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y(zl, 22)
BIEE

= X1 | X2 11:
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8a% (XOR) 00:
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FFEK|0) R

— f(wl 21 + W2+ 22 — b) 19695, Minsky

witws-b <0 2> b>w,+w,
w,+0-6>0 > b=Zw,
O+wy-6>0 > b=<w,y
0+0-5<0 2> b>0

Fla, TokE!




2 ER%K018S (Multilayer Perceptron | MLP)

Input layer Hidden layer Output layer




'L_V“EE /i

u 5Uw EFUNE D)), BYXNATN? ANMSESH
2, fli SR |

w w+ Aw

@ ©
y » y + A4y

http://neuralnetworksanddeeplearning.com/chap2.html 7



http://neuralnetworksanddeeplearning.com/chap2.html

i .
68 YT RRT
4 University of Chinese Academy of Sciences

Ny SESKNZERE: WK (BIRNE)

0 A 9=f(x) FTE
L =ly; — ¥l
1 ZER 1 Q8B HEAR
0 FIEIIRE L= Zm 7l 0 BN
(MAE)

L=- ) y;-log(y;)
- 1
2 mmEE 1= 2.
(MSE) i=1



(N 4 P
68 YT RRT
> University of Chinese Academy of Sciences

RO REEYSENEH

TP N = =1 f =2 farth = R PR




L5 TT

O ZEREANVL (MLP) R4S

O 1\mAE CTE%rT) +1REEE TS THEIT) +15kim,
(1 T™M8Z5T)

O BOERZEN: sigmoid

O IRRRE: IHIRE (MSE) HRXE y

0 RAER: BIVANTESE, HEFHNE

Al




F&IME VSCode

[ Visual Studio Code FFR VSCode , BMERF A —R 1224 /

S8 BRIBLRIES
A 5 Windows, macOS A Linux ’E,_?a\é}'f\, ;

O FUT REES
 JavaScript., TypeScript.
Node.js. C++_ C#_ Java.
Python, PHP_ Go
0 RES Git A2 634 , ILAH
T IRAESIFR DR

11



& tatTRxy

University of Chinese Academy of Sciences

%S

Visual Studio Code | == & &

AJ7E Windows, macOS ] Linux Ei@fTHMIRRBdRiEES. Java #l Web FFRAGRIRARRIRE, BaREV R, XI5/ EORIZIES.

RETH VvV RITRA >

{&F8 Visual Studio Code BRRNMREIEHIFRI A,

https://visualstudio.microsoft.com/zh-hans/downloads/

12
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https://visualstudio.microsoft.com/zh-hans/downloads/
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Za=python &

1. RRERERVENRYG
e Python: EX&im%IA python3 —-version & python —-version MEBEEH
python.org %%,

e Visual Studio Code: M code.visualstudio.com T#% 3%,

python‘ =Y

/

BRER. WRKRE, M

Python Debugger O 48ms
Python Debugger extension using...

2. B3 Python '@
1. ¥T# VSCode, oo
2. REAMGESDENY BB (DN AR)

3. #Z Python, % ZIH Microsoft RHMNY B, mE ‘L&,

ronments O 148ms

Python Environment M...
iev na
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AT VB ] f4xor. py

€ Code X# H#E #E HE ®I BT K BO EH
XA %N
XXM AXEN
$REO SN ‘ ® Xor.py X
ERREXMHHERD >
.. K M), FHEBAURALTBRTUIEE. Users > shi > Desktop > @ xor.py

AT 1 ERA(%I), BLAFIES (%K M) . FHIAAUXHELFETUAEE.

M TEX...
FTFF BT R

FBXRANE TEK...
BIEXSER..
SHTEX

w7
AEA...

SRR

Bz

RRX
KRB
XHAEO

14
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import numpy as np

input_size = 2

hidden_size = 3
output_size = 1

.random. randn(hidden_size, input_size) * 0.5
.random. randn(hidden_size, 1) x 0.5

. random. randn(output_size, hidden_size) * 0.5
.random. randn(output_size, 1) * 0.5

15
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1. BN ML |

O numpyH:

P RRESA

NumPyZPythonfF 21+ B &%,

o RESMBENZHEHANSR (ndarray) ,

o XFMEMNETE. . SR ENEAF.

e 2RZEME (WPandas. SciPy. Matplotlib) BIEHRL,
o BWERH: BIBHNA. EXTE

bash

pip install numpy

ERBFRSA:
python

import numpy as np # E/MHFE np

16



:i?‘rﬁQ4W@?ﬂEJ§é?

