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/// > FEEMATHET (PArelui#iEeREg/a61)

def neurons(X, w, b) :
O BRB z=torch.mm(X, w) + b
return F.relu(z)
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B ERAYEEEEY

1
o(@) = 1 + exp(—x)
tane) — ©XP() — exp(=a)

exp(x) + exp(—x)

r x>0
ReLU(x) =
0 =<0

r ifx>0
LeakyReLU(z) =
yr ifx <0

if x>0
ELU(x) =
{’y(exp(af;) —1) ifx<0

relu
leakyrelu
elu
sigmoid
tanh

=



Blim &

B sigmoidigliEREL

> FERISEMsigmoidiEiEEET

input x= torch. randn(4)
input_x

Ve

tensor ([-0. 6806, 0.8624, 1.6567, 2.3298])

def sigmoid(x):
return 1.0 / (1.0 + np. exp(-x))

-10 5 ) 5

0.5 1

-1.0 1

10 sigmoid (input_x)

tensor ([0. 3361, 0.7032, 0.8398, 0.9113])

> AHpytorchZEIAIsigmoidiFiEEHEN

output=torch. sigmoid (input_x)
print (output)

tensor ([0. 3361, 0.7032, 0.8398, 0.9113])



Blim &

B tanhiEiEREL

10

05 1

T T T T
-10 5 5 10

-1.0 1

exp(x) — exp(—x)

tanh(z) =
anh(x) exp(x) + exp(—=x)

> FEIEEMtanhB35EREL

input x= torch. randn(4)
input x

tensor ([ 0.5387, -0.2507, 0.2622, -0.0470])
def fun tanh (x):

return (np. exp (x) np. exp (%)) / (np. exp (x) +np. exp (-x) )
fun_tanh (input_x)

tensor ([ 0.4920, -0.2456, 0.2564, —0.0470])

> iEApytorchEEMAItanhigliEEE]

output=torch. tanh (input x)
print (output)

tensor ([ 0.4920, —0.2456, 0.2564, —0.0470])
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ReLUigiEiFE]

10 -

-10

p

5 ] 5
10 A
r x>0
ReLU(z) =
0 =<0

> FEISCIMRe LUBGEEREL
input x=torch. randn (4)
input x
tensor ([ 1.2941, 1.3352, 0.7952, -0.0587])
def fun relu(x):
x=np. where (x>=0, x, 0)

return torch. tensor (x)
fun_relu(input_x)

tensor ([1.2941, 1.3352, 0.7952, 0.0000])

> @Bpytorch3CIBYRe LUELBREREL

output=torch. nn. functional. relu(input x)
print (output)

tensor ([1. 2941, 1.3352, 0.7952, 0.0000])
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B leakyReLUEiHEREY > FrsEMleakyReLUEEHEN
input_x=torch. randn (4)
input_x

10 1
tensor ([-1. 0628, -0.3291, 1.2930, —0.5396])

def fun_ leakyrelu(x, gamma) :
o x=np. where (x>0, x, x’**gamma)

'{Q————“"S_—_—_‘—“T“ 5 10 return torch. tensor (x)

fun leakyrelu(input x, 0.2)

tensor ([-0. 2126, -0.0658, 1.2930, -0.1079])

10 > AApytorchiiiYleakyRe LUEGEERE]

T ifr>0 output=torch. nn. functional. leaky relu(input_x,0.2)
LeakyReLU(z) = print (output)
vz ifz<0 tensor ([0. 2126, —0.0658, 1.2930, —0.1079])



5 $EHTEE
B eLUHiEEREL

5.0 -

25 1

-2.5 1

5.0 -

ELU(z) =
y(exp(z) — 1)

ifz >0

if z <0

10

> FEEEeLUiEREL
input_x=torch. randn (4)

input x

tensor ([-0. 7859, 1.2788, -0.5068, —0.7251])

def fun elu(x, gamma) :
x=np. where (x>0, x, gamma*(np. exp(x)—1))
return torch. tensor (x)

fun_elu(input x, 0.2)

tensor ([-0.1089, 1.2788, —0.0795, —0.1031])

> @BpytorchCIe LU HGEHEREN

output=torch. nn. functional. elu(input_x, 0. 2)
output

tensor ([-0. 1089, 1.2788, -0.0795, -0.1031])

10
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HAOfiLES: SGD., AdaGrad, RMSPropSs

>  FENEMSGD

def SGD(params, lr) :

for param in params:
param. data —= Ir * param. grad

> pytorchill{aJ{sEFHSGD
torch.optim=CI ¥ FFAIEE

[bptimizer = tDrch.Gptim.SGD(deel.parameters(),lr)]

for input, target in dataset:

[Dptimizer.zero_grad()]

output = model (input)

loss = loss fn(output, target)
loss. backward ()
optimizer. step ()

HesaERR LIZE pytorchE75 34
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FENEIBNIREE RIS

RN R

KIS 19 BHIFashion-MNISTHBREES RS 5 E(ES.

