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1,0, 1, [[-0.00006, -0.00002, -0.00002],
[0,1,0, -01* [-0. , -0.00004, -0.00004],
[1,0, 11 [-0.00002, -0. , -0.00006]]

[[1.00006, 0.00002, 1.00002],
= [0.00002, 1.00004, 0.00004],

[1.00002, 0.00002, 1.00006]] /
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v U2 HOIE{7t NZYO| Zt 5 SWOtY SYUS Aot 2t

7}5 %] YHIO|E. Conv Layer YJL|0|E

bCOHV, new

b(;nnunew = 1 (— 01 * ‘000002) = 100002

kS
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Conv Z EH(W_conv), B&¥(b_conv)
Weonv = [[1, 0, 1],
[0, 1,01,
[1,0 1
beony = 1
Dense 7+& X|(W_dense), E2f(d_dense)

Wdense = [[0.5, -0.5]]
bdense = [0.1,0.2]

s

ok
o>

f=3
i

Conv Z EH(W_conv), B&¥(b_conv)

Weonv = [[1.00006, 0.00002, 1.00002],
[0.00002, 1.00004, 0.00004],
[1.00002, 0.00002, 1.00006]]

Peony = 1.00002
Dense 7F&X|(W_dense), #2(d_dense)

Wdense = [[0.500022, -0.500022]]

bdense = [0.100002, 0.199998] /
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https://huggingface.co/gihakkk/CNN_test

from tensorflow.keras.datasets import mnist
tens tils import to_categorical

1oad_mnist_data()
" T
(x_train, y_train),

B Brs] offf 1

_train.astype(

o_categorical(y_train, 10)
y_test = to_categorical(y_test, 10)

n x_train, y_train, x_test, y_test

23 HlojE X2
3} 3t= Ol FE,

.:IE1'5 A< B HL{7F Ol 0 ~ 1 AO|Y B2
& =7 a2

of i243toj 0 ~ 1 2 7ot £[0{0F Sty
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__init_(self, num_filters, filter size, input_channels)
self.nun_filters = num_filte

elf.filter_size = filter

self.input_channels

£ Filty
self.last_input !

£ forward(self, input_image):
elf.last_input = input_image
batch_size, input_height, input width, _
output_height = input_height -
output_width = input_width - self.filter_

input_image. shape

output = np.zeros((batch,

output_height, output_width, self.num_filters))

b in range(batch_si
r i in range(output_height)
for j in range(output_width)
region = input_image[b, i:(i + self.filter_si 3 + self.filter_size),
£ in range(self.nun_filters)

output[b, i, j, f] = np.sum(region * £]) + self.biases[f:
return output

Conv layer 7+%&

ize * filter_size * input.
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ss_d_output, learning rate
EEEEL] ;»—”f‘

self.Last_input

oot G ot

d_loss_d_
1f. 1ast_input[b,
£ dn range(self.nun_filters

d_loss_d_output[b, i, j, ] * region

f.filter_size, :] += d_loss_d output[b, i, 3, ] * self.filters[:, :, :, f]

pra |

T | CLEhEE LT

Conv Iayer :rl'a.-_:‘ J2YCI9E LXo|2k? 213 SHRf
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RelLULayer
ZHEHSE RelU 200
__init_ (self):

self.last_input =

- forward(self, input_data):
self.last_input = input_data
return np.maximum(@, input_data)

- backward(self, d_loss_d_output):
d_relu = (self.last_input > @).astype(int)
return d_loss_d_output * d_relu
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£ _init_ (self, pool_size):
self.pool_size = pool_size
self.last_input = None

forward(self, input_image):
self.last_input = input_image

batch_size, input_height, input_width, num_filters = input_image.shape

output_height = input_height // self.pool_size
output_width = input_width // self.pool_size

output = np.zeros((batch_size, output_height, output_width,

for b in range(batch_size):
i nge(output_height):
j in range(output_width)
for f in range(num_filters):
region = input_image[b, (i*self.pool_size)
(j*self.pool_size)
output[b, i £] = np.max(region)

rn output

num_filters))

i*self.pool_size + self.pool_size),
j*self.pool_size + self.pool_size), f]
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backward(self, d_loss_d_output):
d_loss_d_input = np.zeros_like(self.last_input)

b in range(d_loss_d_output.shape[@]):
for i in range(d_loss_d_output.shape[1]):
for j in range(d_loss_d_output.shape[2]):
f in range(d_loss_d_output.shape[3]):
region = self.last_input[b, (i*self.pool_size):(i*self.pool_size + self.pool_size),