University of Chinese Academy of Sciences

rmoid functi
= np.array([[0, O], 1, o], [1, 1]], dtype=np.float64) 1.0 - Semoid uneton
np.array([[0], [1 011, dtype=np.float64) /
0.8 - 1
=0(2) = ———
06 - Y 1 +e*
def sigmoid(x):
return 1 / (1 + np.exp(-x)) 0.4-
def sigmoid_derivative(x): 027
return sigmoid(x) * (1 - sigmoid(x)) 00 : I I I 1 ] I I
-4 -3 -2 -1 0 1 2 3
v/
Input layer Hidden layer Output layer
= np_dot(Wl' X.T) + bl .......... .......
s 1. : 1: : :
sigmoid(z1) A : w T
np.dot(wW2, al) + b2 : 3

sigmoid(z2)

1 17



(a2.T - y) x sigmoid_derivative(z2.T)
dz2.T

np.dot(dz2, al.T) / X.shapel0]
np.sum(dz2, axis=1, keepdims=True) / X.shapel[0]

np.dot(W2.T, dz2) * sigmoid_derivative(z1)

np.dot(dzl, X) / X.shapel0]
np.sum(dzl, axis=1, keepdims=True) / X.shape[0]

68 YT RRT

i g University of Chinese Academy of Sciences

18
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1. S EM

learning_rate = 0.5

W2 -= * dW2
b2 —= learning_rate * db2
W1l —= learning_rate * dwl

bl —= learning_rate * dbl

if (epoch + 1) % 1000 == 0:
print(f"Epoch {epoch+1}/{epochs}, Loss: {loss:.6f}")

19



5. IACUIIZR

epochs = 10000

for epoch in range(epochs):

= np.dot(Wl, X.T) + bl
= sigmoid(z1)
= np.dot(wW2, al) + b2

= sigmoid(z2)

loss = np.mean((a2.T - y) xx 2)

(a2.T - y) x sigmoid_derivative(z2.T)
dz2.T

np.dot(dz2, al.T) / X.shapel0]
np.sum(dz2, axis=1, keepdims=True) / X.shapel[0]

np.dot(W2.T, dz2) * sigmoid_derivative(z1l)

np.dot(dzl, X) / X.shape[0]
np.sum(dz1l, axis=1, keepdims=True) / X.shape[0]

learning_rate * dw2
learning_rate * db2
learning_rate x dwl
learning_rate x dbl

YA TRRT

University of Chinese Academy of Sciences
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shi@wangshideMacBook-Air Desktop % /usr/bin/python3 /Users/shi/Desktop/xor.py
Fiailss. ..

Epoch 1000/10000, Loss:
Epoch 2000/10000, Loss:
Epoch 3000/10000, Loss:
Epoch 4000/10000, Loss:
Epoch 5000/10000, Loss:
Epoch 6000/10000, Loss:
Epoch 7000/10000, Loss:
Epoch 8000/10000, Loss:

. 250029
.249951
. 249831
. 249200
.241932
.196567
. 123989
. 026427
.010106

(S AU IS IS RS IS IS IS T

Epoch 9000/10000, Loss:
Epoch 10000/10000, Loss: 0.005768
W 45 55 AL !

o 45 2R -

wA: [0. 0. T 0 48R 3 T30 2% 51
wmAc: [0. 1. T 0 48R 2R T30 2K 31
wmAc: [1. 0. T30 48R 2R T30 2% 31
wmAc: [1. 1. T 3000 A6 2R ¥ 25 )

A Yk Jmt Yot
W

21
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shi@wangshideMacBook-Air Desktop % /usr/bin/python3 /Users/shi/Desktop/xor.py
FElsk. ..

Epoch 1000/10000, Loss:
Epoch 2000/10000, Loss:
Epoch 3000/10000, Loss:
Epoch 4000/10000, Loss:
Epoch 5000/10000, Loss:
Epoch 6000/10000, Loss:
Epoch 7000/10000, Loss:
Epoch 8000/10000, Loss:

. 250029
.249951
. 249831
. 249200
.241932
. 196567
. 123989
. 026427
.010106

(S AU IS IS IS IS IS IS T

Epoch 9000/10000, Loss:
Epoch 10000/10000, Loss: 0.005768
W £k 55 BX !

¥ 45 2R

mA: [0. 0. T 0 48R 2R T30 2K 31
mAc: [0. 1. T30 48R 2R T30 2K 51
mA: [1. 0. T30 48 R ¥ 25 Al
mAc: [1. 1. T 3000 A6 2R ¥ 25 7

At Yt Y ot
M ¥
DF 0F 0 bk

SH1 SO S0 50
e e

22
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37 NEI]

import num as n
p ) . print ("F&ilL. ..")
for epoch in range(epochs):

np.random. seed(42)
np.dot(Wl, X.T) + bl
= sigmoid(z1)
np.array([[0, 0 o, 11, [1, o1, [1, 1]1], dtype=np.float64)

np.array([[0], [1], [1], [@]], dtype=np.float64) n?“mF(WL 2Bl 5 L
= sigmoid(z2)

f sigmoid(x): loss = np.mean((a2.T - y) *x 2)
return 1 / (1 + np.exp(-x))

sigmoid_derivative(x):

