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Model Distillation

Model Distillation
Jianping Gou et al. Knowledge Distillation: A Survey. arXiv:2006.05525

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

arXiv:1503.02531
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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)
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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



Model Distillation Dataset distillation Batch normalization

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)
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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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Òèïû çíàíèé

Response-based knowledge

Feature-based knowledge

Relation-based knowledge

Source: https://arxiv.org/pdf/2006.05525.pdf
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Òèïû çíàíèé

Source: https://arxiv.org/pdf/2006.05525.pdf
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Response-based knowledge

Çíàíèÿ, îñíîâàííûå íà îòâåòàõ, ôîêóñèðóþòñÿ íà
êîíå÷íîì âûõîäíîì ñëîå ìîäåëè ó÷èòåëÿ.

Ãèïîòåçà ñîñòîèò â òîì, ÷òî ìîäåëü ó÷åíèêà íàó÷èòñÿ
èìèòèðîâàòü ïðåäñêàçàíèÿ ìîäåëè ó÷èòåëÿ, èñïîëüçóÿ
distillation loss, êîòîðàÿ ôèêñèðóåò ðàçíèöó ìåæäó
ëîãèòàìè ìîäåëè ó÷åíèêà è ìîäåëè ó÷èòåëÿ
ñîîòâåòñòâåííî.



Model Distillation Dataset distillation Batch normalization

Response-based knowledg (ñõåìà)

Source: https://arxiv.org/pdf/2006.05525.pdf
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Feature-based knowledge

Ìîäåëü îáó÷åííîãî ó÷èòåëÿ òàêæå ôèêñèðóåò çíàíèÿ
î äàííûõ â ñâîèõ ïðîìåæóòî÷íûõ ñëîÿõ (äëÿ ãëóáîêèõ
íåéðîííûõ ñåòåé).

Ïðîìåæóòî÷íûå ñëîè ó÷àòñÿ ðàçëè÷àòü îïðåäåëåííûå
ïðèçíàêè, è ýòè çíàíèÿ ìîæíî èñïîëüçîâàòü äëÿ
îáó÷åíèÿ ìîäåëè ó÷åíèêà.

Öåëü - îáó÷èòü ìîäåëü ó÷åíèêà òàê, ÷òîáû ïîëó÷èòü
òàêèå æå êàðòû ïðèçíàêîâ, ÷òî è ìîäåëü ó÷èòåëÿ.

Distillation loss ìèíèìèçèðóåò ðàçíèöó ìåæäó êàðòàìè
ïðèçíàêîâ ìîäåëåé ó÷èòåëÿ è ó÷åíèêà.
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Feature-based knowledge (ñõåìà)

Source: https://arxiv.org/pdf/2006.05525.pdf
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Feature-based knowledge (îáó÷åíèå)

Distillation loss:

L(ft(x), fs(x)) = LF (Φt(ft(x)),Φs(fs(x)))

ft(x) è fs(x) - êàðòû ïðèçíàêîâ ïðîìåæóòî÷íûõ ñëîåâ
ìîäåëåé ó÷èòåëÿ è ñòóäåíòà

Φt(ft(x)) è Φs(fs(x)) - ôóíêöèè òðàíñôîðìàöèè,
ïðèìåíÿåìûå, êîãäà êàðòû ïðèçíàêîâ ó÷èòåëÿ è
ó÷åíèêà èìåþò ðàçíûé ìàñøòàá èëè ðàçìåð

LF - ôóíêöèÿ ñõîæåñòè êàðò ïðèçíàêîâ ó÷èòåëÿ è
ñòóäåíòà (íîðìà L2 èëè L1, êðîññ-ýíòðîïèÿ è ò.ä.)
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Relation-based knowledge

Â äîïîëíåíèå ê çíàíèÿì, ïðåäñòàâëåííûì â âûõîäíûõ
ñëîÿõ è ïðîìåæóòî÷íûõ ñëîÿõ íåéðîííîé ñåòè,
çíàíèÿ, êîòîðûå îòðàæàþò âçàèìîñâÿçü ìåæäó
êàðòàìè ïðèçíàêîâ, òàêæå ìîãóò èñïîëüçîâàòüñÿ äëÿ
îáó÷åíèÿ ìîäåëè ó÷åíèêà.

