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𝑈𝑝(𝝎)

𝝎 = (𝜔1, 𝜔2, … , 𝜔𝑛) ∈ ℝ𝒏

𝑛

𝜆 𝜇𝑝(𝝎) 𝜎𝑝
2(𝝎)

𝑚𝑎𝑥 𝑈𝑝(𝝎) = 𝜇𝑝(𝝎) −
1

2
𝜆𝜎𝑝

2(𝝎)

𝜇𝑝 𝜎𝑝
2 (𝜇𝑖)

𝑖 = 1,2, … , 𝑛 ∈ ℝ (𝚺)



 

 (𝚷𝑚𝑘𝑡) 𝑛

𝝎

(𝝎∗)

𝑈𝑝(𝝎) = 𝜇𝑝(𝝎) −
1

2
𝜆𝜎𝑝

2(𝝎) = 𝚷𝝎𝑇 −
1

2
𝜆𝝎𝚺𝝎𝑇

𝚷 𝚺

𝝎

𝑈𝑝
∗(𝝎) = 𝚷 −

1

2
(2)𝜆𝝎𝚺 → 𝚷 − 𝜆𝝎∗𝚺 = 𝟎

→ 𝝎∗ = 𝚷(𝜆𝚺)−1

 (𝚷𝑚𝑘𝑡)

𝚷𝑚𝑘𝑡 = 𝜆𝑚𝑘𝑡𝚺𝝎𝑚𝑘𝑡

𝚷𝑚𝑘𝑡

(𝝎𝑚𝑘𝑡)

(𝜆𝑚𝑘𝑡)

                                                           

𝑈𝑝 = 𝜇𝑟𝑓 + (𝜇𝑟 − 𝜇𝑟𝑓)Φ − 0.5𝜆𝑚𝑘𝑡(Φ𝑚𝑘𝑡
2 𝛚𝑟𝚺𝑟𝛚𝑟′)

(𝜇𝑟)

(𝜇𝑟𝑓) (𝚺𝑟)

(𝝎𝑟)

(𝜆𝑚𝑘𝑡) (Φ𝑚𝑘𝑡)

Φ𝑚𝑘𝑡

𝜆𝑚𝑘𝑡

𝜆𝑚𝑘𝑡 ≅
𝜇𝑟 − 𝜇𝑟𝑓

Φ𝑚𝑘𝑡𝛚𝑟𝚺𝑟𝛚𝑟′



 

(𝜂)

0.99

𝜎𝑖,𝑗 =
∑ (𝑟𝑖,𝑡+𝑠 − 𝑟̅𝑖)(𝑟𝑗,𝑡+𝑠 − 𝑟̅𝑗)𝜂𝑇−𝑠𝑇

𝑠=1

∑ 𝜂𝑠−1𝑇
𝑠=1

𝑟̅𝑖 =
1

𝑇
∑ 𝑟𝑖,𝑡+𝑠

𝑇

𝑠=1

,

𝑖 𝑗

𝑟

𝑖 𝑗 (𝜎̂{(𝑖,𝑗),ℎ𝑓}
2 )  (𝜎̂{(𝑖,𝑗),𝑙𝑓}

2 )

 (𝐻̌𝑖 & 𝐻̌𝑗)

𝜎̂{(𝑖,𝑗),𝑙𝑓}
2 = (𝑚𝐻̌𝑖+𝐻̌𝑗)(𝜎̂{(𝑖,𝑗),ℎ𝑓}

2 )

𝑚

52



 

(𝑺)

(𝑭)

𝚺̂ = 𝛿 ∗ 𝑭 + (1 − 𝛿)𝑺

𝛿

𝑭

𝑓𝑖𝑖 = 𝑠𝑖𝑖     𝑦     𝑓𝑖𝑗 = 𝜚̅√𝑠𝑖𝑖𝑠𝑖𝑗

𝜚̅

𝜚̅ =
2

(𝑁 − 1)𝑁
∑ ∑ 𝜚𝑖𝑗

𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1

 (𝚷𝑚𝑘𝑡)

(𝚷)

𝚷~𝒩(𝚷𝑚𝑘𝑡 , τ𝚺)

𝜏

                                                           
𝑚 × 𝑛

τ

τ 0.01 < τ < 0.5

τ = 0.025



 

