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What is a Data Warehouse?

» A Data Warehouse (DW) is a relational database that is designed for query and analysis
rather than transaction processing. It includes historical data derived from transaction data
from single and multiple sources.

» A Data Warehouse provides integrated, enterprise-wide, historical data and focuses on
providing support for decision-makers for data modelling and analysis.

» A Data Warehouse is a group of data specific to the entire organization, not only to a
particular group of users.

"Data Warehouse is a subject-oriented, integrated, and time-variant collection
of information or data in support of management's decisions."

Features of Data Warehouse
The key features of Data Warehouse are:

Subject-
Oriented

Non-
Volatile

Time
Variant

Integrated

Subject-Oriented

» A data warehouse target on the modelling and analysis of data for decision-makers.

» Therefore, data warehouses typically provide a concise and straightforward view around a
particular subject, such as customer, product, or sales, instead of the global organization's
ongoing operations.

» This is done by excluding data that are not useful concerning the subject and including all
data needed by the users to understand the subject.



Data Warehouse is Subject-Oriented

Operational Applications Data Warehouse subjects

Order Consumer

Processing loans

Consumer Acc?unts
billing Receivable

Claims

Saving

Processing accounts

Integrated

» A data warehouse integrates various heterogeneous data sources like RDBMS, flat files,
and online transaction records.
» It requires performing data cleaning and integration during data warehousing to ensure

consistency in naming conventions, attributes types, etc., among different data sources.
Data Warehouse is Integrated

Saving account

Data Warehouse subjects

Checking ~ ] 2
account »| Subject=account

Loans
account




Time-Variant
» Historical information is kept in a data warehouse.
» For example, one can retrieve files from 3 months, 6 months, 12 months, or even previous

data from a data warehouse.
» These variations with a transactions system, where often only the most current file is kept.

Time Variant

Non-Volatile

» The data warehouse is a physically separate data storage, which is transformed from the
source operational RDBMS.

» The operational updates of data do not occur in the data warehouse, i.e., update, insert, and
delete operations are not performed.

» It usually requires only two procedures in data accessing: Initial loading of data and access
to data.

» Therefore, the DW does not require transaction processing, recovery, and concurrency
capabilities, which allows for substantial speedup of data retrieval.

» Non-Volatile defines that once entered into the warehouse, and data should not change

Non-Volatile

Loads
OLTP » Data
databases Warehouse
Read Add/Change/ Delete Read

Operational system applications [ Decision support systems ]




» A multidimensional model views data in the form of a data-cube. A data cube enables
data to be modeled and viewed in multiple dimensions. It is defined by dimensions and
facts.

» The dimensions are the perspectives or entities concerning which an organization keeps
records.

» For example, a shop may create a sales data warchouse to keep records of the store's
sales for the dimension time, item, and location.

» These dimensions allow the save to keep track of things, for example, monthly sales of
items and the locations at which the items were sold.

> Each dimension has a table related to it, called a dimensional table, which describes the
dimension further. For example, a dimensional table for an item may contain the
attributes item name, brand, and type.

» A multidimensional data model is organized around a central theme, for example, sales.

» This theme is represented by a fact table. Facts are numerical measures. The fact table
contains the names of the facts or measures of the related dimensional tables.

In the 2-D representation, we will look at the All-Electronics sales data for items sold per quarter in
the city of Vancouver. The measured display in dollars sold (in thousands).

2-D view of Sales Data

location ="Vancouver”
item (type)
home
time (quarter) entertainment computer phone security
a1l 605 825 14 400
2 580 952 31 512
3 812 1023 30 501
3 927 1038 38 580

» Now suppose we would like to view the sales data with a third dimension.

» For example, suppose we would like to view the data according to time, item as well as the
location for the cities Chicago, New York, Toronto, and Vancouver.

» The measured display in dollars sold (in thousands). These 3-D data are shown in the table.