Ýòè îòíîøåíèÿ ìîæíî ñìîäåëèðîâàòü êàê êîððåëÿöèþ
ìåæäó êàðòàìè ïðèçíàêîâ, ìàòðèöåé ïîäîáèÿ,
ýìáåäèíãàìè èëè ðàñïðåäåëåíèÿìè âåðîÿòíîñòåé íà
îñíîâå ïðåäñòàâëåíèé ïðèçíàêîâ



Model Distillation Dataset distillation Batch normalization

Relation-based knowledge (ñõåìà)

Source: https://arxiv.org/pdf/2006.05525.pdf
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Relation-based knowledge (îáó÷åíèå)

Distillation loss íà îñíîâå îòíîøåíèÿ êàðò ïðèçíàêîâ:

L(ft(x), fs(x)) = LR1

(
Ψt(f̂t , f̃t),Ψs(f̂s , f̃s)

)
ft(x) è fs(x) - êàðòû ïðèçíàêîâ ïðîìåæóòî÷íûõ ñëîåâ
ìîäåëåé ó÷èòåëÿ è ñòóäåíòà

Ïàðû êàðò ïðèçíàêîâ âûáðàíû èç ìîäåëè ó÷èòåëÿ f̂t , f̃t
è ìîäåëè ó÷åíèêà f̂s , f̃s

Ψt() è Ψs() - ôóíêöèè áëèçîñòè ïàð êàðò ïðèçíàêîâ
ó÷èòåëÿ è ó÷åíèêà

LR1 - ôóíêöèÿ êîððåëÿöèè ìåæäó êàðòàìè ïðèçíàêîâ
ó÷èòåëÿ è ñòóäåíòà
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Relation-based knowledge (îáó÷åíèå)

Distillation loss íà îñíîâå îòíîøåíèÿ ïðèìåðîâ:

L(Ft ,Fs) = LR1 (ψt(ti , tj), ψs(si , sj))

ti , tj è si , sj - ïðåäñòàâëåíèÿ ïðèçíàêîâ äëÿ ïðèìåðîâ
ó÷èòåëÿ è ñòóäåíòà

ψt() è ψs() - ôóíêöèè áëèçîñòè ïàð ïðåäñòàâëåíèé
ïðèçíàêîâ

LR1 - ôóíêöèÿ êîððåëÿöèè ìåæäó ïðåäñòàâëåíèÿìè
ïðèçíàêîâ ó÷èòåëÿ è ñòóäåíòà
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Îñíîâíûå ñõåìû distillation (o�ine distillation)

Àâòîíîìíàÿ äèñòèëëÿöèÿ îçíà÷àåò ïåðåíîñ çíàíèé èç
îáó÷åííîé ìîäåëè ó÷èòåëÿ â ìîäåëü ó÷åíèêà.

Ïðîöåññ ñîñòîèò èç äâóõ ýòàïîâ:

îáó÷åíèå ìîäåëè ó÷èòåëÿ ïåðåä äèñòèëëÿöèåé;

çíàíèÿ â ôîðìå ëîãèòîâ èëè ïðîìåæóòî÷íûõ

ïðèçíàêîâ èñïîëüçóþòñÿ äëÿ îáó÷åíèÿ ìîäåëè

ó÷åíèêà.

Êîíöåíòðèðóåòñÿ íà óëó÷øåíèè ðàçëè÷íûõ àñïåêòîâ
ïåðåäà÷è èíôîðìàöèè.

