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𝐿𝑡 𝛼 ∈ 0,1

ℙ 𝐿𝑡 > VaRα
𝑡 ℱ𝑡 = α

𝛼𝑇

𝛼 (not 𝛼𝑡

𝐹𝐿 𝐿𝑡

𝐸𝑆𝛼
𝑡 =

1

α
න
1−α

1

𝑞𝑢 𝐹𝐿 𝑑𝑢

3. 𝔼 ESα
t − Lt Lt > VaRα

t = 0
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𝜆 𝑡 = τ + ψ ෍

𝑗:𝑡𝑗<𝑡

𝑒−γ 𝑡−𝑡𝑗

𝜏, 𝛾 > 0 𝜓 ≥ 0

▪

▪

▪ →



𝜆 𝑡 = τ + ψ ෍

𝑗:𝑡𝑗<𝑡

𝑒−γ 𝑡−𝑡𝑗

▪ 𝜏

▪ 𝜓

▪ σ𝑗:𝑡𝑗<𝑡
𝑒−γ 𝑡−𝑡𝑗 𝑡 − 𝑡𝑗 ,

𝑡
𝑡𝑗 ,
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▪ 𝐴𝑡𝑗 = 𝐿𝑡𝑗 − 𝐸𝑆𝑡𝑗 𝔼[𝐴𝑡𝑗] = 0)

▪

𝜆 𝑡 = τ + ψ ෍

𝑗:𝑡𝑗<𝑡

𝑒
𝛿𝐴𝑡𝑗−γ 𝑡−𝑡𝑗

▪ 𝐴𝑡𝑗 𝐸𝑆𝑡𝑗

▪

▪ 𝜏 = 𝛼→

▪ ψ = 0→

▪ 𝛾, 𝛿 ∈ ℝ+

→
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𝐴𝑡𝑗 = 𝐿𝑡𝑗 − 𝐸𝑆𝑡𝑗)

𝜆 𝑡 = τ + ψ ෍

𝑗:𝑡𝑗<𝑡

𝑒
𝛿𝐴𝑡𝑗−γ 𝑡−𝑡𝑗

▪ 𝐴𝑡𝑗

▪ 𝐴𝑡𝑗
𝐴𝑡𝑗

→ 𝐴𝑡𝑗



▪

ℒ1~𝜒𝑛
2

▪ 𝜒2 ℒ2~𝜒1
2

▪

ℒ1 + ℒ2 ≡ ℒ∗~ 𝜒𝑛+1
2

𝑛

▪ 𝛾, 𝛿

▪ 𝜓





𝛼 = 5%, 𝑛 = 500
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𝑍1, 𝑍𝐸𝑆
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