𝚷 = [(𝜏𝚺)−1 + 𝑷′𝛀−1𝑷]−1 [(𝜏𝚺)−1𝚷𝑚𝑘𝑡 + 𝑷′𝛀−1𝑸]

𝛀 (𝑘 × 𝑘) 𝑷

(𝑘 × 𝑛) 𝑷

 𝑸

(𝑘 × 1)

                                                           
Ω

20 %

5 %
6  



 

                                                           



 



 

 

 

𝑋

(Ω, ℱ, ℙ)

𝜌: 𝒜 → ℝ 𝒜 =

{𝑋|𝑋: Ω → ℝ}

 

 

𝑋 ∈ 𝒜 𝑚 ∈ ℝ

𝜌(𝑋 + 𝑚) = 𝜌(𝑋) − 𝑚



 

𝜌𝑣(𝑋) = 𝑉(𝑋) ≡ 𝐸(𝑋2) − [𝐸(𝑋)]2

𝐸(∙) 𝑋 𝜎

𝜌𝑣(𝑋 + 𝑚) = 𝑉(𝑋 + 𝑚) = 𝐸((𝑋 + 𝑚)2) − [𝐸(𝑋 + 𝑚)]2

= 𝐸(𝑋2 + 2𝑚𝑋 + 𝑚2) − [𝐸(𝑋) + 𝑚]2

= 𝐸(𝑋2) + 2𝑚𝐸(𝑋) + 𝑚2 − ([𝐸(𝑋)]2 + 2𝑚𝐸(𝑋) + 𝑚2)

= 𝐸(𝑋2) − [𝐸(𝑋)]2 = 𝑉(𝑋) ≠ 𝑉(𝑋) − 𝑚 = 𝜌𝑣(𝑋) − 𝑚

𝛼 ∈ (0, 1)

𝑉𝑎𝑅1−𝛼(𝑋) = −𝑖𝑛𝑓{𝑥 ∈ ℝ: 𝑃(𝑋 ≤ 𝑥) ≥ 𝛼}

𝑉𝑎𝑅1−𝛼(𝑋) 𝛼 𝑃(𝑋 > 𝑥)

100(1 − 𝛼) %

𝜌𝑉𝑎𝑅(𝑋 + 𝑚) = 𝑉𝑎𝑅1−𝛼(𝑋 + 𝑚) = −𝑖𝑛𝑓{𝑥 + 𝑚 ∈ ℝ: 𝑃(𝑋 + 𝑚 ≤ 𝑥 + 𝑚) ≥ 𝛼}

= − 𝑖𝑛𝑓{𝑥 + 𝑚 ∈ ℝ: 𝑃𝑋(𝑋 ≤ 𝑥) ≥ 𝛼}

=  −(𝑖𝑛𝑓{𝑥 ∈ ℝ: 𝑃𝑋(𝑋 ≤ 𝑥) ≥ 𝛼} + 𝑚)

=  −(𝑖𝑛𝑓{𝑥 ∈ ℝ: 𝑃𝑋(𝑋 ≤ 𝑥) ≥ 𝛼}) − 𝑚 =  𝑉𝑎𝑅𝛼(𝑋) − 𝑚

= 𝜌𝑉𝑎𝑅(𝑋) − 𝑚



 

 

𝑋1, 𝑋2 ∈ 𝒜

 𝜌(𝑋1 + 𝑋2) ≤ 𝜌(𝑋1) + 𝜌(𝑋2)

𝑛𝜖ℕ

𝜌(𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛) ≤ 𝜌(𝑋1) + 𝜌(𝑋2) + ⋯ + 𝜌(𝑋𝑛)

𝜌𝑣(𝑋1 + 𝑋2) = 𝑉(𝑋1 + 𝑋2) = 𝑉(𝑋1) + 𝑉(𝑋2) + 2𝐶𝑜𝑣(𝑋1, 𝑋2)

= 𝜌𝑣(𝑋1) + 𝜌𝑣(𝑋2) + 2𝐶𝑜𝑣(𝑋1, 𝑋2)

𝐶𝑜𝑣(𝑋1, 𝑋2) 𝑋1 𝑋2

𝐶𝑜𝑣(𝑋1, 𝑋2)

𝑋 𝑌

𝑋 = 𝜖 + 𝜂,    𝜂 = {
0    𝑐𝑜𝑛 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑑𝑎𝑑 𝑑𝑒 0.991

