
CONVERGENCE RATES 
FOR OPTIMIZATION 
ALGORITHMS

SOURANGSHU BHATTACHARYA

CSE, IIT KHARAGPUR

WEB: HTTPS://CSE.IITKGP.AC.IN/~SOURANGSHU/ 

EMAIL: SOURANGSHU@CSE.IITKGP.AC.IN 

https://cse.iitkgp.ac.in/~sourangshu/
mailto:Sourangshu@cse.iitkgp.ac.in


CONVERGENCE RATES



CONVERGENCE RATE AND 
ASSUMPTIONS

A sequence {𝑥𝑘} is said to converge at the rate 𝛾!, if:



GRADIENT DESCENT CONVERGENCE



L-SMOOTH OBJECTIVE FUNCTION

∇𝐹 𝑤 − ∇𝐹 )𝑤 ≤ 𝐿| 𝑤 − )𝑤 |

Proof of inequality:



C-STRONG CONVEXITY

𝐹 𝑤 ≥ 𝐹 𝑤! + ∇𝐹 𝑤! " 𝑤 − 𝑤! +
𝑐
2

𝑤 − 𝑤!
#

Minimizing the RHS w.r.t. w:

 )𝑤 = 𝑤! −
$
%
∇𝐹(𝑤!)

Lower bound on RHS:       𝐹 𝑤! − $
#%

∇𝐹 𝑤!
#

 

Putting back in the first equation:

𝑐 𝐹 𝑤! − 𝐹 𝑤 ≤ 	1/2	 ∇𝐹 𝑤!
#
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SGD ANALYSIS

• Proof of theorem:



SGD ANALYSIS



SGD ANALYSIS



LINEAR RATE METHODS



IMPROVING SGD

Slides taken from Jorge Nocedal



STOCHASTIC AVERAGED 
GRADIENT

Slides taken from Mark Schmidt



SAG CONVERGENCE RATE



SAG CONVERGENCE RATE



SAG IMPLEMENTATION



SAG IMPLEMENTATION





STOCHASTIC VARIANCE REDUCED 
GD
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