. . . . = (a2.T - y) * sigmoid_derivative(z2.T)
return sigmoid(x) * (1 - sigmoid(x))

= dz2.T

np.dot(dz2, al.T) / X.shapel0]
input_size = np.sum(dz2, axis=1, keepdims=True) / X.shape[0]

hidden_size 3
output_size = 1
learning_rate = 0.5

epochs = 10000 np.dot(dz1l, X) / X.shapel@]
np.sum(dzl, axis=1, keepdims=True) / X.shape[0]

np.dot(W2.T, dz2) * sigmoid_derivative(zl)

np.random.randn(hidden_size, input_size) * 0.5

np.random. randn(hidden_size, 1) * 0.5 learning_rate * db2
= np.random.randn(output_size, hidden_size) * 0.5 learning_rate * dwl
= np.random.randn(output_size, 1) * 0.5 = learning_rate * dbl

learning_rate *x dw2
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PyTorchREZ JFH R IEZR

I'I‘

O FHREBSRE S IESE, Facebook AI Research (FAIR) =F*
SHE, RERRAREE, ABRIICIABEF PyTorch

Register for PyTorch Conference Europe 2026, April 7-8, Paris

PYTO rCh Learn v Community v Projects v Docs v Blog & News ~ About v

PyTorch

PyTorch is an open source deep learning framework built
to be flexible and modular for research, with the stability
and support needed for production deployment.

PyTorch is an open source machine learning framework that accelerates the path from research

prototyping to production deployment. Built to offer maximum flexibility and speed, PyTorch supports

dynamic computation graphs, enabling researchers and developers to iterate quickly and intuitively. lts

Pythonic design and deep integration with native Python tools make it an accessible and powerful @) E @
platform for building and training deep learning models at scale.

Widely adopted across academia and industry, PyTorch has become the framework of choice for

[ ]
cutting-edge research and commercial Al applications. It supports a broad range of use cases—from X In f
natural language processing and computer vision to reinforcement learning and generative Al—

25
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X

PytorchBYE FHRRZEN

=. HEMKZIEIR (torch.nn)

THE

% Lz
nn.Linear(in_features, out_features) DEEE
nn.Conv2d(in_channels, out_channels, kernel_size) ZHERE
nn.ConvTranspose2d(...) “HEBRER (RER)
an.MaxPool2d (kernel_size) — https://docs.pytorch.org/docs/stable/
nn.AvgPool2d(kernel_size) ES M ukid
nn.BatchNorm2d (num_features) #UA—1t (Z4)
nn.Dropout(p) Dropout/
nn.Embedding(num_embeddings, embedding_dim) WWHRNE
nn.LSTM(input_size, hidden_size) LSTMZ

nn.GRU(...) GRUE 27


https://docs.pytorch.org/docs/stable/

68 YT RRT
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X

PytorchBY & FARRZN

i BR X

BRI &8/ 26 AR

nn.ReLU() ReLU#GE

nn.Sigmoid() Sigmoid;#iE

nn.Tanh() Tanhi#i&

nn.LeakyReLU() Leaky ReLU

nn.Softmax(dim) Softmaxi#i&, BERBTZHEMEE
nn.LogSoftmax(dim) LogSoftmax, SNLLLossEicS

https://docs.pyvtorch.org/docs/stable/

28


https://docs.pytorch.org/docs/stable/

PytorchBy

X

3

5K BRI ER

4

nn

nn

nn

nn

nn

n

)

.MSELoss ()

.L1Loss ()

.BCELoss ()

.BCEWithLogitsLoss()

.CrossEntropyLoss()

.NLLLoss ()

5t 8A

HHIRERK (EY3)

FLUEITIRZE K

“ R XEmK (Zo%k, BaSigmoid)
Z5E8Sigmoidf) — R XU (MEEIRE)

RRMEIK (203, MARRRKIogits, AEE S Softmax)

X UABKL (BcSLogSoftmax)

https://docs.pyvtorch.org/docs/stable/

B TaH7TRRET

University of Chinese Academy of Sciences

29
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68 YT RRT

g University of Chinese Academy of Sciences

PytorchBY & FBEREX

M. fitta% ( torch.optim)

e i)z

optim.SGD(params, lr, momentum=0) FEAAEE TFE (R ohiE)
optim.Adam(params, 1r) Adamfiift &%
optim.AdamwW(params, 1r) AdamW (FEZFHHIAdam)
optim.RMSprop(params, 1r) RMSprop
optim.Adagrad(params, 1r) Adagrad

https://docs.pyvtorch.org/docs/stable/

30


https://docs.pytorch.org/docs/stable/

\

PytorchBYE FHRRZEN

BRBE:

e optimizer.zero_grad() : EREEE
e loss.backward() : iTE#E
e optimizer.step() : BB

e scheduler.step() : ZIRFER[REFN (FHES torch.optim.lr_scheduler )

https://docs.pyvtorch.org/docs/stable/

31


https://docs.pytorch.org/docs/stable/

B TaH7TRRET

University of Chinese Academy of Sciences

PytorchBY & FBEREX

. B&hKS (torch.autograd)

