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Given     training examples                               , the 
margin of instance         is formulated as               . 

classification 
boundary
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Boosting

[Schapire et al., 
ASJ’98]

[Breiman, 
NCJ’98]

[Reyzin&Schapire,
ICML’06]

[Gao&Zhou,
AIJ’13]

SVM
Adaboost doesn’t 
overfit since it tends 
to enlarge the margin                    

Arc-gv optimize the 
minimum margin with 
a poor performance

margin distribution
rather than minimum 
margin is more crucial

both the margin mean
and margin variance
are important

[Cortes&Vapnik,
ML’95]

SVMs optimize the 
minimum margin

optimize the weighted 
combination of margins

directly optimize the 
margin distribution

[Garg&Roth, 
ICML 2003

Pelckmans et al, 
NIPS 2007

Aiolli et al, ICANN 
2008]
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Try to maximize the minimum margin

SVM

minimum margin        

SVM ignores the whole margin distribution! 

classification 
boundary
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• MDO [Garg&Roth, ICML 2003]

SVMs beyond minimum 
margin maximization

Optimize the weighted margin combination, however, the 
setting of weights is heuristic, and the objective function is 
non-convex.

• MAMC [Pelckmans et al, NIPS 2007]

Optimize the average margin. It suffers from unequal class 
size.

• KM-OMD [Aiolli et al, ICANN 2008]

Optimize the weighted margin combination. It considers hard-
margin only. 

All the methods consider the margin mean but ignore 
the influence of margin variance. However, margin 
mean can not characterize the margin distribution well!
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Inspired by [Gao&Zhou, AIJ’13], the mean and the 
variance of the margin are important.

Basic Idea

Margin mean:

Margin variance:
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margin mean

margin variance

Large margin mean and small margin  
variance will make all the instances 
far from the classification boundary! 

classification 
boundary
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Idea: maximize the margin mean and minimize the margin
variance simultaneously.

margin varianceFormulation:

LDM: Large margin Distribution Machine

The LDM Method

margin mean
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With representer theorem, the dual of LDM is

The LDM Method (cont.)

• convex quadratic programming
• decoupled box constraint

It can be solved by the coordinate descent method efficiently 
since a closed-form solution can be achieved in each iteration.
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For large scale problems, we can solve the prime LDM 
directly by average stochastic gradient descent (ASGD). 

Large Scale Kernel LDM

Key idea of ASGD: utilize unbiased estimation of the gradient

the unbiased estimation of the gradient of the objective function
can be obtained by sampling two examples randomly in each 
iteration.
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Based on leave-one-out cross-validation estimate, we can 
derive a bound on the expectation of error for LDM.

Theoretical Analysis

Observation
• A similar bound also holds for SVM [Vapnik, 1995], and the only 

difference is that                         . 
• encodes the information of the margin distribution with the 

result that the value of     for LDM is much smaller than SVM.
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20 regular scale data sets and 12 large scale data sets  

The size of data set ranges from 106 to more than 
8,000,000, and the dimensionality ranges from 2 to 
more than 20,000,000, covering a broad range of 
properties.
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Compared methods:

LDM, MDO, MAMC, KM-OMD, SVM

Evaluation:
30 times hold-out tests, 1/2 training, 1/2 testing

Parameters:
selected by 5-fold cross validation
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Accuracy on twenty regular scale data sets with linear kernel 

w/t/l counts: after t-
tests (95% SI)

bold: best

: significantly 
better/worse than 
SVM

LDM achieves the 
best accuracy on 
13 data sets

LDM outperforms SVM, MDO, MAMC and KM-OMD for 12, 9 ,17, 10 times respectively
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Accuracy on twenty regular scale data sets with RBF kernel 

w/t/l counts: after t-
tests (95% SI)

bold: best

: significantly 
better/worse than 
SVM

LDM achieves the 
best accuracy on 
15 data sets

LDM outperforms SVM, MAMC and KM-OMD for 10, 18, 15 times respectively
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Accuracy on twelve large scale data sets with linear kernel 
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Accuracy on twelve large scale data sets with linear kernel 

