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Âîññòàíîâëåíèå çàâèñèìîñòè ïî ýìïèðè÷åñêèì äàííûì

Çàäà÷à âîññòàíîâëåíèÿ çàâèñèìîñòè y = y∗(x)
ïî òî÷êàì îáó÷àþùåé âûáîðêè (xi , yi ), i = 1, . . . , ℓ.

Äàíî: âåêòîðû xi = (x1i , . . . , x
n
i ) � îáúåêòû îáó÷àþùåé âûáîðêè,

yi = y∗(xi ) � ïðàâèëüíûå îòâåòû, i = 1, . . . , ℓ:




x11 . . . xn1
. . . . . . . . . . .
x1ℓ . . . xnℓ




y∗

−→





y1
. . .
yℓ





Íàéòè: �óíêöèþ a(x), ñïîñîáíóþ äàâàòü ïðàâèëüíûå îòâåòû

íà òåñòîâûõ îáúåêòàõ x̃i = (x̃1i , . . . , x̃
n
i ), i = 1, . . . , k :





x̃11 . . . x̃n1
. . . . . . . . . . .
x̃1k . . . x̃nk




a?−→





a(x̃1)
. . .

a(x̃k)




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Îáó÷åíèå êàê îïòèìèçàöèÿ
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Ìåòîäû îïòèìèçàöèè

Âîññòàíîâëåíèå ðåãðåññèè � ýòî îïòèìèçàöèÿ

Çàäà÷à âîññòàíîâëåíèÿ ðåãðåññèîííîé çàâèñèìîñòè, yi ∈ R

1

Âûáèðàåì ìîäåëü ðåãðåññèè, íàïðèìåð, ëèíåéíóþ:

a(x ,w) = 〈x ,w〉 =
n∑

j=1
x jwj , x ,w ∈ R

n

2

Âûáèðàåì �óíêöèþ ïîòåðü, íàïðèìåð, êâàäðàòè÷íóþ:

L (a, y) = (a − y)2

3

Ìèíèìèçèðóåì ïîòåðè ìåòîäîì íàèìåíüøèõ êâàäðàòîâ:

Q(w) =
1

ℓ

ℓ∑

i=1

(
a(xi ,w)− yi

)2 → min
w

4

Ïðîâåðÿåì ïðîãíîñòè÷åñêóþ (îáîáùàþùóþ) ñïîñîáíîñòü:

Q̃(w) =
1

k

k∑

i=1

(
a(x̃i ,w)− ỹi

)2
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Ìåòîäû îïòèìèçàöèè

Îáó÷åíèå êëàññè�èêàöèè � òîæå îïòèìèçàöèÿ

Çàäà÷à êëàññè�èêàöèè, yi ∈ {−1,+1}
1

Âûáèðàåì ìîäåëü êëàññè�èêàöèè, íàïðèìåð, ëèíåéíóþ:

a(x ,w) = sign〈x ,w〉
2

Âûáèðàåì �óíêöèþ ïîòåðü, íàïðèìåð, áèíàðíóþ:

L (a, y) =
[
a(xi ,w)yi < 0

]

3

Ìèíèìèçèðóåì ÷àñòîòó îøèáîê íà îáó÷àþùåé âûáîðêå:

Q(w) =
1

ℓ

ℓ∑

i=1

[
a(xi ,w)yi < 0

]
→ min

w

4

Ïðîâåðÿåì ïðîãíîñòè÷åñêóþ (îáîáùàþùóþ) ñïîñîáíîñòü:

Q̃(w) =
1

k

k∑

i=1

[
a(x̃i ,w)ỹi < 0

]
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Îáó÷åíèå êëàññè�èêàöèè � ñãëàæèâàíèå �óíêöèè ïîòåðü

Çàäà÷à êëàññè�èêàöèè, yi ∈ {−1,+1}
1

Âûáèðàåì ìîäåëü êëàññè�èêàöèè, íàïðèìåð, ëèíåéíóþ:

a(x ,w) = sign〈x ,w〉
2

Ìàæîðèðóåì ïîðîãîâóþ �óíêöèþ ïîòåðü íåïðåðûâíîé:

[
Mi < 0

]
6 L

(
Mi

)
, Mi = 〈xi ,w〉yi � îòñòóï (margin)

3

Ìèíèìèçèðóåì ñãëàæåííóþ ÷àñòîòó îøèáîê:

Q(w) =
1

ℓ

ℓ∑

i=1
L

(
〈xi ,w〉yi

)
→ min

w

4

Ïðîâåðÿåì ïðîãíîñòè÷åñêóþ (îáîáùàþùóþ) ñïîñîáíîñòü:

Q̃(w) =
1

k

k∑

i=1

[
〈x̃i ,w〉ỹi < 0

]
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Íåïðåðûâíûå àïïðîêñèìàöèè ïîðîãîâîé �óíêöèè ïîòåðü

×àñòî èñïîëüçóåìûå íåïðåðûâíûå �óíêöèè ïîòåðü L (M):

-5 -4 -3 -2 -1 0 1 2 3 4 5

0

1

2

3

4

5

S

LV    
E          

        Q

H             

M
V (M) = (1−M)+ � êóñî÷íî-ëèíåéíàÿ (SVM)

H(M) = (−M)+ � êóñî÷íî-ëèíåéíàÿ (Hebb's rule)

L(M) = log2(1 + e
−M) � ëîãàðè�ìè÷åñêàÿ (LR, Logisti
 Regression)

Q(M) = (1−M)2 � êâàäðàòè÷íàÿ (Fisher's Linear Dis
riminant)

S(M) = 2(1 + e
M)−1

� ñèãìîèäíàÿ (ANN, Arti�
ial Neural Network)

E(M) = e−M
� ýêñïîíåíöèàëüíàÿ (AdaBoost)

[M < 0] � ïîðîãîâàÿ �óíêöèÿ ïîòåðü.
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Ìåòîäû îïòèìèçàöèè

Îáùèå ïîäõîäû ê ðåøåíèþ îïòèìèçàöèîííûõ çàäà÷

Àíàëèòè÷åñêèé ïîäõîä (íàïð. ìåòîä íàèìåíüøèõ êâàäðàòîâ):

Åñëè w � òî÷êà ìèíèìóìà ãëàäêîé �óíêöèè Q(w), òî

∂Q(w)

∂wj
= 0, j = 1, . . . , n.

Ýòî ñèñòåìà n óðàâíåíèé ñ n íåèçâåñòíûìè.

×èñëåííûé ìåòîä � ãðàäèåíòíûé ñïóñê:

1 íà÷àëüíîå ïðèáëèæåíèå w0
, t := 0;

2 ïîâòîðÿòü

3 w t+1
j := w t

j − ht · ∂Q(w t )
∂wj

, j = 1, . . . , n;

4 t := t + 1;

5 ïîêà ïðîöåññ íå ñîéä¼òñÿ;
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�àçìèíêà
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Àíàëèòè÷åñêèé ïîäõîä. Îäíîìåðíûé ÷àñòíûé ñëó÷àé

Äâà êëàññà: yi ∈ {−1,+1}, îäèí ïðèçíàê: xi ∈ {−1, 0,+1}.
Ëèíåéíûé êëàññè�èêàòîð: a(x) = sign(wx + w0), w0 = const.

Ôóíêöèÿ ïîòåðü: L (Mi ) = e−Mi
, îòñòóï Mi = (wxi + w0)yi .

Q(w) =
ℓ∑

i=1
exp

(
−wxiyi − w0yi

)
→ min

w
;

Q(w) =
ℓ∑

i=1

e−w0yi
︸ ︷︷ ︸

γi

(

e−w
[
xiyi =1

]
+ ew

[
xiyi =−1

]
+

[
xi =0

])

=

= e−w
ℓ∑

i=1

γi
[
xiyi =1

]

︸ ︷︷ ︸

P

+ ew
ℓ∑

i=1

γi
[
xiyi =−1

]

︸ ︷︷ ︸

N

+
ℓ∑

i=1

γi
[
xi =0

]
.

Q ′(w) = −e−wP + ewN = 0 ⇒ w =
1

2
ln

P

N
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Ìíîãîêëàññîâûé áóñòèíã

Èíòåðïðåòàöèÿ ïîëó÷åííîãî ðåøåíèÿ

Åñëè w0 = 0, òî γi = e−w0yi = 1,
çíà÷åíèÿ P è N ïîêàçûâàþò, íàñêîëüêî õîðîøî ïðèçíàê x

ïðåäñêàçûâàåò êëàññ íà îáúåêòàõ îáó÷àþùåé âûáîðêè:

P =
ℓ∑

i=1

γi
[
xiyi =+1

]
� ÷èñëî ïîçèòèâíûõ ïðèìåðîâ,

N =
ℓ∑

i=1
γi
[
xiyi =−1

]
� ÷èñëî íåãàòèâíûõ ïðèìåðîâ.

