R BMSGE TR RAELZ Hlde s

—. 2P (Linear Regression) - “[lIH4347” J& i P FPE AR A_FAZ B R)AH &
P 7 B K R — PGt . etk 2 i — MR ST S 2 I 4%, S50 L
fATER . S A% U SRR AT DA A DA DU 7R 4
@ Prepare data set——#fi7E4dii 4 x_data il y_data.
@ Design model using Class——# B I iREACER# y_hat (g5 E) .
® Construct loss and optimizer—— 7 i1 2 FIfk Ak sE %K.
@ Training cycle——IZRkA (ATt + ot + 308 .
(ORI AET] -
1. MEEBEAL RS Rk ot 2 5e i y_hat=w*x+b pit5. FFEAERIA
X,y BLERE (B 5140 PAE T HEAT toreh SkiHz5E . M A nn.Linear
Pt HH R PR

Linear Unit

3‘/ loss(¥,y) [ lois;f-

B 1 iR

{# Linear regression model

émodel = nn.Linear{input_size, output_size)
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# Loss and optimizer

nn.MSELoss ()

torch.optim. 36D {model.paramneters(),

lr=learning_rate)
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loss.backward()
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Epoch [5/48], Loss: ©.3717
W= §.2365158498287281

b= B.4805639088153839

Epoch [18/68], Loss: B8.2543
w= B.25850045680999756

b= B.48486198620796204
Epoch [15/68], Loss: 8.2095
W= §.27247610688209534

b= 0.4864085614681244

Epoch [28/68], Loss: 8.1985
w= 0.28135421872138%977

b= 0.48802208980451464

Epoch [25/68], Loss: 08.1828
w= 0.2869878113249804

b= 0.4891689121723175

Epoch [38/60], Loss: 8.1797
w= B.29055631168736084

b= 0.49801851567789459

Kl 2 Linear Regression {5z

Epoch [35/68], Loss: 8.1784
w= 08.29281084102611542
b= B.4906787872314453
Epoch [48/68], Loss: 8.1779
w= §.294227957725524%
b= B.491218388080594%
Epoch [45/68], Loss: 8.1776
w= 8.29511305689811707
b= 0.4916810393333435
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Epoch [58/68], Loss: 8.1775
W= B0.2956593334674835

b= 8.49209460616111755
Epoch [55/48], Loss: 0.1775
w= B.295989950432085258

b= 8.4924747017364502

Epoch [60/48], Loss: 0.1774
w= 8.29618331789%704

b= B8.492838650894184875
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1.Prepare Data set
B MNIST data set itz #47 MINIST 52 #1452 4B EF MR R E, X

B TSRS R R4 P transforms. ToTensor ({1 4) .

]
| \P;L Image ) # MNIST dataset
| 288 iX?'LE i"' %} train_dataset = tor‘ch\rlsmn.datasets.ﬂNIST(w‘ooF:' ol o fdataft,
| == 2 P train=True,
transform=transforms.ToTensor(),
]Hbuaﬂ&hﬁ— download=True)
| ( f“m"'l" Te"-m‘) test_dataset = torchvision.datasets.MNIST(root='../../data/',
} poBxaR : J’ [ ] train=False,
R , prei€lo.) transform=transforms.TeTenscr())

Al

Data loader i Batch: FZE 2445 1kr) Data set iz 5 Mini-Batch (40
Kl 5 /73, Batch_size=2) , fRWSFETTAEPERERIBE_ IS PRUER.

