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MOTIVATION: WHAT IS ADAPTATION? 

Adaptation endows systems and devices with learning 
abilities. 
 
 
The human being is a fantastic example of an adaptive 
system; a continuous learning experience from 
childhood to adulthood. 
 
 
Broadly, adaptive systems interact with their 
environment; learn from the interaction; and adjust their 
behavior for optimal performance. 
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WHAT IS AN ADAPTIVE FILTER? 

It is generally a digital filter whose coefficients vary in 
time according to certain rules. 

 
Objective: The filter output should track a reference 
signal in a certain optimal  

    manner. 
 
Property: The filter is able to 

    respond to variations in the  
    statistical properties of its 
    signals. 

 

Output tracks reference signal 
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APPLICATION: CHANNEL ESTIMATION 
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APPLICATION: CHANNEL EQUALIZATION 
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RICH HISTORY 

Early results can be traced back to the 1950s; maybe 
1940s with the contributions of Kolmogorov, Wiener, 
Krein, and Levinson in related areas: 

 
Plackett (1950): “modern” RLS or recursive least-squares. 
Robbins and Monroe (1951): Stochastic approximation. 
Widrow and Hoff (1960): LMS filter. 
Kalman (1960):  Kalman filter. 

 
 

Gauss (1795, at the age of 18) was the 

    forerunner in formulating the powerful least 

    squares criterion and its recursive version. 
Carl F. Gauss 
(1777-1855) 

http://en.wikipedia.org/wiki/Image:Carl_Friedrich_Gauss.jpg
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Interest in communications, bioengineering & 
information technologies have motivated heightened 
research on adaptive systems in order to: 
Understand their limits of performance. 
Develop variants that meet more stringent  
    specifications. 
 

Applications: 
Wireless networks. 
Wireless communications. 
Wearable computing. 
Biometrics. 
Voice over IP. 
DSL. 
Home phone networking. 
HDTV. NOMAD wearable system 

HRL wearable system 
Lokomat ETH 

E911 eLocate UCLA 

WLAN 

CDMA 

GPS 

MODERN TECHNOLOGIES 
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LECTURE #01 

SCALAR AND REAL-VALUED  
MEAN-SQUARE ERROR ESTIMATION 
 
Sections in order: A.1, 1.1, A.2, 1.2, 1.3 
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RANDOM VARIABLES 
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 GAUSSIAN DISTRIBUTION 
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 GAUSSIAN DISTRIBUTION 
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 RAYLEIGH DISTRIBUTION 

Lord Rayleigh  
  (1842-1919) 
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 RAYLEIGH DISTRIBUTION 
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 CHEBYSHEV’S INEQUALITY 
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 CHEBYSHEV’S INEQUALITY 

P. L. Chebyshev 
  (1821-1894) 

http://images.google.com/imgres?imgurl=http://www.swlearning.com/quant/kohler/stat/biographical_sketches/Chebyshev_4.jpeg&imgrefurl=http://www.swlearning.com/quant/kohler/stat/biographical_sketches/bio7.1.html&h=326&w=240&sz=13&hl=en&start=1&um=1&tbnid=LPbomlYWPcCuuM:&tbnh=118&tbnw=87&prev=/images?q%3DChebyshev%26svnum%3D10%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7SNYI
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 ZERO-VARIANCE RANDOM VARIABLE 
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INITIAL ESTIMATION PROBLEM 
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MEAN-SQUARE ERROR 
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ARGUMENT 

A. Kolmogorov 
  (1903-1987) 

N. Wiener 
(1894-1964) 

http://images.google.com/imgres?imgurl=http://www.mipt.vcu.edu/img/Kolmogorov_2.jpg&imgrefurl=http://www.mipt.vcu.edu/mipt2.html&h=244&w=204&sz=9&hl=en&start=14&tbnid=M889Ckr8YnInSM:&tbnh=110&tbnw=92&prev=/images?q%3DKOLMOGOROV%26gbv%3D2%26svnum%3D10%26hl%3Den
http://en.wikipedia.org/wiki/Image:Norbert_Wiener_3.JPG
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WHY MSE? 
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MMSE PERFORMANCE 
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INTUITION 
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EXAMPLE 
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DEPENDENT OBSERVATIONS 
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MSE CRITERION 
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DEPENDENCY & CORRELATEDNESS 
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INDEPENDENT RANDOM VARIABLES 
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OPTIMAL MSE ESTIMATOR 
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ARGUMENT 
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ARGUMENT 



              EE210A: ADAPTATION AND LEARNING (A. H. SAYED) ELECTRICAL ENGINEERING DEPARTMENT 41 

ARGUMENT AND INTUITION 
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EXAMPLE 
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EXAMPLE 
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EXAMPLE 
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EXAMPLE 
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EXAMPLE 
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EXAMPLE 
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ORTHOGONALITY PRINCIPLE 
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ORTHOGONALITY PRINCIPLE 
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OROTHOGONALITY PRINCIPLE 
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ARGUMENT 
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