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• Simple examples 

• Fitting a straight line 

• Assessing fit 

• Correlation and Regression 

• Matrix approach to Least Squares 

• Statistical properties  

• Inferences about theta



Matrix Representation for Linear Least Squares





(36) are the normal equations.



Simple Example: y=bx 





Statistical Properties of LS Estimators

LS Estimators are BLUE, best, linear, unbiased estimates



• BLUE versus MMSE 

• Inferences about the estimates  

• Squared multiple correlation coefficient and 
variance reduction



• Equivalence of ML and LS Estimates for 
Multivariate Normal 

• Weighted LS 

• Numerical Stability 

• NLLS 

• A little bit about optimization
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Total Least Squares and 
Robust Methods

SIO 223A 
Lecture 17



• What if the design matrix in least squares is 
random, as well as the observations?





• Robust methods and iteratively reweighted least 
squares 





Non-Parametric Density 
Function Estimation

SIO 223A 
Lecture 18

Background Reading: Chapter 9 of notes, 
Dekking et al, Chapter 15 
Constable (2000), doi: 10.1016s0031-9201(99)00139-9 













• Non-parametric density estimates  

• Histograms, Naive estimators, Kernel density 
estimates, pros and cons 

• Choosing bandwidth for an estimate 

• Comparing with the sample distribution function 

• Adaptive estimation: nearest neighbors and 
variable kernels 

• Maximum penalized likelihood estimation

Today’s topics



A pdf for polarity interval length



Histograms

Figure 9-1



Figure 9-2

Sample Distribution functions and various estimates of pdf



Estimating Reversal Rate 
as a function of time 
Constable, 2000, PEPI 

Finding the time-varying 
rate for a Poisson process 
- adaptive density 
estimate



Finding the time-varying 
rate for a Poisson process 
- separate adaptive 
density estimate before 
and after the CNS



Putting bounds on the rate estimate using 
the Kolmogorov Smirnov Statistic



Putting Bounds on Reversal Rates, assuming 
monotonic variation of the pdf over 2 intervals 


