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CDF L% BBENGEPETE (Stochastic Gradient Descent, SGD) Y MU ZE 9
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T—32tv 3E
#lf#t v & (Training Set) :
e EFIDNTA—RFHIZER
ikt w b+ (validation Set) :
s ETFIDHEZTDHLIDIBIZRL LTHFER
o FFRFDETILIEBEEESR
TA MYk (Test Set) :
o ERASHYZNIERESTMICERA
o EAXMIC—EEITER
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BFEE (Overfitting)
BFHCIE Y
o HIET —HISBEISES h#ﬁ#:{hﬂmbz [
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PyTorch & &

PyTorch : Meta (|[HFacebook) NBFELIZEBFEE IL —LT—7
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F B HEE -

o BEIfM (Autograd) : REWEEZ BEFEE

e GPUZE-T-EREIL | KRR DOERL

e WAWARLBHNRIKEH : sChHEETE S

o FHMATETILEBRE  PythonD I SR LTERNICETILERE
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HiZE{# . Colab Notebook DERTE

Google Colaboratory (. 75 7% ETPythond— REER{TTET R ERNDERIETT,
I, RBFETAAXZ GPUZERTHIATES s KEL XDy FTY,

GPUZEBMICTBFIE :

1.0/ — Ty ozR<

2.Drive ICOAE—Z®REZER RETZTSELDICHDEY)

3.Colab/ =TV IDLEEAZa—D56 TS24 L) #0)yvILFET,
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GPUDFHAIEENFEER I D2 1— K

import torch

device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')
print(f'Using device: {device}')

# HAfF SN dH/7: Using device: cuda

cuda &R SENNIIEKINT I,
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2 (AT —2ZBEL. ETINCIZNYFELTHEIBL F TS

e Dataset : T—RETIRNILZVDEXREDICHFODA TP U ks PyTorchTlE
torch.utils.data.Dataset Z{ELVEX T,

e DatalLoader

Dataset MO T—AXZMEMICFITHL. v v IILLEDNYF

ICFREDEDITBERGZIVR—R2 FTT,
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1. 7—2t v FD%fE
3 2DDIE torch.utils.data.Dataset ZHHtFE L T. T—XDFHAIAAAFZEHD TEEL
% 9,

Dataset Z JRICHEINEZ_ L .
e len XYY R ! FT—2tEyvbrDETZEHFLIET

e getitem_ XVYwWR: 0 hoTF—4ty hOERIXREOHFEEZITE>TH >
L ZiIR9

LHL. MNISTO K SHBEZLBT—X1ZY ;I torchvision ICERBZRISADARHEIN
TW3B o, SEIFEFENZEVET,




MNIST F—4& 1t v FOESH

from torch.utils.data import DatalLoader

from torchvision import datasets, transforms

# 1. ERT— X2 5EBIBINDIL—ILZER

transform = transforms.Compose([
transforms.ToTensor (), # T—X%= 7>V ILICE#:
transforms.Normalize((0.5,), (0.5,)) # T—4%[-1, 1]DO&EHIZIEHRt

1)

# 2. MNISTT—4tv hZz&HidAAH. T —)LZER

train_dataset = datasets.MNIST(

root='./data’, # T—RR1FL
train=True, # FRT— Xz ER
download=True, # BITNIEEo>O0—FK

transform=transform # FCTEELI-ZTHE%ZEH

)
# 3. T—RE/NYFICXHTHIGI BDataLoader & {ERL

train_loader = DatalLoader(train_dataset, batch_size=64, shuffle=True)

CNT. IRIL—TDORTI Ny FZBERICNDHESLDIC@D F LT
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T—2ty FOWESR

print(len(train_dataset))
print(len(train_dataset[0]))
print(train_dataset[0])

Hi77

60000

2

(tensor([[[-1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000,
-1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000,

-1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000,
-1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000, -1.0000]1]11),
5)

R TINDRIDEEZNERT—X (1,28,28). 2BEHDEEZNSANIL (#F) T,
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2. ETFILDOEE (A>E7H)

