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Restricted Boltzmann Machine

V ∈ {0, 1}n � íàáëþäàåìûå ïåðåìåííûå, H ∈ {0, 1}d �
ñêðûòûå ïåðåìåííûå. RBM ïðåäñòàâëÿåò èç ñåáÿ ñëåäóþùóþ
ãðàôè÷åñêóþ ìîäåëü:

Ýíåðãèÿ

E(v , h|Θ) = −vTWh − vTbv − hTbh,
ãäå Θ = {bv , bh,W }

Âåðîÿòíîñòü

P(v , h|Θ) = 1
Z(Θ) exp(−E(v , h|Θ))
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Âûâîä â RBM

Ñòðóêòóðà RBM

⇓

P(vi = 1|h,Θ) =
1

1 + exp(−
∑

j Wijhj − bvi )

P(hj = 1|v ,Θ) =
1

1 + exp(−
∑

i Wijvi − bhj )

⇓

Ñõåìà Ãèááñà
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Îáó÷åíèå RBM

Ñóòü

Íàñòðîéêà Θ ïî îáó÷àþùåé âûáîðêå V̂ ïóòåì ìàêñèìèçàöèè
íåïîëíîãî ïðàâäîïîäîáèÿ P(V̂ |Θ)→ maxΘ.

Ïðîöåäóðà

Ñòîõàñòè÷åñêèé ãðàäèåíòíûé ñïóñê.
Ãðàäèåíò ñ ïîìîùüþ Contrastive Divergences:

∂ logP(v |Θ)

∂Θk
≈ ∂E(v |Θ)

∂Θk
− ∂E(v∗|Θ)

∂Θk
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Deep Boltzmann Machine

V ∈ {0, 1}n � íàáëþäàåìûå ïåðåìåííûå,
H1 ∈ {0, 1}d1 ,H2 ∈ {0, 1}d2 � ñêðûòûå ïåðåìåííûå. DBM
ïðåäñòàâëÿåò èç ñåáÿ ñëåäóþùóþ ãðàôè÷åñêóþ ìîäåëü:

Ýíåðãèÿ

E(v , h1, h2|Θ) = −vTW 1h1 − h1TW 2h2 −
vTbv − h1Tbh

1 − h2Tbh
2
,

ãäå Θ = {bv , bh1
, bh

2
,W 1,W 2}

Âåðîÿòíîñòü

P(v , h1, h2|Θ) = 1
Z(Θ) exp(−E(v , h1, h2|Θ))
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Âûâîä â DBM

Ñòðóêòóðà DBM

⇓

Àíàëèòè÷åñêè âûðàæàþòñÿ P(vi = 1|h1,Θ),
P(h1

j = 1|v , h2,Θ), P(h2
k = 1|h1,Θ)

⇓

Ñõåìà Ãèááñà
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Îáó÷åíèå DBM

Ñóòü

Íàñòðîéêà Θ ïî îáó÷àþùåé âûáîðêå V ïóòåì ìàêñèìèçàöèè
íåïîëíîãî ïðàâäîïîäîáèÿ P(V̂ |Θ)→ maxΘ.

Ïðîöåäóðà

Ïðåäîáó÷åíèå.
Ñòîõàñòè÷åñêèé ãðàäèåíòíûé ñïóñê.
Ãðàäèåíò ñ ïîìîùüþ Contrastive Divergences:

∂ logP(v |Θ)

∂Θk
≈ ∂E(v |Θ)

∂Θk
− ∂E(v∗|Θ)

∂Θk
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Îáó÷åíèå DBM
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Ìîäåëü ôîðìû

Strong probabilistic model of binary object shapes:

1 Realism

2 Generalization

Realism Generalization
Globally Locally

Mean X - -
Factor Analysis X - X
Fragments - X X
Grid MRFs/CRFs - X X
High-order potentials limited X X
Database X X -

ShapeBM X X X
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ShapeBM

Realism + Generalization

⇓

DBM: ìíîãî ïàðàìåòðîâ,
à îáúåì îáó÷àþùåé
âûáîðêè îãðàíè÷åí

⇓

ShapeBM
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ShapeBM

Âåñà W 1 îáùèå äëÿ âñåõ ãðóïï ïèêñåëåé.
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ShapeBM

Ñìûñë ñòðóêòóðû

Îòáðàñûâàíèå ñâÿçåé: íàèáîëåå ñèëüíûå çàâèñèìîñòè
èìåþò ëîêàëüíûé õàðàêòåð.

Îáùèå âåñà W 1: ìíîãèå ñâîéñòâà ôîðìû (í-ð, ãëàäêîñòü)
íå çàâèñÿò îò ìåñòà íà ðèñóíêå.

H1: ëîêàëüíûå îãðàíè÷åíèÿ.

H2: ãëîáàëüíûå îãðàíè÷åíèÿ.

d2 << d1.

Îáó÷åíèå

Àíàëîãè÷íî îáó÷åíèþ DBM, ñ ó÷åòîì ñòðóêòóðû ShapeBM ïðè
ïîäñ÷åòå ãðàäèåíòîâ.

Ëîáà÷åâà Åêàòåðèíà The Shape Boltzmann Machine



Experiments: Weizmann horses

Ïàðàìåòðû ShapeBM

Âõîä: êàðòèíêè 32× 32.
Overlap b = 4, d1 = 2000, d2 = 100.

Îáó÷åíèå ShapeBM

Ïðåäîáó÷åíèå: 1 óðîâåíü - 3000 èòåðàöèé, 2 - 1000 èòåðàöèé.
Îáùåå îáó÷åíèå: 1000 èòåðàöèé.
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Weizmann horses: Realism
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Weizmann horses: Generalization
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Weizmann horses: ñóòü H2
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Multiple object categories

Ïðè îáó÷åíèè íå äàâàëàñü èíôîðìàöèÿ î êëàññàõ!
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Classi�cation
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Segmentation with ShapeBM: same size

Ââîäèì äîïîëíèòåëüíûå óíàðíûå âåñà íà âèäèìûå ïåðåìåííûå
cv . Ââîäèì êîýôôèöèåíò α, îòâå÷àþùèé çà ñîîòíîøåíèå öâåòà
è ôîðìû. Ñëîæåíèå öâåòà è ôîðìû íà óðîâíå v .

Ýíåðãèÿ

E(v , h1, h2|Θ) =
−vTW 1h1 − h1TW 2h2 − vTbv − vT cv − h1Tbh

1 − h2Tbh
2
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Segmentation with ShapeBM: larger size

Ñëîæåíèå öâåòà è ôîðìû íà óðîâíå cv , òî åñòü íå ìîäåëü
öâåòà óìåíüøàåì, à ìîäåëü ôîðìû óâåëè÷èâàåì.
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Segmentation with ShapeBM: Color model

Îáó÷àþòñÿ 4 ìîäåëè öâåòà: ïî äâå äëÿ îáúåêòîâ è äëÿ ôîíà.
Îíè ïðåäñòàâëÿþò èç ñåáÿ ñìåñü ãàóñcèàí â ïðîñòðàíñòâå RGB
è LUV.

Êîìïîçèöèÿ ìîäåëåé äëÿ RGB, LUV → äëÿ èçîáðàæåíèÿ
ïîëó÷àåì: p_obj , p_not_obj .

cv = log(p_obj)− log(p_not_obj)
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Segmentation with ShapeBM: Results (train)
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Segmentation with ShapeBM: Results (test)
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