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𝒚𝒊(𝒘 ∙ 𝒙𝒊 + 𝒃) − 𝟏 ≥ 𝟎 ∀𝒊 

𝐻  𝐻2
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𝑳𝒑 𝛼

𝒂𝒊 ≥ 0 ∀𝑖

 

𝑳𝒑 ≡
𝟏

𝟐
‖𝒘‖𝟐 − 𝜶[𝒚𝒊(𝒘. 𝒙𝒊 + 𝒃) − 𝟏 ∀𝒊] 

𝑳𝒑 ≡
𝟏

𝟐
‖𝒘‖𝟐 −∑𝒂𝒊𝒚𝒊(𝒘. 𝒙𝒊 + 𝒃) + ∑𝒂𝒊

𝑳

𝒊=𝟏

𝑳

𝒊=𝟏
 

𝑤, 𝑏), 𝛼

𝑳𝒑

𝑳𝒑 𝑤 𝑏

𝝏𝑳𝒑

𝝏𝒘
= 𝒘 =∑𝒂𝒊𝒚𝒊𝒙𝒊

𝑳

𝒊=𝟏
 

𝝏𝑳𝒑

𝝏𝒃
= 𝟎∑𝒂𝒊𝒚𝒊

𝑳

𝒊=𝟏

= 𝟎

 

𝑳𝑫

𝑥𝑖

𝑳𝑫 ≡ ∑𝒂𝒊

𝑳

𝒊=𝟏

+
𝟏

𝟐
∑𝒂𝒊𝒂𝒋𝒚𝒊𝒚𝒋(𝒙𝒊
𝒊𝒋

. 𝒙𝒋)

𝒔. 𝒕.∑𝒂𝒊𝒚𝒊

𝑳

𝒊=𝟏

= 𝟎 𝒂𝒏𝒅 𝒂𝒊 ≥ 𝟎 ∀𝒊

𝒂𝒊 ≥ 0 𝒂𝒊

𝒙𝒔

𝒚𝒔(𝒘 ∙ 𝒙𝒔 + 𝒃) = 1



𝑖 𝑳𝑫 𝒂𝒊

 

𝒚𝒔 (∑ 𝒂𝒎𝒚𝒎𝒙𝒎
𝒎∈𝑺

 ∙ 𝒙𝒔 + 𝒃) = 𝟏

 

𝒚𝒔

𝒚𝒔
2 = 1 𝒃

𝒃 =
𝟏

𝒚𝒔
 −  ∑ 𝒂𝒎𝒚𝒎𝒙𝒎

𝒎∈𝑺

 ∙ 𝒙𝒔

=
𝒚𝒔

𝟐

𝒚𝒔
 −  ∑ 𝒂𝒎𝒚𝒎𝒙𝒎

𝒎∈𝑺

 ∙ 𝒙𝒔

= 𝒚𝒔  − ∑ 𝒂𝒎𝒚𝒎𝒙𝒎
𝒎∈𝑺

 ∙ 𝒙𝒔

𝑵𝒔

𝒙𝒔 𝒃

 

𝒃 =
𝟏

𝑵𝒔
 ∑(𝒚𝒔 − ∑ 𝒂𝒎𝒚𝒎𝒙𝒎

𝒎∈𝑺

 ∙ 𝒙𝒔)

𝒔∈𝑺
 

𝜉𝑖



 

𝒘 ∙ 𝒙𝒊 + 𝒃 ≥  +𝟏 − 𝝃𝒊                for 𝑦𝑖 = +1 
 

 

𝒘 ∙ 𝒙𝒊 + 𝒃 ≥  −𝟏 + 𝝃𝒊                for 𝑦𝑖 = −1 
 

 

𝒚𝒊(𝒘 ∙ 𝒙𝒊 + 𝒃) − 𝟏 + 𝝃𝒊 ≥ 𝟎 ∀𝒊 
 

 