Îñíîâíîå ïðåèìóùåñòâî àâòîíîìíûõ ìåòîäîâ - îíè
ïðîñòû è áûñòðû â èñïîëüçîâàíèè.
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Îñíîâíûå ñõåìû distillation (o�ine distillation)
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Îñíîâíûå ñõåìû distillation (online distillation)

Ìîäåëè ó÷èòåëÿ è ó÷åíèêà îáíîâëÿþòñÿ îäíîâðåìåííî
â îíëàéí-äèñòèëëÿöèè, è âñÿ ñòðóêòóðà äèñòèëëÿöèè
çíàíèé ïîääàåòñÿ îáó÷åíèþ îò íà÷àëà äî êîíöà.

Ýòî íîâûé ñïîñîá çàñòàâèòü íåñêîëüêî íåéðîííûõ
ñåòåé �ñîòðóäíè÷àòü`' â ãëóáîêîì âçàèìíîì îáó÷åíèè.

Âàðèàíò îíëàéí-äèñòèëëÿöèè, ñîâìåñòíàÿ
äèñòèëëÿöèÿ, èñïîëüçóåòñÿ äëÿ îáó÷åíèÿ
êðóïíîìàñøòàáíîé ðàñïðåäåëåííîé íåéðîííîé ñåòè.
Ýòî ïðîöåññ, â êîòîðîì íåñêîëüêî ìîäåëåé îáó÷àþòñÿ
ïàðàëëåëüíî ñ îäíîé è òîé æå àðõèòåêòóðîé.
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Îñíîâíûå ñõåìû distillation (online distillation)
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Îñíîâíûå ñõåìû distillation (self-distillation)

Self-distillation: îäíè è òå æå ñåòè èñïîëüçóþòñÿ äëÿ
ìîäåëåé ó÷èòåëÿ è ó÷åíèêà ïðè self-distillation.

Ýòî ìîæíî ðàññìàòðèâàòü êàê ÷àñòíûé ñëó÷àé
îíëàéí-äèñòèëëÿöèè. Â ÷àñòíîñòè, çíàíèÿ
�ïåðåãîíÿþòñÿ� èç áîëåå ãëóáîêèõ ó÷àñòêîâ ñåòè â åå
shallow-ó÷àñòêè.

Îñîáûé âàðèàíò self-distillation, íàçûâàåìûé
�ïåðåãîíêîé� ìîìåíòàëüíûõ ñíèìêîâ, ïðè êîòîðîì
çíàíèÿ èç áîëåå ðàííèõ ýïîõ ñåòè (ó÷èòåëÿ)
ïåðåíîñÿòñÿ â åå áîëåå ïîçäíèå ýïîõè (ó÷åíèê) äëÿ
ïîääåðæêè êîíòðîëèðóåìîãî ïðîöåññà îáó÷åíèÿ â òîé
æå ñåòè.
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Îñíîâíûå ñõåìû distillation (self-distillation)
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Îñíîâíûå ñõåìû distillation

Îôëàéí, îíëàéí è self-distillation ìîãóò áûòü
èíòóèòèâíî ïîíÿòû ñ òî÷êè çðåíèÿ îáó÷åíèÿ ìåæäó
ó÷èòåëåì è ó÷åíèêîì:

äèñòèëëÿöèÿ â àâòîíîìíîì ðåæèìå îçíà÷àåò, ÷òî

ó÷èòåëü ó÷èò ó÷åíèêà ÷åìó-òî, ÷òîáû ó÷åíèê ïîëó÷èë

çíàíèÿ îá ýòîì;

îíëàéí-äèñòèëëÿöèÿ îòíîñèòñÿ ê òîìó, êîãäà è

ó÷èòåëü, è ó÷åíèê ó÷àòñÿ âìåñòå;

self-distillation îòíîñèòñÿ ê òîìó, êîãäà ó÷àùèéñÿ

óñâàèâàåò çíàíèÿ ñàìîñòîÿòåëüíî.

