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“ Chapter 3: Data Warehousing and
% «~ OLAP Technology: An Overview

‘= What is a data warehouse?

r_J
« Data warehouse architectire G (1r
= From data warehousing to data mining
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What is Data Warehouse?

a Defined in many different ways, but not rigorously.
= A decision support database that is maintained separately from
the organization's operational database
n Support information processing by providing a sofid platﬁoh'jn of
consolidated, historical data for analysis, o
& “A data warchouse is a subject-orieted, Integrated, time-variant,
' and nonvolatile coflection of data in suppgrt of management’s
decision-making process.”™—W. H. Inmon
« Data warehousing:
» The process of constructing and using data warehouses

December 1, 2014 Data Minlng: Concepts and Techniques 2




Data Warehouse——Subje'ct~0riented ‘

= Organized around major subjects, such as customer,
product, sales '

= Focusing on the modeling and analysis of data for
decision makers, not on daily operations or transaction
processing

= Provide a simple and concise view around particular
subject issues by excluding data that are not useful in
the decision support process

Pecember 1, 2014 Data Minlng: Concepts and Techniques

Data Warehouse—Integrated

= ‘Constructed by integrating multiple, heterogeneous data
sources
« relational databases, flat files, on-line transaction
records
= Data cleaning and data integration techniques are
applied. :
= Ensure consistency in naming conventions, enceding
structures, attribute measures, etc. among different
data sources
« E.g., Hotel price: currency, tax, breakfast covered, etc.
» When data is moved to the warehouse, it is
converted.

]

Deacember 1, 2014 Data Mining; Concepts and Techalques
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Data Warehouse——-‘l"ime Variant

« The time horizon for the data warehouse is significantly
longer than that of operational systems
= Operational database: current value data
« Data warehouse data: provide information from a
historical perspective (e.g., past 5-10 years)
a Every key structure in the data warehouse
= Contains an element of time, explicitly or :mpl[c;ﬂy

» But the key of operational data may or may not
contzin “time element”

December 1, 2014 pata Minkng: Concepts and Technkpues

ot

Data Warehouse—Nonvolatile

= A physically separate store of data transformed from the
operational environment '
a Operational update of data does not occur in the data
warehouse environment
« Does not W, _

n Requlres oniy two operations in data accessmg
= initial loading of data and access of data

December 1, 2014 Data Mining: Concrpts and Technkques
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Data Warehouse vs. Heterogeneous DBMS

= Traditional heterogeneous DB integration: A guery driven approach
« Build wrappers/mediators on top of heterogeneous databases
» When a guety is posed to a client site, a meta-dictionary is used

to translate the query into queries appropriate for individual
heterogeneous sites involved, and the results are integrated into
a global answer set
a Complex information filtering, compete for CesOurcas
» Data warehouse: update-driven, high performance
' Information from heterogeneous sources is integrated in acdvance

and stored in warehouses for direct query and analysis

December 1, 2014 Data Miring: Concepts and Techlques

Data Warehouse vs. Operational DBMS

= OLTP (on-line transaction processing)
= Major task of traditional relational DBMS
« Day-to-day operations: purchasing, inventory, banking,
manufacturing, payroll, registration, accounting, etc.
a OLAP (on-line analytical processing)
= Major task of data warehouse system
s Data analysis and decision making
= Digtinct features (OLTP vs. OLAP):
« User and system orientation: customer vs, market
« Data contents: current, detailed vs. historica!, consolidated
'« Database design: ER -+ application vs. star + subject
= View: current, local vs. evolutionary, integrated
s Access patterns: update vs, read-only but complex queries

December 1, 2004 Data Mining: Contepts and Tedhniques
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OLTP vs. OLAP

OLTP OLAF

users clerk, IT professional knowledge worker

function day to day operations decision support

DE desiin application-oriented subjecr-oriented

dara curpont, up-to-date historical, A i
detailed, flat relational summarized, omltidimensional .-
isolated infegrated, consolidated i

nsage repetitive ad-hoe

RCLESS readwrile lots of scats

) indehash oo prim key

walt of work short, simple trancaction comiplex query

# records accessed  (tems : millions

#asers Thousands hupdreds

DB size 100MB-GB 100GB-1B ]

metric trensaction througbput query thronelms, response

Decamber 1, 2014 Data Mining: Concepts and Techniques g

Why Separate Data Warehouse?

