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∈ 

௧ݐ ଴ݐ

 y =  XȾ +  Ɋθ +  u.
௜ݕ = ݈݊ሺ݌௜ሻ

଴ݐ

𝜃௧̂ ௧̂ܲ = exp(𝜃௧̂).



[exp(𝜃௧̂) − ͳ] ∙ ͳͲͲ ݐ௧ݐ଴
௧ܲ∗̂ = exp (𝜃௧̂ + Ͳ.5 ቀ̂݁ݏ(𝜃௧̂)ቁଶ),݁ݏሺ𝜃௧ሻ

∈ 

ln( ௜ܲ௝௧) =  X௜Ⱦ + Z௝௧Ƚ + R௧ɀ + Ɋ௧θ௧ + Ɋ௝ρ௝ + u௜௝௧ .
௜ܺ௝ܼ௧  ܴ௧ߤ௝ ௜௝௧ݑ௧ߤ

௜ܲ௝௧ ௧𝜃௧̂ߤ ܲ𝐼̂௧ = [exp(𝜃௧) − ͳ] ∗ ͳͲͲܲ𝐼௧ ଴ݐ௧ݐ



ܵሺݐሻ = ܲ(ܶ > (ݐ = ͳ − 𝐹ሺݐሻ = ∫ ݂ሺݔሻ݀ݔ∞௧

ሻݐሺߣ = lim∆௧→଴ 𝑃ሺ௧<𝑇<௧+∆௧|௧<𝑇ሻ∆௧ .
Ʌሺݐሻ = ∫ ௧଴ݔሻ݀ݔሺߣ

ɉ(̃ݐ௜௝௧) =  X̃௜Ⱦ̃ + Z௝௧Ƚ̃ + R௧ɀ෤ + Ɋ௧θ̃௧ + Ɋ௝ρ෤௝ + e௜௝௧ ݐ̃. ܺ̃௜ ௝ܼ௧ܴ௧ ܺ̃ ݐ̃
௧ߤ ௝ߤ ݁௜௝௧exp ሺ𝜃௧̃ሻ𝜃௧̂̃ 𝐿𝐼௧𝐿𝐼̂௧ = [exp(𝜃௧̃) − ͳ] ∗ ͳͲͲ ଴ݐ௧ݐ



𝜃𝑇𝑝 𝜃̃𝑇𝑝























































 







ܶ
ݐ
ܵ ℎܵሺݐሻ = ܲሺܶ > ሻݐ = ͳ − ∫ ݂ሺݔሻ݀ݔ∞௧ℎሺݐሻ = 𝑃ሺ௧<𝑇≤௧+∆௧|𝑇>௧ሻ∆௧

ݐ ܶ = ݐ ݐ

h(t୧୨p) =  exp(𝐗୧pȾ + 𝐙୨Ƚ + 𝛍୧pɁp + 𝛍୧୨ρ୨) + e୧୨p ∀ m;  m ∈ ͳ, … ,7,ℎ ݐ 𝐗݅ ݌ 𝐙݆ 𝛍୧p 𝛍୧୨ ݌ ݆



𝐗 𝐙݌ ݆ 𝛍୧p 𝛍୧୨
Ɋ୧p = {ͳ ⇔ i in p; Ͳ ⇔  else}Ɋ୧୨ = {ͳ ⇔ i in j; Ͳ ⇔  else}݉ ρ̂୨ Rρ̂୨

݇ ݇ = ʹ
݇

h(t୧୨p) =  exp(𝐗୧pȾ + 𝐙୨Ƚ + 𝛍୧pɁp + 𝛍୧୨ρ୨ + ݂(x୧pୟ ) + ݂ሺx୧pୠ ሻ) + e୧୨p ∀ m;  m ∈ ͳ, … ,7,݂ሺx୧pୟ ሻ ݂ሺx୧pୠ ሻ









Liquidity lower than market

Liquidity higher than market
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 ܵሺݐሻ = ܲ(ܶ > (ݐ = ͳ − 𝐹ሺݐሻ = ∫ ݂ሺݔሻ݀ݔ∞௧

