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Îïðåäåëåíèå Transfer Learning
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Transfer Learning - îïðåäåëåíèå

Èç Wikipedia:

Transfer Tearning (Inductive transfer) is a research problem in
machine learning that focuses on storing knowledge gained
while solving one problem and applying it to a di�erent but
related problem.

Ìîòèâàöèÿ èç æèçíè:

×åëîâåê ìîæåò ïðèìåíèòü çíàíèÿ, ïîëó÷åííûå ðàíåå, äëÿ
áîëåå áûñòðîãî èëè êà÷åñòâåííîãî ðåøåíèÿ íîâûõ çàäà÷!
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Transfer Learning - ìîòèâàöèÿ èç æèçíè

Ìû ÷àñòî èñïîëüçóåì â æèçíè çíàíèÿ â íîâûõ ñèòóàöèÿõ:

Øàõìàòû → Øàøêè

C++ → Java

Ôèçèêà/Ìàòåìàòèêà → Êîìïüþòåðíûå íàóêè

Transfer Learning: Ñïîñîáíîñòü ñèñòåìû ðàñïîçíàâàòü è
ïðèìåíÿòü çíàíèÿ è óìåíèÿ, ïîëó÷åííûå â ïðåäûäóùèõ
çàäà÷àõ, ê íîâûì çàäà÷àì èëè äàííûì.
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Äâà èñòî÷íèêà äàííûõ

1 Èñõîäíûå äàííûå (sourse data) - èõ ìíîãî (big
data), íî íå ñîâñåì òî, ÷òî íàäî

2 Öåëåâûå äàííûå (target data) - èõ ìàëî (small
data), íî îíè ñîîòâåòñòâóþò óñëîâèÿì çàäà÷è

3 Öåëü transfer learning âûÿâèòü çíàíèÿ èç èñõîäíûõ
äàííûõ è ïðèìåíèòü èõ ê öåëåâûì äàííûì
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Transfer Learning - èëëþñòðàöèÿ
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Äðóãèå ïðèìåðû

Êëàññèôèêàöèÿ Web-ñòðàíèö ïî êàòåãîðèÿì:

ïóñòü èìååòñÿ êëàññèôèêàòîð, îáó÷åííûé íà

óíèâåðñèòåòñêèõ ñàéòàõ;

äëÿ çàäà÷è ñ íîâûì ñàéòîì, ãäå ïðèçíàêè è

ðàñïðåäåëåíèå äàííûõ îòëè÷íû îò èçâåñòíûõ, íå

âñåãäà ìîæíî íåïîñðåäñòâåííî ïðèìåíÿòü

êëàññèôèêàòîð îáó÷åííûé íà �óíèâåðñèòåòàõ�.
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Äðóãèå ïðèìåðû

Çàäà÷à êëàññèôèêàöèè îòçûâîâ - àâòîìàòè÷åñêè
êëàññèôèöèðîâàòü îòçûâû î ïðîäóêòå (ïîëîæèò. èëè
îòðèöàò.):

íåîáõîäèìî ñîáðàòü ìíîãî îòçûâîâ î ïðîäóêòå, äàòü

ìåòêó êëàññà è îáó÷èòü êëàññèôèêàòîð

òàê êàê ïðîäóêòîâ ìíîãî è îòçûâû ðàçëè÷íû, òî

î÷åíü äîðîãî èõ ñîáèðàòü è îöåíèâàòü.

îäíàêî ìîæíî àäàïòèðîâàòü êëàññèôèêàòîð,

îáó÷åííûé íà íåêîòîðûõ ïðîäóêòàõ, ê äðóãèì

ïðîäóêòàì ïðè ïîìîùè Transfer learning.
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Òèïû ìîäåëåé
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Òèïû ìîäåëåé Transfer Learning ñ òî÷êè çðåíèÿ

öåëè

1 Àñèììåòðè÷íàÿ ïåðåäà÷à:

Áîëüøîå êîëè÷åñòâî äàííûõ ñ ìåòêàìè êëàññîâ â

íåñêîëüêèõ ñõîäíûõ çàäà÷àõ

Öåëü: Ïîâûñèòü êà÷åñòâî öåëåâîé çàäà÷è, äëÿ

êîòîðîé äàííûõ ìàëî

2 Ñèììåòðè÷íàÿ ïåðåäà÷à:

Ìàëîå êîëè÷åñòâî îáó÷àþùèõ äàííûõ äëÿ áîëüøîãî

÷èñëà ñõîäíûõ çàäà÷

Öåëü: Ïîâûñèòü êà÷åñòâî â ñðåäíåì ïî âñåì

êëàññèôèêàòîðàì
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Òèïû ìîäåëåé Transfer Learning

1 Inductive transfer learning: åñòü ìåòêè èñõîäíûõ
äàííûõ, åñòü ìåòêè öåëåâûõ äàííûõ

2 Transductive transfer learning: åñòü ìåòêè èñõîäíûõ
äàííûõ, íåò ìåòîê öåëåâûõ äàííûõ; ïðèçíàêè öåëåâûõ
è èñõîäíûõ äàííûõ ðàçëè÷íû; ïðèçíàêè îäèíàêîâû, íî
ðàñïðåäåëåíèÿ âåðîÿòíîñòåé ðàçëè÷íû (domain
adaptation).