−10    𝑐𝑜𝑛 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑑𝑎𝑑 𝑑𝑒 0.009

𝜖 𝒩(0,1)

1 % 3.1 𝜂 −10

1 % 𝑌 𝑋

𝑋 𝑌

1 % 9.8 (𝑋 + 𝑌) −10 𝑋

𝑌

𝑉𝑎𝑅(𝑋 + 𝑌) = 9.8 > 𝑉𝑎𝑅(𝑋) + 𝑉𝑎𝑅(𝑌) = 3.1 + 3.1 = 6.2



 

 

𝑚 ≥ 0 𝑋 ∈ 𝒜: 

𝜌(𝑚𝑋) = 𝑚𝜌(𝑋)

𝑋 ∈ 𝒜 𝑋 = 0

𝜌(𝑋) = 0



 

𝑚

𝜌(𝑚𝑋) > 𝑚𝜌(𝑋)

𝑋1, 𝑋2 ∈ 𝒜 𝑚 ∈ [0, 1]

𝜌(𝑚𝑋1 + (1 − 𝑚)𝑋2) ≤ 𝑚𝜌(𝑋1) + (1 − 𝑚)𝜌(𝑋2)

𝜌𝑣(𝑚𝑋) = 𝑚2𝜌𝑣(𝑋) ≠ 𝑚𝜌𝑣(𝑋)

𝜌𝑉𝑎𝑅(𝑚𝑋) = 𝑉𝑎𝑅(𝑚𝑋) = −𝑖𝑛𝑓{𝑚𝑥 ∈ ℝ: 𝑃(𝑚𝑋 ≤ 𝑚𝑥) ≥ 𝛼}

= −𝑖𝑛𝑓{𝑚𝑥 ∈ ℝ: 𝑃(𝑋 ≤ 𝑥) ≥ 𝛼} = −𝑚 × 𝑖𝑛𝑓{𝑥 ∈ ℝ: 𝑃(𝑋 ≤ 𝑥) ≥ 𝛼}

= 𝑚𝑉𝑎𝑅(𝑋) = 𝑚𝜌𝑉𝑎𝑅(𝑋)

 

𝑋, 𝑌 ∈ 𝒜 𝑋 ≤ 𝑌

𝜌(𝑌) ≤ 𝜌(𝑋)



 

𝑋 ≤ 𝑌

𝑃(𝑌 ≤ 𝑧) ≤ 𝑃(𝑋 ≤ 𝑧)

𝑧 ∈ ℝ 𝜔 ∈ Ω 𝑌(𝜔) ≤ 𝑧 𝑋(𝜔) ≤ 𝑌(𝜔) ≤ 𝑧

𝑋(𝜔) ≤ 𝑧

𝑧 𝛼 ≤ 𝑃(𝑌 ≤ 𝑧) 𝛼 ≤ 𝑃(𝑌 ≤ 𝑧) ≤ 𝑃(𝑋 ≤ 𝑧)

𝛼 ≤ 𝑃(𝑋 ≤ 𝑧)

{𝑦 ∈ ℝ: 𝑃(𝑌 ≤ 𝑧) ≥ 𝛼} ⊆ {𝑥 ∈ ℝ: 𝑃(𝑋 ≤ 𝑧) ≥ 𝛼}

𝑖𝑛𝑓{𝑦 ∈ ℝ: 𝑃(𝑌 ≤ 𝑦) ≥ 𝛼} ≥ 𝑖𝑛𝑓{𝑥 ∈ ℝ: 𝑃(𝑋 ≤ 𝑥) ≥ 𝛼}

𝜌𝑉𝑎𝑅(𝑌) = 𝑉𝑎𝑅(𝑌) = −𝑖𝑛𝑓{𝑦 ∈ ℝ: 𝑃(𝑌 ≤ 𝑦) ≥ 𝛼} ≤ −𝑖𝑛𝑓{𝑥 ∈ ℝ: 𝑃(𝑋 ≤ 𝑥) ≥ 𝛼}

= 𝑉𝑎𝑅(𝑋) = 𝜌𝑉𝑎𝑅(𝑋)



 

 

 

𝑋 100(1 − 𝛼) %

𝐸𝑆1−𝛼(𝑋) = −𝐸(𝑋|𝑋 < −𝑉𝑎𝑅1−𝛼(𝑋))

