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Kak nmcatb CNN-MoOenm m He yTOHYTh B
CBEpPTKax




Mpo6nema  MoTUBaLLUA

- CNOXXHOCTb KOHTRONMPOBaHMA
Pa3MepHOCTEW TeH30pa B
npoLecce Npoxogda vyepes
CBEPTOYHblE Cliou

- HeyaobCTBO KOPPEKTHOM
NoobopPKKM rMnepnapamMeTpoB
CBEPTOYHbIX ClIOEB

- KeJlaHWe rnpoeeaeHMd 6ONbLLIOIO
KOJMM4YeCTBa SKCNepmnMeHTOB C
Pa3HbIMW CJTOAMU N TapaMeTpPaM
B Pa3yMHbIX BPpeMEHHbIX PaMKaX

MprMepbl CBEPTOYHbIX OnepaLii
[https:/github.com/fvdumoulin/conv_arithmetic]



Mpeno6paboTKa BpeMeHHbIX paaoB

TeH30pbl MOryT ObITb
Nto6oW paszmMepHOCTH
(B NpnMepe oHU
ABYyMepHbIe)

result of single_output_tensor

prehistory period (180 frames)
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one frame 100 x 100 x 1

ViTMO

forecasting period (30 frames)
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Mpeno6paboTKa BpeMeHHbIX paaoB IIlTMO

result of multi_output_tensor
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TeH30pbl MOryT 6bITb
Nto6oW paszmMepHOCTH
(B npuMepe oHMU e == . e =
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the whole time series



Mpeno6paboTKa BpeMeHHbIX paaoB

gon.epeMeHHble

paOb
dataset = multi_output_tensor(data=noise_data,
additional_x=[noise_data.copy(), noise_data.copy(), noise_data.copy()], ——
additional_is_array=True, npegbicTopua U
forecast_len=30, |
pre_history_len=60, | HAallbHOCTb
threshold=0.5, MPOrHo3a
X_binarize=True)
rnopor
6UHapM3aLmm

for i, batch in enumerate(dataset):
print(f'batch number: {i}',
f'new stacked X shape: {batch[@].shape}\nY shape: {batch[1].shape}', GuHapuzauma X
f'new stacked X max: {batch[@].max()} | min: {batch[@].min()}\nY max: {batch[1].max()} | min: {batch[1]
sep='\n"',
end='\n\n")
1fin=—
break
print(f'Dataset len (number of batches/X-windows): {len(dataset)}')

batch number: @

new stacked X shape: torch.Size([60, 4, 100, 100])
Y shape: torch.Size([30, 100, 100])

new stacked X max: 1.0 | min: 0.0

Y max: 1.0 | min: 0.0

batch b 1 MnpoBepKa
atch number: o
new stacked X shape: torch.Size([60, 4, 100, 100]) pasMepHocTen
Y shape: torch.Size([30, 100, 100]) OAHHbIX

new stacked X max: 1.0 | min: 0.0
Y max: 1.0 | min: 0.0

Dataset len (number of batches/X-windows): 120




MpumMepbl API builder IIiTMO

UMMOPT QYHKL MM
Ona nogcyeta
pe3ynbLTaToB
rnocne cBepToK

from torchcnnbuilder.builder import convld_out, conv2d_out, conv3d_out

H;, + 2 X padding|0] — dilation[0] X (kernel[0] — 1) +1
stride|0]

Hw= | |+1

new_size = convld_out(input_size=33,I
kernel_size=5, rmapaMeTpbl
stride=2) | CBEPTKM

print(f'Tensor size after nn.Convld: {new_size}')

