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𝑋  𝐼 𝑥 𝐾 𝑥𝑖. 𝑖 𝑥.𝑘

𝑘 𝐴  =  𝑡𝑟(𝐴𝐴′)

𝑆 (𝑆 <  𝐾) 𝑋

𝐹𝐼𝑥𝑆 𝑢𝐾𝑥𝑆

𝐶 = ‖𝑋 −  𝐹𝑢′‖2 = ∑ ∑(𝑥𝑖𝑘  −  ∑ 𝐹𝑖𝑠𝑢𝑘𝑠

𝑆

𝑠=1
)2

𝐾

𝑘=1

𝐼

𝑖=1

�̂� 𝜆

�̂�



‖𝑊 ∗ (𝑋 − ℳ)‖2 𝑊

ℳ

‖(𝑋 − ℳ)‖2 𝑀 =  𝐹𝑢′ 𝑊

𝑤𝑖𝑘 = 0 𝑥𝑖𝑘 𝑤𝑖𝑘 =

1

  ℓ =  0 𝑋0

 ℓ 

 

𝓵 − 𝟏 (�̂�ℓ, �̂�ℓ) (𝐹, 𝑢)

‖(𝑋ℓ−1 − 𝐹𝑢′)‖
2

𝑆

 

𝑋ℓ

𝑋 �̂�ℓ = �̂�ℓ 𝑢′̂ℓ

𝑋ℓ = 𝑊 ∗ 𝑋 + (1 − 𝑊) ∗

�̂�ℓ

 

 

𝑋0



 



𝛤(𝑎, 𝑏)

𝑓(𝑎,𝑏)(𝑥) =
𝑏𝑎

𝛤(𝑎, 𝑏)
 − 𝑥𝑎−1 𝑒−𝑏𝑥, 𝑥 > 0 

Avec des paramètres 𝑎 > 0 et 𝑏 > 0. Soit 𝑥 =  (𝑥1, . . . , 𝑥𝑛) une observation de 𝑋 =
 (𝑋1, . . . , 𝑋𝑛) où les 𝑋𝑖  sont i.i.d et suivent la loi Gamma. 

ℓ(𝑎, 𝑏)  =  ∑𝑙𝑜𝑔 𝑓(𝑎,𝑏)(𝑥𝑖)

𝑛

𝑖=1

=  𝑛 × 𝑎 × 𝑙𝑜𝑔(𝑏) − 𝑛 × 𝑙𝑜𝑔(𝛤(𝑎)) + (𝑎 − 1)∑𝑙𝑜𝑔(𝑥𝑖)

𝑛

𝑖=1

−  𝑏 ∑𝑙𝑜𝑔(𝑥𝑖)

𝑛

𝑖=1



𝑎 𝑏

(�̂�, �̂�)  =  𝑎𝑟𝑔 𝑚𝑎𝑥𝑎>0,𝑏>0ℓ(𝑎, 𝑏) 

• 

• 



• 

𝑦 = 𝑥
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𝑥𝑛𝑜𝑟𝑚 = 
𝑥𝑖  −  𝜇(𝑥) 

𝜎(𝑥 )

𝜇(𝑥) = 𝑀𝑜𝑦𝑒𝑛𝑛𝑒 𝑑𝑒 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑥

𝜎(𝑥) = 𝐸𝑐𝑎𝑟𝑡 − 𝑡𝑦𝑝𝑒 𝑑𝑒 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑥

 

u⃗ 1 u⃗ 1
𝑇
𝑆 u⃗ 1 𝑆

‖𝑢1⃗⃗⃗⃗ ‖2 = u⃗ 1
𝑇
u⃗ 1 = 1) 

�⃗� 1

𝑆 u⃗ 1 = 𝜆1u⃗ 1

u⃗ 1
𝑇
𝑆 u⃗ 1 = 𝜆1

𝜆1 u⃗ 1

𝑣𝑎𝑟_𝑒𝑥𝑝𝑘 =
𝜆𝑘

∑ 𝜆𝑘𝑘=1
= 

𝜆𝑘

𝐼



𝜆𝑘 = 𝑉𝑎𝑙𝑒𝑢𝑟 𝑝𝑟𝑜𝑝𝑟𝑒 𝑙𝑖é𝑒 à 𝑙′𝑎𝑥𝑒 𝑘

𝐼 = 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑡𝑜𝑡𝑎𝑙𝑒 𝑜𝑢 𝑖𝑛𝑒𝑟𝑡𝑖𝑒 𝑑𝑢 𝑛𝑢𝑎𝑔𝑒 𝑑𝑒𝑠 𝑝𝑜𝑖𝑛𝑡𝑠 (𝑠𝑜𝑚𝑚𝑒 𝑑𝑒 𝑡𝑜𝑢𝑠 𝑙𝑒𝑠 𝑣𝑎𝑙𝑒𝑢𝑟𝑠 𝑝𝑟𝑜𝑝𝑟𝑒𝑠)

