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Introduce:

1. Parameter estimation

(1)The method of maximum likelihood
(2) The method of least squares 

2.Confidence intervals

3.Confidence level upper limit



Fundamental concepts



Parameter estimation 

(a) consistency, (b) bias, (c)efficiency

(a) An estimator is said to be consistent if the estimate �𝜃𝜃 converges in probability to the 
true value θ as the amount of data increases. This property is so important that it is 
possessed by all commonly used estimators.
(b) The bias, b = E[ �𝜃𝜃] − θ, is the difference between the expectation value of the 
estimator and the true value of the parameter. When b = 0, the estimator is said to be 
unbiased. The bias depends on the chosen metric, i.e., if  �𝜃𝜃 is an unbiased estimator of θ, 
then �𝜃𝜃2 is not in general an unbiased estimator for 𝜃𝜃2.
(c).Efficiency is the ratio of the minimum possible variance for any estimator of θ to the 
variance V [ �𝜃𝜃 ] of the estimator �𝜃𝜃.



The method of maximum likelihood :



The method of least squares :



Frequentist confidence intervals :

Confidence intervals are constructed in order to have a coverage probability greater than or 
equal to a given confidence level, regardless of the true parameter’s value.

confidence intervals are said to have a confidence level (CL) equal to 1 − α.



Gaussian distributed measurements:





The upper α percentage point of  𝜒𝜒2 𝑛𝑛 0 < α < 1 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
the upper α percentage point of Gaussian distributed N(0,1).



In the limit case of subsample capacity n→∞, the likelihood estimation of the parameter 𝜃̂𝜃 obeys 
the Gaussian distribution with the mean value θ and the variance as 𝜎𝜎2, so 

Confidence level upper limit:

𝑟𝑟 = 1 − 𝛼𝛼 =
∫−∞
𝑥𝑥 𝐿𝐿 𝑥𝑥 𝜃𝜃 𝑑𝑑𝜃𝜃

∫−∞
+∞𝐿𝐿 𝑥𝑥 𝜃𝜃 𝑑𝑑𝜃𝜃

If we want get the 95% confidence level upper limit, we can let r=95%, and we can get the value x. The value x is 
our upper limit.

Thank you
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