JllgkEe: 60,000 MhE&E: 10,000

FMERISIES D 28%28*1 (B EE)

Kal (1025) : dress (FET4B) . coat (FME) . sandal (REE) | shirt ((7%€2) .
sneaker (izzJ#E) . bag (&) FHankle boot (FZ#)

Fashion-MNISTZIBE T

import torch
import torchvision
import torchvision. transforms as transforms

mnist_train = torchvision. datasets. FashionMNIST (root=""\Datasets\FashionMNIST', train=True, download=True, transform=transforms.ToTensor())
mnist_test = torchvision. datasets. FashionMNIST (root=""\Datasets\FashionMNIST', train-False, download=True, transform—transforms. ToTensor ())

15



®) FEhTIATSHERLES

> SRS

X Htorch.utils.data.DataloaderisEBV/ Mt E20E

batch_size = 64 #/PHEHH

train iter = torch. utils. data. Dataloader (mnist train, batch _size=batch_size, shuffle = True, num workers = 0)
Enum_workers=0, A/ ELEFEGERL .

test_iter = torch.utils. data. Dataloader (mnist test, batch size = batch size, shuffle=False, num workers=0)

batch_sizeE2#E541, Fr—ill

B/ DNER
shuffle2B3TELEUE, TrueR~FIELE0E

num_workers=03RT~AHE S SR EHETE

16
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®) FHTMEVRMREMLE

m {ESEIR

>

IRBISLE X Rialt

HEE X R Z 5
num_inputs, num_outputs, num_hiddens = 784, 10, 256

W1 = torch. tensor (np. random. normal (0, 0.01, (num hiddens, num inputs)), dtype=torch. float)
bl = torch. zeros(num _hiddens, dtype=torch. float)
W2 = torch. tensor (np. random. normal (0, 0.01, (num outputs, num hiddens)), dtype=torch. float)
b2 = torch. zeros(num outputs, dtype=torch. float)

params = [W1, bl, W2, b2]
for param in params:
param. requires_grad_(requires_grad=True)

TE M il i G EREN
A IEFARe LUME DB ERREN
def relu(x):

x=np. where (x>0, x, 0)
return x

18



FENEIBNIREE RIS

> EXIRE

BEX

def net (X) :
X = X. view((=1, num_inputs))
H = relu(torch. matmul (X, W1.t()) + bl)
return torch. matmul (H, W2.t()) + b2

> EXRIUFIRKREE

loss = torch. nn. CrossEntropyLoss ()

> EXFEINEEE TIFE

def SGD(params, lr):

for param in params:
param. data — lr * param. grad

> TRIRBEERA NSRS EAHERER

def evaluate accuracy(data_iter, net):
acc_sum, n = 0.0, 0
for X, v in data iter:

acc_sum += (net (X).argmax(dim=1) == v).float(). sum(). item()

n += y. shape[0]
return acc_sum / n

19



FENEIBNIREE RIS

> TEMAEEN)IS N

def train(net, train iter, test iter, loss, num epochs, batch size, params=None, lr=None, optimizer=None) :

for epoch in range (num epochs) : 4MNEBEIRIZE)EEER
train_1 sum, train acc sum, n = 0.0, 0.0, 0
for X, v in train iter: AN EREIAMEHIZRIR
i R E— 5 SRS ANl oss
# e E
if optimizer is not None:
optimizer. zero grad()
elif params is not None and params[0].grad is not None:
for param in params:
param. grad. data. zero_ ()
(L backward_] B RAEE
if optimizer is None:
SGD (params, 1r)
else:
optimizer. step ()
train 1 sum += 1. item()
| train_acc_sum += (y_hat. argmax (dim=1) = y).sum(). iten() | SF=ITEIERRR
n += y. shapel0]
test_acc = evaluate accuracy(test iter, net)
print C epoch %d, loss %.4f, train acc %.3f, test acc %. 3f
% (epoch + 1, train 1 sum / n, train acc sum / n, test acc))

20



®) FEhTIATSHERLES

> illERREE

\J-Ln:ﬂ\

® IREIIZREIR 5%
® 0.1
® LIV EEKAENARISGDRREEY

A,

num_epochs=5 #WE 3/
1r=0. 1 #FZ>/%

train(net, train_iter, test iter, loss, num_epochs, batch size, params, lr)

epoch 1, loss 0.0313, train acc 0.510, test acc 0.650
epoch 2, loss 0.0278, train acc 0.708, test acc 0.722
epoch 3, loss 0.0273, train acc 0.729, test acc 0. 727
epoch 4, loss 0.0271, train acc 0.735, test acc 0.731
epoch 5, loss 0.0270, train acc 0.739, test acc 0. 737



®)) Torch.nnZCINBIISHLE ML

> SCHPFlattenLayer®

class FlattenLaver (torch. nn. Module) :
def init_ (self):
super (FlattenLayer, self). init ()
def forward(self, x) :

return x. view(x. shapel[0], —1)