ሻݐሺߣ = lim∆௧→଴ 𝑃ሺ௧<𝑇<௧+∆௧|௧<𝑇ሻ∆௧ .
Λሺtሻ = ∫ ௧଴ݔሻ݀ݔሺߣ

௜ሻݔ|ݐ௜ሺߣ = ሻݐ଴ሺߣ expሺ−ݔ௜′ߚሻ,
ɉ଴ሺ



ሻݔ|ݐሺߣ݃݋݈ = ሻݐ଴ሺߣ݃݋݈ − ,ߚ′ݔ
log(−݈ܵ݃݋ሺݔ|ݐሻ) = ሻݐΛ଴ሺ݃݋݈ − .ߚ′ݔ

Λ଴ሺܶሻ݃݋݈ = ߚ′ݔ + ,ݑ
ℎሺܶሻ = ߚ′ݔ + ,ݑ

𝐹ሺݑሻ = ͳ − exp ሺ− expሺݑሻሻ

ℎ(ݐ௜௝𝑝) = exp( ௜ܺߚ + ௝ܼߙ + ܴ𝑝 ߣ + ௜𝑝𝛿𝑝ߤ + (௜௝𝜌௝ߤ + ݁௜௝𝑝.

µ୧p µ୧୨ 



ϵ

𝜏 ݍ = 𝐹−ଵሺ𝜏 ሻ = :ݕ)݂݊݅ 𝐹ሺݕሻ > 𝜏),𝐹ሺݕሻ = ܲ(ܻ < (ݕ

ℎሺݕ௜ሻ = ߚ′௜ݔ + ௜ሻݕ.௜ݑ ௜ݔ௜ݕ ଵ௜ݔ ≡ 𝜏ݑ௜ݑ ≡ hሺyሻ − 𝜏ߚ′ݔ ሻݔ|𝜏ݑ𝜏ሺݐ݊ܽݑܳ = Ͳݕ௜ܳݐ݊ܽݑ𝜏ሺℎሺݕ௜ሻ|ݔ௜ሻ = 𝜏ߚ.𝜏ߚ′௜ݔ
௜ܶ ௜ܶ ௜ܶ

݈݊ ௜ܶ = 𝜏ߚ′௜ݔ + .௜𝜏ݑ
𝜏ሺ݈݊ݐ݊ܽݑܳ ௜ܶ|ݔ௜ሻ = ,𝜏ߚ′௜ݔ



𝜏ሺ݈݊ݐ݊ܽݑܳ ௜ܶ|ݔ௜ሻ ௜ܶ ௜ݔ

௜ܶ

𝐶௜ ௜ܶ𝐶௜ ௜ܶ ௜ܶ = min { ௜ܶ∗, 𝐶௜}𝐶௜ = ݈݊ ௜ܶ  𝐶௜ = ;ߚ𝜏ܳ𝑁ሺߚ 𝜏̂ߚ∞+ 𝜏ሻ ≡ ଵ𝑁 ∑ ρ𝜏ሺ݈݊𝑁௜=ଵ ௜ܶ − min ሺݔ௜′ߚ𝜏, 𝐶௜ሻሻ.ݔ௜′ߚ𝜏 𝜏ߚ′௜ݔ 𝐶௜ 𝐶௜ ݔ௜′ߚ𝜏 𝐶௜ 𝜌𝜏ሺݑሻ𝜌𝜏ሺݑሻ = { 𝜏 ∗ ሺͳ|ݑ| − 𝜏ሻ ∗ ௨>଴௨<଴.𝜏    |ݑ| ∗ |ݑ| ሺͳ − 𝜏ሻ ∗ ߚ̂|ݑ| ܳ𝑁ሺߚ; Ͳ.5ሻ 𝜏 = Ͳ.5ߚ଴.5̂

[|ͳ − exp(ߚ𝑝𝑟𝑖𝑐𝑒𝜏෣ )| ∗ ͳͲͲ]%expሺߚ𝑝𝑟𝑖𝑐𝑒𝜏෣ ሻ
𝜏ߚ √𝑁 𝜏ϵ{𝜏ଵ, … , 𝜏𝐽}.ܳ𝑁ሺߚ; 𝜏ሻ
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