*self.pool_size):(j*self.pool_size + self.pool_size), f]

max_val np.max(region)

mask = (region == max_val)

d_loss_d_input[b, (i*self.pool_size):(i*self.pool_size + self.pool_size),
(j*self.pool_size):(j*self.pool_size + self.pool_size), f] += \
mask * d_loss_d_output[b, i, j, f]

return d_loss_d_input
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s FlattenLayer:
EEEEE g

def _init_(self):
self.last_input_shape =

Opgs
def forward(self, input_data):
> -~ o 35 A
self.last_input_shape put_data. A_!E :I_EHE 42 ;O st Eg
batch_size = input_data.shape[0]
return input_data. reshape(batch_size,

def backward(self, d_loss_d_output):
return d_loss_d_output.reshape(self.last_input_shape)

np.randon. randn(input_size, output_: art(2. / input
: np. zeros (output_size)

self.last_input = None

self.last_input_shape

def forward(self, input_data;
self.last_input_shape = input_data.shape
self.last_input = input_data
return np.dot(input_data, self.weights) + self.biases

def backward(self, d_loss_d_output, learning_rate):
batch_size = self.last_input.shape[6]
d_loss_d_input = np.dot(d_loss_d_output, self.weights.T)
d_loss_d_weights = np.dot(self.last_input.T, d_loss_d_output)
d_loss_d_biases = np.sum(d_loss_d_output, axis=6)
self.weights -= learning_rate * d_loss_d_weights / batch_size
self.biases -= learning rate * d_loss_d_biases / batch_size

_d_input
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softmax(logits):
exps = np.exp(logits - np.max(logits, axis=1, keepdim rue))
return exps / np.sum(exps, axis=1, keepdim rue)

f cross_entropy_loss(y_pred, y_true):

samples = y_true.shape[0]
epsilon le-12
y_pred_clipped = np.clip(y_pred, epsilon, 1. - epsilon)
= -np.sum(y_true * np.log(y_pred_clipped)) / samples
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__init_ (self):

self.
self.

self

convl = ConvLayer(num_filters=8, filter_size=3, input_channels=1)
relul RelLULayer()

.pooll = MaxPoolinglayer(pool_size=2)

self.
self.
self.

self.
self.

conv2 = ConvLayer(num_filters=16, filter_size=3, input_channels=8)
relu2 = RelUlayer()
pool2 = MaxPoolinglayer (pool_siz

flatten = FlattenLayer()
enseLayer(5 * 5 * 16, 1)

def forward(self, image):

out

self.convl.forward(image)
self.relul.forward(out)
self.pooll.forward(out)
self.conv2.forward(out)
self.relu2.forward(out)
self.pool2.forward(out)
self.flatten.forward(out)
self.dense.forward(out)

return out
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backward(self d’: loss _d_out learnlng_rate)

gradient = self.dense.backward(d_loss_d_out, learning_rate)
gradient = self.flatten.backward(gradient)

A7 ]

gradient = self.pool2.backward(gradient)

gradient = self.relu2.backward(gradient)
gradient = self.conv2.backward(gradient, learning_rate)

gradient = self.pooll.backward(gradient)
gradient = self.relul.backward(gradient)
self.convl.backward(gradient, learning_rate)
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if _nam
x_train, y_train, x_t /_test

= load_mnist_data(
x_train_small, y_train_small

x_train[:1000], y_ti
test[:500], y_test[

model = Simp:

learning_rate
epochs = 5

batch_size

ape[@], batch_size):
i+batch_si
e]

logits =

model. forward(x_batch)
predictions = softmax(logits)

loss.

cr
epoch_los

oss_entropy_loss(predictions, y_batch)
s += lo:

d_loss_d_out = (predictions - y_batch)

model.backward(d_loss_d_out, learning_rate)

avg_loss = epoch_loss / (len(x_train_small) / batch_size)
h {epoch + 1}/{ep

{avg_loss:.4f}")
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print("\nE
test logits = model. forward(x test small)
test predictions = softmax(test logits)

predicted labels = np.argmax(test_predictions, axis=1)

true_labels = np.argmax(y_test small, axis=1)
accuracy = np.mean(predicted_labels == true_labels)

print(f : {accuracy * 100:.2f}J
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