Ýòè òðè òèïà äèñòèëëÿöèè ìîæíî êîìáèíèðîâàòü,
÷òîáû äîïîëíÿòü äðóã äðóãà â çàâèñèìîñòè îò
èíäèâèäóàëüíûõ ïðåèìóùåñòâ.
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Multi-Teacher distillation

Ìîäåëü ó÷åíèêà ïîëó÷àåò çíàíèÿ îò íåñêîëüêèõ
ðàçíûõ ìîäåëåé ó÷èòåëåé.

Èñïîëüçîâàíèå àíñàìáëÿ ìîäåëåé ó÷èòåëåé ìîæåò
ïðåäîñòàâèòü ìîäåëè ó÷åíèêà ðàçëè÷íûå âèäû
çíàíèé. Íåñêîëüêî ó÷èòåëåé ìîãóò ïåðåäàâàòü ðàçíûå
âèäû çíàíèé

Çíàíèÿ îò íåñêîëüêèõ ó÷èòåëåé ìîæíî îáúåäèíèòü â
êà÷åñòâå ñðåäíåãî îòâåòà ïî âñåì ìîäåëÿì.
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Multi-Teacher distillation (ñõåìà)

Source: https://arxiv.org/pdf/2006.05525.pdf
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Cross-modal distillation

Ó÷èòåëü îáó÷àåòñÿ îäíîé ìîäàëüíîñòè, à åãî çíàíèÿ
ïåðåäàþòñÿ ó÷åíèêó, êîòîðîìó òðåáóþòñÿ çíàíèÿ èç
äðóãîé ìîäàëüíîñòè.
Êîãäà äàííûå èëè ìåòêè íåäîñòóïíû äëÿ êîíêðåòíûõ
ìîäàëüíîñòåé íè âî âðåìÿ îáó÷åíèÿ, íè âî âðåìÿ
òåñòèðîâàíèÿ, ÷òî òðåáóåò ïåðåäà÷è çíàíèé ìåæäó
ìîäàëüíîñòÿìè.
Íàïðèìåð, çíàíèÿ ó÷èòåëÿ, îáó÷åííîãî ðàáîòå ñ
ðàçìå÷åííûìè äàííûìè èçîáðàæåíèÿ, ìîæíî
èñïîëüçîâàòü äëÿ äèñòèëëÿöèè ìîäåëè ó÷åíèêà ñ
íåðàçìå÷åííîé âõîäíîé îáëàñòüþ, òàêîé êàê
îïòè÷åñêèé ïîòîê, òåêñò èëè àóäèî. Â ýòîì ñëó÷àå
ôóíêöèè, èçâëå÷åííûå èç èçîáðàæåíèé ìîäåëè
ó÷èòåëÿ, èñïîëüçóþòñÿ äëÿ supervised îáó÷åíèÿ
ìîäåëè ó÷åíèêà.
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Cross-modal distillation (ñõåìà)

Source: https://arxiv.org/pdf/2006.05525.pdf
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Graph-based distillation

Graph-based distillation: ôèêñèðóåò âçàèìîñâÿçè
âíóòðè äàííûõ, èñïîëüçóÿ ãðàôû, à íå îòäåëüíûå
ýêçåìïëÿðû çíàíèé îò ó÷èòåëÿ ê ó÷åíèêó. Ãðàôû
èñïîëüçóþòñÿ äâóìÿ ñïîñîáàìè:

êàê ñðåäñòâî ïåðåäà÷è çíàíèé

äëÿ êîíòðîëÿ ïåðåäà÷è çíàíèé ó÷èòåëÿ.

Source: https://arxiv.org/pdf/2006.05525.pdf
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Attention-based distillation

Attention-based distillation îñíîâàíà íà ïåðåäà÷å
çíàíèé èç âñòðîåííûõ ôóíêöèé ñ èñïîëüçîâàíèåì êàðò
âíèìàíèÿ.

