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𝑦𝑖 , 1 ≤ 𝑖 ≤ 𝑛 𝑛

𝑦𝑖 𝑘

𝑋1, 𝑋2, … , 𝑋𝑘

𝑦𝑖 = 𝛽0 + 𝛽1𝑥𝑖,1 + ⋯ + 𝛽𝑘𝑥𝑖,𝑘 + 𝜖𝑖,  𝑥𝑖,𝑗 ∈ 𝑋𝑗

𝑋𝑗 𝜖𝑖

𝜖‾ = 0

𝜎2(𝜖) = 𝑐16

𝜖𝑖

𝑦𝑖

�̂�𝑖 , 𝜖𝑖 = 𝑦𝑖 − �̂�𝑖
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𝑛

𝑛

(𝑥1, … , 𝑥𝑛, 𝑦𝑗), 𝑥𝑖 ∈ 𝑋𝑖

𝑦𝑗

{𝑤1, … , 𝑤𝑛}

𝑋𝑘

𝑦𝑘 = 𝑤1𝑥𝑘,1 +

⋯ + 𝑤𝑛𝑥𝑘,𝑛

𝑧2 = 𝑥2 + 𝑦2

𝑧

2D

𝑦

2𝑑

𝑘(𝑥, 𝑦) = (𝑥 ⋅ 𝑦 + 1)𝑝

𝑘(𝑥, 𝑦) = exp (−∥ 𝑥 − 𝑦 ∥2/

2𝜎2) 𝑘(𝑥, 𝑦) = tanh (𝜅𝑥 ⋅

𝑦 − 𝛿)

𝑦1, 𝑦2, … , 𝑦𝑛

𝑡 + 1

𝑦𝑡

𝑦‾𝑡

�̂�𝑡+1 𝑦𝑡+1

�̂�𝑡+1 = 𝜃𝑦𝑡 + (1 − 𝜃)�̂�𝑡

𝜃

�̂�𝑡+2, �̂�𝑡+3, …

�̂�𝑡+1
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�̂�𝑡+ℎ  = 𝑙𝑡 + ℎ ⋅ 𝑏𝑡 + 𝑠𝑡+ℎ−𝑚

𝑙𝑡  = 𝜃(𝑦𝑡 − 𝑠𝑡−𝑚) + (1 − 𝜃)(𝑙𝑡−1 + 𝑏𝑡−1)

𝑏𝑡  = 𝛽(𝑙𝑡 − 𝑙𝑡−1) + (1 − 𝛽)𝑏𝑡−1

𝑠𝑡  = 𝛾(𝑦𝑡 − 𝑙𝑡−1 − 𝑏𝑡 − 1) + (1 − 𝛾)𝑠𝑡−𝑚

𝑚

𝑚 = 12 𝛽

𝛾

�̂�𝑡+ℎ  = (𝑙𝑡 + ℎ ⋅ 𝑏𝑡)𝑠𝑡+ℎ−𝑚

𝑙𝑡  = 𝜃(𝑦𝑡/𝑠𝑡−𝑚) + (1 − 𝜃)(𝑙𝑡−1 + 𝑏𝑡−1)

𝑏𝑡  = 𝛽(𝑙𝑡 − 𝑙𝑡−1) + (1 − 𝛽)𝑏𝑡−1

𝑠𝑡  = 𝛾 (
𝑦𝑡

𝑙𝑡−1 + 𝑏𝑡 − 1
) + (1 − 𝛾)𝑠𝑡−𝑚
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AR(2)

�̂�𝑡 = 𝜔 + 𝜙1𝑦𝑡−1 + 𝜙2𝑦𝑡−2 + 𝜖𝑡

𝑦𝑡−1 𝑌 𝑦𝑡−2

𝜙𝑖

𝑡

𝑡

�̂�𝑡 = 𝜔 + 𝜖𝑡 − 𝜃1𝜖𝑡−1 − 𝜃2𝜖𝑡−2

𝜖𝑡−1 𝑡 − 𝑖, 𝜖𝑡−𝑖 =

𝑦𝑡−𝑖 − �̂�𝑡−𝑖 𝜃𝑖

𝑦𝑖

𝑑

𝑤𝑡 = 𝑦𝑡 − ⋯ − 𝑦𝑡−𝑑

𝑑 = 1

𝑤𝑡 = 𝑦𝑡 − 𝑦𝑡−1

�̂�𝑡 = 𝜔 + 𝜙1𝑤𝑡−1 + ⋯ + 𝜙𝑝𝑤𝑡−𝑝 − 𝜃1𝜖𝑡−1

 − ⋯ − 𝜃𝑞𝜖𝑡−𝑞 + 𝜖𝑡

ARIMA (𝑝, 𝑑, 𝑞) 𝑝

𝑞

𝑑

(𝑝, 1, 𝑞)

(𝑝, 𝑑, 𝑞)