 



• 

• 

• 



 

𝐷

𝐷𝑖𝑗 = 1

𝑖  𝑗 𝐽

𝐽 𝑖

𝐵 𝑝 𝑝

𝐵𝑖𝑗

𝑖 𝑗

 



 

𝑦

𝑢

𝜂2(𝑢, 𝑦) =
𝑆𝐶𝐸𝑖𝑛𝑡𝑒𝑟

𝑆𝐶𝐸𝑡𝑜𝑡𝑎𝑙𝑒
=

∑ ∑ (𝑢𝑖𝑗 − �̅�)2𝑖𝜖𝐽𝑗𝑗

∑ ∑ 𝐽𝑗 × (�̅�.𝑗 − �̅�)2𝑖𝜖𝐽𝑗𝑗

𝑢𝑖𝑗  =  𝑉𝑎𝑙𝑒𝑢𝑟 𝑝𝑟𝑖𝑠𝑒 𝑝𝑎𝑟 𝑙𝑎 𝑐𝑜𝑚𝑝𝑜𝑠𝑎𝑛𝑡𝑒 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙𝑒 𝑢 𝑝𝑜𝑢𝑟 𝑙′𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢 𝑖 𝑒𝑡 𝑙𝑎 𝑚𝑜𝑑𝑎𝑙𝑖𝑡é 𝑗 𝑑𝑒 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦

�̅�  =  𝑉𝑎𝑙𝑒𝑢𝑟 𝑚𝑜𝑦𝑒𝑛𝑛𝑒 𝑑𝑒  𝑙𝑎 𝑐𝑜𝑚𝑝𝑜𝑠𝑎𝑛𝑡𝑒 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙𝑒 𝑢 

�̅�.𝑗  =  𝑉𝑎𝑙𝑒𝑢𝑟 𝑚𝑜𝑦𝑒𝑛𝑛𝑒 𝑑𝑒  𝑙𝑎 𝑐𝑜𝑚𝑝𝑜𝑠𝑎𝑛𝑡𝑒 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙𝑒 𝑢 𝑝𝑜𝑢𝑟 𝑙𝑎 𝑚𝑜𝑑𝑎𝑙𝑖𝑡é 𝑗

𝐽𝑗  =  𝑁𝑜𝑚𝑏𝑟𝑒 𝑑′𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑠 𝑎𝑝𝑝𝑎𝑟𝑡𝑒𝑛𝑎𝑛𝑡 à 𝑙𝑎 𝑚𝑜𝑑𝑎𝑙𝑖𝑡é 𝐽

𝑆𝐶𝐸𝑖𝑛𝑡𝑒𝑟  = 𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡é 𝑖𝑛𝑡𝑒𝑟 − 𝑐𝑙𝑎𝑠𝑠𝑒𝑠

𝑆𝐶𝐸𝑡𝑜𝑡𝑎𝑙𝑒  = 𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡é 𝑡𝑜𝑡𝑎𝑙𝑒

𝑢 y



 

𝑋2

𝑥  𝑦 

𝑥1, . . . , 𝑥𝑟 et 𝑦1, . . . , 𝑦𝑘. Ces variables sont 𝑛

𝑛𝑖 𝑛𝑗 𝑛𝑖𝑗

𝑖 𝑥 𝑗



𝑦 𝑖 𝑗

𝑋2 = ∑
(𝑛𝑖𝑗 −

𝑛𝑖𝑛𝑗

𝑛
)2

𝑛𝑖𝑛𝑗

𝑛𝑖𝑗

𝑉 =  √
𝑋2

𝑛
𝑚𝑖𝑛(𝑘 − 1, 𝑟 − 1)

≤

≤



1

0
,7
5

0
,5

0
,2
5 0



 

𝜙𝐾

𝑋2

𝜙𝐾

• 

• 

𝜙𝐾

𝜙𝐾



1

0
,7
5

0
,5

0
,2
5 0



• 

• 

• 



 

 



 

 

• 

• 



𝑝 𝑝’ (𝑥, 𝑦) (𝑥′, 𝑦′)

