DOBIN — DIMENSION
REDUCTION FOR OUTLIER
DETECTION

JOINT WORK WITH ROB HYNDMAN
DOB IN : TO INFORM AGAINST, SPECIALLY TO THE POLICE
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BUT, NOT MUCH FOCUS
ON DIMENSION
REDUCTION METHODS
FOR OUTLIER DETECTION



HIGH DIMENSIONAL OUTLIERS
MAY NOT BE OUTLIERS IN
LOW DIMENSIONAL
PROJECTIONS!



DOBIN

® Distance-based Outlier Basls using Neighbours
® dob in : To inform against, specially to the police

® Finds a set of basis vectors tailored for outlier detection
® First basis vector — in the direction of highest outlyingness
® Second basis vector — in the next highest direction of outlyingness

®* Andsoon...



THE Y SPACE

® For each point X in the original space, find k nearest neighbours z4, z,, ..., Z,
*x = (Xq,Xp, ..., Xp) and z; = (Zj1, Zj2, - Zijn)

*y = [(x1 —zi1)% .., (X — 2i)?]

* y = (x —z,)%?, E2 denotes element wise squares

® So, the Y space is an inter-distance space

*|f x € R", theny € R™*

®* Remove points with small inter-distances, y; + y, + -+ y; < M for some M



1\\5 EXAMPLE: Y SPACE
O




of y coordinates
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DISTANCES
® Distance between two points dist(xi,xj)z = (xi — xj)T(xi _ xf)

. 2 T
®* More generally dlst(xi,xj) = (xi — xj) \) (xi — xj), where S is a
symmetric, positive definite matrix

: 2 E2
o dlst(xl-, xj) =(n, (xi — xj) ) , element wise squares

® Using Y space
) 2
- dlst(xi,xj) =(n,y;)
) 2
* Y dist(x, %) = X(n,v)



MAXIMISING DISTANCE

®* Want to maximise sum of distances between points
_ 2

® max ), dlSt(Xi, xj)

® Our problem: Find 1 such that

max (1, y1)
Subject to ||| = 1

® Because dist(xi,xj)z =(1n, Y1)

10



X Space GEOMETRICALLY

Y Space

max ),(n,y;) = sum of all projections in
n direction
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WE FOUND THE DIRECTION THAT MAXIMIZES
DISTANCES BETWEEN POINTS.

BUT HOW DO WE GET A BASIS?
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Y, 1M1

Yi=Yy — (¥, 01)Mm

All y, are perpendicular to 14
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® Continue this way
Vi =y —nom — y.n2m2

N, = Z)’l
Iyl

Basis (771, N2, vy 77n)







Antony Unwin’s
OutliersO3 R
package

O3 plot
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O3 PLOTS

Ensemble of
outlier
methods

On the full
dataset

Combination
of variables
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R package mbgraphic
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R package ggplot2

1\\; DIAMONDS DATASET

O O3 plot of outliers found by at least 2 of 3 methods
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R package tsdl

Mad River near Springfield OH 1915- 1960

K\? TIME SERIES DATA - MAD RIVER NEAR SPRINGFIELD, OH

Time Time

O series

series
features
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GRAPH DATA
1\@ LESMIS DATASET
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O3 plot of outliers found by at least 2 of 3 methods
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CLASSICS FROM GUTENBERG

Outliers identified by HDo at tolerance . 0.05

labs
® norm
4 Q3out
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http://bit.ly/cran_dobin
https://sevvandi.netlify.com/
http://bit.ly/paper_dobin

