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𝐶𝑡

𝐷𝑖,𝑡, 
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Ct = x D1,t  +  (1 − x) D2,t                                                        [1] 

𝑠1,𝑡 ,

s1,t =
x D1,t 

x D1,t  + (1 − x) D2,t
=  

x D1,t 

Ct
                                         [2]

, 

 𝛽

max  𝔼𝑡  [ ∑  𝛽k  ln(𝐶𝑡+𝑘)

∞ 

𝑘=0

 ]                                                    [3] 

P1,t =  𝔼t  [ ∑  βk 

∞

k=0

Ct

Ct+k
  D1,t+k ]                                             [4]
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D1,t+1 = D1,t +  εi,t,                                                       [5] 

∆𝑡 =  1,

𝜀𝑖,𝑡 ~ 𝑁(0,1).

   
𝑃1,𝑡

𝐶𝑡
=  𝔼𝑡  [ ∑  𝛽𝑘 

∞

𝑘=0

𝑠1,𝑡+𝑘 ]                                                     [6] 

   
𝑃1,𝑡

𝐷1,𝑡
=    

𝑥

𝑠1,𝑡
 
𝑃1,𝑡

𝐶𝑡
 =    

𝑥

1 − 𝑠2,𝑡
 
𝑃1,𝑡

𝐶𝑡
                                           [7]

𝑅1,𝑡 =
𝑃1,𝑡 − 𝑃1,𝑡−1

𝑃1,𝑡−1
+  

𝐷1,𝑡

𝑃1,𝑡−1
                                                   [8]

𝑅1,𝑡+1 =  

(
𝑃1,𝑡+1

𝐷1,𝑡+1
+ 1) 

𝑃1,𝑡

𝐷1,𝑡

𝑃1,𝑡

𝐷1,𝑡

− 1                                             [9]

𝐷1,𝑡

𝑃1,𝑡
𝑑1,𝑡

𝑅1,𝑡+1 =  (
1

𝑑1,𝑡+1
+ 1) (𝑑1,𝑡) (1 +

𝜀𝑖,𝑡

𝐷1,𝑡
)                                   [10]
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  𝔼𝑡(𝑅1,𝑡+1) =  (
1

𝑑1,𝑡+1
+ 1) (𝑑1,𝑡)                                   [11]

 𝑅𝑆 

𝑅𝑁𝑆
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corr(RS, RNS) > 0                                                              [12]

corr (Rt
S, Rt+1

S ) > 0                                                           [13]

{
corr (

DS

PS  , RS) > 0  

  corr (
DS

PS  , RNS) > 0  
                                                    [14]
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𝐷𝑖,1

𝐷𝑖,1  ∈ {200,300} 𝔼[𝐷𝑖,𝑡]|𝑡=1 = 250 𝕡(𝐷𝑖,1 = 200) = 𝕡(𝐷𝑖,1 = 300) = 0.5;

𝑉𝑎𝑟(𝐷𝑖) =  𝔼 [(𝐷𝑖  –  𝐷𝑖̅)
2] =  𝔼 (𝐷𝑖

2) −  𝐷𝑖̅
2

= 0.5[2002 + 3002 ]  −  2502 = 𝜎2; 𝑆𝐷(𝐷𝑖) = 50 =  𝜎;

𝐷𝑖,𝑡+1 −   𝐷𝑖,𝑡  =  𝜀𝑖,𝑡  , 𝜀𝑖,𝑡 𝜀𝑖,𝑡  ~ 𝑁(0,50)
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                                                R 𝑡𝑠ℎ𝑜𝑐𝑘

 NS =  β0 +  β1R𝑡𝑠ℎ𝑜𝑐𝑘

S + ε𝑡𝑠ℎ𝑜𝑐𝑘

 NS ,                                             [15]

𝑡𝑠ℎ𝑜𝑐𝑘 ε𝑡𝑠ℎ𝑜𝑐𝑘

 NS

β0 β1
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 R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 S =  α +  βR𝑡𝑠ℎ𝑜𝑐𝑘

S +  ε𝑡𝑠ℎ𝑜𝑐𝑘+1
 S  ,                                       [16] 

𝑡𝑠ℎ𝑜𝑐𝑘

α β

ε𝑡𝑠ℎ𝑜𝑐𝑘+1
 S
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𝑡𝑠ℎ𝑜𝑐𝑘

𝛼̇ 𝛽̇

 

  R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 NS =  𝛼̇ + β̇R𝑡𝑠ℎ𝑜𝑐𝑘

S +  ε𝑡𝑠ℎ𝑜𝑐𝑘+1
 NS ,                                        [17] 
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ε𝑡𝑠ℎ𝑜𝑐𝑘+1
 NS  
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                                            R m,t+1
 i =  α +  β

