Python &EEFE (PyTorch #R®)
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(SEEG XRTFYVITB[CHATEESEEZITVET,)
1.2 SEIOHHEAC DT

Sho&. JL—ALAD—20&EUTPyTorch ZFERUET,

E. BHRIL—AT—2OEUT, TensorFlor2.0 & PyTorch A& DETY,
WIBEE (X, BFT. > 7 EUTERRDIE. AFREE PyTorch, ESRXI—-XZFT
YEKI D E. TensorFlor2.0 [CIRB KRS TY ., (2022 FET)

EBSEERTDINEN? DEZ (L.
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(FDECEDTIE EVBSFORSRERSFENOZTT)



BHRODT—4(E. CDF1—KU7)LTE CIFARLIO Z{EWNET,
CIFAR10 —#~tzw bCIE, RiTH. BEE. 5. . BB, K. 3 K. . bSvo&
WD Tz 10 OIS ARG DET, Bik(EIS—(3-channel) T 32x32 pixels T,
FBRAT—HFN 5. &EEART -0 1 ADst 6 AdDFT—5tw hTY,

7 —nERR#E BN E UIEYFEROFREFZFZBMRITOERT—4 & LT, CIFARLO
(EEDED CIFARLI00 £HDEDTE). MNIST (FESHFODEERT—F) H'HD.
TensorFlor2.0 & PyTorch . S14/J35U& LT, AESNTET,

E1TIRIE(L. Google M1@fft9 3 Colaboratory TITLVEUTZ,
1.3 Za1—3I/L3RY hDO—=D(CDNT,

SEFUATDRDIMERREIRDFET,

| CNN(Convolutional Neural Network) | 2EEE

BIAHBE(E. BEURE(C/ER (D4 )LY) Z&ElIT. 1 DORHMEE U TCEM (=8~

AF) IRITREZERLEZASA RURNASIEDRI ZLICIDTEEBOZ E72iELE
9. TDIT+)LF% RelU EDFEMHLEATESZT LT, CNN A BESNFT,
(TAIIWADEIFUEICDNTE, 3.1 17— (CHDFET.)

T—USIBE (G B E(DNGEE (D)D) &E/IF. RTOMRDT—F ([CEERITD
ZECKDTERBOCEZIEUEFT . RRICHFEIT DEUED DS, REEVBUEZIFHE
ELUTEEID MAX T—U> 0, HEZHAITHIIET -V > INRHDET.

LGB BHAHFEBEYT U JEETHE UHBEZ 27> T, FMETH
FEITDEHICHIHAENE T,



SEOF1—KJPILTE. BS5O—FT+42TJANALTZa—3ILRY ND—DO%ZERk
LZE M, ResNet *° AlexNet, VGGNet DL DR BELIBR=—1—SILRY NDO—0ES1T
SUICEFNTVLET, (INB(E. 2010 15 2017 F(CRHESNIZ ILSVRC(IBHRER:H,
DIEEZFHEDAR) CLAIE RO ey ND—U0TT)

FEE(CERBA T D &

ResNet (20154 1 1)

152 [ETHERL SIS CNN (C12D FT . ARCHKEIRE>SACRIRE(C K> TEBMEF/R R
7% Residual block EWDSFEZE> THARL., 152 BLVWSIFRICRVWBZERIR UK
RHhoBLRY ND—-TTY,

AlexNet (20124 1 1)

BENS > TILRzd. DRy RD—ODR—-XEUTERESNDZEELZVWETILT
I, BEHAHBN5ET. TDSIEDLK DHI(E MaxPooling Bh'd DT,

Flz. HABICEY I MRy IRBEEZRDOLESE 3 BIMERASINTED., 551 T8fE
(CHRDEBRENTULET,

VGGNet (2014 211) 16/ & 19EAHDFT,

BEAN(C(FEMHAHZ 2~3 BIEDIR L TZEDEIC MaxPooling Z1T DRNDIEDIRLTI,
F/zED Pooling YLIBDEDEFHAFH TF 7 RILEZEIC L TULE. Pooling DX RS R
FEC2ZFERALFEIT. TUTERBHAHFDRECITEELEERE LT RelU ZAWE T,
BEHAHIL(E 3x3 DA—FRILTAX ARSA R 1 NFA208A4 X1 DI\SGA—
FEFEET . COBIHAHTIIFHEINYY TDHAINEDSIENENSATHALPY
<. f8d CNN TELLFBESNTNET,

