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Hierarchical document 
classification

Multi-class classification
Flat => hierarchical

Relations among classes
(c.f. relations among class 
components)
For better learning
For better measure of 

performance
Training data for one 
category might be small
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The ingredients

A way to incorporate (hierarchical) 
proximity relation among classes
General loss function
SVM 



Review : plain multi-class SVM
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Review : plain multi-class SVM

Soft-margin multi-class SVM :
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Hierarchical discriminant function
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Hierarchical multi-class SVM
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Hierarchical discriminant function
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Hierarchical Loss Function

Meaningful loss function
Δ(y,y’) : shortest path between y, y’
In the context of document filtering system
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Loss function 
in a document filtering system
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Hierarchical Cost-sensitive SVM
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Hierarchical Cost-sensitive SVM
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Efficient optimization: 
variable selection strategy

Starting from a feasible solution, keep 
increasing the constraints from the most 
violated



Optimization Algorithm



Experimental Setup

Synthetic Data
WIPO-alpha collection (patent collection 
with taxonomy)

Loss : hierarchical distance loss
Kernel : linear kernel



Evaluation metric

Accuracy :

Precision :

Taxonomy-based 
Loss :

Parent Accuracy :
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Evaluation metric : precision
);,( 5 wx yF

);,( 3 wx yF

);,( 2 wx yF

);,( 4 wx yF

);,( 1 wx yF

Precision = 1/3



Experiment : Synthetic data

Data generation :
Random weight vector for each node
Category weight vector :

Sum of all weight vectors along the path
Data points :

Randomly generated
Assigned to the category with highest score only if 
(highest score – second score > threshold)



Experiment : synthetic data



Experiment : 
WIPO-alpha collection

Patent collection with taxonomy
features from the title and claim contents



Experiment : WIPO

Fewer training data



Related work
Large-margin approach

I.Tsochantaridis et al.,
Large-margin over joint feature map, slack rescaling, cutting plane 
algorithm

Hierarchical document classification
D.Koller et al.. 1997 

Classification => multiple classifications according to hierarchy
Fewer features => better learning

A.McCallum et al., 1998
Shrinkage : smoothing to overcome data sparseness

S.Dumais et al., 2000
Applying SVM to decomposed classifications



Conclusion

SVM for hierarchical document 
classification

Framework to incorporate hierarchical 
relationship among classes
Framework with general loss function 

an example of a meaningful loss function
Effective in sparse data


