
Proc. IEEE, vol. 102, no. 4, pp. 460-497, April 2014. 
Foundations and Trends in Machine Learning, vol. 7, no. 4-5, pp. 311-801, July 2014.  

Course EE210B 
Spring Quarter 2015 

1 

Professor Ali H. Sayed 
UCLA Electrical Engineering 
 

INFERENCE  OVER 
NETWORKS 

LECTURE #10: Stochastic Optimization by 
Single Agents 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   2 

Reference 

Chapter 3 (Stochastic Optimization by Single Agents, pp. 338-367): 
 

A. H. Sayed, ``Adaptation, learning, and optimization over 
networks,'' Foundations and Trends in Machine Learning, vol. 7,  
issue 4-5, pp. 311-801, NOW Publishers, 2014. 

 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   

Setting 
3 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   

Setting 
4 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   

Stochastic Gradient Algorithms 

SGAs: among most successful iterative techniques for  
adaptation and learning: 

 
      “Learning”: ability to extract information about some unknown  
       parameter from data. 
 
      “Adaptation” : ability to track drifts in the parameter.  
 
       Continuous learning and adaptation from “streaming data.” 
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Summary of Conditions 
 
 

     

    a)  
   

                                  b)  
  

    c)  
 

Assumptions (can be relaxed): 
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Example: conditions are satisfied by quadratic or logistic risks. 
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Gradient Descent 
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Traditional gradient-descent algorithm: 

Lemma 2.1: For small-enough step-sizes, the error  

converges exponentially as                               ,  
where                                .   
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Recall #1: Geometric Convergence 
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Stochastic Gradient Algorithms 
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Recall#2: Big and Little-O Notation 
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Gradient Noise Process 

Gradient noise prevents       from converging to     . 
 
      will instead fluctuate around        in steady-state.  
 
We will verify that the Mean-Square-Deviation (MSD) is          . 
 
SGA converges towards its steady-state MSD level geometrically.  
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(Logistic Regression) 
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Example #A 
37 

        : collection of all possible random events generated 
by past iterates          up to time 
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Example #B 

Quadratic Risks: 

Logistic Risks: 
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Limit Superior 

 Limit superior: smallest 
upper bound for the 
limiting behavior of the 
sequence. 
 

 Concept is useful when 
sequences are not 
convergent but tend 
towards bounded regions.  
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Stability of Error Moments 

           Lemma 3.1: For small-enough step-sizes, it holds that  
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Exponential Decay 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   59 

Limit Superior 



Proc. IEEE, vol. 102, no. 4, pp. 460-497, April 2014. 
Foundations and Trends in Machine Learning, vol. 7, no. 4-5, pp. 311-801, July 2014.  

Course EE210B 
Spring Quarter 2015 

Fourth-Order  
Stability Analysis 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   61 

Fourth-Order Moment 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   62 

Fourth-Order Moment 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   63 

Conditions on Gradient Noise 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   64 

Conditions on Gradient Noise 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   65 

Conditions on Gradient Noise 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   66 

Conditions on Gradient Noise 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   67 

Conditions on Gradient Noise 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   68 

Conditions on Gradient Noise 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   

Example #3.4 
69 



Lecture #10: Stochastic Optimization by Single Agents                                                       EE210B: Inference over Networks (A. H. Sayed)   

Example #3.4 
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Example #C 

Quadratic Risks: 

Logistic Risks: 
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