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What Are Outliers?

« Outlier: An outlier is an observation
which deviates so much from the other
observations as to arouse suspicions
that it was generated by a different
mechanism

* Applications:
— Web Site Management
— Sparse High dimensional data
— News Article Management
— Credit card fraud
— Medical analysis
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Challenges of Outlier Detection

= Modeling normal objects and outliers
properly

= Hard to enumerate all possible normal
behaviors in an application

= [he border between normal and
outlier objects is often a gray area

= Application-specific outlier detection

Treatment effect()

)

"It's a non-linear pattern with

outliers..... but for some reason
= E.g., clinic data: a small deviation

I'm very happy with the data.”

. . . . *http://jacobjwalker.effectiveeducation.org/
could be an outlier; while in marketing PHIRCORIETE STeCEerHeston o9
analysis, larger fluctuations

= Text Specific Problems
= Very sparse high dimensional data

= Context - word “Jaguar” may
correspond to a car or a cat



Matrix Factorization Model
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=A pragmatic approach
sUnderstand why these are outliers: Justification of the detection

sSpecify the degree of an outlier: the unlikelihood of the object being
generated by a normal mechanism % OAK RIDGE
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http://mlg.ucd.ie/datasets/bbc.html

Text Outliers using NMF (TONMF)

1,2 + BH|)1
Outlier Sparsity

1
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W>0,H>0;Z

3 Blocks - Block Coordinate Descent (BCD)
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TONMF Algorithm

input : Matrix A € R7"*" reduced rank r, a,
output: Matrix W & RT”,H c ]R:LX”,Z c RMXn

// Rand initialization of W, H, Z
Initialize W, H, Z as a nonnegative random matrix ;
2 while stopping criteria €1 not met do

Y

// Compute Z for the given A, W,H, o, based on Theorem 2
3 for : < 1 to n do
4 L zi + maz(|laif2 — £,0) 24
5 A=A-7;
6 while stopping criteria €5 not met do
7 for j < 1 to r do
) T = g Hw( b} — (A = WI)E + g™ by, B,
J =
9 where, W( ) Z (k)(h(k+1)) +Z::j—{—1 W,Ek)(hz(-k))T
10 for j + 1 tor do
k41 : k41 ~ rp(k+1
1 wy T = argrgénnwj(hg N = (A= HF)IE
wj2>
12 where, I:ng+1) Z (k+1)(h(k+1)) + > —it1 (k)(h(k+1))
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Datasets

RCV20 4025 61188 All from IBM and Mac. 50
http://qwone.com/~jason/20Newsgroups/ from Windows OS
Reuters-21578 5768 18933 All from earn and acq. 100
gttp://archive.ics.uci.edu/ml/datasets/ from interest

euters-

21578+Text+Categorization+Collection

Wiki People 9593 18834 Sections career and life were

http://en. wikipedia. o regular classes. Section
org/wiki/Category:Lists_of politicians . .
Death is outlier

Market Basket Data 10000 50000 2500 data points from four
different seeds and 250 as
outliers
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Baselines and Metrics

* Metrics — Area under Receiver Operating Characteristics
(ROC) Curve

- Baselines
— Distance-based kNN Algorithm — Sweeping k from 1 to 50.
— Singular Value Decomposition (SVD)
— Robust Principal Component Analysis (RPCA)
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ROC Curves
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Parameter Sensitivity

Area under the ROC
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Conclusion

» Matrix Factorization based approach to text outlier analysis
* Different representation other than bag of words

* Distributed implementation

« Temporal and Spatial aspects

* Topic Detection and streaming data
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Questions
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