Tensor size after nn.Convld: 15

AHANOrM4YHO A9 TPAHCMOHMPOBAHHbIX
onepaumnn



Knacc Builder

ornmcaHne anI/l6yTOB KJ1aCcoB

from torchcnnbuilder.builder import Builder

Initialization params:

input_size (Sequence[int]): input size of the input tensor
minimum_feature_map_size (Union[Sequencelint], int]): minimum feature map size. Default: 5

max_channels (int): maximum number of layers after any convolution. Default: 512

min_channels (int): minimum number of layers after any convolution. Default: 32

activation_function (nn.Module): activation function. Default: nn.ReLU(inplace=True)

finish_activation_function (Union[str, Optional[nn.Module]]): last activation function, can be same as activation_function (str
'same' ). Default: None
default_convolve_params (dict[str, Union[int, tuple]]): parameters of convolutional layers (by default same as in torch)

default_transpose_params (dict[str, Union[int, tuple]]): parameters of transpose convolutional layers (by default same as in
torch)

Other attributes:

e conv_channels (List[int]): list of output channels after each convolutional layer

¢ transpose_conv_channels (List[int]): list of output channels after each transposed convolutional layer

* conv_layers (List[tuple]): list of output tensor sizes after each convolutional layer

¢ transpose_conv_layers (List[tuple]): list of output tensor sizes after each transposed convolutional layer

Suppose we create a CNN-model for a tensor of size 100 by 100, let the smallest feature map after the convolutions be of size 3 by 3

builder = Builder(input_size=[125, 125],
minimum_feature_map_size=3)

ViTMO

MNonpobHoe
ornmcaHme Kayxagoro
MeTo[a eCTb B
Peno3nTopumn
npoekTa B
avpekTopum examples



CBepTOYHad nocneoBaTe/ibHOCTb

Knacc Builder

ornmMcaHme MmeToaa

‘ ascending

channel; = start x ratio’, i=1...n
] (input_size[0] + input_size[1]) * 0.5
2
stop — in_channels
n_layers
channels = range(in_channels, stop, step)

if ascending = False

stop = | +in_channels if ascending = True

step =

13 gokyMeHTaumm metona build_convolve_sequence

builder.build_convolve_sequence(n_layers=3,
in_channels=3,
ascending=False, # by default
ratio=3)

Sequential(
(conv 1): Sequential(
(0): Conv2d(3, 32, kernel_size=(3, 3), stride=(1, 1))
(1): ReLU(inplace=True)
)
(conv 2): Sequential(
(0): Conv2d(32, 96, kernel_size=(3, 3), stride=(1, 1))
(1): RelLU(inplace=True)
)
(conv 3): Sequential(
(0): Conv2d(96, 288, kernel_size=(3, 3), stride=(1, 1))
(1): ReLU(inplace=True)
)
)

builder.build_convolve_sequence(n_layers=2,
in_channels=3,
params={'kernel_size': 9},.
sub_blocks=2,
ascending=True)

mapaMeTpbl
CBEepTOK

Sequential(
(conv 1): Sequential(
(sub-block 1): Sequential(
(0): Conv2d(3, 34, kernel_size=(9, 9), stride=(1, 1), padding=(4, 4))
(1): ReLU(inplace=True)
)
(sub-block 2): Sequential(
(0): Conv2d(34, 34, kernel_size=(9, 9), stride=(1, 1), padding=(4, 4))
(1): ReLU(inplace=True)
)
)
(conv 2): Sequential(
(sub-block 1): Sequential(
(@): Conv2d(34, 65, kernel_size=(9, 9), stride=(1, 1), padding=(4, 4))
(1): ReLU(inplace=True)
)
(sub-block 2): Sequential(
(@): Conv2d(65, 65, kernel_size=(9, 9), stride=(1, 1), padding=(4, 4))
(1): ReLU(inplace=True)
)
)
)

ViTMO

qlo0HdUalegoTaLo0U BeHhOo1dadD



Knacc Builder

CBEPTOYHbIN B/10K

3aMeHa PUHaNbHOM QYHKLNM

aAKTMBaLlLU
builder.finish_activation_function = nn.Softmax() ——
deconv_layer = builder.build_transpose_convolve_block(in_channels=3,
out_channels=64, .
normalization="dropout"', HaCTpPOWMKa
p=0.2, HOpManmM3aunm

sub_blocks=3,

last_block=True)
deconv_layer

Sequential(
(transpose sub-block 1): Sequential(
(@): ConvTranspose2d(3, 3, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(1): Dropout2d(p=0.2, inplace=False)
(2): ReLU(inplace=True)
)
(transpose sub-block 2): Sequential(
(0): ConvTranspose2d(3, 3, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(1): Dropout2d(p=0.2, inplace=False)
(2): ReLU(inplace=True)
)
(transpose sub-block 3): Sequential(
(0): ConvTranspose2d(3, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
(1): Dropout2d(p=0.2, inplace=False)
(2): Softmax(dim=None)
)
)