®’E  ANT—EEZITRD. FAEHANITZ5AEI ST (Za—-FIIlxy bT—7)
ZEELE T,
RIE : PyTorchTI&. torch.nn.Module Z#MEA LI TR LTETIZEERTHDH
IREMNTY,
®  init_ (self)
o ETINTESE (2fEER. EAAABLRY) Zilme L THIHL - £(wd 515
Ffto
* forward(self, x)
o T—& x N _init_ THELEES@m (B) ZXDLIISHANTUVIH. €D
sTEOFRN (B Z2E&RY 5%

BEBIEEHEITY > T< N3 ! !
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2. ETILDESE (RE)
__init_ TRZEZHL. forward CENHZEITEHLEXT,

import torch.nn as nn
import torch.nn.functional as F

class MNISTClassifier(nn.Module):
def _ _init_ (self):
super().__init_ ()
self. layerl nn.Linear (28 * 28, 128) # 784 -> 128
self. layer2 nn.Linear (128, 64) # 128 -> 64
self.layer3 = nn.Linear (64, 10) # 64 -> 10 (U7 AE)
def forward(self, x):

X = x.view(-1, 28 * 28)# 1. ANERZLXRTDONY ILICFIEBIL

X = F.relu(self.layerl(x))# 2. layer1iZi@L. jEM{LREEEReLUZ EH
X = F.relu(self.layer2(x))# 3. layer2ili@L. &4t ReLU% EFT
x = self.layer3(x)# 4. HARBIEY CEMHLEKIIAE)

return x
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2. ETILOEER

model = MNISTClassifier().to(device)
print(model)
print(model(torch.randn(4, 1, 28, 28).to(device)).shape)

Hi77

MNISTClassifier(
(layerl): Linear(in_features=784, out_features=128, bias=True)
(layer2): Linear(in_features=128, out_features=64, bilas=True)
(layer3): Linear(in_features=64, out_features=10, bias=True)

)
torch.Size([4, 10])
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3. 8B

28] : EFILOHADECERESRNILZER L. 0 fRED] =#8E (38%K) ¢ LTHE
L%,

R SOIEZ IS ANELRDOT,. —IRWNICEOND RXEI OB ZFBLF
R

import torch.nn as nn

# PBERERDA AR A %EVER

criterion = nn.CrossEntropyLoss()

nn.CrossEntropyLoss I&. REFTY 7 cY v I RBEROETRE CEBEKDETEZMAIT>T
<37, EFILORARBISEEICERZER T I3BEIESH D FH A
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3. B DR

# ETILOEN%Z S VA LICER

output = torch.randn(4, 10).to(device) # /N\vFH A1 X4, V5210

# IERRSNIZ T A LITER

target = torch.randint(0, 10, (4,)).to(device) # /N\wFHAX4, U510
print("Output:", output)

print("Target:", target)

# BERZHE

loss = criterion(output, target)

7365

output: tensor([[ 0.1012, -1.2391, 0.4854, -0.1074, -1.4884, 0.6156, -0.6801, -0.7512,
0.4496, 0.5602],

[-0.8033, -0.8500, -0.6183, 1.7212, 0.4777, -0.0310, -1.0744, 0.8239,
1.5189, -0.2671]])
Target: tensor([2, 2])

tensor(2.6644)
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4. 77741 F

/e SHEINTEL (A IChEDVWT. EFILONSKXA—2EZD LT DOEH L.
MEExHELE T,

EE  WAWLWALBREBELIADD FITH. £TIISGDEHLFL £ Do

import torch.optim as optim

# ETILDENTX—RXEZEBHFRNRE LT, SGDF FF7+4 ¥ 1 & {ERK

# lrid®EZX (learning rate)
optimizer = optim.SGD(model.parameters(), lr=0.001)

INTIlROE DBV E LT !
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BEARNLFIRRIL—T

def train(model, device, train_loader, optimizer, criterion, epoch):
model.train() # FFEE— RIZEE
total_loss = 0

for batch_idx, (data, target) in enumerate(train_loader):
data, target = data.to(device), target.to(device)