E(ZE. SEID CNN DAX—Z (£ 1998 £ (C LeNet WD RINTHESNFE U, LeNet (&
REWLIE(Back Propagation) K2 4ACHE T (Gradient Descent)ZFiL\/z CNN DFH
ZIRELUTWVWET, BBIE USPS (A UDEREEFEAH)EITD [EMEESOFEEX
FOHRIRERE] (CHDEL DT REDEIHAHZ1—TILRY ND—DDEF(FTRBER
BEWRFET,



1.45|H -&% WEB
- SEIOF 21— ~UJIUIE. PyTorch AT WEB(https://pytorch.org/) DFICHD

DEEP LEARNING WITH PYTORCH: A 60 MINUTE BLITZ
(https://pytorch.org/tutorials/beginner/blitz/ ) (C&DXT,

CCIZlE. AT 5 EDF1—RIUTILASGD.
AFEMEREECTE. 4BEBD Training a Classifier T. #EEL. L TLET,
1.tensor_tutorial.py What is PyTorch? (F>VJL &)

https://pytorch.org/tutorials/beginner/blitz/tensor_tutorial.html

2.autograd_tutorial.py Autograd: Automatic Differentiation (AUTOGRAD & ()

https://pytorch.org/tutorials/beginner/blitz/autograd_ tutorial.html

3.neural_networks_tutorial.py Neural Networks (Za1—3JLRwv D=0 &)

https://pytorch.org/tutorials/beginner/blitz/neural_networks_tutorial.html#

4.cifar10_tutorial.py Training a Classifier (B2 5E&E (L)

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html

5.data_parallel_tutorial.py Optional: Data Parallelism (F—4&:54LIE)

https://pytorch.org/tutorials/beginner/blitz/data_parallel_tutorial.html

Z D 4 FEB D Training a Classifier (CDU\T. WEB (C(d. B4 RAAERERNHDD
DTIN. UTFOEDOHEHTUZ,
- [PyTorch] Fa1—kUJ7JL(HAXEZER )@ ~TRAINING A CLASSIFIER (E{&53%8E) ~

https://www.nemotos.net/?p=4168

3IR—=ZHICDWVWTIE, UATFZSEICLTUVET,
- BEFDFED 6 DORERNR T —FFTIF v O4FHE LD

https://ai-kenkyujo.com/artificial-intelligence/ai-architecture-02/

T4 IS —DaIRILICDVWTEUATTY ., (17 R—ZDAF)
- PyTorch TEHDMER & BAHAHEDI—TILDBEIRIL

https://betashort-lab.com/home/
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2. 7005 LhEZDA
2.1 8%
F1—bhUPILT(E CIFARLIO DET —45 & TORAFTY T TEURDIERRZEIEDE T,
- T =S DFRIHHAFH EIREEAL
- BHAHFZ1—SILRY D=2 (CNN) DiEE
- loss BA# & &b
- CNN %38
- FBFH CNN DFX b
2.2 FT—HDFTMHAFH EAFEELL

import torch
import torchvision

import torchvision.transforms as transforms

EBEDSATSIDA>R— KT,

(Colaboratory DBEETEITLTBRDT. 1> AM—ILIBEOSATSUTY)

transform = transforms.Compose(
[transforms.ToTensor(),
transforms.Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))])

Transform (=4 (L U TITORIMBEZITDATZ T O KT,
BHRZ 55 HADBRIC U B XL E — BB Z TV EWBES(ICERUE T,
transforms.Compose TiHAHAAIZT —45 DREIEE# = E U TR LE T,

transforms.ToTensor() PIL Image AT 1 ba5>VILICEHL.

fBDEEHE%Z [0, 255] M5 [0, 1] (CRT—JLULZET, Tensor (FEHI EIBEELU CTRULNTT,
PyTorch Tl&. Tensor B(CULIRLE. GPUETE. ABHTEICHIETE/RNTT,
transforms.Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5)) #=#&E{LULFET,

1 DHDBIE(FTIV)A RGB TNENDIF, 2 DHD5IE(FTILMIEERETH D,
NSO LREREZ DN > TEREILULE T,
BREAET, T2 UTHEIED 0. BEREN 1 (CIRBXDCHELFT,