𝐷𝑖𝑣𝑚,𝑡
𝑖

𝑃𝑚,𝑡
𝑖

+  ε m,t+1
 i  ,                                                   [18]
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≤

R𝑡𝑠ℎ𝑜𝑐𝑘

NS R𝑠,𝑚
NS R𝑡𝑠ℎ𝑜𝑐𝑘

NS R𝑡𝑠ℎ𝑜𝑐𝑘

NS

   R𝑡𝑠ℎ𝑜𝑐𝑘

S

Rs,m
S
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≤

R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 𝑆 R 𝑠,𝑚

 𝑡𝑠ℎ𝑜𝑐𝑘+1 R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 𝑆 R 𝑡𝑠ℎ𝑜𝑐𝑘+1

 𝑆

   R𝑡𝑠ℎ𝑜𝑐𝑘

S

R 𝑠,𝑚
 𝑡𝑠ℎ𝑜𝑐𝑘
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≤

R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 𝑁𝑆 R 𝑠,𝑚

 𝑁𝑆,𝑡𝑠ℎ𝑜𝑐𝑘+1 R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 𝑁𝑆 R 𝑡𝑠ℎ𝑜𝑐𝑘+1

 𝑁𝑆

   R𝑡𝑠ℎ𝑜𝑐𝑘

S

R 𝑠,𝑚
 𝑆,𝑡𝑠ℎ𝑜𝑐𝑘
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≤

R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 𝑁𝑆 R 𝑠,𝑚

 𝑁𝑆,𝑡𝑠ℎ𝑜𝑐𝑘+1 R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 𝑁𝑆 R 𝑡𝑠ℎ𝑜𝑐𝑘+1

 𝑁𝑆

   R𝑡𝑠ℎ𝑜𝑐𝑘

NS

R 𝑠,𝑚
 𝑁𝑆,𝑡𝑠ℎ𝑜𝑐𝑘
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Rm,t+1
A   

   Rm,t+1
𝐴    Rm,t+1

𝐴      Rm,t+1
𝐵      Rm,t+1

𝐵

𝐷𝑖𝑣𝑚,𝑡
𝐴

𝑃𝑚,𝑡
𝐴

𝐷𝑖𝑣𝑚,𝑡
𝐵

𝑃𝑚,𝑡
𝐵
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∆𝑡 = 1       𝑖𝑓 𝑡 =  4𝑠 − 1  ∀ 𝑠 = 1; 𝑛̅̅ ̅̅ ̅ ; 𝜎 = 50;   𝜇 = 0;   𝑝 = 𝑞 = 0.5;

𝐷𝑖,1  ∈  {200,300} 𝔼[𝐷𝑖,𝑡]|𝑡=1 = 250 𝕡(𝐷𝑖,1 = 200) = 𝕡(𝐷𝑖,1 = 300) = 0.5;

𝑉𝑎𝑟(𝐷𝑖) =  𝔼 [(𝐷𝑖  –  𝐷𝑖̅)
2] =  𝔼 (𝐷𝑖

2) −  𝐷𝑖̅
2

= 0.5[2002 +  3002 ]  −  2502 = 𝜎2;

𝑆𝐷(𝐷𝑖) = 50 =  𝜎.

𝛽 =
3

4
= 0.75

𝑃𝑖,𝑡

𝑃𝑖,𝑡 =  𝐷𝑖,𝑡 + 𝛽1
𝐷𝑖,𝑡 + 𝐷𝑗,𝑡 

𝐷𝑖,𝑡+1 + 𝐷𝑗,𝑡+1 

𝐷𝑖,𝑡+1 + 𝛽2
𝐷𝑖,𝑡 + 𝐷𝑗,𝑡 

𝐷𝑖,𝑡+2 + 𝐷𝑗,𝑡+2 

𝐷𝑖,𝑡+2 + ⋯
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R 𝑡𝑠ℎ𝑜𝑐𝑘+1
 𝑁𝑆 R 𝑠,𝑚

 𝑁𝑆,𝑡𝑠ℎ𝑜𝑐𝑘+1

R 𝑡𝑠ℎ𝑜𝑐𝑘

 𝑁𝑆

R 𝑡𝑠ℎ𝑜𝑐𝑘

 𝑆

R 𝑠,𝑚
 𝑁𝑆,𝑡𝑠ℎ𝑜𝑐𝑘

R 𝑠,𝑚
 𝑆,𝑡𝑠ℎ𝑜𝑐𝑘


