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Introduction

! Paradigms
" boolean association rule

#{bread,milk} ⇒⇒⇒⇒ butter (90%)

" quantitative association rule
#bread:[3-5] and milk:[1-2] ⇒⇒⇒⇒ butter:[1.5-2]

" ratio rule
#bread:milk:butter=1:2:5
#applications

$data cleaning, forecasting, decision support, 
outlier detection, visualization P.1
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Introduction

! An example

P.2

Introduction

! Innovations
" a single-pass algorithm for ratio rule discovery

#eigensystem analysis

" a method to predict missing/hidden values from 
the ratio rules
#linear algebra

" a measure of the goodness for a set of rules
#guessing error

P.3



4

Introduction

! Notations
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Ratio Rule Discovery

! Eigensystem analysis
" compute the eigenvalues and eigenvectors of 

the covariance matrix for the given data points

" identify the axes of greatest variance

" reduce the dimensionality of a data set while 
retaining as much as variation as possible
#only the eigenvectors of the k largest eigenvalues 

are used as the ratio rules
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Ratio Rule Discovery

! Proposed Method
" zero-mean the input matrix to derive Xc

" compute C

" compute the eigenvalues and eigenvectors of C

! An example
" N=4, M=2, k=1 (column averages:[2 3])
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Ratio Rule Discovery

! Results

" the largest eigenvalues: λ1=11

" the first ratio rule (RR): [1 1]
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Ratio Rule Discovery

P.8

! Single-pass algorithm

Ratio Rule Discovery

P.9

! Eigensystem computation
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Prediction of Missing Values

! Definitions
" h-hole row vector bH

#b{2,4}=[x1 ? x3 ? x5] (h=2)

" (M-h)×M elimination matrix EH

#E{2,4}=

P.10
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! Basic idea

" fill the unknowns by the ratio rules in EH×V
and the partial knowledge in EH ×bH

t

Prediction of Missing Values

! Pseudo code

! 2-D example
" b{2}=[1 ?], E{2}=[1 0], V=[1 1]t

" V’=[1], b’=[1], xconcept=[1], d=[1 1]

P.11
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! Case study
" intersection of two hyperplanes

#V’: (M-h)××××k ⇒⇒⇒⇒ k-dimensional RR hyperplane
#b’: (M-h)××××1 ⇒⇒⇒⇒ h-dimensional feasible solution 

space

Prediction of Missing Values

! Case 1
" exactly-specified

" M-h=k

" one exact solution
#M=2, h=1, k=1

P.12

Prediction of Missing Values

! Case 2
" over-specified

" M-h>k

" no intersection
#M=3, h=1, k=1

P.13
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Prediction of Missing Values

! Case 3
" under-specified

" M-h<k

" infinite solutions
#M=3, h=1, k=2
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Measurement of the Goodness

P.15

! Guessing error

! Examples
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Experiments

! Data sets

" NBA (452×12)
#minutes played, field goals, rebounds, fouls

" baseball (1574×17)
#batting average, at-bats, hits, home runs

" abalone (4177×7)
#length, diameter, weights

! Competitor
" column averages

P.16

! Prediction accuracy
! Error stability

! Scale-up

Experiments

P.17
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Discussion

! Interpretation
" RR1

#court action

" RR2

#field position

" RR3

#height
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Discussion

! Visualization
" RR1

#Jordan

" RR2

#Jordan
#Rodman

P.19



12

Discussion

! Visualization
" RR2

" RR3

#Malone
#Bogues

P.20

Discussion

! Comparison

P.21
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Discussion

! Advantages of ratio rules
" achievement of more compact descriptions if 

the data points are linearly correlated

" prediction of one or more unknown values
when a new data record is given

" measure of the guessing error, which can 
quantify how good a given set of rules is

" easy to implement

" only a single pass over the data set is required
P.22


