=[28*28+1, latent_dims])/np.sqrt((28*28+1)/2) # #JIR{LW1
selfW2 = np.random.normal(loc=0, scale=1, size=[latent_dims, 10])/np.sqrt(latent_dims/2) # He #J45{LW2
selfmul _h1 = FullConnectionLayer() # [2&E=
selfrelu = Relu() # BUEREK
selfmul _h2 = FullConnectionLayer() # &=
self.softmax = Softmax() # BUIEZHEL
self.cross_en = CrossEntropy() # R5EREL



SiEREMERERIRE X RS SEIR

def forward(self, X, labels): # BiE{ERE
bias = np.ones(shape=[X.shape[0], 1]) # FERIE1RIFEIHERE
X = np.concatenate([X, bias], axis=1) # &§F#E&
self.h1 = selfmul_h1.forward(X, selfW1) # [@E2EMiTHE
selfh1 relu = selfreluforward(selfh1) # Zdfas EeERELIE
selfh2 = selfmul_h2.forward(selfh1 relu, self W2) # @mHBEATE
self.h2_soft = selfsoftmax.forward(selfh2) # it EEEREKLE
selfloss = self.cross en.forward(selfh2 soft, labels) # 1+E3z X SHRIERE]

def backward(self, labels): # &EHERE
selfloss_grad = self.cross_en.backward(labels) # i+ER&CFEEERE EANAE
self.h2_soft grad = self.softmax.backward(self.loss grad) # XJsofamaxck&
self.h2_grad, self W2 _grad = self mul_h2.backward(self.h2 soft grad) # k%
selfh1 relu grad = self.relu.backward(selfh2 grad) # XJrelusk&:
self.h1 grad, self W1 grad = self.mul_h1.backward(selfh1 relu grad) # 1tEEEEABE



SiEREMERERIRE X RS SEIR

O & N1 5%

v ENMITRERERIIREL
v B |IEREAER
v EMHLEIZRERES

O & MUz EREL

def test(model, x, y): # JUL= &L
model.forward(x, y) # i={TtEEY
accuracy = computeAccuracy(model.h2 soft, y) # FREUERRZR

return accuracy



SiEREMERERIRE X RS SEIR

O IEFEiT4
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Top5
iR

30

25

20

28.2

shallow

2010 2011

Linetal Sanchez &
Perronnin

16.4

2012
AlexNet

11.7

2013

Zeiler &
Fergus

152 Iayersl |1 52 Iayersl |1 52 layers

119 layers 122 Iayer§

7.3 6.7

2014 2014

Simonyan &  Szegedy et al
Zisserman (VGG) (GoogleNet)

A

3.6

2015

He et al
(ResNet)

A

3

2016
Shao et al

A
5.1
2.3 .
2017 Human
Hu et al Russakovsky et al
(SENet)
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e 3L 1 T
O SEL/ZE (Convolutional Neural Networks, CNN)

Ml T~ 2 2
v S92 FRSET (Receptive Field) BOHEIMIIRHAY

-

O SHREEMNEE =15 ERUFE
v EEhEER

v 1NE

v’ Z(EJERATIE] ERYRK
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iR

O SR ERAEESHES, ATTRESIERER

O Rig—MESRESF I t 7E—NME5 x, EEENSEREA w,,
RITE k-1 MR KSE, ERAEKRE w, &

v Rigw,=1,w,=1/2,w,=1/4

O 5zl t WEIRES v, ASRIEZIF RS BRI ZEEIR S 2 HIZE N

Yy =1 x o +1/2x @1+ 1/4 X 24_9

=Wy X Ty +Wo X Ty_1+ W3 X Ty_9
3

= ' Lt—k+1-
k=1

e 2R (filter) 8iB&F% (convolution kernel)
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O 28— MANSSFS x FSKEs w, SRRV

YVt
K
= z WiXt—k+1
k=1

Filter: [-1,0,1]
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O MABREITTIEN M, BRKNA K, SRIVEREEHRKEARE
EIIYSs \7'3 =%

v BB K S=1, WimAE P=0, SRREIHKES

M-K+1

v BEIH IS =1, MimnthE P=K-1, SHEHHIKESN
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EliRD =TS

Year 2010
NEC-UIUC

il

Dense descriptor grid:
HOG, LBP
Coding: local coordinate,
super-vector

Pooling, SPM
Linear SVM

[Lin CVPR 2011]

Year 2012
SuperVision

sz <

[Krizhevsky NIPS 2012]

Year 2014

GooglLeNet

@ Pooling

@ Convoluti l
on

@ Softmax
Other

¢

d g
[Szegedy arxiv
2014]

LLLLLL

ccccc

fc-4096
fc-4096
fc-1000

softmax

[Simonyan arxiv 2014|

Year 2015

[He ICCV 2015]

| s#=

Alexnet 6.1x10e7
VGG16 1.38x10e8
Googlenet 1.3x10e7
Resnet50 2.5x10e7

Resnet152 6.02x10e7

*i
i}

16

50

152
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BHHE

=MEFEIR

Center element of the kernel is placed over the (0x0)
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) e
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BHHE

