
 

 

 

 

 

 
 
 
   
 
 



 



 



 



 



 



 



 

 

 



 

 



 

 



 

 

 

 

 

 

 



 

 

 

 



 

 



 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

𝑭𝒕+𝟏 = 𝑨𝒕 =
𝑫𝟏 + 𝑫𝟐 + ⋯ + 𝑫𝒕

𝒕

𝑺𝒕+𝟏 =
𝑫𝟏 + 𝑫𝟐 + ⋯ + 𝑫𝒕

𝒕

𝑺′𝒕+𝟏 =
𝑺𝟏 + 𝑺𝟐 + ⋯ + 𝑺𝒕

𝒕

𝒂 = 𝟐𝑺𝒕+𝟏 − 𝑺𝒕+𝟏
′

𝒃 =
𝟐(𝑺𝒕+𝟏 − 𝑺𝒕+𝟏

′ )

𝒕 − 𝟏

𝑭𝒕+𝟏 = 𝒂 + 𝒃 ∗ 𝒎



 

 

𝑨𝒕 = 𝜶𝑫𝒕 + (𝟏 − 𝜶)𝑨𝒕−𝟏

𝟎 < 𝜶 < 𝟏

𝜶

𝜶

𝑭𝒕+𝟏 = 𝑨𝒕

β

𝑨𝒕 = 𝜶𝑫𝒕 + (𝟏 − 𝜶)(𝑨𝒕−𝟏 + 𝑻𝒕−𝟏)
𝑻𝒕 = 𝜷(𝑨𝒕 − 𝑨𝒕−𝟏) + (𝟏 − 𝜷)𝑻𝒕−𝟏

𝑭𝒕+𝟏 = 𝑨𝒕 + 𝑻𝒕



 

 

𝑭𝒕+𝟏 = 𝒍𝒕 + 𝒉𝒃𝒕

𝒍𝒕 = 𝜶𝑨𝒕 + (𝟏 − 𝜶)(𝒍𝒕−𝟏 + 𝒃𝒕−𝟏)
𝒃𝒕 = 𝜷∗(𝒍𝒕 + 𝒍𝒕−𝟏) + (𝟏 − 𝜷∗)𝒃𝒕−𝟏

 𝑨𝒕 𝑭𝒕+𝟏

 𝒍𝒕

 𝒃𝒕

 𝜶 𝜷∗

𝑭𝒕+𝟏 = 𝒍𝒕 + 𝒉𝒃𝒕 + 𝒔𝒕+𝒉−𝒎(𝒌+𝟏)

𝒍𝒕 = 𝜶(𝑨𝒕 − 𝒔𝒕−𝒎) + (𝟏 − 𝜶)(𝒍𝒕−𝟏 + 𝒃𝒕−𝟏)
𝒃𝒕 = 𝜷∗(𝒍𝒕 + 𝒍𝒕−𝟏) + (𝟏 − 𝜷∗)𝒃𝒕−𝟏

𝒔𝒕 = 𝜸∗(𝒚𝒕 − 𝒍𝒕) + (𝟏 − 𝜸∗)𝒔𝒕−𝒎



 

 

 

𝒚𝒕

𝒚𝒕 = 𝒄 + 𝝓𝟏𝒚𝒕−𝟏 + 𝝓𝟐𝒕𝒕−𝟐 + ⋯ + 𝝓𝒑𝒕𝒕−𝒑 + 𝜺𝒕

𝜺𝒕

 

𝒚𝒕 = 𝒄 + 𝜺𝒕 +  𝜽𝟏𝜺𝒕−𝟏 + 𝜽𝟐𝜺𝒕−𝟐 + ⋯ + 𝜽𝒒𝜺𝒕−𝒒

𝜺𝒕



 

 

𝒚𝒕
′ = 𝒄 + 𝝓𝟏𝒚𝒕−𝟏

′ + ⋯ + 𝝓𝒑𝒚𝒕−𝒑
′ + 𝜽𝟏𝜺𝒕−𝟏 + ⋯ + 𝜽𝒒𝜺𝒕−𝒒 + 𝜺𝒕

𝒚𝒕
′

𝒚𝒕−𝟏
′ , … , 𝒚𝒕−𝒑

′  , 𝜺𝒕−𝟏, … , 𝜺𝒕 𝒚𝒕

 

 

𝑒𝑡 ≔

𝐷𝑒𝑚𝑎𝑛𝑑𝑎𝑡 − 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑡

∑
|𝒆𝒕|

𝒏
𝒏
𝒕=𝟏

√∑
|𝒆𝒕|

𝒏
𝒏
𝒕=𝟏

 

𝑝𝑟𝑜𝑚𝑒𝑑𝑖𝑜(
|100∗𝑒𝑟𝑟𝑜𝑟𝑒𝑠|

𝑦

∑
|𝒆𝒕/𝑫𝒕|

𝒏
∗ 𝟏𝟎𝟎%𝒏

𝒕=𝟏



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 



 

 



 

 

𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 1 −
𝑉𝑒𝑛𝑡𝑎𝑠 𝑅𝑒𝑎𝑙𝑒𝑠

𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡

 

 

 



 

 



 

 

𝐶𝑢𝑚𝑝𝑙𝑖𝑚𝑖𝑒𝑛𝑡𝑜𝑖 = {
1 𝑠𝑖 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑑𝑒𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑜 𝑖 ∈ [−20%, 20%]

0 𝑠𝑖 𝑛𝑜 

𝐶𝑢𝑚𝑝𝑙𝑖𝑚𝑖𝑒𝑛𝑡𝑜 𝑑𝑒 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡 =  
∑ 𝐶𝑢𝑚𝑝𝑙𝑖𝑚𝑖𝑒𝑛𝑡𝑜𝑖

𝑛
𝑖=1

𝑛
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