Symposium on Machine Learning for anomaly Detection
Cordura Hall, Stanford University

Detecting Unigue Documents
via Visualization

May 22, 2004

Nippon Telephone and Telegraph Corporation
NTT Communication Science Laboratories

T. lwata, K. Saito, and N. Ueda




Research Motivation

* A huge number of documents have been
stored in the Web.

* One might want to find unique documents;

— unusual combinations of words:
e |[ce cream made of salt, ...

— very specific description of some topics:
e 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

Given Documents Visualization Result
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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 probabillities
3. Visualizing documents in a low dim. space



Document Representation

 Nalve Bayes topic model:
p(x\k)ocl‘[eg, 6, >0, Zeki =1,

— Word frequency vector: X:(Xl,Xz,---,)Q,)
— Vocabulary set: W={W1,W2,---,V\(,}

— Topic: ke{l,2,---,K}



Parameter Estimation

 MAP objective function: / Hyper parameter

L, = Z anj log 6, +/1KZI096’

neD, |=1
e Optimally estimated value

é‘ _ Z:I:l Xy T ﬂ“k
9 N+ AV
 Hyper parameters can be efficiently
estimated by using LOO (Leave-One-Out)

cross-validation




Posterior Estimation

« ME (Maximum Entropy) estimation:

%ZN_f(dn’ :_Zzp(km)f(d k)
| exp(Sf (d_,k))
) . P(kld
Posterior: (kld,) = ZkleXp('Bf(d ,K))
e Feature:

f(x,k) :anj log 6, =log( p(x,[k))



Augmented Posterior Vector

» Random variable X: P(X(w,)=log6,)=4,

J ]

e Central Limit Theorem:

Xyt Xy V(X)j

y 005
E(X)=i¢§j Iog¢§j

* A new feature for unigueness detection:
f(d,,K+1)=E(X)-3NV(X)/M,




Basic |ldea of Visualization

o 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

e Multinomial mixture:

P(k) exp(Z X 10g 6, )
> Pexp(3x, logd,)

e Gaussian mixture:

P() exp(~lIr, ~ o, IF /2)

P(k|x,) =

P(k |l‘n) = K+1 5
> PMexp(=lIr, o, I /2)



Visualization Method

e Minimization KL-divergence

K+1

L, ==Y P(k|x,)logP(K|r,; ®)

n=1 k=1

e Coordinate descent approach:
— Optimize r_ while fixing ¢, (global optimal)
— Optimize @, while fixing r,



Evaluation using Web Data

e e s =z

| GCioogle &3 |' FTERTE
A7) —5IGoogle!

I a2 =EEH

EFE, I, bhg, FrE, T L, -, .

A — A | mapar e =HEE

A AT, =R, H—F=7 IR, Fal.,

O o —%& L) —2r3 - =

AB—Fub, UTEEeT, . FObET BRET, BT, S, $UE, 53,
AA— gisd; =

H e d—, D2, BFER,

1HEE- =15, SEEF,

For iR

BEIEDT I —:

Regional = Asia = Japan (7257

i =5 6

CT T - AFEE - GooglelZ>Lv T

i it vl = B

E2004 Soogle

x FEFDT L SR EL I = hoL = = AL

LIRL=*> 2§42 — Open Directory Project - iREEESF=FEE




A Visualization result

* Related topics were nearly placed (Business &
Online Shopping, Sports & Health, ...)
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Unique Documents

* A new cluster for unigue documents appeared,
which is placed near news, online shopping, and
SOCIEty Business
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Demonstration

A tool for intuitively understanding and easily
picking up unigue documents.
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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)

e can be used to preserve pair-wise
similarities of posterior probabilities;

e are limited to extract a linear structure;
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Class Preserving Projection

e Fisher’s linear Discriminant
— Can use class information
— Maximizes between-class scatters

Lerp = trace(WTSBW)

sB:iszN ( Ly, _ZXJ[ Tx, _ZXJT

Nk ne D, j neD k ne D, j neD



Class Preserving Projection (2)

* Placed documents within the same class nearly;
e But many documents overlapped




Nonlinear Methods

including Isomap, SNE (Stochastic Neighbor
Embedding), Spring method, and so on

e cannot use category information;
 usually require a huge computational time.

« SNE N
O(N 2) : LSNR :ZZ p(dk |dn)logq(rk |rn)

n=1 k=1
* Proposed

O(NK): L =>> Pk|d,)logP(k]r,)

n=1 k=1



Summary

 We proposed a new framework for detecting
unigue 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.

e 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 probabllistic models;

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

Prediction of topic outbreaks
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