REZ#HIZDEVWSONBENTY. AIXE KELEGREDT - T, @IHBETT — T
ZIRHDDIE, EENHODFINRENDET, MRFBEFCTLITVET,

batch_size = 4

trainset = torchvision.datasets.CIFAR10(root="/data’, train=True,
download=True, transform=transform)
trainloader = torch.utils.data.DatalLoader(trainset, batch_size=batch_size,
shuffle=True, num_workers=2)

testset = torchvision.datasets.CIFAR10(root="./data’, train=False,
download=True, transform=transform)
testloader = torch.utils.data.DatalLoader(testset, batch_size=batch_size,
shuffle=False, num_workers=2)

Downloading https://wew.cs.toronto.edu/"kriz/cifar-10-python.tar.gz to ./data/cifar-10-python.tar.gz

100% [N 170498071/170498071 [00:05<00:00, 33885553.49it/s]

Extracting ./data/cifar-10-python.tar.zz to ./data
Files already downloaded and verified

Train = —4 & Test T —AZZNENFHAHAATNEET,

torchvision.datasets.CIFAR10 F—4DiRHAFH EWNET, Dataset (&, AHF—4

EZNICHIET B INILZ 1 BRI EZ1—ILTT,
download=True T&MN(L root (CEERZRFLET ., (CDHBE(E. ./data)

train=True. train=False & 9232 & T Train T—4 & Test 7 —A %= (CDITET,

FVILICEH - IREE S NIZ5 — 4 (transform) & 55 HHAFH TZ LD T,

transform=transform ==V JL(CZEH - BEEL SNz — & (transform ) DFEFH+HAFH T .

torch.utils.data.DataLoader (. —4&SN)ILE/\WFHA X TEHEBULET,

batch_size DD —45E4K UET (ZZ/\WFEFVET),
shuffle (&, True HNIET—FDIEEHNSDORENFZLRLY, ERDFET,

num_workers (53417 (FENZIFAMFNNIET DO ERELET,
(Colaboratory (£2) —#A%&iRT &S, T—4% tensor B (CEMU GRUET,




classes = ('plane’, 'car’, 'bird', 'cat],
'deer', 'dog’, 'frog’, 'horse’, 'ship’, 'truck")

DIEITD 10 EDSN)L%%Z. plane. car. bird. cat. deer. dog. frog. horse. ship.
truck. Z457)LE LT classes (CHEFMLET

import matplotlib.pyplot as plt
import numpy as np

EBDSATSIDA2IR—KTY, (BEDOBIFECHERSATSY)

# functions to show an image

def imshow(img):
img=img/2+ 0.5 # unnormalize
npimg = img.numpy()
plt.imshow(np.transpose(npimg, (1, 2, 0)))

plt.show()

BUYR(CT Bz, Tensor B D5 —4 %, NumPy Bg5l(C 9 B ZzEELE T,
img=img/ 2+ 0.5 AJB%Z plt.imshow D[0,1](CH1DT,

npimg = img.numpy()  NumPy BcHl(CEHRUE T,

plt.imshow(np.transpose(npimg, (1, 2, 0))) PyTorch M@k, ZIRTH(Fv7RILEL

(RGB), &, H#IR)EMATULEITMN, plt.show (& (B, 1R, FrRILE)THLATLY
DENGHDDT np.transpose TIUEZXET,

# get some random training images
dataiter = iter(trainloader)

images, labels = next(dataiter)

dataiter = iter(trainloader) iter Z{E> & TR/ \YWFTEDFEHUNTEET,

images, labels = next(dataiter) : dataiter.next)ZMENC ETRLZ &)\ F I & (CEISR

EEDSNIVZRLUTINFE T, E5—F next()Z2MUHT & 2 BEHOERZ., =5(1CH
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S—ENFVHT E 3 BEBEHOEREMDHIT CENTED LV > EERICEINDERZ/EE
[CEDHT T ENRIRETT ., BRD R <R DTz T Stoplteration FISANIRELE T,

imshow(torchvision.utils.make_grid(images))
# print labels
print(' ".join(f'{classes[labels[j]]:5s}' for j in range(batch_size)))

HEHAE

hird ship dog deer

imshow Z{#> CTEBFT— 4 DEE 4 m&xrlfLLET,

5|#%0 torchvision.utils.make_grid (F#EEDEGZETNC LT 1 MOEHRICLET .

print MEIEDONT, f' f XFFIERZITL) joinOBRIERICK D —DDXFHTERELET .