3-D view of Sales Data

location ="Chicago” location ="New York” location ="Toronto”
item item item

hame home hame
time ent. comp. phone sec. time comp phone sec. ent. comp. phone sec
Q1 854 BB2 Bo 621 1087 o688 38 E&712 818 T8 43 591
Q2 943 B9 54 698 1120 1024 41 925 804 F69 52 o682
03 1032 924 50 JBO 1024 1048 45 1002 040 795 58 728
4 1120 992 /3 870 1142 1001 54 084 078 B64 50 T4

we may represent the same data in the form of 3-D data cubes, as shown in fig:

3-D Data Cube

~
(}-a;ﬁ’ Chicago g5 882 29 623
O NewYork—1087_—968 38 872
B Toronto 818 _~—746 43 591 A
e ad Va nc"y;/ .
/ = =
Q1 605 825 14 400 52 |
o P S / "I.‘bl:al |1
W ..g Q2 680 952 31 512 S|
.§ ) Q3 12> / o= |
=& 812 1023 | 30 501 | 7
—_— = /
Q4 927 1038 | 38 580
computer |security
home phone
entertainment

item (types)

4-D cuboid

Let us suppose that we would like to view our sales data with an additional fourth dimension, such
as a supplier. Viewing things in 4-D becomes tricky.

supplier="SUP1" supplier="SUP2" supplier="SUP3"

Chicago__________  _ _ _ _ _ _ _ ___ o _ _ ______ e

,z_\c":‘ MNew Yo
d._‘b Toronto
~f Vancouve

T a1
Q2
Q3
Q4

i
qrf/é
&

time (quarters

computer | security computer | security omputer| security

home phone home phone home phone
entertainment entertainment entertainment

itemitypes) item(types) item(types)



A 4-D data cube representation of sales data, according to the dimensions time, item, location, and
supplier. The measure displayed is dollars sold (in thousands).

The topmost 0-D cuboid, which holds the highest level of summarization, is known as the apex
cuboid. In this example, this is the total sales, or dollars sold, summarized over all four dimensions.
The apex cuboid is typically denoted by All.

The lattice of cuboid forms a data cube. The lattice of cuboids creating 4-D data cubes for the
dimension time, item, location, and supplier. Each cuboid represents a different degree of
summarization.

all 0-D (Apex) Cuboid

location, 2-D Cuboids

time, item -
supplier

item, location, 3-D Cuboids

time, item, supplier

supplier

time, item, location,supplier 4-D (Base) Cuboid

OLAP Operations in the Multidimensional Data Model

» In the multidimensional model, the records are organized into various dimensions, and each
dimension includes multiple levels of abstraction described by concept hierarchies.

» This organization support users with the flexibility to view data from various perspectives.

» A number of OLAP data cube operation exist to demonstrate these different views, allowing
interactive queries and search of the record at hand.

» Hence, OLAP supports a user-friendly environment for interactive data analysis.

Roll-Up

» The roll-up operation (also known as drill-up or aggregation operation) performs
aggregation on a data cube, by climbing down concept hierarchies, i.e., dimension
reduction.

» Roll-up is like zooming-out on the data cubes. Figure shows the result of roll-up
operations performed on the dimension location.



» The hierarchy for the location is defined as the Order Street, city, province, or state,
country. The roll-up operation aggregates the data by ascending the location hierarchy
from the level of the city to the level of the country.

» When a roll-up is performed by dimensions reduction, one or more dimensions are
removed from the cube.

» For example, consider a sales data cube having two dimensions, location and time. Roll-
up may be performed by removing, the time dimensions, appearing in an aggregation of
the total sales by location, relatively than by location and by time.

)

{?é:.,bb%\ UsSA 30007 /7
N d}o Canada /

&

Roll UP

Time
(Quarter)
o
w

Q4
Mobile Modem Phone Security
itemitypes)

e

roll-up on location
(from cities to

countries)
_\0{“’ /
kS
o(? _b'zv" Chicago a0
N \C‘ Mew York 1569,/
Toronto,

pd
Vancouver 395 / /
400

an 605 | 825 | 14

Q2
Q3

Time
(Quarter)

Q4
Mobile Modem Phone Security
item{types)

Drill-Down

vV V VY VYV ¥V VYV

The drill-down operation (also called roll-down) is the reverse operation of roll-up.
Drill-down is like zooming-in on the data cube. It navigates from less detailed record to
more detailed data.