Decamber 1, 2014

s High performance for both systems
» DBMS— tuned for OLTP: access methods, indexing, concurrency
control, recovery
s Warehouse—tuned for OLAP: complex OLAP queries,
multidimensional view, consolidation
7 Cifferent functions and different data:
_ »= missing data: Decision support requires historical data which
operational DBs do not typically maintain
va data consolidation: DS requires consolidation (aggregation,
summarization) of data from heterogeneous sotirces
Y, data quality: different sources typically use inconsistent data
representations, codes and formats which have to be reconciled
= Note; There are more and more systems which perform OLAP
analysis directly on relational databases

Diata Minkng: Concepty and Techniques

10




(Dofa. <rom m@fﬁwj S ) DS S Loe)ms s

A bl é/_.w«w ] DRMS T
"_Jj J/(J / ‘/// /,]ﬂc,:—) OSKS L t:,//

e “""""tl/‘ j,)——-—-)) — /’

» e
/7" Mﬂ/mé ot OB ST ol a3

i A Bl PR AN g

~ f/ﬁf'”f’ﬁ)@/(’(”
{L.P' At 7 /'-&
JO’”&Q”/ wh OsHs w(% 5;/ Lbhloems

& Laﬂjf OSHs o b/._,«»c/ ; Dons ﬁéwéxd@ Ry
5-/4_9_51‘\5 /Jb/J)_// 0 O@MS/J J’f"f)ff : /))
;_/MC)-’) DSHS /&]Jﬁjo,b b OBMS 5

/ A .

il




Chapter 3: Data Warehousing and
OLAP Technology: An Overview

a What is a data warehouse?
m Data warehouse architecture

m From data warehousing to data mining

December 1, 2014 Data Mining: Concepts and Technkques
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Design of Data Warehouse: A Business
Analysis Framework

n/!:DU]' views regarding the design of a data warehouse

= Top-down view

= allows selection of the relevant information necessary for the
data warehouse

ﬁ/ Data source view

2 exposes the information being captured, stored, and
managed by operational systems

\/ » Data warehouse view
- conslsts of fact tables and dimension tables

\/ BUSII‘IESS query view

= sees the perspectives of data in the warehouse from the view
of end-user

Dacomber 1, 2014 Data Mining: Concepts end Techniques
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Data Warehouse Design Process

a Top-down, bottom-up approaches or a combination of both
= Top-down; Starts with overall design and planning (mature)
= Bottom-up: Starts with experiments and prototypes (repid)
n From software engineering point of view '
a Waterfall; structured and systematic analysis at each step before
proceeding to the next
» Spirel: rapid generetion of increasingly functional systems, short
tumn around time, quick turm areund
a Typical data warehouse design process
o Choose a business process to model, e.g., orders, Invoices, etc.
a Choose the grain (atomic Jave! of data} of the business process
a Choose the dimensions that will apply to each fact tabla record
w Choose the measure that will populate each fact table record

December 1, 2014 pam Mining: Concrots and Technigues 13
Data Warehouse: A Multi-Tiered Architecture
: 1] 1
! Monitor : ] ¢
§ e LAP S
Other L Y& |p erv?r
sources ] Integrator | 5 }'
! 1
oS Y I
Operational i :
DBs ' @ i
2 ¥ ]
t (]
r ]
| =
1 3 il 1
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Data Sources -
December 1, 2014 " Data Mining; Concepls and Technkques

Data Storage OLAP Engine Front-End Tools
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Three Data Warehouse Models

s Enterprise warehouse
a collects all of the information about subjects spanning
the entire organization
= Data Mart
» 2 subset of corporate-wide data that is of value to a
specific groups of users, Iis scope s confined to -
specific, selected groups, such as market?ng data:mart .
» Independent vs. dependent (directly from warehouse) data mart

a Virtual warehouse
» A set of views over operational'databases
a Only some of the possible summary views may be
‘materialized e

December 1, 2014 Data Mining: Concepts and Technigries 15

Data Warehouse Development:
A Recommended Approach

I Multi-Tier Data

Distributed Warehouse
Data Marts ) »
Data Data | gn:crprise
Mart Mart i
ﬁ f Warehouse

Model fefinementy Mode re!tne ent

Define a high-level corporate data model

December 1, 2014 Data Mining: Concepts and Technkpues 15
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Data Warehouse Back-End Tools and Utilities

a Data extraction

= get data from muitiple, heterogeneous, and external
sources

Ij)ata cleaning

n detect errors in the data and rechify them when possible

"Data transformation
a convert data from legacy or host format to warehouse
format
n Load _
a sort, summarize, consolidate, compute views, check
integrity, and build indicies and partitions

