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How to evaluate estimators of
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If E is unbiased what is the best estimator

should have the smallest possible
variance to be the best estimator
in the MSE sense

MVUE minimum variance unbiased estimator
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Cramer Rao Lower Bound
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An estimator is efficient if it achieves or attains

the CRIB
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is efficient

The MLE is asymptotically efficient
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Existence of an Efficient Estimator Fes

You can deduce if an efficient estimator exists if

we can find an estimator sit

Cauchy Schwartz
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For our choices of Y and Z in the proof of

the CRLB it can be shown that the bound is

equal if and only if

so alot gain 0

alt and g x are any
functions It turns out

g Xin is the MVUE and is efficient

CRIB for Signals with White Gaussian Noise

Suppose we have the following probabilistic model
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52 directly compute

YES T tie
for any Si



Proof

Plan a If exp 19

H joint
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Example Sinusoidal Frequency Estimation pg36 Kay

Suppose we have
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and therefore
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Transformation of Parameters CRIB

Invarianceproperty ofMLE is the MLE of
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then I ICE is the
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Natural questions
Is efficiency preserved under a

transformation of estimators
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What is the CRIB for a transfned

parameter
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If T is an invertible function we can

write the bound in terms of α but if not we

cannot

Example Unknown Constant Signal in Noise
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Find the MLE of µ and show it is efficient
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This can shown in general to not attain

the CRIB for α



CRIB for Multiple Unknown Parametus Vector Case

In reality we usually have more than one

unknown parameter
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The covariance matrix
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The CRIB for the vector parameter case establishes

The following
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The Fisher information matrix I G is a matrix
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we can arrive at CRLB for the individual
parameters



Example Gaussian MLE with unknown µ and
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If we solve the MLE we have
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Does it make sense to find the CRIB for
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unbiased MSE G MSE E

2 biased

which estimator has lower variance
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Back to the question
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Does the sample variance attain the CRLB
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Five questions

you can bring a single sheet of paper for a cheat

sheet
must be handwritten

can yse front andback



Random samples and their properties

True False If an estimator converges

0 then it converges 0

E

Almost sure convergence implies convergence in

probability but the converse is not true

ᵈ
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f and f a

where a is a constant Then

I Ota

By Slutsky's theorem the statement is true



Continuous mapping theorem
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If r is a continuous function then yes
The

range ofvalues

Ian take

TIFalse If two random variables X
and X2 have different MGFs the their
distributions are different
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There will be 5 true and false questions

Method of Moments

is a MOME estimator then
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Theoretical moment

does not depend on

value of 0 In that
case we can use the X 0
second moment
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Find the MOME of A
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In the case of an iid random sample

IE X E XD i

MOME does not exist Not an i id random
sample The Xts do not have the same mean

Because the mean of IE Xe changes with
time we can't compute the MoME
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We will assume is known
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Suppose we have a Beta
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Find the MOME of α and β
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Optimization and Emt In nottell
NW a uniquemaximum for

a likelihood

GMM Lecture
function

Missing data in ARCI HW

MLE

Example Suppose I have i i d random sample



Xi P Xi o

where Plxi O is a discrete distribution of

the form

P X 01 P what distributor

Bernoulli RV
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p
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