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1.3 Model estimation: Background: 

Let 
(ࢼ)࢒ = ,࢟)ࢌ]ࢍ࢕࢒ ,ࣂ ࣘ)] = ,࢟]ࢌ}ࢍ࢕࢒ ,(ࢼ࢞)ࢎ ࣘ]}, 

where ࣂ =  Let .(ࢼ࢞)ࢎ
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Intuition: 
If ࢼ෡૚×૚ is the maximum likelihood estimate (MLE), then 

෡൯ࢼ൫ࢁ = ૙. 
Further, by mean value theorem,  

(૙ࢼ)ࢁ− = ෡൯ࢼ൫ࢁ − (૙ࢼ)ࢁ =
(∗ࢼ)ࢁࣔ

ࢼࣔ
൫ࢼ෡ − ૙൯ࢼ = ෡ࢼ൫(∗ࢼ)࡭− −  ,૙൯ࢼ

where ࢼ∗ ∈ ,૙ࢼൣ  ,෡൧. Thusࢼ
෡ࢼ − ૙ࢼ =  (૙ࢼ)ࢁ(∗ࢼ)૚ି࡭

 ⟺ ෡ࢼ = ૙ࢼ +      .(૙ࢼ)ࢁ(∗ࢼ)૚ି࡭
Motivated by the last equation, two algorithms can be used to obtain the maximum 
likelihood estimate ࢼ.෡   
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 be the maximum likelihood estimate at the 

࢚ − ࢚) and ࢎ࢚ + ૚)࢚ࢎ iterations, respectively. 
 
1. Newton-Raphson method:  

෡࢚ା૚ࢼ = ෡࢚ࢼ + ,෡࢚൯ࢼ൫ࢁ෡࢚൯ࢼ૚൫ି࡭ ࢚ = ૙, ૚, ૛, ⋯ 
or 

෡࢚ା૚ࢼ෡࢚൯ࢼ൫࡭ = ෡࢚ࢼ෡࢚൯ࢼ൫࡭ + ,෡࢚൯ࢼ൫ࢁ ࢚ = ૙, ૚, ૛, ⋯ 
 
2. Fisher’s scoring method: 
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The converge criteria are: 
1. ฮࢼ෡ࡺା૚ − ฮࡺ෡ࢼ <  .૚ is some pre-specified small numberࢿ ,૚ࢿ
૛. ฮࢁ൫ࢼ෡ࡺ൯ฮ <  .૛ is some pre-specified small numberࢿ ,૛ࢿ
 
Note: 
 .is called the information matrix(ࢼ)ࡵ is called the score function while (ࢼ)ࢁ
 