2 .3 BHAH=1—SILRy RD—27(CNN)DIEER

import torch.nn as nn

import torch.nn.functional as F

EBEDSATSIDA2IR—BTY ., (Za—3ILRY ND—DFERDS1TSY)

class Net(nn.Module):
def __init__(self):

super().__init__ ()
self.convl = nn.Conv2d(3, 6, 5)
self.pool = nn.MaxPool2d(2, 2)
self.conv2 = nn.Conv2d(6, 16, 5)
self.fcl = nn.Linear(16 * 5 * 5, 120)
self.fc2 = nn.Linear(120, 84)
self.fc3 = nn.Linear(84, 10)

def forward(self, x):

x = self.pool(F.relu(self.convi(x)))
x = self.pool(F.relu(self.conv2(x)))
x = torch.flatten(x, 1) # flatten all dimensions except batch
x = Frelu(self.fc1(x))
x = Frelu(self.fc2(x))
x = self.fc3(x)
return x

device = torch.device("cuda:0")

net = Net()

net = Net().to(device)

- Za—SIIbRY ND—DODEREERZELET .
class Net(nn.Module): Net &EWLWD TS R%Z. FUSAD nn.Module ZHkE T DHT

FEUET. (USRDMEE. PyTorch TI3/2< Python OFETY)
def __init_ (self): ZEOFEHULEITVNEI(O> bS0%4). Python DFETT,

super().__init__ () MOSAZFEAILLEFI ., Python DFETT,

self.convl = nn.Conv2d(3, 6, 5) BEAHDEEC. ANFr>oRILEI.




HDF v 2 FIVE(=T 1 ILF—DE)6. H—FRILBA X5 ZRUET,
self.pool = nn.MaxPool2d(2, 2) pooling DEET. H—RILH1X(E 2x2 T.
FRCIRDFET,

self.fcl = nn.Linear(16 * 5 * 5, 120) SEEBOEERT. ANIE. 32x32 DETIIL

DEE 5x5 H—FILTEBIAHFZ LT . T—U I THEDICTDTOTRZ 2[EHTSDT.
B 5X5 DETRILICIRDFET . 16 (FREBD I ILI—HTT ., (T1ILI—HIEITE
Bk ET)

IS ARTAXENRT MLE400 TY ., HATAX(E RO BLE 120 £LTET.
400 D21 —0O>hH5 120 D21 —O>HNITDENDETT,

self.fc2 = nn.Linear(120, 84) &E&BOEERT. AHPAX 120 HHP1 X84 TT,

self.fc3 = nn.Linear(84, 10) &#&(d 10 BDE T, HERDAD label (CHFEENFET .

def forward(self, x): BOEZRZSCRA>IEE. ETI BT,

x = self.pool(F.relu(self.convi(x))) Frelu T relu B &EHATET,

x = torch.flatten(x, 1) # flatten all dimensions except batch

FEEGRZNRT MULICT D, 2FEEIE 1LRTARITNLUDNANT I ENTEFEE A,
U UBFHAFHBDHE I EF v RIVE XD =RT EIRDF T, TDHRXTIIHRAEE(C
ANTBDZENTER D, BHAHFBOENZ—E/I\S/I\SCHERL—RTbU.
EEBICADUET., CD/I\S/I\SICT B/EE%Z torch.flatten()HED> TLE T,

net = Net() FUOSADAZREIZRE (AT ME) LTWET,
TEASEODZ1—-3)LRy hJ—IBRETY,

C3: 1. maps 16@10x10
INPUT C1: feature maps S4:{. maps 16@5x5
32x32

|  Ful connection \ Gaussian connections

Convolutions Subsampling Convolutions  Subsampling Full connection
BAH 1 T=u>g FAH2 [| T-UH e
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2.4 loss BA#ER & ExiE b REER

import torch.optim as optim

criterion = nn.CrossEntropyLoss()

optimizer = optim.SGD(net.parameters(), Ir=0.001, momentum=0.9)

C TR BR (DFEAIMNCHER) OBRAEE. BREH/IMELTOWFED
EHEZLTCVET,

criterion = nn.CrossEntropyLoss() 1B E L TRET > ~OE—(Cross-Entropy)
EEVWET, ZET> hOE—(F, [EROERDN EHEFEDOHERDOMHMEDETRUE
T [EREHETEDZED 2 RCEHT D 2 FHEREN AL TIN, SGD (FERNHEE TE)

(ClF. RET> bOE-NFEROBEIRNKLS T,
optimizer = optim.SGD(net.parameters(), Ir=0.001, momentum=0.9)