‖𝑝 − 𝑝′‖ = √(𝑥 − 𝑥′)2 + (𝑦 − 𝑦′)2

𝑎 𝑏

𝑎 𝑏

𝐼𝑛𝑒𝑟𝑡𝑖𝑒(𝑎) +  𝐼𝑛𝑒𝑟𝑡𝑖𝑒(𝑏)  =  𝐼𝑛𝑒𝑟𝑡𝑖𝑒(𝑎 ∪ 𝑏)  −  𝛿𝑊𝐴𝑅𝐷(𝑎, 𝑏)

𝐼𝑛𝑒𝑟𝑡𝑖𝑒 (𝑎)  =  𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡é 𝑡𝑜𝑡𝑎𝑙𝑒 𝑑𝑒 𝑙𝑎 𝑐𝑙𝑎𝑠𝑠𝑒 𝑎

𝐼𝑛𝑒𝑟𝑡𝑖𝑒 (𝑏)  =  𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡é 𝑡𝑜𝑡𝑎𝑙𝑒 𝑑𝑒 𝑙𝑎 𝑐𝑙𝑎𝑠𝑠𝑒 𝑏

𝐼𝑛𝑒𝑟𝑡𝑖𝑒 (𝑎 ∪ 𝑏)  =  𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡é 𝑡𝑜𝑡𝑎𝑙𝑒 𝑑𝑒 𝑙′𝑎𝑔𝑟é𝑔𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑠 𝑐𝑙𝑎𝑠𝑠𝑒𝑠 𝑎 𝑒𝑡 𝑏

𝛿𝑊𝐴𝑅𝐷(𝑎, 𝑏)  =  𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑑𝑒 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑐𝑙𝑎𝑠𝑠𝑒 𝑒𝑛𝑡𝑟𝑒 𝑙𝑒𝑠 𝑐𝑙𝑎𝑠𝑠𝑒𝑠 𝑎 𝑒𝑡 𝑏 (𝑖𝑛𝑑𝑖𝑐𝑒 𝑑𝑒 𝑊𝑎𝑟𝑑)

𝛿𝑊𝐴𝑅𝐷(𝑎, 𝑏) =
𝑚𝑎𝑚𝑏

𝑚𝑎 + 𝑚𝑏

𝑑2(𝑔𝑎, 𝑔𝑏)

𝑚𝑎 𝑒𝑡 𝑚𝑏  = 𝑁𝑜𝑚𝑏𝑟𝑒 𝑑′𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑠 𝑑𝑒 𝑙𝑎 𝑐𝑙𝑎𝑠𝑠𝑒 𝑎 𝑒𝑡 𝑛𝑜𝑚𝑏𝑟𝑒 𝑑′𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑠 𝑑𝑒 𝑙𝑎 𝑐𝑙𝑎𝑠𝑠𝑒 𝑏

𝑑2(𝑔𝑎, 𝑔𝑏) = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑒𝑢𝑐𝑙𝑖𝑑𝑖𝑒𝑛𝑛𝑒 𝑒𝑛𝑡𝑟𝑒 𝑙𝑒𝑠 𝑐𝑒𝑛𝑡𝑟𝑒𝑠 𝑑𝑒 𝑔𝑟𝑎𝑣𝑖𝑡é 𝑑𝑒 𝑙𝑎 𝑐𝑙𝑎𝑠𝑠𝑒 𝑎 𝑒𝑡 𝑑𝑒 𝑙𝑎 𝑐𝑙𝑎𝑠𝑠𝑒 𝑏 



 

~ 

~
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𝑘 = 4

 𝑖

 𝑖

 

 

 𝑘 = 4

𝑘 = 4

 

 

• 𝑋

𝑌 𝑌|𝑋)



• 𝑌 𝑋

𝑋 𝑔 

𝐸[𝑌|𝑋]

𝑔(𝐸[𝑌|𝑋] ) =  𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

 

𝐸[𝑌|𝑋] = 𝑔−1(𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

) 

𝑔−1

𝑙𝑜𝑔(
𝑛𝑏𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠

𝐸𝑥𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛
) ~ 𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

 +  𝑒 

𝑙𝑜𝑔(𝑛𝑏𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠) ~ 𝑙𝑜𝑔(𝐸𝑥𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛)   +  𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

 +  𝑒 

𝑙𝑜𝑔(𝐸𝑥𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛)

𝑛𝑏𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠
̂ =  𝑒𝑥𝑝(𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

 +  𝑒 )