3 Unsupervised (áåç ó÷èòåëÿ) transfer learning: íåò
ìåòîê êëàññîâ êàê äëÿ öåëåâûõ äàííûõ, òàê è äëÿ
èñõîäíûõ.
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Ðàçëè÷íûå òèïû Transfer Learning

òèï TL îáëàñòè ìåòêè äàííûõ ìåòêè äàííûõ

èñõîäíûõ öåëåâûõ

inductive ìíîãîçàäà÷íîñòü åñòü åñòü

ñàìîîáó÷åíèå íåò åñòü

transductive domain adaptation åñòü íåò

unsupervised íåò íåò
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Ôîðìàëüíîå îïðåäåëåíèå Transfer Learning

Îáëàñòü D = {X ,P(X )} îïðåäåëÿåòñÿ äâóìÿ
ýëåìåíòàìè, ïðîñòðàíñòâîì ïðèçíàêîâ X è
ðàñïðåäåëåíèåì âåðîÿòíîñòåé P(X ), ãäå ïðèìåð
X = {x1, ..., xn} ∈ X .
Äëÿ äàííîé îáëàñòè D çàäà÷à T = {Y , f (·)}
îïðåäåëÿåòñÿ äâóìÿ ýëåìåíòàìè, ïðîñòðàíñòâîì
ìåòîê Y è ôóíêöèåé f (·), êîòîðàÿ âû÷èñëÿåòñÿ íà
îñíîâå ïàðû {xi , yi}, ãäå xi ∈ X è yi ∈ Y .
Èñõîäíàÿ îáëàñòü DS = {(xS

1 , y
S
1 ), ..., (x

S
n , y

S
n )},

xS
i ∈ XS è yS

i ∈ YS , èñõîäíàÿ çàäà÷à TS

Öåëåâàÿ îáëàñòü DT = {(xT
1 , y

T
1 ), ..., (xT

n , y
T
n )},

xT
i ∈ XT è yT

i ∈ YT , öåëåâàÿ çàäà÷à TT
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Ôîðìàëüíîå îïðåäåëåíèå Transfer Learning

Transfer learning - ýòî ïðîöåññ óëó÷øåíèÿ öåëåâîé
ôóíêöèè fT (·) (êëàññèôèêàòîð), èñïîëüçóÿ
èíôîðìàöèþ èç DS è TS , ãäå DS 6= DT èëè TS 6= TT .

Òàê êàê DS = {XS ,P(XS)} è DT = {XT ,P(XT )}, òî
óñëîâèå DS 6= DT îçíà÷àåò XS 6= XT è/èëè
P(XS) 6= P(XT ).

Ñëó÷àé XS 6= XT - ãåòåðîãåííûé transfer learning

Ñëó÷àé XS = XT - ãîìîãåííûé transfer learning
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Transfer Learning (äðóãèìè ñëîâàìè)

nT íàáëþäåíèé â ýêñòðåìàëüíûõ (àêòóàëüíûõ)
óñëîâèÿõ: DT = {(xT

1 , y
T
1 ), ..., (xT

n , y
T
n )} - ìàëàÿ

âûáîðêà

nS íàáëþäåíèé â íîðìàëüíûõ óñëîâèÿõ:
DS = {(xS

1 , y
S
1 ), ..., (x

S
n , y

S
n )} - áîëüøàÿ âûáîðêà

Êàê, èñïîëüçóÿ DS , ðàáîòàòü ñ DT è ïîñòðîèòü
êëàññèôèêàòîð, îðèåíòèðîâàííûé íà DT?
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Ðàçëè÷íûå ïîäõîäû ê Transfer Learning

Îñíîâàíû íà òîì, �÷òî ïåðåäàâàòü� îò èñõîäíûõ äàííûõ
öåëåâûì (4 ñëó÷àÿ):

Ïåðåäà÷à ïðèìåðîâ (instance-transfer)

Ïåðåäà÷à ïðåäñòàâëåíèÿ ïðèçíàêîâ
(feature-representation-transfer)

Ïåðåäà÷à ïàðàìåòðîâ (parameter-transfer)

Ïåðåäà÷à îòíîñèòåëüíûõ çíàíèé
(relational-knowledge-transfer)
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Ïåðåäà÷à ïðèìåðîâ (instance-transfer)

Ïðåäïîëàãàåò, ÷òî îïðåäåëåííàÿ ÷àñòü äàííûõ èç DS

ìîæåò áûòü ïåðåäàíà äëÿ îáó÷åíèÿ â DT ïîñðåäñòâîì
ïåðåíàçíà÷åíèÿ èõ âåñîâ èëè ïðè ïîìîùè ìåòîäà
çíà÷èìîé âûáîðêè
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Ïåðåäà÷à ïðåäñòàâëåíèÿ ïðèçíàêîâ

(feature-representation-transfer)

Öåëü - ïîëó÷èòü �õîðîøåå� ïðåäñòàâëåíèå äëÿ DT

Çíàíèÿ, èñïîëüçóåìûå äëÿ ïåðåäà÷è, êîäèðóþòñÿ â
îïðåäåëåííîå ïðåäñòàâëåíèå ïðèçíàêîâ

Ñ íîâûì ïðåäñòàâëåíèåì ïðèçíàêîâ õàðàêòåðèñòèêè
öåëåâîé çàäà÷è TT ìîãóò áûòü çíà÷èòåëüíî óëó÷øåíû
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Ïåðåäà÷à ïàðàìåòðîâ (parameter-transfer)

Ïðåäïîëàãàåòñÿ, ÷òî èñõîäíàÿ çàäà÷à TS è öåëåâàÿ
çàäà÷à TT èìåþò îáùèå ïàðàìåòðû θ ìîäåëåé èëè
àïðèîðíûå ðàñïðåäåëåíèÿ ïàðàìåòðîâ fS(·) è fT (·)
Ïåðåäàâàåìûå äàííûå êîäèðóþòñÿ òàê, ÷òîáû
îñòàâèòü òîëüêî îáùèå ïàðàìåòðû èëè ïðèçíàêè

Îïðåäåëèâ îáùèå ïàðàìåòðû, äàííûå ìîãóò
ïåðåäàâàòüñÿ ìåæäó çàäà÷àìè
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Ïåðåäà÷à îòíîñèòåëüíûõ çíàíèé

(relational-knowledge-transfer)