100(1 − 𝛼) %

 𝑚 ∈ ℝ 𝑋 ∈ 𝒜

𝜌𝐸𝑆(𝑋 + 𝑚) = 𝐸𝑆(𝑋 + 𝑚) = −𝐸(𝑋 + 𝑚|𝑋 + 𝑚 < −𝑉𝑎𝑅1−𝛼(𝑋 + 𝑚))

= 𝐸(−𝑋 − 𝑚|𝑋 + 𝑚 < −𝑉𝑎𝑅1−𝛼(𝑋 + 𝑚))

= 𝐸(−𝑋 − 𝑚|𝑋 + 𝑚 < −𝑉𝑎𝑅1−𝛼(𝑋) − 𝑚)

= 𝐸(−𝑋 − 𝑚|𝑋 < −𝑉𝑎𝑅1−𝛼(𝑋))

= 𝐸(−𝑋|𝑋 < −𝑉𝑎𝑅1−𝛼(𝑋)) − 𝐸(𝑚|𝑋 < −𝑉𝑎𝑅1−𝛼(𝑋))

= 𝐸(−𝑋|𝑋 < −𝑉𝑎𝑅1−𝛼(𝑋)) − 𝑚 = −𝐸(𝑋|𝑋 < −𝑉𝑎𝑅1−𝛼(𝑋)) − 𝑚

= 𝐸𝑆(𝑋) − 𝑚 = 𝜌𝐸𝑆(𝑋) − 𝑚



 

 𝑋, 𝑌 ∈ 𝒜

𝐸(𝑋|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼) = −𝑉𝑎𝑅(𝑋)1−𝛼 + 𝐸(𝑋 + 𝑉𝑎𝑅(𝑋)1−𝛼|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼)

= −𝑉𝑎𝑅(𝑋)1−𝛼 +
𝐸[(𝑋 + 𝑉𝑎𝑅(𝑋)1−𝛼)1{𝑋<−𝑉𝑎𝑅(𝑋)1−𝛼}]

𝑃(𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼)

= −𝑉𝑎𝑅(𝑋)1−𝛼 +
𝐸[(𝑋 + 𝑉𝑎𝑅(𝑋)1−𝛼)1{𝑋<−𝑉𝑎𝑅(𝑋)1−𝛼}1{𝑋+𝑌<−𝑉𝑎𝑅(𝑋+𝑌)1−𝛼}]

𝑃(𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼)

+
𝐸[(𝑋 + 𝑉𝑎𝑅(𝑋)1−𝛼)1{𝑋+𝑉𝑎𝑅(𝑋)1−𝛼<0}1{𝑋+𝑌≥−𝑉𝑎𝑅(𝑋+𝑌)1−𝛼}]

𝑃(𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼)

≤ −𝑉𝑎𝑅(𝑋)1−𝛼 +
𝐸[(𝑋 + 𝑉𝑎𝑅(𝑋)1−𝛼)1{𝑋<−𝑉𝑎𝑅(𝑋)1−𝛼}1{𝑋+𝑌<−𝑉𝑎𝑅(𝑋+𝑌)1−𝛼}]

𝛼

≤ −𝑉𝑎𝑅(𝑋)1−𝛼 +
𝐸[(𝑋 + 𝑉𝑎𝑅(𝑋)1−𝛼)1{𝑋+𝑌<−𝑉𝑎𝑅(𝑋+𝑌)1−𝛼}]

𝑃(𝑋 + 𝑌 < −𝑉𝑎𝑅(𝑋 + 𝑌)1−𝛼)
=

= −𝑉𝑎𝑅(𝑋)1−𝛼 + 𝐸(𝑋 + 𝑉𝑎𝑅(𝑋)1−𝛼|𝑋 + 𝑌 < −𝑉𝑎𝑅(𝑋 + 𝑌)1−𝛼)

= 𝐸(𝑋|𝑋 + 𝑌 < −𝑉𝑎𝑅(𝑋 + 𝑌)1−𝛼)

𝐸(𝑌|𝑌 < −𝑉𝑎𝑅(𝑌)1−𝛼) ≤ 𝐸(𝑌|𝑋 + 𝑌 < −𝑉𝑎𝑅(𝑋 + 𝑌)1−𝛼)