Âåñîâîé êîý��èöèåíò w = 1
2 ln

P
N

(èëè w = 1
2 ln

P+δ
N+δ

)

òåì áîëüøå, ÷åì ÷àùå ïðèçíàê xi óãàäûâàåò îòâåò yi .

Åäåì äàëüøå: òåïåðü ïðèçíàêîâ áóäåò ìíîãî.
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Áóñòèíã ñëàáûõ êëàññè�èêàòîðîâ

Ìíîãîêëàññîâûé áóñòèíã

Ïðîöåññ æàäíîãî äîáàâëåíèÿ ïðèçíàêîâ

Äâà êëàññà: yi ∈ {−1,+1}, n ïðèçíàêîâ: xi ∈ {−1, 0,+1}n .
Ïîëüçóÿñü ïðåäûäóùèì ðåøåíèåì, áóäåì æàäíî äîáàâëÿòü

ïðèçíàêè â ëèíåéíûé êëàññè�èêàòîð:

a(x) = sign
( t∑

j=1

wjx
j
)

= sign
(

wtx
t +

t−1∑

j=1

wjx
j

︸ ︷︷ ︸

w0

)

Ïîñëå äîáàâëåíèÿ ïðèçíàêà x t èçìåíÿþòñÿ âåñà îáúåêòîâ γti :

γt+1
i = exp(−w0yi) = exp

(

−yi
t∑

j=1

wjx
j
i

)

,

èõ óäîáíî îáíîâëÿòü ïî ðåêóððåíòíîé �îðìóëå:

γt+1
i = γti exp

(
−yiwtx

t
i

)
, γ0i = 1.
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Áóñòèíã ñëàáûõ êëàññè�èêàòîðîâ

Ìíîãîêëàññîâûé áóñòèíã

Êàêîé ïðèçíàê äîáàâëÿòü ñëåäóþùèì?

Ýâðèñòèêà 1: äîáàâëÿòü ïðèçíàêè íåçàâèñèìî îò ïðåäûäóùèõ,

êàæäûé ðàç ïîëàãàÿ w0 = 0 è âû÷èñëÿÿ wt =
1
2 ln

Pt

Nt
.

È ýòî íåïëîõî ðàáîòàåò â çàäà÷àõ êëàññè�èêàöèè òåêñòîâ!

Ýâðèñòèêà 2: ïîäñòàâèì ðåøåíèå ew â �óíêöèîíàë Q(w),

Q(w) = e−wP + ewN +
∑

i

γi − P − N → min;

e−w =
√

N
P

ew =
√

P
N√

NP +
√
PN − P − N = −

(√
P −

√
N
)2 → min;

√
P −

√
N → max .

Òàêèì îáðàçîì, íàäî èñêàòü ïðèçíàê x j , äëÿ êîòîðîãî

√

Pj −
√

Nj → max
j=1...n
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Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

�àçìèíêà

Áóñòèíã ñëàáûõ êëàññè�èêàòîðîâ

Ìíîãîêëàññîâûé áóñòèíã

Àëãîðèòì áóñòèíãà AdaBoost (Ôðîéíä è Øàïèð, 1995)

Âõîä: îáó÷àþùàÿ âûáîðêà (xi , yi )
ℓ
i=1; ïàðàìåòðû T , δ;

Âûõîä: âåñà ïðèçíàêîâ wj , j = 1...n;

1 èíèöèàëèçèðîâàòü: wj := 0, j = 1...n; γi := 1/ℓ, i = 1...ℓ;
2 äëÿ âñåõ t = 1...T

3 íàéòè ïðèçíàê x j ñ äîñòàòî÷íî áîëüøèì
√

Pj −
√

Nj , ãäå

Pj =
ℓ∑

i=1
γi
[
x
j
i yi =+1

]
;

Nj =
ℓ∑

i=1

γi
[
x
j
i yi =−1

]
;

4 âû÷èñëèòü âåñ ýòîãî ïðèçíàêà: wj :=
1

2
ln

Pj + δ

Nj + δ
;

5 îáíîâèòü âåñà îáúåêòîâ: γi := γi exp
(
−wjx

j
i yi

)
, i = 1...ℓ;

