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ResNet (1)

ResNet - https://arxiv.org/pdf/1512.03385.pdf

Îøèáêà îáó÷åíèÿ (ñëåâà) è îøèáêà òåñòà (ñïðàâà) íà CIFAR-10 ñ 20-óðîâíåâûìè

è 56-ñëîéíûìè ¾ïðîñòûìè¿ ñåòÿìè



ResNet Distillation Batch normalization

ResNet (2)

Ñ óâåëè÷åíèåì ãëóáèíû ñåòè òî÷íîñòü ñíà÷àëà
óâåëè÷èâàåòñÿ, à çàòåì áûñòðî óõóäøàåòñÿ.

Ïî÷åìó ãëóáîêèå ñåòè òàê ñåáÿ âåäóò?

Èñ÷åçàþùèé ãðàäèåíò

Âçðûâíîé ãðàäèåíò

Ïðîáëåìà äåãðàäàöèè
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ResNet (3)

Ðåøåíèå ïðîáëåìû äåãðàäàöèè - ñîåäèíåíèå äëÿ

áûñòðîãî äîñòóïà

Ñîåäèíåíèÿ áûñòðîãî äîñòóïà (identity mapping,

skip connections, shortcut connections) ïðîïóñêàþò
îäèí èëè íåñêîëüêî ñëîåâ è âûïîëíÿþò ñîïîñòàâëåíèå
èäåíòèôèêàòîðîâ. Èõ âûõîäû äîáàâëÿþòñÿ ê âûõîäàì
stacked layers.
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ResNet (shortcut connections)
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ResNet (shortcut connections)
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ResNet (àðõèòåêòóðà âñåé ñåòè)

Â êà÷åñòâå ôèíàëüíîãî êëàññèôèêàòîðà â ResNet
èñïîëüçóåòñÿ pooling-ñëîé ñ softmax.
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ResNet (ïðîáëåìà ðàçíîé ðàçìåðíîñòè)

Â èäåàëå ðàçìåðíîñòü F (x) è x äîëæíû áûòü
îäèíàêîâûìè, íî ...

Âîïðîñ - êàê ìîæíî äîáàâèòü F (x) è x, êîãäà äâà ñëîÿ
èìåþò ðàçíûå ðàçìåðû?

Êîãäà ðàçìåðíîñòè óâåëè÷èâàþòñÿ - ñ ïîìîùüþ
çàïîëíåíèÿ íóëÿìè èëè ëèíåéíîé ïðîåêöèè íà
ñîåäèíåíèÿõ áûñòðîãî äîñòóïà.

Â ResNet ñóùåñòâóåò äâà âèäà áûñòðûõ ñîåäèíåíèé:
îäíî áåç âåñîâ, à äðóãîå ñ âåñàìè.
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ResNet (ïðîáëåìà ðàçíîé ðàçìåðíîñòè -

ðåøåíèå)

Áûñòðîå ñîåäèíåíèå âûïîëíÿåò ñîïîñòàâëåíèå
èäåíòèôèêàòîðîâ ñ äîïîëíèòåëüíûìè íóëÿìè,
äîáàâëåííûìè äëÿ óâåëè÷åíèÿ ðàçìåðíîñòè. Ýòà
îïöèÿ íå ââîäèò íèêàêèõ äîïîëíèòåëüíûõ ïàðàìåòðîâ

Ïðîåêöèÿ áûñòðîãî ñîåäèíåíèÿ â F (x, {Wi}) +Wsx
èñïîëüçóåòñÿ äëÿ ñîïîñòàâëåíèÿ ðàçìåðíîñòåé
(âûïîëíåíî ñ ïîìîùüþ 1õ1 ñâåðòîê)
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ResNet (ïðîåêöèÿ áûñòðîãî ñîåäèíåíèÿ)

Ôîðìàëüíî îäèí áëîê èìååò ôóíêöèþ:
y = F (x, {Wi}) + x, ãäå x, y - âõîä è âûõîä áëîêà;
F (x, {Wi}) - ôóíêöèÿ, íàïðèìåð, F = W2σ(W1x), σ -
ReLU.