MOYKHO CTPOUTb CBEPTOYHbIE BTOKM OTAENbHO (Ha NpuMepe
TPaHCMOHWPOBAaHHOM CBEPTKM)

ViTMO



@
LLla6noHbl Mopeneun (ForecasterBase) MTMO

prehistory period forecasting period

/1
Mopenb 6bina NpeanoxkeHa anga
pelleHmna 3agadm NporHoO3npoBaHMa
KOHUEHTpPauUnW Nbda B CTaTbe
“Forecasting of Sea Ice Concentration
using CNN, PDE discovery and
Bayesian Networks”
s L
4,@":&’ & ;/ ¥ [https://www.sciencedirect.com/science/articl
Q L ..
m;;»* W o e s L /L / 4 / e/pii/S1877050923020094]
.0t Yoot ||
K'a (1?’:/\ * ¥ > & K4 *47"’ i o\@ ‘b"’
\{; \f&+ N N \:':5* \q? & ('f’
\’f; \'qf’* x"f;
@ input/output tensor @ transpose convolution (3 x 3) + RelLu
convolution (3 x 3) + RelLu y adaptive average pooling (input tensor size)



BO3MOXXHOCTU apXUTEKTYpPbI
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train YyacTb 2-MepPHOro BpeMeHHOoro paga
(OBWMXKEHME KBagpaTa rno Kpyry)

Ham 6b1 o4eHb 3TOro He
XO0TeJ1oCb, HO Mbl 1 o M"HyT

BbIHY)K/1€Hbl OFPAHNUNTb noo6y4an, Tenepb

pecypcbl GPU po 30 nNAaTu OeHbrU
yacos B Hegento (((( A '
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BO3MOXXHOCTU apXUTEKTYpPbI IIITMO

from torchcnnbuilder.models import ForecasterBase

import torch.nn as nn
BXOOHOWM pa3Mep MaTpuLbl

# example of initialization

model = ForecasterBase(%nput_size=[65, 651, I npegblcTopma
1n_chﬁnne1i=120, | 0aNTbHOCTb MPOrHO3a
=4
zutgseigfg S=al; ; KO-BO CroeB
— ==y
normalization='batchnorm', ' RoGae/eHvie HopManmsaumm
finish_activation_function=nn.ReLU(inplace=True)) drHanbHaga G-LUma aKTUBaLLUK

I_IapaMeprl MHMUMann3aunii

train_dataset = multi_output_tensor(data=train,
pre_history_len=120, |
forecast_len=40) [

npenbliCTopnd mn

test_dataset = single_output_tensor(data=test, AOanbHOCTb NPOrHo3a
forecast_len=40)

[MogroTtoBka gaTaceTa

12



HeMHoOro MemMoB Npo Mol NpoLecc obyyeHUs

C++ paspaboTumnku

-~

Visual studio nyywas cpega
ans paspaéotkull!

ML-pa3paboTuymku

A NULLY 1 KOMNUAUPYHO KOZ,
B H6paysepe

Her, Rider nyywe!l! '

\

* Hy 4To cbIHOYEK KaK TaM TBOU
———\umndepkn?)) Yeto rpadmkmn y Te§ﬂ
w2.~| 0C060 HE U3BMEHNIUCb, XEPHEMN

() Maellbcs, Halngy yxxe paboTty

Oa nan y meHsa Ha GPU o6yuyeHue Hapo
nogoxaatb npocto u 90% accuracy /—

|___ npo6bem

o) 1IN
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