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ERROR CORRECTING OUTPUT CODES

A general framework for solving multiclass categorization problems.

Ensemble strategy based on the reduction of the multi-class problem 
in different sets of binary problems.

How are the sets defined? How are the classifiers combined?
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It is a label perturbation technique that works in the 
following way:

Coding step: How many base classifiers? Which 
ones? Strategy to decompose a multiclass problem intoones? Strategy to decompose a multiclass problem into 
complementary two “super-class” problems (a “super-
class” a set of the original classes).class  a set of the original classes). 

Decoding step: How do we decide the class of a g p
new sample from the results of base classifiers? We 
expect that the decoding will be robust to error from 
l i l ith f t d t i i llearning algorithm, features and training samples. 
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Example Classifier 1 Classifier 2 Classifier 3

C1= sports
C2=business

1
-1

1
1

1
-1

C3=politics
C4=arts

1
-1

-1
1

-1
1

coding matrix

code for class C4

Given a test sample we obtain a code according to the output
of each classifier and find the “closest” code. X=[-1 1 1]
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Standard strategies

Decoding1 versus All 1 versus 1: “All pairs”
Ternary codesCoding

Hamming distance

Euclidean distance
1  -1  -1

Code length: Nc
1 versus 1: All pairs

1   1   0

Code length: Nc (Nc-1)/2One-vs-one

One-vs-all

Dense Random -1   1  -1
-1  -1   1

-1   0   1
0  -1  -1

Dense Random

Sparse Random

Random Dense ECOC
Code length: 10 log Nc

Random Sparse ECOC
Code length: 15 log Nc

1  -1   1
-1   1  -1
1 -1 -1

1   0  -1
-1   1   0
0 -1 11  1  1 0  1   1
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Many real problems involve a great number of classes. 
Motivation

•one-versus-all is the dominant strategy (e.g. shared boosting).

Question: how can we increase the technique performance 
while keeping the codeword length small?
Answer: problem dependent codification (the codeword length
depends on the ensemble performance instead of being pre-fixed)
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D i i t di i iti l di

OPTIMAL NODE EMBEDDING

• Designing or extending any initial coding

• Problem-dependend coding to select the relevant classification   
b d iboundaries

• Allow to concentrate on dificult classes

• Validation subset guides the process to best generalization and 
avoid overfitting

• Weigth the dichotomies by they importance

• Fast convergence and performance• Fast convergence and performance
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(Finding a new dichotomy)Coding
training validation

• Find the empirical error on the training and validation subsetsStep 1coding
matrix

training validation

• Select the pair of classes with highest error analyzing the joint 
confusion matrix (train and validation).Step 2

• Complete the sets of classes minimizing the joint error

{C2,…} vs {C3,…}

St 3 p g j
(Sequential Forward Floating Search)

Step 3

dichotomy
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Coding
dichotomy {C2} vs {C3, C1}
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• Embed the new dichotomy in the matrixEmbedding
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• Update the dichotomy importance (weight)Weighting
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Toy problem
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  
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iiii wyxyd 2||Ternary decoding improvement 
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CONCLUSIONS

• Problem-dependent designingp g g

• Compact codeword

• Competitive results with extra few costCompetitive results with extra few cost

• Ternary decoding improvement

Open issues:

St ti ti l l i t i t d di t t iStatistical analysis to improve ternary decoding strategies
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