
Classification Accuracy =
𝑁𝑐𝑜𝑟𝑟𝑒𝑐𝑡

𝑁𝑡𝑜𝑡𝑎𝑙
 

Classification Error =
𝑁𝑚𝑖𝑠𝑠

𝑁𝑡𝑜𝑡𝑎𝑙
 

Precision = PPV =
𝑇𝑃

𝑇𝑃+𝐹𝑃
 

Recall = TPR =
𝑇𝑃

𝑇𝑃+𝐹𝑁
 

Fallout = FPR = 
𝐹𝑃

𝐹𝑃+𝑇𝑁
 

Specificity = TNR = 
𝑇𝑃

𝑇𝑁+𝐹𝑃
 

F1-score = 2 ×
𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 × 𝑟𝑒𝑐𝑎𝑙𝑙

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛+𝑟𝑒𝑐𝑎𝑙𝑙
 

ROC: TPR y-axis, FPR x axis  

AUC: P(error)= 𝑃(𝐶𝑖 ) ⋅ 𝐹𝑃  +  𝑃(𝐶𝑖) ⋅ 𝐹𝑁 

FP/FN = 
𝛿−𝑚𝑒𝑎𝑛

√𝑣𝑎𝑟𝑖𝑒𝑛𝑐𝑒
 

FLDA: 𝐽(𝑤) =
(𝑚1−𝑚2)2

𝜍1
2+𝜍2

2 →
𝑤𝑇𝑆𝐵𝑤

𝑤𝑇𝑆𝑤𝑤
  

𝑆𝐵 = (𝑚1 − 𝑚2)2, 𝑆𝑊  = σ1 + σ2 (within 
class variance) 

𝑊0 =
−(𝑚1 + 𝑚2)𝑇𝑊

2
 

Optimized:𝑆𝑊
−1𝑆𝐵𝑤 = 𝜆𝑤, eigenvalues 

Max projection: N -1 classes 

Perceptron Error: 𝐸𝑝(𝑤, 𝑏) = − ∑ (𝑤𝑇𝑥𝑛 + 𝑏)𝑡𝑛
.
𝑛𝜀𝑀  

Stochastic Gradient Decent: 

𝑤(𝑡+1) ← 𝑤(𝑡) − η
∂𝐸𝑝(𝑤, 𝑏)

∂𝑤
= 𝑤(𝑡) + η𝑥𝑛𝑡𝑛 

𝑏(𝑡+1) ← 𝑏(𝑡) − η
∂𝐸𝑝(𝑤, 𝑏)

∂𝑏
= 𝑏(𝑡) + η𝑡𝑛 

Where 𝜂 is the learning rate 

Logistic Regression: 𝜙(𝑥) =
1

1+exp(−𝑥)
 

Objective function: (Binary) Cross Entropy:  

𝐽(𝑤, 𝑤0) = Σ𝑖=1
𝑁 − 𝑡𝑖 log 𝜙 (𝑧𝑖)

− (1 − 𝑡𝑖) log(1 − 𝜙(𝑧𝑖)) 

𝑤(𝑡+1) ⟵ 𝑤(𝑡) + 𝜂 ∑(𝑡𝑖 − 𝑦𝑖)𝑥𝑖

𝑁

𝑖=1

 

𝑤0
(𝑡+1) ⟵ 𝑤0

(𝑡)
+ 𝜂 ∑(𝑡𝑖 − 𝑦𝑖)

𝑁

𝑖=1

 

SoftMax: 𝑝𝑘 =
exp(𝑦𝑘(𝑥))

Σ𝑗=1
𝐾 exp(𝑦𝑗(𝑥))

 

where 𝑦𝑘(𝑥) = 𝜙(𝑤𝑘
𝑇 𝑥 + 𝑏𝑘) 

Hard Margin SVM: 𝑦(𝑥) = 𝑤𝑇𝜙(𝑥) + 𝑏 

       arg𝑤,𝑏 min
1

2
||𝑤||

2
, 𝑡𝑛𝑦(𝑥𝑛) ≥ 1 

Polynomial Kernel:𝐾(𝑥, 𝑦) = (1 + ⟨𝑥, 𝑦⟩)𝑑 

RBF kernel: 𝐾(𝑥, 𝑦) = 𝑒−𝛾||𝑥−𝑦||
2

 

Sigmoid kernel: 𝐾(𝑥, 𝑦) = tanh(𝛾(𝑥, 𝑦) + 1) 

