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 

 



 ‑
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→

→

→

𝑂𝐼௧ =
∑  ூ

ଵ  
௜,௧

∑   ௧

𝑃𝐼௧ =
∑  

௃
ଵ    negative messages 

௝,௧

∑   total number of messages 
௧

𝑆𝑄௧ =
∑  ூ

ଵ    positive messages 
௜,௧

∑  ூ
ଵ    positive messages 

௜,௧
+ ∑  

௃
ଵ    negative messages 

௝,௧
  

 



 



 



𝑦௧ =  𝛼 + ෍ ϕ௜  𝑦௧ି௜

௟

௜ୀଵ

 + ෍ β௜ 𝑥௧ି௜

௟

௜ୀଵ

+ 𝑢ଵ௧



𝑦௧ =  𝐴଴ + ෍ 𝐴௜ 𝑦௧ି௜

௟

௜ୀଵ

 + 𝐵𝑍௧ + 𝑢ଵ௧
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‑ ‑ ‑

‑

‑ ‑
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‑ ‑ ‑

 

‑ ‑

‑ ‑ ‑

‑



‑ ‑
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‑ ‑

‑

 

‑

‑

‑



‑

‑
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‑

‑ ‑ ‑

‑ ‑

‑ ‑



 

𝑁𝑃𝑇௧ =
(∑ 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑝𝑎𝑟𝑎𝑔𝑟𝑎𝑝ℎ𝑠௜,௧

ூ
ଵ − ∑ 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑟𝑎𝑔𝑟𝑎𝑝ℎ𝑠௜,௧)ூ

ଵ

(∑ 𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑎𝑔𝑟𝑎𝑝ℎ𝑠௜,௧
ூ
ଵ )

 



𝐴𝑅௜,௧ = 𝑅௜,௧ − 𝑅ത௜

𝑅ത௜

𝐶𝐴𝑅௜(𝜏ଵ, 𝜏ଶ) = ෍ 𝐴𝑅௜,௧

ఛమ

௧ୀఛభ

𝐶𝐴𝑅௜ = 𝛽଴ + 𝛽ଵ𝑁𝑃𝑇௜ + 𝛽ଶ𝑋௜,௧ + 𝜀௜

ϵ

‑



 

‑ ‑

‑



‑

‑



‑

‑

‑ ‑  
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𝑃 ≥ 0.667 →  

0.333 < 𝑃 < 0.667 →  

𝑃 ≤ 0.333 →  

𝑂𝐼௧ =
∑ 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௜,௧

ூ
ଵ

∑ 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௧
,

𝑖 𝑡



𝑃𝐼௧ =
∑ 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௜,௧

ூ
ଵ

∑ 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௧
.

𝑁𝑃𝑇௧ =
(∑ 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௜,௧

ூ
ଵ − ∑ 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௜,௧)ூ

ଵ

(∑ 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௜,௧
ூ
ଵ + ∑ 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠௜,௧

ூ
ଵ )

.



 





 









 

 

𝑟௜,௧
ோாூ் − 𝑟௜,௧

்௥௘௔௦௨௥௬
=  𝑐଴ + 𝛽ଵ𝑂𝐼 + 𝛽ଶ𝑃𝐼 + 𝛽ଷ𝑁𝑃𝑇 + ෍ 𝜒௜𝐵𝑜𝑛𝑑 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠

଺

௜ ୀ ଵ

 

+  ෍ 𝜒௜𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠

ଷ

௜ ୀ ଵ

+  ෍ 𝜒௜𝑅𝐸𝐼𝑇 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠

଻

௜ ୀ ଵ

 

+  ෍ 𝜒௜𝐸𝑞𝑢𝑖𝑡𝑦 𝑀𝑎𝑟𝑘𝑒𝑡 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠

ଶ

௜ ୀ ଵ

+  ෍ 𝜒௜𝑀𝑎𝑐𝑟𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠

ହ

௜ ୀ ଵ

+  𝛾௧
்௜௠௘ + 𝛾௧

௉௥௢௣௘௥௧௬ ்௬௣௘
+ 𝜖௜,௧ ,

𝑟௜,௧
ோாூ் − 𝑟௜,௧

்௥௘௔௦௨௥௬

𝑖 𝑡

 𝑖 𝑡 𝛾௧
்௜௠௘ 𝛾௧

௉௥௢௣௘௥௧௬ ்௬௣௘

𝜖௜,௧ 



 

ℎ(𝑦|𝑥) =  ෍ 𝑢௠ℎ௠(𝑦|𝑥)

ெ

௜ୀଵ

,

ℎ ℎ௠ 𝑢௠

𝑀 𝑥 𝑦

ℎ௠

 



𝑥௥ ∈  ℝே௫ଵ 𝐾 𝑍௥,௞
௞

௄

𝑍௥,଴ 𝑍௥,௄

𝑆௥,௞

𝑍௥,௞ିଵ 𝑍௥,௞ 𝑛௥,௞

𝑘(𝑥௥) 𝑥௥

𝑔஺௅ா(𝑥௥) =  ෍ 𝑛௥,௞
ିଵ

௞(௫ೝ)

௞ୀଵ

෍ ൣ𝑓൫𝑍௥,௞ , 𝑋∖௥,௜൯ − 𝑓(𝑍௥,௞ିଵ, 𝑋∖௥,௜)൧,

௜∈ௌೝ,ೖ

𝑥∖௥ ∈ ℝே௫௉ିଵ 𝑟 𝑓(. )

𝑓(. ) 𝑖 𝑍௥,௞

𝑍௥,௞ିଵ 𝑖

𝑆௥,௞

𝑘 𝑔஺௅ா(𝑥௥)



𝑥௥

⊝஺௅ா (𝑥௥) =  𝑔஺௅ா(𝑥௥) − 𝑁ିଵ ෍ 𝑔஺௅ா൫𝑥௥,௜൯

ே

௜ୀଵ

.

 

 









 



 





 



 



 





 



 

 

 



 

 



 



 



 



 



 















 



 

 





 







 





 



 



 



 








