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1. Histograms

» Use binning to approximate data distributions
 Popular form of data reduction

« Histogram for an attribute, A, partitions the
data distribution of A into disjoint subsets, or
bucket

* Each bucket — only a single attribute-
value/frequency pair — singleton buckets

Histogram Analysis - Example

= Price data:
1,1,5,5,5,5,5,8,8,10,10,12,14,14,15,15,15,15,15,15,18,
18,18,18,18,18,18,18,20,20,20,20,20,20,20,21,21,21,21,
25,25,25,25,25,28,28,30,30,30

25

il g

T
5 10 5 20 25 W

Y T —»
1-10 1-20 21-30
price (8}

Equal-width histogram with bucket size $10

price (8]

Histogram for price using singleton buckets




Histogram Analysis

Partitioning rules:
{*-— Equal-width.. width of each bucket is uniform.

—~ Equal-freq uency (frequency- constant)
= MaxDiff
> Consider the difference between each pair of adjacent values
=~ V-optima|
> one with least variance
> Histogram variance is a weighted sum of the original values that each bucket

represents, where bucket weight is equal to the number of values in the
bucket
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2. Clustering

* Partition data set into clusters based gn similarity, and store
cluster representation

* The quality of 3 cluster may be represented y its diameter,
the max"m%"cemmmm

in the cluster

* Centroid distance

{ > alternative measure of clyster quality

» average distance of each cluster object from the cluster centroid

* Can have hierarchica| clusteringand be stored in multj-
dimensiona| index tree structures
H_'*——_\__




3. Sampling

« Data reduction technique. Allows large data set to be represented by a
much smaller random samples of the data.

 Sampling: obtaining a small sample s to represent the whole
data set N

+ Allow a mining algorithm to run in complexity that is
potentially sub-linear to the size of the data

* Key principle: Choose a representative subset of the data

— Simple random sampling may have very poor performance
in the presence of skew

— Develop adaptive sampling methods, e.g., stratified
sampling:

c 1 i 1 Lo i sloes o " it A

Types of Sampling

* Simple random sampling

— There is an equal probability of selecting any particular item
* Sampling without replacement

— Once an object is selected, it is removed from the population
* Sampling with replacement

— A selected object is not removed from the population
* Stratified sampling:

— Partition the data set, and draw samples from each partition
(proportionally, i.e., approximately the same percentage of
the data)
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X D Ordinal—values from an ordered set, e,

Discretization
* Three types of attributes
:}\ v, Nominal—valyes from an unordered set, e.g., color, profession

€., military or academic rank
Numeric—real numbers, e.g., integer or rea| numbers
ge of a continuous attribute into intervals

€ used to replace actual data values
Reduce data size by discretization

Interval labels can then b

Supervised vs, unsupervised
Split (top-down} Vs. merge (bottom-up)

Discretization can be performed recursively on an attribute

Prepare for further analysis, e.g., classification

24

—_—

Data Discretization Methods

Typical methods: All the methods can be applied recursively
—_ K
- Binning
* Top-down split, unsupervised

- Histogram analysis

* Top-down split, unsupervised

= Clustering analysis (unsupervised, top-down split or bottom-
up merge)

— Decision-tree analysis (supervised, top-down split)
—— 2" 7=F dnalysis

— Correlation (e.g., x2) analysis (unsupervised, bottom-up
merge)

25




Simple Discretization: Binning

————

« Equal-width (distance) partitioning

Divides the range into N intervals of equal size: uniform grid

if A and B are the lowest and highest values of the attribute, the width of
intervals will be: W = (8 -A)/N.

— The most straightforward, but outliers may dominate presentation

— Skewed data is not handled well

* Equal-depth (frequency) paritioning

— Divides the range into N intervals, each containing approximately same

number of samples

— Good data scaling

— Managing categorical attributes can be tricky
=

Binning Methods for Data Smoothing

' Sorted data for price (in dollars): 4, 8, 8, 15, 21, 21, 24, 25, 26, 28, 29, 34
* partition into egual-frequency (equi-depth) bins:
-Bin1:4,8,5,15
-Bin 2:21, 21, 24,25
-Bin 3: 26, 28, 28, 34
* Smoothing by bin means:
-Bin1:9,98,5,¢9
-Bin2:23,23,23 23
-Bin3:29, 28, 29, 29
= Smoothing by bin boundaries:
-Bin1:4,4,4,15
-Bin 2:21, 21, 25,25
- Bin 3: 26, 26, 26,34

—

z




Discretization by Classification &
Correlation Analysis

* Classification (e.g., decision tree analysis)

— Supervised: Given class labels, e.g., cancerous vs. benign
— Using entropy to determine split point (discretization point)
- Top-down, recursive split

* Correlation analysis (e.g., Chi-merge: x?-based discretization)

— Supervised: use class information

— Bottom-up merge: find the best neighboring intervals (those having
similar distributions of classes, i.e., low ¢ values) to merge

— Merge performed recursively, until a predefined stopping condition

Concept Hierarchy Generation

Concept hierarchy organizes concepts (i.e., attribute values) hierarchically
usually associated with each dimension in a data warehouse

Concept hierarchies facilitate drilling and rolling in data warehouses to view
data in multiple granularity

Concept hierarchy formation:
%r Recursively reduce the data by collecting and replacing low level concepts

(such as numeric values for age) by higher level concepts (such as youth,
adult, or senior)

Concept hierarchies can be explicitly specified by domain experts and/or data
warehouse designers '

Concept hierarchy can be automatically formed for both numeric and
nominal data.




Concept Hierarchy Generation
for Nominal Data

* Specification of a partial/total ordering of attributes explicitly at
the schema level by users or experts

Street < city < state <

* Specification of a hierarchy for a set of values by explicit data
grouping

— {Urbana, Champaign, Chicago} < lllinois
* Specification of only a partial set of attributes
= E.g., only street < city, not others

* Automatic generation of hierarchies (or attribute levels) by the
analysis of the number of distinct values

— E.g., for a set of attributes: {street, city, state, country}
30

Automatic Concept Hierarchy Generation

* Some hierarchies can be automatically generated based on

the analysis of the number of distinct values per attribute in
the data set

— The attribute with the most distinct values is placed at
the lowest level of the hierarchy

— Exceptions, e.g., weekday, month, quarter, year

» 3567 distinct values
« 674,339 distinct values

365 distinct values

31
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