Kernal Trick: 𝑦(𝑥) = ∑ 𝑎𝑛
𝑁
𝑛=1 𝑡𝑛𝐾(𝑥, 𝑥𝑛) + 𝑏 

Constraints: 𝑎𝑛 ≥ 0 

        𝑡𝑛𝑦(𝑥𝑛) ≥ 0 

        𝑎𝑛(𝑡𝑛𝑦(𝑥𝑛) − 1) = 0 

Threshold:  

 𝑏 =
1

𝑁𝑆
Σ𝑛𝜀𝑆(𝑡𝑛 − Σ𝑚𝜀𝑆𝑎𝑚𝑡𝑚𝐾(𝑥𝑛, 𝑥𝑚)) 

Lagrange Multiplier: 𝐿(𝑤, 𝑏, 𝑎)
1

2
||𝑤||

2
−

∑ 𝑎𝑛(𝑡𝑛(𝑤𝑇𝜙(𝑥𝑛) + 𝑏) − 1)𝑁
𝑛=1  

Conditions: 𝑤 = ∑ 𝑎𝑛
𝑁
𝑛=1 𝑡𝑛𝜙(𝑥𝑛) 

          0 = ∑ 𝑎𝑛
𝑁
𝑛=1 𝑡𝑛 

Soft Margin SVM: arg𝑤,𝑏 min
1

2
||𝑤||

2
+ 𝐶 ∑ 𝜉𝑛

𝑁
𝑛=1  

Slack Variable (𝜉𝑛): 𝑡𝑛𝑦(𝑥𝑛) ≥ 1 − 𝜉𝑛,  on the wrong 
side then > 1, correct side or on the line = 0, inside 
the correct margin < 1.  

Dual Lagrangian: 𝐿(𝑎) = ∑ 𝑎𝑛
𝑁
𝑛=1 −

1

2
∑ ∑ 𝑎𝑛

𝑁
𝑚=1

𝑁
𝑛=1 𝑎𝑚𝑡𝑛𝑡𝑚𝐾(𝑥𝑛, 𝑥𝑚) 𝑏 = 𝑤0 =

1

𝑁𝑀
∑ (𝑡𝑛 − ∑ 𝑎𝑚

.
𝑚∈𝑆 𝑡𝑚𝐾(𝑥𝑛 , 𝑥𝑚)).

𝑛∈𝑀   



PCA: Max var: 𝑎1
𝑇𝑅𝑥𝑎1 = 𝜆1 

            Min error: ∑ 𝑎𝑗
𝑇𝐷

𝑗=𝑚+1 𝑅𝑥𝑎𝑗  →  𝑅𝑥𝑎𝑗 = 𝜆𝑗𝑎𝑗  

∑ 𝑎𝑗
𝑇𝐷

𝑗=𝑚+1 𝑅𝑥𝑎𝑗  →  𝑅𝑥𝑎𝑗 = 𝜆𝑗𝑎𝑗, choose the largest 

eigenvalue. Assume Gaussian distribution and mean 
centered.  

 

Backpropagation: ∂𝐽

∂𝑊
=

∂𝑉

∂𝑊
⋅

∂𝑦

∂𝑉
⋅

∂𝐸

∂𝑦
⋅

∂𝐽

∂𝐸
 

 Chain Rule: 

𝐽(𝑤) =
1

2
  ∑ 𝑒𝑖

2

𝑁

𝑖=1

  →  𝑒𝑖(−1)𝜙′(𝑣𝑖)𝑥𝑗  

𝑒𝑖 = 𝑡𝑖 − 𝑦𝑖  

𝑦𝑖 = 𝜙(𝑣𝑖), 𝜙 is an activation func. 

𝑣𝑖 = 𝑤𝑇𝑥𝑗, note that 𝑥𝑗𝜀𝑅𝐷+1 

𝑤𝑙𝑗
(𝑡+1)

= 𝑤𝑙𝑗
(𝑡)

− 𝜂
𝜕𝐽

𝜕𝑤𝑙𝑗

= 𝑤𝑙𝑗
(𝑡)

+ 𝜂𝑒𝑖𝜙′(𝑣𝑙)𝑥𝑗  

Momentum: 𝑤(𝑡+1) = 𝑤(𝑡) + Δ𝑤(𝑡) where 

Δ𝑤(𝑡) = −η∇𝐽(𝑤(𝑡)) + αΔ𝑤(𝑡−1), α =  0.9 

Nesterov’s momentum: 𝑤(𝑡+1) = 𝑤(𝑡) + Δ𝑤(𝑡) where 

Δ𝑤(𝑡) = −η∇𝐽(𝑚(𝑡)), 𝑚(𝑡) = 𝑤(𝑡) + αΔ𝑤(𝑡−1) 

 