Íåêîòîðîå ñîîòíîøåíèå ìåæäó äàííûìè â DT è DS

àíàëîãè÷íû

Çíàíèÿ, êîòîðûå ïåðåäàþòñÿ, ÿâëÿþòñÿ ýòèìè
ñîîòíîøåíèÿìè.
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Ðàçëè÷íûå òèïû Transfer Learning

Ïåðåäà÷à: inductive transductive unsupervised

ïðèìåðîâ SVM Sample

TrAdaBoost Reweiting

ïðåäñòàâëåíèÿ SVM SCL STC

ïðèçíàêîâ sparse coding

ïàðàìåòðîâ Regularization

îòíîñèòåëüíûõ TAMAR

çíàíèé

TAMAR - Transfer via Automatic Mapping and Revision

SCL - Structural Correspondence Learning

STC - Self-Taught Clustering
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Inductive Transfer Learning
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Ïåðåäà÷à ïðèìåðîâ è SVM äëÿ Inductive TL (1)

Ìû õîòèì ïîëó÷èòü ðàçäåëÿþùóþ ôóíêöèþ fT (·). Êàê?
1 Ìîæíî èãíîðèðîâàòü DS è èñïîëüçîâàòü ñòàíäàðòíûé
SVM äëÿ DT è TT

Ýòî õîðîøèé ïîäõîä? Íåò, ìû òåðÿåì DS è TS .

2 Ìîæíî ó÷åñòü DS è TS è îáó÷èòüñÿ, èñïîëüçóÿ DS , TS ,
DT è TT îäíîâðåìåííî

Ýòî õîðîøèé ïîäõîä? Ëó÷øå.

Íî êàê ýòî ñäåëàòü?
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Ïåðåäà÷à ïðèìåðîâ è SVM äëÿ Inductive TL (2)

Ïðîñòåéøèé ïîäõîä - èñïîëüçîâàòü äàííûå èç îáîèõ
ìíîæåñòâ DS = {(xS

i , y
S
i )} è DT = {(xT

i , y
T
i )}

min
w ,ξ

(T )
i ,ξ

(S)
i

J = ‖w‖2 + λ1

nT∑
i=1

ξ
(T )
i + λ2

nS∑
i=1

ξ
(S)
i

ïðè îãðàíè÷åíèÿõ

yS
i · w · xS

i ≥ 1− ξ(S)
i , ξ

(S)
i ≥ 0, i = 1, ..., nS ,

yT
i · w · xT

i ≥ 1− ξ(T )
i , ξ

(T )
i ≥ 0, i = 1, ..., nT .
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Ïåðåäà÷à ïðèìåðîâ è SVM äëÿ Inductive TL (3)

Ìû õîòèì ïîëó÷èòü fT (·) ñ ó÷åòîì DS è TS è îáó÷àåì,
èñïîëüçóÿ îäíîâðåìåííî DS , TS , DT è TT .

Ýòî íå î÷åíü õîðîøàÿ èäåÿ.



Îïðåäåëåíèå TL Òèïû ìîäåëåé Inductive TL Áåç ó÷èòåëÿ Transductive TL

Ïåðåäà÷à ïðèìåðîâ è SVM äëÿ Inductive TL (4)

Ãëàâíîå çàêëþ÷àåòñÿ â òîì, ÷òî íåêîòîðûå èç
(xS

i , y
S
i ) ∈ DS ïîëåçíû äëÿ fT (·), à äðóãèå ìîãóò

íàîáîðîò âñå èñïîðòèòü

Íåîáõîäèìî âûáðàòü (xS
i , y

S
i ) ∈ DS , êîòîðûå ïîëåçíû

è âûáðîñèòü îñòàëüíûå

Îäèí èç ìåòîäîâ - íàçíà÷èòü âåñà ρi ïðèìåðîâ
(xS

i , y
S
i ) ∈ DS â ñîîòâåòñòâèè ñ èõ çíà÷èìîñòüþ äëÿ

fT (·)
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Ïåðåäà÷à ïðèìåðîâ è SVM äëÿ Inductive TL (5)

Íàçíà÷àåì âåñà ρi ïðèìåðàì (xS
i , y

S
i ) ∈ DS â

ñîîòâåòñòâèè ñ èõ çíà÷èìîñòüþ äëÿ fT (·)

min
w ,ξ

(T )
i ,ξ

(S)
i

J = ‖w‖2 + λ

nT∑
i=1

ξ
(T )
i + λ

nS∑
i=1

ρiξ
(S)
i

ïðè îãðàíè÷åíèÿõ

yS
i · w · xS

i ≥ 1− ξ(S)
i , ξ

(S)
i ≥ 0, i = 1, ..., nS ,

yT
i · w · xT

i ≥ 1− ξ(T )
i , ξ

(T )
i ≥ 0, i = 1, ..., nT .

Êàê îïðåäåëèòü âåñà ρi?
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Ïåðåäà÷à ïðèìåðîâ è SVM äëÿ Inductive TL (6)

ρi - âåñ òî÷êè (xS
i , y

S
i ) ∈ DS , êîòîðûé ìîæíî îöåíèòü

ïðè ïîìîùè ýâðèñòè÷åñêèõ ìåòîäîâ

Íàïðèìåð, ρi = σ
(
(xS

i , y
S
i ),DT

)
, ãäå

σ
(
(xS

i , y
S
i ),
)
=

1

|DT |

|DT |∑
j=1

exp
{
−β
∥∥(xS

i , y
S
i )− (xT

j , y
T
j )
∥∥2
}

Òîëüêî îäíî ðàçëè÷èå ìåæäó ñòàíäàðòíûì SVM è
SVM ñ ïåðåäà÷åé ïðèìåðîâ: λ

∑nS

i=1 ρiξ
(S)
i
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Ïåðåäà÷à ïàðàìåòðîâ è SVM äëÿ Inductive TL