]

n Refresh
» propagate the updates from the data sources to the
warehouse ) : _
December 1, 2014 Data Mining: Concepts and Techniquas : 17

Metadata Repository.

s Meta data is the data defining warehouse objects. It stores:
n Description of the structure of the data warehouse
a schema, view, dimensions, hierarchies, derived data defn, data
mart locations and contents
= Operational meta-data _
= data lineage (history of migrated data and transformation path),
currency of data (active, archived, or purged), monitoring
information (warehouse usage statistics, esror reports, audit trails)
a The algorithms used for summarization !
s The mapping from operational environment to the data warehouse
a Data related to system performance
a warehouse schema, view and derived data definitions
a Business data _
= business terms and definitions, ownership of data, charging policies

December 1, 2014 Data Mining: Concepts and Technkues 1B




P P

////Jd/ bal> _ﬂv/JSj?eaﬂu J[% ﬁ{f Diﬂ"-’f/ 5L wls
6//6 w///[’ﬁr'ﬂ Y }//Jﬂ/l»af/df‘? L/"O”JU‘/ ,JICJ’
D gy ity st ot
< A > /M/E'-'*-/j(/’ o
e (//:JJ) /ij o ¢ ubdw Jdﬁh:d:’u/gfujéfppdwj
] (’aﬂf" e, v b é Lb A s
Mfeymg/;é Ot Mfdk/dfy Cé/.é@b
o;)ﬁd /J)“" Rl
/‘/J,»;APJ/(”(U// O/L //,L/Jojﬂ/)d//w /
(/ﬂ\ww LWC/%O \-- /I/;”ML/(OS{QJ/AO*
LA oy
VV//‘ 5/&7(7@@;;/'%1«»@ L _)j/ /ch juj fyg ( ( /f
r/a/ Z (»”6/_/ (“o’/ﬂ”/ OJ“(L@ Oﬂdfﬂ(«,_,aw (,./
B grtd /é‘:";fy L I e '—"’"jdf‘”r’;fw o

s 2 ZC/J,) ~' OI\\ ('}.'- A
DI Oﬁ"ﬁ Pl g £ Ch Vs I g g[, ;u:}/) gt




OLAP Server Architectures

= Refational QLAP (ROLAP)
= Use relational or extended-relational DBMS to store and manage
warehouse data and OLAP middle ware
» Incude optimization of DBMS backend, implementation of
aggregation navigation logic, and additional tools and services
s Greater scafability
= Multidimensional OLAP {MOLAP) _
a Sparse amay-based multidimensional storage engine
» Fast Indexing te pre-computed summarized data
= Hyhrid OLAPR (HOLAP) (e.g., Microsoft SQLServer}
a Flexibility, e.g., low level: relational, high-level: array
Specialized SQL servers (e.0., Redbricks)
‘u Specialized support for SQL queries over star/snowflake schemas

15
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Chapter 3: Data Warehousing and
OLAP Technology: An Qverview

a What is a data warehouse?
a Data warehouse architecture

= From data warehousing to data mining

December 1, 2014 Data Mining: Concepts and Technkgies
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Data Warehouse Usage

u Three kinds of date warehouse applications
= Information processing .
= supports querying, basic statistical analysis, and reporting
using crosstabs, tebles, charts and graphs
u Analytical processing
» multidimensionzl analysis of data warehouse data
= Supports basic CLAP operations, slice-dice, drilling, pivoting
n Data mining ' ' »
= knowledge discovery from hidden patterns
= supports associations, constructing analytical models,
performing classification and prediction, and presenting the
mining resuits using visuaiization tools

Deramber 1, 2014 Cata Minlng: Concepts and Techniques

From On-Line Analytical Processing (OLAP)
to On Line Analytical Mining (OLAM)

= Why online analytical mining? _
n High quality of data in data warehouses
» DW contains integrated, consistent, cleaned data
= Available information processing structure surrounding
data warehouses
« ODBC, OLEDB, Web accessing, service facilities,
reporting and OLAP tools
= OLAP-based exploratory data analysis
.= Mining with drilling, dicing, pivoting, etc.
= On-line selection of data mining functions
= Integration and swapping of multiple mining
functions, algorithms, and tasks
December 1, 214 Data Mining: Concepts and Technkques
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An OLAM System Architecture

Mining query Mining resulé Lavyerd
I——‘Egam y_“‘—% User Inferface

User GUT API

Database API

Filtering® Filtering
Laverl
Dsta cleaning Data
Data integration Repaository
7

Datn Mining: Concepts d

Chapter 3: Data Warehousing and
OLAP Technology: An Overview

= What is a data warehouse?