BRI 2K/ IR 1% 5t 8A

tensor.requires_grad RERTBIREE
tensor.grad FhEtE

tensor.backward() [t HisE

with torch.no_grad(): REABEITHE (HE. JIERA)
torch.autograd.grad(outputs, inputs) FahitEEE

https://docs.pyvtorch.org/docs/stable/

32
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B TaH7TRRET
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X

PytorchBYE FHRRZEN

+t. BEREFSNHE

BRI 28 28R
torch.save(model.state_dict(), path) RIFARBELS N (ETF)

model. load_state_dict(torch.load(path)) INEHEEL S 2

torch.save(model, path) REFTERE (FHEF, SHFERSOM)
torch. load(path) & ST EIRE

https://docs.pyvtorch.org/docs/stable/

33
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PytorchBy

X

3

N, HE R

BRI X

torch.

torch.

torch.

torch.

torch.

set_printoptions(precision, threshold)

manual_seed(seed)

cuda.manual_seed(seed)

distributions

nn.utils.clip_grad_norm_(parameters, max_norm)

https://docs.pyvtorch.org/docs/stable/

tEA

IREFTENIEIN

1R ECPUREHL T F

1R EGPURBHLIF

R RIR

KB

University of Chinese Academy of Sciences
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PyTorch&]TensorFlow

i
FRAT
TtEESEE
RiEtE
izt
SR
BhE
HMXZH
REIZR
API 245
PERE
BilKS
BLSay R
1ERR M
2 iPiES
REMEIES

TensorFlow

Google

#FOER (EXEBHT)

8 (+HEEEINEE, R3EN0

WY (F2{EAA tf.debugging SHHMNFTRIFR)

1 (REx, APIRZ, SIHLABBE)
R (I =mV@E, U0 TensorFlow Lite TensorFlow.js)

RE (RRAERAMEK, HZHNBERNE)
FnHmNI%, F2HRE @ CPU, GPU_ TPU)
SRAPIL: Keras; {FZRAPI: TensorFlow Core

e (HhERR, ESEFIMR)
@Y tf.GradientTape SCIENSKRE (WEZY)

(ZREZDES BiafT, U0 TensorFlow Serving &)

BYE (TensorFlow 2.x SIAIaISBYE, BIHATERE)
H1HEZIMES (Python, C++, Java, JavaScript, etc.)

TensorFlow 2.x 5|9pRAFESILIRG

& TaMTRXy

rsity of Chinese Academy of Sciei

PyTorch

Facebook (FAIR)

ST EE (EXEIRT)

2 ((IEEERNTINEISEIR, SFHE0FEE)
B85 (QLAE#RAE Python thif{TiE)

& (APLESS, {BASENEA Python, 85 FF)
Bs (BEILEMNESENERY, BRE TensorFlow 375;)

R (RIEOEEK, WAIRESAR, RELRNES)
ERmilg, K% GPU, CPU A1 TPU
SRAPIL: TorchVision  TorchText &; {EZRAPIL: Torch

B (EEHARNREALR, S trethaERA)
By autograd FHFHKS (EEHSFIEM)

gﬁﬁ (BRESANSEHNINEPRINH, BEINESZRHEX

ETETRERNRET)
FELRF Python ({BthEg C++ API)
5 TensorFlow FHAME, TR

ot Eu
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PyTorchA{JCUDA

A CUDA (Compute Unified Device Architecture) & NVIDIA #EH8YH
TS EHmERE, RFAARER

F =MNBFRZTE. REZY. VIERL. B ERSFHREAMREIE
TR, ESUEITESRE

cademy of Sci

] GPUR B AENHTERITE,

S5

O

3 PyTorch £ j < CUDA H’JE ’|‘_¢._ h1 tE)5HY Python API

NVIDIA CUDA

CUDA is NVIDIA’s platform for accelerated computing and the foundation for

GPU computing.