> IRBIEXTISH N

num inputs, num outputs, num hiddens = 784, 10, 256

net = nn. Sequential (

FlattenLayer (),

nn. Linear (num_inputs, num hiddens),
nn. ReLUQ),

nn. Linear (num_hiddens, num outputs),
)

for params in net.parameters() :
init.normal (params, mean=0, std=0.01)

> IREIGERIR, FIXK, IRKEHFIILE

>

num_epochs=50 A&7 /A

1r=0. 01 #F>/%

loss = torch. nn. CrossEntropyLoss ()

optimizer = torch. optim. SGD(net. parameters(), 1r)

TSR N IR LR loss

def evaluate accuracy(data iter, net, loss):

acc_sum, n = 0.0, 0

test 1 sum=0.0

for X, v in data iter:
acc sum += (net(X).argmax(dim=1) == y). float(). sum(). item()
1 = loss(net(X), y).sum()
test 1 sum += 1. item()
n += y. shapel0]

return acc_sum / n, test 1 sum/n

22



Torch.nnZEIRAITRRLZE RILS

> RN, CREP)ISRERFNISIESEAYloSS

def train(net, mnist train, mnist test, loss, num epochs, batch size, params=None, lr=None, optimizer=None):

train loss=[]
test loss=[]
for epoch in range (num epochs) :

train 1 sum, train acc sum, n = 0.0, 0.0, 0
for X, v in train iter:
v hat = net (X)
1 = loss(y hat, v).sum()
if optimizer is not None:
optimizer. zero grad()

elif params is not None and params[0]. grad is not None:

for param in params:
param. grad. data. zero_ ()

1. backward ()
if optimizer is None:

SGD (params, 1r)
else:

optimizer. step()
train 1 sum += 1. item()

train_acc_sum += (y_hat. argmax(dim=1) = y).sum(). item()

n += y. shape[0]
test acc, test 1= evaluate accuracy (test iter, net, loss)

train loss. append(train 1 sum/n)
test loss. append(test 1)

print ( epoch %d, loss %. 4f, train acc %. 3f, test acc %.3f
% (epoch + 1, train 1 sum / n, train acc _sum / n, test_acc))
return train loss, test_loss



Torch.nnZEINBITRHLE R4S

5
Q. o
LAorone W

> YIEERMlossHZLR T

train_loss, test loss=train(net, train_iter, test iter, loss, num epochs, batch size, net.parameters(), lr, optimizer)

epoch 1, loss 0.0084, train acc 0.353, test acc 0. 464

epoch 2, loss 0.0059, train acc 0.561, test acc 0.623 > g%ﬁulossﬂﬁ

epoch 3, loss 0.0044, train acc 0.640, test acc 0.648

epoch 4, loss 0.0037, train acc 0.670, test acc 0.672 import matplotlib. pyplot as plt

epoch 5, loss 0.0033, train acc 0.691, test acc 0.693

epoch 6, loss 0.0030, train acc 0.715, test acc 0.708 x=np. linspace(0, len(train loss), len(train_loss))
epoch 7, loss 0.0029, train acc 0.736, test acc 0.731 plt. plot(x, train loss, label="train loss”, linewidth=1.5)
epoch 8, loss 0.0027, train acc 0.754, test acc 0.752 plt. plot(x, test_loss, label="test loss”, linewidth=1. 5)
epoch 9, loss 0.0026, train acc 0.767, test acc 0.761 plt. xlabel(“epoch”)

epoch 10, loss 0.0025, train acc 0.779, test acc 0.774 plt. ylabel (“loss”)

epoch 11, loss 0.0024, train acc 0.789, test acc 0.779 plt. legend ()

epoch 12, loss 0.0024, train acc 0.796, test acc 0.785 plt. show()

epoch 13, loss 0.0023, train acc 0.802, test acc 0.792

epoch 14, loss 0.0022, train acc 0.807, test acc 0.797  ain Joss
epoch 15, loss 0.0022, train acc 0.812, test acc 0.800 0.008 1 st loss
epoch 16, loss 0.0021, train acc 0.816, test acc 0.802 0.007 - B
epoch 17, loss 0.0021, train acc 0.819, test acc 0.809

epoch 18, loss 0.0021, train acc 0.821, test acc 0.811 0.006 1

epoch 19, loss 0.0020, train acc 0.824, test acc 0.812 2 0.005 -

epoch 20, loss 0.0020, train acc 0.826, test acc 0.813 =

epoch 21, loss 0.0020, train acc 0.828, test acc 0.816 0.004 1

epoch 22, loss 0.0020, train acc 0.829, test acc 0.817 0,003 -

epoch 23, loss 0.0019, train acc 0.830, test acc 0.815

epoch 24, loss 0.0019, train acc 0.833, test acc 0.820 0002 4 \\\\\\Eh"““———‘———_____________
epoch 25, loss 0.0019, train acc 0.833, test acc 0.822 ; o o = P o

epoch :ZZL
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®) WEEE. RIS, SIS