𝑙𝑜𝑔(
𝐶𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠

𝑛𝑏𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠
) ~ 𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

 +  𝑒 

𝑙𝑜𝑔(𝐶𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠) ~ 𝑙𝑜𝑔(𝑛𝑏𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠)   +  𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

 +  𝑒 

𝑙𝑜𝑔(𝐸𝑥𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛)



𝐶𝑀𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠
̂ =  𝑒𝑥𝑝(𝛽0 + ∑𝛽𝑖 × 𝑥𝑖

𝑖

 +  𝑒 )

𝛽𝑖

𝛽

𝛽

�̂� = 𝐴𝑟𝑔𝑀𝑎𝑥 𝜌(𝑌|�̂�𝛽)  =  𝐴𝑟𝑔𝑚𝑎𝑥 𝐿𝑜𝑔( 𝐿(𝑋, 𝑌, 𝛽))

𝜌(𝑌|�̂�𝛽) ~ 𝐿𝑜𝑖 𝑑𝑒 𝑝𝑜𝑖𝑠𝑠𝑜𝑛 𝑑𝑎𝑛𝑠 𝑙𝑒 𝑐𝑎𝑠 𝑑𝑢 𝑛𝑜𝑚𝑏𝑟𝑒 𝑑𝑒𝑠 𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠

𝜌(𝑌|�̂�𝛽) ~ 𝐿𝑜𝑖 𝐺𝑎𝑚𝑚𝑎 𝑑𝑎𝑛𝑠 𝑙𝑒 𝑐𝑎𝑠 𝑑𝑢 𝑐𝑜û𝑡 𝑑𝑒𝑠 𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠

𝐿𝑜𝑔( 𝐿(𝑋, 𝑌, 𝛽) ~ 𝐿𝑜𝑔 − 𝑣𝑟𝑎𝑖𝑠𝑒𝑚𝑏𝑙𝑒𝑛𝑐𝑒 

𝛽

 

𝛽

𝑋2

𝑋2 𝛽

𝐻0:  𝛽 𝑖𝑗 = 𝛽 (𝑖+1)𝑗    𝑖 𝜖 𝑋 , 𝑗 𝜖 𝐽 

𝐻1:  𝛽 𝑖𝑗 ≠ 𝛽 (𝑖+1)𝑗    𝑖 𝜖 𝑋 , 𝑗 𝜖 𝐽

𝑋 =  𝐺𝑟𝑜𝑢𝑝𝑒 𝑑𝑒𝑠 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑟𝑑𝑖𝑛𝑎𝑙𝑒𝑠

𝐽 =  𝐺𝑟𝑜𝑢𝑝𝑒 𝑑𝑒 𝑚𝑜𝑑𝑎𝑙𝑖𝑡é𝑠 𝑑𝑒 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑜𝑟𝑑𝑖𝑛𝑎𝑙𝑒 𝑖



𝛼 𝛼

𝛼

𝛼

𝛼

 



 

 

 



 

𝐷 (𝑃𝑜𝑖𝑠𝑠𝑜𝑛) = 2 × (𝑦 × 𝑙𝑛
𝑦

�̂�
 − (𝑦 − �̂�)) 

𝐷 (𝐺𝑎𝑚𝑚𝑎) = 2 × (𝑙𝑛
�̂�

𝑦
 − 

�̂� − 𝑦

�̂�
)

𝑦 �̂�



 

𝑃𝑠𝑒𝑢𝑑𝑜 − 𝑅2 =  1 − 
𝐷𝑒𝑣𝑖𝑎𝑛𝑐𝑒 𝑑𝑢 𝑚𝑜𝑑è𝑙𝑒 é𝑡𝑢𝑑𝑖é

𝐷é𝑣𝑖𝑎𝑛𝑐𝑒 𝑑𝑢 𝑚𝑜𝑑è𝑙𝑒 𝑛𝑢𝑙
 

 

𝑅𝑀𝑆𝐸 =
1

∑ 𝜔𝑖𝑖
× ∑𝜔𝑖

𝑖

× (𝑦𝑖 − �̂�𝑖)
2

𝑦𝑖 �̂�𝑖 𝜔𝑖

 



 

 

• 

• 

• 



  





 

 



• 

• 

• 

  

 









  



 

• 



• 

• 

• 

• 

• 







• 

• 

• 

• 

  



• 

  



 