(1)

Êëþ÷åâûå èäåè:

Çàäà÷è TS è TT ñâÿçàíû äðóã ñ äðóãîì êàêèì-òî
îáðàçîì

Ñâÿçü ôîðìàëèçóåòñÿ ïîñðåäñòâîì ñâÿçè ïàðàìåòðîâ
â SVM

Íàïðèìåð, ìîæíî ïðåäïîëîæèòü, ÷òî âñå ïàðàìåòðû
wT è wS èìåþò íîðìàëüíîå ðàñïðåäåëåíèå
âåðîÿòíîñòåé

Òîãäà wT è wS �áëèçêè� ê íåêîòîðîìó ñðåäíåìó
âåêòîðó ïàðàìåòðîâ w0
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Ïåðåäà÷à ïàðàìåòðîâ è SVM äëÿ Inductive TL

(2)

Ïàðàìåòðû:
wS = w0 + vS è wT = w0 + vT , ãäå wS è wT -

ïàðàìåòðû SVM äëÿ TS è TT ;

w0 - îáùèå ïàðàìåòðû;

vS è vT - ñïåöèôè÷íûå ïàðàìåòðû SVM äëÿ TS è TT .

Ïðåäïîëîæåíèå: fT = wT · x
Ìîäèôèêàöèÿ SVM:

min
w0,vT ,ξri

J =
∑

r∈{S,T}

nT∑
i=1

ξri
+
λ1

2

∑
r∈{S,T}

‖vr‖2 + λ2 ‖w0‖2

ïðè îãðàíè÷åíèÿõ

yT
i (w0 + vT ) · xT

i ≥ 1− ξri
, ξri
≥ 0,

i ∈ {1, 2, ..., nT}, r ∈ {S ,T}.
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Îáîáùåíèå íà ìíîãîçàäà÷íóþ ñèòóàöèþ

t èñòî÷íèêîâ äàííûõ ñ ïàðàìåòðàìè wi = w0 + vi ,
i = 1, ..., t; w0 - îáùèå ïàðàìåòðû

Ìîäèôèêàöèÿ SVM:

min
w0,vT ,ξri

J =
t∑

j=1

nj∑
i=1

ξ
(i)
j +

λ1

t

t∑
j=1

‖vj‖2 + λ2 ‖w0‖2

ïðè îãðàíè÷åíèÿõ

y
(i)
j (w0 + vj) · x(i)

j ≥ 1− ξ(i)
j , ξ

(i)
j ≥ 0,

i ∈ {1, 2, ..., nj}, j = 1, ..., t

fj = wj · x
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Áåç ó÷èòåëÿ



Îïðåäåëåíèå TL Òèïû ìîäåëåé Inductive TL Áåç ó÷èòåëÿ Transductive TL

Ïåðåäà÷à ïðåäñòàâëåíèÿ ïðèçíàêîâ áåç ó÷èò. (1)

Â ñàìîîáó÷åíèè èñïîëüçóþòñÿ äàííûå áåç ìåòîê
êëàññîâ äëÿ ïîâûøåíèÿ êà÷åñòâà äàííûõ ñ ìåòêàìè
êëàññîâ

Ãëàâíîå ïðåäïîëîæåíèå - äàííûå áåç ìåòîê ñîäåðæàò
îñíîâíóþ ñòðóêòóðó, êîòîðàÿ ïðåäñòàâëåíà â äàííûõ ñ
ìåòêàìè êëàññîâ

Öåëü − ñäåëàòü îáó÷åíèå ïðîùå è ìåíåå çàòðàòíûì
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Ïåðåäà÷à ïðåäñòàâëåíèÿ ïðèçíàêîâ áåç ó÷èò. (2)

DT = {(xT
i , y

T
i )}, xT

i ∈ Rd , yT ∈ {1, ...,C}
DS = {xS

i }, xS
i ∈ Rd

Èñïîëüçîâàòü DS äëÿ óëó÷øåíèÿ fT (·)
Raina R., Battle A., Lee H., Packer B. and Ng A.Y. Self-taught Learning:

Transfer Learning from Unlabeled Data. ICML. Corvallis, OR, USA, 2007.
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Ïåðåäà÷à ïðåäñòàâëåíèÿ ïðèçíàêîâ áåç ó÷èò. (3)

Ðåøàåì ñëåäóþùóþ çàäà÷ó îïòèìèçàöèè íà DS :

min
b,a

∑nS

i=1

∥∥∥xS
i −

∑s
j=1a

(i)
j b(j)

∥∥∥2

2
+ β

∥∥a(i)
∥∥

1

ïðè îãðàíè÷åíèÿõ
∥∥b(j)

∥∥
2
≤ 1

Ïåðåìåííûå îïòèìèçàöèè

b(j): áàçèñíûé âåêòîð b(j) ∈ Rd

a(i): âåêòîð àêòèâàöèé a(i) ∈ Rs âåêòîðà b(j) äëÿ xS
i

1-å ñëàãàåìîå ðåêîíñòðóèðóåò xS
i êàê âåñîâóþ

ëèíåéíóþ êîìáèíàöèþ áàçèñíûõ âåêòîðîâ b(j) ñ
âåñàìè a(i)

2-å ñëàãàåìîå îãðàíè÷èâàåò âåñà a(i) åäèíè÷íîé
íîðìîé - ïîëó÷àåì ðàçðåæåííûå âåñà -
âûñîêîóðîâíåâîå ïðåäñòàâëåíèå
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Ïåðåäà÷à ïðåäñòàâëåíèÿ ïðèçíàêîâ áåç ó÷èò. (4)

Êîíñòðóèðîâàíèå ïðèçíàêîâ

Äëÿ êàæäîé òî÷êè (xT
i , y

T
i ), âû÷èñëÿåì ïðèçíàêè

â(·) ∈ Rd , ðåøàÿ çàäà÷ó

min
a(i)

∥∥∥xT
i −

∑s
j=1a

(i)
j b(j)

∥∥∥2

2
+ β

∥∥a(i)
∥∥

1

ïðè îãðàíè÷åíèÿõ
∥∥b(j)

∥∥
2
≤ 1

Ðàçðåæåííûé âåêòîð a(i)
j - íîâîå

ðåêîíñòðóèðîâàííîå ïðåäñòàâëåíèå âåêòîðà xT
i
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Àëãîðèòì TL áåç ó÷èò.