B KIR3s SCESHIE
® BFHUEEDEFXRIELXS \73 kAjt/J\d‘EME’JELE% &=, &xEk-
RFEERIIEE, REKMNIAERVIYE, kK &FERNEERZ10,

B FR)SCIKIFAE SLIGIE
> BliEERS

¥ 2AEH
1import numpv as np
import random

¢ (B — I REHE
X = torch. rand (100, 32, 32)

Y = torch. rand (100, 1)

¥ random shuffle

index = [1 for 1 in range(len(X))]
random. shuffle (index)

X = X[index]

Y = Ylindex]

26



®) ERR. A, S
> SRENKIA3E SUIGUEFE —HrRYiII SR EEFNISIIESR

def get kfold data(k, i, X, v):

. 74 e e 3 - - 74 oo
T F- F==3 YV cra T v A7 L -
train NWEREFE, A valid NI urE

§ EEE j # (=0 > k]) FRBIEHFEEREHRTRE X
T = gy
fo ld size = X. Shape[ 0] // k % #HHETH -HiIELSLEH]H 78 (AH

val start = 1 * fold size
if 1 1=k — 1:
val end = (1 + 1) * fold size
X valid, v wvalid = X[wval start:val end], v[val start:val end]
X_train = torch. cat ((X[0:val startl], X[val _end:]), dim = 0)
torch. cat ((v[0:val start], vlval end:]), dim = 0)

T A

mE—T T X ik

y_train

mm "

else: 7 &

~ SR EEHINE

X valid, v _valid = X[wval start:], vlval start:] # ENEERE, EENEFELAREFRE—ITE

va
X_train = X[0:val_start]
v[

v_train 0:val start]

return X train, v_train, X valid, v wvalid

27



IRENERE, RS,

> KIXAIE—

def k fold(k, X train, v_train):

gila

=1
&

train loss sum, valid loss sum = 0, 0
train acc_sum , valid acc sum = 0, 0

ERHEITIEFIES, FitEkIrFEIE

BIAKR, BF(E

/‘E;r i in range (k) :
print(’ &', 1 + 1, FWiFER)
data = get_kfold data(k 1, X train, v train)

net = ‘\et {) ¥ I ER (REEFE

YT '—-r s e
= iy g _ \
A A >-_, =iy L?HE/:' Iy

train loss sum += train loss
valid loss sum += val loss

train_acec_sum += train_acc
valid ace sum += val ace

train loss, wval 1055, train ace, val ace = train(net, *data)

print( \n', REKITAZENBUHEER: ')

print (" average train loss: {:.4f}, aver
print ( average valid loss: {:.4f}, aver

return

e traln accuracy:
e valid accuracy: -

{1 3f}9
1:. 3f]

v . format (train_loss_sum/k,
% . format(valid_loss_sum/k,

train acc_sum/k))

valid acc sum/k))

28
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I BEPISSEINIR T MRS, IPSHERE

B STERERIHE, (ERIMTRI=M I R EREAF S RITRE
y =12x —3.4x* +5.6x>+5+¢€

> IZBIRRIRARMIIENO, IREER0.THIESH . YIGSHEEMNNEREEAIFFEERSZ/3100

-

n_train, n_test, true w, true b = 100, 100, [1.2, -3.4, 5.6], 5 \ N
features = torch. randn((n train + n test, 1)) *@Em[x;x y X ]
poly_features = torch. cat((features, torch.pow(features, 2), torch.pow(features, 3)), 1) 7/, —=

HIFZZC

labels = (true wl0] #* polvy featuresl:, 0] + true wll] * poly featuresl|l:, 1]
+ true w[2] * poly features[:, 2] + true b)

print (features[0], labels[0])

tensor ([0. 3509]) tensor(5.2411)

> EXAEEERHEDraw Loss Curve

def Draw Loss Curve(x_wals, v _wvals, x_label, v label, x2 vals=None, v2 vals=None,
legend=None, figsize=(3.5, 2.5)):
displayv. set _matplotlib formats( svg )
plt. rcParams[’ figure. figsize' ] = figsize
plt.xlabel (x label
plt. vlabel (v_label)
plt. semilogy (x_vals, v_vals)
if x2 vals and v2 wvals:
plt. semilogy (x2_vals, ¥2 vals, linestyle=":’)
plt. legend(legend)

30



ZHEHAPSLERRSBRIUEG. THSHEE
> R A SRR

num_epochs, loss = 100, torch. nn. MSELoss

def fi't..:f.'lnd p_ot(traln features, test features, train labels,_ test labels) : EE{%H@%;E&;E}?E%U

# e A T D oy B R A g TEOALD vl == oy o de sbyf A S o S T I o A g A S
e i ey N O N e 5 O I P iy Pl W gl il AN AT DR = VI B B AN A B B 0T8T \i —_ ""';:Fl_l
net = torch. nn.Linear (train features. shapel[-1], 1) *@JE: i\ln]HI\J*E:I:

HEN 4% K T
batch size = min(10, train labels. shape[0])

dataset = torch.utils. data. TensorDataset (train features, train labels)

train_iter = torch.utils. data. Dataloader (dataset, batch size, shuffle=True)

g
7ol 25 Fe 7T

L Ul T ey i ]

optimizer = torch. optim. SGD (net. parameters(), 1r=0.01)
train_ls, test_ls = [1, []
for _ in range (num_epochs) :
for X, v 1n train_iter:
1 = loss(net(X), v.view(-1, 1))
optimizer. zero grad()
1. backward ()
optimizer. step()
train_labels = train_labels. view(—-1, 1)
test_labels = test labels. view(-1, 1)
train_ls. append(loss (net (train_features), train labels). item())
test_ls. append(loss(net(test_features), test labels).item())

print(’ final epoch: train loss’, train ls[-1], ~test loss’, test ls[-11)

Draw Loss_Curve(range(l, num epochs + 1), train ls, ' epochs’, ’loss’,
range (1, num epochs + 1), test_ls, [ train’, ' test 1)

print{ weight:’, net.weight. data,

"‘\nbias:’, net.bias. data) 31



I B S LNFERSHAEG. SHSREE

B ER=MZHERHES
> ERASHIRERBEMFEMN=NSHEIESNE, $IRERSHIERETE

fit and plot(polvy featuresl:n train, :], polv featuresl[n train:, :],
labels[:n_train], labels[n train:])

final epoch: train loss 0.00010961104999296367 test loszs 9. 270678826410086=-05
weight: tensor([

(LL
bias: tenzor([4.9

E
101; - frain
test
100 4
Umj 1[}_1 E|
o
10_2 E
1[}_3 E
10_4 a ] I ] I “qh—-l-__-_-___l
0 20 40 60 80 100

epochs

1.2058, -3.4001, 5.5984]1]) i
9801) 5EEERy = 1.2x — 3.4x% + 5.6x3 + 5+ ¢
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®) SHRBBBATRFRSHME. SHAMEE

m ERZEEMIIE (RIS)
> SIRRERERE: ERSIEEY, SEMNRElossTERBIIEM T, KNS

fit and plot(features[:n train, :], features[n train:, :], labels[:n train],
labels[n train:])

final epoch: train loss 64.31674194335938 test loss 140. 50250244140625
weight: tensor([[12.6037]])
bias: tensor([l.7815])

4 % 107 ]

, — train
2 %102
N
S
107 1
6 x 10 L,

0 20 40 60 80 100
epochs
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®) SERAESBATRFERSHRME. FHAMHEE

mIgEFEFIL (EHIS)
> RERFAEMESRIIGER, JIGElossisE Fig, MiktEloss b7, HMTiTLE

fit_and plot(poly features[0:2, :], polvy features[n train:, :], labels[0:2],
labels[n_train:]

final epoch: train loss 0.7790262699127197 test loss 1bH3. 86997985839844

weight: tensor ([[2.0786, 1.6235, 2.4390]])
bias: tensor([2.9667])
 ————m
102?
0 ] —— train
un
2 101 4 test
lDﬂ?

0 20 40 60 80 100
epochs

— EESMERZEKRSY = 1.2x — 3.4x%> +5.6x3+ 5+ ¢
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®) TS TFEYE RS

® TEMREYRIRICRRENEN_ ENINL, S EEUESIIN, 18

L, BEIIENE

WS B ERRRIRR S ATEEFT I

V

FERMEIIRE, SRR AT, S, AT SRR e R
0+ wp
° 2n

HwZ22HAE, (, SRERIRKREL, nEFEATE, 1 2B

m LS4 m 3061

ISR AR Ap, (R0 FREVERFEARRIIRSS
y=0.05+ Zp:O.lei 1

HAIREINeARMIHE0. TRHEEN0.0THIESS
IEEFAEI 10035 | AT ERIEIR.

fo. ®p=200, REIEGEFALT920,
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®) EEMIAEENEAESE— L ESEN

> HERLETHEER

In [30]: %matplotlib inline
import torch
import torch.nn as nn
from torch.utils i1mport data
import numpyv as np

import svs

svs. path. append(”.. ")

from matplotlib import pvplot as plt
from IPvthon i1mport displav

In [16]:  n_train, n_test, num inputs = 20, 100, 200 P .
true w, true b = torch.ones(num_inputs, 1) #* 0.01, 0.05 y :OOS-I-ZOO].XI +0

gt IS
features = torch. randn({(n train + n test, num inputs))

Fabels = torch. matmul (features, true w) + true b

labels += torch. tensor (np. random. normal (0, 0.01, size=labels. size()), dtypeZtorch.float)]
train features, test features = featuresl|l:n_train, :J, featuresln train:, :]
train_ labels, test labels = 1abels[ n_train], labels[n train ]

R e — o
E— AR ELTE L 25 T =

print (train features[0][:5]) #& /4 # LE
print (train labels[0])

tensor ([ 0.1348, 0.3261, -1.4309, -1.4814, 0.4257])
tensor ([0. 2408])



®) EXTAIE R

m FEEHL, B IENHE
> TEXRENAA R S Hm

def init params():
w = torch. randn((num_inputs, 1), requires grad=True)

b = torch. zeros (1, requires grad=True

return [w, b]