RE(EEIEE LT, HERNAEETE (SGD) ZEWNET,

net.parameters()(EFF2ERE U7z CNN D)\ S A—F(EH)T. NN optim.SGD TEH
=N IDIEKICRDINSGA—F(EH)ZRUET. FHEEUT, B/ (SA-5D0
B —&/NSV\RZRDIFRHICRDFET,

Ir=0.001 (FFBEH 0.001 THDZEZRUTWET, FBXRE. FBRETHD.
RIEDISGA—FENSRDINSA—SEICEETDIEZRELF T, FEERN1THN
X, BEOQEEFACETRICEEEIEET.

momentum (f&M4IH) T(E. SGD M momentum ZEEIDZENTEET, T IAI

N & momentum=0 T9,
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2.5CNN OFE (HBEUZCNNOFBZUEXT)

for epoch in range(2): # loop over the dataset multiple times

running_loss = 0.0

for i, data in enumerate(trainloader, 0):
# get the inputs; data is a list of [inputs, labels]
inputs, labels = data
inputs, labels = inputs.to(device), labels.to(device)
# zero the parameter gradients
optimizer.zero_grad()

# forward + backward + optimize
outputs = net(inputs)

loss = criterion(outputs, labels)
loss.backward()

optimizer.step()

# print statistics

running_loss += loss.item()

if i % 2000 == 1999: # print every 2000 mini-batches
print(f'[{epoch + 1}, {i + 1:5d}] loss: {running_loss / 2000:.3f}")
running_loss = 0.0

print('Finished Training')

B [1, 2000] loss: 2.208
[1, 4000] loss: 1.872
[1, 6000] loss: 1.GB6
[1, 8000] loss: 1.604
[1, 10000] loss: 1.539
[1, 12000] loss: 1.472
[2, 2000] loss: 1.421
[2, 4000] loss: 1.373
[2, B0O0OO] loss: 1.334
[2, 8000] loss: 1.311
[2, 10000] loss: 1.297
[2, 12000] loss: 1.298

Finished Training

12




CNN OZEBZ(F. Ry ND—THRD/I\SA—=FZEHL. EULVWVEINESHEDILD(/N
SA—SZEEEELUET, ‘epoch’ (&, £5 -4 1 BIDDEMN T,
for epoch in range(2): fEE®DMZsH. FHEEX epoch Z 2 B(CLFET,

for i, data in enumerate(trainloader, 0): enumerate T 1 >F Vv OIRXES, BERDIE

(CEELZET,
inputs, labels = data ZF&87 -4 EBEISANILT—FEREULET,

optimizer.zero_grad() optimizer (F5T8 UZLJEL(grad)Z ik UERE LiklT 2D T,

—E optimizer.zero_grad() TAEYIHLLET,
outputs = net(inputs) Train 7—4%% CNN (CABDUZET. (2.3 IETERK LI class

Net() @ def forward Z#E{TULET.)

loss = criterion(outputs, labels) CNN MSdDHH] outputs EEBRDZE X labels & DfE

DRET> bOE—ZFELUET . RDME(E tensor BUCIRDET,
loss.backward() HECIEHRDFTEZITLNET . (loss M5  input £TODAAE /NS A—4
DWHFREZSTE)

optimizer.step() loss.backward() CEtEUZAEEZE E(C. /I\SA—FZEBFHULET,

running_loss += loss.item() OXZENMEULZET,

if i % 2000 == 1999: %IFFREFFTI. EIDBEDORDZERLET)

2000 =N\ FFDEB ZRRZIELTET.

PATH = './cifar_net.pth'
torch.save(net.state_dict(), PATH)

FBUIZESTIL(CNN)%Z cifar_net.pth EWSEBITHREFLUET, pth (& PyTorch OE
FILDIGEF T . ETILD/INSA—FZEDHT(C(E. net.state_dict()&EENET,

EFTI)LOREFICIE, torch.save TTEZE9,

13



2.6 FBEHCNN TTR =727 A KT B,
dataiter = iter(testloader)

images, labels = next(dataiter)

# print images

imshow(torchvision.utils.make_grid(images))

print('GroundTruth: ', ' ".join(f'{classes[labels[j]]:5s}' for j in range(4)))
HORE

GroundTruth:

cat

ship ship plane

CNN DMfE%R Test T —A%&fE> TEHMEL/ZWEBWET,

£, Test 7 —FEFRRUBIRE SNV (IEfER) EHERUED,
net = Net()

net.load_state_dict(torch.load(PATH))

HAOAE

<A1 keys matched successful ly>

RIS, HBDIZHITREFE UIEEBEHDET )L (cifar_net.pth) Z5RAHAHET .