Preview [Zeiler and Fergus 2013 3 e o
Low-level Mid-level High-level LIREHIN
> —> —| separable —
features features features o
classifier

r‘(‘;‘ '(f?! &l
TR | g T

VGG-16 Conv5_3

VGG-16 Convi 1
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=

Max Pooling Average Pooling

2x2 2x2
pool size pool size
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Blim

Sigmoid |

o(z) = 1+i—w

tanh 1/
tanh(z) ﬂ .
ReLU
max (0, x)
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SR MEE R RIE

O FIEHERERGTEIIE)
v %—/\%ﬂ:‘

_szﬂ 1,j4v—1 - kl + b, u,v € [1,28]

=1 7=1

v E—NBE A'(14,14) = [a] ;,1,5 € [1, 14]
1 ' _p( “u— l:u+1,v— 1’U—|—1)( y U= 2349’26’28)
v BIPMEHENSE - MNEHERLE, ST MNECREAYREE A7, 7)
v EIERERTOR
h(A®) =gWA*(7.7) +6)

y = softmax(h)
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K
CrossEntLoss =) §* In y*
k=1
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HF KerasFEfaE £ 1E1ZHZ 043

1. SAFTRERFIE
2. IREVFFALIE)ISREEfninlizteR
3. HHEREIRMEMLEIRE
model = Sequential() # Sequential{zZ!
model.add(Conv2D(filters=8, kernel size=(5, 5), padding="'same’, input shape=(28,

28, 1), activation="relu")) # FT—1"SEHE
model.add(MaxPooling2D(pool size=(2, 2))) # F— Nt{LE

model.add(Conv2D(filters=16, kernel size=(5, 5), padding="'same’,
activation='relu")) # E_NEFHE
model.add(MaxPooling2D(pool size=(2, 2))) # E_/Niti{t 2
model.add(Flatten()) # 58 Nt CER R A —4EEEE
model.add(Dense(100, activation="relu')) # £EZENRSE

model.add(Dropout(0.25)) # FEBGE—ENE, BEEIE
model.add(Dense(10, activation="'softmax')) # &Z&EZEENEGTHE



HF KerasFEfaE £ 1E1ZHZ 043

1. SAFTREZRFIRE
2. IRANFHALIE:)| SR EEFN )it EE
3. 1EEGIRHERIEIEE

#compile() AT ECERERTIIIZRTTE
model.compile(loss="categorical crossentropy’, optimizer='adam’,

metrics=['accuracy'])

#fit( AT HUTIRERY)I 25
history = model.fit(x=x _train, y=y train, validation split=0.2, epochs=10,
batch size=128)

#evaluate() A& 2 ERIIEEY
test loss, test acc = model.evaluate(x test, y test)
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AlexNet4mh3=cIil

O AlexNetg9%5

v I INfERReLUE/ACNNRYEGERREL, FRR T SigmoidfEMBEGR
ATRYEE IR R)RR;;

v 1I|Z5RT{EFDropouthEi RS —aB o T, LABRRRELNIILS

v ECNNAERHEENHRAHEN,;

v FERHCUDAINRRESIIMEAN)Z, FIFAGPUEXKAIFTITEREE
11, QIR LK) || 2R BT R ERVFEFIEE,

v HUEIEER,

https.//github.com/uestcsongtaoli/AlexNet



https://github.com/uestcsongtaoli/AlexNet

AlexNet4mi3sCIR
O S \FTRREZEFIE

O HfteEs T(F
tfrandom.set seed(0) # iREBELBENFF
batch size = 128 # jl|IZHRIIHEAS
optimizer = optimizers.Adam(0.000005) # REMHEEFNFI =R
epochs = 2 # TE)IIERIREPFIEIIGE R E)ZE89RE

O & I ISRV 2L
def preprocess(x, y): # XIEIBETRLIE
x = tf.cast(x, dtype=tf.float32) / 255. # JEIEIT—
y = tf.cast(y, dtype=tfint32) # QrIRIREHET
y = tf.one_hot(y, depth=10) # JR#IHIG

return x, y



AlexNet4mi8scil

O =X AlexNetzg
v EXERE
# F—NEHE
layers.Conv2D(16, (3, 3), padding="same’, strides=1, activation=tf.nn.relu)
# E—NEUHE
layers.MaxPool2D(pool size=(2, 2), strides=2, padding="same’ )

# F_NEHE

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

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

# B=PEHE

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

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

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

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



AlexNet4gi3sCIN

O =X AlexNetz:

. BV

FEN EIEEE

self.fc = Sequential([ # &=
layers.Dense(4096, activation=tf.nn.relu), # SIEEMHZMEHIMNE
layers.Dropout(0.4), # [HLEIIHIS
layers.Dense(2048, activation=tf.nn.relu), # FE—NLIEEE
layers.Dropout(0.4), # BFLEISHIE
layers.Dense(1024, activation=tf.nn.relu), # EZPLIEEER
layers.Dropout(0.4), # [HLEIIHIS
layers.Dense(10, activation="'softmax’) # £iIEZEEZ MEHELE

)



AlexNet4mi8scil

O EN FRRE

if _name_ ==' main_ " # R

# fmiE A

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

# 1)1 R B

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

# (RIFIREEIEEIREE

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

# M A=A

model.evaluate(test db)



AlexNet4mi8scil

O ZFETER:
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