# Data loader
train_loader = tor‘ch.utils.data.DataLcader(dataset:tw‘ain_dataset,E
batch_size=batch_size, |
shuffle=True) i

test_loader = torch.utils.data.Dataloader(dataset=test_dataset,
patch_size=batch_size, |
shuffle=False) i

2. Design Model
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Input
0o OO0 g T3¢ A
<19 0 self.layerl = nn.Sequential(
o o © = nn.Conv2d(1, 16, kernel_size=5, stride=1, padding=2),
0 (]
0 b 0 33 n nn.BatchNorm2d(16),
7] B34 nn.ReLU(),

© : Wﬁw‘hre mar!;+ﬂ WX ii' ( St«iJe:))

gt

def

__init__(self, num_classes=18):
super(ConvNet, self).__init__()

nn.MaxPool2d(kernel_size=2, stride=2))
self.layer2 = nn.Sequential(
nn.Conv2d(16, 32, kernel_size=5, stride=1, padding=2),
nn.BatchNorm2d(32),
nn.ReLU(),
nn.MaxPool2d(kernel_size=2, stride=2))

Inpuhk*} ;‘} 0:;’;* self.fe = nn.Linear(7 * 7 * 32, num_classes)
A8 frdir_
B OEIETE R AREE S BRI Z, ARG T reshape TR AR #f5 5
(batch, 1568) FFiXA4iE#ZE. (batch, 10) |, H AR AEfE g
1 10 e[t y_predict (BZFIIIRZEEIR)
def forward(self, x):
out = self.layerl(x)
out = self.layer2{out)
out = out.reshape(out.size(0), -1)
out = self.fclout)
return out
3.Loss Construct and Optimizer
W BURHREC IS0 e HUR Cross Entropy (M) | THEA TFIAME

RO Z AR RE RS, 2450 SRS NI 38 27 [RD BT . A A0 SCIR 221 1 ) 2 7 1
MR A Z AR BE S, (ELR A 48 I 28 0 i ) A — e — MR AT N TRATT
FI Softmax [m] 54 1 25 6 25 Fif 1) 4% 17575 31 1 25 8 R o010, AR e iR i
A AR AR

Softmax H M TZkmdd, B2 Marfmt, H—k20, 1) XEWN:

Piy=i)= ol ief{o, -, K—1}
Cross Entropy ﬁﬁ?ﬁﬁ%’&iﬁﬁﬂ?:
Loss = Loss (; Y) =— Ylogi;

| (e ]
038 (re—, |
- :
— TN ngcmq;s _;!,-_) L’J —— 'Yl°3Y 0 H (—‘—-'r}iﬁzgé # Loss and optimizer
N 0B 0_lh criterion = nn.CrossEntropyLoss()
'nh.ﬂ . En: lm

AP Gossbotpyloss >

DA X HL6EH T H SGD PEAEHE LB 10 (L3 3% Adam, B4 T RMSprop
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i# Loss and optimizer

Eoptimizer = torch.optim.Adam{model.parameters{), lr=learning_rate)

4.Training cycle

P28 CNN ] T Mini-Batch SRAETHTIGEE, FroA ISR T M ZE TR E .
SN2kt Epoch iyIZRigk, WIZREAER—1 Batch_size By¥fm & H N2
Wk E N Iteration.,

for epoch in range(num_epochs):

for i, (images, labels) in enumerate(train_loader):

FRRE AR ST AT 4%, FIH model 1153455 y_predict fillfr%:, 7f
% y_predict il y_labels 715412 loss; A E#HIT—RGER, FIH Adam fh
e d F 3 B RN ARG SR A

Y Eorward poss
# Forward pass

# Backward and optimize
outputs = model(images) optimizer.zero_grad()
loss.backward()

loss = criterion(outputs, labels)

optimizer.step()

5.Test the model

a2 R MINIST s S0 i A0 o 2R HE A BE AT A I, i AR TE 75
BEATRREE AL . A T IERECH correct, IS B4k total, XEALR outputs
47 torch.max ALBE, 4 HAREASHE R A AT 1Y) S AR B S RABLRT B AR (HORH R 12
AT G 260528 . R AAEHIRT, B correct fEEIT,