> ENXL,BEETIIR

def 12 penaltv(w):
return (w¥#*2).sum() / 2

> EXIRE

def linear(X, w, b):
return torch.mm(X, w) + b

SEEIENE

> BMERIRE

def =quared loss(v_hat, v):

—".:—_,_-' 5 ~— =
f —2 .
1E 41

tr s -:"‘ '_,....- /-'E""'I:; :l"_.-r_- 5 ,.L

return ((v_hat — v. xlem(x _hat. Slze())) *k 2) / 2

> TEXFEHNERE TIFEREY

def SGD(params, 1r):

fcr param in params:
B X E IR (G Zpara

CEA A i

param. data —= lr * param. grad

= ';r e + F }_ fof
vtoreh '"'Jda-u"‘“‘“"‘"‘;x:_ M i._;:,

7. data

il
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®) EXHSAERE RS E— L ERIEN
> REIZRERE]

bateh _size, num epochs, 1lr = 1, 100, 0.003

net, loss = linear, squared_loss

g HIESE

dataset = torch.utils. data. TensorDataset (train features, train labels)

traln iter = torch.utils. data. Dataloader (dataset, batch size, shuffle=True)

"firf raglier i )
E_. P -- 'h._ FLd

def f t_and_plot (lambd) :

w, b = init params()

train_ls, test ls = [], []
for  in range(num_epochs): IIJ\\I”:I 'l«UI / }Eﬁlambd
o
THIAESINE

for X, v 1in train iter:

B ORI T L2iE T
[1 losz(net(X, w, b), v) + lambd * 12 penaltv(m)}//”'

1 = 1. zum()

1f w. grad 1s not None:
w. grad. data. zero_ ()
b. grad. data. zero ()

1. backward ()

SGD([w, bl, 1r)

train_ls. append(loss(net(train features, w, b), train labels).mean(). item())
test_ls. append(loss(net (test features, w, b), test labels). mean{) item())
Draw Loss Curve (range(l, num epochs + 1), train_ ls, :Fpobhr , loss’,
range (1, num_epochs + 1), test ls, [’ train’, ' test’ ])
print( L2 norm of w:’, w.norm(). item())



®) EHAEMEESE

TEEYIENL

» 1 =0 (BA{ERAL,EEIEN) BIAISCIS
ZR, BT ISR,

fit_and plot (lambd=0)

LZ norm of w: 12.559598922729492

102
1071
w 1077 - — train
LN
o test
1077
10710

0 20 40 60 80 100
epochs

> A =3 (BMEAL,BEIENML) AIRISCIGESR
, —EENERTINS, RATLES
S, 8T, SHEERO,

fit _and plot!lambd=3

LZ norm of w: 0.04879558086395264

102 )

j train

10% 3 test
10° 4
7 ?
o 1[}_1 E
102 -
10—31

0 20 40 60 80 100
epochs
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®) RS SRR ERRGE— L, CEIENM

= *Uﬂitorch.optimﬂijweight_decay%%&;“gimLz?EiﬁlIEmljm
> EXU"&E@;& def fit and qut p\torch{'n‘rd} _
= E ST —A A2 ght 45/

= j?fzézi*xa B - F A= Llweizgh
net = nn.Llnear(num_lnputs, 1)
nn. init. normal (net. weight, mean=0, std=1)
nn. init. normal (net. bias, mean=0, std=1)
4 (EHweight decayZELHL2E 20 IE T
ptimizer w = torch.optlm.SGD{params—[net.weight],

o
L@timizer_b = torch. optim. SGD (params=[net. bias], lr=1r)

i
]

lr=1r, weight decav=wd)

train_ls, test_ls = [1, L[]
for _ in range (num_epochs) :
for X, v 1n train iter:
1 = loss{(net(X), v).mean()
optimizer w. zero_grad ()
optimizer b. zero grad()

1. backward()

rr e S i

T -T~optimi zer S5 =
P I A 0P L 1M1 E el e B o A e

optimizer w. step()
optimizer b. step()
train_ls. append(loss(net(train_features),

train_labels).mean (). item())

test_ls. append(loss(net(test_features), test labels} mean (). item())
Draw Loss_Curwve (range (1, num_epochs + 1), train ls, —pobhrl, > loss’,
range (1, num_epochs + 1), test_ls, [ train’, test’ ])

print{ L2 norm of w: , net.weight. data. norm(). item())



SEEIENE

®) BT SRS

> 1=0 (B L. IS £ TEM Ada4500s > A =3 (BMERL,CEEN{L) AIAISCISSESE
7 ,(-:Hgfyﬁ F?uﬁlﬁgkgt o) BRIt . —E*Efgﬂgﬁzﬁﬂ?iiwao Gy e
SHL, T, SEHIFREO,

fit and plot pvtorch(0) fit_and_plot_pvtorch(3)

L2 norm of w: 13.343997955322266 L2 norm of w: 0.060846149921417236
101 - j train
107 5 test
1072 ]
109 4
u —  train v
n 10~ wn
2 test is. 101 4
1078
102
10—11
———— ————— 103
lI) 2IU 4I0 EID 8|0 1{50 0 20 40 60 80 100
epochs epochs
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RIS A E AT iZ——Dropout

B Fz))sEMldropout
LARTIRAERERLZE 6], HfERdropouthd, RIEEREMEIREEF SRR TTh B — RN ERIA.