Drill-down can be performed by either stepping down a concept hierarchy for a dimension
or adding additional dimensions.

Figure shows a drill-down operation performed on the dimension time by stepping down a
concept hierarchy which is defined as day, month, quarter, and year.

Drill-down appears by descending the time hierarchy from the level of the quarter to a more
detailed level of the month.

Because a drill-down adds more details to the given data, it can also be performed by adding
a new dimension to a cube.

For example, a drill-down on the central cubes of the figure can occur by introducing an
additional dimension, such as a customer group.



& Chicago
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Slice

» The Slice operations perform a selection on one dimension of the given cube, thus resulting
in a sub cube.

Slice

oy
=
= Chicago
& & 250 7 7
~ W Mew York 1560~
Toronto.~3a5 -
Vancouwver,
a1l sos |s25 | 14 | 400
1]
gt Q2
=& Qs
Q4

Mobile Modem Phone Security
item(types)

slice
for time
="Q1"
Chicago
LT
s = Mew York
= e
_g § Toronto
Vancouwver | 505 825 14 A00

Mobile Modem Phone Security
item{types)



Dice

» The dice operation describes a subcube by operating a selection on two or more dimension.

Dice

e~
- e t
é—'?é:-@% Toronto 305
= Vancouwver
= (o] ] 505
£
=& Q2
Molkbile Modcenn
item(types)
Dice for {(location="Toronto™
or “Wancouwer™)
and(time="CQ1"or"Q2"})and
(item="Mobile” or “Moderm™)
(=
=
,3-‘:-1‘__;‘3‘,‘- Chicago e —
FF New York ~Ssa_—
Toronto-~"5395 -
Vancouwver,
a1 505 B82S 14 A0
o E Q2
E = o=
=
[T

Mobile Modem Phome Security

Pivot
» The pivot operation is also called a rotation. Pivot is a visualization operation which rotates

the data axes in view to provide an alternative presentation of the data.
» It may contain swapping the rows and columns or moving one of the row-dimensions into

the column dimensions.

Chicago
Z
k=] -E,'- Mew York
E = Toronto
k=] L=
Vancouwver| 605 825 14 400

Mobile Moderm Phone Security
item (types)

Pivot
J

Mobile 605
Modem 825
Item
(types) Phone 14
Security 400
Chicago New Toronto Vancouwer
York

Location (cities)



Data Warehouses usually have a three-level (tier) architecture that includes:

s Bottom Tier (Data Warehouse Server)
¢ Middle Tier (OLAP Server)
¢+ Top Tier (Front end Tools).

Bottom Tier

>

>

A bottom-tier that consists of the Data Warehouse server, which is almost always an
RDBMS. It may include several specialized data marts and a metadata repository.

Data from operational databases and external sources (such as user profile data provided by
external consultants) are extracted using application program interfaces called a gateway.
A gateway is provided by the underlying DBMS and allows customer programs to generate
SQL code to be executed at a server.

Examples of gateways contain ODBC (Open Database Connection) and OLE-DB (Open-
Linking and Embedding for Databases), by Microsoft, and JDBC (Java Database
Connection).

Middle Tier

A middle-tier which consists of an OLAP server for fast querying of the data warehouse.
The OLAP server is implemented using either

A Relational OLAP (ROLAP) model, i.e., an extended relational DBMS that maps functions
on multidimensional data to standard relational operations.

A Multidimensional OLAP (MOLAP) model, i.e., a particular purpose server that directly
implements multidimensional information and operations.

Top Tier

>

A top-tier that contains front-end tools for displaying results provided by OLAP, as well as
additional tools for data mining of the OLAP-generated data.



Query/report Analysis Data mining
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Operational database External Sources
Three-Tier Data Warehouse Architecture

» A description of the DW structure, including the warehouse schema, dimension, hierarchies,
data mart locations, and contents, etc.

» Operational metadata, which usually describes the currency level of the stored data, i.e.,
active, archived or purged, and warehouse monitoring information, i.e., usage statistics, error
reports, audit, etc.

» System performance data, which includes indices, used to improve data access and retrieval
performance.