1 Input: {(xT
i , y

T
i )}, {xS

i }
2 Èñïîëüçóÿ {xS

i }, ðåøàåì
minb,a

∑nS

i=1

∥∥∥xS
i −

∑s
j=1a

(i)
j b(j)

∥∥∥2

2
+ β

∥∥a(i)
∥∥

1
ïðè

îãðàíè÷åíèÿõ
∥∥b(j)

∥∥
2
≤ 1

3 Äëÿ (xT
i , y

T
i ), âû÷èñëÿåì ïðèçíàêè

â(xT
i ) = mina(i)

∥∥∥xT
i −

∑s
j=1a

(i)
j b(j)

∥∥∥2

2
+ β

∥∥a(i)
∥∥

1

4 Output: training set (â(xT
i ), y

T
i ) âìåñòî (xT

i , y
T
i )
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Ïðèìåð TL áåç ó÷èò. (1)

Ïðèìåð ïðåäñòàâëåíèÿ êóñî÷êà èçîáðàæåíèÿ x êàê
ðàçðåæåííîé âåñîâîé êîìáèíàöèè áàçîâûõ âåêòîðîâ
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Ïðèìåð TL áåç ó÷èò. (2)

Ïðèçíàêè, âû÷èñëåííûå äëÿ èçîáðàæåíèÿ êðîêîäèëà,
èñïîëüçóÿ 4 áàçîâûõ èçîáðàæåíèÿ
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Transductive Transfer Learning
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Transductive TL
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Transductive TL

Èíòóèöèÿ: Òàê êàê TS è TT îäèíàêîâû, òî äëÿ
ïîëó÷åíèÿ fT (·) ìîæíî àäàïòèðîâàòü ôóíêöèþ fS(·)
äëÿ èñïîëüçîâàíèÿ â TT íà äàííûõ èç DT

Ïåðåäàþòñÿ ïðèìåðû (1) è ïðåäñòàâëåíèÿ ïðèçíàêîâ
(2)
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Ïåðåäà÷à ïðèìåðîâ â Transductive TL (1)

Îïÿòü ñòàíäàðòíûé SVM:

min
w ,ξ

J =
1

2
‖w‖2

2 + λ
n∑

i=1

ξi

ïðè îãðàíè÷åíèÿõ

yi · wT · xi ≥ 1− ξi , ξi ≥ 0, i = 1, ..., n

Ðàçäåëÿþùàÿ ôóíêöèÿ:

f (xi) = wT · xi =
m∑

j=1

wjxij
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Ïåðåäà÷à ïðèìåðîâ â Transductive TL (2)

Êëþ÷åâàÿ èäåÿ - íåêîòîðûå (xS
i , y

S
i ) ∈ DS ìîãóò

ïîìî÷ü â îáó÷åíèè fT (·), â òî âðåìÿ êàê äðóãèå òîëüêî
äåëàþò ìîäåëü õóæå

Ñëåäîâàòåëüíî, íóæíî âûáðàòü òå (xS
i , y

S
i ) ∈ DS ,

êîòîðûå ïîëåçíû, è âûêèíóòü òå, êîòîðûå ìåøàþò

Ïóòü - íàçíà÷èòü âåñà (xS
i , y

S
i ) ∈ DS , îòðàæàþùèå

çíà÷èìîñòü äëÿ îáó÷åíèÿ fT (·)
×òî-òî çíàêîìîå óæå áûëî (Inductive TL)
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Ïåðåäà÷à ïðèìåðîâ â Transductive TL (3)

Âåñà ρi :

min
w ,ξ

(T )
i ,ξ

(S)
i

J =
1

2
‖w‖2 + λ

n∑
i=1

ρiξ
(S)
i

ïðè îãðàíè÷åíèÿõ

yS
i · w · xS

i ≥ 1− ξ(S)
i , ξ

(S)
i ≥ 0, i = 1, ..., n

íàïðèìåð, ρi = σ
(
(xS

i , y
S
i ),DT

)
, ãäå

σ
(
(xS

i , y
S
i ),
)
=

1

|DT |

|DT |∑
j=1

exp
{
−β
∥∥xS

i − xT
j

∥∥2
}
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Îáùèé ïîäõîä äëÿ Transductive TL (1)

Îïòèìàëüíûå ïàðàìåòðû θ∗:

θ∗ = argmin
θ∈Θ

E(x ,y)∈P [l(x, y , θ)] ,

ãäå l(x, y , θ) - ôóíêöèÿ ïîòåðü (çàâèñèò îò θ)

θ∗ = argmin
θ∈Θ

∑
(x ,y)∈DT

P(DT )l(x, y , θ).
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Îáùèé ïîäõîä äëÿ Transductive TL (2)

Òàê êàê íåò öåëåâûõ äàííûõ ñ ìåòêàìè êëàññîâ,
íåîáõîäèìî îáó÷àòü ìîäåëü yf èñõîäíûõ äàííûõ:

θ∗ = argmin
θ∈Θ

∑
(x ,y)∈DS

P(DT )

P(DS)
P(DS)l(x, y , θ)

≈ argmin
θ∈Θ

nS∑
i=1

PT (xT
i , y

T
i )