> g%gﬁ@%%?ﬂﬂégﬁigw%%?ﬁ% > MRd—1rEEX, ¥WX#HiTdropout, 7351
= 1-pRIEEZEh, SFRUAT - p AL, s 2= TR .

X = torch. arange (10). view(2, 5

def dropout (X, drop_prob): print (dropout (¥, 0), \n’)
X_? K:£15§Eﬁ> S print (dropout (X, 0.5),  \n’)
Lfr B EFBF e & i 0512 /5 i e 0L L
assert 0 <= drop prob <=1
keep prob = 1 — drop _prob tensor ([[0., 1., 2., 3., 4.1,
¥ IXFERE FTHEEH T ESERE [5., 6., 7., 8., 9.11)
1f keep prob == 0:
return torch. zeros like (X tensor([[ 0., 2., 0., 0., 8.1,
s e maskiEE ([HE) ] [ 0., 12., 0., 16., 18.11)
mask = (torch. rand(X. shape) < keep prob). float()
2% e mask i 1T XX 1T 2 20 tensor ([[0., 0., 0., 0., 0.1,
return mask * X / keep prob (0., 0., 0., 0., 0.1

42



A
& -+
e £
B! =
% 2
% 1896 Q‘F
) o
v, o
Aorone

RIXTI S

[ERERE AR

Dropout

> ENMIEBRESH ([E@Fashion-MNISTZL

num_inputs,

num_outputs,

num_hiddensl,

EERiHT

num_hiddens2 = 784, 10,

requires_grad=True)

requires_grad=True)
size= (num outputs,
requires grad=True

W1 torch. tensor (np. random. normal (0, 0.01,
bl torch. zeros (num_hiddensl,

W2 torch. tensor (np. random. normal (0, 0.01,
b2 torch. zeros (num_hiddens?2,

W3 torch. tensor (np. random. normal (0, 0.01,
b3 torch. zeros (num_outputs,

params = (W1, bl, W2, b2, W3, b3]

size=(num hiddensl,

size=(num hiddens2,

f73E58)

06, 206

[~2
[}

num_inputs)),

num_hiddens2)),

num_hiddensl)),

dtvpe=torch. float, requires grad=True)
dtvpe=torch. float, requires grad=True)

dtvpe=torch. float, requires grad=True)

> EX(ERdropoutfIMILEIRE, AMSIRERNEFEDH/30.2F10.5

drop probl, drop probZ = 0.2,
def net(X, is training=True):
X = X. view(—-1, num inputs)

Hl = (torch matmul (X,

0.5

W1 t()) + bl) rely ()

1f

1s_training:

Hl = dropout (H1,

¥ ITEEFY

drop

’WE-E'J*—HL. ropout
R = e e T v IL S—
probl) ¥ EE —EeEE S Hrdr

H? = (torch. matmul (HI1,

W2.

t()) + b2).relul)

1f 1s training:

H?2 = dropout (H2, drop

prob?)

return torch. matmul (H2,

W3.t()) + b3

43



®) Brxdidil & Ery S s iE—Dropout
> ENITHRERZEAIRE

def evaluate accuracv(data iter, net):

ace_sum, n = 0.0, 0 M AT AERdropout

for X, v 1n data iter: ‘/”)'
acc_sum +=|(net(X, is training=False). argmax (dim=1) == v). float(). sum(). item()
n += v. shape[0U]

return acc_sum / n

ISREIRYERS 51 .5 1R, LA BEEiR, ERERIMT

num epochs, lr, batch size = 5, 0.1, 128
loss = torch. nn. CrossEntropvLoss()
train(net, train iter, test iter, loss, num_epochs, batch size, params, lr, None)

epoch 1, loss 0.0105, train acc 0.492, test acc (.689
epoch 2, loss 0.0052, train acc 0.759, test acc 0. 802
epoch 3, loss 0.004Z2, train acec 0.810, test acec 0.827
epoch 4, loss 0.0037, train ace 0.831, test ace 0.825
epoch 5, loss 0.0034, train acc 0.844, test acc 0. 849



®) RS HAIRN A A

m flJtorch.nn.DropoutEsEidropout
> EXIEE!

class FlattenlLaver (torch. nn. Module) :
def init_ (self):
super (Flattenlaver, self). init ()
def forward(self, x):

return x. view(x. shapel[0], -1)

net _pvtorch = nn. Sequential (

FlattenLaver (),

nn. Linear (num inputs, num_hiddensl),
nn. ReLU(),

nn. Dropout (drop_probl),
nn. Linear (num hiddensl, num hiddens2),

nn. ReLU(),
nn.Dropout(drop=prob2),

nn. Linear (num_hiddens2, 10)