𝜌𝐸𝑆(𝑋 + 𝑌) = 𝐸𝑆(𝑋 + 𝑌) = −𝐸(𝑋 + 𝑌|𝑋 + 𝑌 < −𝑉𝑎𝑅(𝑋 + 𝑌)1−𝛼)

= −𝐸(𝑋|𝑋 + 𝑌 < −𝑉𝑎𝑅(𝑋 + 𝑌)1−𝛼) − 𝐸(𝑌|𝑋 + 𝑌 < −𝑉𝑎𝑅(𝑋 + 𝑌)1−𝛼)

≤ −𝐸(𝑋|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼) − 𝐸(𝑌|𝑌 < −𝑉𝑎𝑅(𝑌)1−𝛼) = 𝐸𝑆(𝑋) + 𝐸𝑆(𝑌)

= 𝜌𝐸𝑆(𝑋) + 𝜌𝐸𝑆(𝑌)

 𝑚 ≥ 0 ∈ ℝ 𝑋 ∈ 𝒜

𝜌𝐸𝑆(𝑚𝑋) = 𝐸𝑆(𝑚𝑋) = −𝐸(𝑚𝑋|𝑚𝑋 < −𝑉𝑎𝑅(𝑚𝑋)1−𝛼) = −𝐸(𝑚𝑋|𝑚𝑋 < −𝑚𝑉𝑎𝑅(𝑋)1−𝛼)

= −𝐸(𝑚𝑋|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼) = −𝑚𝐸(𝑋|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼) = 𝑚 × 𝐸𝑆(𝑋)

= 𝑚 × 𝜌𝐸𝑆(𝑋)



 

 𝑋, 𝑌 ∈ 𝒜 𝑋 ≥ 𝑌

𝐸(𝑌|𝑌 < −𝑉𝑎𝑅(𝑌)1−𝛼) = −𝑉𝑎𝑅(𝑌)1−𝛼 + 𝐸(𝑌 + 𝑉𝑎𝑅(𝑌)1−𝛼|𝑌 < −𝑉𝑎𝑅(𝑌)1−𝛼)

= −𝑉𝑎𝑅(𝑌)1−𝛼 +
𝐸[(𝑌 + 𝑉𝑎𝑅(𝑌)1−𝛼)1{𝑌<−𝑉𝑎𝑅(𝑌)1−𝛼}]

𝑃(𝑌 < −𝑉𝑎𝑅(𝑌)1−𝛼)

= −𝑉𝑎𝑅(𝑌)1−𝛼 +
𝐸[(𝑌 + 𝑉𝑎𝑅(𝑌)1−𝛼)1{𝑌<−𝑉𝑎𝑅(𝑌)1−𝛼}1{𝑋<−𝑉𝑎𝑅(𝑋)1−𝛼}]

𝛼

+
𝐸[(𝑌 + 𝑉𝑎𝑅(𝑌)1−𝛼)1{𝑌+𝑉𝑎𝑅(𝑌)1−𝛼<0}1{𝑋≥−𝑉𝑎𝑅(𝑋)1−𝛼}]

𝛼

≤ −𝑉𝑎𝑅(𝑌)1−𝛼 +
𝐸[(𝑌 + 𝑉𝑎𝑅(𝑌)1−𝛼)1{𝑌<−𝑉𝑎𝑅(𝑌)1−𝛼}1{𝑋<−𝑉𝑎𝑅(𝑋)1−𝛼}]

𝛼

≤ −𝑉𝑎𝑅(𝑌)1−𝛼 +
𝐸[(𝑌 + 𝑉𝑎𝑅(𝑌)1−𝛼)1{𝑋<−𝑉𝑎𝑅(𝑋)1−𝛼}]

𝑃(𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼)

= −𝑉𝑎𝑅(𝑌)1−𝛼 + 𝐸(𝑌 + 𝑉𝑎𝑅(𝑌)1−𝛼|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼)

= 𝐸(𝑌|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼) ≤ 𝐸(𝑋|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼)

𝜌𝐸𝑆(𝑋) = 𝐸𝑆(𝑋) = −𝐸(𝑋|𝑋 < −𝑉𝑎𝑅(𝑋)1−𝛼) ≤ −𝐸(𝑌|𝑌 < −𝑉𝑎𝑅(𝑌)1−𝛼)