A multi-dimensional data model

a Data warehouse architecture

Data warehouse implementation

‘From data warehousing to data mining

= Summary.

December 1, 2014 Bata Minlng: Concepts and Technkques 24
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Summary: Data Warehouse and OLAP T'et:hnblégy- .

% Why data warehousing?
n Data warehouse architecture
a From OLAP to OLAM (en-line analytical mining)

o}

December 1, 2014 ) Data Minlngy: Concepts and Techniques 25
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Data and Information Systems
(DAIS:) Course Structures at CS/UIUC

= Three streams: Database, data mining and text information systems
e Database Systems:

« Database mymt systems {CS411: Fall and Spring}

» Advanced database systems {CS511: Falf) !’

a Web information systems (Kevin Chang)

a Information integration (An-Hai Doan}
= Data mining '

s Intro, to data mining {C5412: Han—Fall)

= Data mining: Principles and algorithms (CS512: Han—Spring)

= Seminar: Advanced Topics in Data mining {CS591Han—Fall and Spring)
w Text information systems and Bioinformatics

a Text information systemn {(54102hai) )

u Introduction to BioInformatics (C55985inha, (5498Zhai)

December 3, 2114 mmmm:mmm o —_— 3

Data Mining: Concepts and Techniques, 2ed. 2006 |

a Seven chapters {Chapters
1-7) are covered in the
Fall semester

n Four chapters (Chapters 8-
11) are covered in the
Spring semester

December 1, 2014 Data Mining: Concepts and Techniques 4




'Coverage of C8412@UIUC (Intro. to
Data Warehousing and Data Mining)_

Decrmbor 1, 2014

1.

=
6.
T

Introduction

Data Preprocessing

Data Warehouse and OLAP Technology: An

Introduction

- Advanced Data Cube Technolo

Generalization

Mining Frequent Patterns, Association and Correlations

Classification and Prediction
Cluster Analysis

gy and Data

Data Minlng: Concepts and Techniques 5

Coverage of CS512@UIUC (Data
Mining: Principles and Algorithms)
8. Mining stream, time-serfes, and  10. Mining Object, Spatial, Multimedia, Text
sequence data and Web data
®  Mining data streams B Mining object data
@  Mining time-series data a S;?a::ial and spatiotemporal data
. : minin

®  Mining sequence pattems in -] Mu!tirgedia data minin

transactional databases § gkl L
B Mining sequence patterns in a Web T_::“:z

bivlogical data ‘

. B 11, licatons and trends of data minin
9. Graph mintng, social network fpaata e ' lications : e

analysis, and multi-relational 9. app S e
data mining L] E;t; ;;ni:g products and research
| ini .

Gra?-h fmining ) B Additional themes on data mining
® Sociatnetworkanalysis g gpbia) impacts of data mining
B Mult-relational data mining ® Trends In datz mining
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Chapter 8. Mining Stream, Time-
~ Series, and Sequence Data

e

e Mining data streams

e Mining time-series data

e Mining sequence patterns in transactional
databases

a Mining sequence patterns in bi‘ological
data

Detember 1, 2014 Data Mining: Concepts and Technigues

Mining Data Streams

a What is stream data? Why Stream Data Systems?

Stream data management systems: Issues and solutions

» [Stream data cube and multidimensional OLAP analysis

Stream frequent pattern analysis

Stream classification

Stream cluster analysis

Research issues

December 1, 2i¥i4 {ata Mining: Concepts and Technkpes
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Characteristics of Data Streams

u Data Streams
a Data streams—continucus, ordered, changing, fast, huge amount

« Traditional DBMS—data stored in finite, persistent data sets

a Characteristics
s Huge volumes of confinuous data, possibly infinite
= Fast changing and requires fast, real-time response
a Data stream captures nicely our data processing needs of today
= Random access is expensive—single scan algorithm (can only have
one fook)
a Store only the summary of the data seen thus far

a Most stream data-are at pretty low-level or multi-dimensional in
nature, needs multi-level and multi-dimensional processing

Decesnber 1, 2014 Darta Mining: Coneepts and Techniguees

Stream Data App!icatio’;ns"

a Telecommunication calling records;

= Business: credit card transaction flows

= Network monitoring and traffic engineering

s Financial market: stock exchange

» Engineering & industrial processes: power supply &
manufacturing

a Sensor, monitoring & surveillance: video streams, RFIDs

» Security monitoring

a Web logs and Web page click streams

e Massive data sets (even saved but random access is too
expensive)