EFI)ILDsRHAHA(C (L. net.load_state_dict Z{F\E T,
outputs = net(images)

FHFANEETIVICETT —FZANDLET,

_, predicted = torch.max(outputs, 1)

print('Predicted: ', ' .join(f'{classes[predicted[j]]:55}'

for j in range(4)))
VAL

Predicted:

cat car

car ship

_, predicted = torch.max(outputs, 1) BI#®D 1 (FITHMDEKXEZRKDDDEKRTI,
FRIE cat LM

IEECTEFEATLURL. [EfER 25%TY,

14



JRIC 10000 Bl Test 7—Z(CDWT. [EFEHEEHULUET .

correct = 0
total = 0
# since we're not training, we don't need to calculate the gradients for our outputs
with torch.no_grad():
for data in testloader:
images, labels = data
# calculate outputs by running images through the network
outputs = net(images)
# the class with the highest energy is what we choose as prediction
_, predicted = torch.max(outputs.data, 1)
total += labels.size(0)
correct += (predicted == labels).sum().item()

print(f'Accuracy of the network on the 10000 test images: {100 * correct // total} %")

fccuracy of the network on the 10000 test images: 56 %

with torch.no_grad(): F9'(&. QEEZPRALLTULE

for data in testloader: testloader (AN TULWD/\WwFF—4% 1 DDEDH LT
data (CH&LZE T,

images, labels = data &5 —4 EHEFSNILT—FZEUS

outputs = net(images) &> —5%ZETILICELUTFE

_, predicted = torch.max(outputs.data, 1) FAER=ZEUS

total += labels.size(0) b—%ILEZHD> NUET,

correct += (predicted == labels).sum().item() EfEEEHT> SNUET,

IEfER(E 56% T. ¥DUNE#ECTEFEATLUL.
BRI 10D 1 IRTHTBRTIDT, BRATOHEE(E 10% T,
Y hNID—DDFBFLTDLDTY,
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RIS DS ANDOIBADIEFERZEHUET,

# prepare to count predictions for each class
correct_pred = {classname: 0 for classname in classes}
total_pred = {classname: 0 for classname in classes}

# again no gradients needed
with torch.no_grad():
for data in testloader:
images, labels = data
outputs = net(images)
_, predictions = torch.max(outputs, 1)
# collect the correct predictions for each class
for label, prediction in zip(labels, predictions):
if label == prediction:
correct_pred[classes[label]] += 1
total_pred[classes[label]] += 1

# print accuracy for each class

for classname, correct_count in correct_pred.items():
accuracy = 100 * float(correct_count) / total_pred[classname]
print(f'Accuracy for class: {classname:5s} is {accuracy:.1f} %")

ficcuracy for class: plane is 70.5 %
ficcuracy for class: car is 67.0 %
ficcuracy for class: bird is 45.6 ¥
ficcuracy for class: cat  is 35.6 %
fccuracy for class: deer is b6.0 &
fccuracy for class: dog  is 31.2 &
ficcuracy for class: frog is 68.0 %
ficcuracy for class: horse is B6.1 %
ficcuracy for class: ship is B8.4 ¥
fccuracy for class: truck is 58.8 &

IEfRER(E, cat . dog M 30%AETIELS. @&ELdDIE. plane 70% TU.
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3 BFET

3.1 ZFBROI«ILY— (h—FI) ZEFELTHETT,

net.state_dict()

HAORE

> OrderedDict ([('convl.