» Information about the mapping from operational databases, which provides source RDBMSs
and their contents, cleaning and transformation rules, etc.

Data warehouses contains huge volumes of data. OLAP servers demanded that decisions support
queries be answered in the order of seconds.

It is crucial for data warehouse systems to support highly efficient cube computation techniques
access methods and query processing techniques.

We will see some methods for the efficient implementation of data warehouse systems. They are



1.Efficient computation of Data Cubes
It contains 2 types those are

o Compute cube operator
o Materialization of data cube

Compute cube operator

Data cube can be viewed as a lattice of cuboids.

The bottom-most cuboid is the base cuboid.

The top-most cuboid (apex)contains only one cell.

The total number of cuboid or group by's can be computed for data cube
power n).

Example: If dimensions given as item, city and year, (2 power 4 =16)

YV VYV

Y VY

specified in the operation.
» The possible group by’s are {(time, item, location, supplier)
(time, item, location), (item, location, supplier), (location, supplier, time),

Compute cube operator computes aggregates overall subsets of dimensions

(time, item, supplier), (time, item), (item, location), (time), (item), (location), (supplier),()}

» Let consider the diagram given below :

all 0-D (Apex) Cuboid

L location, 2-D Cuboids

time, item -
supplier

item, location, 3-D Cuboids

time, item, supplier

supplier

time, item, location,supplier 4-D (Base) Cuboid

Materialization of data cube
There are three choices for data cube materialization.

o No materialization
o Full materialization
o Partial materialization

No materialization :

» Do not pre-compute any of the “no base” cuboids .This leads to computing expensive

multidimensions aggregates on the fly which can be extremely slow.



Full materialization :

» Pre-compute all of the cuboids .The resulting lattice of computed cuboids is referred to as
the dull case .This choice typically requires huge amount of memory space.

Partial materialization :

» The third choice-presents an interesting trade-of between storage space and response time.
» The partial materialization of cuboids should consider three factors:

1. Identify the subset of cuboids to materialize.
2. Exploit the materialized cuboids during query processing.
3. Efficiency updates the materialize cuboids during bad refresh.

2.Indexing OLAP Data:

» To facilitate efficient data accessing, most data warehouse systems support index structures
and materialized views (using cuboids).
» Indexing can derived into 2 types.

o Bitmap indexing
o Join indexing

Bitmap Indexing:

» This method is popular in OLAP products because it allows quick searching in data
cubes.

» The bitmap index is an alternative representation of the record _id (RID) list.

» In this bitmap index foe s given attribute, there is a distinct bit vector, Bv, for each value
v in the domain of the attribute.

» If the domain of a given attribute consist of n values, then n bits are needed for each
entry in the bitmap index.

Let consider the example for bitmap indexing

Base Table item bitmap index table  city bitmap index table
RID | ITEM | CITY RID|/H |C |P|S RID|V|T
R1 | H Vv R1 |1 (0 |00 R1|1]|0
R2 |C Vv R2 |0 |1 |0]0O R2 |10
R3 |P Vv R3 |0 (0 |1]0 R3 |10
R4 |S Vv R4 |10 (0 |01 R4 1110
RS | H T R5 |1 |0 |00 RS |01
R6 | C T R6 |10 |1 0|0 R6 |01
R7 |P T R7 /0 |0 1/0 R7 |01
R8 |S T R& 10 |0 |01 R8 (01

Note : H for “home entertainment,” C for Computer,” P for Phone,” Sfor Security,” V
for” Vancouver,” T for “Toronto.”



Join Indexing:

/7
0’0

X/
0’0

Join indexing registers the joinable rows of two relations from a relational database.

For example , if two relations R(RID,A)and s(B,SID) join on the attributes A and B, then
the join index record contains the pair (RID,SID),where RID and SID are record identifiers
from the R and S relations , respectively

Hence, the join index records can identify joinable tuples without performing costly join
operations.

Join indexing maintains relationships between attribute values of a dimension (e.g., within
a dimension table) and the corresponding rows in the fact table.