Ãëàâíîå â attention-based distillation - ýòî îïðåäåëèòü
êàðòû âíèìàíèÿ äëÿ ñîãäàíèÿ ýìáåäèíãîâ ïðèçíàêîâ â
ñëîÿõ íåéðîííîé ñåòè. Òîãäà çíàíèÿ îá ýìáåäèíãàõ
ïåðåäàþòñÿ, èñïîëüçóÿ ôóíêöèè êàðò âíèìàíèÿ.
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Data-free distillation

Data-free distillation- íà îñíîâå ñèíòåòè÷åñêèõ äàííûõ

ïðè îòñóòñòâèè îáó÷àþùåãî íàáîðà äàííûõ äëÿ ñòóäåíòà.

Ñèíòåòè÷åñêèå äàííûå îáû÷íî ãåíåðèðóþòñÿ èç

ïðåäñòàâëåíèé ïðèçíàêîâ ïðåäâàðèòåëüíî îáó÷åííîé

ìîäåëè ó÷èòåëÿ. Â äðóãèõ ïðèëîæåíèÿõ GAN òàêæå

èñïîëüçóþòñÿ äëÿ ñîçäàíèÿ ñèíòåòè÷åñêèõ îáó÷àþùèõ

äàííûõ.

Source: https://arxiv.org/pdf/2006.05525.pdf
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Quantized distillation

Quantized distillation - äëÿ ïåðåäà÷è çíàíèé èç
âûñîêîòî÷íîé ìîäåëè ó÷èòåëÿ (íàïðèìåð, 32-áèòíîé ñ
ïëàâàþùåé çàïÿòîé) â íèçêîòî÷íóþ ñòóäåí÷åñêóþ
ñåòü (íàïðèìåð, 8-áèòíóþ).

Source: https://arxiv.org/pdf/2006.05525.pdf
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Lifelong è NAS distillation

Lifelong distillation - îñíîâàíà íà ìåõàíèçìàõ
íåïðåðûâíîãî îáó÷åíèÿ è ìåòàîáó÷åíèÿ, ïðè êîòîðûõ
ðàíåå ïîëó÷åííûå çíàíèÿ íàêàïëèâàþòñÿ è
ïåðåäàþòñÿ äëÿ îáó÷åíèÿ â áóäóùåì. Îáåñïå÷èâàåò
ýôôåêòèâíûé ñïîñîá ñîõðàíåíèÿ è ïåðåäà÷è
ïîëó÷åííûõ çíàíèé áåç êàòàñòðîôè÷åñêîãî çàáûâàíèÿ.

Neural architecture search-based distillation
(NAS) - AutoML ïîäõîä, èñïîëüçóåòñÿ äëÿ
îïðåäåëåíèÿ ïîäõîäÿùèõ àðõèòåêòóð ìîäåëåé
ó÷åíèêîâ, êîòîðûå îïòèìèçèðóþò îáó÷åíèå íà îñíîâå
ìîäåëåé ó÷èòåëåé.
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Dataset Distillation

Dataset Distillation
Ruonan Yu, Songhua Liu, Xinchao Wang. Dataset Distillation: A Comprehensive

Review. arXiv:2301.07014

Tongzhou Wang et al. Dataset Distillation. arXiv:1811.10959

ttps://alexanderdyakonov.wordpress.com/2020/10/21/data-distillation/

Bo Zhao, Hakan Bilen. Dataset condensation with distribution matching.

arXiv:2110.04181.
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Dataset distillation - öåëü

Äèñòèëëÿöèÿ íàáîðà äàííûõ íàïðàâëåíà íà
ñîçäàíèå íåáîëüøîãî èíôîðìàòèâíîãî äàòàñåòà èç
áîëüøîãî äàòàñåòà, ÷òîáû ìîäåëè, îáó÷åííûå íà ýòèõ
äàòàñåòàõ, èìåëè òàêóþ æå òåñòîâóþ ýôôåêòèâíîñòü,
÷òî è ìîäåëè, îáó÷åííûå íà èñõîäíîì äàòàñåòå.