)

for param in net pvtorch. parameters () :
nn. init. normal (param, mean=0, std=0.01)

Dropout
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Dropout

®) A EER AR

> EXVTEERZERNEL (eval)Ftrain () RINIFRERRIIAT)

def evaluate accuracv(data iter, net):
ace_sum, n = 0.0, 0

for X, v in data_iter: %}Eﬁeval() *&tﬂiﬁ¢idc E '/fi-;)\J _t

if isinstance(net, torch. Module)
net. eval () # FEED, H1EHdropout
acc_sum += (net(X).argmax(dim=1) == v).float (). sum(). item()

—
1 o = —7

net. trainl) # zZ¢/9V/Z%EE I

=

n += v. zhape[0]
return acc_sum / n

> SLISYEE

optimizer = torch. optim. SGD(net pvtorch. parameters(), 1lr=0.1)
train(net pvtorch, train iter, test iter, loss, num epochs, batch size, None, None, optimizer)

. 490, test acc 0. 746
. 764, test acc 0. 801
. 809, test acc 0.825
. 830, test acc 0.840
. 843, test ace 0. 837

epoch 1, loss 0.0104, train acc
epoch 2, loss 0.0031, train acc
epoch 3, loss 0.0042, train acc
4
5

loszs 0.0037, train acc
loss 0.0034, train acc

epoch 4,

o O D D D

epoch
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1. BFEEE

o ATHETT

® ELHRREN

® HilEHERILEAIZERY
® {fLiLaEsaYER

2. EIRRNRMERERILE

® FRNSCINBITEMRS ML
® Torch.nnZCHEIERLS /4R

3. 1IRENRAIK

o HEELKEE IS, XS
o RREHIIE. KIUSHIEZER
o SHIEHEAINA: IEN{L. dropout

. SEIOERK

o HIRENE
o FLIEHER

o SAMRSLIREK
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® BEENE—ER. —H%. SHXTSHES

B FHEMEIESRIZIES, B2k:
o RN,
o HUREATA/NA10000EIgREANANT000, MiEEEA/NA3000,
o HUESEEORARHEAEDS00, EIRMAIFATEMLENERAL ¥ =0028+) 00056x +0
B FHER—IRESHIMIRES, Bk:
o FERTIASURE.
o TN UEEEAIA/NG 100008 II4EANAT000, MirtsEA/ 3000,
o P MBS AHMDEIEEITN200, BSRIRMNSEENERKETEERNESST.
o T MNBEIIRAFES B0,

B MNISTFEBEIEEMA:

o ZEEEE 60,000 FATIZrAYE BiF254010,000 TR EIRER,

o EBREEEAX/NE28x28%%), HENOE1, AENEIGREPHFERFFIEHE784(28 * 28)MMFIEH—%
numpy#i¢H. 48




Z R RIS ERER

RS I4A

> MNISTEIEER T &k FNisEAN :

P e Al I BT L

FFEMNISTE S FHiE 5
train dataset = torchvision. datasets. MNIST (root=". /Datasets/MNIST”,
test_dataset = torchvision. datasets. MNIST (root="

train=True,
train=False,

D e 4 3 -—l:..;—\f!
atasets/ MNLoL ,

Downloading http://vann. lecun. com/exdb/mnist/train-images—idxd—ubvte. gz
Downloading http://vann. lecun. com/exdb/mnist/train—-labels—idxl-ubvte. gz
Downloading http://vann. lecun. com/exdb/mnist/t10k-1mages—1idz3-ubvte. gz
Downloading http://vann. lecun. com/exdb/mnist/t10k-1abels—idxl-ubvte. gz

Processing. ..
Done!

train_loader = torch.utils. data. Dataloader (train dataset, batch_size=32,

transform= transforms. ToTensor (), download=True)
transform= transforms. ToTensor ())

shuffle=True)

test_loader = torch.utils. data.Dataloader (test _dataset, batch_size=32, shuffle=False)

for X, ¥ 1in train loader:
print (X. shape, v. shape)
break

torch. Size ([32, 1, 28, 28]) torch.Size([32])
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ERREIRER

B FEECIBSRHREREER LiREEH, oK. S9KEES
® HHTECin AR AL G NN SR ossHRZ:
B FlBtorch.nnSEMBIIRMRLEMERFR LiRE]H, oK. SHEES
® HTECin AR H LT IIGEFNIH SR ossHIZE
B 355X SLGRIE EEBEL =M ARRIEIEEREY
® XILU{ERARIAEREAISCIGER
B EZ RIS RFEM—HRREISHAZE (L IEN{Lskdropout)
® RR(EARIRREMENTN, HFk FAMESFHI—IT

® L,IFNMY: IRFETITHINEITEIRERAYSINT (7] AlossHZLiH 1 T/ExR)
® dropout: HRFAREFFXILIERAIZN (FIFlossHZH 1 TRED)

50



®) STISIETER

m ISR
* TEXMIAIMISER, SEELRAER, WLRERIOTHNERLRSHRE
B SR SRS RAIES
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