Îïåðàöèÿ F + x ðåàëèçóåòñÿ áûñòðûì ñîåäèíåíèåì è
ïîýëåìåíòíûì ñóììèðîâàíèåì

Ëèíåéíàÿ ïðîåêöèÿ Ws : y = F (x, {Wi}) +Wsx
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ResNet (ïðîåêöèÿ áûñòðîãî ñîåäèíåíèÿ)
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ResNeXt

Èñïîëüçóåò ñòðàòåãèþ
ðàçäåëåíèÿ-ïðåîáðàçîâàíèÿ-ñëèÿíèÿ. Áëîê âûãëÿäèò êàê
Inception, ãäå âûïîëíÿþòñÿ ðàçëè÷íûå ïðåîáðàçîâàíèÿ
(1x1 Conv, 3x3 Conv, 5x5 Conv, MaxPooling) è
îáúåäèíÿþòñÿ âìåñòå
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ResNeXt (åùå âàðèàíòû)
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DenseNet (îäèí dense áëîê)

Îäèí ïëîòíûé áëîê DenseNet c 5 ñëîÿìè è ñêîðîñòüþ

ðîñòà k = 4

Êàæäûé ñëîé ïðèíèìàåò âñå ïðåäûäóùèå êàðòû ïðèçíàêîâ

â êà÷åñòâå âõîäíûõ äàííûõ.
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DenseNet

DenseNet ñ òðåìÿ ïëîòíûìè áëîêàìè

Â îòëè÷èå îò ResNet, ïðèçíàêè íå ñóììèðóþòñÿ, à
êîíêàòåíèðóþòñÿ.
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Distillation (idea)

G. Hinton, O. Vinyals, J. Dean. Distilling the Knowledge
in a Neural Network, arXiv:1503.02531.

Ìîòèâàöèÿ: èñïîëüçîâàòü ðåçóëüòàòû îáó÷åíèÿ
�ñëîæíîé� ìîäåëè äëÿ îáó÷åíèÿ �ïðîñòîé�

Îòëè÷èå transfer learning è distillation: â ïîñëåäíåì
ïåðåíîñ îáîáùåíèÿ (transfer of generalization)

Ïîíÿòèÿ: ñåòè ó÷èòåëü è ñòóäåíò, ïîíÿòèå
òåìïåðàòóðû â softmax, �òåìíûå� çíàíèÿ (dark
knowledge) è ìÿãêèå âåðîÿòíîñòè
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Distillation (ìîäåëü ó÷èòåëü-ñòóäåíò)

Ó÷èòåëü - ýòî �ñëîæíàÿ� ãëóáîêàÿ íåéðîííàÿ ñåòü,
êîòîðàÿ áûëà îáó÷åíà íà áîëüøîì êîëè÷åñòâå äàííûõ
(èëè ëþáàÿ äðóãàÿ ìîäåëü - àíñàìáëü) ñ õîðîøèì
îáîáùåíèåì

Ñòóäåíò - ýòî �ïðîñòîé� ñåòü, öåëü - âûó÷èòü
áîëüøèíñòâî îáîáùåíèé ó÷èòåëÿ è îñòàâàòüñÿ
�ïðîñòîé�
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Distillation (ìîäåëü ó÷èòåëü-ñòóäåíò)

J.H. Cho and B. Hariharan. On the E�cacy of Knowledge Distillation.

arXiv:1910.01348v1
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Distillation (ìîäåëü ó÷èòåëü-ñòóäåíò)
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Distillation (òåìïåðàòóðà)

Softmax âîçâðàùàåò âåðîÿòíîñòè êàæäîãî êëàññà îò 0
äî 1, è èõ ñóììà =1, öåëåâîé êëàññ èìååò âûñîêóþ
âåðîÿòíîñòü

pt(zi) =
exp(zi)∑
j exp(zj)

Softmax ñ òåìïåðàòóðîé

p∗t (zi ,T ) =
exp(zi/T )∑
j exp(zj/T )

Áîëüøå òåìïåðàòóðà - áîëåå ðàçìûòû âåðîÿòíîñòè
êëàññîâ
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Distillation (òåìïåðàòóðà è MNIST)

Âåðîÿòíîñòè öèôð MNIST, êëàññèôèöèðóåòñÿ öèôðà 7
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Distillation (dark knowledge)



ResNet Distillation Batch normalization

Distillation (dark knowledge)

Ìîäåëü äàåò áîëåå âûñîêóþ âåðîÿòíîñòü äëÿ 1
îäíîâðåìåííî ïðîãíîçèðóÿ 7 ïðè âûñîêîé T

×åëîâåê íå ìîæåò êîëè÷åñòâåííî îïðåäåëèòü,
íàñêîëüêî 7 âûãëÿäèò áëèæå ê 1, à
�âûñîêîòåìïåðàòóðíàÿ� ìîäåëü äåëàåò ýòî

