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𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1

𝜕𝐽

𝜕𝐴
= 𝑋𝑇𝑋𝐴𝑈 − 𝑋𝑇𝑋𝑈 + 4𝛾 𝐴𝐴𝑇 − 𝐶 𝐴 = 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
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



𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1

𝛾 = 0.1 𝛾 = 25

𝜕𝐽

𝜕𝐴
= 𝑋𝑇𝑋𝐴𝑈 − 𝑋𝑇𝑋𝑈 + 4𝛾 𝐴𝐴𝑇 − 𝐶 𝐴 = 0 𝛾 = 0 → 𝐴 = 𝐼

𝛾 = 20

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 + 𝛽𝑇𝑟(𝐴)



𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1 + 𝛽𝑇𝑟(𝐴)

𝜕𝐽

𝜕𝐴
= 𝑋𝑇𝑋𝐴𝑈 − 𝑋𝑇𝑋𝑈 + 4𝛾 𝐴𝐴𝑇 − 𝐶 𝐴 + 𝛽𝐼 = 0

𝑢𝑖𝑖𝑋
𝑇𝑋𝑎𝑖 − 𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 + 4𝛾 𝑀 − 𝐶 𝑎𝑖 + 𝛽𝐼 = 0

𝑎𝑖 = 𝑢𝑖𝑖𝑋
𝑇𝑋 + 4𝛾 𝑀 − 𝐶 −1[𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 − 𝛽𝐼𝑖]

𝑀 = 𝐴𝐴𝑇

For each i compute:

𝑢𝑖𝑖

For each i compute:

𝑎𝑖 = 𝐴[: , 𝑖]
(update 𝑀)

compute :

min
𝑐

𝛾 𝐴𝐴𝑇 − 𝐶 𝐹
2 + 𝜆 𝑐 1

𝑈: 𝑢𝑖𝑖 =
1

2 𝑥𝑖 − 𝑋𝑎𝑖 2

condition = 𝐴(𝑘+1) − 𝐴 𝑘
∞



𝛽 = 1

𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1 + 𝛽𝑇𝑟(𝐴)

𝛾 = 0.1 𝜆 = 100

𝛽 = 10 𝛽 = 25



𝛽 = 1

𝛾 = 20 𝜆 = 1000

𝛽 = 10 𝛽 = 25

𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1 + 𝛽𝑇𝑟(𝐴)





𝐽 = min
𝐴,𝑐

𝑋 − 𝑋𝐴 𝑇
2,1+𝛾 𝐴𝐴𝑇 − 𝐶 𝐹

2 + 𝜆 𝑐 1 + 𝛽𝑇𝑟(𝐴)

min
𝑐

𝛾 𝐴𝐴𝑇 − 𝐶 𝐹
2 + 𝜆 𝑐 1

𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰 ∘ 𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)

𝐦𝐢𝐧
𝒄

𝜶𝜸 𝑨𝑨𝑻 − 𝑪
𝑭

𝟐
+ 𝝀 𝒄 𝟏

𝑢𝑖𝑖𝑋
𝑇𝑋𝑎𝑖 − 𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 + 4𝛾 𝛼𝐼 ⊙𝑀 − 𝐶 𝑎𝑖 + 𝛽𝐼 = 0

𝑎𝑖 = 𝑢𝑖𝑖𝑋
𝑇𝑋 + 4𝛾 𝛼𝐼 ⊙𝑀 − 𝐶 −1[𝑢𝑖𝑖𝑋

𝑇𝑥𝑖 − 𝛽𝐼𝑖]

𝑀 = 𝐴𝐴𝑇



发散 不稳定收敛 稳定收敛



𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰 ∘ 𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)

𝛼 = 1000𝛼 = 10

𝛾 = 0.5 𝜆 = 100 𝛽 = 0

𝛼 = 100



IJCAI 2013 𝛼 = 100



𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰 ∘ 𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)

𝛾 = 0.5 𝜆 = 100 𝛼 = 100

𝛽 = 1 𝛽 = 10 𝛽 = 20 𝛽 = 100



𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰 ∘ 𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)

𝛼 = 100

𝛾 = 20 𝜆 = 100 𝛽 = 4 𝛾 = 20 𝜆 = 1000 𝛽 = 4 𝛾 = 0.5 𝜆 = 100(1000) 𝛽 = 0 𝛾 = 0.5 𝜆 = 10 𝛽 = 0



𝛾 = 0.5 𝜆 = 100 𝛼 = 100 𝛽 = 0

𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰 ∘ 𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)



𝛾 = 0.5 𝜆 = 100 𝛼 = 100 𝛽 = 4

𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰 ∘ 𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)



𝑎𝑖
𝑠:已经选中的数据点对应的A的所在行

selected 

data/(A)

compute

score𝑖 = 𝑎𝑖 1 − 𝜇 ∗ mean 𝑎𝑖 , 𝑎𝑖
𝑠

select 

argmax
𝑖

score𝑖 = 𝑎𝑖 1 − 𝜇 ∗ mean 𝑎𝑖 , 𝑎𝑖
𝑠



𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰 ∘ 𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)

𝛾 = 0.5 𝜆 = 100 𝛼 = 100 𝛽 = 4yaleface 11*15=155  traindata: 77 testdata: 78



𝑱 = 𝐦𝐢𝐧
𝑨,𝒄

𝑿 − 𝑿𝑨 𝑻
𝟐,𝟏
+𝜸 𝜶𝑰⊙𝑨𝑨𝑻 − 𝑪

𝑭

𝟐
+ 𝝀 𝒄 𝟏 + 𝜷𝑻𝒓(𝑨)

𝛾 = 0.5 𝜆 = 100 𝛼 = 100 𝛽 = 4