6 íîðìèðîâàòü âåñà îáúåêòîâ: γi := γi
/ ∑ℓ

s=1 γs , i = 1...ℓ;
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

�àçìèíêà

Áóñòèíã ñëàáûõ êëàññè�èêàòîðîâ

Ìíîãîêëàññîâûé áóñòèíã

Îáîáùåíèå íà ñëó÷àé áîëüøåãî ÷èñëà êëàññîâ

Ëèíåéíûé êëàññè�èêàòîð íà n ïðèçíàêàõ xi ∈ {−1, 0,+1}n :

a(x) = argmax
y∈Y

〈wy , x〉 = argmax
y∈Y

(

wtyx
t +

∑t−1
j=1 wjyx

j

︸ ︷︷ ︸

w0y

)

Ïîëîæèì σyi = 1, åñëè y = yi , è σyi = −1, åñëè y 6= yi .

ℓ∑

i=1

∑

y∈Y

exp
(
−〈xi ,wy 〉σyi

)
=

ℓ∑

i=1

∑

y∈Y

e−w0yσyi

︸ ︷︷ ︸

γyi

exp
(
−wtyx

t
i σyi

)
=

=
ℓ∑

i=1

∑

y∈Y

γyi

(

e−wty
[
x ti σyi =1

]
+ ewty

[
x ti σyi =−1

]
+

[
x ti =0

])

→ min
w

;

∑

y∈Y

e−wty
ℓ∑

i=1

γyi
[
x ti σyi =1

]

︸ ︷︷ ︸

Pty

+ ewty
ℓ∑

i=1

γyi
[
x ti σyi =−1

]

︸ ︷︷ ︸

Nty

→ min
w

;
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

�àçìèíêà

Áóñòèíã ñëàáûõ êëàññè�èêàòîðîâ

Ìíîãîêëàññîâûé áóñòèíã

Îáîáùåíèå íà ñëó÷àé áîëüøåãî ÷èñëà êëàññîâ

. . . è çàâåðøàåì âûêëàäêè:

∂

∂wty

(
−e−wtyPty + ewtyNty

)
= 0 ⇒ wty =

1

2
ln

Pty

Nty

Çíà÷åíèÿ Pty è Nty ïîêàçûâàþò, íàñêîëüêî õîðîøî ïðèçíàê x t

ïðåäñêàçûâàåò êëàññ y íà îáúåêòàõ îáó÷àþùåé âûáîðêè:

Pty =
ℓ∑

i=1

γyi
[
x ti σyi =+1

]
� ÷èñëî ïîçèòèâíûõ ïðèìåðîâ,

Nty =
ℓ∑

i=1
γyi

[
x ti σyi =−1

]
� ÷èñëî íåãàòèâíûõ ïðèìåðîâ.

Âåñîâîé êîý��èöèåíò wty = 1
2 ln

Pty

Nty
(èëè wty = 1

2 ln
Pty+δ

Nty+δ
)

òåì áîëüøå, ÷åì ÷àùå ïðèçíàê x ti óãàäûâàåò îòâåò yi .
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

�àçìèíêà

Áóñòèíã ñëàáûõ êëàññè�èêàòîðîâ

Ìíîãîêëàññîâûé áóñòèíã

Ìíîãîêëàññîâûé AdaBoost

Âõîä: îáó÷àþùàÿ âûáîðêà (xi , yi )
ℓ
i=1; ïàðàìåòðû T , δ;

Âûõîä: âåñà ïðèçíàêîâ wjy , j = 1...n;

1 èíèöèàëèçèðîâàòü: wjy := 0, j = 1...n; γyi := 1/ℓ, i = 1...ℓ;
2 äëÿ âñåõ t = 1...T

3 íàéòè ïðèçíàê x j ñ äîñòàòî÷íî áîëüøèì
∑

y

(√
Pjy −

√
Njy

)
,

4 Pjy =
ℓ∑

i=1
γyi

[
x
j
i σyi =+1

]
;

Njy =
ℓ∑

i=1
γyi

[
x
j
i σyi =−1

]
;

5 âû÷èñëèòü âåñ ýòîãî ïðèçíàêà: wjy :=
1

2
ln

Pjy + δ

Njy + δ
;

6 îáíîâèòü âåñà îáúåêòîâ: γyi := γyi exp
(
−wjyx

j
i σyi

)
, i = 1...ℓ;