• 𝑗 𝑖 0 ≤  𝑗 ≤  𝑘𝑖

• 𝑘𝑖 𝑖

• 𝑌𝑖𝑗 𝑗è𝑚𝑒 𝑖

• 

𝑋𝑖 = 𝑌𝑖1 + 𝑌𝑖2+. . . +𝑌𝑖𝑘

• 

𝑁 = 𝑘1 + 𝑘2+. . . +𝑘𝑛

𝑛

𝑌𝑖𝑗 𝐸(𝑌𝑖𝑗) = 𝐸(𝑌) 𝑌𝑖𝑗

𝐸(𝑋) = 𝐸(𝑌) × 𝐸(𝑁)

𝐸(𝑌) =
∑ ∑ 𝑌𝑖𝑗

𝑘
𝑗

𝑛
𝑖

𝐸(𝑁)
 

𝐸(𝑁) =
∑ 𝑘𝑖

𝑛
𝑖

𝑛

𝐸(𝑌) 𝐸(𝑁)



𝑃𝑃 =
𝐸(𝑋)

𝑛
= 𝐸(𝑌)  ×

𝐸(𝑁)

𝑛

𝑃𝑃𝑚 =
1

𝑊𝑚
× ∑𝜔𝑖𝑚 × 𝐸(𝑌𝑖𝑚)𝐺𝐿𝑀 ×

  𝐸(𝑁𝑖𝑚)𝐺𝐿𝑀

𝜔𝑖
𝑖

𝑃𝑃𝑚 =
1

𝑊𝑚
× ∑𝐸(𝑌𝑖𝑚)𝐺𝐿𝑀 × 𝐸(𝑁𝑖𝑚)𝐺𝐿𝑀

𝑖

𝑃𝑃𝑚  = 𝑃𝑟𝑖𝑚𝑒 𝑝𝑢𝑟𝑒 𝑝𝑜𝑢𝑟 𝑙𝑎 𝑚𝑎𝑟𝑞𝑢𝑒/𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑢𝑟 𝑎𝑢𝑡𝑜𝑚𝑜𝑏𝑖𝑙𝑒 𝑚

𝐸(𝑌𝑖𝑚)𝐺𝐿𝑀  =  𝐶𝑜û𝑡 𝑚𝑜𝑦𝑒𝑛 𝑒𝑠𝑡𝑖𝑚é 𝑝𝑎𝑟 𝑙𝑒 𝐺𝐿𝑀 𝑝𝑜𝑢𝑟 𝑙′𝑎𝑠𝑠𝑢𝑟é 𝑖  𝑎𝑦𝑎𝑛𝑡 𝑢𝑛 𝑣𝑒ℎ𝑖𝑐𝑢𝑙𝑒 𝑑𝑒 𝑚𝑎𝑟𝑞𝑢𝑒 𝑚

𝐸(𝑁𝑖𝑚)𝐺𝐿𝑀  =  𝑁𝑜𝑚𝑏𝑟𝑒 𝑑𝑒 𝑠𝑖𝑛𝑖𝑠𝑡𝑟𝑒𝑠 𝑒𝑠𝑡𝑖𝑚é 𝑝𝑎𝑟 𝑙𝑒 𝐺𝐿𝑀 𝑝𝑜𝑢𝑟 𝑙′𝑎𝑠𝑠𝑢𝑟é 𝑖 𝑎𝑦𝑎𝑛𝑡 𝑢𝑛 𝑣𝑒ℎ𝑖𝑐𝑢𝑙𝑒 𝑑𝑒 𝑚𝑎𝑟𝑞𝑢𝑒 𝑚

𝜔𝑖𝑚  =  𝐸𝑥𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑑𝑒 𝑙′𝑎𝑠𝑠𝑢𝑟é 𝑖 𝑎𝑦𝑎𝑛𝑡 𝑢𝑛 𝑣𝑒ℎ𝑖𝑐𝑢𝑙𝑒 𝑑𝑒 𝑚𝑎𝑟𝑞𝑢𝑒 𝑚

𝑊𝑚  =  𝐸𝑥𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑡𝑜𝑡𝑎𝑙 𝑑𝑢 𝑠𝑜𝑢𝑠 − 𝑒𝑛𝑠𝑒𝑚𝑏𝑙𝑒 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑎𝑛𝑡 à 𝑙𝑎 𝑚𝑎𝑟𝑞𝑢𝑒 𝑚
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𝛤(𝑎, 𝑏)  

 

𝑎 𝑏  

 

𝑢1  

 

𝑦

𝑢  

 

 

𝑎 𝑏  

 

𝐸[𝑌|𝑋]  

 

 

𝛽  

𝑋2 𝛽  
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