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CNN Layer Reconstruction Save memory/computation resource



Feature Map Dimensionality Reduction

The most compact representation of a CNN should have no correlation between 

feature maps derived from different convolution filters.

Preserve the distances between feature maps
𝑌𝑇

𝑌

𝐷𝑖𝑗 is the Euclidean distance between the 𝑖 column and the 𝑗 column of 𝑌



Dimensionality has not been reduced since P is a square matrix

Feature Map Dimensionality Reduction





min
𝐴

෍
𝑖=1

𝑛

𝑥𝑖 − 𝑋𝑎𝑖 2
2 + 𝛾 𝐴 2,1

𝐽 = min
𝐴

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴 2,1

sensitive to data outliers

min
𝐴,𝐵

෍
𝑖=1

𝑛

𝑥𝑖 − 𝐵𝑎𝑖 2
2 + 𝛾 𝑎𝑖 2

2 𝑠. 𝑡. 𝐴 = 𝑎1, … , 𝑎𝑛 ∈ 𝑅𝑚×𝑛, 𝐵 ⊂ 𝑋, 𝐵 = 𝑚

min
𝐴

෍
𝑖=1

𝑛

𝑥𝑖 − 𝑋𝑎𝑖 2
2 + 𝛾 𝑎𝑖 2

2 𝑠. 𝑡. 𝐴 = 𝑎1, … , 𝑎𝑛 ∈ 𝑅𝑛×𝑛, 𝐴 2,0 = 𝑚

Sort the rows of A by the row-sum values of the absolute A in the decreasing order. 

Therefore, the active learning task can be performed by selecting the m samples 

corresponding to the top m rows of A.

Early Active Learning via Robust Representation and Structured Sparsity

IJCAI 2013



yalefaces





𝜃 𝑌 = 𝑌𝑇𝑌 ∘ (𝟏 − 𝐼) 𝐹
2

𝜃 𝐴 = 𝐴𝐴𝑇 ∘ (𝟏 − 𝐼) 𝐹
2

= 𝐴𝐴𝑇 − 𝐶 𝐹
2

𝐽 = min
𝐴

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴 2,1

𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1

𝜕𝐽

𝜕𝐴
= 𝑋𝑇𝑋𝐴𝑈 − 𝑋𝑇𝑋𝑈 + 𝛾𝑉𝐴 = 0



𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1

𝐴𝐴𝑇 − 𝐶 𝐹
2 = 𝑇𝑟 𝐴𝐴𝑇 − 𝐶 𝑇(𝐴𝐴𝑇 − 𝐶) = 𝑇𝑟 (𝐴𝐴𝑇 − 𝐶)(𝐴𝐴𝑇 − 𝐶)

𝑇𝑟 𝐴𝑇𝐴 = 𝐴 𝐹
2

= 𝑇𝑟 𝐴𝐴𝑇𝐴𝐴𝑇 − 𝐴𝐴𝑇𝐶 − 𝐶𝐴𝐴𝑇 − 𝐶2 = 𝑇𝑟 𝐴𝐴𝑇𝐴𝐴𝑇 − 𝑇𝑟 𝐴𝐴𝑇𝐶 + 𝐶𝐴𝐴𝑇

𝑇𝑟 𝐴𝐵𝐶 = 𝑇𝑟 𝐵𝐶𝐴 = 𝑇𝑟 𝐶𝐴𝐵 = 𝑇𝑟 𝐴𝐴𝑇𝐴𝐴𝑇 − 2𝑇𝑟 𝐶𝐴𝐴𝑇

𝜕

𝜕𝑋
𝑇𝑟 𝐵𝑋𝑋𝑇 = 𝐵𝑋 + 𝐵𝑇𝑋

𝜕

𝜕𝐴
𝑇𝑟 𝐶𝐴𝐴𝑇 = 2𝐶𝐴



1.  矩阵函数𝑈 = 𝐹 𝑋 , 𝑉 = 𝐺 𝑋 ,𝑊 = 𝐻 𝑋 乘积的微分矩阵为:

𝑑 𝑈𝑉𝑊 = 𝑑𝑈 𝑉𝑊 + 𝑈 𝑑𝑉 + 𝑈𝑉(𝑑𝑊)

