
This bound was used in (Bouchard 2007) 

 

 

 

Advantages 

1. Bound is parallelizable across the classes 

2. The Bound is differentiable and Convex. 

 

Disadvantage 

Bound is too loose (experimental evidence) 
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Regularized Multinomial Logistic Regression 

Regularized Multinomial Logistic regression (RMLR) is widely 

used tool to model probability of occurrence of one among many 

discrete outcomes (classes). 

 

How do we train RMLR models when the number of classes is 

large ? How do we parallelize the training procedure when 

multiple computing nodes are available ? 

RMLR is trained by optimizing the log-likelihood, 

 

 

 

The problematic term is the log-sum-exp (LSE) function.   

1. Can we replace LSE with a more parallelizable function ? 

2. This function should also upper-bound LSE 

3. The upper-bound should not make the optimization harder 

Experimental Comparisons 

Convex Functions can be approximated by piece-wise linear 

functions to any arbitrary precision. 

 

 

Disadvantages  

1. The bound is discontinuous (we need to use slower derivate free 

methods to optimize variational parameters). 

2. The number of variational parameters grows with K. 

3. The objective is still not parallelizable across classes. 

Advantages 

1. Parallelizable across the classes. 

2. Variational parameters have simple closed form updates. 

3. The objective is differentiable 

 

Disadvantage 

The bound is non-convex due to product of linear and exponential 

function.  

 

Despite the non-convexity, we can show 

1. There is exactly one optimal solution for OPT2. 

2. The optimal coincides with the optimal of OPT1. 

3. A block coordinate descent which converges to the optimal 

solution of OPT2 (and OPT1) 

 

 

Maximum Likelihood Estimation 

2. Double Majorization 

1. Piece-wise Bound 

3. Log-concavity Bound 

A relatively famous bound using the concavity of the log function,  

 

 Dataset  #Training  #Features  #Classes  #parameters 

 NEWS-20 11,269 53,975 20 1,079,500 

LSHTC-small 4,463 51,033 1,139 27,760,279 

LSHTC-large 93,805 347,256 12,294 4,269,165,264 