= 𝜌𝐸𝑆(𝑌) = 𝐸𝑆(𝑌)

 

𝛼 ≤ 𝛽 ≤ 1, 𝛽 ∈ ℝ

𝜙

 𝜙

 𝜙

 ∫ 𝜙(𝑝)𝑑𝑝
1

0
= 1

𝑀𝑅𝐸(𝑋) = ∫ 𝜙(𝑢)𝑉𝑎𝑅𝑢(𝑋)𝑑𝑢
1

0

𝜙(𝑢) = (1 − 𝛼)−11{𝛼≤𝑢≤1}



 

𝑤

𝑤

𝜌(𝑋) = ∫ 𝜙(𝑢)𝐸𝑆(𝑋)𝑑𝑢
1

0

𝜙 (0, 1] 𝑋

 

𝜙(𝑢) = 𝜉𝑢𝜉−1

∫ 𝜙(𝑢)
1

0
= 1 𝜙(𝑢) ≥ 0 𝑢 𝜉 ∈ ℝ+

𝜉 > 1

𝜉

𝑋 ≤ 𝑌 

𝜌(𝑌) ≤ 𝜌(𝑋) 



 

 

𝑑𝜙(𝑢) = Φ(Φ−1(𝑢) + log 𝜃)

Φ 0 < 𝜃 < 1

0 < 𝑢 < 1

 

𝑐 𝑋 ∈ 𝒢

𝑃(𝑋 ≥ 𝑐) ≤ 𝑒−𝑧𝑐𝑀𝑋(𝑧), ∀𝑧 > 0

𝑒−𝑧𝑐𝑀𝑋(𝑧) = 𝛼 𝑐 𝛼 ∈ [0, 1]

𝑐𝑋(𝛼, 𝑧) ≔ 𝑧−1 ln(𝑀𝑋(𝑧)/𝛼)

𝑃(𝑋 ≥ 𝑐𝑋(𝛼, 𝑧)) ≤ 𝛼 𝑧 > 0, 𝑐𝑋(𝛼, 𝑧)

𝑉𝑎𝑅1−𝛼(𝑋)

𝑉𝑎𝑅1−𝛼(𝑋)

𝑋 1 − 𝛼

𝐸𝑉𝑎𝑅1−𝛼 ≔ 𝑖𝑛𝑓
𝑧>0

{𝑐𝑋(𝛼, 𝑧)} = 𝑖𝑛𝑓
𝑧>0

{𝑧−1 ln(𝑀𝑋(𝑧)/𝛼)}

                                                           



 

𝐸𝑆1−𝛼 ≤ 𝐸𝑉𝑎𝑅1−𝛼



 

 

 

𝒘𝑻 = (𝑤1, 𝑤2, … , 𝑤𝑛) 𝑛

𝐶𝑖 = 𝐶𝑗 = 𝑤𝑖𝜌𝑖                 𝑐𝑜𝑛 𝑖 ≠ 𝑗

𝐶𝑖 𝑖 𝜌𝑖

 



 

 

 

 



 

 

 

 

(τ)

 

 

 

                                                           

𝑆𝑅 =
𝜇𝑟 − 𝜇𝐿

𝜎𝑟

𝜇𝑟 𝜇𝐿 𝜎𝑟



 



 



 

 

 

𝑦𝑡 = 𝑐0 + ∑ 𝛼𝑖𝑦𝑡−𝑖

𝑝

𝑖=1

+ ∑ 𝛽𝑗𝜀𝑡−𝑗

𝑞

𝑗=1

𝜖𝑡
2 = 𝑐1 + ∑ 𝛾𝑘𝜀𝑡−𝑘

𝑟

𝑘=1

+ ∑ 𝛿𝑙

𝑠

𝑙=1

𝜖𝑡−𝑠

𝜀𝑡 = 𝜖𝑡𝑧𝑡, 

𝑧𝑡~𝒩(0,1)

𝑦𝑡 𝑡 𝑐0 𝛼𝑖

𝛽𝑗

                                                           



 

𝑐1 𝛾𝑘

𝛿𝑙

𝜀𝑡 𝜖𝑡

𝑧𝑡

𝑀

𝐵𝐼𝐶 = −2 ln 𝐿̂ + 𝑘 ln(𝑛)