36
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PyTorchhfxorpy %%

A L3EPyTorch
1 5GPU:

[ pip install torch torchvision torchaudio #Macl & Hpip3

1 5GPU:

1 pip install torch torchvision torchaudio --index-url

https://download.pytorch.org/whl/cull8



rsity of Chinese Academy of Sciei

0. 5| APyTorch®

1. SANE
python OgsH LT

import torch
import torch.nn as nn
import torch.optim as optim

e import torch : §A PyTorch £[E, AFKEEE. BoIREFZOINGE

e import torch.nn as nn: SAMEMEZRIR, RETHWENKZAFNE (A Linear ) . BUHREX
(40 Sigmoid ) FASKEREX (40 BCELoss ) .

e import torch.optim as optim : SAMMAB/ERIR, BEFMHSHEREZL, W sed (BEHEET
BE)

38
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2. IXERBVIMS

python Oes LT

torch.manual_seed(42)

o BEERNEMFRN 42, BEBRXSITABRNNENRL. BENDSEINIELER—N, EFTEIUX

5,

39
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3. JESRLIE

python Og# Y TH

X = torch.tensor([[0., 0.], [0., 1.1, [1., ©.]1, [1., 1.11)
torch.tensor([[0.], [1.], [1.]1, [0.]])

o X: BIBWMIAKE, KN (4, 2), & XOR BT EFDS (FMTMFE) .

o y: BUEARESKE, KN (4,1), WNBSMEARNEL (0831)  ERFREERENEENHKE I
mRIFRRE,

40
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1. TEX LS

class XORNet(nn.Module)ﬂ
def __init__ (self):
super().__init_ ()

self.hidden = nn.Linear(2, 3)

self.output = nn.Linear(3, 1)

self.sigmoid = nn.Sigmoid()

def forward(self, x):
= self.sigmoid(self.hidden(x))
x = self.sigmoid(self.output(x))
return Xx

41



University of Chinese Academy of Sciences

python 88 L TFH

class XORNet(nn.Module):

o EX—1HYEEB nn.Module BIZE, X2 PyTorch HEiEMEMBHIESE,
__init__ A%
python Og# L T#H

def __init__ (self):
super().__init__()

e super().__init_ () : AARZE nn.Module HIMIEREN, TRLENMIAL.
python O g% L T#H

self.hidden = nn.Linear(2, 3)

o EX—TEERE (L&14E) hidden, WA N 2, WMEBHIEHN 3 (AIRBESR 3 THET) .
ZERTREMANIELMAES, v 42
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python
python O8H L TH
self.output
x = self.sigmoid(self.output(x))

o EXHEEEEE ou

e REENBEEBEIMIEEMEE self.output , SEHMEENLEREY, REBEY Sigmoid BUEK
¥, SERATNEER (0~1 Z2EHE) .

python

self.sigmoid

python o84 LT
o EX Sigmoid HiER:
X[E, B80S return x

forward A%
o REIHEAZMFUNE.

python

U sz my o

def forward(self, x):
x = self.sigmoid(self.hidden(x))

o BN x HBEIRELMEE self.hidden , FHRBENL ML, AFBT Sigmoid BUERE, S5
PREEABIEE. v

43
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python Og# L TH

x = self.sigmoid(self.output(x))

c RREENHEEBEIMELIER self.output , FEIMEENSGERE, KEBET Sigmoid BUER
&, JEREZNHER (0~1 ZEE) .

python Ogs LT

return x

o IREIFRLFUNE,

14
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5. IREY)||%x

model = XORNet()

criterion = nn.BCELoss()
optimizer = optim.SGD(model.parameters(), 1r=0.5)

epochs = 5000
print ("Ftaillgk...")
for epoch in range(epochs):

outputs = model(X)
loss = criterion(outputs, y)

optimizer.zero_grad()
loss.backward()
optimizer.step()

if (epoch + 1) % 1000 == 0:
print(f"Epoch [{epoch+1}/{epochs}], Loss: {loss.item():.4f}")

print ("i)lIZR5ER%! ") 45
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5. IREY)||%x

python Os#H Y T#H

model = XORNet ()

o B XORNet EM—13EBI, BIFAMMHEWERE, LWIERESH (NE. RE) SENDRE (F
RUTH IR B AIBEALAR A1)

46
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5. IREY)||%x

u EX KRR EFMICEE
python Og# LT

criterion = nn.BCELoss()

e BCELoss ® I oRX[EHKEKEL (Binary Cross Entropy Loss) , EBAT o E[O#, EXEEHEE
WRE (B2 Sigmoid FHER) ., HE AKX R:
loss = —-[y * log(p) + (1-y) % log(1-p)], HM p ZFUMEHZR,

python Og# LT

optimizer = optim.SGD(model.parameters(), 1r=0.5)

o EAMHNBE TR (SGD) Mitds, FENRENMARFEISE (model.parameters() ) , FIR
1r=0.5 , ZMAFERBMEIEEEM S,

47
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5. IREY)||%x

VIl ZRARBY
python Os#H L TH

epochs = 5000
print ("F#EilZk...")