# Test the model
! model.eval()
4%4 'ﬁ with torch.no_grad():
%! % correct = @
\TMDKF) {8 total = @
E: 5 for images, labels in test_loader:

outputs = model(images)
_, predicted = torch.max{outputs.data, 1)

al %NL m%&k& total += labels.size(B)
2o, . N

correct += (predicted == labels).sum().item()
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[ABAT4E ] - 55, 4 100 ¥k Iteration % Loss #EATHTEN, FEVRRLHHME T 1

ENi

L. FATATAE BIBEE NIRRT, Loss BT Hes: il deda i

) Accuracy=100%* (correct / total), #EREZEELA 99.03%, Vi BI85 s B0 1 g

(=355

Epoch
Epoch
Epoch
Epoch
Epoch
Epoch

Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch

Test Accuracy of the model on the 18608 test images: $9.083 %

, MINIST FEHF R B DIRE I 5L 21

[1/5], step [18@/688], Loss: ©.196% Epoch [2/5], Step [180/608], Loss: 0.8458 Epoch [3/5), Step [100/600], Loss: 0.8678
[1/5], Step [288/608], Loss: ©.1251 Epoch [2/5], Step [200/688], Loss: 0.8877 Epoch [3/5], Step [200/688], Loss: 8.8488
[1/5], Step [388/688], Loss: 8.8579 Epoch [2/5], Step [308/688], Loss: 0.084636 Epoch [3/5], Step [300/688], Loss: 8.887%
[1/5], step [480/6008]1, Loss: 8.1855 Epoch [2/5], Step [400/600], Loss: 8.0989 Epoch [3/5], Step [488/4B8], Loss: B.8233
[1/5], Step [5@8/6868], Loss: ©.8247 Epoch [2/5], Step [5808/680], Loss: 8.8199 Epoch [3/5], Step [588/488], Loss: 8.0057
[1/5], Step [£88/&88], Loss: B.8375 Epoch [2/5], Step [688/680], Loss: 8.8884 Epoch [3/5], Step [686/488], Loss: B.8847
[4/5], step [108/608], Loss: 8.0131 train loss

[4/5], Step [200/600], Loss: 8.0160

[4/5], Step [300/488], Loss: 8.0131 25

[4/5], Step [400/400], Loss: 6.8032

[4/5], Step [508/488], Loss: B.8314 2.0

[4/5], Step [600/488], Loss: B.8682

[5/5], step [180/688], Loss: 0.8145 g s

[5/51, Step [200/6B0], Loss: ©.0008 *

[5/5]1, step [300/480], Loss: 0.0110 W

[5/5], Step [408/600], Loss: 8.0051 o

[5/5], Step [568/4080], Loss: 8.0233

[5/5], Step [600/400], Loss: B.0446 P w

o 500 1000 1500 2000 2500 3000
iteration



(] = ) R 4324 ) R WA 2 T B R AR . T DARRSE g, [l DR e g 2 e B AR RS (L Y
T, ERBCE T A RO A X ) R B N 2 AN R, TR
—MERESE, SRS, 4y MY WOR PR B, e B AE, HIRfsE
HIE TS, H ARSI . AR 153 R, B &M 4
IR B AL I B AR i i 3 2% R 4 Loss Sk LY.

ORI, K2 RSB R e O B DO AR — A A2 . R TR IESEXS T Python #:fdi /b,
AEF—A /N BPIRAS, X T HOBOE AR B AE B T 4 ) Sl e — i Y TR
FFLAFRIEE T GitHub Fai—/> i 4 i) Pytorch tutorial #E172%>), #3 THLEs2E >
— 2 MR R RS SE ], X Machine Learning 1y T ffid 2 Kb, AR TR
Z A XAV T S MR A IE 7T, Hedn B 3 B R 55 python if45 CNN _E i 4%
POMREE, ERYEEMN R, XMERBEARDAS, BntLass T i L AR 7RG RY2E T 4
i, FRAARF A PG 4R TRFL VR E R . B advanced IALAS A I, 2
RGBSR, v H CmANRE . 32T SRR