tensor(

eight’,

[[[-0.1085,
[-0.0552,
[ 0.1568,
[ 0.1483,
[ 0.0414,

-2646,
-2541,

0.0697,
0.1669,
0.2482,
0.2219,
0.0290,

-0.0014,
0.2754,
0.3307,
0.1674,
0.1442,

0.0470,
0.2892,
0.3259,
0.3899,
0.3418,

0.1512,
-0.0037,
0.08786,
0.0747,
0.0643,

-0.1731,
-0.0970,

0.1131,
-0.0157,
-0.0095,

-0.0602,
0.1068,
0.0917,
0.1291,
0.01686,

-1541,
.3663,
.3378,
.32986,
.2207,

.0945,
4211,
4644,
.2492,
0317, 0

0919, 0
-1331,
.3201,
3736, 0
2271,

.2468],
.0485],
.1180],
.0080],
074011,

.0739],
.3075],
.3257],
.2199],
.020411,

.2043],
25111,
.2222],
.2547],
0010111,

- 1766,
.2531,
2971,

.1232,

0.0759,
0.0170,
0.0435,
0.1007,
0.1848,

.2860,
2276,

-1184,
0978,

-0.0893,
-0.3045,
-0.3340,
-0.0473,
-0.0604,

-0.0799,
0.1388,
0.0217,
0.0375,

-0.1587,

0.2894,
0.3870,
0.4423,
0.2489,
0.2160,

-0.1765,
-0.1831,
-0.2118,
-0.1058,
-0.2058,

0.0414,
0.0607,
0.0470,
0.0713,
0.0112,

0.2834,
0.2272,
0.2602,
0.3064,
0.2392,

net.state_dict() T. BDEH. \SA—FZ=HERLET,

HARE L, £ETIIRL—EDH T, Fht. A

LB T1ILF—T.

- 1863,
.2824,
-1708,
.0asz,
0424,

.2094,
.3179,
-1308,
-1434,
1493, -

0765, O
.0566,
1233, 0
.0528,
.1608, -0

o oo o o

.0898],
.1555],
.0304],
.12001],
-DUU?]],

.0059],
.0386],
.0422],
0.0558],
045711,

14711,
.1902],
.0193],
.1842],
0872111,

HE1T6MEENUIZHRD 1 1E(C,
3FVRILTIDT, 5x 50TILIMN3EHDFT.




plt.figure(figsize=(16,16))

for i in range(6):
kernel_weight=np.array(net.state_dict()['convl.weight'])[i,0].reshape(5,5 )
kernel_weight = np.clip(kernel_weight, 0, 1)
plt.subplot(3, 6, i+1)
plt.title(f"kernel_weight : {i+1}")
plt.imshow(kernel_weight, cmap="winter")

HAORE

kernel_weight : 1 kernel_weight : 2 kernel_weight : 3 kernel_weight : 4 kernel_weight : 5

kernel_weight : 6

B W oN H O
B W N F o
B owWwoN RO
B W N H o
B W N = O
BWw N = O

0 2 4 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4

kernel_weight : 1 kernel_weight : 2 kernel_weight : 3 kernel_weight : 4 kernel_weight : 5 kernel_weight : 6

S N =)
B W N F O
B W N - O
B oW N = O
B W N = O
B N )

0 2 4 0 2 4 0 2 4 0 2 4 0 2 - 0 2 4

kernel_weight : 1 kernel_weight : 3 kernel_weight : 4 kernel_weight : 5 kernel_weight : 6

0 0 0 0 0 0
1 1 1 1 1 1
2 2 2 2 2 2
3 3 3 3 3 3
4 4 4 4 4 4
0 2 4 0 2 4 0 2 4 0 2 4 0 2 4

BAH1DET, T1ILF— (B—=JL5x5) B¥ 61EHD.
AS—=TIDT. 3FV>RILICED, 5t 18EDT A ILY—HERRENFT,
CNBSDT 1 JLIMNETNE. K<DMDFEHAN, FBFT—FDEL). epoch DEIERIC
KD, Z{EUET, LlE epoch=2 DHFITIDT. RIET. epoch=10 ELEEUET,
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3.2 IEREXRZEHITBEME (epoch=2 & epoch=10 EDLEE)

- 7—45% 100, EFFIDE loss (F 1.298 M5 0.837 (CIRDFET.

epoch= 2 epoch=10

o> [1, 20000 loss: 2.208 [9, 2000] loss: 0.815
[1, 4000] loss: 1.872 (3, 4000] loss: 0.826
[1, B6000] loss: 1.686 (9, 6000] loss: 0.838
[1, 8000] loss: 1.604 [9, 8000] loss: 0.854
[1, 10000] loss: 1.539 [9, 10000] loss: 0.860
[1, 12000] loss: 1.472 [9, 12000] loss: 0.890
[2, 2000] loss: 1.421 [10, 2000] loss: 0.770
[2, 4000] loss: 1.373 [10, 4000] loss: 0.786
[2, B000] loss: 1.334 [10, 6000] loss: 0.819
[2, 8000] loss: 1.311 (10, 8000] loss: 0.822
[2, 10000] loss: 1.297 (10, 10000] loss: 0.840
[2, 12000] loss: 1.298 [10, 12000] loss: 0.837
Finished Training Finished Training