第3章矩阵微分
（张贤达）

3. 矩阵的迹的矩阵微分等于矩阵微分的迹 𝑑 𝑇𝑟(𝑋) = 𝑇𝑟 𝑑𝑋

𝑑 𝑇𝑟 𝐴𝐴𝑇𝐴𝐴𝑇 = 𝑇𝑟 𝑑 𝐴𝐴𝑇𝐴𝐴𝑇

= 𝑇𝑟 𝑑 𝐴 𝐴𝑇𝐴𝐴𝑇 + 𝑇𝑟 𝐴 𝑑𝐴 𝑇𝐴𝐴𝑇 + 𝑇𝑟 𝐴𝐴𝑇 𝑑𝐴 𝐴𝑇 + 𝑇𝑟 𝐴𝐴𝑇𝐴 𝑑𝐴 𝑇

2. 矩阵转置的微分矩阵等于原矩阵的微分矩阵的转置 𝑑 𝑋𝑇 = 𝑑 𝑋 𝑇

𝑇𝑟 𝐴𝐵𝐶 = 𝑇𝑟 𝐵𝐶𝐴 = 𝑇𝑟 𝐶𝐴𝐵

= 2𝑇𝑟 𝐴𝑇𝐴𝐴𝑇𝑑 𝐴 + 2𝑇𝑟 𝐴𝐴𝑇𝐴 𝑑𝐴 𝑇



𝑇𝑟 𝐴𝑇𝐵 = 𝑇𝑟 𝐵𝑇𝐴

2𝑇𝑟 𝐴𝑇𝐴𝐴𝑇𝑑 𝐴 + 2𝑇𝑟 𝐴𝐴𝑇𝐴 𝑑𝐴 𝑇 = 4𝑇𝑟 𝐴𝑇𝐴𝐴𝑇𝑑 𝐴

𝑇𝑟 𝐴𝐴𝑇𝐴 𝑑𝐴 𝑇 = 𝑇𝑟 𝑑𝐴 𝐴𝐴𝑇𝐴 𝑇 = 𝑇𝑟 𝑑𝐴 𝐴𝑇𝐴𝐴𝑇 = 𝑇𝑟 𝐴𝑇𝐴𝐴𝑇 𝑑𝐴

𝑑𝑇𝑟 𝑋𝑇𝑋 = 𝑇𝑟 2𝑋𝑇𝑑𝑋 由命题3.2.1直接得𝑇𝑟 𝑋𝑇𝑋 关于𝑋的梯度矩阵为

𝜕𝑇𝑟 𝑋𝑇𝑋

𝜕𝑋
= 2𝑋𝑇 𝑇 = 2𝑋

𝜕𝑇𝑟 𝐴𝑇𝐴𝐴𝑇𝑑 𝐴

𝜕𝐴
= 𝐴𝐴𝑇𝐴



𝐽 = min
𝐴

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴 2,1

𝜕𝐽

𝜕𝐴
= 𝑋𝑇𝑋𝐴𝑈 − 𝑋𝑇𝑋𝑈 + 𝛾𝑉𝐴 = 0 𝑈: 𝑢𝑖𝑖 =

1

2 𝑥𝑖 − 𝑋𝑎𝑖 2
, 𝑉: 𝑣𝑖𝑖 =

1

2 𝑎𝑖 2

𝑢𝑖𝑖𝑋
𝑇𝑋𝑎𝑖 − 𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 + 𝛾𝑉𝑎𝑖 = 0

𝑎𝑖 = 𝑢𝑖𝑖(𝑢𝑖𝑖𝑋
𝑇𝑋 + 𝛾𝑉)−1𝑋𝑇𝑥𝑖

𝑋 ∈ 𝑅𝑑×𝑛



𝐽 = min
𝐴

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴 2,1

𝜕𝐽

𝜕𝐴
= 𝑋𝑇𝑋𝐴𝑈 − 𝑋𝑇𝑋𝑈 + 𝛾𝑉𝐴 = 0 𝑈: 𝑢𝑖𝑖 =

1

2 𝑥𝑖 − 𝑋𝑎𝑖 2
, 𝑉: 𝑣𝑖𝑖 =

1

2 𝑎𝑖 2

𝑋 ∈ 𝑅𝑑×𝑛

NIPS 2010



𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1

𝜕𝐽

𝜕𝐴
= 𝑋𝑇𝑋𝐴𝑈 − 𝑋𝑇𝑋𝑈 + 4 𝐴𝐴𝑇𝐴 − 𝛾𝐶𝐴 = 0 𝑈: 𝑢𝑖𝑖 =

1

2 𝑥𝑖 − 𝑋𝑎𝑖 2

For each i compute:

𝑢𝑖𝑖

For each i compute:

𝑎𝑖 = 𝐴[: , 𝑖]
(update 𝑀)

update 𝑀

compute :

min
𝐴,𝑐

𝛾 𝐴𝐴𝑇 − 𝐶 𝐹
2 + 𝜆 𝑐 1

𝑢𝑖𝑖𝑋
𝑇𝑋𝑎𝑖 − 𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 + 4𝛾 𝑀 − 𝐶 𝑎𝑖 = 0

𝑎𝑖 = 𝑢𝑖𝑖 𝑢𝑖𝑖𝑋
𝑇𝑋 + 4𝛾 𝑀 − 𝐶 −1𝑋𝑇𝑥𝑖

𝑢𝑖𝑖𝑋
𝑇𝑋𝑎𝑖 − 𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 + 4𝛾𝑚𝑖 − 4𝛾𝐶𝑎𝑖 = 0

𝑀 = 𝐴𝐴𝑇

𝑀 = 𝐴𝐴𝑇𝐴

𝑎𝑖 = 𝑢𝑖𝑖𝑋
𝑇𝑋 − 4𝛾𝐶 −1 𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 − 4𝛾𝑚𝑖



min
𝐴,𝑐

𝛾 𝐴𝐴𝑇 − 𝐶 𝐹
2 + 𝜆 𝑐 1

𝐴

𝐴𝑇



实验

不收敛



argmax
𝑖

𝑎𝑖 1 − 𝛼 ∗ max
𝑗

𝑎𝑖 , 𝑎𝑖
𝑠


