
Calculus rules 
𝑑

𝑑𝑥
𝑥𝑎 = 𝑎𝑥𝑎−1   

𝑑

𝑑𝑥
𝑘𝑓(𝑥) = 𝑘𝑓′(𝑥)  

𝑑

𝑑𝑥
[𝑓(𝑥) + 𝑔(𝑥)] = 𝑓′(𝑥) + 𝑔′(𝑥)  

𝑑

𝑑𝑥
(𝑓(𝑔(𝑥)))=𝑔′(𝑥) ∙ 𝑓′(𝑔(𝑥)) 

𝑑

𝑑𝑥
log 𝑥 =

1

𝑥
   

𝑑

𝑑𝑥
𝑒𝑥 = 𝑒𝑥    

𝑑

𝑑𝑥
𝑓(𝑤) = 0  

 

Log rules  log 𝑎𝑏 = log 𝑎 + log 𝑏  

log 𝑎𝑛 = 𝑛 log 𝑎   log 𝑒𝑎 = log(exp(𝑎)) = 𝑎  
 

Update rules 

Basic logistic update: 

𝑤𝑗 ← 𝑤𝑗 + 𝜀𝑥𝑗
𝑖 (𝑦𝑖 − 𝑔(𝒘𝑇𝒙)) 

 

SVM optimization with slack:  

argmin
𝑤

𝒘𝑇𝒘 + C ∑ 𝜉𝑖𝑖     

such that 

 𝒘𝑇𝒙+ + 𝑏 ≥ +1 − 𝜉𝑖 
 𝒘𝑇𝒙− + 𝑏 ≤ −1 + 𝜉𝑖 

 

𝒘 =∑𝛼𝑖𝑦𝑖𝒙𝑖

𝑖

 

  

For PCA:  𝑧𝑞
𝑖 = (𝒖𝑞)𝑇𝒙𝑖   (Linear algebra version:  𝒛 = 𝑼𝑇𝒙𝑖  ) 

 

For Neural Network: 

𝛿𝑘
𝑡𝑜𝑝,𝑖

= (1 − 𝑟𝑘
𝑡𝑜𝑝,𝑖

)(𝑦𝑖 − 𝑟𝑘
𝑡𝑜𝑝,𝑖

)𝑟𝑘
𝑡𝑜𝑝,𝑖

  

       ( Linear algebra version: 𝜹
𝒕𝒐𝒑

= (𝒓
𝒕𝒐𝒑,𝒊

)
𝑻
((1 − 𝒓

𝒕𝒐𝒑,𝒊
)°(𝒚𝒊 − 𝒓𝒌

𝒕𝒐𝒑,𝒊
)) ) 

 

HMM 

𝛽𝑡(𝑖) =∑𝐴𝑗,𝑖𝜙𝑜𝑡+1,𝑗𝛽𝑡+1(𝑗)

𝑗

 

𝑆𝑡(𝑖, 𝑗) =
𝛼𝑡(𝑗)𝐴𝑖,𝑗𝜙𝑜𝑡+1,𝑖

𝛽𝑡+1(𝑖)

∑ 𝛼𝑡(𝑔)𝐴𝑓,𝑔𝜙𝑜𝑡+1,𝑓𝛽𝑡+1(𝑓)𝑓,𝑔

 

 

From M-step: 𝐴𝑖,𝑗 =
∑ 𝑆𝑡𝑡 (𝑖,𝑗)

∑ ∑ 𝑆𝑡𝑡 (𝑘,𝑗)𝑘
 

Linear algebra for 𝜷𝒕  
 

𝜷𝒕 = 𝑨𝑇(𝝓𝒐𝒕+𝟏°𝜷𝒕+𝟏) 