# BIECOFIHR{L

optimizer.zero_grad()

# BCHE
output = model(data)
loss = criterion(output, target)

# WIEE

loss.backward()

# INTA—REH
optimizer.step()

total_loss += loss.item()

return total_loss / len(train_loader)
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T I)LFHMEHDESEE

def evaluate(model, device, test_loader, criterion):

model.eval() # FHMEE— RICERE
test _loss = 0
correct = 0

with torch.no_grad(): # SBECETE%EwL
for data, target in test_loader:
data, target = data.to(device), target.to(device)
output = model(data)
test_loss += criterion(output, target).item()

# TAEDEFTR
pred = output.argmax(dim=1, keepdim=True)
correct += pred.eq(target.view_as(pred)).sum().1item()

test_loss /= len(test_loader)
accuracy = 100. * correct / len(test_loader.dataset)

return test_loss, accuracy
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FTE2AFTRZAIV T+

# TINARADF|E (CPUDGPUDY)
device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')

# ET I, BREH. 7771 1T DOHEAL
model = MNISTClassifier().to(device)

criterion = nn.CrossEntropyLoss()
optimizer = optim.SGD(model.parameters(), lr=0.001)

# FlfRIL—7

for epoch in range(1, 11):
train_loss = train(model, device, train_loader, optimizer, criterion, epoch)
test_loss, accuracy = evaluate(model, device, test_loader, criterion)

print(f'Epoch {epoch}: Train Loss: {train_loss:.4f}, '

f'Test Loss:

{test_loss:.4f}, Accuracy: {accuracy:.2f}%')

36



BELNRE
model.train() vs model.eval() :
e model.train() : JIFEE—F GIEFEROAEMICEDIREZEBRIC)
e model.eval() :@ FF@E—K
torch.no_grad() -
o HECFTE = EMIL
o HIGHEZ LBRVWI ETXEFEREZHIR
o FTEHRFIC{ER
optimizer.zero_grad() -

o HECDHIHEAL
o PyTorchTI3LENRBEINBTcHWE



KIERDRITHERA)

Epoch 1: Train Loss: 0.3913, Test Loss: 0.2326, Accuracy: 92.98%
Epoch 2: Train Loss: 0.1888, Test Loss: 0.1635, Accuracy: 94.74%

Epoch 9: Train Loss: 0.0591, Test Loss: 0.0780, Accuracy: 97.83%
Epoch 10: Train Loss: 0.0561, Test Loss: 0.0782, Accuracy: 97.66%

HFETh3ER .

o FlIfRIBLITIRLISHD
e T X MEFEIZI7-98NIEE
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439

wRD AR

import matplotlib.pyplot as plt

def plot_learning_curves(train_losses, test_losses, accuracies):
fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(12, 4))

# I|/RDIHER

axl.plot(train_losses, label='Train Loss')
axl.plot(test_losses, label='Test Loss')
axl.set_xlabel('Epoch'")
axl.set_ylabel('Loss')

axl. legend()

axl.set_title('Loss Curves')

# FEEDIHER

ax2.plot(accuracies, label='Test Accuracy')
ax2.set_xlabel('Epoch'")
ax2.set_ylabel('Accuracy (%)"')

ax2.legend()

ax2.set_title('Accuracy Curve')

plt.tight_Tlayout()
plt.show()



BFE OBKRH
BFE DIKE :
o FIfRERE TR T B HIRELERE DB
o FIfRFEE CREHABEDEDEA
IR
e FOw 777 kDB
o IFRI{bD5R1L,

o T—RYLIR
o EHAZIE (Early Stopping)

The Learning Curves

Loss

training

Epochs

https://www.kaggle.com/code/ryanholbrook/overfitting-and-underfitting
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ETILDREF EFTAIAH

# ETILORE
torch.save(model.state_dict(), 'mnist_model.pth')

# ETILDFAIAH

model = MNISTClassifier ()

model. load_state_dict(torch. load( 'mnist_model.pth'))
model.eval()
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ERDTH5

def predict_single_image(model, image):
model.eval()
with torch.no_grad():