Àíàëîãè÷íî dataset condensation (óïëîòíåíèå
äàííûõ), íî DC ÷àùå îñíîâàí íà ãåíåðàöèè
ñèíòåòè÷åñêèõ �ìàëûõ� äàííûõ, à DD íà ïîäâûáîðêå â
íîâîì ïðåäñòàâëåíèè ïðèçíàêîâ
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Dataset distillation - öåëü

https://arxiv.org/pdf/2301.07014.pdf
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Dataset distillation - åùå

Tongzhou Wang et al. Dataset Distillation. arXiv:1811.10959
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Èíòåðåñíûé ìåòîä (1)

Bo Zhao, Hakan Bilen. Dataset condensation with distribution matching.

arXiv:2110.04181.

Ñëó÷àéíûì îáðàçîì îòáèðàåì ðåàëüíûå è
ñèíòåòè÷åñêèå äàííûå, à çàòåì âñòðàèâàåì (embed) èõ
ïðè ïîìîùè ñëó÷àéíî âûáðàííûõ ãëóáîêèõ íåéðîííûõ
ñåòåé.
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Èíòåðåñíûé ìåòîä (2)

Ó÷èì ñèíòåòè÷åñêèå äàííûå, ñâîäÿ ê ìèíèìóìó
íåñîîòâåòñòâèå ðàñïðåäåëåíèé (the distribution
discrepancy) ìåæäó ðåàëüíûìè è ñèíòåòè÷åñêèìè
äàííûìè â ïðîñòðàíñòâàõ ýìáåäèíãà.

Ïóñòü T = {xi , yi}Ti=1 - áîëüøîé äàòàñåò,
S = {si , yi}Si=1 - ìàëûé ñèíòåòè÷. äàòàñåò.

Öåëü Ex∼PD
[l (φθT (x), y)] ' Ex∼PD

[l (φθS (x), y)], ãäå PD

- ðåàëüíîå ðàñïðåäåëåíèå äàííûõ, l - ôóíêöèÿ ïîòåðü
(êðîññ-ýíòðîïèÿ), φ - ãëóáîêàÿ íåéðîííàÿ ñåòü ñ
ïàðàìåòðàìè θ, φθT è φθS - ñåòêè îáó÷åííûå íà T è S
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Maximum mean discrepancy

Maximum mean discrepancy (MMD):

ãäå Pϑ - ðàñïðåäåëåíèå ïàðàìåòðîâ ñåòè, ψϑ - ôóíêöèÿ
ñ ïàðàìåòðàìè ϑ ïåðåâîäÿùàÿ x â ýìáåäèíã ìåíüøåé
ðàçìåðíîñòè.

Ïðèìåíÿåì äèôôåðåíöèðóåìóþ ñèàìñêóþ
àóãìåíòàöèþ A(·, ω) ê ðåàëüíûì è ñèíòåòè÷åñêèì
äàííûì, ãäå ω ∼ Ω - ïàðàìåòð àóãìåíòàöèè, òàêîé êàê
óãîë ïîâîðîòà.
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Çàäà÷à îïòèìèçàöèè

Îêîí÷àòåëüíî, ïîëó÷àåì çàäà÷ó

Îáó÷àåì ñèíòåòè÷åñêèå äàííûå S, ìèíèìèçèðóÿ
ðàçíîñòü ìåæäó äâóìÿ ðàñïðåäåëåíèÿìè â ðàçëè÷íûõ
ïðîñòðàíñòâàõ âëîæåíèÿ ïóòåì ñåìïëèðîâàíèÿ ϑ.
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Batch normalization

Batch normalization
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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

Âûñîêàÿ ñêîðîñòü îáó÷åíèÿ, ò.ê. íåò 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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