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Learning Outcomes

e Maximum Likelihood Estimators

e Properties



Background Information



Estimators

An estimator is an operation computing the value of an
estimate, that targets the parameter, using measurements
from a sample. Y = (%, MB
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Data
iid

Let X, ...,X,, ~ F(@)where F(-)is a known distribution
function and @ is a vector of parameters. Let
X =(Xy,...,X,)", bethe sample collected.



MLE Properties



Unbiased Estimators

Let Xy, ..., X}, be arandom sample from a distribution with
parameter 6. Let 0 be an estimator for a parameter 6. Then @ is
an unbiased estimator if E(6) = 6. Otherwise, @ is considered
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Consistent Estimators

Let Xy, ..., X}, be arandom sample from a distribution with

parameter 6. The estimator 0is a consistent estimator of the @
if

1.E{(§—9)2} — Qasn - o
2.P(|9—(9| >¢€) > 0asn — ooforeverye > 0



Invariance Property

If @ is an ML estimator of 6, then for any one-to-one function g,
the ML estimator for g(0) is g(6).



Large Sample Theory

Let X1, ..., X, bea r@dan(‘l\sg_nlgle from a distribution with
parameter 0. Let @ be the MLE estimator for a parameter 6. As

n — 0o, then 0 has a normal distribution with mean @ and
variance 1/nl(6), where
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Example



Exponential Distribution

Let X1, ..., X, < Exp(A). Find the sampling distribution of

the MLE of A CU)’ VK
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Poisson Distribution

Let X1, ..., X, < Pois(A), Find the sampling dlstrlbutlon of

the MLE. b= X
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.
Let Xy, ..., X, ~ N(u, 02).Ar/e\the MLE’s of i and ¢

—

Normal Distribution . o f/
unbiased? /(ji ;( g - /}L%&Q“X)l
[ =]

s sy A X ZX
= L E(F0r 2 ) zx
4 (= V2

: nx _ -



:L6/{ZX'1 —OZ)?,M?%m;Z) >< A///(M fzj
LT e K W g)

B /Y
:7[? £(x) ’”Wﬁ 067

1/&2[»()5 EC) -et)°












