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𝑥𝑗

𝑦𝑗

𝑦𝑗 = 𝑓 𝑥𝑗

𝑓 𝑥𝑗 =
1

1 + 𝑒−𝑥𝑗

𝑓 𝑥𝑗 = tanh 𝑥𝑗

𝑓 𝑥𝑗 = max 𝑥𝑗 , 0

𝑥𝑗 = 𝑏𝑗 + 

𝑖

𝑦𝑖𝑤𝑖𝑗

𝑖

𝑗

𝑤𝑖𝑗

𝑥𝑗

𝑦𝑗



• 𝑤𝑖𝑗 , 𝑏𝑗

𝐶 = − 

𝑗

𝑑𝑗 log𝑝𝑗

𝑝1 𝑝2 𝑝𝑛

𝑤𝑖𝑗

𝑑1 𝑑2 𝑑𝑛
1 0 00 1 0

Δ𝑤𝑖𝑗 = −𝜖
𝜕𝐶

𝜕𝑤𝑖𝑗

+𝛼Δ𝑤𝑖𝑗′ − 𝜖𝜆𝑤𝑖𝑗



•

–

–

•

𝑝1 𝑝2 𝑝𝑛

𝑤𝑖𝑗

𝑖

𝑗

𝑘

𝑤𝑗𝑘

𝛿𝑘 = 𝑝𝑘 − 𝑑𝑘

𝛿𝑗

𝛿𝑗 = 𝑓′ 𝑥𝑗  

𝑘

𝛿𝑘𝑤𝑗𝑘

𝜕𝐶

𝜕𝑤𝑖𝑗
= 𝛿𝑗𝑦𝑖
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•

•



•
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•

𝐖1

𝐖2

𝐖3 𝐖3

𝐖2

𝐖1

𝐖3

𝐖2

𝐖1

𝐖4 ← init



•

–

min
𝛩

 

𝑖

𝐱𝑖 −  𝐱(𝐱𝑖)
2

𝐖,𝐛

𝐡

𝐱

𝐖′, 𝐛′ 𝐡

 𝐱

𝐱

𝐖, 𝐛

𝐖′, 𝐛

𝐡 𝐱𝑖 = 𝑓(𝐖𝐱𝑖 + 𝐛)

 𝐱(𝐱𝑖) = 𝑓′(𝐖′𝐡 𝐱𝑖 + 𝐛′)

𝛩 = {𝐖,𝐛,𝐖′, 𝐛′}



•

𝐡

𝐱

min
𝛩

1

𝑁
 

𝑖=1

𝑁

𝐱𝑖 −  𝐱(𝐱𝑖)
2 + 𝛽  

𝑗=1

# of units

KL(  𝜌𝑗‖𝜌)

𝜌

 𝜌



•

𝑝 𝐯, 𝐡; 𝜃

𝐯

𝐯 𝐡

𝑝true(𝐯)



•

𝐸 𝐯, 𝐡; 𝜃 = − 

𝑖

𝑏𝑖𝑣𝑖 − 

𝑗

𝑐𝑗ℎ𝑗 − 

𝑖,𝑗

𝑣𝑖𝑤𝑖𝑗ℎ𝑗

𝐯

𝐡
𝑝 𝐯, 𝐡; 𝜃 =

1

𝑍(𝜃)
exp −𝐸(𝐯, 𝐡; 𝜃)

𝑝 𝑣𝑖 = 1 𝐡; 𝜃 = 𝜎 𝑏𝑖 + 

𝑗

𝑤𝑖𝑗ℎ𝑗𝑝 ℎ𝑗 = 1 𝐯; 𝜃 = 𝜎 𝑐𝑗 + 

𝑖

𝑣𝑖𝑤𝑖𝑗

𝑣𝑖 = {0,1}

ℎ𝑗 = {0,1}

𝜃 = {𝑊, 𝐛, 𝐜}



Δ𝑤𝑖𝑗 = 𝜖
1

𝑁
 

𝜇=1

𝑁

𝑣𝑖
(𝜇)

ℎ𝑗
(𝜇)

−
1

𝑁
 

𝜇=1

𝑁

 𝑣𝑖
(𝜇)

 𝑝𝑗
(𝜇)

𝑝𝑗
(𝜇)

≡ 𝑝 ℎ𝑗 = 1 𝐯 𝜇 ; 𝜃

= 𝜎 𝑐𝑗 +  𝑖 𝑣𝑖
(𝜇)

𝑊𝑖𝑗

ℎ𝑗
(𝜇)

∈ 0,1 from 𝑝𝑗
(𝜇)

 𝑝𝑖
(𝜇)

≡ 𝑝 𝑣𝑖 = 1 𝐡 𝜇 ; 𝜃

= 𝜎 𝑏𝑖 +  𝑗𝑊𝑖𝑗ℎ𝑗
(𝜇)

 𝑝𝑗
(𝜇)

≡ 𝑝 ℎ𝑗 = 1 𝐯 𝜇 ; 𝜃

= 𝜎 𝑐𝑗 +  𝑖  𝑣𝑖
(𝜇)

𝑊𝑖𝑗

𝜕𝐿

𝜕𝑤𝑖𝑗
=
1

𝑁
 

𝜇=1

𝑁

𝑣𝑖
(𝜇)

𝑝𝑗
𝜇
− E𝑚𝑜𝑑𝑒𝑙[𝑣𝑖ℎ𝑗|𝜃]

 𝑣𝑖
(𝜇)

∈ 0,1 from  𝑝𝑖
(𝜇)

𝐯

𝐡 𝐡
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ln 𝑝1 ln 𝑝2< <

𝐖1

𝐖2

𝐖3

ln 𝑝3

𝐖1

𝐖2

𝐖3
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cvpr_12_eslami_shapebm_video_large.m4v
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