𝐿̂ 𝑀 𝐿̂ =

𝑝(𝑥|𝜃, 𝑀) 𝑥 𝑝(𝑥|𝑀)

𝑀 𝜃 𝑛

𝑁

𝑅

𝜌𝑖

𝐸𝑆1−𝛼(𝑋) = −𝐸(𝑋|𝑋 < −𝑉𝑎𝑅1−𝛼)

𝑉𝑎𝑅1−𝛼 (1 − 𝛼) × 100%

𝐸𝑆1−𝛼 1 − 𝛼

𝐸𝑆1−𝛼

𝑅𝑖 𝑉𝑎𝑅1−𝛼

𝐸𝑆1−𝛼
̅̅ ̅̅ ̅̅ ̅̅ =

1

𝑁(1 − 𝛼)
∑ 𝑅𝑖

𝑖|𝑅𝑖<−𝑉𝑎𝑅1−𝛼

𝐸𝑉𝑎𝑅1−𝛼



 

𝐸𝑉𝑎𝑅1−𝛼
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = min

𝑧>0
{−

1

𝑧
ln (

1

1 − 𝛼
∙

∑ 𝑒𝑥𝑝𝑧∗𝑅𝑖𝑁
𝑖=1

𝑁
)}

𝜙̅

∑ 𝜙̅ (
𝑖

𝑛
)

𝑛

𝑖=1

= 1

𝑛

𝑛

𝑀𝑅𝐸̅̅ ̅̅ ̅̅ ̅ = ∑ 𝜙̅ (
𝑖

𝑛
) 𝑉𝑎𝑅 𝑖

𝑛

(𝑅)

𝑛

𝑖=1

𝜌 ≤ ∑ 𝑤𝑖𝜌𝑖

𝑛

𝑖=1

𝜌 𝜌𝑖 𝑖 𝑤𝑖



 

𝜌̅

𝜌̅ = ∑ 𝑤𝑖𝜌𝑖̅

𝑛

𝑖=1

𝜌̅∗ 𝑛𝑟𝑓

𝑤𝑟𝑓 𝑛𝑟

𝑤𝑟 𝜌𝑖̅
∗

 𝑤𝑟𝑓 = ∑ 𝑤𝑗
𝑛𝑟𝑓

𝑗=1
𝑤𝑗

 𝑤𝑟 = ∑ 𝑤𝑘
𝑛𝑟
𝑘=1 𝑤𝑘

 𝑤𝑟𝑓 + 𝑤𝑟 = 1

 𝜌̅∗ = ∑ 𝑤𝑖𝜌𝑖̅
∗𝑛

𝑖=1 = ∑ 𝑤𝑘𝜌𝑘̅̅ ̅∗𝑛𝑟
𝑘=1

 𝑤𝑘𝑖
𝜌𝑘𝑖
̅̅ ̅̅ ∗ = 𝑤𝑘𝑗

𝜌𝑘𝑗
̅̅ ̅̅ ∗



 

 

 

o 

o 

o 

 



 

 

 

𝜉

𝜃



 



 



 

                                                           



 



 



 

 



 



 



 



 



 

 

 



 



 



 



 



 

𝑆ℎ𝑎𝑟𝑝𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝐸(𝑟𝑝 − 𝑟𝑓)

𝜎𝑝

rp rf

𝜎𝑝

𝑅𝑜𝑦´𝑠 𝑆𝑎𝑓𝑒𝑡𝑦 − 𝐹𝑖𝑟𝑠𝑡 𝑅𝑎𝑡𝑖𝑜 =
𝐸(𝑟𝑝) − 𝑟𝑖

𝜎𝑝

ri ri



 

𝑆𝑜𝑟𝑡𝑖𝑛𝑜 𝑅𝑎𝑡𝑖𝑜 =
𝐸(𝑟𝑝 − 𝑟𝑓)

𝜎𝑝𝑑

𝜎𝑝𝑑

𝑆𝑡𝑒𝑟𝑙𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜 =
𝐸(𝑟𝑝 − 𝑟𝑓)

𝐴𝐿𝐷

𝑂𝑚𝑒𝑔𝑎 𝑅𝑎𝑡𝑖𝑜 =
𝑃(𝑟𝑝 ≥ 𝑟𝑖)

𝑃(𝑟𝑝 < 𝑟𝑖)



 



 



 



 



 



 



 

     



 

 



 