PS(xS
i , y

S
i )

l(xS
i , y

S
i , θ)

= argmin
θ∈Θ

nS∑
i=1

P(xS
i )

P(xT
i )

l(xS
i , y

S
i , θ)

Ýòî ñëåäóåò èç óñëîâèÿ P(YT |XT ) = P(YS |XS). Ò.î.
ðàçíîñòü ìåæäó P(DS) è P(DT ) îïðåäåëÿåòñÿ òîëüêî

P(XT ) è P(XS) è
P(xS

i )

P(xT
i )
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Transductive TL è SVM (1)

Íåîáõîäèìî ðåøèòü òðè çàäà÷è:

1 Ìèíèìèçàöèÿ ôóíêöèîíàëà ðèñêà íà îáëàñòè DS

2 Ìèíèìèçàöèÿ ðàçíîñòè ìåæäó äâóìÿ ñîâìåñòíûìè
ðàñïðåäåëåíèÿìè âåðîÿòíîñòåé Js è Jt

3 Ìàêñèìèçàöèÿ ñîãëàñîâàííîñòè ìàðãèíàëüíûõ
ðàñïðåäåëåíèé Ps è Pt
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Transductive TL è SVM (2)

f = argmin
f ∈F

ns∑
i=1

l(f (xs
i ), y

s
i ) + σ ‖f ‖2

K

+ λDf ,K (Js , Jt) + γMf ,K (Ps ,Pt)

K - ÿäðî
σ, λ, γ - ïîëîæèòåëüíûå ïàðàìåòðû ðåãóëÿðèçàöèè
(îãðàíè÷åíèÿ íà f )
Ïåðâàÿ ÷àñòü - îáû÷íûé SVM äëÿ èñõîäíûõ (source)
äàííûõ
À ÷òî òàêîå Df ,K (Js , Jt) è Mf ,K (Ps ,Pt)?
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Transductive TL è SVM (3)

Ìèíèìèçàöèÿ ðàçíîñòè ìåæäó äâóìÿ ñîâìåñòíûìè
ðàñïðåäåëåíèÿìè âåðîÿòíîñòåé Js è Jt èëè âû÷èñëåíèå
Df ,K (Js , Jt)
Àäàïòàöèÿ ìàðãèíàëüíûõ ðàñïðåäåëåíèé: (èñïîëüçóåòñÿ
ðàçíîñòü ñðåäíèõ çíà÷åíèé ôóíêöèé èëè MMD - maximum

mean discrepancy)

Df ,K (Ps ,Pt) =

∥∥∥∥∥ 1

ns

ns∑
i=1

f (xs
i )−

1

nt

nt∑
i=1

f (xt
i )

∥∥∥∥∥
2

H

H îïðåäåëÿåòñÿ φ : X → H



Îïðåäåëåíèå TL Òèïû ìîäåëåé Inductive TL Áåç ó÷èòåëÿ Transductive TL

Transductive TL è SVM (4)

Âû÷èñëåíèå Df ,K (Js , Jt)
Àäàïòàöèÿ óñëîâíûõ ðàñïðåäåëåíèé:

D
()
f ,K (Qs ,Qt) =

∥∥∥∥∥∥ 1

n
(c)
s

n
(c)
s∑

i∈D(c)
s

f (xs
i )−

1

n
(c)
t

n
(c)
t∑

i∈D(c)
t

f (xs
i )

∥∥∥∥∥∥
2

H

D(c)
s - ìíîæåñòâî ïðèìåðîâ èç êëàññà c , ïðèíàäëåæàùèõ Ds

D(c)
t - ìíîæåñòâî ïðèìåðîâ èç êëàññà c , ïðèíàäëåæàùèõ
Dt , çäåñü èñïîëüçóþòñÿ ïñåâäî ìåòêè êëàññîâ (ïðèìåðíûå)
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Transductive TL è SVM (5)

Ìèíèìèçàöèÿ ðàçíîñòè ìåæäó äâóìÿ ñîâìåñòíûìè
ðàñïðåäåëåíèÿìè âåðîÿòíîñòåé Js è Jt èëè âû÷èñëåíèå
Df ,K (Js , Jt)

Df ,K (Js , Jt) = Df ,K (Ps ,Pt) +
∑
=1

D
()
f ,K (Qs ,Qt)
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Transductive TL è SVM (6)

Df ,K (Js , Jt) îñíîâàíà íà èñïîëüçîâàíèè âûáîðî÷íîãî
ìàò. îæèäàíèÿ

Ìàêñèìèçàöèÿ ñîãëàñîâàííîñòè ìàðãèíàëüíûõ
ðàñïðåäåëåíèé Ps è Pt îñíîâàíà íà èñïîëüçîâàíèè
âûáîðî÷íîé äèñïåðñèè:

Mf ,K (Ps ,Pt) =
ns∑

i=1

nt∑
j=1

(
f (xs

i )− f (xt
j )
)2

Wij ,

ãäå

Wij =

{
cos(xs

i , x
t
j ), xs

i ∈ Np(xt
j ) ∨ xt

j ∈ Np(xs
i )

0, èíà÷å

Np(xi) - ìíîæåñòâî p áëèæàéøèõ ñîñåäåé òî÷êè xi
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Transductive TL è SVM (7)

Â èòîãå çàäà÷à

f = argmin
f ∈F

ns∑
i=1

l(f (xs
i ), y

s
i ) + σ ‖f ‖2

K

+ λDf ,K (Js , Jt) + γMf ,K (Ps ,Pt)

ñâîäèòñÿ ê ñòàíäàðòíîé çàäà÷å êâàäðàòè÷íîãî
ïðîãðàììèðîâàíèÿ
M.Long, J.Wang, G.Ding, S.J.Pan, P.S.Yu Adaptation Regularization: A general

Framework for Transfer Learning. IEEE Trans. on Knowledge and Data Eng., vol.