𝑋

𝑋

�̂�𝑡 = 𝜔 + 𝛽1𝑥1,𝑡 + ⋯ + 𝛽𝑘𝑥𝑘,𝑡 + 𝜙1𝑦𝑡−1

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

�̂�𝑡 = 𝛽0 + 𝛽1𝑥1,𝑡 + ⋯ + 𝛽𝑘𝑥𝑘,𝑡 + 𝑧𝑡

�̂�𝑡 = 𝜔 + 𝜙1𝑧𝑡−1 + ⋯ + 𝜙𝑝𝑧𝑡−𝑝 − 𝜃1𝜖𝑡−1 − ⋯ − 𝜃𝑞𝜖𝑡−𝑞 + 𝜖𝑡
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𝑧𝑡 𝑡

𝑧𝑡−1, … , 𝑧𝑡−𝑝

𝑃, 𝐷 𝑄

𝑠

SARIMA (𝑝, 𝑑, 𝑞, 𝑃, 𝐷, 𝑄, 𝑠)
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�̂�𝑖 = 𝑓1(𝑥) + 𝑓2(𝑥) + ⋯ + 𝑓𝑚(𝑥)

𝑓1(𝑋)

𝑌. 𝑓𝑖(𝑋),2 ≤

𝑖 ≤ 𝑚 𝑌

𝑓𝑖−1

𝑓𝑖
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�̂�𝑖 = 𝑓1(𝑋) + 𝜂𝑓2(𝑋) + ⋯ + 𝜂𝑓𝑚(𝑋)

η

0 … 1 1 η 0.3

0.3

𝑦𝑡

𝑡

𝜇𝑡 𝜏𝑡

𝑦𝑡 = 𝜇𝑡 + 𝜏𝑡 + 𝜖𝑡

𝜖𝑡 ∼ 𝑁(0, 𝜎𝑡
2)

𝜇𝑡 𝜏𝑡
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𝜇𝑡 = 𝜇𝑡−1 + 𝛿𝑡−1 + 𝑢𝑡

𝛿𝑡 = 𝛿𝑡−1 + 𝑣𝑡

𝜏𝑡 = − ∑  

𝑆−1

𝑠=1

 𝜏𝑡−𝑠 + 𝑤𝑡

𝑢𝑡 ∼ 𝑁(0, 𝜎𝑢
2), 𝑣𝑡 ∼ 𝑁(0, 𝜎𝑣

2) 𝑤𝑡 ∼

𝑁(0, 𝜎𝑤
2 )

𝑦𝑡 = 𝜇𝑡 + 𝜏𝑡 + ∑  

𝑡

𝑋𝛽 + 𝜖𝑡

𝑦𝑡 = 𝑔(𝑡) + 𝑠(𝑡) + ℎ(𝑡) + 𝜖𝑡

𝑔(𝑡) 𝑠(𝑡)

ℎ(𝑡)

𝑋𝑌 = cos (
2𝜋𝑡

365.25
) + sin (

4𝜋𝑡

365.25
) + cos (

6𝜋𝑡

365.25
)

 + ⋯ + sin (
20𝜋𝑡

365.25
)

𝑋𝑊 = cos (
2𝜋𝑡

7
) + sin (

4𝜋𝑡

7
) + cos (

6𝜋𝑡

7
)

365.25
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𝑥𝑡

ℎ𝑡−1

𝑜𝑡 = ℎ𝑡

𝑜𝑡

ℎ𝑡

ℎ𝑡−1 𝑥𝑡

ℎ𝑡 𝐶𝑡−1 𝐶𝑡

𝑓𝑡 𝑖𝑡 ⊙ �̃�𝑡 𝜎(ℎ𝑡−1, 𝑥𝑡) ⊙ 𝐶𝑡
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𝐶𝑡

ℎ𝑡−1 𝑥𝑡

𝐶𝑡−1

ℎ𝑡 = 𝜎(ℎ𝑡−1, 𝑥𝑡) ⊙ 𝐶𝑡

(𝑐1, … , 𝑐7)

(𝑛)
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𝒄𝟏 𝒄𝟐 𝒄𝟑 𝒄𝟒 𝒄𝟓 𝒄𝟔 𝒄𝟕 𝒏

…

𝑛

𝑐1, … , 𝑐7

211.96 ≤ H(8) ≤ 527.34, 𝑝 <

H(8) = 2797.12, 𝑝 = 0.0

𝑝 <

0.001, 𝑝 < 0.01, 𝑝 < 0.05 𝑝 ≥ 0.05

𝑝 = 0.024
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𝑝 < 0.001

𝑝 < 0.01 𝑝 < 0.05 𝑝 ≥ 0.5 𝑝

https://esmed.org/MRA/index.php/mra/article/view/3620


𝑝 < 0.01

𝑝 < 0.05 𝑝 ≥ 0.5 𝑝
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4263
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H(7) = 214.01, 𝑝 < 0.001 10 b

𝑝 <

0.001

𝑝 <

0.01 𝑝 < 0.05

 †

 

𝜇 𝜇

𝜇 = 72.78
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𝜇
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H(8) = 333.61, 𝑝 < 0.001 H(8) =

211.63, 𝑝 < 0.001
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RMSE, H(8) = 887.57, 𝑝 ≈ 0.00

𝑝 < 0.001, 𝑝 < 0.01

𝑝 < 0.05
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1.54∘ 3.06∘
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