7 íîðìèðîâàòü âåñà îáúåêòîâ: γyi := γyi
/ ∑ℓ

s=1 γys , i = 1...ℓ;
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

�àçìèíêà

Áóñòèíã ñëàáûõ êëàññè�èêàòîðîâ

Ìíîãîêëàññîâûé áóñòèíã

�åçþìå

Áóñòèíã � îäèí èç ëó÷øèõ ìåòîäîâ ìàøèííîãî îáó÷åíèÿ

Ýòî ëèíåéíûé êëàññè�èêàòîð ñ æàäíûì äîáàâëåíèåì

ïðèçíàêîâ è âîçìîæíîñòüþ ñèíòåçà ïðèçíàêîâ

Àëüòåðíàòèâíûé âçãëÿä: áóñòèíã � ýòî ñèëüíàÿ

êîìïîçèöèÿ ñëàáûõ êëàññè�èêàòîðîâ

Ñîâðåìåííîå è íàèáîëåå óñïåøíîå îáîáùåíèå �

ãðàäèåíòûé áóñòèíã, äîïóñêàåò ëþáûå �óíêöèè ïîòåðü

è íå òðåáóåò äèñêðåòíîñòè ïðèçíàêîâ

Yandex MatrixNet � ýòî èìåííî ãðàäèåíòíûé áóñòèíã
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ïåðåîáó÷åíèå è ðåãóëÿðèçàöèÿ

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà (SG, Sto
hasti
 Gradient)

Çàäà÷à êëàññè�èêàöèè: yi ∈ {−1,+1}, a(x ,w) = sign〈w , x〉.
Ìèíèìèçàöèÿ ñãëàæåííîé ÷àñòîòû îøèáîê:

Q(w) =

ℓ∑

i=1

L
(
〈w , xi 〉yi

)
→ min

w
.

Îäèí øàã ãðàäèåíòíîãî ñïóñêà:

w t+1 := w t − ht
ℓ∑

i=1

L
′
(
〈w t , xi〉yi

)
xi yi .

Èäåÿ óñêîðåíèÿ ñõîäèìîñòè: áðàòü (xi , yi ) ïî îäíîìó
â ñëó÷àéíîì ïîðÿäêå è ñðàçó îáíîâëÿòü âåêòîð âåñîâ

(ñòîõàñòè÷åñêàÿ àïïðîêñèìàöèÿ �îááèíñà�Ìîíðî, 1951):

w t+1 := w t − htL ′
(
〈w t , xi 〉yi

)
xi yi .
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ïåðåîáó÷åíèå è ðåãóëÿðèçàöèÿ

Àëãîðèòì SG (Sto
hasti
 Gradient)

Âõîä: âûáîðêà (xi , yi )
ℓ
i=1;

Âûõîä: âåñà w1, . . . ,wn;

1 èíèöèàëèçèðîâàòü âåñà wj , j = 1, . . . , n;
2 ïîâòîðÿòü

3 âûáðàòü ñëó÷àéíûé îáúåêò (xi , yi ) èç îáó÷àþùåé âûáîðêè;

4 âûáðàòü âåëè÷èíó ãðàäèåíòíîãî øàãà h;

5 âûïîëíèòü ãðàäèåíòíûé øàã:

wj := wj − hL ′
(
〈w , xi 〉yi

)
x
j
i yi äëÿ âñåõ j = 1, . . . , n;

6 ïîêà ïðîöåññ íå ñîéä¼òñÿ êóäà-íèáóäü;

Ïðåèìóùåñòâà è íåäîñòàòêè:

⊕⊕⊕ ìîæíî áðàòü êàêèå óãîäíî ìîäåëè è �óíêöèè ïîòåðü L

⊕⊕⊕ õîðîøî ðàáîòàåò íà áîëüøèõ è ðàñòóùèõ âûáîðêàõ

⊖⊖⊖ âîçìîæíî çàñòðåâàíèå â ëîêàëüíûõ ýêñòðåìóìàõ
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ïåðåîáó÷åíèå è ðåãóëÿðèçàöèÿ

Ýâðèñòèêè

Âûáîð íà÷àëüíîãî ïðèáëèæåíèÿ, íàïðèìåð, òàê:

w0
j :=

〈y , fj 〉
〈fj , fj〉

(èç îäíîìåðíîé ëèíåéíîé ðåãðåññèè)

fj = (x ji )
ℓ
i=1 � âåêòîð çíà÷åíèé j-ãî ïðèçíàêà,

y = (yi )
ℓ
i=1 � âåêòîð îòâåòîâ.