26(5), pp. 1076-1089, 2014
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Ìåòîäû deep domain adaptation

Ìåòîäû deep domain adaptation - 3 ãðóïïû:

1 Discrepancy-based: ïîäõîäû îñíîâàíû íà
ìèíèìèçàöèè ðàññòîÿíèÿ ìåæäó âåêòîðíûìè
ïðåäñòàâëåíèÿìè íà èñõîäíîì è öåëåâîì äîìåíàõ ñ
ïîìîùüþ ââåäåíèÿ ýòîãî ðàññòîÿíèÿ â loss-ôóíêöèþ.

2 Adversarial-Based: ïîäõîäû èñïîëüçóþò
ñîñòÿçàòåëüíóþ (adversarial) loss-ôóíêöèþ (èç GAN),
äëÿ îáó÷åíèÿ ñåòè, èíâàðèàíòíîé îòíîñèòåëüíî
äîìåíà.

3 Ñìåøàííûå ìåòîäû: ïðèìåíÿþò èäåè èç
discrepancy-based ñåìåéñòâà, à òàêæå self-ensembling,
íîâûå ñëîè, loss-ôóíêöèè è ò.ï.
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ìåòîäû

Discrepancy-based: îñíîâàí íà metric learning, ñóòü
êîòîðîãî çàêëþ÷àåòñÿ â îáó÷åíèè òàêîãî âåêòîðíîãî
ïðåäñòàâëåíèÿ, ïîëó÷àåìîãî èç íåéðîííîé
ñåòè, ÷òî ïðåäñòàâèòåëè îäíîãî êëàññà áóäóò áëèçêè
äðóã ê äðóãó â ýòîì ïðåäñòàâëåíèè ïî çàäàííîé
ìåòðèêå (÷àùå âñåãî èñïîëüçóþò L2 èëè êîñèíóñíóþ
ìåòðèêè).
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Àâòîêîäåð äëÿ Transductive TL

Glorot X, Bordes A, Bengio Y. Domain adaptation for large-scale sentiment

classi�cation: A deep learning approach. In: Proceedings of the twenty-eight

international conference on machine learning, vol.27. 2011. p.97�110.

Chen M, Xu ZE, Weinberger KQ, Sha F (2012) Marginalized denoising

autoencoders for domain adaptation. ICML. arXiv preprintarXiv:1206.4683.

1 Îáó÷èòü ñòýê àâòîêîäåðîâ íà îñíîâå èñõîäíûõ è
öåëåâûõ äàííûõ áåç ìåòîê êëàññîâ. Ýòî ïîçâîëèò
îáíàðóæèòü îáùèå èíâàðèàíòíûå ñêðûòûå ïðèçíàêè.

2 Îáó÷èòü êëàññèôèêàòîð, èñïîëüçóÿ ïðåîáðàçîâàííûå
ñêðûòûå ïðèçíàêè, äîáàâèâ ìåòêè èñõîäíûõ äàííûõ.
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Ðåêîíñòðóèðîâàíèå äàííûõ
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Ðåêîíñòðóèðîâàíèå äàííûõ

1 Îáó÷àåì àâòîêîäåð (âåñà W1, W2 è ïàðàìåòðû b1, b2)
íà öåëåâûõ äàííûõ

2 Äëÿ êàæäîãî êëàññà èç èñõîäíûõ äàííûõ xs
k íà îñíîâå

îáó÷åííîãî àâòîêîäåðà ðåêîíñòðóèðóåì:

xs→t
k = SARecon(x

s
k),

ãäå
SARecon(x) = σ(W2σ(W1x+ b1) + b2)

- âûõîä àâòîêîäåðà.
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Domain Separation Networks (1)
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Domain Separation Networks (2)

K. Bousmalis et al. Domain Separation Networks // arXiv:1608.06019

Êîäåð Ec(x) ñ shared weights ó÷èòñÿ çàõâàòûâàòü
êîìïîíåíòû ïðåäñòàâëåíèÿ äëÿ äàííîé âõîäíîé
âûáîðêè, êîòîðûå ÿâëÿþòñÿ îáùèìè äëÿ äîìåíîâ.

×àñòíûé êîäèðîâùèê Ep(x) (ïî îäíîìó äëÿ êàæäîãî
äîìåíà) ó÷èòñÿ çàõâàòûâàòü ñïåöèôè÷íûå äëÿ äîìåíà
êîìïîíåíòû ïðåäñòàâëåíèÿ.

Îáùèé äåêîäåð ó÷èòñÿ âîññòàíàâëèâàòü âõîäíóþ
âûáîðêó, èñïîëüçóÿ êàê ÷àñòíûå, òàê è èñõîäíûå
ïðåäñòàâëåíèÿ.



Îïðåäåëåíèå TL Òèïû ìîäåëåé Inductive TL Áåç ó÷èòåëÿ Transductive TL

Domain Separation Networks (3)

×àñòíûå è îáùèå êîìïîíåíòû ïðåäñòàâëåíèÿ
ðàçäâèãàþòñÿ ñ ïîìîùüþ ìÿãêèõ îãðàíè÷åíèé
îðòîãîíàëüíîñòè ïîäïðîñòðàíñòâà Ldifference , òîãäà êàê
îáùèå êîìïîíåíòû ïðåäñòàâëåíèÿ îñòàþòñÿ
ïîäîáíûìè ñ ïîòåðåé ñõîäñòâà Lsimilarity .