# £

image = image.unsqueeze(0) # /\wFRITHEIEN
output = model(image)

prediction = output.argmax(dim=1)
confidence = F.softmax(output, dim=1).max()
return prediction.item(), confidence.item()

prediction, confidence = predict_single_image(model,

print(f'FH: {prediction}, {ERE: {confidence:.2f}")

test_image)
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E

EBBNTN—INTRA—=& .

e FHEK (Learning Rate)

e NwFH X (Batch Size)
e BNEBDOHY A X -

e ROV T RE

A4



5. FDMDTFI=wY « R4V~



FN\wJDY
INE BT —&+ty TR :

# INEBRY Ty S TENERESR

small _dataset
small_ loader =

FESRD 1= F[D

torch.utils.data.Subset(train_dataset,

DatalLoader(small_dataset, batch_size=32)

AKESBT—X2tEZY T

L TWTIZEREDA DD D

range(100))
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ETILDOH SIS
# ETILDOHRIASINZ FESS

with torch.no_grad():
sample_output = model(torch.randn
print(f'Output shape: {sample_out

(1, 1, 28, 28))
put.shape}')

7]« AL D > TVBMNIFERICKE
5y

5 I REAEDI T —IFEHR

(V—2X
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BEBFLETI=w D
FOw 77 FE (Dropout) : FlfFEFIC—ERRTZ2—0O>%Z T VA LIC TEML]
ER A IRR
e ANBEDZEZICHZ B TEIBIRIEIR
21T TR 9 235
e BED-_a—OVICKEFELITER L
% Bh <
BENRBD :
e BEHDILE : HEDZ2—OAD
BERKEFEZR <
e ONAPMRAMALE : —8OZa—0O>HRITTHEEET S

Dropout: A Simple Way to Prevent Neural Networks from Overfitting 48

a) Standard Neural Net (b) After applying dropout.



o

class MyModel(torch.nn.Module):
def __init__ (self, ...):

self.dropout = nn.Dropout(p=0.2) # 20%DHERT— 1—0O>%=EWL
def forward(self, Xx):

X

X

F.relu(self. layerl(x))
self.dropout(x)

RIRICIFENEREFIC D AEZDEDMMTHON. HEREFICIETIRTOZ2—AOV%ZFED
( model.train(), model.eval() THIDEZ)
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N FIFH{E (BatchNorm) | 2D A% FH0. HE1ICIERL
Fl:ﬂ%@ %% . Data Distribution Before Normalization

o FWVWXRw T —TIFXANICAIED IR

ZHE + 54tz E A N
o T BN TMIRRENHTLED L e
BEMRED - TR Tl

o FHDEEIL : BREDAIDHZ—E

Normalized: Mean=-0.00, Std=1.00

ICRD
e BIRFYH I KD AKETLFEEXRZFERR]

E\E E 0.20
0.15
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class MyModel(torch.nn.Module):
def __init__ (self, ...):

self.bn = nn.BatchNormld()
def forward(self, x):

X

X

F.relu(self. layeri1(x))
self.bn(x)
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AHODF &

Ny FEE BWERNBIRDI-HDT—RDENFE

FEFEOBHRER . 72ty b BT/, BEBEHR. 77701
PyTorch®% : EZa— )btz a—J LRy D=0 DFRE
AL —7 | B, BT, NI X—XBHORN

il & E - FEHROARAL. BFEORE. NTN—/NFA—HHE

A e

e afiilE I
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EPERY LY

1. INERT—2t v b TENERESR
2. BERXHBRETILHO SIS

3. RRICEMBETIVICHE

4. MeEM ED TV Zw U %= EN
T N EANG

e BRBZ3T7—FTUVFvDETT

o NA/IN—/\TX—RZDEREL

e WAWALRFEETI v IZHET



JREFS
E0 - ARARFYIAT

MAARTAa>DXFvIATETVWET !
A= — ) =T ORBH LT, 77—AMFTHTBREZFTPOET,
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