- BF AT —HDERRE 56% M5 62% ([CRDFET

epoch= 2

epoch=10

ficcuracy of the netwark on the 10000 test images: 56 ¥

ficcuracy of the network on the 10000 test images: B2 ¥

- OSABIDIEFERE, #ifa. mLEULET.

epoch= 2 epoch=10
fccuracy for class: plane is 70.5 % Accuracy for class: plane is
fccuracy for class: car  is B7.0 ¥ Accuracy for class: Gak !S
ficcuracy for class: hird is 45.6 % Accuracy for class: bird o2
ficcuracy for class: cat  is 35.6 % Accuracy for class: cat is
hccuracy for class: deer is 56.0 % Accuracy for class: deer 1S
ficcuracy for class: dog  is 31.2 % Accuracy for class: dog iS5
fccuracy for class: froz is B8.0 % Accuracy for class: frog 'S
fccuracy for class: horse is B6.1 % Accuracy for class: horse 13
ficcuracy for class: ship is 68.4 ¥ Accuracy for class: ship o2
ficcuracy for class: truck is 58.8 % Accuracy for class: truck is

63.5
79.9
47.5
36.2
60.8
50.7
74.7
68.3
71.4
73.3

ST 3R 38 3€ ' 3¢ 3| 3¢ 3¢ =2

epoch ZIEYULTH., ECHT. IEFRXRFENIBLDTT,

RDIERRERT Y TDFE(F. )L, =B FORBELICIRDFET,

ZIHhER FEFEDOADOLRDLDSTY. (RREER. ZZFTTIN)
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epoch=2 & epoch=10 &EDT 1 I)LY— (H—FIL) DZELTT,

FRAUZKRRNDDDTLL DN ?
epoch=2
kernel_weight : 1 kernel_weight : 2

kernel_weight : 3 kernel_weight : 4

0

1

2

3

4
0 2 4

kernel_weight : 4

0 2 4

kernel_weight : 4

0 2 4

kernel_weight : 5 kernel_weight : 6

0 2 4 0 2 4 0 2 4

kernel_weight : 1 kernel_weight : 2 kernel_weight : 5

0 2 4 0 2 4 2

kernel_weight : 1 kernel_weight : 2 kernel_weight : 5 kernel_weight : 6

(=

B W N = O

2 2 2 2
3 3 3 3
4 4 4 4
0 2 4 0 2 4 0 2 4 0 2 4
epoch = 10

kernel_weight : 1 kernel_weight : 2 kernel_weight : 4 kernel_weight : 5 kernel_weight : 6

kernel_weight : 3
]

kernel_weight : 3 kernel_weight : 4

0 0

1 1

2 2

3 3

4 4
0 2 4

kernel_weight : 4

0 0

1 1

2 2

3 3

4 4
0 2 4

kernel_weight : 5

kernel_weight : 3 kernel_weight : 5 kernel_weight : 6



3.3 SRZFHIRNRT. DIV ERDTZ WEB ZBITLUET .
- Google Colaboratory BhE(FIRIL WEB 18N G D EI M. TERFHBADEDTT,

Google Colaboratory &L\

https://www.nemotos.net/?p=4099

Google Colaboratory (&. PAEDEFBIAICT LA URWES v M ENET,
O—RASEZ DT TS DFELAN, BHIETDRE. RINSETIDINENSDDET,
(FBADREBEEEXEHANERVNELDTY)

- PyTorch (COMDYWITL. TECKEDHTHDEFT,
PyTorch T CIFAR-10 Z CNN (CFB8=t3 [PyTorch ] ailiR (BR(ICHI77IO1X)

https://rightcode.co.jp/blog/information-technology/pytorch-cifar-10-cnn-learning

- PyTorch T FEZ#HZF (MNIST) DZITOMRHE T,

PyTorch T CNN Z KAz

https://qgiita.com/mathlive/items/8e1f9a8467fff8dfd03c

- UUTF . JoILPZeEEd 30— KT WADS@ERTY .

for i in range(6):
kernel_weight = np.array(net.state_dict()['convl.weight'])[i].reshape(5,5,3)
kernel_weight = np.clip(kernel_weight, 0, 1)
plt.subplot(3, 2, i+1)
plt.title(f"kernel_weight : {i+1}")
plt.imshow(kernel_weight)
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