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𝐽(𝑊) =
𝑊′𝑆𝑏𝑊

𝑊′𝑆𝑤𝑊

𝑊 ′

𝑆𝑏 𝑆𝑤

𝑋𝑘 𝑁 × 𝑇

𝑆𝑏 = ∑ 𝑝𝑖(�̅�𝑖 − �̅�)(�̅�𝑖 − �̅�)′

𝑖 



𝑆𝑤 = ∑ ∑ (𝑋𝑖,𝑘 − �̅�𝑖)(𝑋𝑖,𝑘 − �̅�𝑖)
′

𝑘∈𝑇𝑖𝑖 

𝑖 ∈ {+, −} 𝑇+ 𝑇−

𝑝𝑖 �̅�𝑖 �̅�

𝑘

𝑆𝑏𝑊 = 𝑆𝑤𝑊𝜦

𝜦

𝑊

(𝑆𝑤)−1𝑆𝑏

𝑦 = 𝑊𝐹𝐶
(1)

′𝑋

𝑦 1 × 𝑇 𝑋

𝑆𝑁𝑅 =
𝑊′�̅�+𝑊

𝑊′�̅�−𝑊



�̅�+ �̅�− 𝑁 × 𝑁

(𝑘) 𝑅𝑘 =
𝑋𝑘𝑋𝑘

′

𝑡𝑟(𝑋𝑘𝑋𝑘
′ )

�̅�+𝑊 = �̅�−𝑊𝜦

𝜦

𝑊

(�̅�−)−1�̅�+

𝑦 = 𝑊𝑆𝑁𝑅
(1)

′𝑋

𝑋 𝑁 × 𝑇 𝑁

𝑇 𝑦 1 × 𝑇

𝑋

𝑊𝐹𝐶

𝑌 = 𝑊𝐹𝐶
′ 𝑋

𝑦1, 𝑌

𝑦1 = 𝑊𝐹𝐶
(1)′

𝑋

𝑌(2:𝑁), 

𝑧1 = 𝑊𝑆𝑁𝑅
(1) ′

𝑌(2:𝑁)



𝑓𝑒𝑎𝑡𝑢𝑟𝑒 𝑣𝑒𝑐𝑡𝑜𝑟 = [𝑦1  𝑧1]



×

𝑆𝑏𝑊 = [(𝐼 − 𝜃)𝑆𝑤 + 𝜃𝐼]𝑊𝜦

�̅�+𝑊 = [(𝐼 − 𝜆)�̅�− + 𝜆𝐼]𝑊𝜦

𝜃 𝛼

𝐼

 



𝑟2

𝑟2



 

𝑥



𝑓(𝑥) = 𝑤𝑥 + 𝑏

𝑏

𝑤 𝑏

𝑥

𝛿(∙)

𝑓(𝑥) = 𝑤𝛿(𝑥) + 𝑏
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greedy layer-by-layer method

 

𝑥 =



 {𝑥1, 𝑥2, … , 𝑥𝑚} 𝑚 𝑥 𝑇𝑘 , ∈

{1,2}

𝑃(𝑇𝑘|𝑥) =
𝑃(𝑇𝑘)𝑝(𝑥|𝑇𝑘)

𝑝(𝑥)

𝑝(𝑥) = ∑ 𝑝(𝑥|𝑇𝑘)𝑃(𝑇𝑘)

𝑘

𝑝(𝑥|𝑇𝑘)

𝑃(𝑇𝑘)

𝑓(𝑥) = arg 𝑚𝑎𝑥 𝑃(𝑇𝑘|𝑥)

𝑝(𝑥|𝑇𝑘)

𝑝(𝑥|𝑇𝑘) =  ∏ 𝑝(𝑥𝑖|𝑇𝑘)

𝑚

𝑖



𝑃(𝑇𝑘|𝑥)

 

A SVM maps the input space (x) into a high-dimensional features space 𝑥 =

 𝜑(𝑥) linearly separable by an optimal hyperplane defined by 𝑤. 𝑧 − 𝑏 = 0 this 

hyperplane separates the 𝑙 training examples in two classes.

min    
1

2
‖𝑤‖2 + 𝐶 ∑ 𝜉𝑖

𝑖

s. t.      𝑦𝑖(𝑤. 𝑧𝑖 − 𝑏) ≥ 1 − 𝜉𝑖, 𝜉𝑖 ≥ 0 ∀ 𝑖

𝑦𝑖 𝑦𝑖 ∈ {+1, −1} 𝜉𝑖

𝑖, 𝑗 = 1, … , 𝑙 𝐶

max    ∑ 𝛼𝑖

𝑖

−
1

2
∑ ∑ 𝛼𝑖𝛼𝑗𝑦𝑖𝑦𝑗𝑘(𝑥𝑖𝑥𝑗)

𝑗𝑖



s. t.      0 ≤ 𝛼𝑖 ≤ 𝐶 ∀ 𝑖,   ∑ 𝑦𝑖𝛼𝑖

𝑖

= 0,

𝑘(𝑥𝑖𝑥𝑗) =  𝜑(𝑥𝑖) ∙ 𝜑(𝑥𝑗)

𝛼𝑖

𝛼𝑖 ≥ 0

(𝛼𝑖 ≥ 0)

• 𝑘(𝑥𝑖𝑥𝑗) =  exp (−
‖𝑥𝑖−𝑥𝑗‖

2

2𝜎2 )

•  𝑘(𝑥𝑖𝑥𝑗) = (1 + 𝑥𝑖 ∙ 𝑥𝑗)𝑑

𝐶 𝜎 𝑑
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𝐵𝐴 =
𝑆𝑃 +  𝑆𝑆

2
 

𝑆𝑃 𝑆𝑆

𝑆𝑃 =
𝑇𝑁

𝑇𝑁 + 𝐹𝑃
                          𝑆𝑆 =

𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 . 
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𝐷∗ = {𝐷1
′ , … , 𝐷𝑘

′ }

𝐷 = {(𝑋𝑖 , 𝑦𝑖)}𝑖=1
𝑛 𝑋𝑖

𝑦𝑖

𝑝 =
|{𝐷′∈𝐷∗:𝑒(𝑓,𝐷′)≤𝑒(𝑓,𝐷)}|+1

𝑘+1
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*** P-value < 0.0001  
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𝑗

+

𝑃+
𝑗

𝑗

 

 

χ

χ

χ

χ











χ



 





 

 









 

 



 



 



 



 



 

 

 

 









 





 



 





 



 



 



















 



 

 



 







 



 



 



 



 

𝐵𝐴 =
𝑆𝑃 + 𝑆𝑆
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