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Research Motivation
• A huge number of documents have been 

stored in the Web. 
• One might want to find unique documents; 

– unusual combinations of words:
• ice cream made of salt, …

– very specific description of some topics: 
• a complete survey of ice cream types, …

• The uniqueness (anomaly) in this talk is 
defined by unusual usage of words in a 
document compared with the other ones. 



Overview
• A tool for detecting unique documents via 

visualization

Visualization ResultGiven Documents

Sumo Baseball Rugby

Soccer Wrestling

Sumo

Baseball

Rugby

Soccer

Wrestling

Unique ones



Proposing Framework & Method

• A new framework for detecting unique 
documents via visualization

• A new method for efficiently visualizing 
document categorization structures

• Procedure:
1. Constructing a document categorization model
2. Estimating posterior probabilities
3. Visualizing documents in a low dim. space



Document Representation

• Naïve Bayes topic model:

– Word frequency vector: 

– Vocabulary set:

– Topic:
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Parameter Estimation
• MAP objective function:

• Optimally estimated value:

• Hyper parameters can be efficiently 
estimated by using LOO (Leave-One-Out) 
cross-validation
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Posterior Estimation

• ME (Maximum Entropy) estimation:

• Posterior:

• Feature:
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Augmented Posterior Vector

• Random variable X:

• Central Limit Theorem:

• A new feature for uniqueness detection:
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Basic Idea of Visualization
• Transformation of distribution by focusing 

on posterior probabilities
– from mixtures of high (V-) dimensional Multinomials
– to mixtures of low (2- or 3-) dimensional Gaussians
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Posterior Probabilities

• Multinomial mixture:

• Gaussian mixture:
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Visualization Method

• Minimization KL-divergence

• Coordinate descent approach:
– Optimize        while fixing 
– Optimize        while fixing
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Evaluation using Web Data



A Visualization result

Business

Computers

Recreation

Health
Area

Sports

Home

Science

Society

News

Online Shopping

Arts

Reference

Unique

• Related topics were nearly placed (Business & 
Online Shopping, Sports & Health, …)



Unique Documents
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• A new cluster for unique documents appeared, 
which is placed near news, online shopping, and 
society. 



Demonstration
• A tool for intuitively understanding and easily 

picking up unique documents.



Linear methods (MDS, ＰＣＡ, …)
• embed documents into a low dimensional space, so 

as to preserve pair-wise document similarities;
• are limited to extract a linear structure; 
• cannot use category information of documents. 



Linear Methods (2) 
• can be used to preserve pair-wise 

similarities of posterior probabilities;
• are limited to extract a linear structure; 
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Class Preserving Projection
• Fisher’s linear Discriminant

– Can use class information
– Maximizes between-class scatters
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Class Preserving Projection (2)
• Placed documents within the same class nearly;
• But many documents overlapped



Nonlinear Methods
including Isomap, ＳＮE（Stochastic Neighbor 

Embedding), Spring method, and so on
• cannot use category information;
• usually require a huge computational time.

• SNE

• Proposed
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Summary
• We proposed a new framework for detecting 

unique documents via visualization. 
– representing each document as a posterior probability 

vector augmented with a score to detect its 
unusualness. 

– constructing a map of documents by embedding their 
vectors into 2- or 3-dimensional space, so as to 
preserve their probabilistic structures. 

• Our experiments using real Web data showed 
– Our approach can be implemented as a promising tool 

• intuitively understanding categorization structures, 
• easily picking up unique documents. 



Future Plans

• Evaluation using a wider range of 
documents and probabilistic models;

• TDT (Topic Detection and Tracking) from 
time series data of documents;

• Prediction of topic outbreaks
• …
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