2
‖𝑤‖2 𝐶

𝑳𝒑 ≡
𝟏

𝟐
‖𝒘‖𝟐 + 𝑪∑𝝃𝒊

𝑳

𝒊=𝟏

−∑𝒂𝒊[𝒚𝒊(𝒘. 𝒙𝒊 + 𝒃) − 𝟏 + 𝝃𝒊] −∑𝝁𝒊𝝃𝒊

𝑳

𝒊=𝟏

𝑳

𝒊=𝟏

𝜉𝑖

𝛼 𝒂𝒊 ≥ 0 𝑎𝑛𝑑 𝝁𝒊 ≥ 0 ∀𝑖

𝜕𝑳𝒑

𝜕𝜉𝑖  

𝝏𝑳𝒑

𝝏𝝃𝒊  
 = 𝟎 ⇒ 𝑪 = 𝜶𝒊 + 𝝁𝒊

𝑳𝑫

0 ≤ 𝒂𝒊 ≤ 𝐶 ∀𝑖

𝒙 𝒙



𝑲(𝒙 ∙ 𝒙𝒊) = (Ф(𝒙).Ф(𝒙𝒊))

𝒘 ∙ 𝑲(𝒙 ∙ 𝒙𝒊) + 𝒃 ≥  +𝟏 − 𝝃𝒊                for 𝑦𝑖 = +1

𝒘 ∙ 𝑲(𝒙 ∙ 𝒙𝒊) + 𝒃 ≥  −𝟏 + 𝝃𝒊                for 𝑦𝑖 = −1

𝒚𝒊(𝒘 ∙ 𝑲(𝒙 ∙ 𝒙𝒊) + 𝒃) − 𝟏 + 𝝃𝒊 ≥ 𝟎 ∀𝒊

𝑲(𝒙 ∙ 𝒙𝒊) = (𝒙 ∙ 𝒙𝒊)

𝑲(𝒙 ∙ 𝒙𝒊) = (𝒙 ∙ 𝒙𝒊)

𝑲(𝒙 ∙ 𝒙𝒊) = 𝒆−(‖𝒙 ∙𝒙𝒊‖
𝟐/𝟐.𝝈𝟐)



𝑲(𝒙 ∙ 𝒙𝒊) = 𝒕𝒂𝒏𝒉(𝒌𝒙 ∙ 𝒙𝒊 − 𝜹)

𝒇(𝒙) = 𝒔𝒊𝒈𝒏 [∑𝒂𝒊

𝑳

𝒊=𝟏

𝒚𝒊(𝑲(𝒙 ∙  𝒙𝒊)) + 𝒃]



 

 

 𝑔 𝒎𝒌𝒍 𝑎𝑛𝑑 𝑠𝑙

𝑙

 𝑘̂

𝒌̂ = 𝒂𝒓𝒈𝒎𝒊𝒏(𝒌)∑|𝒎𝒌𝒍 |𝒈(𝒎𝒌𝒍 , 𝒔𝒍)

𝑳

𝒍=𝟏

/∑|𝒎𝒌𝒍 |

𝑳

𝒍=𝟏
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𝑯(𝑹) 𝒑𝒌

𝒌

𝐻(𝑅) =  − ∑𝑝𝑘 𝑙𝑜𝑔 𝑝𝑘

𝐾

𝑘= 

𝑯(𝑹)

𝐻(𝑅) = −∑𝑝𝑘 (1 −𝑝𝑘)

𝐾

𝑘= 

= 1 −∑𝑝2
𝑘

𝐾

𝑘= 



 

  

 

 

 𝐻(𝑅)

 

 𝐴 < 𝐻(𝑅):

 

 

 

 

 

 



𝑭(𝒎𝒂𝒑) 

𝑭(𝒎𝒂𝒑)𝒄𝒐𝒏𝒗 = 
𝒎 −  𝒏 + 𝟐𝒑

𝑺
+ 𝟏

𝒇(𝒙) =  𝒎𝒂𝒙(𝟎, 𝒙)

𝑭(𝒎𝒂𝒑)𝒑𝒐𝒐𝒍 =  
𝒎 −  𝒏

𝑺
+ 𝟏

 



 

 

 𝐹(𝑚𝑎𝑝)𝑐𝑜𝑛𝑣

 𝑓(𝑥)

 𝐹(𝑚𝑎𝑝)𝑝𝑜𝑜𝑙

 

 

 

 

𝑅𝑚



𝑷̂(𝒌|𝒙)

𝑷̂(𝒌) 𝑷̂(𝒙|𝒌) 𝑪(𝒚|𝒌)

𝒚 𝒌

𝒚

𝑷̂(𝒙|𝒌) 𝝁𝒌 ∑  𝒌

𝒚̂ = 𝒂𝒓𝒈(𝒎𝒊𝒏)∑ 𝑷̂(𝒌|𝒙)