Ò.î. �âûñîêîòåìïåðàòóðíàÿ� ìîäåëü îáëàäàåò
�òåìíûìè� çíàíèÿìè - â äîïîëíåíèå ê ïðåäñêàçàíèþ
÷èñëà 7, îíà òàêæå õðàíèò èíôîðìàöèþ î òîì,
íàñêîëüêî ýòî ÷èñëî 7 íàïîìèíàåò ÷èñëî 1

�Íèçêîòåìïåðàòóðíàÿ� ìîäåëü (îáû÷íàÿ ìîäåëü)
õîðîøà äëÿ òî÷íûõ ïðîãíîçîâ, íî òåðÿåì ýòè
�òåìíûå� çíàíèÿ

Îñíîâíàÿ èäåÿ distillation - ïåðåäà÷à �òåìíûõ� çíàíèé
îò îáó÷åííîãî ó÷èòåëÿ ê ïðîñòîé ìîäåëè ñòóäåíòà
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Distillation (îáó÷åíèå ñòóäåíòà)

Ìîäåëü ñòóäåíòà îáó÷àåòñÿ ïðè òîé æå âûñîêîé
òåìïåðàòóðå, ÷òî è ó÷èòåëü

Ôóíêöèÿ ïîòåðü äëÿ ñòóäåíòà

L = αLcross entopy + (1− α)Lknowledge distil.

Lknowledge distil. = −τ
∑
i

p∗t (zi ,T ) ln p∗s (zi ,T )

Ìîäåëü ñòóäåíòà òåñòèðóåòñÿ ñ îáû÷íîé àêòèâàöèåé
softmax (ò.å. áåç òåìïåðàòóðû).
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Batch normalization (ïàêåòíàÿ íîðìàëèçàöèÿ,

BN) - çà÷åì

Åñòü ôóíêöèè àêòèâàöèè îò 0 äî 1, à åñòü îò 1 äî 1000

Åñëè íîðìàëèçóåì âõîäíîé ñëîé, ïî÷åìó íå ñäåëàòü
ýòî äëÿ âñåõ èëè ÷àñòè ñëîåâ

Ýòî äîáàâëÿåò íåêòîðûé øóì ê àêòèâàöèÿì

àíàëîãè÷íî dropout (ðåãóëÿðèçàöèÿ)

Óìåíüøàåò ñìåùåíèå

Äåëàåò ñëîè ñåòè áîëåå íåçàâèñèìûìè îò äðóãèõ

ñëîåâ

Áîëåå âûñîêàÿ ñêîðîñòü îáó÷åíèÿ, ò.ê. íå áóäåò î÷åíü

áîëüøèõ èëè ìàëûõ àêòèâàöèè
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BN - óìåíüøàåò ñìåùåíèå

Ñåòü ïî êëàññèôèêàöèè êîøåê: îáó÷àåì òîëüêî íà ÷åðíûõ

êîøêàõ. Åñëè ïðèìåíèòü ñåòü ê öâåòíûìè êîøêàìè, òî áóäóò

îøèáêè. Îáó÷àþùèé è òåñòîâûé äàòàñåòû íåìíîãî

ðàçëè÷àþòñÿ. Batch normalization óìåíüøàåò ñìåùåíèå

Deeplearning.ai: Why Does Batch Norm Work? (C2W3L06)
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BN - êàê

BN äîáàâëÿåò äâà îáó÷àåìûõ ïàðàìåòðà ê êàæäîìó ñëîþ: γ è

β, ÷òî ïîçâîëÿåò SGD âûïîëíÿòü äåíîðìàëèçàöèþ, èçìåíÿÿ

òîëüêî ýòè äâà âåñà äëÿ êàæäîé àêòèâàöèè, âìåñòî ïîòåðè

ñòàáèëüíîñòè ñåòè ïóòåì èçìåíåíèÿ âñåõ âåñîâ

S. Io�e, C. Szegedy. Batch Normalization: Accelerating Deep Network Training by

Reducing Internal Covariate Shift // arXiv:1502.03167v3
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BN - çà÷åì gamma è beta

Åñëè èñïîëüçîâàòü BN â ïðåäîáó÷åííîé ñåòè, òî ýòî
èçìåíèò îáó÷åííûå âåñà (ïëîõî)
Ïîýòîìó íóæíî îïðåäåëèòü γ è β, ÷òîáû îòìåíèòü
èçìåíåíèå âûõîäíûõ äàííûõ
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Âîïðîñû

?
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