Let consider the example for Join indexing

Sales
Location item
T57
Sony tv
Main street T238
T459
T884

The Entity—Relationship data model is commonly used in the design of Relational Databases.
Where a database schema consists of a set of entities and the relationships between them. Such
a data model is appropriate for online transaction processing.

A data warehouse, however, requires a concise, subject-oriented schema that facilitates online
data analysis.

The most popular data model for a data warehouse is a multidimensional model. Which can
exist in the form of a Star schema, a Snowflake schema, or a Fact constellation schema.

Star schema:

>

>

The most common modelling paradigm is the Star schema, in which the data warehouse
contains:

a large central table (fact table) containing the bulk of the data, with no redundancy.

A set of smaller attendant tables (dimension tables), one for each dimension. The schema graph
resembles a star burst, with the dimension tables displayed in a radial pattern around the central
fact table.

Example: Sales are considered along four dimensions namely time, item, branch and location.



Dimension Table

Star schema of Sales data warehouse

Dimension Table

'_I item I
time
time_key rrem_key
day Sales Fact Table item_name
day_of_the_week \ brand
month time_key
Quarter type
Year item_key supplier_type

branch_key

location_key Dimension Table

Dimension Table unit_sold q
— location
branch I dollars_sold 1 tion_key
branch_key street
branch_name city
branch_type state_or_province
country

Snowflake Schema:

>

>

The Snowflake schema is a variant of the star schema model, where some dimension tables
are normalized.

The resulting schema graph forms a shape similar to a snowflake. The major difference
between the snowflake and star schema models is that the dimension tables of the snowflake
model may be kept in normalized form to reduce redundancies.

The single dimension table for item in the star schema is normalized in the snowflake
schema, resulting in new item and supplier tables.

The item dimension table now contains the attributes item_ key, item name, brand, type,
and supplier key, supplier key is linked to the supplier dimension table, containing supplier
key, and supplier _type information.

similarly, the single dimension table located for the star schema can be normalized into two
new tables: location and city. The city ss_key in the new location table links to the city

dimension.

Dimension
Table

E-=)

Dimension Dimension
Table

Dimension
Table




Fact constellation:

» Sophisticated applications may require multiple fact tables to share dimensions tables.

» This kind of schema can be viewed as a collection of stars, and hence is called a galaxy
schema or a fact constellation.

» This schema specifies two fact table, sales and shipping. The sales table definition is
identical to that of the star schema.

» The shipping table has five dimensions, item_ key, time key, shipper key, from location,
and to location, and two measures: dollars_ cost and units_shipped.

» A fact constellation schema allows dimension tables to be shared between fact table.

Time

) . Cales fact tabl Item dimension o Shipper dimension
dimension table ales fact table table Shipping fact table table
time_key time_key / itermn_key ‘\I itemn_key shipper_key
day item key AN time_key / shipper_name
z brand hi k —
day-of-week branch_key shipper_key location_key
month location_key type from_location .
i i t
quarter Rupee_sold Supplier_type P shipper_type
year units_sold Rupee_cost
Location unlts_shplppedl
dimension
table
Branch dimension location key
table street !
branch_key city

branch_name province_or_state

branch_type Country

Data warehouse usage:

There are three kind of data warehouse application:
O Information processing
O Analytical processing
O Data mining

Information processing:

Supports querying, basic statistical analysis, and reporting using crosstabs, tables, charts, or graphs.
A current trend in data warehouse information processing is to construct low cost web based
accessing tools that are then integrated with web browsers.

Analvtical processing:




» Supports basic OLAP operations, including slice and dice, drill-down, roll-up, and pivoting.
It generally operates on historical data in both summarized and detailed forms.
» The major OLAP over information processing is the multidimensional data analysis of data

warehouse.

Y

Data mining:

Supports knowledge discovery by finding hidden patterns and as sociations, constructing analytical
models, performing classification and prediction, and presenting the mining results using
visualization tools.

From OLAP to OLAM:
Constraint based mining query Mining Result
[ Graphical User Interface ] Layer4
User Interface
Layer 3
OLAP/OLAM
[ Cube API
\ / - Layer 2
Multidimensional
database
pro=——xy
Database API Layer 1
Data Respiratory

Data Filtering,

Filtering
Data Integration T

Data Cleaning,

Data Integration
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Unit -5

» The process of grouping a set of physical or abstract objects into classes of similar objects
is called clustering.