𝑲

𝒌=𝟏

𝑪(𝒚|𝒌)

𝑷(𝒙|𝒌) =
𝟏

((𝟐𝝅)𝒅|∑  |𝒌 )𝟏/𝟐
𝒆(−

𝟏
𝟐
(𝒙−𝝁𝒌) ∑ (𝒙−𝝁𝒌)

𝑻−𝟏
𝒌 )

 

 

 

 

 (1 > 𝜂 > 0)

 

 

 

 

 

 



 

(𝛼|𝛽) (𝛼|𝛽)

𝛼 𝛽 𝛼 𝛽

𝝁 =
𝟏

𝑲
∑𝜶𝒌

𝑲

𝒌=𝟏

𝝈 =
𝟏

(𝑲 − 𝟏)
∑√(𝜶𝒌 − 𝝁)

𝑲

𝒌=𝟏

𝒈(𝒂, 𝝁, 𝝈)  =
𝟏

√𝟐𝝅𝝈𝟐
𝒆
− 
(𝒂−𝝁)𝟐

𝟐𝝈𝟐

𝑷(𝒂𝑲|𝜸𝒌) = 𝒈(𝜶𝒌, 𝝁𝜸𝒌 , 𝝈𝜸𝒌) 

(𝝁) (𝝈),

𝒈(𝒂, 𝝁, 𝝈) 𝑷(𝒂𝑲|𝜸𝒌)

 



 

 

 

 

 

 

 

 

 

𝒅(𝒙, 𝒚) = √(𝒙𝒊 − 𝒙𝒋)
𝟐
+ (𝒚𝒊 − 𝒚𝒋)

𝟐

(𝒅) (𝒙𝒊,  𝒙𝒋, 𝒚𝒊, 𝒚𝒋)  ∈ 𝑫

 

 

 



 

 

 

 

 

 

 

 

 

 

 



𝑻𝒑𝒊 𝑭𝒏𝒊

𝑭𝒑𝒊 𝑻𝒏𝒊

𝒓𝒄  = (
∑ 𝑻𝒑𝒊
𝑳
𝒊=𝟏

∑ 𝑻𝒑𝒊 + 𝑭𝒏𝒊
𝑳
𝒊=𝟏

)

𝒑  = (
∑ 𝑻𝒑𝒊
𝑳
𝒊=𝟏

∑ 𝑻𝒑𝒊  + 𝑭𝒑𝒊
𝑳
𝒊=𝟏

)

𝑭𝟏 = 𝟐 ∗ (
𝒑 ∗ 𝒓𝒄

𝒑 + 𝒓𝒄
) 

• 𝒓𝒄

• 𝒑

• 𝑭𝟏

 



 





 

 



 



 

𝜎𝑠 𝜎𝑟
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CLASSIFIERS TRAINING TESTING 

PREDICTION 

SPEED NO.

 MIL 

CLASSIFIERS TRAINING TESTING 

PREDICTION 

SPEED

1 DT (CART) 75.40% 80.70% 72 obs/sec 6 8 CSVM 93.00% 92.80% 74 obs/sec

2 DT (ID3) 74.10% 77.10% 73 obs/sec 5 9 AdaBoost 57.50% 57.80% 68 obs/sec

3 LDA 94.70% 92.80% 78 obs/sec 2 10 CNN 90.80% 90.40% 82 obs/sec

4 QDA 85.10% 81.90% 71 obs/sec 7 11 K-NN(2) 82.00% 80.70% 13 obs/sec

5 Naïve Bayes 85.10% 81.90% 26 obs/sec 9 12 K-NN(5) 82.90% 86.70% 12 obs/sec

6 LSVM 93.40% 94.00% 75 obs/sec 3 13 K-NN(10) 84.60% 80.70% 14 obs/sec

7 QSVM 93.90% 94.00% 68 obs/sec 8 14 K-NN(20) 83.30% 90.40% 12 obs/sec
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𝜎𝑟

𝜎𝑠 𝜎𝑟

𝜎𝑠 = 3 𝜎𝑟 = 100

𝜎𝑠 = 1

𝜎𝑟 = 650.25

𝜎𝑠

𝜎𝑠 = 1 𝜎𝑟 = 650.25
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𝜎𝑠 = 1 𝜎𝑟 = 650.25
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