Decomber 1, 2014 Diita Mintng: chpts and Technlques, ! 10







DBMS versus DSMS

n Persistent relations s Transient streams

an  One-time queries - = Continucus queties

= Random access « Sequential access

= "Unbounded” disk store a Bounded main memory

a  Only current state matters o Historical data js important

= No real-time services o Real-ime requirements

a Relatively low update rate m Possibly multi-GB arrival rate

= Data at any granularity = Data at fine granularity

n  Assume precise data s Data stalefimprecise )

a Acress plan determined by u Unpredictablefvariable data '
query processor, physical DB arrival and characteristics
design Ack. From Motwani's PODS tutorial siides :

December 1, 2014 Dista Mining: Concepls and Techniques 11 2

Mining Data Streams

a What is stream data? Why Stream Data Systems? P

Stream data management systems: Issues and solutions

= Stream data cube and multidimensional OLAP analysis

Stream frequent pattern analysis

a Stream classification

Stream cluster analysis

e Research issues

Decamber 1, 2014 Data Minlng: Conmepts and Technigques ] 12
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SDMS (Stream Data
Management System)

Continuous Query

Multiple streams

Scratch Space
(Main memory and/or Disk)
December 1, 2014 Data Minkng: Concrrts and Techniques . 13|

Chalienges of Stream Data Processing
ol .

= Multiple, continuous, rapid, time-varying, ordered streams
Main memory computations
Queries are often continuous

» Evaluated continuously as stream data arrives

« Answer updated over time

ueries are often complex

= Beyond element-at-a-time processing

= Beyond stream-at-a-time processing

‘= Beyond relational queries (scientific, data mining, OLAP)
Muiti-level/multl-dimensional processing and data mining
= Most stream data are at low-level or multi-dimensional in nature
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Processing Stream Queries

w Query types
= One-time query vs. continuous query (being evaluated
continuously as stream Contifiues to arriva)

a Predefined query vs. m query (issued on-line)

= Unbounded memo uirementi
s For real-time response, main memory algerithm should be used
a Memory requirement Is unbounded if one will join future tuples

u Approximate query answering
= With bounded memory, it is not always possible to produce exact
answers
a High-gquality approximate answers are desired
n Bata reduction and synopsis construction-methods
= Sketches, random samp!i_n_g, histograms, wavelets, elc.
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Methodologies for Stream Data Processing

a  Major challenges .
n Keep track of a large universe, €.g., pairs of IP address, not ages
= Methodology
n Synopses (trade-off between an:r:urar:'yIl and storage)
» Use synopsis data structure, much smaller {Ofogk N) space) than
their base data set (O(N) space)
o Computa an approximate answer within a smalf error range
(factor £ of the actual answer}
o Major methods
= Random sampling
e Histograms
= Sliding windows
a Muli-resclution moede!

s Sketches
= Radomized algorithms
[
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Stream Data Processing Methods (1)

a Random sampling (but without knowing the total iength in advance)

n _Reservoir sampling: maintain a set of s candidates In the reservoir, which
form a trug random sample of the element seen so far Iin the stream. As

the data stream flow, every new element has a certain probability {s/N)
of replacing an old element in the reservoln

®  Sliding windows
s Make decisions based only on recent data of sliding window size w
= An element arriving at time £ expires at time £4 w
a  Histograms
= Approximate the frequency distibution of element values in a stream
n Partition data into a set of contiguous buckets

» Equal- -width {equal value range for buckets) vs. V-opbmal (mlmmrzmg
freguency variance within each bucket)

. .. m - Multi-resolution models
o Popular models: balanced binary treas, micre-clusters, and wavelets
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Stream Data Processing Methods (2)

x Sketches
= Histograms and wavelets require multi-passes ovear the data but sketches
can operate in a single pass
£ = Z mr

= Frequency moments of a stream A = {ay, ..., ay}, B P
where v: the unlverse or domaln size, m, the frequency of | In the sequenca
e Given N elts and v values, sketches can approximate Fy, Fy, F; In
O(leg v + log N} space
= Randomized algorithms
n Monte Carlo algerithm: bound on running time but may not retum correct
result s
= Chebyshev’s inequality: P& -pxf>£)< k_= )
« Let X be a random variablte with mean 1 and standard deviation o
= Chemoffbound: ' PLX <(1+8)ufl<e™ ™
s Let X be the sum of independent Poisson trials X, ..., X,, &in (0, 1]
« The probability decreases expoentially as we move from the mean
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