Ltask îáó÷àåò ìîäåëü ïðîãíîçèðîâàòü èíòåðåñóþùèå
íàñ âûõîäíûå ìåòêè:

ys
i - one-hot êîäèðîâàíèå ìåòîê êëàññîâ äëÿ source, ŷs

i

- softmax ïðåäñêàçàíèå ìîäåëè
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Domain Separation Networks (4)

Lrecon - ôóíêöèÿ ðåêîíñòðóêöèè

k - êîëè÷åñòâî ïèêñåëåé â x ; 1k - åäèíè÷íûé âåêòîð
äëèíû k
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Domain Separation Networks (5)

Ldifference - ôóíêöèÿ ïîòåðü ðàçëè÷èé ñïîñîáñòâóåò
îðòîãîíàëüíîñòè ìåæäó îáùèì è ÷àñòíûì
ïðåäñòàâëåíèÿìè êàæäîãî äîìåíà:

Lsimilarity :
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Adversarial-Based ìåòîäû

Îáó÷åíèå íåéðîííîé ñåòè ñ èíâàðèàíòíûì ïî
îòíîøåíèþ ê èñõîäíîìó è öåëåâîìó äîìåíàì
âåêòîðíûì ïðåäñòàâëåíèåì.

Îáó÷åííóþ ñåòü íà ðàçìå÷åííîì source domain ìîæíî
áóäåò èñïîëüçîâàòü íà target domain, â èäåàëå �
ïðàêòè÷åñêè áåç ïîòåðè êà÷åñòâà êëàññèôèêàöèè.
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Àëãîðèòì DANN

Y. Ganin et al. Domain-Adversarial Training of Neural Networks //

arXiv:1505.07818

Òðè ÷àñòè àëãîðèòìà:

Îñíîâíàÿ ñåòü äëÿ ïîëó÷åíèÿ âåêòîðíîãî

ïðåäñòàâëåíèÿ (feature extractor);

"Ãîëîâà îòâå÷àþùàÿ çà êëàññèôèêàöèþ íà èñõîäíîì

äîìåíå;

"Ãîëîâà êîòîðàÿ îáó÷àåòñÿ îòëè÷àòü äàííûå èç

èñõîäíîãî äîìåí îò öåëåâîãî.
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Àëãîðèòì ADDA (1)

E. Tzeng et al. Adversarial Discriminative Domain Adaptation //

arXiv:1702.05464

Ïîäðàçóìåâàåò ðàçäåëåíèå ñåòè äëÿ èñõîäíîãî äîìåíà
è ñåòè äëÿ öåëåâîãî äîìåíà

Øàãè àëãîðèòìà:

Êëàññèôèöèðóþùàÿ ñåòü îáó÷àåòñÿ íà èñõîäíîì
äîìåíå. Å¸ âåêòîðíîå ïðåäñòàâëåíèå - Ms , à Xs -
èñõîäíûé äîìåí.

Èíèöèàëèçèðóåì íåéðîííóþ ñåòü äëÿ öåëåâîãî äîìåíà
ñ ïîìîùüþ îáó÷åííîé ñåòè èç ïðåäûäóùåãî øàãà.
Îáîçíà÷èì å¸ Mt , à Xt - öåëåâîé äîìåí.
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Àëãîðèòì ADDA (2)

Ïåðåéä¸ì ê adversarial-òðåíèðîâêå: áóäåì îáó÷àòü
äèñêðèìèíàòîð D ïðè ôèêñèðîâàííûõ Ms è Mt ñ
ïîìîùüþ ñëåäóþùåé öåëåâîé ôóíêöèè:

Çàìîðîçèì äèñêðèìèíàòîð è äîîáó÷èì Mt íà öåëåâîì
äîìåíå:

Øàãè 3 è 4 ïîâòîðÿþòñÿ íåñêîëüêî ðàç.
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Àëãîðèòì ADDA (3)

Ñóòü ADDA çàêëþ÷àåòñÿ â òîì, ÷òî ìû ñíà÷àëà
îáó÷àåì õîðîøèé êëàññèôèêàòîð íà ðàçìå÷åííîì
èñõîäíîì äîìåíå, à çàòåì ñ ïîìîùüþ
adversarial-îáó÷åíèÿ àäàïòèðóåì òàê, ÷òîáû âåêòîðíûå
ïðåäñòàâëåíèÿ êëàññèôèêàòîðà íà îáîèõ äîìåíàõ
áûëè áëèçêè.
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Àëãîðèòì ADDA (4)
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Negative Transfer

Ñëó÷àåòñÿ, êîãäà ïåðåäà÷à çíàíèé èç DS è TS

ïðèâîäèò ê ñíèæåíèþ êà÷åñòâà TT

Åñëè çàäà÷è TS è TT ñëèøêîì ðàçëè÷íû, òîãäà
ïåðåäà÷à �â ëîá� ìîæåò ïðèâåñòè ê ñíèæåíèþ
êà÷åñòâà TT

Âàæíî ïðîàíàëèçèðîâàòü ñâÿçàííîñòü TS è TT èëè DS

è DT , îïðåäåëèòü êðèòåðèé ñõîæåñòè

Ìåòîäû:

Ñõîæåñòü TS è TT îïðåäåëÿåòñÿ íà îñíîâå ñõîæåñòè
ìåæäó ðàñïðåäåëåíèÿìè âåðîÿòíîñòåé ïðèìåðîâ

Ñõîæåñòü TS è TT îïðåäåëÿåòñÿ íà îñíîâå ââåäåíèÿ
õàðàêòåðèñòèê çàäà÷ áîëåå âûñîêîãî óðîâíÿ,
íàïðèìåð, ïðèçíàêîâ, êîòîðûå èçâåñòíû çàðàíåå
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Negative Transfer

Ñõîæåñòü TS è TT îïðåäåëÿåòñÿ íà îñíîâå ââåäåíèÿ

õàðàêòåðèñòèê çàäà÷ áîëåå âûñîêîãî óðîâíÿ, íàïðèìåð,

ïðèçíàêîâ, êîòîðûå èçâåñòíû çàðàíåå

Íàïðèìåð, ïðèçíàê - ïîë
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Âîïðîñû
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