» A cluster is a collection of data objects that are similar to one another within the same
cluster and are dissimilar to the objects in other clusters.

» A cluster of data objects can be treated collectively as one group and so may be
considered as a form of data compression.

» Cluster analysis tools based on k-means, k-medoids, and several methods have also been
built into many statistical analysis software packages or systems, such as S-Plus, SPSS,
and SAS.

Requirements Of Clustering In Data Mining:

Scalability:

Many clustering algorithms work well on small data sets containing fewer than several hundred
data objects; however, a large database may contain millions of objects. Clustering on a sample
of a given large data set may lead to biased results.

Highly scalable clustering algorithms are needed.

Ability to deal with different types of attributes:

Many algorithms are designed to cluster interval-based (numerical) data. However, applications
may require clustering other types of data, such as binary, categorical (nominal), and ordinal
data, or mixtures of these data types.

Discovery of clusters with arbitrary shape:

Many clustering algorithms determine clusters based on Euclidean or Manhattan distance
measures. Algorithms based on such distance measures tend to find spherical clusters with
similar size and density.

However, a cluster could be of any shape. It is important to develop algorithms thatcan detect

clusters of arbitrary shape.

Minimal requirements for domain knowledge to determine input parameters:

Many clustering algorithms require users to input certain parameters in cluster analysis (such as
the number of desired clusters). The clustering results can be quite sensitive to input parameters.

Parameters are often difficult to determine, especially for data sets containing high dimensional



objects. This not only burdens users, but it also makes the quality of clustering difficult to

control.

Ability to deal with noisy data:

Most real-world databases contain outliers or missing, unknown, or erroneous data. Some
clustering algorithms are sensitive to such data and may lead to clusters of poor quality.

High dimensionality:

A database or a data warchouse can contain several dimensions or attributes. Many clustering
algorithms are good at handling low-dimensional data, involving only two to three
dimensions. Human eyes are good at judging the quality of clustering for up to three
dimensions. Finding clusters of data objects in high dimensional space is challenging,

especially considering that such data can be sparse and highly skewed.

Types of data in cluster analysis:
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» A partitioning method constructs & partitions of the data, where each partition represents
a cluster and k& <= n. That is, it classifies the data into k groups, which together satisfy

the following requirements:
¢ Each group must contain at least one object, and

e FEach object must belong to exactly one group.

» A partitioning method creates an initial partitioning. It then uses an iterative relocation
technique that attempts to improve the partitioning by moving objects from one group

to another.

» The general criterion of a good partitioning is that objects in the same cluster are close or

related to each other, whereas objects of different clusters are far apart or very different.

» The k-means algorithm takes the input parameter, k, and partitions a set of n objects into
k clusters so that the resulting intracluster similarity is high but the intercluster similarity
is low.

» Cluster similarity is measured in regard to the mean value of the objects in a cluster,
which can be viewed as the cluster’s centroid or center of gravity.

The k-means algorithm proceeds as follows.

» First, it randomly selects & of the objects, each of which initially represents a cluster

mean or center.

» For each of the remaining objects, an object is assigned to the cluster to
which it is the most similar, based on the distance between the object
and the cluster mean.
» It then computes the new mean for each cluster.
» This process iterates until the criterion function converges.
Typically, the square-error criterion is used, defined as
E = Z E P —mil*,
IpC,
Where E is the sum of the square error for all objects in the data set p is the point in space

representing a given object Mi1s the mean of cluster C;



The k-means partitioning algorithm:
The k-means algorithm for partitioning, where each cluster’s center is represented by the mean
value of the objects in the cluster.
Input:
k: the number of clusters,

D: a data set containing n objects.

Output: A set of & clusters.
Method:

I+ arbitrarily choose & objects from D as the initial cluster centers:
(21 repeat
3 Iredassign cach obiect to the cluster to which the object is the most similar,
based on the mean value of the objects in the cluster;
(41 update the cluster means, i.e., calculate the mean value of the objects for
each cluster;
I until no change;

(N3]

» A hierarchical clustering method works by grouping data objects into a tree of clusters.

