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    a)  
   

                                  b)  
  

    c)  
 

Assumptions (can be relaxed): 
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Example: conditions are satisfied by quadratic or logistic risks. 
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Stability of Error Moments 

           Lemma 3.1: For small-enough step-sizes, it holds that  
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Long-Term Error Dynamics 

Lemma 4.3: For small-enough step-sizes, the error dynamics in 
steady-state is well-approximated by the long-term model: 
 
 

Specifically, it holds that: 
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for some positive constant       .  
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(simplification) 
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Therefore, as           , the quantity                 approaches a limit. 

Once multiplied by   , this limit assesses              to first-order in    : 
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Stochastic Gradient Algorithm 

Gradient Noise 
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Lemma 4.3: For small-enough step-sizes, the error dynamics in 
steady-state is well-approximated by the long-term model: 
 
 

Specifically, it holds that: 
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Recall #5: Size of Approx. Error 
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Performance Metrics 

Theorem 4.7: For small-enough step-sizes: 

The rate at which               approaches its steady-state region is 
approximated to first-order in     by:   
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