o BEINEIE (epoch) F 5000, FTENERISE.
W TEIR
AU ODes LT

for epoch in range(epochs):

o B 5000 )%,
python Og#H Y TH

outputs = model(X)

o RIMEMERE: BENMUES X MAKRE, SRFNE outputs , FARA (4,1). v 48
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5. 1RE)||Zx

python o8 L TH

loss = criterion(outputs, y)

ITERK: {8 criterion (BCELoss) tEEFUM{E outputs FIEXHE y, BE—MrE2KE
loss

python O8H LTH
optimizer.zero_grad()

BRZBIRRNBE, BA8RARAEEEHESRN, MNBREMINLTEE.

python O8H LTH

loss.backward()

REfERE: BMITERAXTRETZEISENBE. PyTorch MEMKRSNHIZGTTEEREEERS
EO

python o8 LTH

optimizer.step()

BN MASRBITBEIFOBEERRESH (AIHRIT—F SCD) . 49
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5. IREY)||%x

iy O LT

if (epoch + 1) % 1000 == 0:
print(f"Epoch [{epoch+1}/{epochs}], Loss: {loss.item():.4f}")

e 51000 1 epoch ITEN— R YBIHIIRKIE, loss.item() JFKEFE N Python irE,

python OEH LTH

print("JIIZ5ER! ")

o JIFHSERET,
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with torch.no_grad():
predictions = model(X)
predicted = (predictions > 0.5).float()
print( "\niﬂUiité%%D” )
for i in range(len(X)):
print(f"#mA: {X[i].numpy()} —> FMEZ*: {predictions[i].item():.4f}, "

fUFMERI: {int(predicted[i]l.item())}, E3EEHI: {int(y[i].item())}")

shi@wangshideMacBook—-Air Desktop % /usr/bin/python3 /Users/shi/Desktop/xor_pt.py
Fealsk. ..

Epoch [1000/5000], Loss: 0.5077

Epoch [2000/5000], Loss: 0.0232

Epoch [3000/5000], Loss: 0.0100

Epoch [4000/5000], Loss: 0.0063

Epoch [5000/5000], Loss: 0.0046

I 45 55 A% !

Wi 4R

mA: [0. 0.] = FUUME: 0.0048, FRM K :
mA: [0. 1.] —> FUMME: 0.9933, FMKH:
mA: [1. 0.] — FUUMME: 0.9979, FMKZH:
A (1. 1.] —> FUNHER: 0.0047, FMKF :

o 0
¥ i 4 Y
3 S0 0 3
30 0 30 30

51
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NNLM

QA
= l context

05)=0.075

i-th o tput—zz\l

(3) MmHE MIRIRERLN RO RE

(eoo
r

(2) IBERE S | \

1
) tanh !
1
I \
I \ /
| \
1

LY

\ /
/

1 /{

1j§j\ I ii_t '/ﬂ-.Er_.IE [0.8480, -0.4750, -0. 1357 0.4134] \[ 0.4832, -1.4191, 0.6283, 0. 0977]

(distrlbuted feature VeCtOI'S) C(w, —ntl C(w,— 2) C(wt 1) [0 0887, -0.0405, -0.1081, -0.2165]
0 ---0 o . -.- @ (X J .
Table  |~.. ~.. Matrix C d
%005_1113 shared parameters
n across words
_ N O
index for w;_,1 index for w;_, index for w;_;
N 53
8 —3 e
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PUESTE M.

BIE—TERNEENGESRE: —TRABRBE—THIMEE (2EER)

import torch

PN

import torch.nn as nn

import torch.optim as

class NNLMModel(nn.Module):
def __init_ (self, vocab_size, embedding_dim, hidden_dim):
super (NNLMModel, self).__init__ ()
self.embedding = nn.Embedding(vocab_size, embedding_dim)
self.fc = nn.Linear(embedding_dim, hidden_dim)
self.output_layer = nn.Linear(hidden_dim, vocab_size)

ef forward(self, x):

embedded = self.embedding(x)
embedded = embedded.permute(1, 0, 2)

output = torch.tanh(self.fc(embedded))
output = self.output_layer(output)
return output 54




1R8)||2k

vocab_size = 10000
embedding_dim = 128
hidden_dim = 256

model = NNLMModel(vocab_size, embedding_dim, hidden_dim)
optimizer = optim.Adam(model.parameters(), 1r=0.001)

= torch.randint(@, vocab_size, (10, 5))
target = torch.randint(@, vocab_size, (10, 5))

optimizer.zero_grad()
output = model(x)

loss = nn.CrossEntropyLoss() (output.view(-1, vocab_size), target.view(-1))

loss.backward()
optimizer.step()

&) YO TRXT
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AN E LI

PyTorchE2 A& TransformerSLi)