» The quality of a pure hierarchical clustering method suffers from its inability to perform
adjustment once a merge or split decision has been executed. That is, if a particular
merge or split decision later turns out to have been a poor choice, the method cannot

backtrack and correct it.

» Hierarchical clustering methods can be further classified as either agglomerative or
divisive, depending on whether the hierarchical decomposition is formed in a bottom-

up or top-down fashion.
Agglomerative hierarchical clustering:

» This bottom-up strategy starts by placing each object in its own cluster and then merges
these atomic clusters into larger and larger clusters, until all of the objects are in a single
cluster or until certain termination conditions are satisfied.

» Most hierarchical clustering methods belong to this category. They differ only in their
definition of inter cluster similarity.

Divisive hierarchical clustering:

» This top-down strategy does the reverse of agglomerative hierarchical clustering by

starting with all objects in one cluster.

» It subdivides the cluster into smaller and smaller pieces, until each object forms a cluster



on its own or until it satisfies certain termination conditions, such as a desired number

of clusters is obtained or the diameter of each cluster is within a certain threshold.

Most partitioning methods cluster objects based on the distance between objects.

Such methods can find only spherical-shaped clusters and encounter difficulty at
discovering clusters of arbitrary shapes.

Other clustering methods have been developed based on the notion of density.

Their general idea is to continue growing the given cluster as long as the density
in the neighborhood exceeds some threshold; that is, for each data point within a
given cluster, the neighborhood of a given radius has to contain at least a minimum
number of points.

Such a method can be used to filter out noise (outliers)and discover clusters of arbitrary
shape.

DBSCAN and its extension, OPTICS, are typical density-based methods that grow

clusters according to a density-based connectivity analysis.

» DENCLUE is a method that clusters objects based on the analysis of the value

distributions of density functions.

DBSCAN: Density-Based Spatial Clustering of Applications with Noise

The DBSCAN algorithm uses two parameters:

Eps: It is considered as the maximum radius of the neighbourhood.

MinPts: Minimum number of data points insides the circle

These parameters can be understood if we explore two concepts called Density Reachability

and Density Connectivity.

» Reachability in terms of density establishes a point to be reachable from another if it

lies within a particular distance (eps) from it.

» Connectivity, on the other hand, involves a transitivity-based chaining-approach to

determine whether points are located in a particular cluster. For example, p and q points

could be connected if p->r->s->t->q, where a->b means b is in the neighborhood of a.

There are three types of points after the DBSCAN clustering 1s complete:

Core — This is a point that has at least m points within distance n from itself.



Border — This is a point that has at least one Core point at a distance n.

Noise — This is a point that is neither a Core nor a Border. And it has less than m points within

distance n from itself.

Core point

Noise point Border point
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Grid-Based Methods:

» Grid-based methods quantize the object space into a finite number of cells that form a
grid structure.

» All of the clustering operations are performed on the grid structure i.e., on the quantized
space. The main advantage of this approach is its fast processing time, which is typically
independent of the number of data objects and dependent only on the number of cells in
each dimension in the quantized space.

» STING is a typical example of a grid-based method. Wave Cluster applies wavelet
transformation for clustering analysis and is both grid-based and density-based.

STING - A Statistical Information Grid

» Spatial area is divided into rectangular cells. There are several levels of cells
corresponding to different levels of resolution, and these cells are forming a hierarchical

structure (or) tree structure.



Istlayer

(i-1)-st layer

"‘.

s s s e s e A o e ., e, S e it . i
",

" ",
SUUNNPIN W [y SA—.
",

i-th layer

L., TN N I e | |
X by \

i ]

I R dt

N
3

R it el el |

¥ O (R

For each cell, the high level is partitioned into several smaller cells in the next lower
level.
The statistical info of each cell is calculated and stored beforehand and is used to answer
queries.
The parameters of higher-level cells can be easily calculated from parameters of lower-
level cell

¢ Count, mean, s, min, max

e Type of distribution—normal, uniform, etc.

Calculation of these parameters should starts at root and go down till bottom layer.