Âûáîð òåìïà îáó÷åíèÿ (ãðàäèåíòíîãî øàãà) ht :

ñõîäèìîñòü ãàðàíòèðóåòñÿ äëÿ âûïóêëûõ Q(w) ïðè

ht → 0,
∞∑

t=1
ht = ∞,

∞∑

t=1
(ht)2 < ∞,

â ÷àñòíîñòè ìîæíî ïîëîæèòü ht = 1
t
;

Âûáîð ïîðÿäêà ïðåäúÿâëåíèÿ îáúåêòîâ:

� ñëó÷àéíî, íî ïîïåðåìåííî èç ðàçíûõ êëàññîâ;

� ÷àùå áðàòü ïîãðàíè÷íûå îáúåêòû ñ ìàëûì |Mi |;
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ïåðåîáó÷åíèå è ðåãóëÿðèçàöèÿ

Ïðè÷èíû ïåðåîáó÷åíèÿ ëèíåéíûõ ìîäåëåé

1

ñëèøêîì ìàëî îáúåêòîâ; ñëèøêîì ìíîãî ïðèçíàêîâ;

2

ëèíåéíàÿ çàâèñèìîñòü (ìóëüòèêîëëèíåàðíîñòü) ïðèçíàêîâ:

ïóñòü ïîñòðîåí êëàññè�èêàòîð: a(x ,w) = sign〈x ,w〉;
ìóëüòèêîëëèíåàðíîñòü: ∃v ∈ R

n
: ∀x 〈x , v〉 ≈ 0;

òîãäà ∀γ ∈ R a(x ,w) ≈ sign〈x ,w + γv〉
Ïîñëåäñòâèÿ:

ðåøåíèå íååäèíñòâåííî è íåóñòîé÷èâî;

âåñà wj ñòàíîâÿòñÿ ðàçíûõ çíàêîâ, óâåëè÷èâàþòñÿ |wj |;
Q(w) íà îáó÷åíèè ìíîãî ìåíüøå, ÷åì Q̃(w) íà êîíòðîëå;

Ñïàñàåò ðåãóëÿðèçàöèÿ � ââåäåíèå äîïîëíèòåëüíîãî êðèòåðèÿ:

‖w‖2 =
n∑

j=1
w2
j → min .
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

Ïåðåîáó÷åíèå è ðåãóëÿðèçàöèÿ

Ìåòîä ñîêðàùåíèÿ âåñîâ (weight de
ay)

Øòðà� çà óâåëè÷åíèå íîðìû âåêòîðà âåñîâ:

Qτ (w) = Q(w) +
τ

2
‖w‖2 → min

w
.

�ðàäèåíò:

∂
∂wj

Qτ (w) = ∂
∂wj

Q(w) + τwj .

Ìîäè�èêàöèÿ ãðàäèåíòíîãî øàãà:

w t+1
j := w t

j (1− htτ)− ht ∂
∂wj

Q(w t).

Ïàðàìåòð ðåãóëÿðèçàöèè τ ïîäáèðàåòñÿ ýêñïåðèìåíòàëüíî,

ïî êà÷åñòâó íà êîíòðîëüíîé âûáîðêå.
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Îáó÷åíèå êàê îïòèìèçàöèÿ

Áóñòèíã

Ìåòîä ñòîõàñòè÷åñêîãî ãðàäèåíòà

�åçþìå

Îáó÷åíèå � ýòî îïòèìèçàöèè (â áîëüøèíñòâå ìåòîäîâ)

Ëó÷øèå ìåòîäû êëàññè�èêàöèè îñíîâàíû íà ñãëàæèâàíèè

ïîðîãîâîé �óíêöèè ïîòåðü

Äâà ìîùíûõ ìåòîäà ëèíåéíîé êëàññè�èêàöèè � áóñòèíã è

ñòîõàñòè÷åñêàÿ àïïðîêñèìàöèÿ

Îáà ìåòîäà ïîäõîäÿò äëÿ ðåøåíèÿ çàäà÷ Big Data

Îáà ìåòîäà ïîäõîäÿò äëÿ ðåøåíèÿ íàøåãî êîíòåñòà ;)

Ïåðåîáó÷åíèå � ñåðü¼çíàÿ ïðîáëåìà äëÿ ëèíåéíûõ

ìåòîäîâ, ðåøàåòñÿ ñ ïîìîùüþ ðåãóëÿðèçàöèè
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Åñëè ÷òî-òî áûëî íå ïîíÿòíî,
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