CLASS torxch.nn.Transformerx(d_model=512, nhead=8, num_encoder_layers=6,
num_decoder_layers=6, dim_feedforward=2048, dropout=0.1, activation=<function
relu>, custom_encoder=None, custom_decoder=None, layexr_norm_eps=I1e-05,
batch_first=False, norm_first=False, device=None, dtype=None) [SOURCE]

Examples::

>>> transformer_model = nn.Transformer(nhead=16, num_encoder_layers=12)
>>> src = torch.rand((10, 32, 512))

>>> tgt = torch.rand((20, 32, 512))

>>> out = transformer_model(sxc, tgt)

https://docs.pytorch.org/docs/1.11/generated/torch.nn.Transformer.html
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1.

N E2mh3

class PositionalEncoding(nn.Module):
RN FEIRIAEER "

def

__init__ (self, d_model, max_len=5000, dropout=0.1):
super().__init_ ()
self.dropout = nn.Dropout(p=dropout)

pe = torch.zeros(max_len, d_model)

position = torch.arange(0, max_len, dtype=torch.float).unsqueeze(1)
div_term = torch.exp(torch.arange(@, d_model, 2).float() * (-math.log(10000.

) / d_model))

def

pel:, 0::2]
pel:, 1::2]
pe = pe.unsqueeze(0)

torch.sin(position * div_term)

torch.cos(position * div_term)

self.register_buffer('pe', pe)

forward(self, x):

x = x + self.pe[:, :x.size(1), :]
return self.dropout(x)
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2. N RFLERT]

def scaled_dot_product_attention(query, key, value, mask=None, dropout=None):
U E AN SFNER A
d_k = query.size(-1)
scores = torch.matmul(query, key.transpose(-2, -1)) / math.sqrt(d_k)
if mask is not None:
scores = scores.masked_fill(mask == 0, -1e9)
p_attn = F.softmax(scores, dim=-1)
if dropout is not None:
p_attn = dropout(p_attn)
return torch.matmul(p_attn, value), p_attn

B Yoy RR/F

University of Chinese Academy of Sciences
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class MultiHeadAttention(nn.Module):

def __init_ (self, d_model, num_heads, dropout=0.1):

super().__init_ ()

assert d_model % num_heads ==
self.d_model = d_model
self.num_heads = num_heads

self.d_k = d_model // num_heads

self.w_q = nn.Linear(d_model, d_model)
self.w_k = nn.Linear(d_model, d_model)
self.w_v = nn.Linear(d_model, d_model)
self.w_o = nn.Linear(d_model, d_model)

self.dropout = nn.Dropout(dropout)

YA TRRT

University of Chinese Academy of Sciences
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def forward(self, query, key, value, mask=None):

t)

model)

batch_size = query.size(0)

Q = self.w_q(query).view(batch_size, -1, self.num_heads, self.d_k).transpose(1l, 2)
K = self.w_k(key).view(batch_size, -1, self.num_heads, self.d_k).transpose(1, 2)

V = self.w_v(value).view(batch_size, -1, self.num_heads, self.d_k).transpose(1, 2)

attn_output, attn_weights = scaled_dot_product_attention(Q, K, V, mask, self.dropou

attn_output = attn_output.transpose(1l, 2).contiguous().view(batch_size, -1, self.d_

return self.w_o(attn_output)
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4. RITRMIES

/

class FeedForward(nn.Module):
def __init__ (self, d_model, d_ff, dropout=0.1):
super().__init__ ()

self.linearl nn.Linear(d_model, d_ff)

self.linear2

nn.Linear(d_ff, d_model)

self.dropout nn.Dropout (dropout)

def forward(self, x):
return self.linear2(self.dropout(F.relu(self.linearl(x))))
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class EncoderLayer(nn.Module):

def

def

__init__(self, d_model, num_heads, d_ff, dropout=0.1):

super().__init__ ()

self.self_attn = MultiHeadAttention(d_model, num_heads, dropout)

self.feed_forward = FeedForward(d_model, d_ff, dropout)

self.norml = nn.LayerNorm(d_model)

I

self.norm2 nn.LayerNorm(d_model)

self.dropout = nn.Dropout(dropout)
forward(self, x, mask=None):
attn_output = self.self_attn(x, x, x, mask)

x = self.norml(x + self.dropout(attn_output))

ff_output = self.feed_forward(x)
x = self.norm2(x + self.dropout(ff_output))

return X

D Yo TRX5

University of Chinese Academy of Sciences
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6. JRiSes

class Encoder(nn.Module):
def __ init__ (self, vocab_size, d_model, num_heads, d_ff, num_layers, max_len, dropout=
0.1):
super().__init_ ()
self.embedding = nn.Embedding(vocab_size, d_model)
self.positional_encoding = PositionalEncoding(d_model, max_len, dropout)

self.layers = nn.ModuleList([EncoderLayer(d_model, num_heads, d_ff, dropout) for _

in range(num_layers)])
self.dropout = nn.Dropout(dropout)

def forward(self, x, mask=None):