w/t/l counts: after t-
tests (95% SI)

bold: best

: significantly 
better/worse than 
SVM
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Accuracy on twelve large scale data sets with linear kernel 

w/t/l counts: after t-
tests (95% SI)

bold: best

: significantly 
better/worse than 
SVM

LDM achieves the best 
accuracy on 8 data sets
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Accuracy on twelve large scale data sets with linear kernel 

w/t/l counts: after t-
tests (95% SI)

bold: best

: significantly 
better/worse than 
SVM

LDM achieves the best 
accuracy on 8 data setsLDM outperforms SVM, MDO and MAMC 

for 6, 7, 12 times respectively
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Accuracy on twelve large scale data sets with linear kernel 

w/t/l counts: after t-
tests (95% SI)

bold: best

: significantly 
better/worse than 
SVM

LDM achieves the best 
accuracy on 8 data setsLDM outperforms SVM, MDO and MAMC 

for 6, 7, 12 times respectively

LDM is significantly better than the other methods
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Cumulative frequency (y-axis) with respect to margin (x-axis) of SVM and LDM

minimum margin

SVM

LDM

The curve generally lies on the right 
has better margin distribution!
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Cumulative frequency (y-axis) with respect to margin (x-axis) of SVM and LDM

minimum margin

SVM

LDM

The curve generally lies on the right 
has better margin distribution!

LDM usually has a little bit smaller minimum 
margin than SVM, whereas for most examples, 
LDM can produce a larger margin than SVM.
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The time cost of LDM and SVM on the twelve large 
scale data sets

• SVM𝑙𝑙: SVM implemented by the LIBLINEAR package
• SVM𝑎𝑎: SVM implemented by ASGD
• LDM: LDM implemented by ASGD
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The time cost of LDM and SVM on the twelve large 
scale data sets

• SVM𝑙𝑙: SVM implemented by the LIBLINEAR package
• SVM𝑎𝑎: SVM implemented by ASGD
• LDM: LDM implemented by ASGD

LDM is slightly slower than SVM𝑎𝑎 on 
3 data sets but competitive with 
SVM𝑎𝑎 on the other 9 data sets
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The time cost of LDM and SVM on the twelve large 
scale data sets

• SVM𝑙𝑙: SVM implemented by the LIBLINEAR package
• SVM𝑎𝑎: SVM implemented by ASGD
• LDM: LDM implemented by ASGD

LDM is also computationally efficient.

LDM is slightly slower than SVM𝑎𝑎 on 
3 data sets but competitive with 
SVM𝑎𝑎 on the other 9 data sets
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LDM has three parameters: 𝜆𝜆1, 𝜆𝜆2 and C

• Vary one parameter and fix the other two as the value suggested by cross 
validation. 

• 𝜆𝜆1 and 𝜆𝜆2 take value of {2−8, ……, 2−2}, C takes value of {10, 50, 100}
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LDM has three parameters: 𝜆𝜆1, 𝜆𝜆2 and C

• Vary one parameter and fix the other two as the value suggested by cross 
validation. 

• 𝜆𝜆1 and 𝜆𝜆2 take value of {2−8, ……, 2−2}, C takes value of {10, 50, 100}

LDM is not very sensitive to the setting of the parameters
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Main contribution:
 The first study on directly optimizing margin 

distribution for SVM
 We show that directly optimizing the margin distribution

for SVM is beneficial.

 We propose an effective method LDM that optimizes
margin distribution. (The code package for LDM method
http://lamda.nju.edu.cn/code_LDM.ashx )

Future work:
 To generalize LDM to other learning settings

 . . .

Conclusion

http://lamda.nju.edu.cn/code_LDM.ashx
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Main contribution:
 The first study on directly optimizing margin 

distribution for SVM
 We show that directly optimizing the margin distribution

for SVM is beneficial.

 We propose an effective method LDM that optimizes
margin distribution. (The code package for LDM method
http://lamda.nju.edu.cn/code_LDM.ashx )

Future work:
 To generalize LDM to other learning settings

 . . . Thanks!

Conclusion

http://lamda.nju.edu.cn/code_LDM.ashx
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