1

x = self.embedding(x) * math.sqrt(self.embedding.embedding_dim)

x = self.positional_encoding(x)
for layer in self.layers:
x = layer(x, mask)

return Xx
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class DecoderLayer(nn.Module):

def

def

__init_ (self, d_model, num_heads, d_ff, dropout=0.1):

super().__init__ ()

self.self_attn = MultiHeadAttention(d_model, num_heads, dropout)
self.cross_attn = MultiHeadAttention(d_model, num_heads, dropout)
self.feed_forward = FeedForward(d_model, d_ff, dropout)
self.norml = nn.LayerNorm(d_model

)
self.norm2 = nn.LayerNorm(d_model)
self.norm3 = nn.LayerNorm(d_model)

)

self.dropout = nn.Dropout(dropout
forward(self, x, enc_output, src_mask=None, tgt_mask=None):
attn_output = self.self_attn(x, x, x, tgt_mask)

x = self.norml(x + self.dropout(attn_output))

attn_output = self.cross_attn(x, enc_output, enc_output, src_mask)
x = self.norm2(x + self.dropout(attn_output))

ff_output = self.feed_forward(x)
x = self.norm3(x + self.dropout(ff_output))

return x
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8. WEtSes

class Decoder(nn.Module):
def __init__ (self, vocab_size, d_model, num_heads, d_ff, num_layers, max_len, dropout=
0.1):
super().__init_ ()
self.embedding = nn.Embedding(vocab_size, d_model)
self.positional_encoding = PositionalEncoding(d_model, max_len, dropout)

self.layers = nn.ModuleList( [DecoderLayer(d_model, num_heads, d_ff, dropout) for _

in range(num_layers)])
self.dropout = nn.Dropout(dropout)

def forward(self, x, enc_output, src_mask=None, tgt_mask=None):

x = self.embedding(x) * math.sqrt(self.embedding.embedding_dim)

I

x = self.positional_encoding(x)
for layer in self.layers:
x = layer(x, enc_output, src_mask, tgt_mask)

return Xx
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9. Transformer

class Transformer(nn.Module):
def __init_ (self, src_vocab_size, tgt_vocab_size, d_model=512, num_heads=8, d_ff=2048,

num_layers=6, max_len=5000, dropout=0.1):

super().__init_ ()

self.encoder = Encoder(src_vocab_size, d_model, num_heads, d_ff, num_layers, max_le
n, dropout)

self.decoder = Decoder(tgt_vocab_size, d_model, num_heads, d_ff, num_layers, max_le
n, dropout)

self.fc_out = nn.Linear(d_model, tgt_vocab_size)

self.dropout = nn.Dropout(dropout)

def forward(self, src, tgt, src_mask=None, tgt_mask=None):

enc_output = self.encoder(src, src_mask)
dec_output = self.decoder(tgt, enc_output, src_mask, tgt_mask)
output = self.fc_out(dec_output)

return output

def generate_square_subsequent_mask(self, sz):
"N =/REE, BTREREERESN (FkAKAuE) """
mask = torch.triu(torch.ones(sz, sz), diagonal=1)
return mask == 0
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if __name__ == "__main__": Output
Probabilities
src_vocab_size = 1000
. i
tgt_vocab_size = 1000 ST
p
d_model = 512
Feed
num_heads = 8 Forward
d_ff = 2048 r S
‘
num 'Layers = 6 Multl—H‘ead
- Feed Attention
max_len = 100 Forward P ) N
 E—
— Add & Norm
dropout = 0.1 Nx | —(Add& Nom ) —
. asked
batch_size = 32 Multi-Head Multi-Head
Attention Attention
src_len = 20 Y 7 Y 7
| J \_ —
tgt_len = 25 ” "
Positional D @ Positional
Encoding Encoding
Input Qutput
Embedding Embedding
model = Transformer(src_vocab_size, tgt_vocab_size, d_model, num_heads, d_ff, num T T
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Figure 1: The Transformer - model architecture.
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€,

Src
tgt

src_mask
tgt_mask
1, 1)

output =

torch.randint (@, src_vocab_size,
torch.randint (0, tgt_vocab_size,

(batch_size, src_len))
(batch_size, tgt_len))

= None

= model.generate_square_subsequent_mask(tgt_len).unsqueeze(0).repeat(batch_siz

model(src, tgt, src_mask, tgt_mask)

print(f"#HEHAZIK: {output.shapel}")
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d VSCode, Python
d PyTorch, CUDA

d NNLM

d Transformer
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